
INTRODUCTION
In the Iberian Peninsula, the freshwater fish fauna is

dominated by cyprinids and is characterized by a high level
of endemism (Doadrio 2001), as around 45% of Iberia’s
native fish species are endemic (Gómez and Lunt 2007).
Recently, Iberian populations of the genus Leuciscus were
transferred into the genus Squalius (see Sanjur et al. 2003,
Kottelat and Freyhof 2007), and the majority of species
are endemic at drainage level (Leunda et al. 2009). The
development of effective conservation programmes for
endemic fish species requires a clear understanding of the

ecological requirements of these species, and a better
knowledge of their feeding habits is essential for this
objective.

The Northern Iberian chub, Squalius carolitertii
(Doadrio, 1988), is a small endemic cyprinid inhabiting
the rivers of the Iberian Peninsula across a large area,
including the Douro, Mondego, Lima, Minho, and Lérez
basins (Doadrio 1988, 2001, Carmona and Doadrio 2000).
Recently Perea et al. (2011) reported this species for the
first time from the upper reaches of the Alberche River
(a tributary of the Tagus basin in central Spain) and in the
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Background. The northern Iberian chub Squalius carolitertii (Doadrio, 1988) is a small endemic cyprinid inhab-
iting the rivers of the Iberian Peninsula. The knowledge of feeding patterns is essential to understand the ecolog-
ical role of fish populations, helping to the development of conservation and management plans. The aim of the
present study was to analyze the ontogenetic dietary shifts and food selection of S. carolitertii, contributing to
knowledge of the feeding behaviour of this fish species.
Materials and methods. Diet composition of S. carolitertii was compared to benthos and drift composition in
a river of Central Spain (Ávila, River Tormes) using selectivity indices of Ivlev and Savage. The age of 57
S. carolitertii collected in August 2010 was determined by scale reading and by length frequency analyses (LFA)
with the Petersen method. Maximum length of benthos, drift and prey invertebrates was measured for each item
to establish whether prey-size selection depends upon the size-frequency distribution of available prey.
Results. Detritus were found in 33 fish (57.9% of occurrence). Nymphs of Baetis spp. were the most abundant
prey (46.6%) and were identified in the 49.1% of the stomachs. Moreover, Baetis spp. was selected positively
from the benthos and drift by all age classes. Abundant potential prey items such as Epeorus spp. in the benthos
and Simuliidae in the drift were negatively selected. Individuals without detritus in the gut contained more ani-
mal prey items than individuals with a dominance of detritus, and the frequency of occurrence of detritus
decreased with the age. Mean prey size increased with fish size (r = 0.646, P < 0.001).
Conclusion.Age-related diet shifts occur at three different levels: (1) frequency of occurrence of detritus decreas-
es with fish age; (2) prey selection varied with fish age; and (3) mean prey size increased as fish size increased.
The rejection of Epeorus spp. and Simuliidae suggests that other factors, apart of prey abundance, including site-
specific prey accessibility, prey size, energetic selection criteria and prey preference of fishes play an important
role in feeding behaviour of S. carolitertii. Prey-size selection is probably dependent on the size-frequency dis-
tribution of the available prey.
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Oitavén River (a tributary of the Verdugo River in north-
western Spain). Except for the populations in the Tajo
basin, this species is listed as vulnerable (VU) in the
Spanish Red Data Book (Doadrio 2001) and as Least
Concern (LC) in the IUCN Red List of Threatened
Species (Crivelli 2006). Although some studies of S. car-
olitertii have been undertaken in recent years, the biology
of this species remains largely unknown. Its general habi-
tat requirements (Carmona and Doadrio 2000, Santos et
al. 2004, Maia et al. 2006) are well known, and data on
population parameters, growth and reproduction have
been reported by Maia et al. (2006). Genetic, morpholog-
ic and phylogenetic studies have also focused on this fish
species (Coelho et al. 1995, Zardoya and Doadrio 1998,
Gómez and Lunt 2007, Cunha et al. 2009). However, diet
composition of S. carolitertii remains poorly documented
and the limited information available on feeding behaviour
comes from Sánchez-Hernández and Cobo (2011). On the
other hand, information concerning the feeding behaviour
of other species of Squalius in the Iberian Peninsula is
more freely available, especially for Squalius pyrenaicus
(Günther, 1868) (see Rodríguez-Jiménez 1987, Magalhães
1993a, b, Coelho et al. 1997, Blanco-Garrido et al. 2003).

In particular, although Sánchez-Hernández and Cobo
(2011) found that S. carolitertii was an omnivorous fish
feeding predominantly on aquatic invertebrates, other
aspects of its feeding ecology, including food selection,
ontogenetic diet shifts and seasonal differences in diet
composition remain unknown. A better knowledge of the
feeding habits of S. carolitertii would provide important
information to help understand the trophic requirements
of this fish. Several researchers have demonstrated that
studies based on food selection provide insight into fac-
tors involved in prey choice in freshwater fish species
(Rincón and Lobón-Cervía 1999, Johnson et al. 2007,
Sánchez-Hernández et al. 2011a, b). Hence, the goal of
this research was to study the ontogenetic dietary shifts
and food selection of S. carolitertii in an Iberian river dur-
ing summer, contributing to the knowledge of the feeding
behaviour of this fish species.

