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ABSTRACT: Small pelagic fish are the link between planktonic production and higher trophic
levels. Competition for resources may play a role in the population dynamics of species, some of
them probably standing out from the others due to greater feeding success. It is therefore important to understand the trophic niche of species overlapping both spatially and temporally. In this
study, we have investigated the diet, prey preference, trophic niche breadth and diet overlap of
the 8 major small pelagic species (anchovy, sardine, sprat, Atlantic and Mediterranean horse
mackerel, bogue, Atlantic mackerel and Atlantic chub mackerel) inhabiting the Bay of Biscay.
Results indicate that all fish feed mainly on calanoid copepods, incorporating larger prey like
euphausiids and decapods to complete their diet. Differences in ingested prey diversity seem to be
more limited by the available zooplankton at sea than by a specific diet preference by fish species,
resulting in an overall high diet overlap, especially within clupeids but also between clupeids and
other (larger) predator species. Consumption estimations for different prey groups could therefore
determine whether such a large diet overlap between small pelagic fish, together with spatial cooccurrence, results in competition or enhances the effects of intraguild predation, which is important in terms of an ecosystem approach to fisheries management.
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Small pelagic fish play a key role in marine ecosystems as they are the link between planktonic production and higher trophic levels (Estes et al. 2011,
Pikitch et al. 2014). Fluctuations in their biomasses
have been often associated with ecosystem regime
shifts governed by physical processes (Alheit et al.
2009), although the underlying mechanisms are often
poorly understood. Some authors have related the
changes in biomass of small pelagic fish with zooplankton availability, the latter being determined
mainly by the hydrological conditions (van der Lingen et al. 2006). Other authors have hypothesized

that biomass changes could be, at least partially,
trophically mediated through inter- and intraspecific interactions (e.g. Irigoien & De Roos 2011).
As an example, intraguild predation, in the form of
sardine predation on anchovy eggs, has been shown
to account for up to 33% of the anchovy egg mortality
in the Bay of Biscay (Bachiller et al. 2015). In contrast,
the diet of small pelagic species in terms of prey size
is more determined by the available planktonic prey
sizes than by behaviour or morphology of the fish
(Bachiller & Irigoien 2013). Planktivorous fish may
thus use all the available prey size range (e.g. mesoand macro-zooplankton), not excluding the smallest
prey as they grow, but incorporating larger prey as
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they acquire the capability of catching them (Bachiller & Irigoien 2013). Hence, the dietary plasticity
and ability to switch between filter (non-selective)
and particulate (selective) feeding (e.g. van der Lingen et al. 2006, Garrido et al. 2007, Nikolioudakis et
al. 2014) allows planktivorous fish to efficiently
exploit the planktonic food web (van der Lingen et al.
2009). Large organisms are energetically the most
valuable for predators (Nikolioudakis et al. 2014).
Therefore, mechanisms like feeding specialization
and plankton species-dependent evasive behaviours
can result in inter-specific differences in terms of
feeding efficiency (Scharf et al. 2000). However, generally, diet studies are addressed in a single species
approach. This approach allows estimations of ingestion and impact on zooplankton but does not provide
information about other ecosystem interactions, such
as competition, that can determine in part the shape
of the community and distribution (Irigoien & De
Roos 2011, Utne et al. 2012).
Small pelagic species share the ecosystem in the
Bay of Biscay, which is relatively rich in zooplankton
due to the high primary production around the main
river plumes (Gironde and Adour) and upwelling
zones (shelf break and Cap Breton) (Albaina &
Irigoien 2007). However, different mechanisms of
general transport depending on hydrographical features and seasonal changes in the area (Koutsikopoulos & Le Cann 1996) lead to fluctuations in zooplankton biomass distribution (Irigoien et al. 2008). This
fluctuation can furthermore determine optimum
feeding areas for some of the planktivorous fish species (Bachiller et al. 2013).
Several studies have addressed the diet of economically relevant species from the Bay of Biscay area: anchovy Engraulis encrasicolus (Plounevez & Champalbert 1999, Cotano et al. 2008, Bergeron 2009), sardine
Sardina pilchardus (studies on larvae; Conway et al.
1994, Munuera Fernández & González-Quirós 2006),
Atlantic horse mackerel Trachurus trachurus (Olaso
et al. 1999), Atlantic mackerel Scomber scombrus and
Atlantic chub mackerel Scomber colias (Lucio 1997,
Olaso et al. 2005). However, all these studies were conducted in a single species context without simultaneous comparison with other species and thus without determination of their spatial and/or temporal diet overlap.
The main aim of the present study was to analyze
the diet composition and diet overlap of co-occurring
small pelagic species in the Bay of Biscay. Accordingly, stomach contents of the 8 major small pelagic
fish species were analyzed from samples collected in
spring and autumn, during day- and nighttime, and
in 3 different areas around the Bay of Biscay. Al-

though this has been attempted in other large marine
ecosystems (e.g. Langøy et al. 2012), this is to our
knowledge the first study on small pelagic fish in the
Bay of Biscay that assesses diet composition, prey
preferences, diversity-based trophic niche breadth
and diet overlap of several species caught at the
same time. Moreover, it is certainly the first work
obtaining an individual prey characterization from
the diets of each sampled stomach separately, which
allows a study of individual variability and a way to
account for empty stomachs. In addition, the diets of
closely related species such as horse mackerel (Atlantic horse mackerel T. trachurus and Mediterranean horse mackerel T. mediterraneus) and mackerel
(Atlantic mackerel S. scombrus and Atlantic chub
mackerel S. colias), as well as non-exploited species
such as bogue Boops boops and sprat Sprattus sprattus are compared for the first time. This study provides useful information for future studies addressing
potential trophic interactions between pelagic species sharing the ecosystem through food web models
or multispecies assessments.

