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52.33% IRI, 27.26% IRI, respectively. Only Etmop-
terus spinax showed significant variation in diet as a 
function of the time of day (p < 0.05), although both 
species showed similar patterns of feeding through-
out the day. With respect to size, E. spinax consumes 
more cephalopods and teleosts as its size increases, 
while G. melastomus increases its consumption of 
decapods.

Keywords  Elasmobranchs · Trawl fishery · Deep-
water shark · Diet · Bycatch

Introduction

Sharks are considered a key player in the regulation 
of marine ecosystems (Estes et  al. 2011). Knowl-
edge about the trophic relationships of many sharks 
in ecosystems, especially deep-water species, was 
sparse until very recently (Martin and Mallefet 
2023). Despite this, due to the apparent abundance 
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of some species in catches in some regions, vari-
ous studies have been carried out on their feeding 
behavior (Dulvy et  al. 2016). Among these species 
are velvet belly Etmopterus spinax (Linnaeus, 1758) 
and blackmouth catshark Galeus melastomus (Rafin-
esque, 1810). Despite being commonly caught by 
trawlers in the Northeast Atlantic near the Canary 
Islands, Southern Portugal, and Spain (Costa 2014; 
Blanco et al. 2023), these species have been consid-
ered bycatch and, in many cases, discarded from trawl 
fisheries targeting Norway lobster Nephrops norvegi-
cus (Linnaeus, 1758), deepwater pink shrimp Parap-
enaeus longirostris (Lucas, 1846), and hake Merluc-
cius merluccius (Linneaus, 1758) (Torres et al. 2013) 
due to their limited commercial value (Moranta et al. 
2000; Carbonell et al. 2003, Besnard et al. 2022). One 
of the biggest ecological problems caused by this type 
of fishery worldwide is discards, as well as their eco-
nomic implications (Bellido et  al. 2011). Discarded 
fish are the part of the catch that are not retained on 
board during a fishing operation and are discarded at 
sea, dead or alive (Tsagarakis et al. 2014).

The need for an ecosystem-based analysis of the 
marine environment and existing trophic relationships 
has led to many studies on discarded species (e.g. 
Pennino et  al. 2014). Although these shark species 
have been studied regarding various aspects of their 
biology, such as bioaccumulation, reproduction, and 
feeding (Coelho and Erzini 2005; Rodrigues et  al. 
2022; Zicarelli et  al. 2023), studies on the trophic 
interaction between species whose habitats overlap 
are particularly rare (Fanelli et al. 2009).

Etmopterus spinax and G. melastomus share simi-
lar habitats (Fanelli et al. 2009). They can be found on 
island platforms and upper slopes, at depths of 70 to 
2000 m and 150 and to 1200 m, respectively (Froese 
and Pauly 2005; Coelho and Erzini 2008a), mainly 
in sandy and muddy bottoms of the continental and 
insular shelf (Moreno García, 2004). These species 
prefer to inhabit bottom areas, feeding on small tel-
eosts, crustaceans, and mollusks (Barría et al. 2018). 
Etmopterus spinax feed mainly on decapods, cephalo-
pods, and mesopelagic fish (Macpherson 1981). They 
have a generalized benthopelagic foraging behavior, 
mainly targeting pelagic macroplankton/micronekton 
of appropriate size (Neiva et  al. 2006). Galeus mel-
astomus has a very diverse diet, although with a gen-
eralist niche, with individual specialization in food 
items of high specific abundance and low occurrence 

(Barría et  al. 2018). In the mid-continental slope 
zone, the main diet is benthic invertebrates, such as 
decapods and cephalopods, as well as small pelagic 
fish and other elasmobranchs; in the upper continen-
tal slope zone, they feed mainly on euphausiids and 
decapods (Fanelli et  al. 2009; D’Iglio et  al. 2021). 
This species has been shown to exhibit ontogenetic 
feeding differences, with E. spinax feeding on small 
crustaceans and cephalopods at smaller sizes and 
shifting to larger prey such as fish at larger sizes. In 
contrast, G. melastomus feeds on cephalopods at sizes 
up to 30 cm, increases its preference for cephalopods 
at medium sizes, and becomes a generalist predator at 
sizes above 45  cm (Macpherson 1981; Fanelli et  al. 
2009).

The ecological interaction between these species 
is still a knowledge gap in areas such as the Gulf of 
Cádiz, where fishing activity is intense. Understand-
ing aspects of feeding habits can provide useful infor-
mation about the role of the species in the ecosystem 
(Wetherbee et al. 1990, 2012).

Due to the fact that they are commonly found 
in discards and are species with many gaps in the 
knowledge of their trophic relationships, the object of 
this study was (1) to characterize the feeding habits 
of Etmopterus spinax and Galeus melastomus, (2) to 
compare their differences with respect to body size 
and time of day, and (3) to test the overlap of their 
diet in order to identify the presence or absence of 
competition for habitat between these two species.

Material and methods

Study area and sampling

The Gulf of Cádiz is a marine ecosystem located in the 
southwest of the Iberian Peninsula (Atlantic Ocean) 
(36° 51′ N, 06° 55′ W) (Fig.  1). This ecosystem has 
several characteristics that make it oceanographically 
dynamic and unique, such as the existing wind patterns 
and, above all, the exchange of water through the Strait 
of Gibraltar (Vargas et  al. 2003; Navarro and Ruiz 
2006), which, together with the nutrient inputs from 
the rivers that flow into it, make it a highly productive 
region (García Lafuente and Ruiz 2007).

Samples of both species were obtained through 
the ECOFISH + project after processing the discards 
and performing identification and quantification by 
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species. Sampling occurred alongside the profes-
sional trawl fishing fleet’s daily operations in the Gulf 
of Cadiz, conducted without disrupting their routine 
activities. We analyzed a total of 21 hauls spanning 
from June to September 2021. For each fishing day, 
a total of 3 hauls were made with their occurrences 
distributed across three distinct temporal intervals: 
night haul, 5 a.m.–9 a.m.; morning haul, 9 a.m.–1 
p.m.; afternoon haul, 1 p.m.–5 p.m. The depth at 
which haul operations are conducted in fishing activi-
ties fluctuates within a spectrum from 9 to 300 fath-
oms (1 fathom = 1.829 m). The different species were 
separated, identified, and labeled in the laboratory for 
subsequent analysis.

Morphometric measurements

The collected biometric measurements were essential 
for observing the catch size and characterizing the 
species according to size. Total length (TL) of each 
individual was measured (± 0.1 cm), as well as total 
weight (TW) (± 0.01 g).

The stomach contents of each specimen were 
preserved in 70% alcohol for subsequent identifica-
tion and quantification of prey. Items were identi-
fied to the lowest possible taxonomic classification 
level using the manual of Hayward and Ryland 
(2017). The stomach contents found with a very 
high level of digestion were considered unidenti-
fied contents.

The indices analyzed were the Vacuity index for 
stomach without contents:

The proportion of individuals using each resource 
is expressed as the frequency of occurrence (%F):

The numerical percentage is the percentage of the 
total number of prey items of a resource found in each 
stomach (%Cn):

Vi =
n◦ of empty stomachs

n◦ of total stomachs
× 100

%F =
n◦ of stomachs containing aresource

total n◦ of total stomachs
× 100

Fig. 1   Geographical location of the study area (Gulf of Cádiz, SW Spain)
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We calculated a resource’s percentage of the 
total weight of the stomach contents or gravimetric 
percentage (%Cw) as follows:

Finally, we calculated the importance of each 
prey item using the Index of Relative Importance 
(I.R.I.), based on %F, %Cn, and %Cw:

The diet breadth was calculated using the Stand-
ardized Levins Index (Best), which is generated 
(Krebs 1988) based on the Levins index (B) (Lev-
ins 1968).

where pi = proportion of a predator’s diet j that 
is made up of prey i; and n = number of prey 
categories, this index varies from 0 to 1, where low 
values signify a specialist species (diet dominated by 
few items) while values close to 1 indicate that the 
species is a generalist (Gibson and Ezzi 1987; Krebs 
1988).

