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Abstract

The feeding habits of Scyliorhinus canicula and Galeus melastomus were investigated by ana-
lysing the stomach contents from 6 036 individuals collected on research surveys in the southern
region of the Bay of Biscay during the autumns of 1988-2001. These catshark species are the most
abundant scyliorhinids on the Cantabrian shelf. Their depth ranges partly overlap, although they occur
in different habitats. Both catshark species are opportunistic scavengers, with their main prey being
fish and crustaceans. Diets of the two species overlap; they are most similar in individuals <30 cm
total length (TL) where euphausiids are important prey, but, for individuals 230 cm TL, fish (mainly
discarded from trawlers) are important prey. Lesser-spotted catshark are mostly benthic feeders and
they feed on a greater diversity of prey than blackmouth catshark, which are more suprabenthic. Re-
source partitioning between the two species appears to depend on the better vision of the blackmouth
catshark, which feeds more in the water column whereas the better developed olfactory sense of the
lesser-spotted catshark is an adaptation to benthic feeding. The broad diets of these catshark species
and their consumption of fish discarded from trawlers may make them good indicators of fishing-
induced change in the Cantabrian Sea ecosystem.

Key words: Cantabrian Sea, catshark, food habits, Galeus melastomus, habitat partitioning,
Scyliorhinus canicula

Introduction tems. Trawling may change the benthos and so modify the

abundance of their preferred prey, as well as increase the
availability of discards upon which these catshark species
feed (Olaso et al., 1998; Rodriguez-Cabello et al., MS
2001; Olaso et al., 2002). Studies of the feeding of black-
mouth catshark (Capapé and Zaouali, 1976; Macpherson,
1980; Mattson, 1981) suggest that this species may also
be changing its feeding habits due to the supply of energy
from fishing discards.

Lesser-spotted catshark (Scyliorhinus canicula)
and blackmouth catshark (Galeus melastomus) are two
abundant elasmobranchs on the continental shelf in the
northeast Atlantic (Sanchez et al., 2002). Lesser-spotted
catshark are mostly found at depths from 50 to 500 m, es-
pecially between 100 and 300 m (Sanchez, 1993), whereas
blackmouth catshark are commonly found between 200
and 500 m, but occasionally up to 55 and down to 1 400
m (Compagno, 1984; Carrasson et al., 1992). Lesser-
spotted catshark are more abundant than blackmouth
catshark (Sanchez, 1993; Sanchez et al., 2002) and the
present study shows for both species that abundance has
increased over the past two years. Fisheries data show that
landings of lesser-spotted catshark increased from 195 to
259 tons over the past five years (Rodriguez-Cabello et
al., 2004a). Similar data are not available for blackmouth

The present study aimed to provide a detailed de-
scription of the feeding habits of these two species of
catshark in the Cantabrian Sea. In addition, because these
predators are capable of expressing characteristics that
can indicate the state of the ecosystem they currently
occupy, interactions between these predators and their
prey are discussed.

catshark. However, because the commercial value of both
species is low, landed catches are much lower than the
amount discarded (Olaso et al., 1998; Rodriguez-Cabello
et al., 2004a).

The lesser-spotted catshark has characteristics which
suggest that changes in its abundance and diet may be
good indicators of changes occurring in exploited ecosys-

Material and Methods

Fishery and survey data

Annual trawl surveys were undertaken along the
coasts of the southern region of the Bay of Biscay and
Galician Atlantic waters during each October (autumn)
between 1988 and 2001 (Fig. 1). Using the methodology
adopted by Sanchez et al. (2002), trawl hauls followed a
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Fig. 1. Location of the study area in the Cantabrian Sea and of hauls containing one or both species of catshark.

stratified random sampling design with otter trawl 44/60
gear of 60 mm mesh-size and 20-mm mesh-size in the
cod-end (Sanchez, 1993). Stratification was by area and
depth, with four geographical strata and four depth strata
defined by the 100, 200 and 500 m isobaths. The number of
days of sampling in each of the 16 strata was proportional
to the area of each stratum. During a 13-year period, 763
hauls were made in the study area. As in other studies
(Cochran, 1971; Sanchez 1993, Sanchez et al., 2002), an
index of abundance was calculated based on the stratified
mean catch per 30-min trawl. The stratified mean and
variance are given by:
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respectively, where 4 is total surface area, 4, is surface
area of stratum is mean catch per haul in stratum 4, n, is
number of hauls in stratum /4, and is variance in stratum
h.