MATERIALS AND METHODS
Samples were collected at different times of the
day and in different areas of the Bay of Biscay during
3 oceanographic surveys: BIOMAN08 (6 to 26 May
2008 on board R/V ‘Emma Bardán’), PELACUS1008
(17 September to 16 October 2008 on board R/V
‘Thalassa’) and BIOMAN09 (5 to 25 May 2009 on
board R/V ‘Emma Bardán’).
Zooplankton samples were collected in all stations
of BIOMAN surveys immediately after the pelagic
trawls with vertical hauls of 63 µm and 150 µm
PAIROVET nets (Smith et al. 1985, Wiebe & Benfield
2003). Samples were preserved immediately after
collection with pH 7 buffered formaldehyde (4%)
(Harris et al. 2000). The samples were then stained
(24 h with 1 ml Eosin 5 g l−1) in the laboratory and
digitized to obtain meso-zooplankton abundance
using the ZooImage image analysis software (Bachiller et al. 2012).
Samples of anchovy Engraulis encrasicolus, sardine
Sardina pilchardus, sprat Sprattus sprattus, Atlantic
horse mackerel Trachurus trachurus, Mediterranean
horse mackerel T. mediterraneus, bogue Boops boops,
Atlantic mackerel Scomber scombrus and Atlantic
chub mackerel Scomber colias were captured using
pelagic trawls (Table 1, Fig. 1). Fishing trawls were
made in the upper water column based on registrations from acoustic sampling (ICES 2011a,b). Trawls
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Table 1. Sample summary of spring and autumn periods, depending on the corresponding geographical areas and sampling
time ranges. N is the number of samples (stomachs collected), TLmin and TLmax are the minimum and maximum length of fish
(mm) respectively. Note that in spring, there were no data available for T. trachurus and S. colias during daytime; in autumn,
no B. boops sample was obtained, and all other predator species were caught during daytime
Species

Spring
E. encrasicolus
S. pilchardus
S. sprattus
T. trachurus
T. mediterraneus
B. boops
S. scombrus
S. colias
Autumn
E. encrasicolus
S. pilchardus
S. sprattus
T. trachurus
T. mediterraneus
B. boops
S. scombrus
S. colias

Sampling
time

Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Day
Day
Day
Day
Day
Day
Day

Cantabrian area
N
TLmin
TLmax

Adour-Arcachon area
N
TLmin
TLmax

244

10
20
10
20

106
133
142
161

144
180
240
220

135

266

14
30

105
112

237

363

30

147

193

30

165

20
20

Gironde area
TLmin
TLmax

288
382

30
10
30
20
30
10
20

96
144
120
50
89
110
72

178
240
240
143
115
135
182

172
246
127
196

253
246
315
419

20
10
3
10
11

106
209
122
298
190

135
331
230
364
365

10
10
10
20
5

111
119
11
98
251

149
182
118
174
275

20
10

184
174

356
372

30

157

360

27

204

398

10
1
10
21

1

338

338

5

290

378

10

65

94

10
20

104
161

121
230

30

82

290

10

88

117
20
13

157
156

321
340

ranged from 5 to 30 m depth with the exception of a
maximum fishing depth of 45 m (during PELACUS
1008). Fish sampling was carried out only in those stations where at least 2 of the 8 target predator species
were present in the same haul. The percentage of cooccurrence of fish species in the hauls is presented in
Table 2. Ten randomly selected individual per species
and station were sub-sampled for the analysis, whenever captured fish numbers permitted (Fig. 1, Table 1).
A complementary station in spring 2008 with bogue
was used to collect additional stomach samples (Fig. 1).
Fish were sized and weighed and then preserved
frozen. Stomachs were extracted in the laboratory,
weighed and preserved in pH 7 buffered formaldehyde (4%) for later stomach content analysis.
A stereomicroscope (model NIKON SMZ 645) was
used to identify stomach contents. Only material contained in the stomachs was considered, whereas the
contents of the intestine and oesophagus were discarded to reduce bias caused by different rates of
digestion and gut passage times or cod-end feeding
(Hyslop 1980). During processing, stomach contents
were carefully extracted, and all identifiable mesoand macro-zooplankton were counted and classified

N

to the lowest possible taxonomic group. Broken parts
of appendixes were excluded from the counting. In
total, the following 26 prey groups were identified:
Acartia spp., Candacia armata, Centropages spp.,
Temora spp., other calanoids, Corycaeus anglicus,
Oncaea spp., other cyclopoids, Euterpina acutifrons,
Microsetella spp., other harpacticoids, juvenile copepods, unidentified copepod remains, Euphausiacea
ord., Decapoda ord., Mysida ord., Amphipoda ord.,
Cirripedia infracl., Cladocera infraord., unidentified
crustacean remains, Gastropoda cl., Bivalvia cl.,
Appendicularia cl., fish eggs, Actinopterygii cl., and
other prey. In the Malacostraca class, nauplii, larvae
and adults were considered together. Since no adult
fish was found in gut contents, Actinopterygii cl. corresponded to larvae and juveniles.
All stomachs were analysed individually, and subsampling was used only in stomachs with > 500 prey
individuals (Bachiller & Irigoien 2013). Parasitic
organisms found in stomachs (e.g. Trematoda larvae
and Anisakis sp.) did not show any relationship
either with total prey abundance in gut contents or
with stomach fullness, so they were excluded from
the diet analysis.
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Fig. 1. Area of study and distribution of samples of the 8 major small pelagic fish species (Engraulis encrasicolus, Sardina
pilchardus, Sprattus sprattus, Trachurus trachurus, T. mediterraneus, Boops boops, Scomber scombrus, Scomber colias)
caught in BIOMAN (spring 2008 and 2009) and PELACUS (autumn 2008) surveys during day- and nighttime. Size of the circles is proportional to the total number of fish collected at each station. The lines denoting boundaries between geographical
regions are drawn between the midpoints of stations belonging to different regions

Data range definition
Data collected from BIOMAN surveys corresponded to spring, whereas autumn season data were
obtained from PELACUS1008 sampling (Fig. 1).
Light regime for the region was considered for comparison between day and night catches. Accordingly,

stations sampled between 08:00 and 19:00 h GMT
were defined as ‘daytime’ catches and those between
21:00 and 06:00 h GMT as ‘nighttime’ catches. All
pelagic trawls during PELACUS1008 survey (autumn) were made during daytime (Table 1). A categorization into 3 different geographical areas was
also done considering the same boundaries as