The Trophic Diversity Index (D) is complemen-
tary to the Levins index:

And finally, to study the possible overlap 
between the diets of both shark species, the Over-
lap Schoener Index was calculated as:

where pji and pki are the estimated proportions of prey 
i in the diets of species j and k, respectively. This 
index has a range of values from 0 (no overlap) to 1 
(complete overlap), with values greater than 0.6 being 
considered biologically significant (Macpherson 
1981; Wallace 1981).

%Cn =
n◦. of items of a resource

total n◦.of items
× 100

%Cw =
Wet weight of the items of a resource

total weight of the stomach contents
× 100

IRI = %F × (%Cn + %Cw)

B =
1

(
∑

jp2i)

Best =
(B − 1)

(n − 1)

D = −
∑

logpi

Schoener Index = 1 − 0.5 ×
(∑

|pji − pki|
)

Data analysis

A numerical summary was made of the biometric 
measurements of both species, thus obtaining sample 
means (X̅), median (Med.), standard deviations (sd), 
maximum (Max.), minimum (Min.), and range.

The size of the individuals and the significant dif-
ferences in feeding as a function of individual size 
was also studied. For all tests, a significance level (α) 
of 0.05 was used.

For an in-depth understanding of the E. spinax and 
G. melastomus diet, it is vital to establish the mini-
mum amount of stomachs required for analysis (Ferry 
1996; Matić-Skoko et al. 2014). In this research, the 
sufficiency of the gathered shark samples was evalu-
ated by comparing the cumulative count of prey 
taxa with the cumulative count of stomachs chosen 
randomly. To neutralize any bias from the sampling 
order, the stomachs investigated were randomized 
500 times. The surfacing of an asymptotic curve 
implies that we had collected an adequate volume of 
samples to reliably represent the diet of these species 
(Ferry et al. 1996; Scenna et al. 2006).

In this study, we employed one-way analysis of 
similarities (ANOSIM) to statistically discern dispari-
ties in diet composition, taking into account varia-
tions in time of day and size range. ANOSIM, a non-
parametric method used to test differences between 
groups, is particularly powerful when combined with 
the Bray–Curtis dissimilarity matrix, a tool robust 
for comparing dietary compositions across different 
individuals or populations. This metric, extensively 
utilized in ecological studies, quantifies the dissimi-
larity between two communities based on species 
abundance, effectively accounting for both the pres-
ence and abundance of various prey items without 
giving undue weight to rare species, thus being espe-
cially suitable for dietary studies where certain prey 
might be ecologically significant despite their low 
abundance (Somerfield et  al. 2021; Kendrick and 
Hyndes 2005; Sampson et al. 2009; Whitley and Bol-
lens 2014).

By contrasting the average distances within groups 
to those between groups, ANOSIM provides insights 
into compositional dissimilarities. The Bray–Cur-
tis measure, with values ranging from 0 to 1, offers 
a comprehensive view of community composition: 
a score of 0 indicates equal sharing of all species 
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between two samples, whereas a score of 1 suggests 
no shared species. After constructing the Bray–Curtis 
distance matrix, we performed the ANOSIM, yield-
ing two primary outputs: a p-value indicating the 
statistical significance of the test’s results and the 
“R” statistic, comparing the mean of ranked dissimi-
larities between groups to those within groups. An 
R value close to 1 indicates dissimilarity between 
groups, while an R close to 0 suggests an even dis-
tribution of high and low ranks within and between 
groups (Clarke 1993; Warton et al. 2011).

The p-value, derived from permutations of the 
data, communicates the probability of observing the 
calculated R statistic (or a more extreme value) under 
the null hypothesis of no difference between groups. 
A small p-value (typically ≤ 0.05) suggests that the 
observed group differences are statistically significant 
and not just due to chance, whereas a large p-value 
indicates a lack of significant differences. The choice 
of the Bray–Curtis distance for ANOSIM is further 
justified by its widespread acceptance and success in 
similar ecological studies (Clarke et al. 2014).

All statistical analyses were carried out using the 
R software (version 4.1.3; R Core Team, 2022) with 
a significance level (α) set at 0.05. Additional pack-
ages used include “tidyverse” (Wickham et al. 2019) 
(includes “dplyr” (Wickham 2023a) and “ggplot2” 
(Wickham 2009)), “lubridate” (Grolemund and 

Wickham 2011), “vegan” (Oksanen et  al. 2022), 
“reshape2” (Wickham 2007), and “forcats” (Wick-
ham 2023b).

Given that the lengths at first maturity (L50) for 
E. spinax are set at 25  cm for males and 31  cm for 
females (Coelho and Erzini 2005), and for G. mel-
astomus, it is 48.8  cm for females and 44.3  cm for 
males (de Sola and Massutí, 2005), and acknowl-
edging that both species exhibit ontogenetic dietary 
changes with size as shown in Neiva et al. (2006) and 
Fanelli et al. (2009), we have established specific size 
ranges: range 1, < 15 cm; range 2, 15.1–25 cm; range 
3, > 25.1 cm.

Results

Distribution

The size distribution for both species showed a nor-
mal distribution shifted to the left; the most abun-
dant size class for E. spinax was between 12 and 
16 cm (Fig. 2A), while for G. melastomus, the overall 
catch size was wider, with the most abundant being 
between 14–20 cm and 22–26 cm (Fig. 2B).

The highest abundances for both E. spinax and 
G. melastomus occurred during the night, with 215 
E. spinax captured and 66 G. melastomus, while 

Fig. 2   Length—frequency distribution of A Etmopterus spinax and B Galeus melastomus in this work
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during the afternoon, both species showed the low-
est captures. All size ranges had the highest abun-
dances during the night, declining during the day, 
except for G. melastomus range 3 specimens, which 
showed their highest abundance during the morn-
ing with 20 specimens captured during that time 
(Table 1).

Figure 3 illustrates the cumulative prey curves for 
E. spinax and G. melastomus, based on the total num-
ber of stomachs analyzed. Two distinct trends were 
observed in the analysis: one that includes all iden-
tified prey (blue line) and another that accounts for 
only those prey with an Index of Relative Importance 
(IRI) of at least 1% (red line). For E. spinax (Fig. 3A), 
the curve excluding prey with an IRI of less than 
1% shows stabilization (asymptotic) upon analyzing 
approximately 100 stomachs, and the same stabiliza-
tion for G. melastomus (Fig.  3B) would require the 
analysis of about 140 specimens.

The total stomachs sampled were 607. Of these, for 
448 stomachs of E. spinax, it was possible to identify 
10 items, while for 159 G. melastomus stomachs, 9 
items were identified. The vacuity index for E. spinax 
was 51.12%, and for G. melastomus, a lower percent-
age of 45.92% was obtained.