Mean catches per 30 min trawl, grouped within 50 m
depth-intervals, were used to determine the depth distri-
bution of each species. To compare the results from the
feeding analyses with those of previous studies, individu-
als <30 cm total length (TL) were classed as 'juveniles'
in both species. According to Rodriguez-Cabello et al.
(2004b), lesser-spotted catshark of this size are <2 years
old. Length-at-birth for lesser-spotted catshark is assumed

to be 9-11 cm (Ford, 1921; Collenot, 1966; Leloup and
Olivereau, 1951; Ellis and Shackley, 1997) and length-
at-maturity is estimated at 54 cm (Rodriguez-Cabello et
al., 1998). Length-at-maturity for blackmouth catshark is
estimated at 42 cm in the Mediterranean Sea; juveniles are
reported to be <34 cm (Capapé and Zaouali, 1977).

Stomach sampling and analysis

Stomach contents from 5 076 lesser-spotted catshark
and 960 blackmouth catshark were collected during bot-
tom trawl surveys. The stomach contents from up to ten
individuals for each species were collected from each
haul and analysed on-board. Total length (TL), sex, ma-
turity and stomach fullness (containing food, empty or
regurgitated) were recorded for each predator specimen.
If a fish had food in its mouth or around the gills, or if
its stomach was inverted or flaccid, the fish was catego-
rized as having regurgitated food. The total volume of
prey items was recorded for each stomach containing
food. The volume of each prey group in each stomach
was measured using a calibrated instrument consisting
of several different-sized half cylinders built into a tray
(Olaso, 1990), as used in previous feeding studies of fish
(Olaso et al., 1998; Velasco et al., 2001; among others).
The relationship between estimated volume and wet
weight of the stomach contents was derived from the
logarithmic model /n (wet weight) =—0.07 + 0.933 x [n
(volume), where weight is measured in grams and volume
in millilitres. Decapod crustaceans and fish were usually
identified to species level, but other invertebrates were
classified to higher taxonomic levels. The number and
digestion stage of each prey item was recorded together
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with the percentage of the total stomach volume occupied
by the prey item. In the case of fish prey, the TL of fish or
otolith length was recorded.

The diets of fish in three length-classes (<30, 3049
and >50 cm) and three depth strata (<120, 120-299 and
>300 m) were considered separately. The depth strata
were based on previous studies of community structure
and habitat characteristics (Olaso, 1990; Sanchez, 1993;
Sanchez and Serrano, 2003). Adequacy of sampling in
each length-class and depth stratum was evaluated by
plotting the number of taxa recorded against the number
of stomachs sampled for each species of catshark.

Dietary analysis

The relative importance of individual prey taxa was
assessed using percentage volume (%V). To compare the
diets of the two species with different size distributions, a
prey specific 'fullness index' (Y%oBW) was utilised. This is
the wet volume of the stomach contents expressed as a per-
centage of the fish body weight and it was also calculated
as a mean for each species by haul using the following
correction for stomach contents lost by regurgitation.

ul F+R £V
FrFiRIE) ZW
%BW, = h=1 - =W,

and
%BW=Y%BW,
i-1

where F, R and E are the number of stomachs containing
food, number of regurgitated stomachs, and number of
empty stomachs of the predator species in haul , respec-
tively; V, is the volume of prey item i in the stomach j, w.
the weight of predator j; k£ the number of stomachs in haul
h; H the total number of hauls in which stomachs of the
predator species were analysed; and X the total number of
different prey categories consumed by the predator. The
%BW index normalises the data of stomach contents in
relation to the predator's weight. The percentage of empty
stomachs was also recorded. The indices are described by
Hyslop (1980).

Differences in trophic diversity between the catshark
species were compared by calculating a Shannon-Wiener
diversity index, A' (Shannon and Weaver, 1949), and even-
ness, E (Pielou, 1966), for each species where

H'= Zpi xlog,(p;)
=t

and

E=H'H,, =H'llogS

and where p. is the proportion of the total sample belong-
ing to the /™ species; S the total number of species found
in the stomach sampled, and /___the maximum diversity.
Diversity indices were estimated using both the number
and volume of prey. To ensure that sample size did not
affect the diversity indices for the two species differently,
diversity indices of lesser-spotted catshark (the species
with the larger stomach sample size) were estimated us-
ing a non-parametric bootstrap with 1 000 iterations. All
iterations had the same number of stomachs available in
blackmouth catshark for the same length range. The final
diversity value was estimated as the average of the 1 000
bootstrap iterations.

