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A bstract

The physical habitat of cetaceans occurring along the continental slope in the western Ligurian Sea was investigated. 
D ata were collected from two different sighting platforms, one of the two being a whale-watching boat. Surveys, conducted 
from May to October and from 1996 to 2000, covered an area of approximately 3000 km2 with a mean effort of about 
10,000 km year-1 . A total of 814 sightings was reported, including all the species occurring in the area: Stenella 
coeruleoalba, Balaenoptera physalus, Physeter macrocephalus, Globicephala melas, Grampus griseus, Ziphius cavirostris, 
Tursiops truncatus, Delphinus delphis. A Geographic Information System was used to integrate sighting data to a set of 
environmental characteristics, which included bottom  gradient, area between different isobaths, and length and linearity of 
the isobaths within a cell unit. Habitat use was analysed by means of a multi-dimensional scaling, MDS, analysis. 
Significant differences were found in the habitat preference of most of the species regularly occurring in the area. 
Bottlenose dolphin, Risso’s dolphin, sperm whale and Cuvier’s beaked whale were found strongly associated to well- 
defined depth and slope gradient characteristics of the shelf-edge and the upper and lower slope. The hypothesis of habitat 
segregation was considered for Risso’s dolphin, sperm whale and Cuvier’s beaked whale. Canonical discriminant functions 
using depth and slope as predictors outlined clear and not overlapping habitat preferences for Risso’s dolphin and Cuvier’s 
beaked whale, whereas a partial overlapping of the habitat of the other two species was observed for sperm whale. Such a 
partitioning of the upper and lower slope area may be the result of the common feeding habits and suggests a possible 
competition of these three species. A temporal segregation in the use of the slope area was also observed for sperm whales 
and Risso’s dolphins. Fin whales, and the occasionally encountered common dolphin and long-finned pilot whales showed 
a generic preference for the pelagic area. In contrast, striped dolphins were generically found in any type of physical 
habitat, in agreement with their known opportunistic feeding habits. Interannual and seasonal movements were observed 
in fin whales and in all the other regularly occurring species, indicating that changes in the environmental and 
climatological conditions have a remarkable influence on habitat use. Finally, a relationship between group size and
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habitat use was observed for the species known to forage in groups. This relationship suggests that these species respond to 
environmental variability either by moving within the study area or by behavioural changes that may reflect changes in the 
preference for prey items.
(C> 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Several factors are know n to influence the 
distribution of cetaceans. Environm ental factors 
(i.e. physicochemical, climatological and geomor- 
phological characteristics), biotic factors (i.e. prey 
distribution, predation, behavioural changes) and 
anthropogenic factors (hum an activities, pollution, 
etc.), play a role in structuring cetacean assortm ent 
of species (Borcard et al., 1992; Jaquet, 1996). 
However, the relative contribution o f each o f these 
factors in shaping spatially and tem porally the 
distribution o f the species is often hard to  quantify. 
The difficulty o f determ ining all the potentially 
relevant factors over consistent timescales, consid
ering areas o f several nautical miles, is very often the 
m ain reason for such a lack o f knowledge.

Subm arine topography, well know n as one o f the 
m ajor forces driving the m arine circulation, has 
been the subject o f m any habitat investigations 
(Hui, 1985; Kenney and W inn, 1987; Clarke, 1956, 
1962; Best, 1969; Bannister, 1968; W hitehead et al., 
1992) w ith the underlying assum ption tha t the 
biodiversity o f aquatic ecosystems increases directly 
with the complexity o f the underw ater topography. 
H ab ita t selection, in fact, m ay be considered a 
complex and dynam ic function o f the species 
requirem ents for food, m ates, avoidance o f pre
dators/com petitors and ability to  move between 
habitat patches (Schofield, 2003). So differences in 
habitat uses are prim arily the outcom e o f the 
different feeding habits, but they are also driven 
by other factors such as the presence o f potential 
com petitors or environm ental changes. In  this 
respect, evidence has been provided that climatic 
variations have influence on the species behaviour 
(Sutherland and N orris, 2002). Lusseau et al. (2004) 
found that ocean climate variation influences the 
grouping behaviour o f two highly social cetacean 
species. Their findings suggest that climate variation 
may influence the species’ social organisation 
through changes in prey availability. Investigating 
the link between climate variations, hab ita t selection 
and species behaviour is essential for the under

standing o f the causal link between large-scale 
climatic processes and population  dynamics at the 
regional scale (Sutherland and N orris, 2002). In  our 
study the spatial distribution o f different cetacean 
species is discussed in relation to the hydrology and 
topography in an area located w ithin the Ligurian 
Sea Sanctuary for Cetaceans. Special attention in 
this w ork was dedicated to  the variability in space 
and time o f the habita t preferences and to the study 
o f the species group form ations as a function o f the 
habitat uses.

2. Materials and methods

2.1. Study area

The Ligurian Sea Sanctuary for Cetaceans, in
cluded within the Corso-Ligurian-Provençal Basin, 
northern Tyrrhenian and northern Sardinian Seas, is 
characterised by very high levels o f prim ary produc
tivity in contrast to  the well-known generalised 
oligotrophy of the M editerranean Sea (Barale and 
Zin, 2000; Viale, 1991). The high productivity has 
been related by some authors to the peculiar 
submarine topography, which is extremely complex 
and heterogeneous, and to  the changeable wind and 
current regimes that characterise the area (Lacroix 
and Grégoire 2002; G audy and Champalbert, 1998; 
M acquart-M oulin and Patriti, 1996). In  the absence 
of a large-scale geostrophic circulation, the physical 
oceonography of the M editerranean is strongly 
influenced by dom inant local and orographic wind 
fields (Millot, 1987). In  the western M editerranean, 
and especially during the winter season, the dominant 
winds are the "m istral” channelled down the Rhone 
valley. However, during the summer season the wind 
regime can be much m ore changeable, but still 
capable o f strongly affecting the circulation.

The Ligurian sea supports an abundant biomass 
o f M editerranean krill, the euphausiid Meganycti
phanes norvegica, which constitutes a nodal prey 
item in m any m arine trophic chains (Casanova, 
1970; Orsi-Relini and Cappello, 1992). All cetaceans 
regularly observed in the M editerranean also can be
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found in this region, and they include fin whale 
{Balaenoptera physalus), sperm whale {Physeter 
macrocephalus), Cuvier’s beaked whale {Ziphius 
cavirostris), long-finned pilot whale {Globicephala 
melas), bottlenose dolphin {Tursiops truncatus), 
R isso’s dolphin {Grampus griseus), striped dolphin 
{Stenella coerulealba) and common dolphin {Delphinus 
delphis). Previous studies emphasised that cetaceans in 
this area are significantly more abundant than in all 
other seas surrounding Italy and in the rest of the 
western M editerranean basin (Notarbartolo di Sciara 
et al., 1993; Forcada et al., 1996), and this is especially 
true for the fin whale (Notarbartolo di Sciara et al., 
2003). The study area is approximately encompassed 
by the longitude of Cap Ferrat (7.330E), close to the 
French/Italian border, to the longitude/latitude of 
Imperia (8.02° E; 43.80°N) and the 50-m and 2000/ 
2500-m depth contours (see Fig. 1), and it includes a 
significant portion of the continental slope area. The 
presence of m any submarine canyons at the boundary 
between neritic and oceanic domains creates condi
tions for the accumulation of migratory micro- 
nektonic species in the continental slope waters 
(M acquart-M oulin and Patriti, 1996). These authors 
showed that frequent strong gusts o f seaward wind 
(mostly northwesterly but also northeasterly) along

the Liguro-Provençal coast generate a strong offshore 
current in the superficial layers. A coastal upwelling is 
generally associated with this offshore current carry
ing off the shelf into deeper waters and the neritic 
bentho-pelagic species that stratify at the surface 
during the night. This periodic accumulation of 
pelagic Zooplankton near the bottom  above the slope, 
according to M acquart-M oulin and Patriti (1996) may 
constitute an abundant, although temporary, food 
resource exploited by the organisms related to the 
slope area.

2.2. Field methods

Shipboard visual surveys were conducted from 
1997 to 2000, from June to  September, on a 12-m 
engine-powered sailing boat. Sighting data were 
collected along roughly north-to-south transects. 
Transects did not follow a systematic design with 
random  probability sampling but were designed as 
triangles to cross-depth contours as perpendicularly 
as possible and to cover as much of the area as 
possible, although it was not covered homogeneously 
(Fig. 2). Once the animals were located, transects 
were interrupted for periods ranging from a few hours 
to the whole day in order to collect data other than
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Fig. 2. M ap showing the shipboard transects carried out from 1996 to 2000 in the research area.

presence/absence (e.g. photographic identification, 
behavioural and respiration pattern of focal species, 
tissue sampling for toxicological and molecular 
analysis o f striped and Risso’s dolphins). A "sight
ing” was defined as a group of animals of the same 
species seen at the same time showing similar 
behavioural characteristics and coordinated surfacing 
and diving patterns within approximately 400 m 
(1 km for fin whales and sperm whales) o f each other.

To m aintain consistent sighting effort a m inimum 
of one observer was positioned at each side of the 
vessel. O bservations were m ade in flat seas and calm 
weather, defined as "favourable conditions” , and 
ceased when wind exceeded 3 on the Beaufort scale 
(wind speed: 5 .4 m s“ 1). Searching and sea-state 
status were recorded every 60min, or more frequently 
if changes in conditions occurred. Additional sighting 
data were obtained from a commercial 19-m whale- 
watching m otorboat (Corsaro-bluW est). The sight
ing platform  was placed approxim ately at the same 
height (i.e. about 4 m  above the sea surface) for both  
the whale-watching and the sailing boat. A board 
the whale-watching boat, experienced observers (at 
least one trained biologist) guaranteed the reliability

o f the species identification and o f the correspond
ing data  collection. The whale-watching database 
covered 5 years o f summer activity from  1996 to 
2000 (June to  September). In  bo th  the vessels, effort 
(course, speed, etc.), sea state and sighting data (i.e. 
position, species, group size, presence of calves, etc. ) 
were recorded by means o f a da ta  logging system 
(IFA W - L O G G E R  D ata  Logging Software).

