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ABSTRACT: Bathymetric distribution of Centroscymnus coelolepis has been studied. This species
was restricted to the lower slope (1419 to 2251 m), where it was the only abundant shark. Galeus
melastomus was abundant below 1000 m but became rare between 1400 and 1600 m, so that there is
almost no bathymetric overlap with C. coelolepis. Greatest abundance of G. melastomus in the Catalan
Sea was found in the upper slope. Diets of both species showed a very low overlap which is mainly
attributed to the dietary specialization of C. coelolepis. Its diet is almost exclusively based on cephalo-
pods. The diet of G. melastomus has been analyzed at depths below 1000 m. Its diet is more diverse
than that of C. coelolepis and cephalopods are not preferential prey. The upper and middle slope
specimens of G. melastomus have a different diet; this difference may be the consequence of a change
in available resources. Finally the trophic position of Etmopterus spinax, the third most abundant shark
below 1000 m, seems to be more similar to that of C. coelolepis. These results suggest that a possible
competition is more likely between C. coelolepis and E. spinax than between C. coelolepis and
G. melastomus. This could explain the bathymetric displacement of C. coelolepis in the western
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Mediterranean as a result of an interaction between species of higher trophic levels.

INTRODUCTION

Information on the distribution and biology of
bathyal sharks in the deep Mediterranean Sea (below
a depth of 1000 m) is limited and fragmentary.

The bathymetric distribution of Centroscymnus
coelolepis Bocage & Capello, 1864, the only abundant
species at great depths in the Mediterranean Sea,
has been partially determined. Subsequent to the
synthesis made by Grey (1956), the published data
were incomplete (Tortonese 1956, Torchio & Michel-
angeli 1971, Allué et al. 1985, Della Croce et al. 1988).
The trophic habits of this species have been studied in
some areas of the Atlantic and Pacific Oceans (Clarke
& Merrett 1972, Marshall & Merrett 1977, Sedberry &
Musick 1978, Mauchline & Gordon 1983, Yano &
Tanaka 1988), but they are completely unknown in the
Mediterranean.

There 1s plentiful information about Galeus mela-
stomus Rafinesque, 1810, although it is usually limited
to commercial grounds, between 200 and 700 m
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(Capapé & Zaouali 1976, 1977, Relini Orsi & Wurtz
1977, MacPherson 1980, Mattson 1981, Mauchline
& Gordon 1983, among others). Recently, Golani
(1986/87) found this species below 1000 m, off the
coast of Israel, and reported preliminary data on its
diet at these depths.

Diet analysis allows the study of the trophic overlap
among species within a community. This parameter is
essential in determining the intensity of the inter-
specific interactions (i.e. in marine fish communities:
MacPherson 1979, 1981, Blaber & Bulman 1987,
among others). For deep-sea sharks, the available data
on trophic overlap are scarce. Mauchline & Gordon
(1983} discussed some preliminary data at Rockall
Trough (NW Ireland}); this aspect was also studied
by MacPherson (1980) in the upper slope of the
Catalan Sea.

Bathymetric distribution, trophic habits and trophic
interactions of Centroscymnus coelolepis and Galeus
melastomus are presented in this work. These aspects
are analyzed within groups of immature and adult
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sizes. The diet of G. melastomus is described and com-
pared in 2 bathymetric levels which correspond to the
upper and middle slope respectively. Finally, we
discuss the possible competitive interactions and the
habitat segregation among the most common sharks
which inhabit the slope below 1000 m.

MATERIALS AND METHODS

All material was collected from the continental slope
of the Catalan Sea (western Mediterranean, 38°45' to
42°00' N, 01°30" to 02° 50" E), during cruises carried out
within the framework of the BATIMAR, ABISMAR and
PONT'90 projects (1988 to 1990). The specimens were
captured with a semi-balloon otter trawl (OTSB14) (cf.
Merrett & Marshall 1981) and with longlines. Speci-
mens of Galeus melastomus from the upper slope were
also obtained from commercial trawls.

To define the bathymetric distribution below a depth
of 1000 m, we used records of 76 specimens of Galeus
melastomus and 62 of Centroscymnus coelolepis,
captured exclusively by the OTSB14. We divided the
slope sampled (984 to 2251 m) into 6 equivalent bathy-
metric zones of 200 m each, and calculated the abun-
dance of the species in each zone. Prior to the calcula-
tions, data were standardized to number per hour of
trawling. In each zone, the number of individuals per
hour was determined as the arithmetic mean of the
total number of samples taken within these intervals.

