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Abstract. Knowledge of food resource partitioning between sympatric fish species is critical for understanding
the fish communities functioning. Four sympatric fish species (Salmo trutta, Pseudochondrostoma duriense,
Squalius carolitertii and Barbus bocagei) were captured in August 2010 in the River Tormes (Avila, Central
Spain) in order to study food resource partitioning between fish species such us as a possible mechanism enabling
their coexistence, using a fuzzy principal component analysis (FPCA). Diet comparison among species shows
that detritus are present in P. duriense, B. bocagei and S. carolitertii, although in different occurrence, showing
that these species present typically omnivorous feeding habits. Regarding prevalent food, in all species, benthic
prey constituted the most important prey in abundance terms, and terrestrial invertebrates were only consumed
by S. trutta, S. carolitertii and P. duriense. High overlap values (Schoener’s index from 0.8 up to 1) were found,
but it may not indicate competition, since species can adopt different strategies to overcome competence. Thus,
prey traits analyses suggest that differences in macrohabitat use, drift behaviour of prey and prey size are
important adaptive features that may reduce the inter-specific competition in the fish community and permit the

food partitioning that allows coexistence.

Key words: prey traits, multivariate approaches, coexistence, I[berian Peninsula

Introduction

In the Iberian Peninsula, the most of the researchers
have studied the diet of fish species separately (e.g.
Encina et al. 1999, Blanco-Garrido et al. 2003, Oscoz
et al. 2005, Sanchez-Hernandez et al. 2011a), and
less abundant are the studies that investigated the
food resource partitioning between co-occurring fish
species (e.g. Encina et al. 2004, Oscoz et al. 2006,
Sanchez-Hernandez et al. 2011b). On the other hand,
competition can play a critical role in influencing the
habitat selection, foraging behaviour, growth and
survival of fish stream communities (e.g. Haury et
al. 1991, Elliott 1994, Hilderbrand & Kershner 2004,
David et al. 2007). Hence, knowledge of predator-
prey trophic interactions is critical for understanding
the fish communities functioning (Jackson et al. 2001,
Jaworski & Ragnarsson 2006).

Special attention has been given to the multivariate

approaches in order to clarify the mechanisms
involved in predator-prey relationships, such as prey
trait analysis (de Crespin de Billy & Usseglio-Polatera
2002, de Crespin de Billy et al. 2002), and recently,
prey trait analysis has been employed to study the food
resource partitioning between sympatric fish species
(Sanchez-Hernandez et al. 2011b). The current study
was focused on the feeding habits of four co-occurring
fish species in a temperate area (Central Spain): Sal/mo
trutta Linnaeus, 1758, Pseudochondrostoma duriense
(Coelho, 1985), Squalius carolitertii (Doadrio, 1988)
and Barbus bocagei Steindachner, 1865. In this
context, knowledge of feeding habits is essential to
understand the ecological role and the productive
capacity of fish populations, and the understanding
of these mechanisms is critical to the development of
conservation and management plans (Teixeira & Cortes
2006). Thus, the purposes of the present study are: 1)
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to study the trophic ecology of these fish species; 2) to
analyse macrohabitat, behavioural feeding and handling
efficiency of fishes using prey trait analysis, thus helping
to explain the food partitioning between species.

Study Area

The study area (altitude 1051 m) was located in the
River Tormes (Avila, Central Spain; UTM: 30T
288707 4466342), a tributary of the River Duero
(897 km total length) (Fig. 1). The River Tormes has
a catchment area of 7096 km? and a total length of
284 km. Geologically, the study basin is located in
a great batholith with relatively uniform mineralogical
granite composition (Alonso-Gonzalez et al. 2008).
The Tormes basin includes a mixture of agricultural
and relatively undisturbed areas, with small rural
areas interspersed. The vegetation structure comprises
a series of extended grazing lands with Scots pine
(Pinus sylvestris) and rebollo oak (Quercus pyrenaica)
forests. The climate is typically continental, with
higher differences between extreme temperatures in
summer and winter. The studied site does not have any
significant flow regulation structure, and flow regime
has a great variability (Alonso-Gonzalez et al. 2008).

AN
100 Km

® Sampling site
"] Duero basin

Fig. 1. Map of Europe and Duero basin (Iberian
Peninsula) showing the sampling site in the River
Tormes.

At the moment of survey, water temperature was circa
18 °C and conductivity and pH was 28.8 uS/cm and
6.4 respectively. Dissolved oxygen levels were high
(91.5 % and 8.7 mg/1). Deciduous riparian vegetation
was principally composed of alder (Alnus glutinosa),
ash (Fraxinus angustifolia) and willow (Salix spp.),
and substrate consisted of boulders, gravel and sand.