2.3. Data analysis: physical features

A GIS (ESRI Arcview 3.2) was used to divide the 
study area into 189 cells, each measuring 3 x 3  
nautical miles, and also to  integrate sighting data to 
a set of environmental characteristics (Table 1). The 
grid size chosen was large enough to avoid spatial 
autocorrelation. According to Legendre et al. (2002), 
the presence of spatial correlation may disturb tests of 
significance for correlation or regression, when both 
the animal response variable and the environmental 
predictor are spatially autocorrelated. Therefore, in 
order to test whether cells were spatially autocorre
lated, and hence not independent, M oran’s I, 
which is a global "measure of the correlation among
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Table 1
Summary of the physical characteristics considered for every cell

Cell physical characteristics

Area between coast and the 50 m isobath (km2)
Area between 50 and 100 m isobaths (km2)
Area between 100 and 200 m isobaths (km2)
Area between 200 and 500 m isobaths (km2)
Area between 500 and 1000 m isobaths (km2)
Area between 1000 and 2000 m isobaths (km2)
Area between 2000 and 2500 m isobaths (km2)
Length o f the 50 m isobath (km)
Linearity o f the 50 m isobath (km)
Length o f the 100 m isobath (km)
Linearity o f the 100 m isobath (km)
Length o f the 200 m isobath (km)
Linearity o f the 200 m isobath (km)
Length o f the 500 m isobath (km)
Linearity o f the 500 m isobath (km)
Length o f the 1000 m isobath (km)
Linearity o f the 1000 m isobath (km)
Length o f the 2000 m isobath (km)
Linearity o f the 2000 m isobath (km)
Length o f the 2500 m isobath (km)
Linearity o f the 2500 m isobath (km)
Minimum depth (m)
Maximum depth (m)
Bottom gradient (slopec) (m/m)
Bottom gradient variability (Std. dev. (slopec)) (m/m)

Note: linearity o f isobath is computed as the ratio between the 
length of the isobath contained within the cell versus the total 
length comprised within the study area. Bottom gradient and 
bottom  gradient variability computations are explained in Fig. 2.

neighbouring observations in a pattern” (Boots and 
Getis, 1988; Cliff and Ord, 1973), was computed for 
the animal response variable (i.e. the H abitat Score 
described later) year by year and for the whole study 
period (i.e. 1996-2000). M oran’s I was computed 
using the M apStat extension to ArcView. Although 
M oran’s I coefficients turned out to be slightly 
variable from species to species, all M oran’s I statistics 
revealed spatial autocorrelations not significantly 
different from zero or extremely weak (M oran’s I: 
mean 0.14, median 0.024, min —0.026, max 0.32).

Physical features considered for each cell are 
listed in Table 1.

As shown in Fig. 3 the sea bottom  gradient 
(slopec) was com puted for each cell:

Slopec =
[dcptlrlsoh,lltl i dcp tlr]soh;ilh 2I1 /  d  i

[m ean (au . . . , a n)] V^tot
[dcpth isobath 3 d e p tlr]soh;ilh 2I1, f  A 1

[mean(<r/i,. ..,<:/„)] y * to t

where A \ is the cell area encompassed within 
isobaths 1 and 2, A 2 is the cell area encompassed 
w ithin isobaths 2 and 3, A tot is the to tal area o f the 
cell, are m inim um  distances between the
isobaths 1 and 2 (i.e. a m inim um  distance is 
calculated between every node o f the two vectorial 
isobaths), and d i,. . . ,d n are the m inim um  distances 
between isobaths 2 and 3 (again a m inim um  
distance is calculated between every node o f the 
two vectorial isobaths).

Consistently a slopee standard deviation, SD 
(slopec), was com puted as follows:

SD (slopec) =  SD Adcpthjsoh;it|1s _2 ( +  , ■ ■ ■,
Q\ Ü2 a,

A dep th isobaths 2—3 ( ^  ^  > * * * > çj

(2 )

(D

where A depthisobaths i_ 2 is the depth difference 
between isobaths 1 and 2, Adepth¡sobaths 2 - 3  is the 
depth difference between isobaths 2 and 3, 
are the m inim um  distances between isobaths 1 and 
2, and d i,. . . ,d n are the m inim um  distances between 
isobaths 2 and 3.

2.4. Data analysis: wind speed and sea conditions

The daily time series o f wind speed and sea 
conditions was acquired by the m eteorological 
station located in Sanrem o Portosole port. W ind 
speed in knots and sea conditions on a five-class 
scale is recorded every day in the m orning, at noon 
and in the evening. In  order to  use all the data 
available, we coded the three series of sea conditions 
into a 12-class ordinal scale according to Table 2. 
These data were only used as proxy o f the potential 
o f Zooplankton accum ulation events in the slope 
area.

2.5. Data analysis: effort

Effort was evaluated in terms o f kilom eter o f 
tracklines (Fig. 2) per cell unit for every year. Only 
the effort in "favourable conditions” (i.e. wind not 
exceeding 3 on the Beaufort scale) was considered. 
The tracks corresponding to  the time spent w ith the 
same group o f animals were also excluded from  the 
effort am ount. Table 3 shows the effort statistics for 
the two platform s: the whale-watching and the 
survey-dedicated boat. Since the effort was hetero
geneous from  year to  year and the percentage of
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Slope computation (1):
minimum distances between 
different isobaths 
(see the text).

Fig. 3.

survey vs. whale-watching data was also variable 
from  year to  year (whale-watching effort was 
around 51% o f the to tal in 1997, but from  1998 it 
increased to  65-70%  o f the total), in order to  allow 
com parison am ong the different years we used a 
cell-normalised effort index (i.e. EffortN). So we 
calculated an EffortN for every field season by 
means o f the following formula:

E f f o r t N cell,y
Effortceii 
Efforttot ' (3)

where Efforteen is the to ta l effort am ount (i.e. whale- 
watching +  dedicated survey platform  kilometers) 
calculated for a specific field season (i.e. the year) 
w ithin a specific cell and Efforttot is the effort 
am ount (i.e. whale-watching +  dedicated survey 
platform  kilometers) totalled within the study area 
during the same field season (i.e. the year).

2.6. Data analysis: data set homogeneity

The hom ogeneity of the whale-watching and 
survey data sets was tested. A num ber o f cells 
(7V:30) were chosen w ithin the study area where the 
effort am ount o f the two platform s was approxi
m ately the same. In  these cells the sighting 
frequency (i.e. num ber o f sightings divided by the 
effort am ount) o f the m ost com m on species (i.e. 
striped dolphin, S. eoeruleolaba) was calculated 
independently by using either the whale-watching or 
the dedicated survey data  set. The m ost encountered 
species was chosen in order to  have a sample size 
large enough to  detect a statistical difference 
between the whale-watching and the sailing boat. 
Therefore, striped dolphin sighting frequency was 
tested for the two platform s by means o f the 
W ilcoxon signed-rank test for paired samples. The

Length and 
linearity of the
200-m isobath

Slope computation (2):
Depth gradient divided by the weighted mean of 
the minimum distances between different 
isobaths (see the formula in the text).

Area in
between the 
50-m and 
100-m isobaths
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W ilcoxon signed-rank test did not show any 
significant difference (T: 204, ;;-level >0.50) in the 
sighting capabilities o f the two platform s since the 
striped dolphin m edian sighting frequency was 0.17 
for the whale-watching boat (mean: 0.2602, median: 
0.1717, SD: 0.287, SE: 0.052 sightings km “ 1; N : 30) 
and 0.15 for the survey-dedicated boat (mean: 
0.2227, median: 0.1467, SD: 0.2822, SE: 0.051 
sightings km “ 1; N: 30). In  light o f these results the

are used, a sighting o f a single animal m ay produce a 
maximum o f preference in low effort cell units. These 
maxima o f preference are outliers and may exert a 
very high leverage on the regression coefficients. 
In the present study the normalised index H abitat 
Score was used as a measure o f habitat preference. 
The H abitat Score was defined for every species for 
different observation periods (i.e. the year or the 
month) according to the following formula:

_  (no. animalsceii/max anim alstot ceii) x  (no. sightings cell/m ax sightingstot cell) 
a i a coreNodl pmod -  EffortN ’ (

two data sets were pooled together for the following 
analysis.

2.7. Data analysis: Habitat Score

Regression techniques are widely used to  assess the 
habitat preferences of different species. Very often 
(Weir et al., 2001; Cañadas et al., 2002; Thiele et al., 
2004; Panigada et al., 2005, Monestiez et al., 2006 
among the others) as response variable a relative 
abundance index (e.g. a sighting frequency where 
num ber of sightings are calculated per unit of effort) 
is assumed. W hen such indexes of relative abundance

Table 2
Sea condition scale

Morning Noon Evening Sea conditions

QC QC QC 0
QC QC S 1
QC QC R 1.5
QC S S 2
QC S R 2.5
S s S 3
R s S 4
QC R R 4.5
R R S 5
ER S S 5.5
R R R 6
ER R S 6.5
ER R R 7
ER ER R 8
ER ER ER 9
ST ER ER 10
ST ST ER 11
ST ST ST 12

The original five-class scale (i.e. QC: quite calm. S: swell. R: 
rough. ER: extremely rough. ST : storm), recorded every day in 
the morning, at noon and in the evening was converted into an 
ordinal scale ranging from 0 to 12.

where H ab ita t ScoreN is the cell-normalised index of 
preference w ith respect to a specific species and a 
specific period o f analysis (i.e. the year or the 
m onth); no. anim alseen is the species m ean group 
size recorded in the specific cell; m ax anim alstot een is 
the m axim um  group size ever recorded in any cell o f 
the study area during the considered period of 
analysis; no. sightingseen is the species sighting count 
recorded in the specific cell; m ax sightingstot een is 
the m axim um  species sighting count recorded in any 
cell o f the study area during the considered period 
o f analysis and E ffortN is the cell-normalised effort 
am ount (see Eq. (3)).

H ab ita t Score ranges from  0 to  1 and takes into 
account bo th  the num ber o f sightings and the group 
size, adjusting both  for effort. The advantage of 
considering bo th  the num ber o f sightings and the 
num ber o f individuals is appreciable when H abita t 
Score is com pared with the m ore widely used 
sighting frequency (i.e. num ber o f sightings per 
kilometer). As previously explained, sighting fre
quency m ay generally lead to  very high values when 
a single sighting occurs in a cell w ith low effort. 
H abita t Score smoothes such a bias, considering 
also the num ber o f individuals. Fig. 4 shows a 
com parison between the sighting frequency and the 
H abita t Score. It can be observed tha t the higher 
sighting frequencies were found for cell units 99 
and 78, where a sighting o f a single individual 
was recorded with a very low effort. H abita t 
Score sm oothes those two m axim a and attributes 
the m axim um  o f preference to cell 76, where the 
num ber o f animals is higher. In  the analysis 
presented in this study, H ab ita t Score was used 
either as index o f the species’ occurrence and 
preference or as a weighting factor for the cell 
units. W hen used as weighting factor, the norm al
ised H ab ita t Score was applied w ith a m ultiplier in
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Table 3
Effort statistics for the two platforms

Total (km) Effort (km) Hours spent at Days at sea
sea on effort --------------------------------------

Whale- Survey
watching

1996 100 3035 2671 243 44 -
1997 51 7557 6670 606 59 40
1998 71 8906 6838 622 73 62
1999 64 12874 7430 528 91 75
2000 68 7743 5807 675 88 74

Total 40115 29416 2674 355 251

Field season % Whale-
watching effort

Tä 0 .4 -

n: sightings/effort

Habitat Score
I n: animals

effort ratio

76 78 89 91 93 94 95 96 97 99 105 110 113 113 114 130 131 132 135
cell units

Fig. 4. Habitat Score ranges from 0 to 1 and takes into account both the number o f sightings and the group size, correcting for the effort 
ratio. In such a way the Habitat Score smoothes the bias o f a single individual sighting that may occur in a cell with a very low effort.

order to  m aintain approxim ately the original 
sample size o f the unweighted data.