Table 2. Spatial overlap of predator species in sampling stations. Data are presented as the percentage of co-occurrence
in hauls. See Fig. 1 for full species names
S. pilchardus
E. encrasicolus
S. pilchardus
S. sprattus
T. trachurus
T. mediterraneus
B. boops
S. scombrus

62.8
x

S. sprattus T. trachurus
19.2
27
x

86.2
70.4
25.9
x

T. mediterraneus

B. boops

S. scombrus

S. colias

42.9
39.1
25
42.9
x

25.5
41
16.7
40.7
33.3
x

76.5
68.8
17.4
78.6
28.6
31.9
x

26
38.5
12.5
48.2
30
34.6
32.6
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Bachiller & Irigoien (2013): Cantabrian area (from
Cap Breton westwards, within and off the Cantabrian shelf; Fig. 1), Adour-Arcachon area (within
the Aquitaine shelf, in front of the Adour river plume
and Arcachon, up to near 45° N; Fig. 1) and Gironde
area (Aquitaine shelf under the influence of the
Gironde river plume, up to 46.5° N; see Fig. 1). In
addition, for some of the analyses, 130 and 230 mm
were established as boundaries to separate small
(<130 mm), medium (130 to 230 mm) and large
(> 230 mm) predators (Bachiller & Irigoien 2013).

Diet analysis
Although our analysis is based on both numerical
and weight estimations, in order to assess the importance of prey groups in the diet, the contribution of a
given prey as energetic input has to be considered
(van der Lingen et al. 2009). Therefore, prey abundances and weights were considered in the description, but figures presented here are only those for the
diet composition converted to prey biomass. Abundances of prey were used as qualitative descriptors
(van der Lingen et al. 2009) to infer species richness,
diversity index, trophic-niche breadth and prey selection index.
The diet composition was first explored using
numerical and weight percentages of prey groups
relative to total prey consumption. To determine the
weight of each prey group, length−weight conversion equations were used based on literature. Average total length of prey species (mm) was obtained
from Bachiller & Irigoien (2013), where direct length
measurements were made for the first 50 prey items
in each stomach. Since the stomachs used in that
study were the same as those used in the present
study, conversion of prey counts into biomass was
made to the detailed species level (see Table S1 in
the Supplement at www.int-res.com/articles/suppl/
m534p179_supp.pdf). Then, biomass calculations
were merged to the species group level used in this
analysis (i.e. 26 groups; Table S1). To exclude the
effect of the sample size (number of fish per station)
on the identified prey abundance, the biomass of
each prey group was weighted by the number of
fish per predator species and area or sampling time
range. To ease later interpretation of the figures, prey
groups were categorized into 12 groups: copepods
merged by order (Calanoida, Cyclopoida and Harpacticoida) and copepod remains, Malacostraca with
Euphausiacea and Decapoda orders as separated
groups (including larvae and adults together in each
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of the groups), crustacean remains, molluscs, appendicularians, teleostei (Actinopterygii class, including
all early life stages — eggs and larvae — since no
adult was found in gut contents), and other prey
(including the rest of the groups with a frequency in
number < 5% of the total prey consumption). Results
are presented as percentages of the total prey consumption for the 3 areas, considering the season and
sampling time.
To analyze the diet in more detail, prey composition was then studied following the Costello (1990)
graphical method but using prey weights instead of
numbers. The relative frequency of occurrence (the
percentage of non-empty stomachs in which a certain prey item occurred) was compared to the percentage of prey by biomass (the weight of a particular prey item as a proportion of the total weight of all
prey items in the entire stomachs). The analysis was
performed for the different areas depending on the
season and sampling time ranges separately, for all
predator species ranged by size. The lowest identified taxonomic level was represented in graphs,
excluding prey groups with percentages of occurrence and weight < 20% to ease the interpretation of
the figures. This graphical method provides a good
description (Bacha & Amara 2009) of prey importance as well as of predator feeding strategy (specialized or generalized) (see Costello 1990 for further
details).
Feeding intensity was assessed using stomach filling degree calculations as a proxy. The stomach filling degree was defined as the sum of weights of all
the prey in a stomach (mg) divided by the total length
of fish (mm). This approach is considered to be a useful estimator of the feeding intensity that excludes
the effect of the fish size and avoids subjectivity
problems expected from visual stomach fullnessscaling methods such as the trophometer (Olaso et al.
1999) or the 1 to 5 scale of stomach fullness (IMR;
Langøy et al. 2012).
Prey species richness (S) was defined as the number of different prey groups found in gut contents.
The diet diversity was expressed by the ShannonWiener diversity index (H ’), calculated from the
extended prey species list (i.e. 26 groups).
Prey selectivity was estimated using Ivlev’s electivity index (E; Ivlev 1961) for each fish analyzed for
diet. Since plankton samples were obtained in BIOMAN surveys, only spring data were available to
estimate the index. Further, since in these surveys
only 3 stations were sampled during daytime (Fig. 1),
only nighttime results are considered. The value of
the index was therefore calculated only for the night
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data collected during spring, with the following
equation:
(r − pi )
E= i
(1)
ri + pi
where ri is the proportion of prey item i in the fish
stomach, and pi is the proportion of prey item i available from the marine environment. The index has a
possible range of −1 to +1, with values close to −1 indicating avoidance or inaccessibility of the prey, values around zero indicating random selection from the
environment and values close to +1 indicating active
selection (Strauss 1979). pi estimations for the equation were made considering samples caught with
both 63 µm and 150 µm plankton nets separately.
However, non-parametric (Shapiro-Wilks test, p <
0.0001) comparisons showed that there was no difference between electivity indexes calculated based on
any of the mesh sizes (U tests between E in each of
the predator species, p > 0.05). Thus, only E indexes
considering pi estimated from 150 µm plankton net
samples are shown, presented by predator species
(all areas and sampling time ranges together) ranged
by size. According to the categorization of prey, some
groups were merged in order to be comparable for
both methods (i.e. image analysis vs. microscope
analysis). Due to the low number of data available for
such prey comparisons in case of T. mediterraneus
and S. colias, electivity index results of these 2
species are not shown. In any case, selectivity
indexes should be treated with caution since they
could reflect biases in sampling methodology as well
as in prey identification. For example, undersampling
of small or large organisms by a net (due to the organisms passing through the mesh or escaping) will
result in apparent positive selection even if the fish is
eating them in proportion to their abundance. Therefore, proper estimation of the selectivity requires the
use of a combination of different types of nets for different plankton types, which multiplies the number
of samples to be analyzed.
Trophic niche breadth was examined as in Scharf
et al. (2000) and Bachiller & Irigoien (2013) but considering the ratio scale by determining changes in
the range of Shannon-Wiener diversity index (H ’) —
instead of prey size — with increasing predator size.
This way, diversity vs. predator size regression quantiles (90th and 10th) were generated to estimate the
extremes of the ratio scale data for each predator
species. Slope comparisons were made between
upper and lower bounds, with significant differences
indicating an increase (divergent slopes) or decrease
(convergent slopes) in diversity-based trophic niche
breadth with increasing predator size. The difference