Material and Methods

Samples were collected in August 2010. Fishes were
collected using pulsed D.C. backpack electrofishing
equipment (Hans Grassl GmbH, ELT60II). Five

fish species were recorded in this study, three of
which are endemic species in the Iberian Peninsula
(S. carolitertii, B. bocagei and P. duriense). For
Iberian endemic freshwater fishes we have employed
the international standardization of common names of
Leunda et al. (2009), being S. carolitertii or Northern
Iberian chub, B. bocagei or Iberian barbel and P. duriense
or Northern straight-mouth nase. The fish community
was dominated by Northern straight-mouth nase (P
duriense = 0.65 fish/m?, S. carolitertii = 0.23 fish/m?,
S. trutta = 0.15 fish/m?, B. bocagei = 0.02 fish/m* and
Anguilla anguilla = 0.003 fish/m?).

For the purpose of the study 156 fishes captured were
killed immediately by an overdose of anaesthetic
(benzocaine), and transported in coolboxes (approx.
4 °C) to the laboratory, where they were frozen at —30 °C
until processing. Thus, individuals selected were: brown
trout (n = 43, mean fork length = 14 cm = 1.03 SE),
Northern straight-mouth nase (n = 47, mean fork length
=9.1 cm £ 0.41 SE), Northern Iberian chub (n = 57,
mean fork length = 6.5 cm = 0.28 SE) and Iberian
barbel (n = 9, mean total length = 6.6 cm = 1.97 SE).
A. anguilla was not included in the diet analysis due to
only one specimen was captured.

Diet composition and feeding strategy of the four fish
species were compared by the analysis of their stomach
contents. Specimens were dissected and either stomach
contents (Salmonidae) or contents of the gastrointestinal
tract (Cyprinidae) were removed (Encina et al. 2004).
For the description of the diet, data are offered on relative
abundance of preys (4, = (2S,/ 2S) * 100, where S, is
the stomach content [number| composed by prey i,
and S, the total stomach content of all stomachs in
the entire sample) and frequency of occurrence of
preys (F,= (N,/ N) x 100, where N, is the number
of fishes with prey 7 in their stomach and N is the
total number of fishes with stomach contents of any
kind). The abundance of detritus and vegetal rests
was not quantified because it was impossible to count
individual items, and only the number of stomachs in
which they appeared was noted. Animal prey items
were identified to the lowest taxonomic level possible,
and the food items of each specimen were counted
and measured (total length) with a digital micrometer
(Mitutoyo Absulute, 0.0lmm resolution, Japan) to
determine differences on size consumption between
species. When fragmented or partially digested, the
number of items was estimated by counting body parts
resistant to digestion. In those cases, prey length was
estimated from the width of the cephalic capsule (see
Rincon & Lobon-Cervia 1999), which was normally
the best preserved part. Moreover, the niche breadth
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of the individuals was estimated using the Shannon
diversity index (H' = -2Plog,P, where P, is the
proportion of the prey item 7 among the total number
of preys). In order to evaluate diet specialization,
evenness index (£ = H'/H 'max) was used considering
that values close to zero mean a stenophagous diet
(i.e. individuals eat a limited range of prey) and those
closer to one a more euryphagous diet (i.e. individuals
eat a diverse range of prey) (Oscoz et al. 2005).

To assess the feeding strategy between fish species
studied, the modified Costello (1990) graphical
method (Amundsen et al. 1996) was used. In this
method, the prey-specific abundance (4)) (y — axis)
was plotted against the frequency of occurrence (F)
(x — axis). According to Amundsen et al. (1996),
the interpretation of the diagram (prey importance,
feeding strategy and niche breadth) can be obtained
by examining the distribution of points along the
diagonals and axes of the graph. Moreover, a Tokeshi
plot (Tokeshi 1991) was constructed to graphically
examine differences in individual versus population
feeding habits, plotting mean individual diet diversity
(H’ind) against group diet diversity (Oscoz et al. 2006).
Food overlap among the four species was assessed
with Schoener’s overlap index (Schoener 1970). The
overlap index has a minimum of 0 (no prey overlap),
and a maximum of 1 (all items in equal proportions),
and diet overlap is usually considered significant
when value of the index exceeds 60 % (Wallace
1981). The abundance of detritus and vegetal rests
was not quantified, and only invertebrates were used
for analysis of diet overlap.

Statistical analyses were conducted using the
programme PASW Statistics 18. Kruskal-Wallis
tests for non-normal data were used for detecting
differences among fish species, and were considered
statistically significant at P level < 0.05. Similarity
analyses carried out on frequency of occurrence
data were performed using the programme PRIMER
statistical package version 6.0 to assess the degree
of similarity in the diets between fish species from
Bray-Curtis similarity, using a cluster mode of group
average and Log (x + 1) transformation (Clarke &
Gorley 2001). By means of the software R (version
2.11.1), a fuzzy principal component analysis (FPCA)
was used to analyse macrohabitats, behavioural
feeding and handling efficiency according to the prey
items consumed by fishes. FPCA is a method for
robust estimation of principal components that has
been described with detail, for example, by Cundari et
al. (2002), who found that this method diminishes the
influence of outliers. The ADE4 library for analysis in

