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This work focuses on the species associations of the Baronie Seamount (north-eastern Sardinia, Italy), according to variations
in depth and time of day. The aim was to highlight the potential vertical movements of the species and to compare these results
to existing data from a submarine canyon. Twenty-two samples were taken at different depths and times along two trawl lines
over the seamount. A total of 94 species were caught; among these, 48 bony fish, 9 cartilaginous fish, 13 molluscs and 24 crus-
taceans were selected for analysis. Cluster analysis showed 3 groups in which both depth and time of day play an important
role in grouping. Nine species showed some daily and nocturnal movement, probably linked to trophic requirements. The daily
movements according to size and sex of the shrimps Aristaeomorpha foliacea and Aristeus antennatus were also studied. For
these two populations, the analysis showed an uneven distribution and the diel cycle appears to involve only the females. These
species seem to adapt their life cycle to the geomorphology of the sea bottom. The diurnal movements from the base of the
seamount to the edge of the continental shelf increase the range of the species distribution. In fact, the seamount, due to
its geomorphological conformation, offers these species the opportunity to very quickly span a considerable range of
depths. These movements are known to occur in the continental shelf and slope, but in the seamount they are broadened
and can be studied more easily.
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I N T R O D U C T I O N

The spatial distribution of demersal species has been widely
studied (Cartes et al., 1994; Cartes & Sardà, 1993; Moranta
et al., 1998; Blanchard, 2001; Abelló et al., 2002; Cartes et al.,
2004; Company et al., 2004; D’Onghia et al., 2004; Massutı́
et al., 2004; Moranta et al., 2008). In a broad sense, it refers
to the dispersion of individuals within their area of distribution.
Spatial distribution is usually considered to vary according to
environmental features (e.g. depth, bathymetric boundaries,
bottom type: Abelló et al., 2002), oceanographic conditions
(e.g. characteristics of water masses: Carney, 2005; Company
et al., 2008; Canals et al., 2009), biological factors (e.g. compe-
tition among species: Blanchard, 2001, and references therein)
and human influence (e.g. impact fisheries: Blanchard, 2001).
Among these, the depth gradient is generally considered to be
the main factor affecting species associations (D’Onghia et al.,
2004; Massutı́ et al., 2004).

Bottom geomorphology can determine local hydrographic
and substrate flows or facilitate species movements, thus con-
tributing to the often unique spatial distributions observed, for
example in submarine canyons (Orrù & Ulzega, 1988; Tobar
& Sardà, 1992; Sabatini et al., 2007). The varying mobility of
particular animals can be very important in determining the

spatial distribution of species, and can occasionally be an
important cause of both seasonal and nycthemeral cycles
(Cartes et al., 1993; Sabatini et al., 2007). In this context, sea
bottoms with a particular geomorphological structure, such
as canyons and seamounts, can be of ecological interest
regarding the vertical migration of marine species.
Submarine canyons are areas very rich in nutrients with
strong turbidity currents (Shepard et al., 1974). They are
complex environments and the species living there are
usually more mobile than those of typical deep-sea assem-
blages (Rowe, 1971). The environmental influence on the
movements of marine species has been studied (Sardà et al.,
1997; Tudela et al., 2003) as have the diurnal movements of
the species living in these environments (Sabatini et al., 2007).

Submarine canyons, however, are not the only ecologically
interesting seabed topographic feature influencing species’
vertical migrations. Some seamounts far from the coast are
characterized by a rising of the continental shelf leading to
a decrease in water depth. Seamounts can be defined as iso-
lated underwater features (mountains, terraces, ridges, banks,
plateaux and shelves) less than 1000 m above the sea floor
and peaking below sea level (WWF/IUCN, 2004). These fea-
tures are often characterized by significant levels of ende-
mism and relatively high primary production that could
support productive fisheries (Rogers, 1994; Koslow et al.,
2001). Seamounts can potentially enable vertical migration
far from the coast and have been identified as diversity hot-
spots (Koslow, 1997). Given its distance from the coast, the
first fishermen to fish close to the Baronie Seamount found
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many species, and more importantly they found economi-
cally important species such as the shrimps Aristaeomorpha
foliacea (Risso, 1827) and Aristeus antennatus (Risso,
1816). According to local fishermen, this area has a higher
biomass of commercial species than adjacent regions and
hence represents a site of particular biological and economic
interest.