between predicted diversity values of upper and
lower bound regressions at any given predator size
represented the trophic niche breadth (Scharf et al.
2000, Bachiller & Irigoien 2013). Average trophic
niche breadth was also compared to average predator size to evaluate whether a general size-based
trend was apparent.
To assess the overlap in resource use between the
pelagic planktivorous species, Pianka’s index of
niche overlap was applied:
O=

∑ pi , j pi ,k
[(∑ pi2, j )(∑ pi2,k )]

1

2

(2)

where O is the overlap index between the 2 species j
and k expressed as a value between 0 and 1, and pi,j
and pi,k are the proportions of the i th prey group in
the diets of species j and k, respectively. A value of 0
means no overlap and 1 indicates complete overlap
in the diet. Comparison of diet overlap was done separately for both seasons and both sampling time
ranges, in each of the geographical areas. The diet
data come from stations where ≥2 fish species were
caught together, and the same number of individuals
per species was sampled whenever the catch permitted. Therefore, j and k parameters in the equation
were calculated as the percentage in weight of the
consumption of each prey group with respect to the
total prey consumption by all fish in a certain sample
set, i.e. species and area or sampling time. To test for
significance, the proportion of a given prey group in
a given diet was randomized according to the Randomization Algorithm (RA2) of Lawlor (1980) and
iterated 1000 times for each comparison of diet overlap using EcoSim Professional v.1.2d (Entsminger
2014). Lawlor (1980) described 4 randomization algorithms (RA1 to RA4) for niche overlap in which the
zero states (the empty prey groups) and the niche
breadth (the degree of utilization of a prey group)
can be either relaxed or retained. Under RA2, the
zero states are retained (i.e. empty prey groups from
the stomach samples remain empty in the simulations), whereas niche breadth is relaxed (i.e. the proportion in the diet of each non-empty prey group is
replaced by a uniform value between 0 and 1). In this
study, the RA2 was considered to give the most realistic reflection of the Bay of Biscay pelagic system
because some of the prey groups would be unavailable to fish in certain areas due to the patchy distribution of the plankton prey, whereas none of the fish
species were assumed to have constraints on the utilization of the prey groups that were actually present.
For example, Actinopterygii (fish larvae and juve-
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niles) can be available for all the fish in a certain area
but are not potential prey for the smallest fish sizes,
whereas large mackerel may contain all the prey
groups (i.e. including the smallest prey) in their gut
contents.
The statistical analyses and visualization were conducted using R v.3.0.2 (R Development Core Team
2014) and ggplot2 v.1.0.0 (Wickham 2009).

RESULTS
We used logistic multinomial regression models
(iterated 2500 times) to evaluate variables affecting
the diet composition in terms of biomass of different
prey groups of all the fish. Fish species, total length
of fish (mm), geographical area (Cantabrian area,
Adour-Arcachon area or Gironde area), season
(spring or autumn) and sampling time (day or night)
were used as explanatory variables (see ‘Materials
and methods’ for details on data range definition),
whereas the prey weight composition was used as
the response. Akaike’s information criterion (AIC)
tests showed that in addition to the total length
(standardized null model, AICµ 418 357), the consecutive incorporation of the variables ‘predator species’ (AICµ+species 320 702), ‘geographical area’
(AICµ+species+area 262568), ‘season’ (AICµ+species+area+season
253 166) and ‘sampling time’ (AICµ+species+area+season+
sampling time 249 239) resulted in the last option as the
most parsimonious model.
According to that, the following diet description
analysis was made for each species (ranged by size
for detailed description) grouped by (1) season and
area and by (2) season and sampling time (note that
all samples caught during autumn season were day
catches; Fig. 1).