R can be freely obtained at http://cran.es.r-projet.org/.
We used the same trait database and trait analyses as
de Crespin de Billy (2001) and de Crespin de Billy
& Usseglio-Polatera (2002). To evaluate the potential
vulnerability of invertebrates to fish predation, de
Crespin de Billy & Usseglio-Polatera (2002) created
a total of 71 different categories for 17 invertebrate
traits (see trait categories used in this study in Table
1). Information was structured using a ‘fuzzy coding’
procedure (Chevenet etal. 1994). A score was assigned
to each taxon describing its affinity for each category
of each trait, with ‘0’ indicating ‘no affinity’ to ‘5’
indicating ‘high affinity’. The taxonomic resolution
(order, family, genus) used in the -classification
process corresponded to the lowest possible level
of determination of taxa in fish gut contents. When
identification to genus was not possible or in the case
of missing information for a certain genus, the value
assigned for a trait was that of the family level, using
the average profile of all other genus of the same
family, as recommended by de Crespin de Billy &
Usseglio-Polatera (2002) and Rodriguez-Capitulo et
al. (2009). All of the taxa and their assigned scores
for each category can be found at: http://www.
aix.cemagref.fr/htmlpub/divisions/Hyax/titres—
publication.htm (de Crespin de Billy & Usseglio-
Polatera 2002). Advantage and disadvantage of traits
analysis have been summarized by several authors
(e.g. Vieira et al. 2006, Rodriguez-Capitulo et al.
2009, Statzner & Béche 2010, Sanchez-Hernandez et
al. 2011b). Thus, Copepoda, Gomphidae, Corixidae,
Gyrinidae and Leptoceridae were not included in the
analysis because trait values are still not available.

In the present study, sixteen macroinvertebrate
ecological traits were chosen for the analysis of
trophic ecology of co-occurring fish species. Thus,
invertebrate preferences (‘macrohabitattrait’and ‘current
velocity trait”) were defined at the macrohabitat scale
and were used in this study to obtain information on
the preferential use of feeding habitat of the four fish
species (see trait categories in Table 1). The tendency
of different invertebrate taxa to utilize different types
of substratum (‘substratum trait’) and different flow
conditions (‘flow exposure’) was used to estimate
their conspicuousness and accessibility to fishes at
the meso- and micro-scales. Meso-scale applies to
channel features within a section, and micro-scale is
related to characteristics within features, here related
to the aquatic habitat of macroinvertebrates (Newson
& Newson 2000). For instance, Heptageniidae
nymphs that use exposed microhabitats were more
likely to be dislodged from the substratum and enter

191

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 27 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



ysny LELEI
Yeam NeOAM Kouapuay uonegaissy (1)
ysy YSiH
auou QUON SQ0UQJop yeom D LETN sodxd pasodxyg
1ds-18 ourds Y[1s ‘1010) eo13ojoydioN (97) oJuou  (ysi33n[s) ouoN Amdy (01) 100301d Pa109301g amsodxd mo[q ()
ysiy (oS¥ <) YSIH (soqny/sased asIp snonunuodSIq 1nop SLIOP O1ULTIO “IOPI']
Yeam (oSH-01) oM. Surpnjour) 09 snonunuo)) Kouanbaij JuowdAoIN (6) 1001 5100y
ouou (601 >) UoN Aqrxapy Apogd (S1) [19s0 K1018[[10S0 0-041q so)Aydoroewr 1030
s paurjweans puex wopuel Ag 041q saAydofig
18]} pauanel ] ury Teaur] JUIP S} UT JO WNJRI)SqNS 20[q (967 <) syoorg
uod [eo1uo) (soqny/sased Juou QUON wo330q Ay} uo A10309fe1], (8) 919909  (967-8) 21qq0D-[9ARID)
yds [eouydg Surpnjour) Y311 W3IM], [oA®I3 (8-7) 19A®IS duryg
140 [eOLIpUI[AD) adeys Apog (1) wsi-p wskeq pues (z-z°0) pues
o-ned pouroned umep ume(q s (T°0-100°0) MIS
o-IeA J[qeLieA jo0u [eUINIOON pnu PN (wwr) wnyensqng ()
o-p[os painojoo A[prjos auou auoN Inoraeyaq YLp o1 (L) SL< (SL <)1seq
osed bomwwwmﬂwwoz ysy ySIiH SL-ST (SL-$7) 2re1poN
(syeonax ‘syou)
wu £rosse008 pexLg AW R0 (€7) paw wnIpay ST-§ (S2-6) mors
€< Te< yeam JeOM 90BLINS 191BM -0 (s-0) s (s/wo) Kyoofaa yuarm) (g)
7€-91 7€-91 < suou QUON ) 18 Pup 0) Kouopud], (9) 191eM uwn[oo I9je A\
91-8 91-8 < ysiy yStH o-1do [euorsole orpuaqidy
81 81 < pawr wWnIpajy p-ido  euonisodop orpuaqrdy
T p7< yeom JeIM wn[o 1318M o) 1-odAy  rennsidul, o19y10dAH
7> 7> s Rﬁcoaoﬂmﬁmzw Quou QUON ut Jup 03 Kouspua], (g) q-0dAy  Jomouingq, o1oyIodAH 1e31qeyoIdRIA (1)
apo) sar0391e) (ponunuoo) syreay, apo) sa1103918) (ponunuoo) syery, Ipo) sar0391e) JeI],