MATERIAL AND METHODS
Individuals of Squalius carolitertii were collected

from the River Tormes in Ávila (Central Spain, UTM:
30T 288707 4466342). This is a tributary of the River
Duero (897 km total length). Environmental characteris-
tics of the study site are detailed in Sánchez-Hernández
and Cobo (2011).

The study was conducted in a wadeable riffle section of
the river, and samples were collected in August 2010. Prior
to electrofishing, samples of potential prey species (benth-
ic and drifting invertebrates) were collected to study prey
selection in S. carolitertii. Benthic invertebrates were col-
lected using a 0.1 m2 Surber sampler (n = 9). Brundin nets
(250 µm mesh size, 1 m length, 30 cm mouth diameter)
were used to collect drifting aquatic and terrestrial inverte-
brates between 1000 and 1400 h. After collection, both
benthic and drift samples were fixed using 4% formalin

and stored for later processing. In the laboratory, macroin-
vertebrates were identified to the lowest taxonomic level
possible and the abundance of each item was calculated.

Fish were collected using pulsed direct-current back-
pack electrofishing equipment (Hans Grassl GmbH,
ELT60II). For the purpose of the study 57 S. carolitertii
captured were killed immediately by an overdose of
anaesthetic (benzocaine), and transported in coolboxes
(approx. 4ºC) to the laboratory, where they were frozen at
–30ºC until processed. Fork length of S. carolitertii
ranged from 4.4 to 14 cm (mean fork length ± standard
error = 6.5 cm ± 0.28). The age of fishes was determined
by scale reading and by length frequency analyses (LFA)
with the Petersen’s method. Thus, the sample includes
specimens from one to five years: nage 1 = 35, nage 2 = 13,
nage 3 = 7 and nage 5 = 2. No S. carolitertii of age 4 were
collected.

In the laboratory the fish were dissected and their gas-
trointestinal tracts removed. No empty gastrointestinal
tracts were observed. Prey items were allocated to diet
categories as follows: aquatic invertebrates, terrestrial
invertebrates, and other prey items. The abundance of
detritus was not quantified because it was impossible to
count individual items, but the number of gastrointestinal
tracts in which it was found was noted. A visual evalua-
tion of detritus volume was made according to the method
of Collares-Pereira et al. (1996). Three categories were
established: absence (0%), presence (<50%), and domi-
nance (>50%). To describe the diet, data are presented on
the relative abundance of prey items (Ai):

Ai =100 × ΣSi × ΣSt
–1

where: Si = gastrointestinal tract content (number) com-
posed by prey i, and St = the total gastrointestinal tract
content of all gastrointestinal tracts in the entire sample,
and frequency of occurrence of preys (Fi):

Fi =100 × Ni × N–1

where Ni is the number of fish with prey i in their gas-
trointestinal tract and N is the total number of fish with
gastrointestinal tract contents of any kind.

In order to study prey selection of Northern Iberian
chub, feeding selectivity was measured using Ivlev’s
selectivity index (Ivlev 1961) and the Savage index
(Savage 1931). Possible values of Ivlev’s selectivity index
range from –1 to +1, with negative values indicating rejec-
tion or inaccessibility of the prey, zero indicating random
feeding, and positive values indicating active selection.
The Savage index varies from zero (maximum negative
selection) to infinity (maximum positive selection).

Finally, maximum length of benthos, drift and prey
invertebrates was measured for each item with a digital
calliper (Mitutoyo Absolute, 0.01-mm precision, Japan)
to study whether prey-size selection is dependent upon the
size-frequency distribution of available prey.
Invertebrates were grouped into 2-mm length classes.
When invertebrates were fragmented or partially digested,
the prey length was estimated from the width of the
cephalic capsule (see Rincón and Lobón-Cerviá 1999),
which was normally the best preserved part.
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Statistical analyses were conducted using the PASW
Statistics 18 software. Kruskal–Wallis tests for non-nor-
mal data were used for detecting differences among detri-
tus categories and age classes, and Mann–Whitney U test
were used for a posteriori comparisons. The Spearman
correlation was used to examine correlations between the
feeding variables (number of prey items, percentage of
aquatic invertebrates, percentage of terrestrial inverte-
brates and mean prey size) and fish size. All tests were
considered statistically significant at P < 0.05.

RESULTS
A total of 4381 specimens of the benthic invertebrate

fauna were collected, and could be grouped into 31 taxa.
Epeorus spp. was the most abundant, and represented
29.6% of the total number of individuals. Baetis spp. and
Simuliidae contributed 19% and 12.4%, respectively to
total abundance (Table 1). The drift was composed of
both aquatic and terrestrial invertebrates (Table 1). A total
of 225 invertebrates representing 27 taxa were collected
from the drift, dominated by simuliid larvae (66.2%).