A total of 86 specimens of Centroscymnus coelolepis
and 99 of Galeus melastomus were examined to deter-
mine their diet. Moreover, to compare their trophic
habits, a few specimens of Etmopterus spinax L., 1759
collected with the OTSB14 below 1000 m were ana-
lyzed. These data were not included in the results
because of the small number of individuals studied.
Immediately after capture, specimens were fixed in
10 % formalin. Once in the laboratory, they were
measured and dissected for analyis of stomach content.

The tood items were identified to the lowest tax-
onomic level possible. We registered their number and
weight to the nearest 0.1 mg, after drying them with
blotting-paper to remove surface moisture. In the case
of the Foraminifera, we always assigned an abundance
of 1 because they were passively ingested (Lagardere
1977).

The quantitative importance of every prey group in
the diets of both species was determined by the Index
of Relative Importance (Pinkas et al. 1971), which was
defined as:

IRl = F(N + V)

where F = frequency of occurrence of the food item;
N = numerical percentage of a food item in the

stomachs, and V = percentage by volume of the food
item in the stomachs (Hureau 1970). In our study we
used weight (W) instead of volume (V). This index has
been expressed as %IRI = (IRI/ZIRI) X 100. Prey were
sorted in decreasing order according to their %IRI con-
tribution, and then cumulative %IRI was calculated.
Prey were classified into the 3 following categories
according to their contribution to the cumulative %IRI
(Rossechi & Nouaze 1987): preferential prey (those
whose cumulative %IRI attains at least 50 % of the
total %IRI); secondary prey (those whose cumulative
%IRI, when added to that of preferential prey, attains
at least 75 % of the total %IRI); and accidental prey
(the remaining prey).

Diet was studied according to the different size-
classes in both species. We considered 2 size-groups
which generally corresponded with the immature
specimens (total length <40 cm} and mature speci-
mens (total length 240 cm). The maturity size of
Galeus melastomus was previously determined in the
study area by MacPherson (1980). Maturity length
of Centroscymnus coelolepis was determined from
personal observations.

The diet of Galeus melastomus was determined for 2
different bathymetric strata (371 to 667 m and 984 to
1584 m), which approximately correspond to the upper
and middle slope. All of Centroscymnus coelolepis
specimens were captured in the lower slope (1729 to
2251 m).

We determined the cumulative trophic diversity
curves in the same way as Mauchline & Gordon (1985).
The Shannon-Wiener index (Shannon & Weaver 1949)
was calculated on the abundance values of prey for
each specimen. The asymptotic stabilization of the
curves indicates the minimum number of stomachs
that have to be analyzed in order to get reliable
enough results.

Degree of overlap in the diet of both species, by
different sizes and bathymetric levels, was determined
using the quantitative Schoener index (Schoener 1974)
and the semi-quantitative Spearman correlation
coefficient (Sokal & Rohlf 1969). Trophic diversity
(H'} was calculated using the %IRI values and the
Shannon-Wiener index.

RESULTS
Bathymetric distributions
Centroscymnus coelolepis
The bathymetric preferences of Centroscymnus

coelolepis in the Catalan Sea (which has a maximum
depth of about 2400 m) are represented in Fig. 1 This
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Fig. 1 Galeus melastomus, Centroscymnus coelolepis. Bathy-
metric distribution of 2 bathyal sharks in the Catalan Sea
below a depth of 1000 m

species is found almost exclusively on the lower slope,
where it is the only common shark; the upper limit is
about 1419 m, although it is a very rare species at
depths less than 1600 m. The complete absence of this
shark in the upper and middle slope is corroborated by
the absence of published records in an area where
intensive sampling of the demersal fauna has been
carried out.

Fig. 2 represents the bathymetric distribution of all
specimens by size and sex. There is a possible trend in
sexual and ontogenetic segregation by depth although
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Fig. 2. Galeus melastomus, Centroscymnus coelolepis. Bathy-
metric distribution by sizes and sex of 2 bathyal sharks in the
Catalan Sea below a depth of 1000 m

more data would be required to confirm this. Adult
males and females (length 240 cm) were found be-
tween 1700 and 1900 m, as were immature males and
females (20 to 30 cm). The largest specimens of both
sexes were not present at the greatest depths. Below
a depth of 2000 m sharks of intermediate size (30 to
40 cm) prevailed.