To quantify potentially competitive relationships
between the catshark species, we obtained the degree of
overlap in the specific diets of the two species for different
length-classes, using Horn's Overlap Index (Horn, 1966).
This index, based on the mean of the volume percentages,
which appears to be the most appropriate diet measure
(Wallace, 1981), was computed with prey resources de-
fined at the taxonomic level of family. The Horn index
ranges from 0 (no overlap) to 1 (complete overlap).

The diets of the two catshark species caught in the
same hauls, were compared using the index of relative
importance (IRI) (Pinkas et al.,, 1971). This index com-
bines percentage in number and percentage in volume
and frequency of occurrence of each prey item. This
index was based on 591 lesser-spotted catshark and 547
blackmouth catshark cohabiting depths between 136 and
382 m (Fig. 1 and 2).

Results
Bathymetric distribution of catshark species

Lesser-spotted catshark inhabited the continental
shelf and its maximum abundance occurred between 30
and 200 m depth. Juveniles inhabited deeper grounds than
adults, between 150 and 300 m (Fig. 2a). However, in
some areas adults were also found at greater depth on the
slope. Rodriguez-Cabello ef al. (1998) suggest that these
may be parturition grounds as both gravid females and
juveniles were found at depths between 200 and 500 m.
Blackmouth catshark were found in deep waters on the
continental shelf and in the upper margin of the slope
ranging from 150 to 500 m, but mainly between 300 and
500 m depths. Juveniles inhabited shallower grounds than
adults within the depth range 200-350 m (Fig. 2b). Bottom
trawl survey data for the period 1990-2001 indicate that
abundance was higher for lesser-spotted catshark than
for blackmouth catshark and that the abundance of both
species increased during 1999-2001 (Fig. 3).
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Fig. 2. Bottom trawl survey biomass indices (kg/30 min haul)
of lesser-spotted catshark and blackmouth catshark.

Diet composition and similarity between species

Plots of number of prey against number of stomachs
analysed were reasonably asymptotic for both species of
all length-classes and depth strata, other than blackmouth
catshark >50 cm TL from <120-m depth (Fig. 4). This in-
dicates that for most combinations, sampling was adequate
to describe the diets of the catshark species.

Emptiness and regurgitation percentages. Less
than 20% of stomachs were empty in all length-classes of
both species (Table 1), but overall a significantly higher
percentage of stomachs were empty for blackmouth cat-
shark (16-19%) than lesser-spotted catshark (11-17%)
(Xz( ar-1y P = 0.012). The percentage of empty stomachs
for the two species varied depending on length-class and
depth stratum. In lesser-spotted catshark, there were sig-

nificant differences between the largest length-class and
the two smaller ones (xz( 4122 £ <0.0001), but there were
no significant differences between depth strata (xz( IS
=0.174). In contrast, for blackmouth catshark there were
no significant differences between length-classes (xz( =2y
P=0.454), but there were significant differences between
the two most well represented depth strata (xz( wroy P =
0.036). The occurrence of stomachs from which food had

been regurgitated was small for both species.

Diet composition in relation to length. Fish and
crustaceans were the main prey of both species (Table 2),
but crustaceans were more important for small catshark,
and fish were more important prey for the large catshark,
particularly in blackmouth catshark. Cephalopods were
consumed more by large than small lesser-spotted cat-
shark. Benthic decapods, polychaetes, other invertebrates
and benthic fishes were more important in lesser-spotted
catshark >30 cm TL. However, suprabenthic invertebrates,
such as euphausiids, mysids, benthopelagic shrimps and
fishes dwelling in the water column were prevalent in the
diet of blackmouth catshark >30 cm TL (Fig. 5). Catsharks
of both species <30 cm TL had similar diets, but euphausi-
ids and Micromesistius poutassou were more important
prey for black mouthed catshark. Benthopelagic shrimps
(Pasiphaea multidentata, P. sivado, Sergestes robustus)
were eaten only by blackmouth catshark, whereas shrimps
closer to the seabed (Alpheus glaber and Solenocera
membranacea) were important prey for lesser-spotted
catshark. Pelagic and mesopelagic fish (e.g. Merluccius
merluccius, Trachurus trachurus, Scomberesox saurus,
and Argyropelecus sp.) were more frequent prey of black-
mouth catshark, whereas lesser-spotted catshark fed on a
wider variety of benthic and demersal fish (e.g. Arnoglos-
sus laterna, Callionymus maculates, and Trisopterus
luscus). Cannibalism occurred in the three length-classes
of lesser-spotted catshark (0.1% of the stomach volume)
and in adult blackmouth catshark >50 cm TL (0.5% of
the stomach volume).