Diet composition of small pelagic fish
Percentages of occurrence, relative frequency in
numbers and percentages of weight of preys found in
stomachs of the small pelagic species ranged by size
and separated by the geographical area, season and
sampling time are presented as supplementary material (see Table S2 in the Supplement at www.intres.com/articles/suppl/m534p179_supp.pdf).
The variability in the diet was as large between
areas and sampling time ranges as it was between
species and fish size ranges (Figs. 2 & 3, Table S2).
Clupeids showed a calanoid copepod-based diet
composition, Centropages spp. and Temora spp. ap-
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pearing generally as the main copepod species both
in terms of abundance and biomass in the diets.
However, anchovy could incorporate larger prey to
their diet (euphausiids and decapods) than could sardine and sprat at any season, area or time. Fish eggs
were energetically important for the diet of the 3 species (especially for >130 mm sardine). In addition,
sardine could also feed on other prey like decapods
and appendicularians, the latter being common but
less important in terms of energy input (Figs. 2 & 3,
Table S2).
Horse mackerel species, bogue and mackerel species showed a more diverse diet composition (Fig. 2).
Small fish mainly ingested calanoid copepods
(mostly Centropages spp. and Temora spp.), whereas
>130 mm predators obtained the most part of the
ingested biomass from larger prey such as euphausiids, decapods and amphipods (Fig. 3, Table S2).
Euphausiids were the most important prey group
in the diet of Atlantic and Mediterranean horse
mackerel at any time and area (including the smallest fish size range). However, in some cases, calanoid
copepods remained as the basis of their diet composition, such as for Atlantic horse mackerel in the
Cantabrian area in spring (Figs. 2 & 3, Table S2).
Bogue showed differences in the diet composition
between fish size ranges, areas and time. Although
euphausiids and amphipods had a significant contribution to the total ingested biomass in the
Cantabrian area (at nighttime) and the Gironde (at
daytime) respectively (Fig. 2), only amphipods were
ingested frequently (Fig. 3). Other important prey
groups were appendicularians (especially in the
Adour-Arcachon and Gironde areas), fish larvae
(especially for the largest bogue), and calanoid and
poecilostomatoid (Corycaeus anglicus) copepods
(Figs. 2 & 3, Table S2).
Atlantic mackerel showed calanoid copepods as
the main source of energy in the Gironde area,
although for >130 mm Atlantic mackerel, most of the
biomass was obtained from large prey like euphausiids and fish eggs (e.g. during nighttime; Fig. 3).
Euphausiids and fish eggs were also the main biomass input in the Cantabrian area. In the AdourArcachon area, the smallest fish fed mainly on
calanoids, whereas for larger fish, decapods, fish larvae and other prey were more important (Figs. 2 & 3).
Similarly, Atlantic chub mackerel also fed primarily
on copepods in the Gironde area, although mysids,
relatively low in numbers, contributed to their ingested biomass more than to the diet of the other species. Further, in the Adour-Arcachon area, where the
importance of copepods was low, mysids seemed to
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Fig. 2. Prey group composition (percentage of mean prey weight per
stomach) in the diet of small pelagic fish species averaged over areas,
seasons and sampling time. D and N are day and night sampling time,
respectively. See Fig. 1 for full species names

be the most important prey group in the
diet composition for Atlantic chub mackerel diet (Figs. 2 & 3, Table S2).
In general, copepods showed the highest numbers in stomach contents of all
predator species. In spring and nighttime (when prey selection analysis was
made), positively selected copepod species
(e.g. calanoids Centropages spp. and Temora spp., poecilostomatoid C. anglicus
and harpacticoid Microsetella spp.) also
showed high numbers in the diet composition of small pelagic species (Fig. 4).
Moreover, in those copepod species
showing different abundances between
areas, fish species and/or size ranges, the
selection index also changed. For example, C. anglicus was frequent based
on numbers (33.33%) and occurrence
(100%) in <130 mm bogue (Gironde area,
nighttime), with an important contribution (24.80%) to the total biomass (Fig. 3,
Table S2), and they were positively
selected by the smallest bogue (Fig. 4). In
contrast, this prey species appeared as
positively selected by medium-sized sardine (Fig. 4), but that was not reflected in
the diet composition in terms of biomass
(Fig. 3) since most of the biomass came
from positively selected fish eggs (in
all sardine) and appendicularians (in
<130 mm sardine). The same could be
said about the Adour Arcachon area
where, instead of copepods, other (larger)
groups were more frequently ingested by
all predators in comparison to other areas
(Table S2). However, such a spatial difference was not reflected in terms of biomass input (Figs. 2 & 3) because large
prey contributed to the ingested biomass
more than copepods at any area. Therefore, positively selected copepods (Fig. 4)
appeared as dominant prey only in cases
where large prey ingestion was not detected (Figs. 2 & 3). Regarding large prey,
for example, large horse mackerel and
mackerel showed positive selection upon
euphausiids, and bogue showed preference on other prey like appendicularians
(Fig. 4); all these prey were identified as
energetically valuable in their corresponding species’ diet composition (Figs. 2
& 3).
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Fig. 3. Graphical representation of dominant prey for each predator species ranged by size according to Costello (1990), presented by areas and seasons (left) and by areas and sampling time (right). % Occurrence is the relative frequency of occurrence of a certain prey item in stomachs, whereas % Weight is the percentage weight of the specific group relative to the total
weight of all prey found in the stomach. Point shapes correspond to the size ranges of predators, and prey labels are colored
by geographical area. Labels with superscript numbers indicate that the same label defines such a number of the closest point
shapes represented with the same color. See Fig. 1 for full species names

Feeding intensity and feeding incidence
The individual variability of the stomach-filling
degree was high between all the species, areas and
times. Moreover, differences between areas and
times were greater than between the species within
each case (Fig. 5). Overall, clupeids seemed to show
a lower range of individual variability in stomach-

filling degree than horse mackerel, bogue and mackerel. Except for anchovy, the rest of the species
showed lower values during nighttime in all the
areas. There was no clear seasonal trend in the stomach-filling degree, and values changed depending
on both the areas and species (Fig. 5).
Atlantic and Mediterranean horse mackerel showed
a higher number of empty stomachs than the other

Fig. 4. Ivlev’s Electivity Index (E) calculated for small, medium and large predators according to the available zooplankton estimated from samples collected with
150 µm mesh Pairovet nets. Since plankton samples were obtained only in BIOMAN surveys (mainly at night), this index corresponds only to spring and nighttime data.
Negative index values go to the left side, whereas those bars going to the right side correspond to positive values. See Fig. 1 for full species names
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Fig. 5. Stomach-filling degree (mg mm−1) for different areas and species, depending on seasons (left side) and sampling time
(right side). Horizontal lines indicate medians, the boxes extend to the 25 and 75 percentiles respectively, and the whiskers
extend to the 5% and 95% quantiles. The number of non-empty stomachs is denoted next to the boxes (upper number) for
each case together with the total number of stomachs sampled (lower number). Note the logarithmic scale of the vertical axis.
Spr: spring; Aut: autumn; D: daytime; N: nighttime
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Fig. 6. Mean Shannon-Wiener diversity index (H ’) for different areas and species, depending on seasons (left side) and
sampling time (right side), with standard error bars. Numbers on the top of the bars are the mean species richness (S).
Spr: spring; Aut: autumn; D: daytime; N: nighttime
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species, in some cases their feeding incidence being
< 50% (Fig. 5). The rest of the species showed a percentage of empty stomachs below 25% (Fig. 5).