We studied the Baronie Seamount located 25 miles off the
north-eastern coast of Sardinia (Italy), called also ‘K’ bank by
local fishermen. This is the first study concerning the demersal
assemblages of this area, which started to be economically
exploited only few years ago. The aim of this paper is to
study the different species assemblages found at different
times of the day, and to highlight the potential vertical move-
ments of these species, as observed in another Sardinian area,
the Quirra Canyon (Sabatini et al., 2007). Juveniles and adults
of some very important species such as the shrimps, showed
variations in diet, bathymetric distribution and, even, daily
migratory behaviour (Cartes et al., 2004, 2008). In addition,
the daily timing of changes in depth occurrence and size com-
position of the giant red shrimp, A. foliacea and the blue and
red shrimp A. antennatus was studied.

M A T E R I A L S A N D M E T H O D S

Study area
The data analysed in this work were collected on the Baronie
Seamount, which is located off the north-eastern coast of
Sardinia (in the western part of the central Tyrrhenian Sea)
(Figure 1). It is characterized by a rise in the continental
shelf, which results in a decrease in sea depth. The seamount
rises from the sea bottom to two levels lying at 162 m and
168 m characterized by a flat morphology and a thin sedimen-
tary cover (Bellagamba et al., 1979). It has an elongate shape,
running from north to south, parallel to the coast line.

Samples were taken on the eastern side of the seamount,
where a substantial variation in depth occurs. Depth varies
from 180 m to over 1000 m in only 2 nautical miles. This is
one of the few areas in the Baronie Seamount that can be
exploited by bottom fishing trawl.

Data collection
Data were collected between January and April 2003. The
survey vessel (80 tons and 338 kw) was equipped with a

Fig. 1. Map of the study area. Continuous lines, 1000 m depth; hatched lines, 500 m; dotted lines, 200 m. In the upper left rectangle, the geographical position of
the Baronie Seamount is indicated.
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gear commonly used by local fishermen (trawl net, 40 mm
stretched mesh size in the cod end). The trawl samples were
collected throughout the entire 24-hour period and categor-
ized as to time of day and depth, as reported in Sabatini
et al. (2007). A total of 22 samples were collected from
depths ranging between 176 m and 745 m and from 110 to
334 minutes in duration. Samples coded ‘C’ were for hauls
made above 350 m (14 hauls) and ‘E’ for hauls deeper than
500 m (8 hauls). The geomorphological features of the
Baronie Seamount’s bottom prevent trawling at intermediate
depths (350–500 m).

Thirteen of the 22 hauls were performed during daylight
(‘L’, from 1 hour before sunrise to 1 hour after sunset), 5
during the first part of the night (‘N1’, from 1 hour after
sunset to 01:00 a.m.) and 4 during the second part (‘N2’,
from 01:00 a.m. to 1 hour before sunrise). The night was
divided into two time intervals to distinguish the different
species caught during the first and the second part (Table 1).

We noted the yield in weight and the catch in number of
individuals of fish and shellfish for each sample. These data
were used to generate biomass indices which were standar-
dized per 1 hour of trawl (kg/h).

For the red shrimps A. antennatus and A. foliacea only, the
carapace length (CL) was measured by sex to the nearest milli-
metre, from the posterior margin of the eyestalk to the pos-
terior mid-dorsal edge of the carapace, in order to obtain
length–frequency distributions.

Statistical analysis
Cluster analysis was used to study the species assemblages,
carried out using the biomass data, standardized per hour of
trawling. Data were analysed in relation to depth (C and E
depth levels) and the time of day (L, N1 and N2). The data
were root-root transformed to reduce the influence of the
dominant species and to support the importance of the rare
ones (Somerfield & Clarke, 1997).

The similarity among hauls was calculated using the Bray –
Curtis index (Bray & Curtis, 1957; Field et al., 1982). This is
generally considered an excellent similarity measure since it
preserves the ecological distance among the studied commu-
nities (Clarke & Warwick, 1994).

Samples were then classified by hierarchical agglomerative
cluster analysis, using the group average linking method. A
SIMPER (SIMilarity PERcentage) analysis was performed
(Clarke, 1993; Clarke & Warwick, 1994) in order to quantify
the percentage contribution of each species to the average
similarity/dissimilarity between samples. Statistical analyses
were all performed using the PRIMER package (release 6.0)
(Clarke & Gorley, 2006). The Kolmogorov–Smirnov test
(KS) was performed on pairs of size–frequency distributions
for depth, time and sex to detect significant differences (P ¼
0.05) (Conover, 1980).