Diet composition

The diet of E. spinax consists mainly of four groups: 
Order Euphausiacea (42.30% IRI), Subclass Teleostei 
(21.66% IRI), Order Decapoda (20.47% IRI), and 
Subclass Coleoidea (15.52% IRI) (Table  2), while 
G. melastomus (Table 3) shows a diet with two main 
groups: Order Euphausiacea (52.33% IRI) and Sub-
class Teleostei (27.26% IRI).

The values of the main indexes evaluated were as 
follows: Levins standardized index 0.36 was obtained 
for E. spinax and 0.28 for G. melastomus. The 

Table 1   Number of 
individuals of Etmopterus 
spinax and Galeus 
melastomus as a function of 
size range and time of day

Etmopterus spinax Galeus melastomus

Night Day Afternoon Night Day Afternoon

Range 1 155 111 15 6 2 0
Range 2 48 51 30 51 45 14
Range 3 12 17 9 9 20 12

Fig. 3   Cumulative prey curves for the total number of stom-
achs analyzed. Blue line represents the cumulative prey curve 
using all different taxa found in E. spinax and G. melastomus 

stomachs, and red line represent the cumulative prey curve per-
formed using only prey with an Index of Relative Importance 
of at least 1%. A Etmopterus spinax. B Galeus melastomus 
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Trophic Diversity Index obtained for both species 
was 5.73 for E. spinax and 7.30 for G. melastomus. 
To measure the dietary overlap of both species, Sch-
oener’s index was calculated, which revealed a value 
of 0.81 (Table 4).

Depending on the time of the day, the diets of both 
species show differences (Fig.  4). In E. spinax, dur-
ing the night, teleosts are the most important prey, 
with a % IRI of 40.44%, as are teleosts (27.20% IRI) 
and decapods (20.32% IRI). During the morning, the 
prey consumed are mostly decapods (52.66% IRI) 
and euphausiaceans (30.31% IRI), while during the 
afternoon, the diet is more like that produced dur-
ing the night, with teleosts (36.91% IRI), euphau-
siaceans (35.51% IRI), and decapods (17.60% IRI) 
dominating.

In the case of G. melastomus, it is observed that, 
both during the night and morning, euphausiaceans 
are the predominant prey (50.30 and 54.75% IRI, 
respectively), although it also preys on decapods 
(21.98 and 25.69% IRI) and teleosts (20.18 and 
16.99% IRI). In the afternoon, however, the most 
abundant prey was teleosts (50.98% IRI).

ANOSIM results as a function of the time of 
day indicate significant differences for E. spinax 
(R = 0.015, p < 0.05), while for G. melastomus, there 
were none (R = 0.005, p > 0.05).

Etmopterus spinax in small size (range 1) fed 
practically on arthropods (82.77% of IRI), mainly of 
euphausiaceans (43.24% IRI); in medium size (range 
2), cephalopods increased with a presence of 15.54% 
and the consumption of teleosts with an IRI value of 
24.65%; for the larger size range (range 3), an increase 
in the consumption of cephalopods was observed, 
with a value of 25.28%; however, the most consumed 
prey in this range was decapods (31.55% IRI) (Fig. 5).

Galeus melastomus behaved differently with 
respect to size (Fig. 5), with euphausiaceans being 
the most important prey (IRI of 84.12%) for the 

Table 2   Frequency of occurrence (%F), numerical percentage 
(%Cn), gravimetric percentage (%Cw), and Index of Relative 
Importance (%IRI) of prey found in the gastrointestinal con-
tents of velvet belly (Etmopterus spinax). The different taxo-
nomic categories identified are highlighted in bold. Unid., uni-
dentified

Prey items %F %Cn %Cw %IRI

Cephalopoda
  Coleoidea unid 16.872 10.926 32.796 15.520

Annelida
  Polychaeta unid 0.412 0.238 0.001 0.002

Crustacea
Euphausiacea
  Euphausiacea unid 37.860 41.093 12.018 42.303

Decapoda
  Decapoda unid 15.638 11.164 9.532 6.809
  Nephrops norvegicus 0.412 0.238 0.372 0.005
  Caridea unid 18.519 19.002 15.974 13.626
  Parapenaeus longirostris 0.823 0.475 1.415 0.033

Chordata
Elasmobranchs
  Elasmobranchs unid 0.823 0.713 1.646 0.041

Teleosts
  Teleosts unid 25.103 16.152 24.837 21.647
   Myctophidae unid 0.412 0.238 1.408 0.014

Table 3   Frequency of occurrence (%F), numerical percentage 
(%Cn), gravimetric percentage (%Cw), and Index of Relative 
Importance (%IRI) of prey found in the gastrointestinal con-
tents of blackmouth catshark (Galeus melastomus). The dif-
ferent taxonomic categories identified are highlighted in bold. 
Unid., unidentified

Prey items %F %Cn %Cw %IRI

Cephalopoda
  Coleoidea unid 20.652 9.434 8.696 6.900

Echinodermata
  Echonodermata unid 1.087 0.472 2.466 0.059

Crustacea
Euphausiacea
  Euphausiacea unid 46.739 50.000 17.727 58.332

Decapoda
  Decapoda unid 14.130 13.208 5.216 4.797
  Nephrops norvegicus 1.087 0.472 0.649 0.022
  Caridea unid 6.522 2.830 2.567 0.649
  Plesionika heterocar-

pus
2.174 0.943 1.107 0.082

  Parapenaeus longi-
rostris

2.174 1.887 45.545 1.900

Chordata
  Teleosts unid 40.217 20.755 16.026 27.259

Table 4   Results of Levins Standardized Index, Trophic Diver-
sity, and Schoener’s Index for E. spinax and G. melastomus 

Index Species

E. spinax G. melastomus

Levins Standardized 0.36 0.28
Trophic Diversity 5.73 7.30
Schoener’s index 0.81 0.81
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small size (range 1), while in medium size (range 
2), there is a greater presence of teleosts (30.68% 
of the IRI) and euphausiaceans, although impor-
tant, lowers its presence in the diet to 52.97% 
IRI. In larger size (range 3), the diet was based on 
decapods, with 50.90% of relative importance at 
that size.

ANOSIM showed that there were no signifi-
cant differences for either species by size (E. spi-
nax: R = 0.007, p > 0.05; G. melastomus: R = 0.013, 
p > 0.05).

Discussion

Regarding the length classes, most of the specimens 
caught are below the size of first maturity. This may 
be related to the depth involved in the fishery which is 
between 400 and 500 m where there is a greater pres-
ence of juveniles compared to deeper areas (Fanelli 
et  al. 2009). It could also be related to the fishing 
gear used, since Coelho and Erzini (2008b) observed 
that, in the waters of southern Portugal, trawls caught 
mostly immature individuals of both E. spinax and G. 

Fig. 4   Diet variation of E. spinax and G. melastomus in relation to the time of day
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melastomus, while the opposite was true for longline 
catches, where most were mature specimens.

Higher vacuity percentages were observed in both 
species compared to the studies conducted both in the 
Gulf of Cádiz and off the south of Portugal (Torres 
2013; Muñoz 2015; Riesgo et al. 2021). The observed 
differences in stomach contents compared to other 
studies could be due to the extended fishing duration 
in our study, which lasted about 12 h daily. This pro-
longed period may result in significant digestion or 
complete consumption of stomach contents before 
capture, leading to findings of partially or entirely 

empty stomachs. Additionally, similar to other spe-
cies caught through trawling, individuals might regur-
gitate food due to the stress and pressure changes 
associated with this fishing method (Labropoulou 
et al. 1998; Madera-Santana et al. 2023).