2.8. Analysis o f  the interspecific habitat preferences

In  order to  study the physical habitat similarities 
of the cell units, independently from  their geogra
phical position, a m ulti-dim ensional scaling analysis 
(M DS, Clarke, 1993; K ruskal, 1964; K ruskal and 
Wish, 1978) was used. M DS analysis can be 
considered to be an alternative to  factor analysis. 
In  general, the goal o f M DS is to detect meaningful 
underlying dimensions tha t allow the researcher 
to explain observed similarities or dissimilarities 
(distances) between the investigated objects. In 
factor analysis, the similarities between objects 
(e.g. variables) are expressed in the correlation 
m atrix. W ith M D S one m ay analyse any kind of 
similarity or dissimilarity m atrix. M D S analysis 
reproduces the cell distances in a "m ap ” or

configuration o f a specified num ber o f dimensions 
and attem pts to  satisfy all the conditions imposed 
by the rank order o f distances in a distance m atrix 
by placing similar cells close together in the 
ordination. The goodness o f fit, or representative
ness, o f the M DS ordination is indicated by an 
S-stress value (K ruskal’s S-stress), values o f up to 
0.2 generally indicating that plots m ay be in ter
preted sensibly (Clarke, 1993). A n M DS was 
applied to the m atrix  o f the cell physical character
istics (see Table 1). Being based on a factorisation, 
M DS enables to  deal w ith the potential for multi- 
collinearity o f the physical hab ita t predictors. 
As distance metric, euclidean distance was used. 
The M DS algorithm  minimised the raw normalised 
stress value up to  an im provem ent less than  0.0001, 
which was assumed as the convergence criterion. 
Table 4 shows S-stress and fit measures (D A F, and 
Tucker’s coefficient o f congruence) o f the M DS 
solutions. A smaller stress value, to  a m inim um  o f 0,
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Table 4
Multi-dimensional scaling S-stress and fit measures

Dimensionality

2 3 4 ........ 13

Raw normalised stress 0.0232954 0.0030792 0.0014194 0.000544
S-stress 0.0515501 0.0055841 0.0025599 0.000735
DAF. dispersion accounted for (DAF: 1-raw stress) 0.9767046 0.9969208 0.9985806 0.999456
Tucker's coefficient o f congruence (D A F1/2) 0.9882837 0.9984592 0.99929 0.999728

D A F and Tucker's coefficient of congruence indicate how well the solution approximated the original proximities.

implies a better solution (stress can be seen as a 
residual variance), whereas larger fit values, to  a 
m axim um  o f 1, indicate a better solution. All the 
stress values obtained were lower than  0.07, 
indicating the excellent fit o f the 2-dimensional 
(2D) solution. Consequently, the interspecific habi
ta t preferences were analysed by using the 2D M DS 
plot.

2.9. Analysis o f  habitat use by species

The analysis was conducted in three parts: (a) by 
studying the occurrence o f each species in time, 
(b) by evaluating the variability in time and space of 
the hab ita t uses and (c) by studying the relationship 
o f habita t use and the species group size. All 
analyses were conducted with SPSS version 11.5.

3. Results

Surveys covered approxim ately an average of
10,000 km  o f search effort per year and resulted in a 
to tal o f 814 sightings w ith certain identification 
including all the species occurring in the area. 
Striped dolphin (69.3%) and fin whale (14.6%) were 
the m ost frequently encountered species, followed 
by Risso’s dolphin (6.3%), sperm whale (4.2% ), and 
Cuvier’s beaked whale (3.4%). Occasionally, en
countered species were long-finned pilot whale 
(1% ), bottlenose dolphin (1.2% ) and com m on 
dolphin (0.1%).

3.1. Analysis o f  the interspecific habitat preferences

Thirteen M DS dimensions were extracted with a 
final S-stress (K ruskal, 1964) o f 0.0007. Stress value 
im provem ents became negligible after the extraction 
o f the fourth  dimension. The first two dimensions 
accounted for 97.7% o f the to ta l stress and 82% of

the cumulative im provem ent. Fig. 5 shows the plot 
o f the first two M DS dimensions where definite 
clusters o f points are visible. These clusters repre
sent cells w ith similar physical characteristics. 
Particularly, the cells on the right quadran t (dashed 
line rectangle), characterised by depths greater than 
2000-m and sea-bottom  gradients lower than
0.05 m /m , can be considered as representative of 
the pelagic area, whereas the cells on the left upper 
quadrant (i.e. w ithin the dotted circle), contained 
w ithin the 1000-2000-m depth contours, and the 
cells w ithin the bold red circle on the left side o f the 
M DS biplot, encompassed w ithin the 500-1000-m 
depth contours, are, respectively, representative of 
the lower and upper slope areas. Finally, cell units 
w ithin the square on the right quadran t o f the M DS 
biplot are all encompassed w ithin the 200-500-m 
depth contours. As Fig. 6 suggests, w ith the 
exception o f striped dolphin and fin whale, all the 
regularly encountered species appear to  show clear 
preferences (Fig. 6a-d).

3.2. Depth and slope relationships

Table 5 shows the depth and slope statistics o f the 
regularly encountered species. To test the prefer
ences outlined by the M DS biplot, a canonical 
discrim inant analysis (CDA, Afifi and Clark, 1996) 
was perform ed with depth and slope as explanatory 
variables. The C D A  was applied to R isso’s dolphin, 
sperm whale and Cuvier’s beaked whale cell units. 
Every cell unit was weighted by the corresponding 
H abita t Score. Two canonical discrim inant func
tions were found, but only the first was significant 
(W ilks’ Lam bda 0.57; p <  0.0001). Overall the two 
discrim inant functions were able to  correctly classify 
62.7% o f the three species sightings. M oreover, a 
leave-one-out cross-validation test was perform ed 
to check the accuracy o f prediction controlling for
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Fig. 5. MDS biplot. Definite clusters of points are visible. These clusters represent cells with similar physical characteristics.

overfitting (Efron and Tibshirani, 1993). W ith this 
test each case considered for the analysis was 
classified by the discrim inant function derived from  
all cases other than  tha t case. On the cross- 
validation data  set, the percentage o f the cases 
correctly classified was 61.6% , confirming that the 
m odel classification perform ances were stable. Since 
only the first canonical discrim inant function 
proved to  be significant, the model was able to 
discriminate just two out o f the three groups o f cells. 
The percentage of correct predictions, in fact, was 
extremely high for bo th  R isso’s dolphin (84.3%) 
and Cuvier’s beaked whale (78.6%) cells while 
it was quite low (23% ) for sperm whale cells 
(see Table 6). Sperm whales accounted for m ost of 
the mis-classifications (37.3%). The percentages of 
Risso’s mis-classified as beaked whale (10%) and 
the vice versa (0.6% ) were extremely low. The poor 
perform ance o f the second canonical function is a 
consequence of the overlap o f sperm whale’s use of 
the habitat in the area o f the other two species, 
which have, in contrast, well-defined and separate 
habitat preferences (see Fig. 7).

3.3. Habitat use by species

3.3.1. Variability in time
F or this phase o f the analysis the H ab ita t Score 

was used to  study the species occurrence and to 
assess the in terannual and m onthly variability o f the 
species’ use o f the study area. Being effort-biased 
and characterised by low sample sizes, October and 
M ay sightings were excluded from  the analysis of 
the m onthly occurrence.

3.3.1.1. Stenella coeruleoalba. H ab ita t Scores for 
striped dolphin were log-transform ed to  norm ality 
(K olm ogorov-Sm irnov level o f significance cor
rected by Filliefors >0.05, n: 319). the log- 
transform ed H ab ita t Scores were analysed by means 
o f a two-way A nova (Sokal and Rohlf, 1995) testing 
both  the effects o f bo th  the year and the m onth. N o 
significant differences were found in striped dolphin 
annual occurrence (Fyear: 1.49, ;3>0.20), whereas 
significant differences were shown in the m onthly 
occurrence (irmonth: 3.69, ;3<0.05). A Tam hane 
m ultiple com parison test, pooling all the years
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Risso's dolphin; Zc: Cuvier's beaked whale.

together (1997-2000) from  June to  September, 
revealed that striped dolphin occurrence is higher 
in September than  in A ugust <  0.01). Highly
significant was also the interaction year * month 
CFyear*month: 19.3, 0.001), showing tha t the
m onthly occurrence pattern  o f striped dolphin 
changes in time. Particularly, Fig. 8a clearly shows 
tha t in 2000 striped dolphin occurrence in June was 
lower than  in July and m uch lower than  the 
occurrence in June recorded in all the other years. 
On the contrary  in 2000 the July occurrence was 
m uch higher than  w ithin the preceding three years. 
Striped dolphin is the m ost frequently encountered 
species. Excluding the encounters that occurred 
w ithin the same day, the m edian interval between 
two sightings o f striped dolphin was 1 day, with 
50% o f the sightings (i.e. interquartile range, IQ R) 
occurring between 1 and 3 days from  a previous 
sighting (range: 1-18 days, Fig. 8c).

3.3.1.2. Balaenoptera physalus. H ab ita t Scores for 
fin whales were also log-transform ed to norm ality 
(Fig. 8b) and tested by means o f a one-way 
A N O V A  (Sokal and Rohlf, 1995). Significant

differences were found in the fin whale annual 
occurrence (F: 4.446, <  0.01, n: 92); particularly, 
fin whale occurrence in 2000 was significantly lower 
than  in 1997 and in 1998 (Tukey H SD  m ultiple 
com parison test ;;< 0 .0 5 ). One-way ANO V A  ap
plied to  all the data  pooled together showed 
significant differences also in fin whale m onthly 
occurrence (F: 5.22, /? <  0.01, n: 88). M ultiple 
com parison tests showed that fin whale occurrence 
is m uch lower in September (Tukey H SD , p <  0.05) 
than  in the preceding m onths.

3.3.1.3. Grampus griseus. R isso’s dolphin occur
rence did not change am ong the years (K ruskal- 
Wallis test Habitat Score vs. year y2: 0.484, p  >0.90, 
n: 34) or am ong the different m onths (K ruskal- 
Wallis test for Habitat Score vs. month y2: 3.38, 
;;> 0 .4 0 , tv. 41). Unlike striped dolphin, which is so 
frequently encountered that it could be considered a 
"resident” species in the study area, R isso’s dolphin 
occurrence suggests a sort o f "transien t” use o f the 
study area. The m edian interval between two 
sightings o f R isso’s dolphin, in fact, excluding the 
encounters occurring w ithin the same day, is about

Pelagic

cells
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Table 5
Descriptive statistics of the distribution by depth (m) and slope (m/m) of the most frequent species

SPP Min depth Max depth Mean depth Slope (m/m) Slope Std. dev.