R E S U L T S

On the Baronie Seamount, a total of 94 species were collected,
including 57 fish (48 bony fish, 9 cartilaginous), 13 molluscs
and 24 crustaceans (Table 2). Most of them were mainly
found at their typical depth-range (as reported in the litera-
ture). It was therefore possible to subdivide the species into
four groups according to their depth habits (Table 2).

The first two groups represent the species found during the
entire 24-hours period at their typical depth-range (C species
or E species). They were never found at different depth levels,
indicating that they do not move up and down the water
column.

The third group is represented by the ubiquitous species,
found within a wide depth-range (Tortonese, 1970, 1975; Relini
et al., 1999). Some species, such as Phycis blennoides (Brünnich,
1758), were found in both depth levels, during the entire day.
Others, such as Helicolenus dactylopterus (Delaroche, 1809),
were found at all times in the C depth level, while only during

Table 1. Code, date, season, start and end time (solar time), duration and depth for each haul studied.

Code Date Season Start sampling End sampling Duration (minutes) Depth (m) Group

L-C-1 15/01/2003 Winter 07.43 10.00 133 186 L C
L-C-2 15/01/2003 Winter 10.30 12.40 130 176 L C
L-C-3 15/01/2003 Winter 13.18 16.20 182 199 L C
N1-C-4 15/01/2003 Winter 16.58 19.42 164 209 N1 C
N1-C-5 15/01/2003 Winter 20.25 23.06 161 227 N1 C
N2-C-6 15/01/2003 Winter 23.45 02.30 175 222 N2 C
N1-C-7 26/03/2003 Spring 20.07 22.56 169 225 N1 C
N2-C-8 26/03/2003 Spring 23.40 02.15 155 221 N2 C
N2-C-9 27/03/2003 Spring 03.30 05.20 110 222 N2 C
L-C-10 27/03/2003 Spring 06.40 8.45 125 183 L C
L-E-11 28/03/2003 Spring 05.58 10.24 266 740 L E
L-E-12 28/03/2003 Spring 10.46 16.15 334 703 L E
L-C-13 28/03/2003 Spring 18.00 20.25 145 206 L C
N1-C-14 28/03/2003 Spring 21.07 23.50 163 219 N1 C
L-E-15 29/03/2003 Spring 05.30 10.35 305 723 L E
L-E-16 29/03/2003 Spring 12.00 16.25 334 745 L E
L-C-17 28/04/2003 Spring 08.16 11.00 164 209 L C
L-E-18 28/04/2003 Spring 11.45 16.00 255 731 L E
L-C-19 28/04/2003 Spring 17.32 19.27 115 211 L C
N1-E-20 28/04/2003 Spring 20.40 23.00 140 745 N1 E
N2-E-21 28/04/2003 Spring 23.55 02.00 267 716 N2 E
L-E-22 29/04/2003 Spring 06.18 10.45 125 704 L E
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Table 2. Sampled species by depth level (C , 350 m, E .500 m) and time period (L, daylight; N1, first part of the night; N2, second part of the night)
with the corresponding standardized abundance (ind/h) and biomass (kg/h) estimates. The depth-range (m) found in the literature is also indicated:
outside parentheses, the preferential depth-range at which the species is more abundant; within parentheses, the depth-range at which the species

can be found in the Mediterranean Sea (Tortonese, 1970, 1975; Relini et al., 1999; Serena, 2005; www.fishbase.org, www.sealifebase.org).

Species Depth level and
day period

ind/h kg/h Preferential and
mediterranean

depth-range (m)