The diet of both species was similar. A clear 
preference for crustaceans (decapods and euphau-
siaceans), teleosts, and cephalopods was observed. 
These results align with those found in the literature 
(Fanelli et  al. 2009; Anastasopoulou et  al. 2013; 
Torres 2013; Albo-Puigserver et  al. 2015; Bengil 
et  al. 2019; Zicarelli et  al. 2023). The occurrence 

Fig. 5   Diet variation of E. spinax and G. melastomus in relation to the size range. Range 1, < 15 cm; range 2, 15.1–25 cm; range 
3, > 25.1 cm
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of crustaceans, such as specimens of Infraorder 
Caridea and euphausiaceans, in the diet of E. spi-
nax suggests that this species performs migrations 
in the water column. In addition, it suggests a high 
degree of dependence of demersal elasmobranchs 
for resources typical of the pelagic ecosystem 
(Mauchline and Gordon 1991), associated to the 
Benthic Boundary Layer (BBL). This hypothesis 
is reinforced by the low occurrence of benthic prey 
such as polychaetes or echinoderms (Torres 2013). 
In the case of G. melastomus, the importance of 
crustaceans and cephalopods in their diet is also 
described in the Mediterranean Sea (Macpherson 
1981; Carrassón et  al. 1992; Fanelli et  al. 2009; 
Valls et  al. 2011), in the Cantabrian Sea (Preciado 
et al. 2009), and in nearby waters off the Portuguese 
coast (Saldanha et  al. 1995; Santos and Borges 
2001; Neves et al. 2007). The occasional occurrence 
of benthic prey in our observations might indicate 
that G. melastomus engage in benthic feeding activ-
ity, a behavior that tends to be more pronounced in 
adulthood than in juveniles (Belluscio et al. 2000).

As for the cephalopods identified in this study, 
the importance of these seems minor with respect to 
that reported in the Cantabrian Sea and the Mediter-
ranean, where this group reaches greater prominence 
in these species’ diets (Macpherson 1981; Mauch-
line and Gordon 1991; Fanelli et al. 2009; Valls et al. 
2011). Cephalopods are known to have high nutri-
tional value and few inedible remains (Boyle and 
Rodhouse 2005); this fact could explain their high 
vacuity rate and the large presence of beaks found in 
several stomachs, as these hard parts can remain in 
the stomachs for long periods of time (Anastasopou-
lou et al. 2013).

Etmopterus spinax and G. melastomus are two 
sharks that share similar distribution and trophic 
characteristics and can coexist in the same place. 
The results of the Levins index are in agreement 
with those found by Fanelli et  al. (2009) in Atlantic 
waters, as well as Bengil et al. (2019) for both species 
and Anastasopoulou et al. (2013) for G. melastomus, 
in the Mediterranean (Fanelli et  al. 2009; Anastaso-
poulou et al. 2013; Bengil et al. 2019). These results 
indicate that both species have specialized diets, as 
reflected in a relatively narrow feeding niche. How-
ever, the lower index for G. melastomus suggests a 
more marked specialization in its diet compared to E. 
spinax.

The niche overlap between the two species showed 
in this work was significant (0.81). Valls et al. (2011), 
in the Mediterranean, also showed an overlap between 
these species with a value of 0.67, unlike Fanelli et al. 
(2009) in Mediterranean Sea whose Schoener’s index 
was 0.47. Species with similar feeding habits and 
trophic niches can coexist, and these index values do 
not necessarily imply competition except in cases of 
food scarcity (Collwell and Futuyma 1971; Macpher-
son 1977; Valls et al. 2011). The coexistence of these 
species in the Gulf of Cádiz may therefore be due to 
the high productivity of the area (García Lafuente 
and Ruiz 2007), which makes it a resource-rich area 
(Baldó et al. 2006) that both species can exploit with-
out intense competition.

This diet overlap without competition is observed 
in the feeding behavior of both species at certain times 
of day, for example, at night both E. spinax and G. 
melastomus prey mainly on euphausiaceans (40.44% 
IRI and 50.30% IRI, respectively). Etmopterus spinax 
is a species that shows pelagic behavior, performing 
vertical migrations in search of food, which can hap-
pen during the night (Claes et al. 2010; Torres 2013). 
In the case of G. melastomus, it has been observed 
that small and juvenile specimens feed in both mes-
opelagic and demersal environments (Fanelli et  al. 
2009; Valls et  al. 2011; D’Iglio et  al. 2021). This 
would explain the high presence of euphausiaceans 
in the diet of the specimens captured during the night 
and morning, as this is when the catches of range 1 
(< 15 cm) and range 2 (15.1–25 cm) specimens were 
higher. In the afternoon, the absence of range 1 speci-
mens and the decrease in range 2 catches may suggest 
an increased proportion of larger specimens, possi-
bly in range 3. This is inferred from the dietary shift 
towards more cephalopods and fish as G. melastomus 
grows. Moreover, this dietary pattern correlates with 
observations by Kabasakal (2002), who reports that 
cephalopods stay near the ocean floor before initiat-
ing their vertical migration at night.

Differences in diet are observed for both species 
according to size. In the case of E. spinax, changes 
in their diet are observed at key moments such as 
between range 1 and range 2 (Neiva et  al. 2006), 
where the juveniles, being larger, begin to consume 
a greater quantity of larger fish and decapods, and 
between range 2 and 3, with the latter range seeing 
a change towards a diet based on cephalopods and 
larger fish. For G. melastomus, the change is that 
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juveniles usually live below 500-m depth; at this size, 
the proportion of small crustaceans such as mysi-
daceans and euphausiaceans is greater, and as they 
increase in size, they increase the depth where they 
live, changing their diet more towards decapods and 
large cephalopods, besides showing more scavenging 
behavior or hunting in groups (Carrassón et al. 1992; 
Belluscio et al. 2000).

The dietary analysis of these two small sharks in 
the Gulf of Cádiz reveals that, although both species 
capitalize on the same resources, they employ dis-
tinct adaptive strategies (such as vertical migrations 
or benthic behaviors) that enable them to coexist 
without direct competition, thereby maximizing the 
abundant resources available in the region. Addition-
ally, the observed variations in dietary preferences 
correlated with both size and diurnal patterns indicate 
significant ecological flexibility within these species. 
This flexibility manifests in their ability to diver-
sify food resources in response to individual size or 
to prey on specific organisms based on the time of 
day. Notably, the majority of the captured specimens 
from both species were below the size of first matu-
rity, potentially signalling the presence of a breed-
ing ground within the depths frequented by the trawl 
fishery in the Gulf of Cádiz. Pursuing further research 
in this direction is crucial for the effective conserva-
tion and management of these species, emphasizing 
the need to understand not just their dietary habits but 
also their reproductive and growth environments.

Acknowledgements  The publication of this work has been 
possible thanks to the ECOFISH + project with the collabora-
tion of the Biodiversity Foundation of the Ministry of Ecologi-
cal Transition, through the PLEAMAR Program, co-financed 
by the FEMP. The authors would like to thank Zaida and 
Andrea for embarking on fishing vessels and collecting the 
specimens sampled and Samantha Blakeman for proofreading 
the manuscript in English. We would also like to express our 
gratitude to INMAR (Instituto Universitario de Investigación 
Marina) for allowing us to use their laboratories to carry out all 
the precision measurements. The authors would like to thank 
the two anonymous reviewers for reviewing the manuscript and 
for their helpful comments on previous drafts.