Gg
Mean 374.1 1100.1 821.8 0.130 0.015
Standard deviation 343.2 502.6 573.1 0.044 0.010
Minimum 50.0 500.0 275.0 0.024 0.000
Maximum 2000.0 2470.0 2470.0 0.211 0.045
Median 373.8 1000.0 714.0 0.129 0.014
SE 63.4 89.6 101.7 0.008 0.002
N 29 31 32 32 32

Pm
Mean 1062.3 1734.6 1499.6 0.105 0.008
Standard deviation 748.3 584.9 696.1 0.072 0.010
Minimum 51.0 500.0 288.5 0.010 0.000
Maximum 2300.0 2410.0 2410.0 0.211 0.039
Median 1000.0 2000.0 1500.0 0.121 0.004
SE 161.4 118.1 138.8 0.014 0.002
N 21 25 25 25 25

Zc
Mean 1722.1 2072.7 2060.3 0.059 0.002
Standard deviation 774.6 424.6 517.1 0.053 0.002
Minimum 795.0 1000.0 907.5 0.018 0.000
Maximum 2500.0 2500.0 2500.0 0.182 0.005
Median 2000.0 2130.0 2130.0 0.046 0.001
SE 276.4 138.0 139.1 0.014 0.001
N 8 9 14 14 11

Bp
Mean 1747.8 2250.7 2179.2 0.054 0.003
Standard deviation 676.9 408.6 476.6 0.052 0.004
Minimum 44 266 155 0.008 2.7E-05
Maximum 2500 2500 2500 0.204 0.039
Median 2000 2470.9 2464.7 0.033 0.00069
SE 115.7 57.4 58.8 0.006 0.00054
N 34 51 66 66 56

Sc
Mean 1140.7 1855.5 1779.2 0.076 0.00671
Standard deviation 811.0 640.5 742.0 0.061 0.00937
Minimum 30 266 155 0.009 2.7E-05
Maximum 2500 2550 2525 0.211 0.07382
Median 1000 2000 2105 0.046 0.00352
SE 69.2 47.6 50.0 0.004 0.00064
N 137 181 220 222 211

Gg: Risso's dolphin; Pm: sperm whale; Zc: Cuvier's beaked whale; Bp: fin whale; Sc: striped dolphin.

8 days, w ith 50% o f the sightings (i.e. IQ R) 
occurring between 2 and 17 days from  a previous 
sighting (range: 1-45 days, Fig. 8c). So the m edian 
interval between two Risso’s dolphin sightings 
is significantly longer (M ann-W hitney U: 756, 
/?<0.0001; tv. 85, Fig. 8c) than  the m edian interval 
of two consecutive striped dolphin sightings. It is 
certainly true that striped dolphin is m ore sightable 
than  R isso’s dolphin because o f the larger dim en
sion o f the groups and possibly because o f the

higher absolute abundance (there are still no reliable 
estimates available for R isso’s dolphin abundance 
in this area, but prelim inary results o f a m ark- 
recapture study suggest that R isso’s dolphin abun
dance could be m uch lower than  striped dolphin’s, 
unpublished data). However, a sort o f systematic 
"date  fidelity” to  particular dates was observed in 
Risso’ dolphin encounters. Such a "date  fidelity” 
supports the "transient use o f the area” hypothesis. 
To test such "date  fidelity” , the 152 days o f the
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Table 6
Classification success o f canonical discriminant functions

Confusion matrix Species Predictions 

Gg Pm Zc

Total

Raw data Gg 28 1 3 32
Pm 8 6 11 25
Zc 0 3 11 14

Percentage Gg 87.3 2.8 10.0
Pm 32.9 23.0 44.2
Zc 0.6 20.8 78.6

Cross validation Gg 27 2 3 32
Pm 8 6 11 25
Zc 0 3 11 14

Percentage Gg 84.7 5.3 10.0
Pm 32.9 23.0 44.2
Zc 0.6 20.8 78.6

The number and percentage of cases correctly classified and 
misclassified are displayed. Cross-validation results are also 
displayed. Gg: Risso's dolphin; Pm: Sperm whale; Zc: Cuvier's 
beaked whale; Bp: fin whale; Sc: striped dolphin.

Canonical Discriminant Functions

o ®
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F unction  1

C a s e s  w eighted  by h a b sco re

Fig. 7. Depth and slope preferences: biplot of the canonical 
discriminant functions (see the text for explanation) showing the 
separation of the habitat of Risso's dolphin (Gg) and Cuvier's 
beaked whale (Zc) and the overlapping of sperm whale (Pm) with 
the other two species.

showed a significant association (y2: 52.05, p <  0.05 
out o f 10,000 random isations) between R isso’s 
presence and specific "4-day” intervals. Fig. 8d 
clearly shows tha t during the summer there are 
periods, like the end o f June and the middle and 
the end of July, when R isso’s dolphin encounters 
are m ore probable.

The "transien t” use o f the slope area could be a 
convenient strategy to  exploit the tem porary for
m ation o f food resources induced by the Zooplank
ton accum ulation typical o f the slope area 
(M acquart-M oulin and Patriti, 1996). Therefore, 
in order to  test the hypothesis o f a relationship 
between the Zooplankton accum ulation events in 
the slope area and Risso’s dolphin presence, a 
binary logistic regression analysis (Afifi and Clark, 
1996) was applied to  R isso’s dolphin presence/ 
absence data. The worsening o f the sea conditions 
(Table 2) that was found correlated to the wind 
speed and, particularly, to  the m axim um  value 
recorded during the three preceding days (r: 0.46, 
/?<0.001), was used as a proxy for Zooplankton 
accum ulation events. Sea condition was in fact 
considered a proxy far m ore robust than  the local 
m easurem ent o f wind speed for the form ation o f the 
coastal upwelling due to  the offshore current 
carrying off the shelf into deeper waters. The 
logistic regression analysis revealed a direct positive 
correlation between R isso’s dolphin presence and 
sea conditions, considering a time lag o f either 
two or three days (W ald statistic > 9 , /?<0.01, 
Table 7).

3.3.1.4. Physeter macrocephalus. N o evidence of 
interannual or m onthly variability was found in 
sperm whale occurrence (K ruskal-W allis test for 
H abitat Score vs. year y2: 1.415, p > 0 .74, n: 21 and 
H abitat Score vs. month y2: 3.636, >  0.30, n: 19).
The same 38 "4-day” time intervals used with 
Risso’s dolphin were cross tabulated  with sperm 
whale presence/absence. A M onte C arlo random i
sation test revealed a lack o f "date-fidelity” for 
sperm whale encounters (y2: 48.54, ;;> 0 .0 5  out o f
10,000 simulated matrixes).

typical research season (from June to O ctober, see 
Fig. 8d) were grouped into 38 "4-day” intervals, and 
R isso’s dolphin presence and absence were cross 
tabulated  with the 38 "4-day” time intervals. 
Finally, a M onte Carlo random isation test was 
applied. The M onte Carlo random isation test

3.3.1.5. Ziphius cavirostris. Cuvier’s beaked 
whale’s occurrence did not vary am ong years 
(K ruskal-W allis test for H abitat Score * year y2: 
8.394, ;;> 0 .0 5 , df: 4, n: 20) or m onths (K ruskal- 
Wallis test for HabitatScore * month y2: 6.99, 
p >  0.05, df: 3, n: 23).
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3.3.2. Variability in time and space
F or this part o f the analysis cell centroid’s 

latitude and longitude were used as dependent 
variables and the study area was divided into four 
quadrants tha t roughly divide the continental shelf- 
slope area from  the pelagic area. H abita t Score was 
used either as an index o f species occurrence in the 
four quadrants or as a cell weighting factor to  test, 
by species, the spatial variability in time of the 
species habitat use (i.e. the variability in time o f the 
m ean centroid’s coordinates o f the species presence 
cells).

3.3.2.1. Stenella coeruleoalba. As already shown, 
striped dolphins did not reveal any particular 
preference for specific physiographic features within 
the study area (Fig. 6a). They appeared instead 
almost homogeneously distributed across the area. 
The M DS biplot evidence was confirmed by testing 
the H ab ita t Scores am ong the four quadrants. N o 
significant differences were found in striped dolphin 
occurrence am ong the four quadrants (K ruskal- 
Wallis test H ab ita t Score vs. quadrant: ^2: 4.86, 
;;> 0 .0 5 ; df: 3, n: 233). However, interannual 
variability was observed (Fig. 9). Significant differences
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Table 7
Binary logistic regression results

Variables in the equation B SE Wald df Sig. Exp(R) 95.0% C.I. for Exp(R) 

Lower Upper

Sea conditions (3 days before) 0.239 0.065 13.562 1 0.000 1.270 1.118 1.443
Constant -0.756 0.303 6.205 1 0.013 0.470

Sea conditions (2 days before) 0.172 0.057 9.140 1 0.003 1.188 1.062 1.328
Constant -0.597 0.226 6.975 1 0.008 0.550

Risso's dolphin presence/absence was found correlated with the sea conditions recorded both two and three days before. B: unstandardised 
regression coefficient estimates. SE: standard error of the coefficient estimates. The W ald statistic and corresponding p  values, the odds 
ratio. Exp(B) (i.e. the ratio change in the odds o f the event of interest for a one-unit change in the predictor) and 95% confidence interval 
for Exp(R) are also shown.
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Fig. 9. Striped dolphin sighting distribution within the study area. Sightings from different years are shown with different symbols.

were found for both  latitude (i.e. latitude of cell 
centroids; K ruskal-W allis test j 1-. 23.5, <  0.01, n:
231) and longitude (i.e. longitude of cell centroids; 
K ruskal-W allis test ^2:13 .2 ,/t< 0 .05 , n: 231) am ong 
different years. M oreover, a subsequent K ruska l- 
Wallis test, corrected for significance by Bonferro- 
ni’s form ula (/? <  0.0125) to  account for the multiple 
com parisons, showed that striped dolphin d istribu

tion was approxim ately the same in terms of 
longitude every year w ith the exception o f 1996, 
when striped dolphins were found m ore eastward 
than  in 1998 (p <  0.001); on the other hand, the 
latitudinal d istribution was characterised by period
ical north  (years: 1997, 1998 and 2000) to south 
(years: 1996 and 1999) shifts. The m ean latitude of 
striped dolphin encounters in the years 1996 and
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1999 was significantly m ore to  the south (p <  0.006) 
than  in the years 1997, 1998 and 2000. M oreover, to 
test the m onthly use o f the habitat, a K ruska l- 
Wallis test was applied to  all the data  pooled 
together independently from  the year. D ata  from  
1996, when no observations were available for 
m onths other than  July and August, were excluded 
from  this analysis. N o evidence o f m onthly m ove
m ents was found, considering bo th  cell centroids’ 
latitude (K ruskal-W allis test y2: 1.86, ;;> 0 .0 5 , n: 
334) and longitude (K ruskal-W allis test y2: 5.67, 
p > 0.05, n: 334).