Galeus melastomus

In the western Mediterranean, Galeus melastomus is
the most abundant demersal shark on the upper and
middle slope (Relini Orsi & Wurtz 1977, Allué 1985,
Bauchot 1987a).

In our study, we found that Galeus melastomus was
abundant from 1000 m to as deep as 1400 m. Below
that depth, numbers declined very sharply and it
became rare (Fig. 1).

Bathymetric distribution of Galeus melastomus by
size and sex is shown in Fig 2. At the limit of the
bathymetric range adult males disappear and only
immature males of 10 to 20 cm total length are
found. On the other hand, immature and adult
females of about 10 to 61 cm are present at the greatest
depths.

Diet
Centroscymnus coelolepis

Table 1 shows the results of stomach content analysis
for 86 specimens. The high percentage of empty
stomachs (41.2 %) 1s an obstacle to conclusions in the
case of mature individuals (Fig. 3). In general the diet
consisted almost exclusively of cephalopods, decapods
and fishes. This low diversity can be seen in Table 2c.

The relative importance of the different prey groups
is shown in Fig. 4. It emphasizes the dominant role
of the cephalopods, in which the combination of
frequency and great abundance together with their
high weight results in a %IRI of 87.2. Decapods and
fishes can be considered as casual prey groups. The
contribution of the remaining prey was minimal {%]IRI
<0.3).

Important ontogenic changes in the diet are evident
in Table 1. The low value of overlap between both size-
groups (27.6) corroborates this (Table 2b).

In both size-groups, cephalopods were always the
preferred prey. Natantia decapods made an important
contribution to the diet of the immatures. There was an
obvious preference for the caridean Acanthephyra
eximia (%IRI = 12.4), which is by far the most abundant
decapod in the Mediterranean deep sea (Cartes 1991).
There was a total absence of decapods in the adult
diet.
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Table 1 Centroscymnus coelolepis. Qualitative and quantitative composition of diet by size-classes. F: frequency: N: percentage
by number; W: percentage by weight

Foraminifera
Planktonic Foraminifera

Decapoda Natantia
Acanthephyra eximia
Acanthephyra pelagica
Decapoda unid.

Cephalopoda
Heteroteuthis dispar
Histhioteuthis sp.
Todarodes sagittatus
Ommastrephes bartrami
Ommastrephidae unid.
Theuthoidea unid.
Cephalopoda unid.

Pisces Osteichthyes
Chauliodus sloani
Bathypterois mediterraneus
Osteichthyes unid.

Cetacean blubber
Plastic
Unidentified tissues

No. fish examined

% Empty stomachs

No. prey items (average)
Total weight (average)

38.6
25.0
9.1
6.8

65.9
2.3
2.3
2.3

23
23
54.5

136

23
13.6
2.3
4.5

19-39 cm
N w
316 4.6
19.3 2.8
7.0 1.8
53 .
50.9 62.4
1.8 0.7
1.8 0.2
1.8 0.8
1.8 41.4
1.8 '
42.1 19.3
12.3 20.0
1.8 16.3
10.5 3.7
1.8 1.1
3.5 11.7
69
36.2
58 (1.3)

110.2 (2.5)

1729-2251m
40-75 cm
%IRI F N w %IRI
- 10.0 8.3 0.6 0.8
- 10.0 8.3 0.6 2.8
14.9 - - - -
124 - - - -
1.8 - - - -
0.8 - - - -
79.6 70.0 58.3 87.7 92.4
0.1 - - - -
0.1 - - - -
0.1 20.0 16.7 40.1 34.8
- 10.0 8.3 29.4 11.6
2.2 ~ - - -
0.1 10.0 8.3 16.6 7.6
753 30.0 25.0 1.6 23.0
4.7 20.0 25.0 5.7 55
- 10.0 8.3 3.4 3.7
0.9 - - - -
4.4 20.0 16.7 2.3 11.9
- 10.0 83 6.8 4.6
0.1 1 . _ "
1.6 _ _ _
17
41.2
21(2.1)
212.3(21.2)

Galeus melastomus

Table 3 shows the results of the stomach analysis of

99 individuals. The percentage of empty stomachs was
very low (10.2 % in the middle slope and null in the
upper slope). In all size-groups we studied, diets were

determined with sufficient accuracy (Fig. 3). Three prey
groups (Natantia decapods, fishes and cephalopods)
mainly dominated the diet on the middle slope
(Fig. 4C). On the upper slope, euphausiids and Macrura
decapods were also seen. Differences were also noted
between the size-classes in each bathymetric zone.

