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The potential trophic impact of introduced brook trout Salvelinus fontinalis on native brown
trout Salmo trutta in a mountain stream (south-west France) was investigated using stable
isotope analysis (SIA). The isotopic signatures (d13C and d15N) of S. fontinalis were similar
regardless of the absence or presence of S. trutta, and SIA mixing models revealed that
S. fontinalis diet consisted mainly of terrestrial invertebrates. Conversely, a signiﬁcant shift in
S. trutta isotopic signatures (depletion of 16% d13C and enrichment of 06% d15N) was
observed in sympatry with S. fontinalis; this may be due to a dietary shift towards terrestrial
invertebrates. Contrary to an expected dietary divergence in sympatry, an elevated level of
dietary overlap was observed between the non-native and native salmonids when in cooccurrence. This dietary convergence is more likely to be due to behavioural interactions than to
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INTRODUCTION
Biological invasions are a pervasive and costly environmental problem (Vitousek
et al., 1996, 1997; Lake & Leishman, 2004), especially those involving fresh
waters (Moyle & Light, 1996). The most frequently introduced freshwater
organisms in Europe are ﬁshes (Copp et al., 2005a; Garcı́a-Berthou et al.,
2005), but detailed studies on the impacts exerted by non-native ﬁshes on
native species are lacking (Garcı́a-Berthou, 2007) except for a few species
(Townsend, 2003; Koehn, 2004). Because of their recreational value for
angling, salmonids have been widely introduced throughout the world
(Fausch et al., 2001), but the effect of these introductions on native species
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and ecosystem function is less well documented for Europe than elsewhere
(Cunjak & Power, 1986; Fausch, 1988; Nakano et al., 1998; Baxter et al.,
2004; Peterson et al., 2004; Hasegawa & Maekawa, 2006; Spens et al., 2007).
Besides the introduction of novel diseases (Gozlan et al., 2006), the most obvious impact of introduced ﬁshes on native species is through predation and
competition for food and habitat, and this can lead to a decline in the native
species (Moyle & Light, 1996).
Conventional methods for assessing predation and food competition are
based on the analysis of gut contents, which generally provide a mere snapshot
of competitive interactions, with short-comings such as a high rate of empty
stomachs and variability in the data collected due to diel and seasonal ﬂuctuations in resource use (Clarke et al., 2005; Copp et al., 2005b; McHugh & Budy,
2006). Whereas, stable isotope analysis (SIA) is based on the predictable relationship between the isotopic composition of consumers and their diet and can
be implemented as a sensitive, cost-effective and temporally integrative tool to
analyse long-term dietary records in tissues with a minimal handling of studied
organisms (Peterson & Fry, 1987; Post, 2002; Fry, 2006). SIA provides a means
of assessing the ecological impacts of non-native species upon aquatic food
webs (Vander Zanden et al., 1999; Gorokhova et al., 2005; Maguire & Grey,
2006). Recently, SIA has been used as a complementary tool of stomach contents and population monitoring (e.g. growth, survival and displacement) to
study the interactions between non-native and native salmonids (Clarke et al.,
2005; McHugh & Budy, 2006; McHugh et al., 2007). Because the impact of
non-native species on biological interactions and ecosystem functioning may
be negligible or not easily perceived (Townsend, 2003), the ability of SIA to
detect subtle ecological interactions between non-native and native salmonids
should be further evaluated.
The aim of the present study was to assess, using SIA, the potential impact
of the introduced North American salmonid, brook trout Salvelinus fontinalis
(Mitchill, 1815), on the trophic status of native brown trout Salmo trutta L.,
1758, in a mountain stream. The brook trout was introduced in 1936 to
streams in the Pyrenees Mountains, where it now co-occurs with native brown
trout. In North America, the adverse impacts of non-native S. trutta on native
S. fontinalis have been demonstrated (Nyman, 1970; Fausch & White, 1981),
but the reciprocal effects on native S. trutta of S. fontinalis introductions in
Europe have received little detailed study (Delacoste et al., 1997; Blanchet
et al., 2007; Spens et al., 2007). Therefore, the speciﬁc objectives of the present
study were to: (1) test for differences in the stable isotope signatures of the two
species under conditions of allopatry and sympatry and (2) determine whether
observed differences in isotope signature may be interpreted as shifts in dietary
resource use.