3.3.2.2. Balaenoptera physalus. Like striped dol
phins, fin whales do not show any specific pre
ference for physical hab ita t features (Fig. 6c) if not a 
generic preference for the pelagic area (depths 
greater than  2000-m and sea bottom  gradients 
lower than  0.05 m/m). M ost o f the fin whale 
sightings occurred along the 2000-m depth contour 
(Fig. 10). A n in terannual and m onthly variability of 
fin whale use o f the habita t was also observed. 
Significant differences were found in fin whale 
distribution am ong the years (K ruskal-W allis test: 
centroid’s latitude: y2: 49.11, p < 0 .0001, centroid’s 
longitude; y2: 48.68, p < 0 .0001 n: 86). Particularly, 
fin whale distribution was similar in 1996 and in
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1999 (Bonferroni’s p >0.0125), whereas significant 
differences (Bonferroni’s p <  0.0125) were found for 
all other years. F in whale distribution in 1998 and in
2000 was, respectively, the easternm ost and the 
westernm ost (Bonferroni’s p < 0 .0125, see Fig. I la ) , 
whereas the longitudinal distribution observed in 
the rem aining years was the same (Bonferroni’s 
p >0.0125); on the other hand, fin whale d istribu
tion in 1997 and in 1998 was significantly shifted to 
north  (Bonferroni’s ;;< 0 .0125), tow ards the coast 
(Fig. l ib ) .  However, in this respect, it should be 
noted that the m ean distance from  the coast in 
1997 was significantly lower than  in 1998 (M ann- 
W hitney U: 124, p < 0.001, n: 36; Fig. Ile ). N o 
significant difference was found for the distance 
from  the coast, when all the years were pooled 
together but excluding 1997 from  the analysis 
(K ruskal-W allis test: y2: 4.07, p > 0.25, n: 95). A 
m onthly pattern  in fin whale d istribution was also 
observed (Fig. 12a). In  this respect, in order to 
avoid bias due to  the low sample size o f June and 
September distribution data, only the July/August 
period was investigated. A discrim inant analysis 
(DA) was applied to  the fin whale presence cells, 
using the m onth  (i.e. July/A ugust) as response 
variable and the centroid’s latitude and longitude 
as predictors. H ab ita t Score was used also in this
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Fig. 10. Fin whale sighting distribution within the study area. Sightings from different years are shown with different symbols.
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Fig. 11. Patterns in fin whale distribution: (a) longitudinal shifts among the years; (b) latitudinal shifts among the years and (c) variability 
o f the mean distance from the coast among the years.

case as cell weighting factor. The D A  showed that, 
independent o f the year o f observation, fin whale 
d istribution in July is significantly m ore to  the east 
than  in August (W ilks’ Lam bda: 0.89 ;;< 0 .0 5 , 
Fig. 12b). As the confusion m atrix  (Table 8) shows 
the discrim inant function using latitude and long
itude as predictors was able to  correctly classify 
67.9% o f the original cases and 65.8% o f the cross- 
validation data  set.

3.3.23. Grampus griseus. R isso’s dolphins are dis
tributed on an area o f well-defined physiographic 
characteristics (Fig. 6b) and particularly along the 
steeper sections o f the upper continental slope (see 
Fig. 13). R isso’s dolphin occurrence is significantly

higher in the northw est quadrant, where the slope 
gradient is steeper than  in the northeast quadrant 
(M ann-W hitney U: 28; Z: —2.356, <  0.05). N o
difference was observed in Risso’s dolphin d istribu
tion am ong the years (K ruskal-W allis test for 
longitude * year y2: 0.993, /? >  0.80, n: 33 and 
K ruskal-W allis test for latitude * year (1998-2000) 
y2: 1.123, ;;> 0 .5 0 , n: 26) except for 1997, when the 
southernmost sighting position was recorded (Kruskal- 
Wallis test for latitude * year (1997-2000) y2: 9.38, 
;;< 0 .0 5 , n: 33). However, a westernm ost shift 
in R isso’s dolphin d istribution was observed in 
September w ith respect to  July (K ruskal-W allis test 
for longitude * Julyvs.September y2: 7.67, ƒ>< 0.0125, 
n: 18).
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different colours; years are shown with different symbols); (b) fin whale distribution pattern in July and August: July sightings are 
systematically shifted eastward with respect to August sightings. The discriminant function is also shown (see the text).

3.3.2.4. Physeter macrocephalus. Sperm whales oc
curred m ostly along the continental slope, but were 
also encountered in the pelagic area (see Fig. 6d, 
Fig. 14). N o difference was found am ong the four

quadrants (K ruskal-W allis test for Habitat Score* 
quadrant, y2: 1.227, >  0.70, n: 20). H ow 
ever, m onthly and annual shifts in sperm whale 
distribution were observed in bo th  longitude
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(K ruskal-W allis test for longitude * month: y2:
11.879 ,^< 0 .01 , n: 18) and latitude (K ruskal-W allis 
test for latitude * year: y2: 12.367, p <  0.01, n: 18).

Z. cavirostris: Cuvier’s beaked whales showed a 
well-defined preference for areas characterised by a

Table 8
Classification success o f the discriminant analysis

August July Total

Confusion matrix
Cell count

August 23 15 38
July 6 21 27

Percentage
August 60.8 39.2 100
July 21.7 78.3 100

Cross validation
Cell count

August 23 15 38
July 7 19 27

Percentage
August 60.8 39.2 100
July 26.8 73.2 100

The number and percentage of cases correctly classified and 
misclassified are displayed. Also cross-validation results are 
displayed.

definite depth and slope range (Fig. 6d). Beaked 
whales were encountered only in the eastern 
quadrants o f the study area, w ith occurrence being 
approxim ately the same in the northeast and in the 
southeast quadran t (M ann-W hitney U: 20, p  >0.05; 
n: 22, see Fig. 14). M onthly and yearly shifts 
in Cuvier’s beaked whale d istribution were also 
seen (K ruskal-W allis test for longitude * month: 
y2: 8.696, p < 0.05, df: 3, n: 24; latitude * year: y2: 
20.609, ¿><0.01, df: 4, n: 24; longitude * year: y2: 
15.136,/>< 0.01, df: 4, n: 24).

3.3.2.5. Occasioned species. The M DS biplot was 
used also for the occasionally encountered species,
i.e. bottlenose dolphin (T. truncatus), long-finned 
pilot whale (G. melas), and com m on dolphin 
(D . delphis). As shown in Fig. 15, these species were 
seen in well-defined physical habitats. Bottlenose 
dolphins were always seen in shelf-waters (most o f 
the sightings occurred w ithin the 200-m depth 
contour), long-finned pilot whales were always seen 
in pelagic waters at depths deeper than  1000-m and 
com m on dolphins were always seen in the pelagic 
waters, associated with striped dolphin individuals. 
Because o f the small sample size, the habitat use of 
these species was not further investigated.

NENW
Anna 

di Taggia

V  entim iglia
M enton

i t »
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Fig. 13. Risso's dolphin sighting distribution within the study area. Sightings from different years are shown with different symbols.
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3.3.3. Relationship between habitat use and group 
size

As shown by Lusseau et al. (2004), climate 
variation m ay influence the species’ social organisa
tion through changes in prey availability. In  the 
present analysis the relationship between habita t use 
and group size was investigated. Therefore, group 
sizes, weighted by H abita t Scores in order to 
consider bo th  the effort and the habita t preferences, 
were studied to  assess variability in time and space. 
F o r the assessment o f spatial variability, differences 
in group sizes were studied either am ong the four 
quadrants or as differences in the spatial d istribu
tion (i.e. the variability in time o f the m ean 
centroid’s coordinates o f the species presence cells) 
o f the different group form ations.

3.3.3.1. Stenella eoerulealba. Striped dolphin 
groups ranged from  one to  hundreds of individuals,

w ith a m edian o f 16 individuals (see Table 9). Fifty 
percent o f the encountered groups (i.e. IQ R ) ranged 
from  about 7 up to  about 40 individuals («: 389, 
see Fig. 16a). G roup sizes were divided into five 
classes: 1-5, 6-10, 11-20, 21-30, 31-50 and > 50  
(see Fig. 16b). G roup sizes smaller than  10 were not 
infrequent. In terannual (K ruskal-W allis test: ^2: 
29.14, ;;< 0 .0001 , n: 389) and m onthly (K ruskal- 
Wallis test: p :  23.50, p < 0 .0001, n: 389) differences 
in the m ean dim ension o f the groups were observed. 
Particularly, in 1997 and 2000 striped dolphin 
groups were significantly smaller Q? <  0.0125) than 
in other years. G roups were also significantly 
smaller in September and July Q? <  0.01 ). F u rther
m ore, significant differences were seen in the habitat 
use o f the different group sizes in terms o f both  
latitude (K ruskal-W allis test: p :  13.27, p <  0.05, n: 
367) and longitude (K ruskal-W allis test: y2: 16.98, 
;;< 0 .0 1 , n: 367).

Table 9
G roup size statistics by species

Species Mean Median Std. dev. Minimum Maximum Quartiles

25

(25“, 75“) 

75

Striped dolphin 26 16 30.4 1 240 7.2 37
Fin whale 1.9 1 1.2 1 6 1 3
Risso's dolphin 37 28 31 1 130 15 53
Sperm whale 2 2 1 1 4 1 4
Cuvier's beaked whale 4 4 2 1 8 2 6

o
O

Groupzize class

31-50

21-30

11-2000.0025.00 50.00 75.00
Group size

Fig. 16. Patterns in striped dolphin group size: (a) group size distribution and (b) frequencies of group size classes.
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Smaller groups (i.e. from  6 to  20 individuals) were 
m ore frequently encountered eastw ard than  larger 
groups (K ruskal-W allis m ultiple com parison test, 
level o f significance corrected by Bonferroni’s 
form ula p <  0.01). These results suggest that striped 
dolphins m ay prefer certain areas for specific 
activities tha t require larger group sizes. In  contrast 
groups o f 1-5 individuals seem to be equally 
distributed w ithin the study area. N o significant 
difference was observed am ong the four quadrants 
showing that groups in the pelagic area are not 
larger than  the others (K ruskal-W allis y2: 4.168, 
p <  0.05, n: 372).

3.3.3.2. Balaenoptera physalus. F in whale groups 
were m ostly o f two individuals. The largest encoun
tered group was o f six individuals (Table 9). 
Significant differences were seen in fin whale group 
sizes am ong years and m onths (K ruskal-W allis test 
for groupsize * year: y2: 15.6, ¿><0.01, n: 86; 
K ruskal-W allis test for groupsize * month: y2: 15.4, 
/? <  0.01, n: 80). In  1996 the num ber o f m ultiple 
encounters was significantly lower in 1999 than  in 
2000 (Bonferroni’s p < 0 . 0125); likewise, pooling all 
the years together, the num ber o f m ultiple encoun
ters was shown to be significantly higher in July 
than  in August (Bonferroni’s p < 0.0167). N o 
evidence of differential habitat uses was found for 
fin whale groups am ong the four quadrants 
(K ruskal-W allis for groupsize * quadrant: y2: 2.87, 
;;> 0 .4 0 , n: 107). F in whale group sizes were 
subdivided into classes: groups m ade o f one, two 
and m ore than  two individuals. N o difference was 
observed in the longitudinal d istribution o f these 
classes o f group form ation (K ruskal-W allis test for 
longitude * groupsizeelass: y2: 3 .41,;; >0.181, n: 86). 
However, groups larger than  two individuals tended 
to be encountered significantly further south com 
pared to  single animals (K ruskal-W allis for 
latitude * groupsizeelass: y2: 11.25; Bonferroni’s 
correction for m ultiple com parison: p <  0.0167, 
n: 47).

3.3.3.3. Grampus griseus. R isso’s dolphin’s group 
sizes ranged from  one single individual up to  a 
hundred (Table 9). G roup dim ension did not change 
am ong the years except for 1997, when group sizes 
were significantly smaller (K ruskal-W allis test for 
groupsize * year y2: 12.01, ;;< 0 .0 1 , n: 43). N o 
m onthly variation o f the group dim ension was 
observed (K ruskal-W allis test for groupsize * month 
yy: 4.69, p > 0.30, n: 43).