A total of 101 prey categories in 10 phyla were re-
corded for lesser-spotted catshark and 50 prey categories
in 7 phyla for blackmouth catshark, although a larger
number of stomachs were analysed for lesser-spotted
catshark than for blackmouth catshark (Table 2). Deca-
pod crustaceans (mainly natantoids and brachiurids) and
fish showed the broadest species diversity in the diet of
lesser-spotted catshark (Table 3). Dietary diversity in
terms of number of prey was about one third higher in
all length-classes of lesser-spotted catshark than in those
of blackmouth catshark and 40% higher for the whole
length distribution. In terms of volume, the difference was
smaller and only 10% larger in lesser-spotted catshark for
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the entire length distribution. Horn’s index of diet overlap
was 0.76 between lesser-spotted catshark and blackmouth
catshark, and the values of Horn’s indices between the
three length-classes of the two catshark species were high
(Table 4). Overlap is considered biologically significant
when the Horn index value exceeds 0.60 (Zaret and Rand,
1971; Mathur, 1977). There was a low overlap value
when comparing lesser-spotted catshark <30 cm TL and
blackmouth catshark >50 cm TL, and a value close to 0.60
(0.63) between lesser-spotted catshark >50 cm TL and
blackmouth catshark <30 cm TL. All other length-classes
showed significant dietary overlap.

Variation in food volume: body weight by depth.
More than half the diet of lesser-spotted catshark caught
at depths <120 m was decapods, and most of the remain-
der was fish (Fig. 6). Between 120 and 300 m depth,
the amount of M. poutassou and euphausiids in its diet
increased from 1.6%BW to 1.8%BW. Beyond 300 m,
where the abundance of this species of catshark clearly
diminished, the ratio of food consumption: body weight
decreased to 1.5%BW and decapods were less common,
whereas the consumption of M. poutassou and cephalo-
pods was higher (Fig. 6).

The ratio of food volume:body weight of blackmouth
catshark at depths <120 m was low (1.3%BW); however,
this ratio is based on only a few stomach contents sam-
ples available for analysis because this depth is near the
limit of the distributional range of the species. At depths
>120 m, the ratio of food volume: body weight increased
up to 2%BW, with euphausiids and M. poutassou being
important prey, and the consumption of decapods reduced.
The ratio of food volume: body weight remained ~2%BW
beyond 300 m, although the importance of euphausiids
increased (0.7%BW) and that of decapod crustaceans and
M. poutassou decreased (Fig. 6). The ratio of food volume:

1995 1996 1990 1998 1990 2000 2001

Biomass indices (kg/30 min haul) of lesser-spotted catshark and blackmouth catshark

body weight changed with the length of the catshark (Table
5) and was highest in the small catshark (<30 cm TL).

Comparison of the diet of the two species of catshark
sharing the same zones of coexistence. The percentage
of empty stomachs varied little between the two species of
catshark <30 cm TL and 30-50 cm TL. However, empty
stomachs were more common for lesser-spotted catshark
>50 cm TL (20%) than for large blackmouth catshark (9%)
(Table 6). The most important prey in the diet of both spe-
cies of catshark <30 cm TL were euphausiids, whereas
endobenthic fauna, such as polychaetes, were only preyed
on by lesser-spotted catshark. Euphausiids, brachiurans
and anomurans were major prey of lesser-spotted catshark
30-50 cm TL, but only euphausiids were important prey
for blackmouth catshark of the same length-class. The
largest catshark preyed on M. potassou and other fishes.
Several prey were of similar importance for lesser-spotted
catshark, whereas fish, mainly M. potassou, were the main
food of blackmouth catshark (Fig. 7).