MATERIALS AND METHODS
The study was undertaken in the River Oriège, a torrential tributary stream in the
Pyrenees Mountains (south-west France, 1°579 E; 42°399 N) that ﬂows into the River
Ariège at 815 m a.s.l. (Fig. 1). Discharge varies from 1 m3 s1 (winter and summer) to
15 m3 s1 (spring thaw), and water temperatures range from 0 to 135° C. The upstream
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FIG. 1. Map of the River Oriège (France) with location of the study area and the stretches sampled for
stable isotope analyses in the three treatments: allopatry Salmo trutta ( ), sympatry ( ) and allopatry
Salvelinus fontinalis ( ).

section of the River Oriège (1480 m a.s.l) was surrounded by a 35 ha homogeneous
grassland composed of Poaceae and Equisetum sp. This area belongs to a 4000 ha
national reserve, where angling and ﬁsh stocking have been prohibited for at least
20 years. Only two ﬁsh species were present, S. trutta and S. fontinalis of which the latter
was introduced in 1950s by a local angling society.
Based on preliminary estimates of ﬁsh density and size-class structure (Table I),
carried out in early July 2006 by electroﬁshing (two-pass removal sampling, using
TABLE I. Mean densities of Salmo trutta and Salvelinus fontinalis, based on a two-pass
removal sampling by electroﬁshing, length of the study stretches, mean  S.D. channel
width and mean  S.D. water depth of the River Oriège (France) on 7 July 2006

Treatment
Allopatry S. fontinalis
Sympatry
Allopatry S. trutta
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#

S. trutta
density
(individuals
m2)

S. fontinalis
density
(individuals
m2)

Length
(m)

Width
(m)

Depth
(cm)

0006
0081
0118

0925
0066
0010

28
50
51

60  32
52  13
58  08

298  88
318  131
209  91
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a Type EFKO FEG 1500 backpack electroshocker), the study area could be divided
into three sites (‘treatment’): an upstream site where brook trout is predominant (‘allopatry S. fontinalis’), a downstream site where brown trout is predominant (‘allopatry
S. trutta’) and an intermediate site where the two species co-occur with similar densities
(‘sympatry’). The three stretches were comprised within a 700 m stretch of river (Fig. 1)
of uniform width and depth (Table I) and homogeneous terrestrial landscape. Furthermore, there were no potential sources of variation in isotopic signature of food sources
such as tributary conﬂuences, forest inputs or human disturbance between the study
stretches.

S T A B L E I S O T O P E A N A LY S I S
On 25 July and 4 August 2006, S. fontinalis and S. trutta were collected by electroﬁshing at the three sites of the River Oriège, with samples of available prey collected on 25
July. Following French regulations for ethical treatment of wild animals, the ﬁshes were
anaesthetized in a solution of 2-phenoxy-ethanol (004 ml l1), and then measured for
total length (LT  1 mm). Based on the LT and age relationship established in this population (Aymes, 2005), age 2 and age 3 year ﬁshes, i.e. from 152 to 244 mm (Table II),
were ﬁn clipped for SIA. Fin tissues were selected because stable isotopes of this tissue
correlate closely with those of muscle tissue in salmonids and allow non-lethal sampling
for quantifying their diet with SIA (Jardine et al., 2005). Twenty individuals of each
species in each treatment (allopatry and sympatry) were ﬁn clipped (i.e. n ¼ 80 samples,
Table II), and samples were frozen for SIA. The main food items consumed by ﬁshes in
the study area (i.e. aquatic and terrestrial invertebrates) were known from previous
dietary studies (Lagarrigue et al., 2002; Aymes, 2005). They were collected at randomly
selected locations within the three study stretches using hand-nets. The specimens were
identiﬁed and combined according to taxonomic group (family for aquatic invertebrates;
order for terrestrial invertebrates; n ¼ 3–30) regardless of the sampling sites, kept alive
for 24 h to ensure clearance of the gut, killed by freezing and then subjected to SIA.
All samples (invertebrates and salmonids ﬁn clips) were oven dried (60° C for 48 h)
and ground into a homogeneous powder using a mixer mill (Retsch MM 200). Approximately 02 mg of sample was weighed (Sartorius M2P) into a tin cup and combusted in
a Carlo Erba NC2500 elemental analyser at high temperature for C and N isotope
analysis. Resultant gases were delivered via continuous ﬂow to a Finnigan Mat Delta
XP isotope ratio mass spectrometer (Thermo Finnigan, Bremen, Germany). Isotope
ratios are reported in delta notation as per international standards: peedee belemnite
carbonate (C) and atmospheric nitrogen (N). Data were corrected using working standards (bass muscle, bovine liver, nicotinamide) that were previously calibrated against
International Atomic Energy Agency (IAEA) standards. Isotopic analyses were performed at the Stable Isotopes in Nature Laboratory, University of New Brunswick,
Canada.