C E

L N1 N2 L N1 N2

C species Ancistroteuthis lichtensteini (Frussac, 1839) X 0 0.02 (0–250)
Anthias anthias (Linnaeus, 1758) X X X 14 0.40 130–200 (15–300)
Argentina sphyraena Linnaeus, 1758 X 26 0.61 70–450 (50–700)
Arnoglossus laterna (Walbaum, 1792) X X 182 0.95 10–200 (10–550)
Aspitrigla cuculus (Linnaeus, 1758) X X X 141 9.12 100–200 (15–400)
Calappa granulata (Linneaus, 1767) X 3 1.31 30–150 (13–400)
Centracanthus cirrus Rafinesque, 1810 X X 107 0.32 200–350 (200–464)
Diaphanus metopoclampus (Cocco, 1829) X 4 0.03 90–850 (90–1085)
Dipturus oxyrinchus (Linnaeus, 1758) X X X 6 2.42 (15–900)
Eledone cirrhosa (Lamarck, 1798) X X X 22 4.60 50–300 (5–660)
Eledone moschata (Lamarck, 1798) X X 1 0.17 (10–300)
Glossanodon leioglossus (Valenciennes, 1848) X X X 465 36.86 100–400
Gnathophis mystax (Delaroche, 1809) X X 6 0.17 (80–800)
Gymnammodytes cicerelus (Rafinesque 1810) X 175 1.64 0–120
Lepidopus caudatus (Euphrasen, 1788) X X X 10 13.44 100–300 (42–620)
Lepidorhombus boscii (Risso, 1810) X 21 0.51 200–400 (50–700)
Lepidorhombus whiffiagonis (Walbaum, 1792) X X X 106 19.29 200–400 (200–700)
Loligo forbesi Steenstrup, 1856 X X X 177 80.92 100–400 (20–560)
Loligo vulgaris Lamarck, 1798 X 399 66.46 20–250 (0–550)
Lophius budegassa (Spinola, 1807) X 0 0.84 (300–1013)
Macrorhamphosus scolopax (Linneaus, 1758) X X X 187 1.69 50–200 (0–400)
Mullus surmuletus (Linnaeus, 1758) X X 7 0.82 (5–409)
Neorossia caroli (Jouben, 1902) X X 2 0.12 300–400 (300–1000)
Parthenope macrochelos (Herbst, 1790) X X 12 0.35 (20–750)
Physiculus dalwigki (Kaup, 1858) X 1 0.01 (100–738)
Plesionika antigai Zariquiey Alvarez, 1955 X X 672 42.19 330–370 (120–800)
Plesionika edwardsii (Brandt, 1851) X X X 796 56.88 250–380 (110–680)
Raja miraletus (Linnaeus, 1758) X 5 0.82 50–150 (17–462)
Raja polystigma Regan, 1923 X X X 20 4.61 100–400
Sepia orbignyana Férussac, 1826 X X 105 2.45 50–250 (15–570)
Sepietta oweniana (Pfeffer, 1908) X 0 0.01 (50–600)
Serranus cabrilla (Linnaeus, 1758) X 4 0.11 (5–500)
Solea elongata (Day, 1877) X X 0 1.95 (8–280)
Squalus blainville (Risso, 1827) X X 3 1.95 16–440 (16–780)
Trachurus mediterraneus (Steindachner, 1868) X 3 0.01 5–250 (0–500)
Trigla lyra (Linnaeus, 1758) X X 8 1.19 150–400 (100–700)
Trisopterus minutus (Linnaeus, 1758) X X 3 0.13 15–200 (1–440)
Zeus faber (Linnaeus, 1758) X 0 0.14 50–150 (5-400)

E species Cepola macrophthalma (Linnaeus, 1758) X 4 0.11 (15–400)
Epigonus telescopus (Risso, 1810) X X 4 1.69 300–800 (75–1200)
Hoplostetus mediterraneus (Cuvier, 1829) X X 2 0.40 (100–1175)
Hexanchus griseus (Bonnaterre, 1788) X 0 4.13 180–1100 (1–2550)
Histioteuthis reversa (Verrill, 1880) X 6 1.52 (0–2000)
Hymenocephalus italicus Giglioni, 1884 X X X 289 1.47 300–800 (100–1400)
Lampanyctus crocodilus (Risso, 1810) X X X 239 3.49 400–800 (100–1000)
Lepidion lepidion (Risso, 1810) X X X 41 0.73 750–1000 (500–2230)
Maya squinado (Herbst, 1788) X 0 0.06 0–150 (0–600)
Molva dypterygia (Pennant, 1784) X 0 0.18 (150–1000)
Nephrops norvegicus (Linnaeus, 1758) X 11 0.46 20–600 (200–800)
Nettastoma melanurum Rafinesque, 1810 X X X 10 0.42 400–1000 (37–1647)
Nezumia sp. X X X 164 1.64 500–3200 (130–3200)
Notolepis rissoi (Bonaparte, 1840) X 1 0.01 (0–2200)
Pagellus bogaraveo (Brunnich, 1768) X 1 1.93 150–300 (0–700)
Parapenaeus longirostris (Lucas, 1846) X 7 0.01 (20–700)
Pasiphaea sivado (Risso, 1816) X X X 19 0.17 200–300 (200–700)
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daylight hours in the E depth level. They were put into the third
group on the basis of their ecologically known depth-range from
the literature (Tortonese, 1970, 1975; Relini et al., 1999; Serena,
2005; www.fishbase.org; www.sealifebase.org).