Species richness, diversity index and diversitybased trophic niche breadth
Although in general, stomach contents from predator species caught in Adour-Arcachon area seemed
to present higher Shannon Wiener diversity index
values than those from other areas, variability in the
diversity as well as species richness was as large
between areas, seasons and sampling time as it was
between species. Obviously, high diversity (H ’) values corresponded to high richness (S) values (Fig. 6).
Anchovy and sprat increased significantly the
Shannon-Wiener diversity-based trophic niche
breadth with increasing body size, whereas Atlantic
horse mackerel, bogue and Atlantic mackerel
showed a decrease of the niche breadth at larger
sizes (Fig. 7). In any case, no significant relation (trophic niche breadth = 1.24 × mean predator length −
9.25 × 10−5; R2 < 0.01; p = 0.96) was observed in the
mean trophic niche breadth with increasing predator
size.

Diet overlap
Cantabrian area
In this area, all the comparisons made in spring and
autumn corresponded to night and daytime ranges,
respectively, and a single comparison could be made
for autumn daytime samples. In spring at nighttime,
the diet overlap was high (O > 0.60) between all small
pelagic species. Mediterranean horse mackerel
showed the maximum significant Pianka indices
when comparing the diet to the other species.
Anchovy was the species showing most of the nonsignificant overlap values in paired comparisons to
the other species (Fig. 8).
In general, overlap indexes observed in the
Cantabrian area were higher than those found in the
Adour-Arcachon and Gironde areas (Fig. 8).

Adour-Arcachon area
Diet overlap occurred within clupeids (anchovy
and sardine) and between clupeids and most of the
other predator species, observations being signifi-
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cant at any season (Fig. 8, left side) and sampling
time range (Fig. 8, right side). According to the season, anchovy showed the maximum significant overlap index values compared to sardine and Atlantic
chub mackerel in spring (O = 0.68) and autumn (O =
0.75), respectively (Fig. 8, left side). In addition, Atlantic horse mackerel and both mackerel species
showed similar diet composition in autumn, with
higher overlap indices observed when comparing
horse mackerel to the Atlantic chub mackerel (Fig. 8,
left side). High overlap was also observed between
the Atlantic horse mackerel and Atlantic chub mackerel during daytime, whereas at night, Atlantic horse
mackerel showed greater diet overlap with clupeids
than with the other species (Fig. 8, right side).

Gironde area
During spring, high diet overlap occurred between
clupeids, but the overlap index was significant only
when comparing anchovy and sprat. However, in this
analysis, paired comparisons showed high variability; for example, (1) the diet of horse mackerel species overlapped with that of clupeids (e.g. maximum
O = 0.81 between Mediterranean horse mackerel,
sardine and sprat), but in those cases, values were
not significant; (2) anchovy and bogue as well as
sprat and Atlantic horse mackerel showed significant
overlap values between them, but in contrast, the
overlap between Atlantic horse mackerel and Mediterranean horse mackerel or bogue was low. In
autumn, most of the comparisons showed nonsignificant values, with the exception of Atlantic
mackerel which showed significant diet overlap with
the rest of the species although values were relatively low (Fig. 8, left side).
The diet overlap was generally higher between the
species during the day than at night. During daytime,
not only clupeids overlapped in diet significantly but
also other species like Mediterranean horse mackerel and Atlantic mackerel showed high diet overlap
with sprat. Mediterranean horse mackerel and
Atlantic mackerel also overlapped in diet, as well as
the Atlantic horse mackerel, although significant values were obtained only in some cases. At night, the
diet of clupeids overlapped with all the other species,
but values were significant only between sprat and
the other 2 clupeid species. The 2 horse mackerel
species and the 2 mackerel species also showed high
diet overlap between the species. In contrast, a low
overlap index was observed for the Atlantic mackerel
compared to bogue and sprat (Fig. 8, right side).
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DISCUSSION
Methodological aspects
In this study, stomach contents were
based on meso- and macro-zooplankton counts. However, for example, in
the case of sardine, previous studies of
their diet have shown that large numbers of phytoplankton (Garrido et al.
2008, Nikolioudakis et al. 2012, Costalago & Palomera 2014) and microzooplankton (Varela et al. 1988, 1990)
can be ingested depending on the area
and food availability. Consequently, in
our results, the relevance of the ingestion of the smallest fractions by
small pelagic species could have been
underestimated, especially when abundances of prey are used as qualitative
descriptors (van der Lingen et al. 2009)
to infer aspects such as species diversity
index or trophic-niche breadth. However, to assess the importance of prey
groups in the diet, the contribution of a
given prey as energetic input has to be
considered (van der Lingen et al. 2009)
and it has been shown that even in
areas with high phytoplankton concentrations, phytoplankton contribution to
the ingested biomass is low compared
to that of zooplankton and larger prey