Detritus were found in 33 fish (57.9% of occurrence).
A total of 371 prey items were identified in the gastroin-
testinal tracts of Northern Iberian chub, including 23 types
of prey (Table 1). Sixteen of these 23 categories were
aquatic invertebrates, and only six corresponded to terres-
trial invertebrates. In general, nymphs of Baetis spp. were
the most abundant prey (46.6%) and were identified in
49.1% of the gastrointestinal tracts (Table 1). Terrestrial
invertebrates were also present (7.4% of total prey).
Piscivory was observed in only one S. carolitertii (age 3,
10.8 cm fork length, FL). The diet varies with fish age
(Table 2), with the most abundant prey item differing in
each age class: Simuliidae (42.3%) in age 1, Hydracarina
(33.3%) in age 2, Baetis spp. (79.2%) in age 3, and Baetis
spp. and Allogamus sp. (both 28.6%) in age 5.

The number of prey items tended to decrease as the
amount of detritus increased in Northern Iberian chub
(Fig. 1; Kruskal–Wallis test; P < 0.001), as can be seen in
Fig. 1 the number of prey items was higher in absence cat-
egory than presence category (Mann–Whitney U test,
P = 0.022) and dominance category (Mann–Whitney
U test, P < 0.001). On the other hand, the number of prey
items consumed by Northern Iberian chub ranged from
0 to 126 (mean ± standard error = 6.5 ± 2.23), with the
relation between the number of prey items consumed and
fish size positive but no significant (r = 0.234; P = 0.080).
Only one fish had as many as 126 prey individuals in the
gastrointestinal tract, but 73.7% of the total S. carolitertii
sample analysed in the present study had consumed
between 1 and 18 prey items.

Fourteen chub specimens (24.6% of the total) had only
detritus in their gastrointestinal tract. These included nine
specimens of age 1 and five fish of age 2. Table 2 shows
that the frequency of occurrence of detritus decreases with
age (range: 65.7% in age 1 to 0% in age 5). On the other
hand, no differences were found in the number of animal
prey items (Kruskal-Wallis test; P = 0.293), the percentage

of aquatic invertebrates (Kruskal–Wallis test; P = 0.238)
or the percentage of terrestrial invertebrates (Kruskal-
Wallis test; P = 0.736) among age classes. Moreover, the
present study shows that the correlation between fish length
and the percentage of aquatic invertebrates was positive but
not significant (r = 0.208; P = 0.12), and also the percent-
age of terrestrial invertebrates was not related to fish size
(r = –0.038; P = 0.777).

A comparison of macroinvertebrate availability in the
environment (drift and benthos) and prey selectivity using
both Ivlev’s selectivity and Savage indices shows that
S. carolitertii selected positively for different items
(Tables 1 and 2 and Fig. 2). Despite the high abundance
of Epeorus spp. and Hydropsyche spp. in the benthos and
Simuliidae in the drift, these items, according to Ivlev’s
selectivity index, were selected negatively (Fig. 2). On the
other hand, Baetis spp. were selected positively in both
benthos and drift by all ages, making ups a large compo-
nent of the diet for all age classes (20.4% in age 2 to
79.2% in age 3). Despite this preference for Baetis spp.,
according to both selectivity indices, prey selection varies
with fish age as can be seen in Table 2.

Mean prey size was correlated with fish size (r = 0.646;
P < 0.001). Furthermore, there were differences in the aver-
age size of consumed among age classes (Kruskal–Wallis
test; P = 0.003). Thus the average prey size (mean ± stan-
dard error) was larger for age 3 (8.2 ± 1.601 mm) fish than
for age 2 (3.5 ± 0.677 mm) and age 1 fish (3.6 ± 0.304 mm)
(Mann–Whitney U test, P = 0.018 and Mann–Whitney
U test, P = 0.02, respectively). No differences were found
between age 1 and age 2 (Mann–Whitney U test, P = 0.839)
or between age 5 (9.6 ± 0.350 mm) and age 3
(Mann–Whitney U test, P = 0.317).

Organisms 2–4 mm long were generally the most
numerous size class in drift and benthos samples (42% and
46.9% of the total, respectively). The 4–6 mm size catego-
ry was also abundant in both drift and benthos samples
(37% and 35.8%, respectively, see Table 3 and Fig. 3).
S. carolitertii fed mainly on prey within the 1–15 mm size
range (3.72 ± 0.275 mm), with prey of 2–4 mm being the
most commonly consumed (55.6% of total). Less numer-
ous in the gastrointestinal tracts, but very important in
S. carolitertii diet, was the < 2 mm size category (Table 3
and Fig. 3). As can be seen in Fig. 3, the size-frequency
distributions of diet, benthos and drift for 6–8, 8–10, and
>10 mm size categories were similar. On the other hand,
< 2 and 2–4 mm size categories were more frequently
encountered in the diet than in the environment (benthos
and drift), and 4–6 mm size category was more frequent-
ly in the environment (benthos and drift) than in the diet
(Fig. 3). Moreover, although the most abundant prey size
category in benthos, drift and prey invertebrates was the
same (2–4 mm), significant differences in the mean length
among samples were found (Kruskal–Wallis test;
P < 0.001), being higher in the drift (5.3 ± 0.309 mm) than in
the gastrointestinal tracts (Mann–Whitney U test, P < 0.001)
and higher in the benthos (4.99 ± 0.117 mm) than in the
gastrointestinal tracts (Mann–Whitney U test, P < 0.001),