The fourth group includes all the species that typically live
at the E depth level, but which were put into a separate group
since they were also found at depths of less than 350 m, but
only during the night. Their typical depth-range, according
to published information and experience, is deeper than
400–500 m but they are known to make some migrations to
shallower depths (Cartes et al., 1993) like the shrimp A. anten-
natus or the bony fish Mora moro (Risso, 1810). These species
appear to rise up the seamount during the night, reaching
350 m and less. During daylight hours, they stay at deeper
levels. In fact, they were never found at the shallower depth
level (C) during daylight hours (L) (Table 2).

Cluster analysis describes the relationship between depth
and time of the day, in the various samples (Figure 2). We
found three groups: the first (†) consists of all hauls made
at depths below 500 m, both during daylight and during the
night. The second (B) comprises the hauls made in the C
depth level, but only during the night (N1 and N2), while
the third (O) is composed of hauls made in the C depth
level as well, but only during daylight hours (L).

Each group contains some indicator species which typify
and characterizes it. For example, deep species (E depth
level, clustering group 1) such as A. foliacea were clearly sep-
arated from shallow ones (C depth level, clustering groups 2
and 3) such as C. agassizii or H. dactylopterus.

The SIMPER analyses (Table 3) showed the species with
the highest contribution to the similarity between the three
groups. The main indicator species of the first group was A.

Table 2. Continued

Species Depth level and
day period

ind/h kg/h Preferential and
mediterranean

depth-range (m)

C E

L N1 N2 L N1 N2

Plesionika giglioli (Senna, 1903) X 3 0.02 330–370 (120–800)
Plesionika martia (A. M. Edwards, 1883) X X 140 0.7 200–700 (180–1200)
Polycheles typhlops Heller, 1862 X X X 60 0.24 300–600
Schedophilus ovalis (Cuvier, 1833) X 3 0.45 80–240 (70–700)
Sergia robusta (Smith, 1882) X 2 0.01 (250–1000)
Stomias boa boa (Risso, 1810) X X 2 0.09 (200–1500)
Trachurus trachurus (Linnaeus, 1758) X 7 0.02 100–200 (0–1050)

Ubiquitous species Capros aper (Linnaeus, 1758) X X X X 541 107.46 100–400 (40–700)
Conger conger (Linnaeus, 1758) X X 9 13.9 (0–1171)
Epigonus denticulatus Dieuzeide, 1950 X X 11 0.04 250–400 (130–830)
Gadiculus argenteus argenteus (Guichenot, 1850) X X 7 0.29 (100–1000)
Geryon longipes Milne-Edwards, 1881 X X 13 0.25 (300–1370)
Helicolenus dactylopterus (Delaroche, 1809) X X X X 433 29.57 100–800 (50–1100)
Illex coindetii (Verany, 1839) X X X X 32 2.04 0–700 (50–1100)
Lophius piscatorius (Linnaeus, 1758) X X X X X 3 24.83 20–500 (20–1000)
Macropipus tuberculatus (Roux, 1830) X X X X X 84 1.4 300–400 (30–840)
Merluccius merluccius (Linnaeus, 1758) X X X X 22 4.72 50–700 (20–1000)
Micromesistius poutassou (Risso, 1827) X X X 2 0.46 300–400 (150–3000)
Nemichthys scolopaceus Richardson, 1848 X X 10 0.39 (91–2000)
Notacanthus bonaparte (Risso, 1840) X X X 5 0.3 (487–2000)
Paramola cuvieri (Risso, 1816) X X 1 0.16 80–350 (50–1000)
Phycis blennoides (Brünnich, 1768) X X X X X X 54 3.56 100–300 (10–1200)
Raja clavata Linnaeus, 1758 X X X X 15 7.89 80–200 (0–700)
Rossia macrosoma (Delle Chiaie, 1830) X X 1 0.04 50–500 (100–500)
Scaeurgus unicirrhus (Orbigny, 1840) X X X X 97 9.31 100–350 (6–800)
Scyliorhinus canicula (Linnaeus, 1758) X X X X 28 1.89 150–300 (10–780)
Synchiropus phaeton (Günther, 1861) X X 12 0.09 80–650 (80–848)
Todarodes sagittatus (Lamarck, 1798) X X X 2 0.26 (0–800)
Todaropsis eblanae (Ball, 1841) X X X X 13 1.67 100–500 (30–700)