Funding  Funding for open access publishing: Universidad 
de Cádiz/CBUA This research has been carried out within the 
framework of the ECOFISH project: Eco-innovative strategies 
for sustainable fishing in the Gulf of Cádiz Special Protection.

Area (SPA). This initiative has been supported by the Biodi-
versity Foundation, the Ministry for Ecological Transition and 
Demographic Challenge, through the PLEAMAR Program, 

co-financed by the European Maritime and Fisheries Fund 
(EMFF) [grant number: 2020–055 / PV / PLEAMAR20 / PT].

Data availability  Data will be available on reasonable request.

Declarations 

Ethics approval and consent to participate  The specimens 
used in this work have never been subjected to animal experi-
mentation. These specimens come from catches made by pro-
fessional fishermen and are subject to European regulations on 
Fish Discards.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

Albo-Puigserver M, Navarro J, Coll M, Aguzzi J, Cardona L, 
Sáez-Liante R (2015) Feeding ecology and trophic posi-
tion of three sympatric demersal chondrichthyans in the 
northwestern Mediterranean. Mar Ecol Prog Ser 524:255–
268. https://​doi.​org/​10.​3354/​meps1​1188

Anastasopoulou A, Mytilineou C, Lefkaditou E, Dokos J, 
Smith CJ, Siapatis A, Bekas P, Papadopoulou KN (2013) 
Diet and feeding strategy of blackmouth catshark Galeus 
melastomus. J Fish Biol 83:1637–1655. https://​doi.​org/​10.​
1111/​jfb.​12269

Baldó F, García-Isarch E, Jiménez MP, Romero Z, Sánchez-
Lamadrid A, Catalán IA (2006) Spatial and temporal dis-
tribution of the early life stages of three commercial fish 
species in the northeastern shelf of the Gulf of Cádiz. 
Deep Sea Res Part 2 Top Stud Oceanogr 53:1391–1401. 
https://​doi.​org/​10.​1016/j.​dsr2.​2006.​04.​004

Barría C, Navarro J, Coll M (2018) Feeding habits of four sym-
patric sharks in two deep-water fishery areas of the west-
ern Mediterranean Sea. Deep Sea Res Part I Oceanogr Res 
Pap 142:34–43. https://​doi.​org/​10.​1016/j.​dsr.​2018.​09.​010

Başusta N (2006) The Proceedings of the International Work-
shop on Mediterranean Cartilaginous Fish with Emphasis 
on Southern and Eastern Mediterranean: 14–16 October 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3354/meps11188
https://doi.org/10.1111/jfb.12269
https://doi.org/10.1111/jfb.12269
https://doi.org/10.1016/j.dsr2.2006.04.004
https://doi.org/10.1016/j.dsr.2018.09.010


170	 Environ Biol Fish (2024) 107:159–172

1 3
Vol:. (1234567890)

2005, Ataköy Marina, Istanbul, Turkey. Turkish Marine 
Research Foundation

Bellido JM, Santos MB, Pennino MG, Valeiras X, Pierce 
GJ (2011) Fishery discards and bycatch: solutions 
for an ecosystem approach to fisheries management?. 
Hydrobiologia 670:317–333. https://​doi.​org/​10.​1007/​
s10750-​011-​0721-5

Belluscio A, Scacco U, Carpentieri P, Colloca F, Ardizzone 
GD (2000) Strategie alimentari di due specie di selaci di 
acque profonde Galeus melastomus, Rafinesque 1810 e 
Etmopterus spinax (Linnaeus, 1758), nel mar Tirreno cen-
trale. Biol Mar Medit 7(1):417–426

Bengil F, Bengil EGT, Mavruk S, Heral O, Karaman OD, 
Ozaydin O (2019) Turkish J Fish Aquat Sci 19(6):475-484 
https://​doi.​org/​10.​4194/​1303-​2712-​v19_6_​03

Besnard L, Duchatelet L, Bird CS, Le Croizier G, Michel 
L, Pinte N, Lepoint G, Schaal G, Vieira RP, Gonçalves 
JMS, Martin U, Mallefet J (2022) Diet consistency but 
large-scale isotopic variations in a deep-sea shark: the 
case of the velvet belly lantern shark, Etmopterus spi-
nax, in the northeastern Atlantic region and Mediter-
ranean Sea. Deep Sea Res Part I Oceanogr Res Pap 
182:103708. https://​doi.​org/​10.​1016/j.​dsr.​2022.​103708

Blanco M, Nos D, Lombarte A, Recasens L, Company JB, 
Galimany E (2023) Characterization of discards along a 
wide bathymetric range from a trawl fishery in the NW 
Mediterranean. Fish Res 258:106552. https://​doi.​org/​10.​
1016/j.​fishr​es.​2022.​106552

Boyle P, Rodhouse P (2005) Cephalopods. Wiley-Blackwell, 
Chichester, England

Camhi MD, Pikitch EK, Babcock EA (2008) Sharks of the 
open ocean. Blackwell Science

Carbonell A, Alemany F, Merella P, Quetglas A, Román E 
(2003) The by-catch of sharks in the western Mediterra-
nean (Balearic Islands) trawl fishery. Fish Res 61(1–3):7–
18. https://​doi.​org/​10.​1016/​S0165-​7836(02)​00242-4

Carrassón M, Stefanescu C, Cartes JE (1992) Diets and bathy-
metric distributions of two bathyal sharks of the Catalan 
deep sea (western Mediterranean). Mar Ecol Prog Ser 
82:21–30

Castillo-Géniz JL, Márquez-Farias JF, de la Cruz MCR, Cortés 
E, Cid del Prado A (1998) The Mexican artisanal shark 
fishery in the Gulf of Mexico: towards a regulated fishery. 
Mar Freshwater Res 49:611–620. https://​doi.​org/​10.​1071/​
MF971​20

Claes JM, Aksnes DL, Mallefet J (2010) Phantom hunter of the 
fjords: camouflage by counterillumination in a shark (Etm-
opterus spinax). J Exp Mar Bio Ecol 388:28–32. https://​
doi.​org/​10.​1016/j.​jembe.​2010.​03.​009

Clarke KR (1993) Non-parametric multivariate analyses of 
changes in community structure. Austral Ecol 18:117–143

Clarke SC, McAllister MK, Milner-Gulland EJ, Kirkwood 
GP, Michielsens CGJ, Agnew DJ, Pikitch EK, Nakano 
H, Shivji MS (2006) Global estimates of shark catches 
using trade records from commercial markets. Ecol Lett 
9:1115–1126. https://​doi.​org/​10.​1111/j.​1461-​0248.​2006.​
00968.x

Clarke SC, Francis M, Griggs LH (2013) Review of shark meat 
markets, discard mortality and pelagic shark data avail-
ability, and a proposal for a shark indicator analysis. New 
Zealand Fish Assesm Rep 65:74

Clarke KR, Gorley RN, Somerfield PJ, Warwick RM (2014) 
Change in marine communities: an approach to statistical 
analysis and interpretation. 3rd edn. Plymouth, Primer-E 
Ltd, 256pp

Coelho R, Erzini K (2005) Length at first maturity of two spe-
cies of lantern sharks (Etmopterus spinax and Etmopterus 
pusillus) from southern Portugal. J Mar Biol Assoc UK 
85(5):1163. https://​doi.​org/​10.​1017/​S0025​31540​50122​45

Coelho R, Erzini K (2008) Life history of a wide-ranging deep-
water lantern shark in the north-east Atlantic, Etmopterus 
spinax (Chondrichthyes: Etmopteridae), with implications 
for conservation. J Fish Biol 73(6):1419–1443. https://​doi.​
org/​10.​1111/j.​1095-​8649.​2008.​02021.x