Dietary shifts and food selection of Squalius carolitertii in Spain 103



Sánchez-Hernández and Cobo104

Prey item DS
Benthos Drift Diet Ivlev index Savage index
Ai [%] Ai [%] Ai [%] Fi [%] Benthos Drift Benthos Drift

A
qu

at
ic

in
ve

rte
br

at
es

Dugesia spp. A 1.86 — — — –1 — 0 —
Lumbriculidae A 0.08 — — — –1 — 0 —
Ancylus fluviatilis A 0.76 0.89 — — –1 –1 0 0
Hydracarina gen. sp. A 0.08 — 6.7 8.8 1 1 84.2 IF
Copepoda gen. sp. A — — 0.3 1.8 1 1 IF IF
Baetis spp. N 18.97 7.56 46.6 49.1 0.4 0.7 2.5 6.2
Ephemerella spp. N 3.39 1.33 — — –1 –1 0 0
Ecdyonurus spp. N 3.3 1.78 — — –1 –1 0 0
Epeorus spp. N 29.55 1.78 2.7 15.8 –0.8 0.2 0.1 1.5
Habrophlebia sp. N 0.08 — 0.5 1.8 0.7 1 6.7 IF
Leuctra geniculata N 2.03 1.78 0.3 1.8 –0.8 –0.7 0.1 0.2
Perla sp. N 0.08 — — — –1 — 0 —
Boyeria irene N 0.08 — — — –1 — 0 —
Ophiogomphus sp. N 0.42 0.89 — — –1 –1 0 0
Aphelocheirus aestivalis A 1.19 0.44 0.8 5.3 –0.2 0.3 0.7 1.8
Micronecta sp. A — 0.44 — — — –1 — 0
Elmis sp. L 0.34 0.44 0.5 3.5 0.2 0.1 1.6 1.2
Macronychus sp. L 1.19 0.44 — — –1 –1 0 0
Oulimnius sp. A — 0.44 — — — –1 — 0
Esolus spp. A 0.85 — — — –1 — 0 —
Orectochilus sp. L — 0.44 — — — –1 — 0
Hydraena sp. A 0.17 — — — –1 — 0 —
Micrasema sp. L 0.59 — — — –1 — 0 —
Hydropsyche spp. L 11.18 4 2.4 14 –0.6 –0.2 0.2 0.6
Lepidostoma sp. L 0.08 — — — –1 — 0 —
Leptoceridae L — — 0.3 1.8 1 1 IF IF
Allogamus sp. L 0.17 0.44 2.2 7 0.9 0.7 12.7 4.9
Chimarra marginata L 3.3 0.89 0.3 1.8 –0.8 –0.5 0.1 0.3
Polycentropus sp. L 0.25 — 1.1 7 0.6 1 4.3 IF
Rhyacophila spp. P 1.1 0.89 — — –1 –1 0 0
Rhyacophila spp. L 1.78 0.44 1.6 10.5 –0.05 0.6 0.9 3.7
Atherix sp. L 0.68 0.89 — — –1 –1 0 0
Tanypodinae L 3.05 3.56 3 14 –0.01 –0.1 0.97 0.8
Orthocladiinae L 0.93 — — — –1 — 0 —
Empididae L 0.08 — — — –1 — 0 —
Tipulidae L — 0.44 — — — –1 — 0
Simuliidae L 12.36 66.22 22.9 40.4 0.3 –0.5 1.9 0.3

Te
rr

es
tri

al
in

ve
rte

br
at

es

Brachycentridae A — 0.44 — — — –1 — 0
Trichoptera gen. sp. A — — 1.9 8.8 — 1 — IF
Ephemeroptera gen. sp. A — — 0.5 3.5 — 1 — IF
Asilidae A — 0.44 — — — –1 — 0
Chironomidae A — 0.44 — — — –1 — 0
Simuliidae A — 1.78 — — — –1 — 0
Diptera gen. sp. A — — 0.5 3.5 — 1 — IF
Formicidae A — 0.44 3.2 17.5 — 0.8 — 7.4
Coleoptera gen. sp. A — — 0.5 3.5 — 1 — IF
Arachnida gen. sp. A — — 0.8 5.3 — 1 — IF

O
P Fish — — 0.3 1.8 — — — —

Detritus — — — 57.9 — — — —

F

Table 1
Principal parameters of the food of Squalius carolitertii from the Tormes River, Central Spain

DS = developmental stage; A = adult; N = nymph; L = larvae; P = pupae; Ai = relative abundance; Fi = frequency of occur-
rence; IF = Savage index tended to infinity; OP = other prey items.
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but no differences were found between benthos and drift
(Mann–Whitney U test, P = 0.45).

DISCUSSION
Previously, the dietary composition of S. carolitertii

has been described by Sánchez-Hernández and Cobo
(2011). In contrast with Sánchez-Hernández and Cobo
(2011), who studied summer food resource partitioning
between four sympatric fish species in the River Tormes
(Central Spain), in our case the diet of S. carolitertii was
compared with samples of potential prey (benthic and
drifting invertebrates) to study prey selection and ontoge-
netic dietary shifts, to help understand the trophic require-
ments of this fish species.