Where lesser-spotted catshark and blackmouth cat-
shark occurred together in the same area, Horn's index of
diet overlap varied between 0.39 and 0.86 for different
length-classes (Table 4). Values of Horn's indices were
similar in the entire study area with the overlap index
between lesser-spotted catshark <30 cm TL and black-
mouth catshark >50 cm TL being the only one smaller
than 0.60 (Table 4).

Discussion

Diets of lesser-spotted catshark and blackmouth
catshark

Previous studies have described feeding in catshark in
the Atlantic Ocean and Mediterranean Sea (Mattson, 1981;
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Fig. 4. Plots showing number of prey taxa vs number of stomachs analysed with food for each species,
length-class and depth stratum.



OLASO et al.: Trophic Relations of Catshark

487

TABLE 1. Percentages of empty stomachs and stomachs from which food was regurgitated in different length-classes and

depth strata for lesser-spotted catshark and blackmouth catshark.

Variable values for each length-class (cm)

Variable value for each depth stratum (m)

<30 30-49 250 <120 120-299 =300

Lesser-spotted catshark

% Empty 11.46 12.85 16.60 14.04 14.28 8.97
% Regurgitated 0.46 0.09 0.41 0.29 0.28 0
% Full 88.08 87.07 82.99 85.67 85.44 91.03
Total number 864 2242 1970 1026 3894 156
Mean length (cm) 24.09 39.35 56.23 48.09 41.75 50.69
Blackmouth catshark

% Empty 15.81 19.06 18.38 38.46 14.32 19.42
% Regurgitated 0 0 0.74 0 0 0.21
% Full 84.19 80.94 80.88 61.54 85.68 80.38
Total number 525 299 136 13 468 479
Mean length (cm) 22.17 38.39 60.07 32.85 27.40 37.65

Macpherson, 1981; Lyle, 1983; Carrasson et al., 1992),
as well as in the Cantabrian Sea (Olaso and Rodriguez-
Marin, 1995a; Velasco et al., 1996; Olaso et al., 1998;
Gutiérrez-Zabala et al., 2001). In the present study, all
the available data on the feeding of lesser-spotted catshark
and blackmouth catshark during the autumn have been
integrated to compare their food habits and the influence
of their habitats on diet.

The variety of prey items found among the stomach
contents of the two species indicates that they are broad
generalists in their diets and habitat requirements. The
diversity of taxa in the diet of the lesser-spotted catshark
confirms that it is an opportunistic feeder irrespective of
length-class, but especially so 230 cm TL (Lyle, 1983;
Olaso et al., 1998). The diet of blackmouth catshark was
less diverse than that of the lesser-spotted catshark. The
blackmouth catshark is apparently less opportunistic and
selects less varied prey than lesser-spotted catshark, which
may result from the lower species richness of the fish and
crustaceans living <300 m (Olaso, 1990; Sanchez, 1993).
Mattson (1981) found blackmouth catshark in the Norwe-
gian fjords fed on a peculiarly low variety of prey because
it preys mostly on large prey, which are less abundant than
small prey. Carrasson et al. (1992) found that at depths
<1 000 m, blackmouth catshark in all size-classes from
Catalonian (Northwestern) Mediterranean had a more
diverse diet than those in shallower water where their
prey were more abundant.

High dietary overlap between lesser-spotted catshark
and blackmouth catshark indicate the potential for re-
source competition. The diets of the two catshark species

<30 cm TL were the most similar, and the diets diverged
as they became larger. Thus, resource competition may
be more intense between catsharks <30 cm TL that live
together in the same zones than between larger catsharks,
partly because they occur in different habitats.

We found that the highest ratio of food volume to
weight occurred for lesser-spotted catshark at depths
<300 m, and for blackmouth catshark at greater depths.
This may indicate optimal feeding rates for juveniles and
adults of both species approximately coincide with the
centre of the depth distribution their preferred habitat.
However, changes in mean length with depth and subtle
changes in the allometric relationship between stomach
volume and body weight make these comparisons difficult.
Previously, Sims and Davies (1994) indicated that young
lesser-spotted catshark consume more food than adults in
relation to their body size.