‘(z002) eio1B]04-011BASSN B AjjIg op uidsaiD ap uo paseg ‘soiydeib pue sesAjeue ui pasn sepoa pue saLiobojed ‘syel| *L a|qel

192

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 27 Apr 2024

Terms of Use: https://bioone.org/terms-of-use



the drift than Orthocladiinae larvae that use protected
microhabitats (Rader 1997). The ‘tendency to drift in
the water column trait’, ‘tendency to drift at the water
surface trait’, ‘diel drift behaviour trait’, ‘trajectory on
the bottom and in the drift trait’, ‘movement frequency
trait’, ‘agility trait’” and ‘aggregation tendency
trait’ were used to describe the behavioural feeding
habits of the fish species, and finally, ‘potential size

trait’, ‘concealment trait’, ‘body shape trait’, ‘body
flexibility trait’” and ‘morphological defences trait’
were used to analyse handling efficiency of fishes.

Results

Diet composition of Salmo trutta

Stomach contents showed that diet included a wide
variety of prey items, with Baetis spp. (56 % of total

Table 2. Diet composition for each fish species in the Tormes River. Abundance (A, %) and frequency of

occurrence (F, %).

S. trutta S. carolitertii B. bocagei P. duriense

4; Fi 4; Fi 4; Fi 4; Fi
Aquatic prey
Lumbriculidae 0.2 2.4 - - - - - -
Ancylus fluviatilis 0.5 7.3 - - - - - -
Hydracharina* 0.8 9.8 6.7 8.8 - - - -
Copepoda* - - 0.3 1.8 - - - -
Baetis spp. 56 92.7 46.6 49.1 20.3 77.8 42.1 27.7
Ephemerella spp. - - - - - - - -
Ecdyonurus spp. 2.6 31.7 - - - - 0.2 2.1
Epeorus spp. 6.2 36.6 2.7 15.8 - - 2.2 14.9
Habrophlebia sp. - - 0.5 1.8 - - - -
Leuctra geniculata - - 0.3 1.8 - - 0.5 43
Ophiogomphus sp. 0.5 2.4 - - - - - -
Aphelocheirus aestivalis 0.5 7.3 0.8 53 2.7 22.2 - -
Micronecta sp. 0.3 2.4 - - - - 0.2 2.1
Gerridae 0.2 24 - - - - - -
Elmis sp. - - 0.5 3.5 1.4 11.1 - -
Orectochilus sp. 0.3 2.4 - - - - - -
Hydropsyche spp. 2 19.5 2.4 14 17.6 55.6 0.7 4.3
Leptoceridae 0.2 2.4 0.3 1.8 - - - -
Allogamus sp. 2.3 19.5 2.2 7 4.1 333 - -
Chimarra marginata 0.2 2.4 0.3 1.8 - - 0.5 43
Polycentropus sp. 0.2 2.4 1.1 7 - - - -
Rhyacophila spp. 34 31.7 1.6 10.5 21.6 333 0.7 43
Atherix sp. 0.2 2.4 - - - - - -
Tanypodinae 2.6 22 3 14 324 77.8 1.5 12.8
Prosimuliini 9.1 41.5 22.9 40.4 - - 49.8 213
Terrestrial prey
Trichoptera* 5 26.8 1.9 8.8 - - - -
Ephemeroptera* 3.7 342 0.5 3.5 - - - -
Asilidae - - - - - - - -
Chironomidae 0.3 4.9 - - - - - -
Empididae 0.2 24 - - - - - -
Simuliidae 0.3 4.9 - - - - - -
Diptera* - - 0.5 3.5 - - 0.2 2.1
Formicidae 2.1 19.5 3.2 17.5 - - 1.0 4.3
Coleoptera* 0.2 2.4 0.5 3.5 - - 0.2 2.1
Arachnida* - - 0.8 53 - - - -
Other prey items
P. duriense 0.2 2.4 0.3 1.8 - - - -
Detritus - - - 57.9 - 77.8 - 85.1
Plant material - - - - - - - 36.2

* Not identified. The abundance of detritus and vegetal rests was not quantified and only the number of stomachs in which

they appeared was noted.
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Table 3. Diet overlap (Schoener’s index) among
different fish species in the River Tormes.