The relative orientation of the mouth indicates the water
depth at which feeding normally occurs (Winemiller 1991).
Generally, the mouth position in species of the genus
Squalius is subterminal. According to this characteristic,
Blanco-Garrido et al. (2003) stated that mouth position in
S. pyrenaicus allows them to capture prey inhabiting benth-
ic-, water-surface-, or pelagic habitats. It is also interesting
to note that typically benthonic items living under rocks or
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Fig. 2. Ivlev’s selectivity index of Squalius carolitertii from the Tormes River, Central Spain (*terrestrial prey); Data
are presented for each age class

Fig. 1.Mean number of preys in the gastrointestinal tracts
of Squalius carolitertii from the Tormes River, Central
Spain in relation to the amount of detritus remaining;
Error bars represent 95% confidence intervals



on the surface of substrata, with low mobility and drift such
as Dugesia spp. or Ancylus fluviatilis (see Tachet et al. 2002,
Oscoz et al. 2011) were negatively selected. Moreover,
Rodríguez-Jiménez (1987) found that the absence of sand
and detritus in the gastrointestinal tracts of cyprinid fish
species could indicate that the fish do not feed strictly on
the bottom as in the present study. Thus, our findings show
that S. carolitertii has the ability to feed at different depths
of the water column as, previously, Blanco-Garrido et al.
(2003) found for S. pyrenaicus.

The species of the genus Squalius have been consid-
ered as typically omnivorous (Coelho et al. 1997, Blanco-
Garrido et al. 2003, Sánchez-Hernández and Cobo 2011).
Our results show that the utilization of detritus could be
linked to the ability to ingest animal prey items, and indi-
viduals with an absence of detritus in the gut had more
animal prey items than individuals with a dominance of
detritus. Thus, the feeding strategy development by
S. carolitertii could be the result of an energetic selection
criteria, since animal prey items are more profitable than
detritus or plant material (Bowen 1979, 1987), being an
important component of the diet of cyprinids (Magalhães
1993a, b, Encina and Granado-Lorencio 1994, Blanco-
Garrido et al. 2003, Sánchez-Hernández et al. 2011b).

As predicted by optimal foraging theory (OFT), the
fish should select those prey items that maximize their net
rate of energy gain (Pyke et al. 1977, Gerking 1994).
Thus, different researchers have demonstrated that prey
selection in fishes is related to prey characteristics (e.g.,
size, locomotor abilities, accessibility, or anti-predator
behaviour), fish characteristics (e.g., prior experience,
locomotor abilities, stomach fullness, mouth gape, senso-
ry capabilities, and fish size) and physical habitat charac-
teristics (e.g., flow patterns and structural complexity of
habitat) (Gerking 1994 and references therein).
Concerning food selection, our results are in good agree-
ment with those obtained in other studies in different fish
species, and fishes do not always consume the most abun-
dant taxa available in the environment (de Crespin de
Billy and Usseglio-Polatera 2002, Sánchez-Hernández et
al. 2011a, b). Despite the high abundance of Epeorus spp.
and Hydropsyche spp. in the benthos and Simuliidae in the
drift, these items were selected negatively. Previously,
Sánchez-Hernández and Cobo (2011), using Amundsen’s
method and Tokeshi’s graphical model, stated that
Northern Iberian chub shows a generalist feeding strategy
with Baetis spp. and Simuliidae dominating as prevalent
food. This could explain the positive selection of Baetis

spp. in the benthos and drift, demonstrating that all age
classes choose this item for feeding. Moreover, the prefer-
ence for Baetis spp. found in this study could also be relat-
ed to site-specific prey accessibility as demonstrated by
other researchers (Oscoz et al. 2006, Johnson et al. 2007,
Leunda et al. 2008, Sánchez-Hernández et al. 2011a).

On the other hand, according to several authors prey size
and other factors related to fish size including, for example,
handling ability of fishes are important variables that deter-
mine food selection (Cunha and Planas 1999, de Crespin de
Billy et al. 2002, Sánchez-Hernández et al. 2011a). This
study shows that the size-frequency distribution of gas-
trointestinal tracts was not identical to that in the benthos
and drift samples. This supports the findings of Sánchez-
Hernández et al. (2011a) who found that the size-frequen-
cy distribution of potential prey items in the benthos was
different to that of prey in the stomachs of brown trout.
Our findings are in concordance with the observations of
brown trout by Rincón and Lobón-Cerviá (1999), and
prey-size selection is probably dependent of the characteris-
tics of the size-frequency distribution of the available prey.
The high abundance of items with length less than four mil-
limetres could be related to the small mouth gape of
Northern Iberian chub. In this context, Blanco-Garrido et al
(2003) have found that in S. pyrenaicus the mean prey size
consumed was positively correlated with mouth size. Thus,
active choice by prey-size selection in S. carolitertii
appeared to be important criteria implying in food selection.