Resources exploited by lesser-spotted catshark and
blackmouth catshark

During daytime, different suprabenthic organisms
and demersal fish occur at particular depths (Mauchline
and Gordon, 1984, 1991; Gordon et al., 1995; Gordon and
Mauchline, 1996; Merrett and Haedrich, 1997). Although
lesser-spotted catshark and blackmouth catshark display
nocturnal activity (Pals et al., 1982; Carrassén et al., 1992;
Bello, 1995), the behaviour of both species allows them
to feed on prey from the benthic communities and from
mid-water depths. However, the feeding habits of lesser-
spotted catshark are mostly benthic (Lyle, 1983; Olaso and
Rodriguez-Marin, 1995a, 1995b) and blackmouth catshark
are benthopelagic (Bozzano ef al., 2001). In the Mediter-
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TABLE 2. Diet (% volume) of lesser-spotted catshark and blackmouth catshark by length-class (cm). +, lower than 0.1%.

Diet (%volume) for lesser-spotted catshark

Diet (% volume) for blackmouth catshark

Prey Item <30 3049 >50 Total <30 3049 >50 Total
Crustacea 68.6 48.9 35.2 423 64.5 47.8 25.7 39.1
Decapoda 46.7 44.8 33.0 383 23.6 27.1 18.2 21.8
Munida spp. 33 24 1.3 1.9 + + + +
Pagurus prideaux 5.7 8.0 7.1 7.4 0.1 43 0.5 1.6
Goneplax rhomboides 1.1 0.8 0.4 0.6 + + 0.2 0.1
Liocarcinus depurator 2.0 3.0 2.2 2.5 + 0.1 + +
Polybius henslowi 3.6 8.0 53 6.3 0.1 2.1 0.6 0.9
Alpheus glaber 3.6 43 2.2 3.1 1.4 0.4 0.6 0.7
Pasiphaea multidentata + + + + 0.3 0.6 2.4 1.5
Pasiphaea sivado + + + + 5.2 13.3 9.8 10.1
Processa sp. 33 2.0 0.8 1.4 34 0.2 + 0.6
Sergestes robustus + + + + + + 1.5 0.8
Solenocera membranacea 2.7 1.8 1.4 1.6 0.9 0.6 0.2 0.4
Other Decapoda 21.3 14.6 12.4 13.7 12.3 53 2.5 5.0
Euphausiacea 14.5 1.8 1.1 2.1 36.1 14.1 5.5 134
Isopoda 1.5 0.3 0.3 0.4 0.1 0.1 0.1 0.1
Mysidacea 24 0.7 0.2 0.5 0.9 3.4 1.0 1.7
Other crustacea 3.6 1.3 0.5 1.0 3.8 3.1 0.9 2.1
Mollusca 3.9 42 7.6 6.1 4.1 0.8 2.7 24
Cephalopoda 3.9 4.1 7.6 6.0 4.1 0.7 2.7 23
Other mollusca + 0.1 + 0.1 + 0.1 + 0.1
Polychaeta 7.1 43 2.1 32 1.1 0.4 + 0.3
Other invertebrata 2.1 2.8 1.7 2.1 + 1.3 32 2.2

Fish 18.3 39.9 53.4 46.3 29.9 49.7 68.8 56.3
Gadiculus argenteus 1.2 0.4 0.3 0.4 2.0 1.6 + 0.8
Micromesistius poutassou 5.6 16.7 22.6 19.4 9.7 28.7 22.1 21.9
Merluccius merluccius + + + + + 2.6 + 0.8
Xenodermichthys copei + + + + + + 2.0 1.1
Scomberesox saurus + + + + + 0.8 8.8 4.9
Argyropelecus spp. + + + + + + 1.1 0.6
Mycthophid + + + + 1.2 1.9 0.4 1.0
Trachurus trachurus 0.4 0.6 2.1 1.4 + 1.9 9.3 5.4
Scomber scombrus + 0.9 2.2 1.6 + 0.1 + +
Other fish 11.1 20.5 23.0 21.4 17.0 12.3 252 19.8
Stomachs with food 761 1952 1635 4348 442 242 110 794
Average length (cm) 24.09 3935 56.23 433 22.17 38.39 6+7 32.59
Number of phyla 7 9 8 10 5 6 4 7
Number of taxa 43 79 74 101 36 33 29 50