5

cumulative trophic diversity (H’)

Fig. 3. Galeus melastomus, Centroscymnus
coelolepis. Cumulative trophic diversity

| curves for different size and bathymetric
! groups for (-) G. melastomus and (O0) C

0 '_ﬂ[ 1 L 1 i

10 15 20 25 30
number of fish

35 40 coelolepis. Us: upper slope; Ms: middle
slope; Ls: lower slope; a: adults; i: immatures
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Table 2. Centroscymnus coelolepis, Galeus melastomus.
{a) Spearman correlation coefficient between the different
groups established ("significant at p<0.05). (b) Overlap
Schoener index. {c) Trophic diversity {H'). All calculations
were made using %IRl. CCIl: Immatures of C. coelolepis;
CCA: adults of C. coelolepis; GMIU: immatures of G. mela-
stomus (upper slope); GMAU: adults of G. melastomus (upper
slope}; GMIM: immatures of G. melastomus (middle slope);
GMAM: adults of G. melastomus (middle slope)

a. Spearman correlation
CCA GMIU GMAU GMIM GMAM

CcCl 0.08

-0.56* -0.35 -0.05 0.30
CCA - -0.46° -0.30 -0.16 0.02
GMIU - - 0.47 0.03 -0.12
GMAU - - - 0.05 -0.10
GMIM - - - - 0.14

b. Overlap Schoener index

CCA GMIU GMAU GMIM GMAM
CCI 27.6 5.7 5.8 28.6 23.6
cCca - 9.5 21.6 34.8 31.3
GMIU - - 23.6 20.5 16.1
GMAU - - - 58.9 43.4
GMIM - - - - 51.4

c. Trophic diversity

H'
CClI 1.34
CCA 2.48
GMIU 1.78
GMAU 2.57
GMIM 2.48
GMAM 3.47

Upper slope. We identified 45 prey from a total of
60 stomachs. Natantia decapods and euphausiids
were the preferred prey, fishes and Macrura decapods
were secondary and cephalopods and the rest were
accidental (Fig. 4B). At the species level Calocaris
macandreae and Pasiphaea multidentata were the
most exploited prey; both species are predominant
elements of the benthic and benthopelagic fauna
in the upper slope of the Catalan Sea (Abelld et al.
1988).

There were important differences between the diets
of immature and adult specimens. These differences
are shown by low values in the overlap (Table 2b).
Calocaris macandreae, which is the preferential prey
of the immatures (%IRI = 62.8), is only a casual prey in
the adults (%IRI = 4.1). The importance of euphausiids
is also considerably reduced. On the other hand fishes
and Pasiphaea multidentata are more common in the
adults. The cephalopods, which hardly appear in the
diet of the immatures, are a secondary prey in the
adults.

A 1 cep
N
nat
pis
4 —I] for
—
10%F
w
N eup 5
nat mac cep
rep
—
10%F
wl_|
C nat
N pis cep
amp
[ eve
w —
10%F

Fig. 4. Relative importance of prey groups to (A} Centroscym-
nus coelolepis, (B) Galeus melastomus (upper slope), and
(C) Galeus melastomus (middle slope). Areas of rectangles
are proportionate to the IRI. F: Frequency in % of a prey group
(width of rectangle); N: percentage by number of a prey group;
W: percentage by weight of a prey group; cep: Cephalopoda;
nat: Decapoda Natantia; pis: Pisces; for: Foraminifera; amp:
Amphipoda; eup: Euphausiacea; mac: Decapoda Macrura;
rep: Decapoda Reptantia

Middle slope. 43 prey items were identified from a
total of 39 stomachs examined. In the large size-class,
diversity was low because Natantia decapods, fishes
and cephalopods were preferred prey (%IRI = 97.7).
Pasiphaea multidentata was the most abundant prey
species; its weight was less than other prey items such
as Todarodes sagittatus or Mora moro, but it was much
more frequently captured.
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Table 3. Galeus melastomus. Qualitative and quantitative composition of diet by bathymetric and size-groups. F: frequency;
N: percentage by number; W: percentage by weight. "Values <0.1 %