Fig. 7. Scatter diagrams illustrating ShannonWiener diversity index (H ’) as a function of
predator length for each predator species.
Each point represents the diversity in the
stomach content of a single fish. Divergent or
convergent quantile regression lines (solid
lines) illustrate ontogenetic changes in the
range of diversities with increasing predator
size. Dotted lines represent non-significant
change in trophic niche breadth. Results from
quantile regressions of diversity vs. predator
length comparisons are also presented. UBS:
upper bound slope, from the quantile regression estimating 90th (upper) quantiles of
the comparison; LBS: lower bound slope,
from the quantile regression estimating 10th
(lower) quantiles of the comparison. SE is the
standard error of each quantile regression.
CHANGE TNB represents decreases or increases in trophic niche width based on statistically significant differences between UBS
and LBS. ***p < 0.0001, **p < 0.001, *p < 0.01,
’p < 0.1, (ns) not significant
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Fig. 8. Pairwise comparisons of the Pianka index (O) between predator species in each geographical area, plotted as contingency diagrams. Indexes are indicated with numbers, and those comparisons that showed significant difference, i.e.
p (observed ≤ expected) < 0.05 include a circle, with size proportional to the index value. Diagrams on the left side are divided
by season, bottom-left parts of the diagrams showing spring data and top-right parts showing autumn data. On the right side,
diagrams are divided by the sampling time range, daytime on the bottom-left side and nighttime on the top-right side. E.en:
Engraulis encrasicolus; S.pil: Sardina pilchardus; S.spr: Sprattus spratus; T.tra: Trachurus trachurus; T.med: T. mediterraneus;
B.bo: Boops boops; S.sco: Scomber scombrus; S.col: Scomber colias
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(Espinoza & Bertrand 2008, Nikolioudakis et al.
2014). Accordingly, our results show the prey biomass composition based on length−weight conversion equations applied to direct length measurements and counts of prey species at a low taxonomic
level. This way, the underestimation of the ingested
biomass due to ingestion of the smallest fraction
(phytoplankton and micro-zooplankton) is assumed
to be low, relative to the biomass calculated from the
analyzed prey size range.
The present study is based on opportunity-based
surveys oriented to stock assessment using different
methods, and therefore, some biases on the stomach
sampling were due to the trawling methodology
(ICES 2011a,b). Accordingly, the following limitations
should be considered:
(1) The number of samples. Both BIOMAN and
PELACUS surveys have the anchovy as the target
species and, since fishing stations were based on
previous acoustic observations (ICES 2011a,b), that
results in a more effective anchovy sampling in comparison with other species. As a result, anchovy, Atlantic and Mediterranean horse mackerel and Atlantic
chub mackerel sampled in spring (BIOMAN) were all
from night trawls. In contrast, all samples collected in
autumn (PELACUS) were obtained during daytime.
(2) The coverage of predator vertical distribution.
All trawls were made close to the surface (maximum
fishing depth = 45 m, see ‘Materials and methods’),
and therefore, the diet composition analysis in the
present study cannot determine whether variations
in the vertical distribution of the species could result
in changes of the feeding behaviour. In the same
way, pelagic fish populations could show differences
in their vertical distribution though different seasons
and time of the day (Lezama-Ochoa et al. 2014).
However, the same study by Lezama-Ochoa et al.
(2014) shows that most pelagic fish remain in the
upper 40 m, and therefore, the results of this study
are likely to be a relatively good representation of the
diet. Further, the aim of the present study was to
focus on inter-specific differences in diet composition
and diet overlap when fish are sharing the niche.
Since the stomach sampling was made only at stations with co-occurrence between the species and all
fish were caught in the upper water column (0 to 45 m
depth), similar prey availability is assumed for all
predator species caught in the same haul. Hence, considering that all the species share the niche and therefore feed from the same food resource, inter-specific
variations are assumed to be more related to the feeding behaviour of small pelagic species rather than to
differences in predator–prey (e.g. spatial) distribution.

Diet composition
Comparisons between the diet composition of small
pelagic species caught at the same time (i.e. same
niche) show that fish size, species, geographical area,
season and sampling time are the variables significantly affecting the diet composition of small pelagic
fish.
In terms of prey numbers, copepods are the main
prey item for all predator species, with calanoids (e.g.
Centropages spp. and Temora spp.) dominating the
diet composition. However, large prey, commonly
less abundant, are often more valuable in terms of
energy input (e.g. Nikolioudakis et al. 2014) and
therefore more important to determine inter-specific
differences in aspects such as the diet preference and
predation efficiency. Our results show that copepods
are generally the most important biomass input for
fish when large prey are not ingested. This way, the
smallest size range of almost all sampled species
show a calanoid copepod-based diet composition
(Fig. 3), probably due to their limited ability to capture large prey (Bachiller & Irigoien 2013).
In the same way, clupeid species feed on a wide
range of copepods throughout the Bay of Biscay, but
it seems that, whatever the fish size is, anchovy show
more effective predation on larger prey (e.g. euphausiids and decapods) than sardine or sprat, the latter
feeding almost exclusively on copepods, as observed
in other regions (Möllmann et al. 2004). Differences
observed between anchovy and sardine coincide
with previous studies, suggesting a more effective
filter-feeding behaviour by sardine (Garrido et al.
2007, van der Lingen et al. 2009) in contrast with a
higher active predation by anchovy (Nikolioudakis et
al. 2014). Although anchovy can eat a wide range of
copepods, from the smallest meso-zooplankton species (e.g. Oncaea spp. in the Adriatic Sea anchovy;
Borme et al. 2009) to calanoids (Plounevez & Champalbert 1999, Raab et al. 2011), sardine has the ability
to retain even smaller prey size fractions (e.g. phytoplankton is efficiently filtered by sardine but not by
anchovy; Garrido et al. 2007, Nikolioudakis et al.
2014). However, a more efficient filtering apparatus
(Nikolioudakis et al. 2014) does not necessarily mean
an exclusive copepod-based diet composition. In fact,
sardine also incorporate decapods, appendicularians
and fish eggs into their diet when they are available
(Figs. 2 & 3).
Atlantic and Mediterranean horse mackerel seem
to feed on large prey (e.g. euphausiids) more often
than the other predator species (Dahl & Kirkegaard
1986, Olaso et al. 1999, Cabral & Murta 2002, Garrido
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& Murta 2011), although they also show high frequencies of copepods in their diet. In terms of biomass, calanoid copepods are the most important in
their diet only when large prey were not ingested
(e.g. Gironde area in autumn, especially in <130 mm
fish; Fig. 3). However, there is not any clear trend of
prey preference by fish size between areas or time. In
fact, the smallest Mediterranean horse mackerel is
the only species obtaining the main biomass input
from the predation on euphausiids (Fig. 3). The results suggest a similar diet composition and feeding
behaviour between the Mediterranean and Atlantic
horse mackerel, both species showing an active predation on large prey at any time, i.e. whenever large
prey are available for them (Fig. 4). Previous studies
observed a greater feeding activity during daytime
(Dahl & Kirkegaard 1986), suggesting a more effective predation efficiency on euphausiids, decapods
and amphipods (Cabral & Murta 2002) under light
conditions, in which visibility limitations are lower
(Aksnes & Utne 1997). However, in our study, we often observe effective predation not only during daytime but also during nighttime, such as in the case of
Atlantic and Mediterranean horse mackerel (Fig. 2).
This could indicate that horse mackerel feeding close
to the surface can effectively predate on macrozooplankton, which are more concentrated in shallow waters during nighttime (daily vertical migration; Maycas et al. 1999). When euphausiids do not
dominate the diet, most of the biomass is obtained
from copepods, in contrast with previous observations in other areas where copepods are rarely ingested (e.g. Portuguese waters; Garrido & Murta 2011).
Moreover, the biomass input in the diet of bogue
both during day- and nighttime is based on large
prey such as euphausiids and amphipods, the latter
more frequently ingested than by the other species.
However, all kind of copepods are also important,
especially for the smallest bogue. Accordingly, bogue
shows a large range of prey, with a tendency to
ingest large organisms (e.g. appendicularians, fish
larvae, etc.) when available.
In Atlantic mackerel and Atlantic chub mackerel
(especially in fish >130 mm), active predation on
decapods, euphausiids and fish larvae seems to be
energetically more important, in accordance with
previous studies (e.g. Darbyson et al. 2003, Cabral &
Murta 2002). Mysids were a special case appearing
as one of the most valuable target prey only for Atlantic chub mackerel in some areas. Euphausiids and
other large prey are also frequently observed not only
in the Bay of Biscay (Lucio 1997, this study) but also
in other areas (Castro 1993, Cabral & Murta 2002,
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Darbyson et al. 2003, Olaso et al. 2005, Langøy et al.
2012). Relative differences in prey numbers between
Atlantic and chub mackerel are low, indicating that
both species share the niche by feeding on the same
resource and exhibiting similar feeding behaviour.