Coelho R, Erzini K (2008) Effects of fishing methods on deep 
water shark species caught as by-catch off southern Portu-
gal. Hydrobiologia 606:187–193. https://​doi.​org/​10.​1007/​
s10750-​008-​9335-y

Coelho R, Fernandez-Carvalho J, Santos MN (2015) Habitat 
use and diel vertical migration of bigeye thresher shark: 
overlap with pelagic longline fishing gear. Mar Environ 
Res 112:91–99. https://​doi.​org/​10.​1016/j.​maren​vres.​
2015.​10.​009

Collwell RK, Futuyma DJ (1971) On the measurement of 
niche breadth and overlap. Ecology 52:567–576. https://​
doi.​org/​10.​2307/​19341​44

Costa MEDSLCD (2014) Bycatch and discards of commer-
cial trawl fisheries in the south coast of Portugal. Doc-
toral Thesis. Universidade do Algarve

D’Iglio C, Savoca S, Rinelli P, Spano N, Capillo G (2021) 
Diet of the deep-sea shark Galeus melastomus Rafin-
esque, 1810, in the Mediterranean Sea: what we know 
and what we should know. Sustain Sci Pract Policy 
13:3962. https://​doi.​org/​10.​3390/​su130​73962

de Sola JRLG, Massutí E (2005) Distribution and biology 
of the blackmouth catshark Galeus melastomus in the 
Alboran Sea (Southwestern Mediterranean). J Northw 
Atl Fish Sci 35:215–223

Dulvy NK, Allen DJ, Ralph GM, Walls RHL (2016) The 
conservation status of sharks, rays, and chimaeras in the 
Mediterranean Sea [Brochure]. IUCN, Malaga, Spain

Dulvy N, Forrest R (2010) Life histories, population dynam-
ics, and extinction risks in chondrichthyans. In: Marine 
biology. CRC Press, pp 639–679

Estes JA, Terborgh J, Brashares JS, Power ME, Berger J, Bond 
WJ, Carpenter SR, Essington TE, Holt RD, Jackson JBC, 
Marquis RJ, Oksanen L, Oksanen T, Paine RT, Pikitch 
EK, Ripple WJ, Sandin SA, Scheffer M, Schoener TW, 
Shurin JB, Sinclair ARE, Soulé ME, Virtanen R, Wardle 
DA (2011) Trophic downgrading of planet Earth. Science 
333:301–306. https://​doi.​org/​10.​1126/​scien​ce.​120510

EU, European Parliament, Council of the European Union 
(2013) Common Fisheries Policy

EU, European Parliament, Council of the European Union 
(2015) Regulation (EU) 2015/2102 of the European Par-
liament and of the Council of 28 October 2015

Fanelli E, Rey J, Torres P, Gil de Sola L (2009) Feeding hab-
its of blackmouth catshark Galeus melastomus Rafin-
esque, 1810 and velvet belly lantern shark Etmopterus 
spinax (Linnaeus, 1758) in the western Mediterranean. J 
Appl Ichthyol 25:83–93. https://​doi.​org/​10.​1111/j.​1439-​
0426.​2008.​01112.x

https://doi.org/10.1007/s10750-011-0721-5
https://doi.org/10.1007/s10750-011-0721-5
https://doi.org/10.4194/1303-2712-v19_6_03
https://doi.org/10.1016/j.dsr.2022.103708
https://doi.org/10.1016/j.fishres.2022.106552
https://doi.org/10.1016/j.fishres.2022.106552
https://doi.org/10.1016/S0165-7836(02)00242-4
https://doi.org/10.1071/MF97120
https://doi.org/10.1071/MF97120
https://doi.org/10.1016/j.jembe.2010.03.009
https://doi.org/10.1016/j.jembe.2010.03.009
https://doi.org/10.1111/j.1461-0248.2006.00968.x
https://doi.org/10.1111/j.1461-0248.2006.00968.x
https://doi.org/10.1017/S0025315405012245
https://doi.org/10.1111/j.1095-8649.2008.02021.x
https://doi.org/10.1111/j.1095-8649.2008.02021.x
https://doi.org/10.1007/s10750-008-9335-y
https://doi.org/10.1007/s10750-008-9335-y
https://doi.org/10.1016/j.marenvres.2015.10.009
https://doi.org/10.1016/j.marenvres.2015.10.009
https://doi.org/10.2307/1934144
https://doi.org/10.2307/1934144
https://doi.org/10.3390/su13073962
https://doi.org/10.1126/science.120510
https://doi.org/10.1111/j.1439-0426.2008.01112.x
https://doi.org/10.1111/j.1439-0426.2008.01112.x


171Environ Biol Fish (2024) 107:159–172	

1 3
Vol.: (0123456789)

Fauconnet L, Catarino D, Das D, Giacomello E, Gonzalez-
Irusta JM, Afonso P, Morato T (2022) Challenges in 
avoiding deep-water shark bycatch in Azorean hook-
and-line fisheries. ICES J Mar Sci 80:605–619. https://​
doi.​org/​10.​1093/​icesj​ms/​fsac1​78

Ferry L (1996) Sample size and data analysis: are we char-
acterizing and comparing diet properly? In International 
congress on the biology of fishes, pp 71–80

Ferry LA, Caillet GM, MacKinlay D, Shearer K (1996) Feed-
ing ecology and nutrition in fish, symposium proceedings

Froese R, Pauly D (2005) FishBase. World Wide Web Elec-
tronic Publication. Available online: http://​www.​fishb​ase.​
org (accessed on 15 October 2023).

García Lafuente J, Ruiz J (2007) The Gulf of Cádiz pelagic 
ecosystem: a review. Prog Oceanogr 74:228–251. https://​
doi.​org/​10.​1016/j.​pocean.​2007.​04.​001

Gibson RN, Ezzi IA (1987) Feeding relationships of a demer-
sal fish assemblage on the west coast of Scotland. J Fish 
Biol 31:55–69. https://​doi.​org/​10.​1111/j.​1095-​8649.​1987.​
tb052​14.x

Glaus KB, Adrian-Kalchhauser I, Burkhardt-Holm P, White 
WT, Brunnschweiler JM (2015) Characteristics of the 
shark fisheries of Fiji. Sci Rep 5:17556

Grolemund G, Wickham H (2011) Dates and times made easy 
with lubridate. J Stat Softw 40:1–25. https://​doi.​org/​10.​
18637/​jss.​v040.​i03

Hayward PJ, Ryland JS (2017) Handbook of the marine fauna 
of North-West Europe. Oxford University Press

Kabasakal H (2002) Cephalopods in the stomach contents of 
four Elasmobranch species from the northern Aegean Sea. 
Acta Adriat 43:17–24

Kendrick AJ, Hyndes GA (2005) Variations in the dietary com-
positions of morphologically diverse syngnathid fishes. 
Environ Biol Fishes 72:415–427

Krebs CJ (1988) Ecological methodology. Longman, London, 
England

Labropoulou M, Tserpes G, Tsimenidis N (1998) Age, growth 
and feeding habits of the brown comber Serranus hepatus 
(Linnaeus, 1758) on the Cretan shelf. Estuar Coast Shelf 
Sci 46:723–732. https://​doi.​org/​10.​1006/​ecss.​1997.​0315

Lack M, Sant G (2009) Trends in global shark catch and recent 
developments in management. Traffic Int 33:1–33