DATA ANALYSES
After tests of normality and homoscedasticity, the data were subjected to ANCOVA,
as per Vila-Gispert & Moreno-Amich (2001) and Jardine & Curry (2006), to assess
changes in isotopic signature between species (S. trutta v. S. fontinalis) and treatments
(allopatry v. sympatry). ANCOVAs were performed separately for d13C and d15N as
the response variables, with LT as the covariate, and the treatment or species (separately) as the factor [i.e. species (or treatment)  LT, and species (or treatment)  LT
interaction term]. The models were run initially with the interaction term and again
without interaction if it was not signiﬁcant (a ¼ 005).
To approximate the contributions of invertebrates to ﬁsh diet, the IsoSource mixing
model (version 1.3.1) developed by Phillips & Gregg (2003) was applied, using d13C and
d15N values of invertebrates. The stable isotope data for taxonomic groups were pooled
within four potential sources following Phillips et al. (2005) so as to reduce the number
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#

S.
S.
S.
S.

n






557NS
490NS
284NS
509NS

LT (mm)

trutta allopatry
34 1674
trutta sympatry
20 1499
fontinalis sympatry 138 1402
fontinalis allopatry 15 1439

Treatment

Preliminary survey

20
20
20
20

n
1873
2084
1937
1789





54*
65*
40*
46*

LT (mm)
152–229†
158–244†
168–227†
155–225†

Range (mm)

Stable isotope analyses

2121
2281
2364
2401






016
018
015
018

d13C (%)

2315
2405
2484
2556

to
to
to
to

2037
2124
2201
2293

Range (%)

540
599
591
549






013
012
010
016

d15N (%)

429–673
503–697
490–670
472–744

Range (%)

TABLE II. Mean  S.E. and range total length (LT) of Salmo trutta and Salvelinus fontinalis from the preliminary ﬁsh survey (7 July 2006) of the
River Oriège (France) and for the 20 specimens per treatment used in stable isotope analysis (29 July and 5 August 2006), with the mean  S.E.
and range d13C and d15N. Test results for differences in LT among treatments are indicated: NS, no signiﬁcant difference (Kolmogorov–
Smirnov test) between treatments (S. trutta and S. fontinalis, both P > 005) and for mean LT (ANOVA: both P > 005); *, signiﬁcant
differences (ANOVA) between treatments, P < 005; †, signiﬁcant differences (Kolmogorov–Smirnov test) between treatments (P < 005)
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of sources for modelling (provided that the pooled sources are isotopically and
functionally similar). Consequently, the four potential food sources were aggregated
based on their known diets (Cereghino, 1997) and origins. Aquatic invertebrates were
separated into herbivores and carnivores. Herbivores consisted of two grazers (Ephemeroptera genus Ecdyonurus and Coleoptera genus Halesus), one ﬁlterer (Simuliidae), one
shredder (Leuctra). Carnivores were comprised of three predators Diptera family Limoniidae, Plecoptera genus Perla and Trichoptera family Rhyacophilidae). Terrestrial
invertebrates were comprised of the taxonomic orders commonly known to fall into
temperate streams and to be consumed by salmonids (Baxter et al., 2005): herbivorous
(Thysanoptera, Hymenoptera, Coleoptera, Orthoptera and Homoptera) and carnivorous (Diptera and Formicidae) insects. The estimates were calculated after the adjustment of ﬁsh isotopic values for trophic fractionation between food and consumers
tissues using two different values. Indeed, mixing models are known to be somewhat
sensitive to these enrichment values, and the choice of enrichment values is a source
of uncertainty in the mixing models (Phillips & Gregg, 2003). Consequently, enrichment
factors of S. fontinalis from McCutchan et al. (2003) were used (i.e. þ33% for Dd13C
and þ38% for Dd15N) and of S. trutta calculated from Grey (2001) (i.e. þ375%
for Dd13C and þ165% for Dd15N). Finally, mixing models were considered for each
of the eight possible combinations (i.e. two enrichment factors  two species  two
treatments).