Feeding intensity and feeding incidence
Differences in the stomach-filling degree are greater between areas and times than between the species, although clupeids seem to show a lower range
of variability. This pattern indicates that food availability plays a more important role in the diet than
the differences between fish species, or in other
words that all species have sufficient behavioural
flexibility to adapt to the different conditions.
Similarly, the feeding incidence does not show any
clear difference between areas or time. In general,
the number of empty stomachs in our sampled fish is
low, with Atlantic and Mediterranean horse mackerel as the species showing the highest percentage
of empty stomachs. This predation failure happens
especially at night, when capturing large prey can be
more difficult for fish due to visibility limitations
(Aksnes & Utne 1997).

Species richness and diversity-based trophic
niche breadth
In general, both prey richness and diversity values
are higher in the gut contents of fish caught in the
Adour-Arcachon and Gironde areas, where zooplankton concentration and diversity has also been
found to be relatively higher than in the Cantabrian
Sea (Albaina & Irigoien 2007).
In the case of clupeids, incorporating larger prey
into their diet when they grow in size could explain
the increasing trend (significant for anchovy and
sprat) of the diet diversity. Such a result could be
even clearer if the smallest fraction of prey (i.e.
phytoplankton and micro-zooplankton) would have
been considered, e.g. in sardine (Garrido et al. 2007,
Nikolioudakis et al. 2014). In contrast, larger predators like Atlantic horse mackerel, bogue and Atlantic
mackerel decreased the diversity-based trophic niche
breadth with increasing body size, which could indicate some kind of diet specialization, feeding on
larger and less diverse target prey groups (e.g.
euphausiids and decapods) as the predators become
larger in size and more effective in catching large
prey. Nevertheless, when considering all the species
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together, there was no significant relationship between fish size and trophic niche breadth. This result
could also be related to the ability by all predators to
use the whole prey size range at any size (Bachiller
& Irigoien 2013), area or time. For example, horse
mackerel, bogue and mackerel show lower diversity
at night, when large prey are the main biomass input
to the diet in some areas.

Diet overlap

also between size ranges. Top-down control of zooplankton by these planktivorous fishes (Checkley et
al. 2009) suggests that changes in plankton availability for fish could result in competition for the resource
and enhance the effects of intraguild predation
(Irigoien & De Roos 2011, Bachiller et al. 2015). However, the resource considered (i.e. the whole prey
size range) may not be so scarce as to be limiting for
overlapping species (Holbrook & Schmitt 1989, Raab
et al. 2011). In that case, even a complete diet overlap
may not involve competition (Hurlbert 1978, Holt
1987). A complete evaluation of competition will require quantifying different fish and plankton species
abundance in each area to estimate whether feeding
can be limited by the abundance of different prey
items. Equally, fish eggs and fish larvae appear frequently in the diet of most species, suggesting that
intraguild predation can play a significant role (e.g.
Bachiller et al. 2015) to shape the whole community.
But again, to estimate its impact requires simultaneous estimates of the different fish species biomass in
each of the areas.
In any case, in terms of an ecosystem approach to
fisheries management, it is important to take into
account that in the Bay of Biscay there is a high level
of diet overlap not only between clupeids but also
among small pelagic fish in general. Further research
on aspects such as fish abundance, plankton consumption estimations and spatial overlap would
therefore be of great interest to better understand
ecological implications of the variation in feeding
activity among small pelagic fish species.

As shown in similar studies (Raab et al. 2011), the
diet overlap is large among the 3 clupeid species, i.e.
anchovy, sardine and sprat, at any time, area and
season. However, it seems clear that the relatively
small clupeids can also show a substantial diet overlap with larger fish like Atlantic horse mackerel,
Atlantic mackerel or bogue. These larger fish can
also have a relatively large diet overlap between
them at the same time. Interestingly, in some cases,
overlap between close species (Atlantic horse mackerel vs. Mediterranean horse mackerel; Atlantic
mackerel vs. Atlantic chub mackerel) can be lower
than the overlap observed when comparing one of
them to other species (e.g. anchovy vs. Mediterranean horse mackerel in the Cantabrian area during
spring; anchovy vs. Atlantic chub mackerel in AdourArcachon area during autumn). In fact, Pianka index
values do not show a large variability between fish
pairs, which suggests that differences are rather due
to differences in the zooplankton composition. Overlap values seem to be determined more by food availability than by feeding selection or predator specialAcknowledgements. This research was supported by the
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