Schoener’s index

B. bocagei-S. carolitertii 0.8
B. bocagei-S. trutta 0.9
B. bocagei-P. duriense 1

S. carolitertii-S. trutta 0.89
S. carolitertii-P. duriense 0.8
S. trutta-P. duriense 0.9

Table 4. Values of the Bray-Curtis index of diet
similarity between fish species.

S. carolitertii B. bocagei P. duriense
B. bocagei 47.8 - -
P. duriense 60.4 41.1 -
S. trutta 56.5 42.9 29.4

Diet composition of Pseudochondrostoma duriense
A total of 406 preys and 15 items were identified in the
gastrointestinal tracts of Northern straight-mouth nase.
Detritus was present in the majority of individuals, and
occurred in 85.1 % of fishes. Simuliidae and Baetis spp.
were the most prevalent food, accounting for 49.8 % and
42.1 %, respectively, of animal prey numbers (Table 2).
Terrestrial invertebrates (1.4 % of total prey) and plant
material (36.2 % of occurrence) were also present.

prey) dominating. In total, 616 preys belonging to 28
taxa were identified, and the diets were dominated by
aquatic invertebrates (87.9 % of total prey) (Table 2).

Diet composition of Squalius carolitertii

Diet composition was constituted by 23 types of
prey, and a total of 371 preys were identified in the
gastrointestinal tracts. Detritus were found in 33 fishes
(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 (Table 2). Terrestrial
invertebrates were also present (7.4 % of total prey).

40 60 80 100

Similarity (%)

Fig. 2. Dendrogram resulting from the cluster analysis
performed on stomach content data in terms of prey
occurrence of the fish species.

Comparison among species

Cyprinids fed on several animal preys and also
consumed detritus and plant material, showing that
these species present typically omnivorous feeding

Table 5. Diet composition. Shannon diversity index (H’) and evenness index (E) for each fish species (mean + SE).

S. trutta S. carolitertii B. bocagei P. duriense
Benthic prey (%) 85.9+3.09 88.1 £3.30 100 91.8+543
Terrestrial invertebrates (%) 13.9+£3.08 11.3+£3.28 0 82+532
Fishes (%) 0.2+0.143 0.6 +0.58 0 0
Shannon diversity index (H") 1.35+£0.131 1.06 £0.103 1.07 £0.166 0.75 £ 0.094
Evenness index (F) 0.51 +0.046 0.38 +0.037 0.38 +0.059 0.27 +£0.034

Diet composition of Barbus bocagei

The occurrence of Baetis spp., Chironomidae
and detritus were similar (77.8 % in all cases).
Chironomid larvae were the most abundant prey
(32.4 % of total prey). Rhyacophila spp. and Baetis
spp. contributed 21.6 and 20.3 %, respectively, to the
total abundance. In total, 74 preys were identified,
and no terrestrial invertebrates were found in the diet
(Table 2).

habits (Table 2). Plant material only was consumed by
Northern straight-mouth nase. The dietary analyses,
based on macroinvertebrates, showed high values
of diet overlap using the Schoener’s index (> 0.8,
even up to 1) (Table 3), and all the species showed a
remarkable similarity in their prey utilization patterns.
Thus, Baetis spp. constituted a significant proportion of
the diet for S. trutta, S. carolitertii and P. duriense (56 %,
46.6 % and 42.1 %, respectively). In contrast, B. bocagei
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fed chiefly on Chironomidae and Rhyacophila spp.
(32.4 % and 21.6 % respectively).

Diet comparison among species shows that detritus are
present in P. duriense, B. bocagei and S. carolitertii,
although in different occurrence, being most
frequently in the diet of Northern straight-mouth nase
(85.1 % of occurrence) than Iberian barbel (77.8 %
of occurrence) and Northern Iberian chub (57.9 % of
occurrence). The diet composition of fish species also
were analyzed using cluster analysis. Minimum bray-

~ 100
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S 50
(=] 4
g 4
= 1 2
_g . % Generalization Qosg
< 0 T T — T 1 T
0 50 100
Frequency (F, ,%)
Feeding strategy
Prey importance
................... Niche contribution
? 100 L3 L Xl
X S. carolitertii
S o
3 50 - ,\S' .
2 S # Baetis spp.
= N
g QQ{? ¢ Prosimuliini
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X P. duriense
- g,
I &
<) . .
S 501 & eProsimuliini
= g ® Baetis spp.
= Q
= '3
£l
< 0 R == T
0 50 100

Frequency (F; ,%)

curtis similarity between fish species was 29.4 %
(Northern straight-mouth nase versus brown trout)
and the most similar group was data from Northern
straight-mouth nase and Northern Iberian chub (Table
4). Thus, the similarity index and cluster analysis
carried out on frequency of occurrence data (Fig.
2) differentiated three feeding groups: 1) species
feeding mainly on aquatic macroinvertebrates (S.
trutta), 2) species feeding mainly on detritus but with
aquatic invertebrates as an important complementary

Z 100
S S. trutta
S o;@ . Baetis spp.
-5 SR *
S 504 S&
: s &
= & S
= § T
.g § - <§sf‘%Prosimuliini
< 0 .
0 50 100

Frequency (F; ,%)
2 100 .
S |B. bocagei o &
X & &8
g ¥ & &
= & 0 & &
= > & Q” 'S
2 Q* *" Baetis spp.
< 0+ ¢

0 50 100

Frequency (F;,%)

Fig. 3. Feeding strategy diagram. (1) Explanatory
diagram of the modified Costello method according
Amundsen et al. (1996). Data are presented for each
fish species.

food category (B. bocagei), and 3) species feeding
mainly on detritus but with invertebrates (aquatic
and terrestrial) as an important complementary food
category (S. carolitertii and P. duriense).