E species moving to C Aristeus antennatus (Risso, 1816) X X X X X 117 32.07 500–800 (80–3300)
Aristaeomorpha foliacea (Risso, 1827) X X X X X 241 80.42 450–750 (120–1500)
Centrophorus granulosus (Bloch, 1801) X X X 12 41.45 150–500 (50–1440)
Chlorophthalmus agassizii Bonaparte, 1840 X X X X X 246 34.47 50–1000
Etmopterus spinax (Linnaeus, 1758) X X X X 47 1.87 300–500 (70–1000)
Galeus melastomus Rafinesque, 1809 X X X X X 454 35.61 200–500 (55–1000)
Mora moro (Risso, 1810) X X X X X 127 4.76 500–800 (300–2500)
Pasiphaea multidentata Esmark, 1866 X X X X X 13 0.20 500–700 (200–2000)
Trachyrhynchus scabrus (Rafinesque, 1810) X X X X 13 0.36 395–1700
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foliacea (14.6%), while for the second group, it was Loligo
forbesi (Steenstrup, 1856) (11.5%) and for the third one, it
was Capros aper (Linnaeus, 1758) (10.5%).

This analysis also showed that the first and third groups are
the most diverse (average dissimilarity 91.5%), indicating that
the species caught at the C depth level during daylight hours
(3rd group) are very different from those caught in the E
depth level (1st group). The most species which most dis-
criminates between these two groups is A. foliacea (5.2%),
never being found at a depth of less than 350 m during day-
light hours. The 2nd and the 3rd group are the least diverse
(average dissimilarity 62.1%). The discriminating species
between them is L. vulgaris (5.4%). The dissimilarity
between the 1st and the 2nd group is 78.1%, which is inter-
mediate compared to the previously observed dissimilarities.
The species that most discriminates between these two
groups was found to be L. forbesi (4.7%).

The length–frequency distribution of both red shrimps in
the catches varied according to time, depth and sex (Figure 3).
The above analysis indicated that their bathymetric distri-
bution is correlated to the size and sex of the individuals.
For each temporal and spatial set of hauls analysed, the per-
centage of females was greater than that of males.

Regarding A. foliacea, the KS test showed significant stat-
istical differences (P , 0.05) between the females caught at
different depths (C and E depth levels) and periods of time.
On the contrary, no significant differences were found
between N1-E and N2-E samples indicating a similar size
composition within the population both for females (D ¼
0.188 P ¼ 0.243) and for males (D ¼ 0.170 P ¼ 0.596). The

analysis of N1-C samples showed the exclusive presence of
females which were statistically smaller than those caught at
greater depths (L-E, N1-E, N2-E).

The analysis of A. antennatus catches showed a similar pre-
dominance of females, like A. foliacea. In contrast however,
the mean of the CL increased progressively during hauls
N1-C and N2-C, and decreased during the day samplings
(Figure 3). In fact, for A. antennatus females, the KS test
showed significant differences in the composition of the popu-
lation between samples caught at different depths (C, E), while
no significant differences were found between the hauls L-E
and N2-E (D ¼ 0.095 P ¼ 0.423) and N1-C versus N2-C
(D ¼ 0.119 P ¼ 0.246). For males, no significant differences
were found between the hauls carried out at shallower
depths and those below 500 m during the day or night.

D I S C U S S I O N

These analyses allowed a first overview of the species distri-
bution on the Baronie Seamount and to study the species
assemblages found there. The results strongly suggest that
the spatial distribution patterns of the demersal species of
the Baronie Seamount vary according to both depth and
time of day. Most of the species seem to be sedentary or
limited to a particular depth-range and it was possible to
clearly distinguish the fauna of the deeper waters from those
living at shallower depths. Groups 2 and 3, both related to
the C depth level, had many species in common, all typical
of shallow waters. However, some species were found in

Fig. 2. Classification (cluster analysis) of species assemblages in the Baronie Seamount. Clusters at 43% similarity are indicated by the dashed line. †, 1st group; B,
2nd group; O, 3rd group.
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Table 3. Results of the SIMPER analysis; species are listed in order of their contribution to the average similarity within their own group, with a cut-off
when the cumulative percentage contribution reaches 90%.