During their life history fish undergo ontogenetic dietary
shifts (Magalhães 1993b, Blanco-Garrido et al. 2003,
Fochetti et al. 2008). These shifts during life stage transi-
tions may be accompanied by a marked reduction in intra-
specific competition within the fish population, facilitat-
ing the partitioning of resources (Elliott 1967, Amundsen
et al. 2003, Oscoz et al. 2006). In the present study, age-
related shifts in the diet of S. carolitertii occurred at three
different levels. Firstly, the diet composition shifts during
ontogeny (Magalhães 1993b, Blanco-Garrido et al. 2003).
Magalhães (1993b) found that throughout ontogeny
S. pyrenaicus shifts from soft-bodied to hard-shelled prey
and decreased animal prey breadth. In our case, the diet
varied with fish age, with the most frequently consumed
prey item being Simuliidae in age 1, Hydracarina in age 2,
Baetis spp. in age 3 and Baetis spp. and Allogamus sp. in
age 5. Moreover, the presently reported study shows that
the frequency of occurrence of detritus in the gut decreases
with age. Secondly, prey selection vary with fish age, these
findings emphasize the observations of other researchers
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Frequency
Prey size category [mm]

0–2 2–4 4–6 6–8 8–10 >10
Benthos frequency [%] 0.7 46.9 35.8 10.3 2.6 3.7
Drift frequency [%] 1 42 37 8 5 7
Diet frequency [%] 26.7 55.6 6.7 3.7 0.7 6.7

Table 3
Benthos, drift, and diet of Squalius carolitertii from the Tormes River, Central Spain,

in individual 2-mm prey size categories



(Lukoschek and McCormick 2001, Fochetti et al. 2008) and
are broadly in accordance with Magalhães (1993b),
who stated that morphological constraints, prey handling
costs and habitat partitioning are responsible for size-related
changes in diet, since Squalius species shows size-depend-
ent microhabitat use (Santos and Ferreira 2008). Thirdly,
ontogenetic dietary shifts may also occur at the level of prey
size. Several researchers have found that mean prey size
increases as predator size increases (Magalhães 1993b,
Blanco-Garrido et al. 2003, Montori et al. 2006) and this
may also be the case in our study.

Finally, it is important to note that the fish in this study
were captured during daylight and all parts of the gastroin-
testinal tract of each fish were analysed. Thus gut contents
could also include prey items from the night drift. This
could affect study results since drift composition varies
throughout the day (Rieradevall and Prat 1986).
Nevertheless, despite this problem, our findings show that
other factors apart of prey abundance, including site-spe-
cific prey accessibility, prey size, energetic selection cri-
teria and prey preference of fish play an important role in
feeding behaviour of S. carolitertii.

ACKNOWLEDGEMENTS
We would like to thank to Ricardo Sánchez, Félix

López and Rosa San Segundo. Part of this work has been
carried out in the laboratories of the Station of
Hydrobiology of the USC “Encoro do Con” at Vilagarcía
de Arousa. Christoph Hahn, Phil Harris and two anony-
mous reviewers are acknowledged for valuable comments
and grammar corrections on the manuscript. This work
has been partially supported by the project
10PXIB2111059PR of the Xunta de Galicia and the proj-
ect MIGRANET of the Interreg IV B SUDOE (South-
West Europe) Territorial Cooperation Programme
(SOE2/P2/E288).

REFERENCES
Amundsen P.-A., Bøhn T., Popova O.A., Staldvik F.J.,

Reshetnikov Y.S., Kashulin N.A., Lukin A.A. 2003.
Ontogenetic niche shifts and resource partitioning in a subarc-
tic piscivore fish guild. Hydrobiologia 497 (1–3): 109–119.
DOI: 10.1023/A:1025465705717

Blanco-Garrido F., Sánchez-Polaina F.J., Prenda J. 2003.
Summer diet of the Iberian chub (Squalius pyrenaicus) in
a Mediterranean stream in Sierra Morena (Yeguas Stream,
Córdoba, Spain). Limnetica 22 (3–4): 99–106.

Bowen S.H. 1979. A nutritional constraint in detritivory by fishes:
The stunted population of Sarotherodon mossambicus in Lake
Sibaya, South Africa. Ecological Monographs 49 (1): 17–31.
DOI: 10.2307/1942570

Bowen S.H. 1987. Composition and nutritional value of detri-
tus. Pp: 192–216. In: Moriarty D.J.W., Pullin R.S.V. (eds.)
Detritus and microbial ecology in aquaculture. ICLARM,
Manila.

Carmona J.A., Doadrio I. 2000. Threatened fishes of the
world: Leuciscus carolitertii Doadrio, 1988 (Cyprinidae).
Environmental Biology of Fishes 57 (1): 96.
DOI: 10.1023/A:1007602628674

CoelhoM.M., BritoR.M., PachecoT.R., FigueiredoD., PiresA.M.
1995. Genetic variation and divergence of Leuciscus pyre-
naicus and L. carolitertii (Pisces, Cyprinidae). Journal of
Fish Biology 47 (Suppl. sA): 243–258.
DOI: 10.1111/j.1095-8649.1995.tb06059.x

CoelhoM.M., Martins M.J., Collares-Pereira M.J., Pires A.M.,
Cowx, I.G. 1997. Diet and feeding relationships of two
Iberian cyprinids. Fisheries Management and Ecology 4 (2):
83–92.
DOI: 10.1046/j.1365-2400.1997.d01-165.x

Collares-PereiraM.J.,MartinsM.J., PiresA.M.,GeraldesA.M.,
Coelho M.M. 1996. Feeding behaviour of Barbus bocagei
assessed under a spatio-temporal approach. Folia Zoologica
45 (1): 65–76.