In all species, benthic prey constituted the most important
prey in abundance terms, and terrestrial invertebrates
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were only consumed by brown trout, Northern Iberian
chub and Northern straight-mouth nase (11.8 %, 7.4 %
and 1.4 % respectively, of the total abundance). The
analysis of the feeding strategy of the species using
Shannon diversity index indicated that brown trout had
the largest niche breadth (H’ = 1.35 £ 0.131 SE), with
lower values for B. bocagei (H = 1.07 = 0.166 SE),
S. carolitertii (H = 1.06 = 0.103 SE) and P. duriense
(H’ = 0.75 £ 0.094 SE). Differences among species
were statistically significant (Kruskal-Wallis test:
H=12.12, P<0.05). Similarly, the evenness index was
higher in brown trout than in Iberian barbel, Northern
Iberian chub or Northern straight-mouth nase (Table 5),
being significant differences among species (Kruskal-
Wallis test: H = 11.14, P < 0.05), Northern straight-
mouth nase showed the most stenophagous diet.

Regarding prey size (total length), there were differences

a

Mean individual niche
breadth (H")
n

Population niche breadth (/7)

b

B. bocagei &
P duriense *

0 .

Mean individual niche
breadth (H")
n

0 1.5 3

Population niche breadth (/1)

Fig. 4. a) Scheme for the interpretation of the Tokeshi
graphical method, generalist homogeneous feeding
strategies (GHoF), generalist heterogeneous feeding
strategies (GHeT) and specific feeding strategies
(Spec). b) Feeding strategy based on Tokeshi’s
(1991) graphical model, data are presented for each
fish species.

in the average prey size consumption among species
(Kruskal-Wallis test: H=53.79, P <0.05). Brown trout
fed on mean size 5.1 mm + 0.19 SE, being this size
higher than that for Iberian barbel (4 mm + 0.32 SE),
Northern straight-mouth nase (3.9 mm + 0.11 SE) or
Northern Iberian chub (3.7 mm = 0.27 SE).

The interpretation of the diagrams of the modified
Costello graphical method (Amundsen et al. 1996) is
shown in Fig. 3. The plot of prey-specific abundance
(4, and frequency of occurrence (F) of the main
components of the diet between fish species, showed
a different feeding strategy developed by fish species,
varying degrees of specialization and generalization on
different prey types. In terms of prey importance, some
aquatic prey (Fig. 3) presented a low F and a low 4,
(lower left quadrant) for all species, displaying evidence
of a generalist strategy. However, in brown trout Baetis
spp. have been eaten by more than half the individuals
(F,=92.7 %) and to have high contribution in specific
abundance (4,= 56 %). Similarly, other prey items have
a prey importance for Iberian barbell (e.g. Tanypodinae),
Northern straight-mouth nase (Prosimuliini and Baetis
spp.) and Northern Iberian chub (Baetis spp. and
Prosimuliini) (Fig. 3 and Table 2).

The results of dietary analysis using Tokeshi’s (1991)
graphical model demonstrated that despite the large
range of population prey type diversity, the mean
individual diet diversity was fairly stable. Thus,
feeding patterns in all fish species were characterized
by a mean individual diversity lower than population
diversity, exhibiting generalist heterogeneous feeding
strategies in all cases (Fig. 4).

Concerning macroinvertebrate trait analyses, the two
first axes were sufficient to illustrate the relationships
among faunal groups according to their combinations
of traits (‘eigenvalues’ of Figs. 5 and 6), and accounted
for > 65 % of the total variability in all cases. A general
tendency that can be observed is the wider diversity of
characteristics of S. trutta preys in comparison with
those of S. carolitertii, B. bocagei and P. duriense.
Regarding habitat traits, ‘substratum’ and ‘flow
exposure’ traits showed no clear differences for preys
of the four fish species (Figs. 5c, 5d). ‘Macrohabitat’
and ‘current velocity’ traits showed that Iberian
barbel preferred to feed on epibenthic prey living
in erosional macrohabitats with moderate current
velocities, although overlap was higher between
Northern Iberian chub and Northern straight-mouth
nase (Figs. 5a, 5b). ‘Diel drift behaviour’, ‘trajectory
on the bottom substratum or in the drift’, ‘movement
frequency’, ‘agility’, ‘aggregation tendency’ and
‘body flexibility’ traits were similar for preys of the
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Fig. 5. Biplot of gut contents obtained from a fuzzy
principal component analysis (FPCA). Distribution
of each trait according to the gut contents (1) and
histogram of eigenvalues (2, the first two values are
in black). Data are presented for each fish species.
BB: B. bocagei. SC: S. carolitertii. PD: P. duriense
and ST: S. trutta. Ellipses envelop weighted average
of prey taxa positions consumed by fish species:
Labels (BB, SC, PD and ST) indicate the gravity
centre of the ellipses. Filled lines link prey families
(represented by a point) to their corresponding
predator but are only 80 % of their total length for
readability. Dotted lines represent the width and
height of ellipses. Details and data needed for the
elaboration of “a” to “h” graphics can be found in the