H
371-667 m 984-1584 m
15-30 cm 40-60 cm 10-39 cm 40-61 cm
F N W WIRD F N W %IRI F N W %IRI F N W %IRI
Foraminifera 24 07 . ' 158 1.6 03 0.2 - . - - 11.8 3.9 ) 0.4
Uvigerina sp. - - - - 53 05 ¢ ' - - - - - - -
Pyrgo sp. 24 07 ° ) = - - - - = - - 59 13 * 03
Rhabdamina sp. - - - - - - - - - - - 59 13 ‘ 0.3
Planktonic Foraminifera - - - - 105 1.1 03 0.2 - - - - 59 13 . 0.3
Hydrozoa - - - : - - - 56 22 05 02 - - - -
Chelophyes appendiculata - - - = - - - - 56 22 05 04 - - - -
Polychaeta - - - 53 0.5 : ) - - - - - - -
Serpulidae - - - - 53 0.5 ' : - - - - - - - -
Copepoda - - - 53 05 - ) - - - - -
Ostracoda - - - 53 0.5 ) ' - - - - -
Isopoda - - - 105 16 0.1 - - -~ - - -
Cirolana boreals - - - = 53 05 ° . - - - - -
Cirolanidae unid. - - - 53 1.1 ¢ 0.1 - - = - - - - -
Amphipoda Gammaridea 24 07 : L - - - - - - - - - -
Halice abyssi 24 07 : . - - - - - - - - - -
Amphipoda Hyperiidea - - - 105 11 ° 0.1 27.8 133 05 4.4 - - - -
Scina sp. - - - - - - - 56 22 ° 0.3 - - -
Phronima sedentaria - - - - - - - - 11,1 44 02 13 - - -
Hyperidae - - - - - - - 56 22 ° 0.3 - - - -
Phrosina semifunata - - - 53 05 - : 111 44 03 13 - - - -
Platyscelus sp - - - 53 05 ¢ ) - - - - - - - -
Hyperiidea unid. - - - - - - - - 56 22 02 03 - - - -
Mysidacea 73 21 06 02 53 05 - ' 11.1 44 01 06 - - - -
Eucopia unguiculata 24 07 ' ) 53 05 ' 56 22 01 03 - - - -
Boreomysis arctica - - - - - - - - 56 22 - 0.3 - - - -
Mysidacea unid. 49 14 05 0.1 - - - - - - - - -
Cumacea 24 07 : ) - - - - - - - - - -

Epileucon longirostris 24 07 ) - - - - - - - ~ - - - -
Euphausiacea 707 31.2 3.0 263 73.7 163 7.0 119 222 89 02 23 59 13 - 0.1
Meganyctiphanes norvegica 195 99 24 33 57.9 10.0 6.9 10.7 - - - - - - - -
Nematoscelis sp. (?) 2.4 0.7 * ¢ - - - - - - - - - - - -

Euphaustacea unid. 53.7 206 06 157 316 63 - 2.2 222 89 02 50 59 13 ° 0.3
Decapoda Natantia 317 11.3 306 145 84.2 153 489 376 44.4 200 351 278 70.6 34.2 259 400
Sergia robusta 49 28 221 17 53 05 05 01 56 22 79 14 118 26 28 21
Sergestes arcticus - - - - 263 32 10 12 = - - - - - - -
Sergestes sp. 24 07 01 : 105 1.1 01 01 - - - 59 13 ¢ 0.3
Acanthephyra eximia - - - - - - - - - - - 118 26 112 53
Acanthephyra pelagica - - - - - - - - - - - - 235 145 16 122
Pasiphaea multidentata 219 64 81 44 526 79 463 312 27.8 133 266 274 353 105 10.0 235
Pasiphaea sivado - - - - 263 26 09 1.0 - - - - - - - -
Alpheus glaber - - - - 53 05 01 - - - - - - - -
Processa canaliculata 49 14 03 0.1 - - - - - - - - - - - -
Natantia unid. - - - - - - - - 111 44 06 14 118 26 02 1.1
Decapoda Reptantia 70.7 29.8 34.5 495 316 47 72 41 56 22 ¢ 0.1 - - -
Calocans macandreae 707 29.8 345 6238 316 47 7.2 4.1 56 22 ° 0.3 - - -
Other Decapoda Reptanua - - - - 316 37 31 15 - - - - 119 39 04 05
Pagurus alatus - - - - - - - - - - - 59 13 01 03
Munida tenuimana - - - - 53 05 06 0.1 - - - 59 1.3 03 03
Geryon longipes - - - - - ~- - - - - 59 13 01 03
Monodaeus couchi - - - - 316 3.1 24 19 - - - - - - - -
Crustacea unid - - - - - - - - 56 22 0.3 - ~ -
Bivalvia - - - - 53 16 a1 - - - - -
Gastropoda - - - - 53 05 ° ' - - - - - - -