Crivelli A.J. 2006. Squalius carolitertii. In: IUCN 2011. IUCN
Red List of Threatened Species. Version 2011.2.
www.iucnredlist.org. Downloaded on 01 February 2012.

Cunha C., Bastir M., Coelho M.M., Doadrio I. 2009. Body
shape evolution among ploidy levels of the Squalius
alburnoides hybrid complex (Teleostei, Cyprinidae).
Journal of Evolutionary Biology 22 (4): 718–728.
DOI: 10.1111/j.1420-9101.2009.01695.x

Cunha I., Planas M. 1999. Optimal prey size for early turbot
larvae (Scophthalmus maximus L.) based on mouth and
ingested prey size. Aquaculture 175 (1–2): 103–110.
DOI: 10.1016/S0044-8486(99)00040-X

de Crespin de Billy V., Usseglio-Polatera P. 2002. Traits of
brown trout prey in relation to habitat characteristics and
benthic invertebrate communities. Journal of Fish Biology
60 (3): 687–714.
DOI: 10.1111/j.1095-8649.2002.tb01694.x

de Crespin de Billy V., Dumont B., Lagarrigue T., Baran P.,
Statzner B. 2002. Invertebrate accessibility and vulnerability in
the analysis of brown trout (Salmo trutta L.) summer habitat
suitability. River Research and Applications 18 (6): 533–553.
DOI: 10.1002/rra.687

Doadrio I. 1988. Leuciscus carolitertii n. sp. from the Iberian
Peninsula (Pisces: Cyprinidae). Senckenbergiana Biologica
68 (4–6): 301–309.

Doadrio I. (ed.) 2001. Atlas y libro rojo de los peces continen-
tales de España. Ministerio de Medio Ambiente y Consejo
Superior de Investigaciones Científicas, Madrid.

Dietary shifts and food selection of Squalius carolitertii in Spain 109

Fig. 3. Size-frequency of the benthos, drift and diet of
Squalius carolitertii from the Tormes River, Central
Spain



Elliott J.M. 1967. The food of trout (Salmo trutta) in
a Dartmoor stream. Journal of Applied Ecology 4 (1):
59–71.

Encina L., Granado-Lorencio C. 1994. Gut evacuation in barbel
(Barbus sclateri G., 1868) and nase (Chondrostoma willkom-
mi S., 1866). Ecology of Freshwater Fish 3 (4): 159–166.
DOI: 10.1111/j.1600-0633.1994.tb00018.x

Fochetti R., Argano R., Tierno de Figueroa J.M. 2008.
Feeding ecology of various age-classes of brown trout in
River Nera, Central Italy. Belgian Journal of Zoology 138:
128–131.

Gerking S.D. 1994. Feeding ecology of fish. Academic Press,
San Diego.

Gómez A., Lunt D.H. 2007. Refugia within refugia: patterns of
phylogeographic concordance in the Iberian Peninsula. Pp:
155–188. In: Weiss S., Ferrand N. (eds.) Phylogeography of
southern European refugia, Springer, Dordrecht, The
Netherlands.

Ivlev V.S. 1961. Experimental ecology of the feeding of fishes.
Translated from the Russian by Douglas Scott. Yale
University Press, New Haven.

Johnson R.L., Coghlan S.M., Harmon T. 2007. Spatial and
temporal variation in prey selection of brown trout in a cold
Arkansas tailwater. Ecology of Freshwater Fish 16 (3):
373–384.
DOI: 10.1111/j.1600-0633.2007.00230.x

Kottelat M., Freyhof J. 2007. Handbook of European freshwa-
ter fishes. Kottelat and Freyhof, Cornol, Switzerland, Berlin,
Germany.

Leunda P.M., Elvira B., Ribeiro F., Miranda R., Oscoz J.,
Alves M.J., Collares-Pereira M.J. 2009. International
standardization of common names for Iberian endemic
freshwater fishes. Limnetica 28 (2): 189–202.

Leunda P.M., Oscoz J., Elvira B., Agorreta A., Perea S.,
Miranda R. 2008. Feeding habits of the exotic black bull-
head Ameiurus melas (Rafinesque) in the Iberian Peninsula:
first evidence of direct predation on native fish species.
Journal of Fish Biology 73 (1): 96–114.
DOI: 10.1111/j.1095-8649.2008.01908.x

Lukoschek V., McCormick M.I. 2001. Ontogeny of diet
changes in a tropical benthic carnivorous fish, Parupeneus
barberinus (Mullidae): relationship between foraging
behaviour, habitat use, jaw size, and prey selection. Marine
Biology 138 (6): 1099–1113.
DOI: 10.1007/s002270000530

Magalhães M.F. 1993a. Feeding of an Iberian stream cyprinid
assemblage: seasonality of resource use in a highly variable
environment. Oecologia 96 (2): 253–260.
DOI: 10.1007/BF00317739

Magalhães M.F. 1993b. Effects of season and body-size on the
distribution and diet of the Iberian chub Leuciscus pyrenaicus
in a lowland catchment. Journal of Fish Biology 42 (6):
875–888.
DOI: 10.1111/j.1095-8649.1993.tb00397.x

Maia H.M.S., Maia C.F.Q., Pires D.F.C., Valente A.C.N.
2006. Biology of the iberian chub (Squalius carolitertii) in
an atlantic-type stream (river Lima basin-north Portugal).
A preliminary approach. Limnetica 25 (3): 713–722.