3.3.3.4. Physeter macrocephalus. Sperm whale groups 
ranged from two to four individuals (Table 9). No 
difference was found in any of the four quadrants 
(Kruskal-Wallis test for groupsize * quadrant: y2: 
7.493,;; >0.05, df: 3, n: 20). However, differences were 
seen among years and months (Kruskal-Wallis test for 
groupsize * year: y2: 12.645, ;;< 0 .05 , df: 4, n: 20; 
Kruskal-W allis test for groupsize * month: yy: 10.368, 
;;< 0 .05 , df: 3, n: 18).

3.3.3.5. Ziphius cavirostris. Cuvier’s Beaked whale 
groups were generally m ade o f four individuals, up 
to  a m axim um  of eight individuals (Table 9). G roup 
sizes were significantly higher in the northeastern 
quadrant (M ann-W hitney (7:0.00;p < 0.01), but dif
ferences were also seen am ong the years (K ruskal- 
Wallis test for Group size*year: y2:2\.16. ;;< 0 .0 5 , 
df:4, n:24); in 1999 larger groups were seen than  in 
other years.

4. Discussion

Physiography controls the currents in the Liguro- 
Provençal basin. The "L iguro-Provençal-C atalan 
C urren t” follows the continental slope and during 
summer creates a stable them al front (M illot, 1999). 
This therm al front, although showing seasonal and 
interannual variations, runs very close to the 2000- 
m  depth countour (Bèthoux and Prieur, 1983; 
Sournia et al., 1990). M any subm arine canyons 
(a typical feature o f the western Ligurian Sea) at the 
boundary  between the neritic and the oceanic 
dom ains, due to  the changeable wind and current 
regimes off the coast, greatly influence the ecology 
the upper slope area (M acquart-M oulin and Patriti, 
1996). Our results suggest tha t physiography plays a 
role also in partitioning the distribution o f cetacean 
species. Am ong the eight species examined in 
our study, three o f them — bottlenose dolphin, 
R isso’s dolphin and Cuvier’s beaked whale— 
showed well-defined and not overlapping depth 
and slope preferences. Bottlenose dolphins, in 
fact, were encountered m ostly in the shelf-edge area 
(Fig. 15), whereas R isso’s dolphins and Cuvier’s 
beaked whales were, respectively, found in the area 
o f the upper (Fig. 13) and the lower slopes (Fig. 14). 
Sperm whales, although not infrequently encoun
tered in pelagic waters, showed a high preference for 
the upper and lower continental slope. F in whales, 
striped dolphins and the occasionally encountered 
long-finned pilot whales and com m on dolphins were 
not associated w ith any specific physiographic
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features, although there was a generic preference for 
the pelagic area (see Figs. 9—15). Nevertheless, the 
observed variability in in terannual and m onthly 
d istribution o f fin whales and striped dolphins 
suggests a relationship w ith the Ligurian therm al 
front and its variability, and consequently, although 
indirectly, a relationship w ith physiography.

O ur results are consistent w ith w hat was found 
for the same species by B aum gartner et al. (2001) 
and Davis et al. (1998, 2002) in the G ulf o f Mexico 
and by W aring et al. (2001) in the northeastern  US 
shelf-break. M ore interestingly, our results are 
consistent w ith the findings o f the other authors 
tha t have investigated the M editerranean area. 
C añadas et al. (2002) found in the northeastern 
A lboran Sea the same relationship w ith depth and 
slope for bottlenose dolphin, R isso’s dolphin, sperm 
whale and Cuvier’s beaked whale. However, these 
authors were not able to  outline a habita t partition 
ing am ong the deep-water species (i.e. R isso’s 
dolphin, sperm whale and Cuvier’s beaked whale). 
Regional differences between the two different 
study sites m ight exist and be the cause o f this lack 
o f partitioning, but it should be m entioned that the 
m ethod these authors used for the slope com puta
tion (i.e. the depth  was derived from  nautical charts, 
and the slope was the gradient between the 
m inim um  and m axim um  depths w ithin the cell) is 
far less accurate than  ours and could be ineffective 
in outlining the species differences. G annier et al. 
(2002), considering the whole M editerranean basin, 
found that sperm whales have the same preference 
for bo th  the continental shelf-break and the open 
sea; no statistical significance could be dem on
strated between the two habitats, confirming that 
sperm whales m ay be found either in continental 
slope waters or in a m ore pelagic dom ain. Our 
results are consistent w ith their conclusions. M on- 
estiez et al. (2006) studied cumulative count data  of 
fin whales over the summers of 1993-2001 to  m ap 
their relative abundance by a modified kriging 
m ethod. Littaye et al. (2004) studied the relationship 
between fin whales and satellite-derived environ
m ental conditions in the northw estern M editerra
nean Sea, using summer data over the period 
1998-2002. A lthough these authors focused their 
analysis on m uch larger areas, their findings appear 
consistent with ours.

Panigada et al. (2005) studied the fin whale 
d istribution in the Ligurian Sea during the 
1990-1999 decade. They underlined the preference 
o f fin whales for the offshore area (i.e. at depths

deeper than  2000-m, m ore than  23 km  from  the 
nearest coast). However, their effort was dedicated 
mainly to the offshore portion  o f their study area, 
with very limited time spent in coastal areas. In  this 
respect, our study clearly shows that the encounters 
o f fin whales in continental slope waters are not 
infrequent. M ost o f the fin whale sightings occurred 
along the 2000-m depth contour (Fig. 10) in an area 
strongly influenced by the Liguro-Provençal ther
m al front. F in whales showed also a periodic east- 
to-west pattern  in their movements during the 
July-A ugust period (Fig. 12). Such a pattern  
suggests once m ore a relationship w ith the coun
ter-clockwise circulation o f the "Liguro-Provençal- 
C atalan C urren t” Striped dolphins were encoun
tered in almost every habita t available in the study 
area, although their distribution was found to 
respond to the environm ental variability.

All the species know n to be almost exclusively 
teutophagic (i.e. R isso’s dolphin, sperm whale and 
Cuvier’s beaked whale) were shown to be related to 
areas o f the upper and lower slope. This is 
consistent w ith the hypothesis tha t they feed mostly 
on meso- and bathy-pelagic cephalopods, usually 
found in steep slope areas (Riedl, 1991; Quetglás 
et al., 2000). The com petition for prey could be 
another issue to  consider. H ab ita t selection, in fact, 
can be seen as a complex and dynam ic function of 
the species requirem ents for food, m ates, avoidance 
o f predators/com petitors, and ability to move 
between habita t patches (Schofield, 2003). In te r
specific com petition has been shown to directly 
affect habitat selection in fishes (Hixon, 1980; 
Larson, 1980; M unday et al., 2001). A lthough the 
inform ation about the dietary habits o f cetaceans is 
quite scarce for the M editerranean Sea, on the basis 
o f the few available data  on stom ach contents, it 
could be speculated tha t R isso’s dolphin (Bello and 
Bentivegna, 1996; Kenney et al., 1995; G annier, 
1995; W ürtz et al., 1992; Clark and Pascoe, 1985), 
Cuvier’s beaked whale (Blanco and R aga, 2000; 
Blanco et al., 1997; Carlini et al., 1992; Podestá and 
M eotti, 1991) and sperm whale (sample o f faeces 
collected by the authors, unpublished data) may 
compete w ith each other since they feed m ostly on 
the same species: Histioteuthis bonnellii (H istio
teuthidae), H. reversa (H istioteuthidae), Todarodes 
sagittatus (Om m astrephidae), Ancistroteuthis lich
tensteini (Onychoteuthidae), Heteroteuthis dispar 
(Sepiolidae).

It is well know n tha t com petition for the food 
resource m ay lead to  spatial or tem poral segregation
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of habitats (Begon et al., 1986). The tem poral 
segregation, in fact, m ay facilitate the coexistence of 
com peting species through avoidance o f direct 
confrontation  or reduction o f overlap o f resource 
exploitation. The tem poral patterns we observed in 
Risso’s dolphin and sperm whale occurrence in the 
upper slope area m ay fit this hab ita t segregation 
hypothesis. R isso’s dolphin’s presence in the upper 
slope area, in fact, was characterised by a sort of 
regularity or ’’time fidelity” . N o regularity was 
found in sperm whale occurrence in the same area. 
M oreover, as it was shown by CD A  (Table 6), 
sperm whales, accounting for m ost o f the misclassi- 
fications (37.3%) o f R isso’s dolphin and Cuvier’s 
beaked whale, coexist in the habita t o f the other two 
species (Fig. 7). The sperm whales’ use o f different 
habitats is known.

Jaquet (1996) reviewing a variety o f sperm whale 
habitat studies tha t seemed to have contradictory 
conclusions, attributed  the discrepancies to the 
difficulty o f defining the appropriate spatial and 
tem poral scales. Our results suggest that interspe
cific com petition in the western Ligurian Sea could 
be added to  the factors shaping sperm whale
distribution. On the other hand, Cuvier’s beaked 
whales were found to  be less m obile and m ore 
strongly associated w ith the lower slope area 
contained w ithin the G enoa canyon, and these 
results are consistent w ith those o f M oulins et al. 
(2007) in the same area. It is interesting to observe 
that similar partitioning of the habita t has been 
observed between sperm whales and Cuvier’s
beaked whales on the northeastern U nited States 
shelf-edge (W aring et al., 2001), and between sperm 
whales and northern  bottlenose whales, Hyperodon 
ampullatus in the Gully on the Scotian Shelf
(W hitehead et al., 1992; G owans and W hitehead, 
1995).

As already m entioned, in the western Ligurian 
Sea, m any subm arine canyons at the boundary 
between neritic and oceanic dom ains create the 
conditions for the accum ulation of m igratory 
m icronektonic species in the continental slope
waters. M acquart-M oulin and Patriti (1996) showed 
that pelagic species such as euphausiids, hyperids 
and mysids, during their upw ard m igration and 
their nocturnal accum ulation at the surface, are 
transported  by surface currents generated by winds 
blowing landwards and then trapped in slope waters 
during their dow nw ard m orning m igrations. So this 
periodic pattern  o f concentration o f pelagic Zoo
plankton near the bottom  above the slope may

provide an abundant food source for organisms 
living in the slope area, and it could also be the 
reason for the occasional presence o f fin whales over 
the upper slope (Fig. 10). It could be speculated that 
m oving up and down along the slope area m ay be a 
convenient strategy for some species regularly 
occurring in this area to  exploit the tem porary food 
resource generated by the wind-driven accum ulation 
o f Zooplankton and Zooplankton feeders. The 
correlation found between R isso’s dolphin presence 
(i.e. the species w ith the m ost regular pattern  of 
occurrence in the upper slope area) and the sea 
conditions recorded during the preceding days 
supports this hypothesis. F in whales, which in 
1997 were observed close to  the coast and well 
beyond the 2000-m depth contour, could have been 
attracted to  this area by a similar Zooplankton 
accum ulation due to  wind-induced currents o f that 
kind. It is notew orthy tha t in 1997 also striped 
dolphins showed a similar response to  the environ
m ental variation, shifting their distribution no rth 
ward and getting m uch closer to  the coast than  in 
other years.