Alvania sp. - - - - 53 05 - : - - - - - - - -
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Table 3 (continued)
371-667 m 984-1584 m
15-30 cm 40-60 cm 10-39 cm 40~61 cm
F N W WIRL F N W %Rl F N W %IR! F N W %IRI
Cephalopoda 73 21 04 02 73.7 21.1 170 195 389 222 52 122 529 250 366 306
Heteroteuthis dispar - - - - 53 05 56 04 - - - - - - - -
Chiroteuthis veranyi - - - - - - - 56 22 0.3 59 13 06 04
Galiteuthis armata - - - = - - - - - - - 59 26 1.0 07
Histhioteuthis sp. - - - - - - - - - - 59 26 10 07
Todarodes sagittatus - - - - 105 t.1 7.5 1.0 - - - 59 1.3 295 59
Ommastrephidae unid. - - - - - - - - - - - 11.8 39 14 20
Teuthoidea unid. 24 07 01 - 474 158 3.6 100 - - - - 11.8 39 05 17
Bathypolypus sponsalis - - - - - - - - - - - - 59 13 04 03
Cephalopoda urud. 4.9 14 03 041 211 37 04 10 38.9 200 52 242 294 79 19 93
Brachiopoda - - - - - - - - - - 59 13 08 0.1
Gryphus sp. - - - - - - - - - 59 13 08 04
Tunicata - - - 158 16 17 04 - - - - 59 13 02 01
Pyrosomida - - - - - - - - - - - 59 13 02 03
Salpidae - - - 158 16 17 06 - - - - - - -
Pisces Osteichthyes 415 135 28 74 89.5 274 13.2 252 556 244 583 52.3 52.9 224 327 275
Chauliodus sloani - - - - - - - - - - - 118 26 32 22
Stormias boa boa - - - 53 05 06 01 - - - - - - -
Symbolophorus verany) - - - 53 05 31 02 - - - - - - -
Notolepis rissos - - - 53 05 03 - - - - - - - - -
Mesopelagic fishes - - - - - - - - - - - - 59 13 30 08
Coelorhynchus coelorhynchus - - - 53 05 03 - - - - - - - -
Antonogadus megalokynodon - - - - - - - 55 44 556 82 - - - -
Mora moro - - - - - - - - - - - 11.8 26 263 11.0
Osteichthyes und. 415 135 28 93 89.5 253 8.8 333 50.0 20.0 2.7 28.0 294 158 03 153
Scales 49 14 0.1 - - - - - - - - - - -
Chicken leg 24 07 265 09 - - - - - - - - - - -
Coal - - - - - - - - - 118 26 12 15
Plant debris 49 14 0.1 - - - - - - - - - -
Remains of carton - - - - - - - - - - - - 59 13 14 05
Plastic - - - - 53 05 15 0.1 - - - - 59 13 11 05
Synthetic fibres - - - - 53 05 - * - - - - - - -
Unidentified tissues 146 42 15 1.2 - - - - - - - 59 13 0.3
No. fish examined 41 19 21 18
“% Empty stomachs 0.0 0.0 14.3 5.6
No. prey items (average) 141 (3.4) 190 (10.0} 45 (2.5) 76 (4.5)
Total weight (average) 18.1 (0.4) 72.4 (3.8) 11.7 (0.7) 112.3 (6.6)

Immature fish had a high diversity diet; there were
some prey types such as hyperiid amphipods and
mysids, which did not appear in the diet of the
adults. In this group we could distinguish between
the preferred prey (fishes, %IRI = 52.3), secondary
prey (Natantia decapods, %IRI = 27.8) and the acci-
dental prey (cephalopods, amphipods and euphau-
siids). In the diet of adults we can only distinguish
between the preferred prey (Natantia decapods,
cephalopods and fishes, with a £%IRI] = 98.1} and the
accidental prey. In both groups, Pasiphaea multi-
dentata was the dominant prey item, but the relative
importance of other prey changed from one case to
the other. The overlap between both size groups
showed an intermediate value and there is no cor-
relation in the order of importance of prey items
(Table 2a, b).

DISCUSSION AND CONCLUSIONS

In this work, the distribution of Centroscymnus
coelolepis has been accurately determined. This
species was exclusive to the lower slope (1500 to
2250 m, sensu Haedrich & Merrett 1988), where it was
the only abundant shark. In the rest of the western
Mediterranean Sea it presumably shows the same
preferences, although extending to abyssal grounds
over 2500 m. Grey (1956} analyzed the data of 42 indi-
viduals (1350 to 2718 m) and concluded that its center
of distribution was below 2000 m.