Material and Methods section and Table 1.
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Fig. 6. Biplot of gut contents obtained from a fuzzy
principal component analysis (FPCA). Distribution
of each trait according to the gut contents (1) and
histogram of eigenvalues (2, the first two values are
in black). Data are presented for each fish species.
BB: B. bocagei. SC: S. carolitertii. PD: P. duriense
and ST: S. trutta. Ellipses envelop weighted average
of prey taxa positions consumed by fish species:
Labels (BB, SC, PD and ST) indicate the gravity
centre of the ellipses. Filled lines link prey families
(represented by a point) to their corresponding
predator but are only 80 % of their total length for
readability. Dotted lines represent the width and
height of ellipses. Details and data needed for the
elaboration of “a” to *h” graphics can be found in the
Material and Methods section and Table 1.
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four species (Figs. 5g, 5h, 6a-6¢, 6g).

Finally, traits that best separated fish gut samples
were those related to behavioural feeding habits
(‘tendency to drift in the water column’ and ‘tendency
to drift at the water surface’ traits) and morphological
traits related to handling efficiency of fishes
(‘potential size’, ‘concealment’, ‘body flexibility’
and ‘morphological defences’). As it can be seen in
the Fig. Se, brown trout is clearly separated from the
other three species. This is due to its preference to
prey on organisms with high tendency to drift in the
water column. S. trutta, P. duriense and S. carolitertii
included in their diets macroinvertebrates that drift in
the surface (Fig. 5f). Thus, although S. carolitertii, B.
bocagei and P. duriense are omnivorous cyprinids,
B. bocagei seems to feed exclusively on the bottom,
eating detritus and macroinvertebrates. In contrast, S.
carolitertii and P. duriense can include in their diets
macroinvertebrates that drift in the surface. In relation
to ‘potential size’, S. trutta showed a clear tendency
to feed on potentially bigger preys than the rest of
species (Fig. 6d). Concerning traits ‘concealment’
and ‘morphological defences’, Iberian barbel shows a
higher spectrum of prey, which reveals a greater ability
to prey on different concealments and morphological
defences (Figs. 6e, 6h). Brown trout shows a higher
spectrum of prey in the Fig. 6f, due to the preference
to feed on cylindrical and conical preys.

Discussion

Previously, prey traits have been used to describe food
partitioning between freshwater fish species in the
Iberian Peninsula (Sanchez-Hernandez et al. 2011b).
In contrast with Sanchez-Hernandez et al. (2011b),
who studied the feeding habits of fish community in
a Galician stream (NW Spain) during autumn, in our
case sampling date was August. Moreover, important
differences in habitat conditions (for example river
flow or substrate characteristics) and fish community
composition between our study site and theirs were
found.

Concerning diet composition, results are broadly in
accordance with previous studies. Thus, detritus and
plant material were important food resources for
Northern Iberian chub and Northern straight-mouth
nase, presenting both species omnivorous feeding
habits in which aquatic macroinvertebrates were an
important food supply (Rodriguez-Jiménez 1987,
Magalhaes 1993a, b, Encina & Granado-Lorencio
1994, Coeclho et al. 1997, Blanco-Garrido et al. 2003).
Moreover, S. carolitertii and P. duriense feed at the
bottom, the water column or surface column, similar

to finding in others cyprinids species (Rincon &
Grossman 2001, Blanco-Garrido et al. 2003, Zamor
& Grossman 2007). This study confirms previous
research indicating that Iberian barbel feeds almost
exclusively on aquatic invertebrates and detritus
(Docampo & Vega 1990, Encina & Granado-
Lorencio 1990, Encina & Granado-Lorencio 1994,
Encina et al. 1999). Thus, results of trait analysis in
the present study are in accordance with the bottom-
feeding behaviour found in previous studies (Encina
& Granado-Lorencio 1990, Encina et al. 2004). In
relation with brown trout, Ephemeroptera nymphs
seem to be the most important food items, as found by
many researchers (e.g. Toledo et al. 1993, Lagarrigue
et al. 2002, Oscoz et al. 2005). In addition, results of
prey trait analyses are in accordance also with previous
findings concerning for example prey diversity
(de Crespin de Billy & Usseglio-Polatera 2002) or
preference to feed on drifting organisms (Rader 1997,
Rincon & Lobon-Cervia 1999, Lagarrigue et al. 2002,
Sanchez 2009).