All the species regularly occurring in the study 
area were found to  be influenced by the interannual 
variability of the environm ental conditions, showing 
m arked shifts in their distribution during the time 
period considered. However, fin whales and striped 
dolphins, being m uch less related to  the sea bottom  
biocenosis and feeding mainly on the organisms 
inhabiting the first hundreds o f meters below the 
surface, appear to  be the species m ore influenced by 
the environm ental variability. Striped dolphins are 
know n to have opportunistic feeding habits (Blanco 
et al., 1995; Pauly et al., 1998 W urtz and M arrale, 
1991; Pulcini et al., 1992), and, based on the present 
study, it could be speculated tha t they are less 
mobile than  fin whales. The north-to-south  shifts 
observed in striped dolphin distribution appear to 
be a response, in term s o f short-range movements, 
to  the environm ental changes.

Sperm whales and Cuvier’s beaked whales, being 
preferentially found in the lower slope area, m ay be 
m ore dependent on the deep circulation occurring in 
the canyons than  on the environm ental variability 
o f the therm al front and o f the upper layers. Finally, 
it should be rem arked that a relationship between 
group size and habitat use was also found for 
almost all the species. Particularly, specific group 
sizes were found associated w ith certain areas (e.g. 
striped dolphins) or w ith certain years (e.g. striped 
dolphin and sperm whales). Such differences in
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group size m ay reasonably reflect a change in the 
anim al preference for prey o f the kind described 
also by Lusseau et al. (2004). Changes in the prey 
m ay require, in fact, a behavioural change for 
animals know n to forage in groups. All these 
elements suggest that these species may respond to 
the environm ental variability either with relative 
m ovem ents w ithin the study area or w ith changes in 
their preference for prey items. On the o ther hand, 
concerning fin whales, the fact that larger groups 
(i.e. larger than  three individuals) have been 
observed m ostly beyond the 2000-m depth contour 
m ay be simply explained by the patchiness o f their 
m ain prey in the offshore area (M. norvegica, Labat 
and Cuzin-Roudy, 1996), which causes the whales 
to  aggregate while feeding on the same patch.

5. Conclusions

Cetacean assemblages studied during the summer 
m onths (from June to  September) in the period 
1996-2000 support the hypothesis tha t physiogra
phy plays a m ajor role in partitioning the habitat 
uses o f the different species in the western Ligurian 
Sea. Am ong the studied species, bottlenose dolphin, 
R isso’s dolphin, sperm whale and Cuvier’s beaked 
whale were all found associated w ith well-defined 
depth and slope gradients showing very clear 
preferences for specific physical habitats, respec
tively, the shelf-edge, the upper slope and the lower 
slope. In  addition, R isso’s dolphin, sperm whale and 
Cuvier’s beaked whale showed a sort o f habitat 
segregation of their habitats. Such partitioning is 
probably the outcom e o f the com m on feeding 
habits— the three species are m ostly teutophagic 
and they probably feed on the same prey items— 
and it could be the effect o f the interspecific 
com petition. Sperm whales, in fact, are charac
terised by a habita t use that partially overlaps the 
uses o f the other two species, and their movements 
between the upper and lower slope could be a sort 
o f tem poral segregation that m ay facilitate the 
coexistence o f the com peting species.

F in whales, com m on dolphins and long-finned 
pilot whales were not found associated w ith specific 
physiographic features with the exception o f a 
general preference for the pelagic area (i.e. depths 
greater than  2000-m and sea bo ttom  gradients lower 
than  0.05 m /m ). However, fin whales, not infre
quently, have been encountered within the 2000-m 
depth contour in the upper slope and occasionally 
even in continental shelf-waters. Striped dolphins

were generically found in any type o f physical 
habitat, consistent with their know n opportunistic 
feeding habits. Striped dolphin distribution suggests 
a higher site fidelity com pared with the other 
species, even though small-scale in terannual m ove
m ents have been observed. As in terannual and 
seasonal movements have been shown for fin whales 
and m ost o f the regularly occurring species, it can be 
concluded that environm ental changes (e.g. changes 
in the pattern  o f surface currents, in the wind 
strength and direction or in the sea-surface tem 
perature) have a significant influence on the species 
use o f the habitat. In  this respect, a relationship was 
found between the group size and the habita t use of 
m any o f the species. Specific group sizes were found 
associated w ith certain areas (e.g. striped dolphins) 
or w ith certain years (e.g. striped dolphin and sperm 
whales). These findings suggest that some species 
m ay respond to  the environm ental variability either 
by moving w ithin the study area or w ith behaviour
al changes (i.e. changes in the group form ations) 
that m ay reasonably reflect changes in prey items.

F urther investigations on a finer scale and with a 
m ore comprehensive data  collection on the environ
m ental conditions (i.e. weekly SST and ocean colour 
image data , vertical w ater colum n profiles, daily 
data on wind strength and direction, etc.) would 
provide im portant elements for a better under
standing o f the habitat preference and ecology of 
the cetacean species in the western Ligurian Sea, 
creating the opportunity  for a sounder m anagem ent 
o f the Sanctuary area.

Acknowledgements

We wish to  dedicate this w ork to  the m em ory of 
G iorgio Barbaccia, biologist and skipper Gemini 
Lab. D iscussion with G iorgio during the field 
campaigns was surely the starting point in the 
genesis o f this m anuscript. Thanks to the D SR-I 
Editorial staff, and particularly to  M ichael Bacon 
and to  the anonym ous reviewers, whose comments 
significantly im proved the original m anuscript. We 
are also grateful to Peter Tyack, A ndy Williams, 
Angela D ’Amico, G iovanni Bearzi and Jason 
M athioupoulos for thoughtful discussions and 
valuable comments on the m anuscript. Thanks to 
M addalena Jahoda and Carla A lm irante for their 
support, friendship and precious advice. F u rther
m ore, this w ork would not have been possible 
w ithout the help and support of m any people that 
contributed to  the field data collection. We wish to



A. Azzellino et al. / Deep-Sea Research 1 55 (2008) 296-323 321

thank  A lbert Sturlese and M arco Ballardini 
(BluWest) for m any hours spent a t sea aboard  the 
Corsaro m otorboat. Their professionalism, interest 
and enthusiasm  in reporting sighting data  have been 
indispensable. We also would like to  thank  all the 
people (research assistants, collaborators, volun
teers, undergraduated students) who contributed to 
the Tethys fieldwork campaigns. Lucio Lessini, 
Enzo Barletta, Ignazio C avarretta  and skippers of 
the vessels operated by Tethys Research Institute 
provided an invaluable support in the fieldwork. 
Thanks to the In ternational Fund o f Animal 
W elfare (IFA W ) for the use o f the software 
L O G G E R  and to  M arina degii Aregai and Porto- 
sole for the logistic support.

References

Afifi, A., Clark, V., 1996. Computer-Aided Multivariate Analy
sis. Chapman & Haii, London, 455pp.

Bannister, L, 1968. An aerial survey for sperm whales off the 
coast o f western Australia 1963-65. Australian Journal of 
M arine and Freshwater Research 19, 31-51.

Barale, V., Zin, I., 2000. Im pact of continental margins in the 
M editerranean Sea: hints from the surface colour and 
temperature historical records. Journal of Coastal Conserva
tion 6, 5-14.

Baumgartner, M .F., Mullin, K.D., May, L.N., Leming, T.D., 
2001. Cetaceans habitats in the northern G ulf of Mexico. 
Fishery Bulletin 99, 219-239.

Begon, M., Harper, J.L., Townsend, C .R., 1986. Ecology: 
Individuals, Populations and Communities. Blackwell Scien
tific Publications, London.

Bello, G., Bentivegna, F., 1996. Cephalopod remains from the 
stomach of a Risso’s dolphin (Grampus griseus), stranded 
along the eastern Tyrrhenian coast. A tti Soc. It. Sei. nat. 
Museo civ. Stor. nat. Milano, 135/1994 (2), 467.

Best, P.B., 1969. The sperm whale (Physeter catodon) off the 
coast of South Africa. 4. Distribution and movements. 
Republic of South Africa, Departm ent o f Industries, Division 
of Sea Fisheries Investigational Report, vol. 78, pp. 1-12.

Bèthoux, J.P., Prieur, L., 1983. Hydrologie et circulation en 
Méditerranée Nord-Occidentale. Pétroles et Techniques 299, 
25-34.

Blanco, C., Raga, J.A., 2000. Cephalopod prey of two Ziphius 
cavirostris (Cetacea) stranded on the W estern Mediterranean 
coast. Journal of the M arine Biological Association of the 
United Kingdom 80, 381-382.

Blanco, C., Aznar, J., Raga, J.A., 1995. Cephalopods in the diet 
o f the striped dolphin Stenella coeruleoalba from the western 
M editerranean during an epizootic in 1990. Journal of 
Zoology 237, 151-158.

Blanco, C., Salomon, O., Raga, J.A., 1997. Stomach contents of 
Ziphius cavirostris stranded on the W estern Mediterranean 
coast. In: Proceedings of the 11th Annual Conference o f the 
European Cetacean Society, vol. 11, Strauslund, Germany, 
p. 143.

Boots, B.N., Getis, A., 1988. Point Pattern Analysis. Scientiphic 
Geography Series 8. SAGE publications.

Borcard, D., Legendre, P., Drapeau, L., 1992. Partialling out the 
spatial component o f the ecological variation. Ecology 73, 
1045.Ù-1055.Ù.

Cañadas, A., Sagarminada, R., Garcia-Tiscar, S., 2002. Cetacean 
distribution related with depth and slope in the M editerra
nean waters off southern Spain. Deep Sea Research I 49, 
2053-2073.

Carlini, R., Pulcini, M., Würtz, M., 1992. Cephalopods from 
the stomachs o f Cuvier’s beaked whale (Ziphius cavirostris 
Cuvier, 1823) stranded a t Fiumino, central Tyrrhenian Sea. 
In: Proceedings of the Sixth Annual Conference of the 
European Cetacean Society, San Remo, Italy, pp. 190-191.

Casanova, B., 1970. Répartition bathymétrique des euphausiacés 
dans le bassin occidental de la Méditerranée. Revue de 
Travaux de L ’Institut des Pêches Maritimes 34, 205-219.

Clarke, R., 1956. Sperm whale off the Azores. Discovery Reports 
28, 239-298.

Clarke, R., 1962. W hale observations and whale m arking off the 
coast o f Chile in 1958 and from Ecuador towards and beyond 
the Galapagos islands in 1959. Norsk Hvalfangsttid 51, 
265-287.

Clarke, K .R., 1993. Non-parametric multivariate analyses of 
changes in community structure. Australian Journal of 
Ecology 18, 117-143.

Clark, M .R., Pascoe, P.L., 1985. The stomach contents of a 
Risso’s dolphin (Grampus griseus) stranded at Thurlestone, 
South Devon. Journal o f the M arine Biological Association 
of the United Kingdom 65, 663-665.

Cliff, A.D., Ord, J.K., 1973. Spatial Autocorrelation. Pion, 
London.