The records of this species from 200 to 400 m (cf.
Bauchot 1987b, Fredj & Maurin 1987) are probably
incorrect. They may be a consequence of the extrapo-
lation of the bathymetric range shown in the Atlantic
Ocean. In Atlantic waters Centroscymnus coelolepis is
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common from the middle slope to the upper rise
(Haedrich & Merrett 1988) and off the Japanese coast
it is captured between 100 to 1500 m (Yano & Tanaka
1984, 1988). Though in the western Mediterranean
there is a substantial amount of information related to
the ichthyofauna of the upper slope (e.g. see Allué
(1985) and references cited therein), C. coelolepis has
never been sited in this bathymetric zone.

This preference for deeper waters in the Medi-
terranean cannot be explained by hydrographic factors
such as temperature or salinity, because they remain
constant (about 13 °C and 38.4 ppm, respectively) from
200 m downwards (Salat & Cruzado 1981). A possible
reason could be a displacement of the spatial niche of
Centroscymnus coelolepis to avoid competing against
other species with similar trophic habits such as Galeus
melastomus.

Galeus melastomus was abundant below 1000 m but
it suddenly became rare between 1400 to 1600 m, so
that there is almost no bathymetric overlap with
Centroscymnus coelolepis.

As with Centroscymnus coelolepis, there are some
differences in the bathymetric distribution of Galeus
melastomus in the Mediterranean Sea and in the
Atlantic Ocean. According to the literature this species
occurs between 55 and 1000 m (Compagno 1984),
preferably at the 200 to 500 m level. In Mediterranean
waters, Bauchot (1987a) and Fredj & Maurin (1987)
quote the same range. Later, Golani (1986/87) reported
on the exceptional capture of 2 individuals at 1440 m,
off the coast of Israel.

The greatest abundance of this species in the
Catalan Sea is found in the upper slope (Allué 1985),
but we can state that it is frequent to 1400 m. Below
that depth it quickly becomes rare. Its lower bathy-
metric limit is extensive as indicated by the capture of
2 females at 1739 and 1794 m respectively. In the rest
of the western Mediterranean, Galeus melastomus is
probably common to 1400 m, and not to 1000 m as was
earlier believed.

The diets of Centroscymnus coelolepis and Galeus
melastomus showed a very low overlap which was
mainly due to the dietary specialization of C. coelo-
lepis. This species almost exclusively consumes
cephalopods, which accounts for the low value of its
trophic diversity (H' = 1.34 to 2.48). The Mediterranean
data suggest that C. coelolepisis not a species of strong
scavenger habits, as has been indicated in the Atlantic
populations (Clarke & Merrett 1972, Sedberry &
Musick 1978, Mauchline & Gordon 1983). In the
Catalan Sea it is an active predator on pelagic organ-
isms (cephalopods and, in immatures, decapod crusta-
ceans), which are known to have important migratory
habits (Foxton 1972, Roper 1972). The presence of
some remains that could be attributable to a scaven-

ging activity (e.g. cetacean blubber) was rare in both
size-groups. Also, the maximum size which has been
recorded in the Mediterranean {about 70 cm) is much
less than that found in the Atlantic and Pacific Oceans
(Compagno 1984). Moreover, because there are some
ontogenetic variations in the diet, the results of this
work are not comparable with those obtained else-
where.

For the first time, the diet of Galeus melastomus has
been analyzed at depths between 1000 and 1600 m.
Its diet was more diverse (H' = 1.78 to 3.47) than Cen-
troscymnus coelolepis. Cephalopods did not represent
a large portion of the diet of G. melastomus. It
consumed epibenthic and/or benthopelagic species
throughout its whole bathymetric range. On the upper
slope, the immatures captured mainly Calocaris
macandreae and secondarily euphausiids while the
adults preferred the benthopelagic species (Ommast-
rephidae, mesopelagic fishes and Pasiphaea multi-
dentata). This tendency remained in the middle slope
for all sizes.