Levins R (1968) Evolution in changing environments: some 
theoretical explorations. Princeton University Press, 
Princeton

Lucifora LO, García VB, Escalante AH (2009) How can the 
feeding habits of the sand tiger shark influence the success 
of conservation programs? Anim Conserv 12:291–301. 
https://​doi.​org/​10.​1111/j.​1469-​1795.​2009.​00247.x

Macpherson E (1977) Régime alimentaire de Galeus melasto-
mus Rafinesque, 1810 Etmopterus spinax (Linnaeus, 1758) 
et Scymnorhinus licha (Bonnaterre, 1788) en Méditerranée 
occidentale. [Online]. Available: https://​hal.​sorbo​nne-​unive​
rsite.​fr/​hal-​03008​169/​docum​ent. Accessed 27 Jul 2023

Macpherson E (1981) Resource partitioning in a Mediterranean 
demersal fish community. Mar Ecol Prog Ser 4:183–193

Madera-Santana S, Rodríguez-García C, Castro-Gutiérrez J, 
Domínguez-Bustos ÁR, Cabrera-Castro R (2023) Dis-
carded but not dismissed: a comprehensive study of the 
feeding habits of the brown comber (Serranus hepatus, 

(Linneaus 1758)) in the Gulf of Cádiz (NE Atlantic). 
Fishes 8(11):541. https://​doi.​org/​10.​3390/​fishe​s8110​541

Martin U, Mallefet J (2023) The diet of deep-water sharks. Deep 
Sea Res Part I 192:103898. https://​doi.​org/​10.​1016/j.​dsr.​
2022.​103898

Matić-Skoko S, Tutman P, Bojanić Varezić D, Skaramuca D, 
Đikić D, Lisičić D, Skaramuca B (2014) Food preferences 
of the Mediterranean moray eel, Muraena helena (Pisces: 
Muraenidae), in the southern Adriatic Sea. Mar Biol Res 
10:807–815. https://​doi.​org/​10.​1080/​17451​000.​2013.​863351

Mauchline J, Gordon JDM (1991) Oceanic pelagic prey of 
benthopelagic fish in the benthic boundary layer of a mar-
ginal oceanic region. Mar Ecol Prog Ser 74:109–115

Megalofonou P, Yannopoulos C, Damalas D (2005) Incidental catch 
and estimated discards of pelagic sharks from the swordfish and 
tuna fisheries in the Mediterranean Sea. Fish Bull 4:620–634

Moranta J, Massutí E, Morales-Nin B (2000) Fish catch com-
position of the deep-sea decapod crustacean fisheries in 
the Balearic Islands (western Mediterranean). Fish Res 
45(3):253–264. https://​doi.​org/​10.​1016/​S0165-​7836(99)​
00119-8

Moreno García JA (2004) Guía de los tiburones: de aguas ibé-
ricas, Atlántico Nororiental y Mediterráneo. Ediciones 
Omega. pp 305

Muñoz LN (2015) Feeding ecology of small deep-water lantern-
sharks (Etmopterus spinax and Etmopterus pusillus) off the 
Algarve coast. Master integrated in Marine Biology

Muttaqin E, Abdullah A, Nurilmala M, Ichsan M, Simeone BM, 
Yulianto I, Booth H (2019) DNA-barcoding as molecu-
lar marker for seafood forensics: species identification of 
locally consumed shark fish products in the world’s largest 
shark fishery. IOP Conf Ser Earth Environ Sci 278:012049. 
https://​doi.​org/​10.​1088/​1755-​1315/​278/1/​012049

Navarro G, Ruiz J (2006) Spatial and temporal variability of 
phytoplankton in the Gulf of Cádiz through remote sens-
ing images. Deep Sea Res Part 2 Top Stud Oceanogr 
53:1241–1260. https://​doi.​org/​10.​1016/j.​dsr2.​2006.​04.​014

Neiva J, Coelho R, Erzini K (2006) Feeding habits of the velvet 
belly lanternshark Etmopterus spinax (Chondrichthyes: 
Etmopteridae) off the Algarve, southern Portugal. J Mar 
Biol Assoc UK 86:835–841. https://​doi.​org/​10.​1017/​
S0025​31540​60137​62

Neves A, Figueiredo I, Moura T, Assis C, Gordo LS (2007) Diet 
and feeding strategy of Galeus melastomus in the continen-
tal slope off southern Portugal. Vie et Milieu 165–169

Oksanen J, Simpson G, Blanchet F, Kindt R, Legendre P, 
Minchin P, O’Hara R, Solymos P, Stevens M, Szoecs E, 
Wagner H, Barbour M, Bedward M, Bolker B, Borcard D, 
Carvalho G, Chirico M, De Caceres M, Durand S, Evan-
gelista H, FitzJohn R, Friendly M, Furneaux B, Hannigan 
G, Hill M, Lahti L, McGlinn D, Ouellette M, Ribeiro 
Cunha E, Smith T, Stier A, Ter Braak C, Weedon J (2022) 
vegan: Community Ecology Package. R package version 
2.6–4, https://​CRAN.R-​proje​ct.​org/​packa​ge=​vegan

Pennino MG, Munoz F, Conesa D, López-Quílez A, Bellido 
JM (2014) Bayesian spatio-temporal discard model in a 
demersal trawl fishery. J Sea Res 90:44–53. https://​doi.​
org/​10.​1016/j.​seares.​2014.​03.​001

Preciado I, Cartes JE, Serrano A, Velasco F, Olaso I, Sánchez 
F, Frutos I (2009) Resource utilization by deep-sea 
sharks at the Le Danois Bank, Cantabrian Sea, north-east 

https://doi.org/10.1093/icesjms/fsac178
https://doi.org/10.1093/icesjms/fsac178
http://www.fishbase.org
http://www.fishbase.org
https://doi.org/10.1016/j.pocean.2007.04.001
https://doi.org/10.1016/j.pocean.2007.04.001
https://doi.org/10.1111/j.1095-8649.1987.tb05214.x
https://doi.org/10.1111/j.1095-8649.1987.tb05214.x
https://doi.org/10.18637/jss.v040.i03
https://doi.org/10.18637/jss.v040.i03
https://doi.org/10.1006/ecss.1997.0315
https://doi.org/10.1111/j.1469-1795.2009.00247.x
https://hal.sorbonne-universite.fr/hal-03008169/document
https://hal.sorbonne-universite.fr/hal-03008169/document
https://doi.org/10.3390/fishes8110541
https://doi.org/10.1016/j.dsr.2022.103898
https://doi.org/10.1016/j.dsr.2022.103898
https://doi.org/10.1080/17451000.2013.863351
https://doi.org/10.1016/S0165-7836(99)00119-8
https://doi.org/10.1016/S0165-7836(99)00119-8
https://doi.org/10.1088/1755-1315/278/1/012049
https://doi.org/10.1016/j.dsr2.2006.04.014
https://doi.org/10.1017/S0025315406013762
https://doi.org/10.1017/S0025315406013762
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1016/j.seares.2014.03.001
https://doi.org/10.1016/j.seares.2014.03.001


172	 Environ Biol Fish (2024) 107:159–172

1 3
Vol:. (1234567890)

Atlantic Ocean. J Fish Biol 75:1331–1355. https://​doi.​org/​
10.​1111/j.​1095-​8649.​2009.​02367.x

Revill AS, Dulvy NK, Holst R (2005) The survival of dis-
carded lesser-spotted dogfish (Scyliorhinus canicula) in 
the Western English Channel beam trawl fishery. Fish Res 
71:121–124. https://​doi.​org/​10.​1016/j.​fishr​es.​2004.​07.​006