Davis, R.W., Fargion, G.S., May, N., Leming, T.D., Baumgart
ner, M .F., Evans, W.E., Hansen, L.J., Mullin, K., 1998. 
Physical habitat of cetaceans along the continental slope in 
the north-central and western G ulf of Mexico. Marine 
Mammal Science 14 (3), 490-507.

Davis, R.W., Ortega-Ortiz, J.G., Ribic, C.A., Evans, W.E., Biggs, 
D C., Ressler, P.H., Cady, R.B., Leben, R .R., Mullin, K.D., 
Wursig, B., 2002. Cetacean habitat in the northern oceanic 
Gulf of Mexico. Deep Sea Research I 49, 121-142.

Efron, B., Tibshirani, R.J., 1993. An Introduction to the 
Bootstrap. Chapman & Haii, London, 436pp.

Forcada, J., Aguilar, A., Hammond, P., Pastor, X., e Aguilar, R., 
1996. Distribution and abundance of fin whales (Balaenoptera 
physalus) in the western M editerranean Sea during the 
summer. Journal of Zoology 238, 23-34.

Gannier, A., 1995. Les Cétacés de Méditerranée nord-
occidentale: estimation de leur abondance et mise en relation 
de la variation saisonnière de leur distribution avec l’écologie 
du milieu. Thèse de Doctorat, Ecole Pratique des Hautes 
Etudes.

Gannier, A., Drouot, V., Goold, J.C., 2002. Distribution and 
relative abundance of sperm whales in the M editerranean Sea. 
Marine Ecology—Progress Series 243, 281-293.

Gaudy, R., Champalbert, G., 1998. Space and time variations in 
Zooplankton distribution south off Marseilles. Oceanologica 
Acta 21 (6), 793-802.

Gowans, S., W hitehead, L., 1995. Distribution and habitat 
partitioning by small odontocetes in the Gully, a submarine 
canyon on the Scotian Shelf. Canadian Journal of Zoology 
73, 1599-1608.



322 A. Azzellino et al. / Deep-Sea Research 1 55 (2008) 296-323

Hixon, M.A., 1980. Competitive interactions between California 
reef fishes of the genus Embiotoca. Ecology 61, 918-931.

Hui, C.A., 1985. Undersea topography and the comparative 
distribution of two pelagic cetaceans. Fishery Bulletin 83, 
472-475.

Jaquet, N., 1996. How spatial and temporal scale influence 
understanding of sperm whale distribution: a review. M am 
mal Review 26, 51-65.

Kenney, R.D., Winn, H.E., 1987. Cetacean biomass densities 
near submarine canyons compared to adjacent shelf/slope 
areas. Continental Shelf Research 7, 107-114.

Kenney, R.D., Scott, G.P., Thompson, T.J., Winn, H.E., 
1995. Estimates o f prey consumption and trophic impacts 
o f cetaceans in the USA northeast continental shelf eco
system. Journal of Northwest Atlantic Fishery Science 22, 
155-171.

Kruskal, J.B., 1964. Multidimensional scaling by optimising 
goodness o f fit to a non-metric hypothesis. Psychometrica 29, 
1-27.

Kruskal, J.B., Wish, M., 1978. Multidimensional Scaling. Sage 
Publications, Beverly Hills, CA.

Labat, J.P., Cuzin-Roudy, J., 1996. Population dynamics of the 
krill Meganyctiphanes norvegica (M. Sars, 1857) (Crustacea: 
Euphausiacea) in the Ligurian Sea (NW Mediterranean Sea). 
Size structure, growth and m ortality modelling. Journal of 
Plankton Research 18 (12), 2295-2312.

Lacroix, G., Grégoire, A., 2002. Revisited ecosystem model 
(MODECOGeL) of the Ligurian Sea: seasonal and inter
annual variability due to atmospheric forcing. Journal of 
M arine Systems 37 (4), 229-258.

Larson, R.J., 1980. Competition, habitat selection, and the 
bathymetric segregation of two rockfish (Sebastes) species. 
Ecology 50, 221-239.

Legendre, P., Dale, M.R.T., Fortin, M.-J., Gurevitch, J., Hohn, 
M., Myers, D., 2002. The consequences o f spatial structure 
for the design and analysis o f ecological field surveys. 
Ecography 25, 601-615.

Littaye, A., Gannier, A., Laran, S., Wilson, J.P.F., 2004. The 
relationship between summer aggregation of fin whales and 
satellite-derived environmental conditions in the northwestern 
M editerranean Sea. Remote Sensing of Environment 90, 
44-52.

Lusseau, D., Williams, R., Wilson, B., Grellier, K., Barton, T.R., 
Hammond, P.S., Thompson, P.M., 2004. Parallel influence of 
climate on the behaviour of Pacific killer whales and Atlantic 
bottlenose dolphins. Ecology Letters 7, 1068-1076.

M acquart-M oulin, C., Patriti, G., 1996. Accumulation of 
migratory macronekton crustaceans over the upper slope 
and submarine canyons of the northwestern Mediterranean. 
Deep Sea Research I 43 (5), 579-601.

Millot, C., 1987. Circulation in W estern Mediterranean Sea. 
Oceanologica Acta 10, 143-150.

Millot, C., 1999. Circulation in the Western Mediterranean Sea. 
Journal of M arine Systems 20, 423-442.

Monestiez, P., Dubroca, L., Bonnin, E., Durbec, J.-P., Guinet, 
C., 2006. Geostatistical modelling of spatial distribution of 
Balaenoptera physalus in the Northwestern Mediterranean 
Sea from sparse count data and heterogeneous observation 
efforts. Ecological Modelling 193 (2006), 615-628.

Moulins, A., Rosso, M., Nani, B., W ürtz, M., 2007. Aspects of 
the distribution of Cuvier’s beaked whale (Ziphius cavirostris) 
in relation to topographic features in the Pelagos Sanctuary

(north-western M editerranean Sea). Journal of the Marine 
Biological Association of the United Kingdom 87, 177-186.

Munday, P.L., Jones, G.P., Caley, M.J., 2001. Interspecific 
competition and coexistence in a guild of coral-dwelling 
fishes. Ecology 82, 2177-2189.

N otarbartolo di Sciara, G., Venturino, M.C., Zanardelli, M., 
Bearzi, G., Borsani, J.F., Cavalloni, B., 1993. Cetaceans in the 
Central M editerranean Sea: distribution and sighting fre
quencies. Italian Journal o f Zoology 60, 131-138.

N otarbartolo di Sciara, G., Zanardelli, M., Jahoda, M., 
Panigada, S., Airoldi, S., 2003. The fin whale Balaenoptera 
physalus (L. 1758) in the Mediterranean Sea. Mammal Review 
33 (2), 105-150.

Orsi Relini, L., Cappello, M., 1992. The fin whale and other large 
pelagic filters as samplers o f Meganyctiphanes norvegica. 
R apport des Commission Internationale pour l’Exploration 
Scientifique de la Mer Méditerranée, vol. 33, p. 263.

Panigada, S., N otarbartolo di Sciara, G., Zanardelli, M., Airoldi, 
S., Borsani, F., Jahoda, M., 2005. Fin whales (Balaenoptera 
physalus) summering in the Ligurian Sea: distribution, 
encounter rate, mean group size and relation to physiographic 
variables. Journal of Cetacean Research Management 7 (2), 
137-145.

Pauly, D., Trites, A.W., Capuli, E., Christiensen, V., 1998. Diet 
composition and trophic levels of marine mammals. ICES 
Journal of M arine Science 55, 467^181.

Podestá, L., Meotti, C., 1991. The stomach contents of a Cuvier’s 
beaked whale Ziphius cavirostris, and a Risso’s dolphin 
Grampus griseus, stranded in Italy. In: Proceedings of the 
Fifth Conference of the European Cetacean Society, Sandef- 
jord, Norway, pp. 58-61.

Pulcini, M., Carlini, R., Wurtz, M., 1992. Stomach contents of 
striped dolphins, Stenella coeruleoalba, (Meyen, 1833) from 
the South-Central Tyrrhenian coast. European Research on 
Cetaceans 6, 194-195.

Quetglás, A., Carboneli, A., Sánchez, P., 2000. Demersal 
continental shelf and upper slope cephalopod assemblages 
from the Balearic sea (North-Western Mediterranean). 
Biological aspects o f some deep-sea species. Estuarine, 
Coastal and Shelf Science 50, 739-749.

Riedl, R., 1991. Fauna e flora del Mediterráneo. Franco Muzzio 
Editore, 777pp.

Schofield, P.J., 2003. H abitat selection of two gobies (Micro
gobius gulosus, Gobiosoma robustum): influence of structural 
complexity, competitive interactions, and presence of a 
predator. Journal o f Experimental Marine Biology and 
Ecology 288, 125-137.

Sokal, R.R., Rohlf, F.J., 1995. Biometry: The Principles and 
Practice of Statistics in Biological Research, third ed. W.H. 
Freeman and Company, New York, USA, 887pp.

Sournia, A., Brylinski, J.M., Dallot, S., Le Corre, P., Leveau, M., 
Prieur, L., Forget, C., 1990. Fronts hydrologiques au large 
des cotes fran-caises: les sites ateliers du programme Frontal. 
Oceanologica Acta 13, 119-131.

Sutherland, W.J., Norris, K., 2002. Behavioural models of 
population growth rates: implications for conservation and 
prediction. Philosophical Transactions o f the Royal Society of 
London B—Biological Sciences 357, 1273-1284.

Thiele, D., Chester, E.T., Moore, S.E., Sirovic, A., Hildebrand, 
J.A., Friedlaender, A.S., 2004. Seasonal variability in whale 
encounters in the Western Antarctic Peninsula. Deep-Sea 
Research II 51 (2004), 2311-2325.



A. Azzellino et al. / Deep-Sea Research 1 55 (2008) 296-323 323

Viale, D., 1991. Une méthode synoptique de recherche des zones 
productives en mer: détection simultanée des cétacés, des 
fronts thermiques et des biomasses sous-jacentes. Annales de 
l’Institut Océanographique 67 (1), 49-62.

Waring, G.T., Hamazaki, T., Sheehan, D., W ood, G., Baker, S., 
2001. Characterization of beaked whale (ziphiidae) and sperm 
whale (Physeter macrocephalus) summer habitat in shelf-edge 
and deeper waters off the northeast US. Marine Mammal 
Science 17 (4), 703-717.

Weir, C.R., Pollock, C., Cronin, C., Taylor, S., 2001. Cetaceans 
o f the Atlantic Frontier, north and west o f Scotland. 
Continental Shelf Research 21 (2001), 1047-1071.

W hitehead, H., Brennan, S., Grover, D., 1992. Distri
bution and behavior o f male sperm whales on the 
Scotian Shelf, Canada. Canadian Journal o f Zoology 70, 
912-918.

Wurtz, M., Marrale, D., 1991. On the stomach contents o f striped 
dolphins (Stenella coeruleoalba Meyen 1933) from the 
Ligurian coast, central M editerranean Sea. European Re
search on Cetaceans 5, 62-64.

Würtz, M., Poggi, R., Clarke, M .R., 1992. Cephalopods from the 
stomach of a Risso’s dolphin (Grampus griseus) from the 
Mediterranean. Journal of the M arine Biological Association 
of the United Kingdom 72, 861-867.