The diets of upper- and middle-slope specimens
were different and may be the consequence of a
change in available resources. The small contribution
of Calocaris macandreae to the diet of the middle slope
immature individuals parallels the scarceness of this
species below 1000 m (authors unpubl.). Something
similar occurs with the mesopelagic prey: the eu-
phausiid Meganyctiphanes norvegica (the species that
reaches the greatest depths in the Mediterranean) is
only abundant to 1000 m (Lagardere 1977). Moreover,
it is accepted that 1000 m is the lower limit of the diel
mesopelagic fish migration (Goodyear et al. 1972,
Marshall 1979).

The scarcity of the preferred prey and the disappear-
ance of the dominant resources resulted in a diversifi-
cation in the diet of Galeus melastomus below 1000 m
in all size-classes. In general, the ontogenic differences
could be attributed to the fact that most of the adults
select large-size prey (cephalopods, Mora moro,
Geryon longipes, Pagurus alatus), rather than amphi-
pods, mysids and euphausiids. There was also evi-
dence (pieces of prey too large in relation to the pre-
dator's size) which perhaps implies that adult Galeus
melastomus hunt in groups, as Springer (1967) already
suggested for the small sharks.

As in the case of Centroscymnus coelolepis, Galeus
melastomus only occasionally acts as a scavenger
species.

Diets of these 2 sharks have been shown to be differ-
ent as revealed by both the Spearman correlation co-
efficient and the overlap Schoener index. These values
must be carefully interpreted. The level of prey identi-
fication (especially cephalopods and fishes) is not the
same in all cases. In large measure it depends on the
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advanced level of digestion. Moreover, differences
in resource availability in the bathymetric ranges
occupied by both species undoubtedly increase such
low values of overlap.

If Centroscymnus coelolepis and Galeus melastomus
had the same bathymetric distribution, it is possible
that their diets would be more similar. It is interesting
to note that the adult specimens of G. melastomus that
inhabit greater depths (exclusively females, see Fig. 2),
and whose bathymetric range overlaps with that of
C. coelolepis, show a tendency to take cephalopods as
their preferred prey (observations of 2 individuals
captured between 1500 and 1584 m, Table 3).

The trophic position of Etmopterus spinax, the third
most abundant shark below 1000 m, seems to be more
similar to that of Centroscymnus coelolepis than of
Galeus melastomus. The diet of E. spinax has been
carefully studied in Mediterranean waters, but only on
the upper slope {Wurtz & Vacchi 1978, MacPherson
1980). This species shows a preference for cepha-
lopods, especially the adult specimens which inhabit
the greater depths (Wurtz & Vacchi 1978).

In this study it was not possible to obtain a sufficient
number of samples of Etmopterus spinax because of its
strong pelagic habits (Grey 1956, MacPherson 1980).
However, personal observations verify the size in-
crease with depth, and its specialization in the capture
of cephalopods. Nineteen individuals which were
collected between 984 and 1488 m were exclusively
adults over 30 cm length. This bathymetric range coin-
cides with the range of Galeus melastomus and does
not overlap with the range of Centroscymnus coelo-
lepis. Cephalopods were found in the stomachs of
4 individuals (F = 100 %). This suggests a trophic
strategy which is parallel to that of C. coelolepis.

These results suggest that competition is more likely
between Centroscymnus coelolepis and Etmopterus
spinax than between C. coelolepis and Galeus mela-
stomus. This could explain the bathymetric movement
of C. coelolepis in the western Mediterranean as a
result of the vertical ranges along the depth gradient
being more compressed by interspecific competition
between members of higher trophic levels (Rex 1977).

Finally it is interesting to note the variations in the
percentage of empty stomachs, the average of prey per
stomach and the diversity of the diet. The percentage
of empty stomachs increases with depth, reaching a
very high value in the case of Centroscymnus coelo-
lepis. In the same way, the average number of prey per
stomach decreases with depth (from 5.5 in Galeus
melastomus of the upper slope to 1.3 in C. coelolepis).
The trophic diversity is also less in this species.

In our opinion, these factors are indicative of the in-
creasing resource scarceness along the depth gradient
in the western Mediterranean (Thiel 1983, Péres 1985,

personal observations on the decapod crustacean and
fish biomass), which causes a change in the life
strategy of both sharks. This tendency is also noticed in
other aspects of their biology. Centroscymnus coelo-
lepis shows a conservative life history, which is re-
flected in low fecundity and long periods of gestation
of the embryos (Yano & Tanaka 1988). This species
seems to be better adapted to a poorer environment
(lower slope) than to the upper and middle slope,
which is occupied by Galeus melastomus, an oviparous
species with a higher fecundity (Capapé & Zaouali
1977).
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