Riesgo L, Baldó F, Varela JL (2021) Living together, feeding 
apart. Trophic ecology of three demersal sharks in the 
north-east Atlantic. Foro Iberoamericano De Los Recur-
sos Marinos y La Acuicultura 10:551–563

Rodrigues ACM, Gravato C, Galvão D, Silva VS, Soares 
AMVM, Gonçalves JMS, Ellis JR, Vieira RP (2022) Eco-
physiological effects of mercury bioaccumulation and 
biochemical stress in the deep-water mesopredator Etm-
opterus spinax (Elasmobranchii; Etmopteridae). J Haz-
ard Mater 423:127245. https://​doi.​org/​10.​1016/j.​jhazm​at.​
2021.​127245

Saldanha L, Almeida AJ, Andrade F, Guerreiro J (1995) 
Observations on the diet of some slope dwelling fishes 
of southern Portugal. Int Revue Ges Hydrobiol Hydrogr 
80:217–234. https://​doi.​org/​10.​1002/​iroh.​19950​800210

Sampson SJ, Chick JH, Pegg MA (2009) Diet overlap among 
two Asian carp and three native fishes in backwater lakes 
on the Illinois and Mississippi rivers. Biol Invasions 
11:483–496

Santos J, Borges T (2001) Trophic relationships in deep-water 
fish communities off Algarve, Portugal. Fish Res 51:337–
341. https://​doi.​org/​10.​1016/​S0165-​7836(01)​00257-0

Scenna LB, García de la Rosa SB, Díaz de Astarloa JM (2006) 
Trophic ecology of the Patagonian skate, Bathyraja maclo-
viana, on the Argentine continental shelf. ICES J Mar Sci 
63:867–874. https://​doi.​org/​10.​1016/j.​icesj​ms.​2006.​02.​002

Somerfield PJ, Clarke KR, Gorley RN (2021) A generalised 
analysis of similarities (ANOSIM) statistic for designs 
with ordered factors. Austral Ecol 46(6):901–910. https://​
doi.​org/​10.​1111/​aec.​13043

Torres MÁ, Coll M, Heymans JJ, Christensen V, Sobrino I 
(2013) Food-web structure of and fishing impacts on the 
Gulf of Cadiz ecosystem (South-western Spain). Ecol 
Modell 265:26–44. https://​doi.​org/​10.​1016/j.​ecolm​odel.​
2013.​05.​019

Torres MÁ (2013) Modelización ecológica del Golfo de Cádiz: 
Relaciones Tróficas, Análisis de la Estructura de la Comu-
nidad e Impacto de la Pesca en el ecosistema. Doctoral 
Thesis. Universidad de Cádiz

Tsagarakis K, Palialexis A, Vassilopoulou V (2014) Mediter-
ranean fishery discards: review of the existing knowledge. 
ICES J Mar Sci 71(5):1219–1234. https://​doi.​org/​10.​1093/​
icesj​ms/​fst074

Valls M, Quetglas A, Ordines F, Moranta J (2011) Feeding ecol-
ogy of demersal elasmobranchs from the shelf and slope 
off the Balearic Sea (western Mediterranean). Sci Mar 
75:633–639. https://​doi.​org/​10.​3989/​scimar.​2011.​75n46​33

Vargas JM, García-Lafuente J, Delgado J, Criado F (2003) 
Seasonal and wind-induced variability of sea surface tem-
perature patterns in the Gulf of Cádiz. J Mar Syst 38:205–
219. https://​doi.​org/​10.​1016/​S0924-​7963(02)​00240-3

Wallace RK (1981) An assessment of diet-overlap indexes. 
Trans Am Fish Soc 110:72–76. https://​doi.​org/​10.​1577/​
1548-​8659(1981)​110%​3c72:​AAODI%​3e2.0.​CO;2

Warton DI, WS T, Wang Y (2011) Distance-based multivariate 
analyses confound location and dispersion effects. Meth-
ods EcolEvol. https://​doi.​org/​10.​1111/j.​2041-​210X.​2011.​
00127.x

Wetherbee BM, Gruber SH, Cortés E (1990) Diet feeding hab-
its, digestion and consumption in sharks, with special ref-
erence to the lemon shark. Negrapion brevirostris. NOAA 
Tech Rep NM FS 90:29–47

Wetherbee BM, Cortés E, Bizzarro JJ (2012) Food consump-
tion and feeding habits. In: Biology of sharks and their 
relatives. CRC Press, pp 239–264

Whitley SN, Bollens SM (2014) Fish assemblages across a 
vegetation gradient in a restoring tidal freshwater wet-
land: diets and potential for resource competition. Envi-
ron Biol Fishes 97:659–674. https://​doi.​org/​10.​1007/​
s10641-​013-​0168-9

Wickham H (2007) Reshaping data with the reshape package. J 
Stat Softw 21:1–20

Wickham H (2009) Ggplot2: elegant graphics for data analysis. 
Springer, New York, NY

Wickham H (2023) dplyr: a grammar of data manipulation. R 
Packag Version 1(1):2

Wickham H, Averick M, Bryan J et al (2019) Welcome to the 
tidyverse. J Open Source Softw 4:1686

Wickham H (2023b) forcats: tools for working with categorical 
variables (Factors)

Zicarelli G, Romano C, Gallo S et  al (2023) Diet and plastic 
ingestion in the blackmouth catshark Galeus melasto-
mus, Rafinesque 1810. Italian Waters Animals (basel) 
13(6):1039. https://​doi.​org/​10.​3390/​ani13​061039

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1111/j.1095-8649.2009.02367.x
https://doi.org/10.1111/j.1095-8649.2009.02367.x
https://doi.org/10.1016/j.fishres.2004.07.006
https://doi.org/10.1016/j.jhazmat.2021.127245
https://doi.org/10.1016/j.jhazmat.2021.127245
https://doi.org/10.1002/iroh.19950800210
https://doi.org/10.1016/S0165-7836(01)00257-0
https://doi.org/10.1016/j.icesjms.2006.02.002
https://doi.org/10.1111/aec.13043
https://doi.org/10.1111/aec.13043
https://doi.org/10.1016/j.ecolmodel.2013.05.019
https://doi.org/10.1016/j.ecolmodel.2013.05.019
https://doi.org/10.1093/icesjms/fst074
https://doi.org/10.1093/icesjms/fst074
https://doi.org/10.3989/scimar.2011.75n4633
https://doi.org/10.1016/S0924-7963(02)00240-3
https://doi.org/10.1577/1548-8659(1981)110%3c72:AAODI%3e2.0.CO;2
https://doi.org/10.1577/1548-8659(1981)110%3c72:AAODI%3e2.0.CO;2
https://doi.org/10.1111/j.2041-210X.2011.00127.x
https://doi.org/10.1111/j.2041-210X.2011.00127.x
https://doi.org/10.1007/s10641-013-0168-9
https://doi.org/10.1007/s10641-013-0168-9
https://doi.org/10.3390/ani13061039

	Feeding habits of two shark species: velvet belly, Etmopterus spinax (Linnaeus, 1758) and blackmouth catshark, Galeus melastomus (Rafinesque, 1810), present in fishing discards in the Gulf of Cádiz
	Abstract 
	Introduction
	Material and methods
	Study area and sampling
	Morphometric measurements
	Data analysis

	Results
	Distribution
	Diet composition

	Discussion
	Acknowledgements 
	References