ranean Sea, catshark eyes are of considerable importance
for detecting their prey and their retinas adapt to the depth
at which they occur (Bozzano et al., 2001). Lesser-spotted
catshark adapt to the more variable light intensity in their
coastal habitat and, except for euphausiids, their prey are
not bioluminescent. In contrast blackmouth catshark have
larger eyes and bioluminescent prey (Sergestes robustus,
Pasiphaea sp.), mysids (Grathophausia zoea), and fish
(Argyropelecus sp., myctophids, Argentina sphyraena)
are more important in their diet. The prey of blackmouth
catshark in the Mediterranean Sea make extensive verti-

cal migrations (Bello, 1995) and at least a fraction of
the population ascends to the bottom of the near-surface
mixed layer (Cartes et al., 1993; Bergstad et al., 1996).
The adaptation of their eyes to depth is highly related to
the distribution range of each species.

The catsharks change their habitat as they grow from
juveniles to adults, with older lesser-spotted catshark
moving closer to the shore and older blackmouth catshark
moving further offshore. As catsharks grow the frequency
of capture of euphausiids decreases and the capture of fish
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B Benthic invertebrates
Suprabenthic invertebrates
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B Benthic fishes
[0 Suprabenthic fishes

L<30cm
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L Lesser-spotted catshark

Fig. 5.

L 30-50 cm

B30-50cm L>50cm

B>50cm

B Blackmouth catshark

Importance (% volume) of prey types for different classes of lesser-spotted

catshark (L) and blackmouth catshark (B).

TABLE 3. Number of taxa of the most important prey groups, and the taxonomic diversity and evenness of diets for different
length-classes of lesser-spotted catshark and blackmouth catshark

Number of taxa for lesser-spotted catshark Number of taxa for blackmouth catshark

<30 cm 3049 cm >50cm  Total <30cm 3049cm 2>50cm Total
Anomura 5 9 9 9 5 6 3 7
Brachyura 6 9 6 9 3 3 3 4
Macrura 2 4 3 4 2 1 1 2
Natantia 7 13 11 13 10 9 7 12
Euphausiacea 1 1 2 2 1 1 1 1
Mysidacea 2 2 3 3 3 3 2 3
Ot crustacea 5 6 6 6 6 4 4 6
Cephalopoda 7 9 9 11 4 4 2 5
Other invertebrata 8 13 11 16 2 3 2 4
Fish 10 23 29 32 11 9 12 20
Taxa diversity (prey number) 3.48 4.58 4.46 4.56 2.19 2.63 3.10 2.71
Evenness (prey number) 0.61 0.73 0.73 0.69 0.39 0.48 0.60 0.45
Number of stomachs with food 761 1952 1635 4348 442 242 110 794
Taxa diversity (prey volume) 4.38 4.30 4.02 4.47 3.57 3.58 3.70 4.00
Evenness (prey volume) 0.78 0.70 0.69 0.68 0.64 0.66 0.72 0.67

increases, as has been described in other areas (Macpher-
son, 1980; Relini and Wurtz., 1975). The consumption of
the mesopelagic fish M. poutassou is particularly impor-
tant for both species, and so is the increase of the catch
of cephalopods for lesser-spotted catshark. However, for
this trophic change, another sensory organ, the olfactory
lobes, is essential for these catsharks to detect and catch
their prey. This organ has the ability to sense electrical

impulses produced by an animal and it is larger in lesser-
spotted catshark. In addition to the sense of electrorecep-
tion associated with the ampullae of Lorenzini and the
sense of smell associated with the olfactory lobes, well
developed fibres in the olfactory lobes of the lesser-spotted
catshark might assist the species better locate its prey by
electroolfaction. The detection of lifeless prey by lesser-
spotted catshark always starts with an olfactory alarm, and
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TABLE 4. Horn's index of dietary overlap for total volume of prey consumed by length-classes of lesser-spotted catshark
and blackmouth catshark. Figures in upper section (bold) are for the whole study area, whereas figures in the
lower section refer to the region in which both species were caught in the same trawls.