Previous studies have demonstrated the generalist
feeding strategy in numerous fish species using
the graphical method of Costello (1990) modified
by Amundsen et al. (1996) (e.g. Dominguez et al.
2002, Oscoz et al. 2006). In a recent study, Gabler
& Amundsen (2010) have found that competitive
coexistence with similar niches may be facilitated by a
generalisation of niche width as predicted by optimal
foraging theory, rather than the specialised niche width
predicted by classic niche theory as a response to
interspecific competition. Our findings, according the
Amundsen’s method and Tokeshi’s (1991) graphical
model, reinforce previous observations and the four
fish species exhibited a generalist feeding strategies.
In this study, diet analysis and dendrogram resulting
from the cluster analysis performed on stomach
content data differentiated three feeding groups: 1)
macroinvertebrates (S. trutta), 2) omnivorous feeding
regime with a remarkable bottom-feeding behaviour
(B. bocagei) and 3) omnivorous feeding regime with a
noteworthy drifting-feeding behaviour (S. carolitertii
and P. duriense). Studies of food partitioning in fish
communities have obtained contradictory results.
Whereas, several authors have found differences in
diet composition among species (Magalhdes 1993a,
Encina et al. 2004, Novakowski et al. 2008), others
researchers conclude that the same food resource
can be shared by several species (Hesthagen et al.
2004, Gabler & Amundsen 2010, Museth et al. 2010,
Sandlund et al. 2010). In these cases, coexistence of
fish species has been suggested to be related to food
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partitioning at different levels, including different
activity patterns (Kronfeld-Schor & Dayan 2003,
Hesthagen et al. 2004, Sanchez-Hernandez et al.
2011b), differences in prey size utilizations (Jepsen
et al. 1997, Stevens et al. 2006, Sanchez-Hernindez
et al. 2011b) or differential use of space (Grossman
et al. 1987a, b, Amarasekare 2003, Sandlund et al.
2010, Sanchez-Hernandez et al. 2011b). A remarkable
result of our study is that, although three of the four
species analysed showed omnivorous feeding habits,
there is a noteworthy high overlap among all of them
concerning ingested macroinvertebrates. In fact,
analysis of macroinvertebrate traits showed also a
high overlap among the fish species. However, high
overlap values may not indicate competition, since
species can adopt different strategies to overcome
competence. First, segregation of microhabitat is
an important factor for reducing the effects of the
competition by the trophic resource (Baker & Ross
1981, Yant et al. 1984, Haury et al. 1991). Indeed, the
use of microhabitats is often distinguishable between
species (Grossman et al. 1987a, b, Rincén & Lobdn-
Cervia 1993), and in our case, for example, Iberian
barbel preferred to feed on epibenthic prey living
in erosional macrohabitats with moderate current
velocities, whereas brown trout, Northern Iberian
chub and Northern straight-mouth nase shows a high
spectrum of prey, which reveals a great ability to prey
ondifferent substrata and different macroinvertebrates.
Hence, differences were found among species on the
ability to feed at different depths of the water column.
Second, the ability of cyprinids to feed on detritus and
plant material may have a high competitive value in
environments with severe competition (Magalhaes
1992), and may reduce the inter-specific competition
in the area studied. Third, food partitioning may
also occur at the level of prey size (Jepsen et al.
1997, Stevens et al. 2006, Sanchez-Hernandez et al.
2011b). In most cases the high degree of digestion of
the food impedes its prey length measurement, and
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although this drawback can be overcome from the
measurement of cephalic capsule width (see Rincon
& Lobon-Cervia 1999), this method will be useful
if prey items have hard structures, but in softer prey
items it will be only useful if these item are found in
the beginning of the digestive tract. However, despite
the above-mentioned problem, our findings showed
that food partitioning occurs at the level of prey size.
Fourth, terrestrial prey are present primarily on the
stream surface and may constitute an important food
resource. In the present study utilization of terrestrial
prey by cyprinids (S. carolitertii and P. duriense)
may reduce competition facilitating the partitioning
of resources, as found Magalhdes (1993b). Fifth,
competition might get reduced also by differences in
the diel activity patterns of fishes (Alanéré et al. 2001,
David et al. 2007, Sanchez-Hernandez et al. 2011Db).
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were found.

In conclusion, the present study provides important
information about food partitioning in fish communities
of temperate areas. Furthermore, analysis of prey
traits provided us with few important clues for
understanding the coexistence of fish species. Thus,
feeding strategies concerning macrohabitat use,
drift behaviour of prey and prey size seem to be
important factors that explain the coexistence in
this fish community, although seasonal variations in
feeding strategies might occur as stated by Sanchez-
Hernandez et al. (2011D).
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