Group 1

Average similarity: 62.98

Species Av.abund Av.sim Sim/SD Contrib.% Cum.%

A. foliacea 1.73 9.17 6.91 14.57 14.57
G. melastomus 1.33 6.70 5.06 10.64 25.21
A. antennatus 1.07 5.98 9.15 9.49 34.70
M. moro 0.82 4.22 6.33 6.70 41.40
L. crocodilus 0.78 4.16 4.91 6.60 48.01
C. conger 0.79 4.02 4.73 6.39 54.39
P. blennoides 0.71 3.67 6.17 5.83 60.23
Nezumia sp. 0.65 3.36 4.96 5.33 65.55
H. italicus 0.63 3.31 7.07 5.26 70.81
E. spinax 0.61 2.85 1.68 4.52 75.33
P. typhlops 0.41 2.26 11.59 3.60 78.92
L. piscatorius 0.69 1.91 0.73 3.04 81.96
P. martia 0.42 1.49 1.03 2.37 84.33
H. mediterraneus 0.32 0.96 0.73 1.53 85.86
N. melanurum 0.32 0.93 0.72 1.48 87.33
P. sivado 0.27 0.88 0.98 1.39 88.73
T. scabrus 0.28 0.82 0.71 1.30 90.03

Group 2
Average similarity: 56.04
Species Av.abund Av.sim Sim/SD Contrib% Cum.%
L. forbesi 1.41 6.43 4.83 11.47 11.47
C. agassizii 1.30 4.75 2.52 8.48 19.95
H. dactylopterus 1.16 4.62 4.84 8.25 28.20
L. whiffiagonis 1.04 4.15 4.40 7.41 35.61
C. granulosus 1.26 4.12 1.47 7.36 42.97
A. antennatus 1.14 3.77 1.47 6.72 49.69
C. aper 1.02 3.34 3.51 5.96 55.65
S. unicirrhus 0.69 2.96 5.98 5.28 60.92
G. leioglossus 0.69 2.72 4.55 4.86 65.78
P. edwardsii 1.10 2.39 0.60 4.26 70.04
A. cuculus 0.58 2.01 1.34 3.58 73.62
E. cirrhosa 0.44 1.45 1.49 2.59 76.21
P. antigai 0.83 1.39 0.40 2.48 78.68
R. clavata 0.52 1.33 0.89 2.38 81.07
R. polystigma 0.50 1.21 0.91 2.16 83.22
M. scolopax 0.39 1.07 0.90 1.91 85.13
M. moro 0.35 0.89 0.91 1.59 86.72
D. oxyrinchus 0.46 0.85 0.58 1.52 88.24
A. foliacea 0.37 0.76 0.90 1.35 89.59
S. canicula 0.36 0.71 0.59 1.27 90.86

Group 3
Average similarity: 52.72
Species Av.abund Av.sim Sim/SD Contrib% Cum.%
C. aper 1.53 5.54 2.04 10.50 10.50
L. whiffiagonis 1.03 4.94 7.77 9.37 19.88
A. cuculus 0.98 4.86 6.93 9.22 29.10
S. unicirrhus 0.95 4.28 4.30 8.12 37.21
L. vulgaris 1.30 4.12 0.87 7.81 45.02
H. dactylopterus 0.95 4.04 5.00 7.67 52.69
L. caudatus 0.88 2.85 0.88 5.41 58.09
I. coindetii 0.60 2.42 1.50 4.58 62.67
E. cirrhosa 0.67 2.17 1.40 4.11 66.78
M. merluccius 0.63 2.13 1.47 4.04 70.83
R. clavata 0.66 1.95 0.89 3.71 74.53
M. scolopax 0.51 1.80 1.49 3.41 77.94
G. leioglossus 0.88 1.62 0.56 3.07 81.01
T. lyra 0.48 1.50 0.91 2.84 83.85
T. eblanae 0.45 1.36 0.91 2.58 86.44
P. blennoides 0.41 1.22 0.91 2.32 88.76
R. polystigma 0.50 1.09 0.62 2.07 90.82
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Fig. 3. Length–frequency distributions by time, depth and sex in Aristaeomorpha foliacea and Aristeus antennatus sampled in the Baronie Seamount.
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both groups 1 and 2 as well. These are the typically deep water
species found between 500 and 800 m.