Lesser-spotted catshark Blackmouth catshark
<30 cm 3049cm  >50 cm <30cm 3049cm 250 cm

Lesser-spotted catshark <30cm - 0.87 0.76 0.81 0.79 0.57
30-50 cm - 0.95 0.67 0.77 0.65
>50 cm - 0.63 0.76 0.69
Blackmouth catshark <30cm 0.84 0.79 0.68 - 0.83 0.65
30-50 cm 0.76 0.86 0.82 - 0.79
>50 cm 0.39 0.63 0.66 -

EA Other Decapoda [ Natantia O Euphausiacea

[ Mysidacea Other crustacea Cephalopoda

Other invertebrata B M. poutassou B Other fish

<120 m

120-300 m

>130 m

Lesser-spotted catshark

<120 m

120-300 m

>130 m

Blackmouth catshark

0 0.5 1 1.5 2
% BW

Fig. 6. Comparison of the % prey volume/fish weight by depth strata, for lesser-
spotted catshark and blackmouth catshark.

TABLE 5. Variation in % volume of food in stomach/total fish
weight for different length-classes of lesser-spotted
catshark and blackmouth catshark.

Length range (cm)
<30 3049 >50

Lesser-spotted catshark 3.07 1.96 1.05
Blackmouth catshark 2.54 1.69 1.17
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Total number of stomachs and the percentage of empty stomachs

for different length-classes of lesser-spotted catshark and
blackmouth catshark that inhabit the same region.

Length-classes (cm)

<30cm 30-49cm >50cm
Lesser-spotted catshark
% Empty stomach 15.6 11.3 20.5
Total number of stomach contents 96 97 166
Blackmouth catshark
% Empty stomach 16.1 11.7 8.7
Total number of stomach contents 211 111 23

B Anomura
B Polychaeta

E Natantia

B M. poutassou

100 7

80

60

IRI %

40 -

20

B Brachyura O Euphausiacea

B Other organisms

p=

L<30cm B<30cm

L 30-50 cm B 30-50 cm

L>50cm B>50cm

L Lesser-spotted dogdfish catshark B Blackmouth catshark

Fig. 7. Comparisons of the diets of lesser-spotted catshark and blackmouth catshark
caught in the same hauls. Data expressed in IRI %.

sharks use this organ to find prey and sense if the animal is
dying (Dijkgraaf, 1975). The number of olfactory lamellae
in the rosette increases with fish length (El-Attar, 1998).
Also, visual acuity of catshark increases with age, and
this allows them to detect larger prey at a greater distance
(Bozzano et al., 2001). This combination of vision and
smell makes it possible for lesser-spotted catshark to be
scavengers and consumers of fishery discards (Kaiser and
Spencer, 1994; Olaso et al., 1998 and 2002). In the diet of
adult lesser-spotted catshark, many of the M. poutassou
in the stomach contents are also discards, or consumed
when dead or damaged (Olaso et al., 1998; Olaso et al.,
2002). It is likely that large quantities of M. poutassou
consumed by blackmouth catshark are also discards. This
mid-water fish is the most important demersal species

landed and discarded by the Spanish trawler fleet in the
southern Bay of Biscay (Pérez ef al., 1996).

Morphological characteristics of the eyes and olfac-
tory lobes of both species probably result in differences
in their search and capture of prey. The better sight and
poorer smell of the blackmouth catshark favours the hunt-
ing and capture of prey that are found in the water column.
The poorer sight and better smell of the lesser-spotted
catshark suggests that this species is better adapted to
consume benthic prey.

The life history characteristics of many sharks and
rays make them very susceptible to overfishing (Graham
et al.,2001; Baum et al., 2003). However, in the case of
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these catsharks, trawling in the Cantabrian Sea may have
made them more abundant because fishing activity has
supplemented their food with offal and discards. Previous
studies have documented similar increases in abundance
of catshark and small sharks that have accompanied the
decline of commercial species (Fogarty and Murawsky,
1998; Rogers and Ellis, 2000). In most cases, the reasons
for these increases are unknown. The increased abun-
dance of lesser-spotted catshark probably results from
scavenging on macrofauna, such as crustaceans and errant
polychaetes (Serrano et al, 2003a, 2003b). These are taxa
that benefit from disturbed sediments and organic matter
generated by trawls and discards (Collie et al., 1997,
Kaiser et al., 1998) including fish (Olaso et al., 1998).
Changes in the abundance and diets of these two species
of catshark may be good indicators of broadscale changes
caused by increasing exploitation in their ecosystem.
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