Montori A., Tierno de Figueroa J.M., Santos X. 2006. The
diet of the brown trout Salmo trutta (L.) during the reproduc-
tive period: Size-related and sexual effects. International
Review of Hydrobiology 91 (5): 438–450.
DOI: 10.1002/iroh.200510899

Oscoz J., Galicia D., Miranda R. (eds.) 2011. Identification
guide of freshwater macroinvertebrates of Spain. Springer,
Dordrecht.

Oscoz J., Leunda P.M., Miranda R., Escala M.C. 2006.
Summer feeding relationships of the co-occurring Phoxinus
phoxinus and Gobio lozanoi (Cyprinidae) in an Iberian river.
Folia Zoologica 55 (4): 418–432.

Perea S., Garzón P., González J.L., Almada V.C., Pereira A.,
Doadrio I. 2011. New distribution data on Spanish autochtho-
nous species of freshwater fish. Graellsia 67 (1): 91–102.
DOI: 10.3989/graellsia.2011.v67.032

Pyke G.H., Pulliam H.R., Charnov E.L. 1977. Optimal forag-
ing: a selective review of theory and tests. Quarterly Review
of Biology 52 (2): 137–154.

Rieradevall M., Prat N. 1986. Deriva nictemeral de macroin-
vertebrados en el río Llobregat (Barcelona). Limnetica 2:
147–156.

Rincón P.A., Lobón-Cerviá J. 1999. Prey-size selection by
brown trout (Salmo trutta L.) in a stream in northern Spain.
Canadian Journal of Zoology 77 (5): 755–765.
DOI: 10.1139/z99-031

Rodríguez-Jiménez A.J. 1987. Relaciones tróficas de una
comunidad íctica, durante el estío en el río Aljucén
(Extremadura, España). Miscel· lània Zoològica 11:
249–256.

Sánchez-Hernández J., Cobo F. 2011. Summer food resource
partitioning between four sympatric fish species in Central
Spain (River Tormes). Folia Zoologica 60 (3): 189–202.

Sánchez-Hernández J., Vieira-Lanero R., ServiaM.J., Cobo F.
2011a. First feeding diet of young brown trout fry in
a temperate area: disentangling constraints and food selec-
tion. Hydrobiologia 663 (1): 109–119.
DOI: 10.1007/s10750-010-0582-3

Sánchez-Hernández J., Vieira-Lanero R., ServiaM.J., Cobo F.
2011b. Feeding habits of four sympatric fish species in the
Iberian Peninsula: keys to understanding coexistence using
prey trais. Hydrobiologia 667 (1): 119–132.
DOI: 10.1007/s10750-011-0643-2

Sanjur O.I., Carmona J.A., Doadrio, I. 2003. Evolutionary
and biogeographical patterns within Iberian populations of
the genus Squalius inferred from molecular data. Molecular
Phylogenetics and Evolution 29 (1): 20–30.
DOI: 10.1016/S1055-7903(03)00088-5

Santos J.M., Ferreira M.T. 2008. Microhabitat use by endan-
gered Iberian cyprinids nase Iberochondrostoma almacai
and chub Squalius aradensis. Aquatic Sciences 70 (3):
272–281.
DOI: 10.1007/s00027-008-8037-x

Santos J.M., Godinho F.N., Ferreira M.T. 2004. Microhabitat
use by Iberian nase Chondrostoma polylepis and Iberian
chub Squalius carolitertii in three small streams, north-west
Portugal. Ecology of Freshwater Fish 13 (3): 223–230.
DOI: 10.1111/j.1600-0633.2004.00054.x

Sánchez-Hernández and Cobo110



Savage R.E. 1931. The relation between the feeding of the her-
ring off the cast coast of England and the plankton of the
surrounding waters. Fishery Investigation, Ministry of
Agriculture, Food and Fisheries, Series 2, 12: 1–88.

Tachet H., Richoux P., Bournaud M., Usseglio-Polaterra, P.
2002. Invertébrés d’eau douce. CNRS Éditions. Paris.

Winemiller K.O. 1991. Ecomorphological diversification in
lowland freshwater fish assemblages from five biotic
regions. Ecological Monographs 61 (4): 343–365.
DOI: 10.2307/2937046

Zardoya R., Doadrio I. 1998. Phylogenetic relationships of
Iberian cyprinids: systematic and biogeographical implica-
tions. Proceedings of the Royal Society of London B 265
(1403): 1365–1372.
DOI: 10.1098/rspb.1998.0443

Received: 2 February 2012
Accepted: 2 May 2012

Published electronically: 30 June 2012

Dietary shifts and food selection of Squalius carolitertii in Spain 111