This work clearly shows that both red shrimps, A. foliacea
and A. antennatus, adapt their life cycle to the geomorphology
of the seamount. Their daily and nocturnal movements from
the base of the seamount to the edge of the continental shelf
increase the range of their distribution. These two populations
of crustacean decapods exhibit an uneven distribution and
their diurnal movements appear to involve only the females.
In fact, the presence of males in shallower waters (depth
level C) was minimal when compared to those fished at the
same time of day at the E depth level. Particularly for the
red shrimp A. foliacea, the smallest individuals were usually
found at a depth of less than 350 m (depth level C) compared
to those of larger size, which showed a lesser migratory ten-
dency. The smallest individuals reach the first upper edge of
the seamount immediately after sunset (N1-C) and then dis-
appear completely during the second part of the night
(N2-C). The smallest females seem to rise to shallower
depths than those where they usually live and then, during
the last hours of the night, they descend again to greater
depth. Moreover in the N2-C samples only four individuals
were caught and the KS test was not applied to these
samples. We can suppose that the individuals with a greater
size do not reach depths lower than 350 m during the night,
but we cannot confirm this because we were not able to
sample the intermediate depth levels (350–500 m).

Regarding the blue and red shrimp A. antennatus, the data
showed a greater presence of smaller individuals at the E
depth level. The population does not have a uniform distri-
bution, and during the migration individuals of different
sizes behave differently. The largest individuals were found
at the C depth level during the first part of the night (N1-C)
and the small individuals were only found during the
second part of the night (N2-C).

In the Baronie Seamount 7 other species were found per-
forming this migration pattern in addition to the two red
shrimps: C. granulosus, C. agassizii, E. spinax, G. melastomus,
M. moro, P. multidentata and T. scabrus.

Some species are able to adapt their normal cycles near
topographic structures such as submarine canyons and can
make some vertical migrations within these structures
(Cartes et al., 1993; Tudela et al., 2003; Sabatini et al., 2007).
The seamounts that can occasionally be found far from the
coast are so proven to allow movements as submarine
canyons do. Quirra Canyon is one example of these. It is
located in central-eastern Sardinia where day–night cycle
migrations were also observed (Sabatini et al., 2007).
Comparison of the two sites, the Baronie Seamount and the
Quirra Canyon, demonstrates some interesting differences.
Firstly, the number of species found in the two areas was
different. In Quirra Canyon, a great number of species were
typically coastal, such as Mullus barbatus (Linnaeus, 1758),
Mullus surmuletus (Linnaeus, 1758) and Boops boops
(Linnaeus, 1758). The Quirra Canyon is in fact closer to the
coast (2 nautical miles) than the Baronie Seamount (25 nauti-
cal miles from the north-eastern Sardinian coast). Both in
Quirra Canyon and on the Baronie Seamount, vertical
diurnal migrations were recorded for the species living
there. These are probably linked to trophic requirements, as
suggested for benthopelagic decapods (Cartes et al., 1993)
and for demersal fish (Blaber & Bulman, 1987 and references
therein; Madurell et al., 2004 and references therein; Cartes

et al., 2008; Preciado et al., 2008). However, some differences
in migration patterns were observed between the two sites.
Mobile species were noted in the C depth level both during
N1 and N2 on the Baronie Seamount, while only during N1
in the Quirra Canyon. The different patterns of migration
can probably be linked to the geomorphological and bottom
features of the two sites. In the Quirra Canyon the horizontal
distance that migrating species have to cover between the
depth levels C and E, where the species have their usual
haunts, is about three times greater than that on the Baronie
Seamount. On the seamount, species can cover the shorter dis-
tances in 1/3 of the time compared to the canyon. The differ-
ent bottom features probably allow migrating species on the
Baronie Seamount to stop for longer times (N1 and N2) at
shallower depths compared to those in the Quirra Canyon,
which should move toward depths of 500 m during the
latter part of the night (N2), before the first hours of the day.

Nycthemeral movements have been investigated in
Sardinian seas by Cau & Deiana (1982) who highlighted
daily and nocturnal movements of red shrimps which were
strictly linked to the substratum. In the same way, Maurin
(1960), Bombace (1975) and Matarrese et al. (1995) observed
similar situations in the Corsican, Sicilian and Ionian Seas,
respectively. The size and sex frequency distributions
described in these studies, seem to follow similar trends to
the crustacean populations that we studied. In fact, the
larger individuals are found at greater depths, while smaller
ones are captured at lower depths. In addition, at greater
depths we found a greater number of females larger than
males.

The pattern of diurnal movements is protracted on the sea-
mount and can be studied more easily than in the generally
surrounding continental shelf and the same is true for the sub-
marine canyon. Areas such as submarine canyons, or sea-
mounts far from the coast, make it possible to study
phenomena such as the diurnal movements of the species
found there which cannot be so easily observed in other
areas with different geomorphological conformations.
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