RESULTS
Although ﬁsh size structure and mean LT did not differ between treatments
in the preliminary ﬁsh survey for either species, signiﬁcant differences in ﬁsh
size structure and mean LT were observed between treatments for specimens
of both species subjected to SIA (Table II). The effect of treatment varied
between the two species. Salmo trutta had signiﬁcantly more enriched d13C
signatures than S. fontinalis in both the allopatry and sympatry treatments
(Tables II and III). This difference, however, tended to be less when the two
species co-occurred (Fig. 2). The d13C signature of S. fontinalis did not change
signiﬁcantly between the two treatments, whereas S. trutta was signiﬁcantly
d13C depleted (c. 16%) in sympatry compared to allopatry. No signiﬁcant
effect of LT on d13C was detected (Table III). Similarly, the d15N signature
of S. fontinalis did not change signiﬁcantly between the two treatments, whereas
S. trutta was signiﬁcantly d15N enriched (c. 06%) in sympatry compared to
allopatry (Tables II and III). No signiﬁcant difference in d15N values was
observed between the two species when they co-occurred (Table III). An interactive effect of LT and species on the trophic position of individual ﬁsh was
observed when the two species were in allopatry. d15N increased with increasing LT for each species in each treatment but more steadily in allopatry than in
sympatry (Table III and Fig. 3). Although no differences between species were
observed in sympatry, S. fontinalis were more enriched than S. trutta in d15N at
large LT in allopatry (Fig. 3).
The stable isotope signatures of taxonomic groups of invertebrates ranged
from 2933 to 2304% for d13C and 074 to 751% for d15N (Fig. 2). Terrestrial invertebrates were signiﬁcantly d13C depleted and d15N enriched compared to aquatic invertebrates (Kruskall–Wallis test, n ¼ 14, P < 001). The
enrichment factors between herbivorous and carnivorous terrestrial invertebrates
were 089% Dd13C and 363% Dd15N and 020% Dd13C and 145% Dd15N for
aquatic invertebrates. Stable isotope signatures were functionally consistent
# 2007 The Authors
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TABLE III. ANCOVA results of stable isotope analyses (d13C and d15N) of Salmo trutta
and Salvelinus fontinalis (species) in allopatry and sympatry (treatment) in the River
Oriège (France) collected in July 2006. Probability (P) values in bold are signiﬁcant
Situation

Source of variation

d.f.

MS

F

P

Intercept
Species
LT
Error
Intercept
Species
LT
Error
Intercept
Treatment
LT
Error
Intercept
Treatment
LT
Error

1
1
1
37
1
1
1
37
1
1
1
37
1
1
1
37

29034
7542
001
059
31135
555
022
057
33554
2253
001
061
24772
080
032
055

48937
12713
002

<0001
<0001
0880

54740
976
038

<0001
0003
0539

55256
3709
002

<0001
<0001
0886

44871
145
058

<0001
0236
0450

Intercept
Species
LT
Species LT
Error
Intercept
Species
LT
Error
Intercept
Treatment
LT
Error
Intercept
Treatment
LT
Error

1
1
1
1
36
1
1
1
37
1
1
1
37
1
1
1
37

216
102
679
122
023
1017
002
149
022
1218
159
152
029
093
006
719
016

935
440
2937
529

0004
0043
<0001
0027

4546
070
667

<0001
0794
0014

4241
554
528

<0001
0024
0027

567
038
4397

0023
0540
<0001

13

d C (%)
Allopatry

Sympatry

S. trutta

S. fontinalis

d15N (%)
Allopatry

Sympatry

S. trutta

S. fontinalis

LT, total length.

and isotopically similar within the four potential food sources (Phillips et al.,
2005). Regardless of the enrichment factors used, mixing models indicated consistent ranges of feasible solutions (Table IV). The absence of signiﬁcant d13C
and d15N differences among treatments for S. fontinalis was conﬁrmed by similar ranges of feasible solutions for the four potential sources, and this species
tended to incorporate mainly herbivorous terrestrial invertebrates in its diet
(Table IV). Conversely, S. trutta almost exclusively incorporated carnivorous
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FIG. 2. Combined d13C and d15N of Salvelinus fontinalis ( ) and Salmo trutta ( ) in the (a) allopatry and
(b) sympatry treatments in the River Oriège (France) in July 2006. The potential prey items are
aquatic herbivorous ( ), aquatic carnivorous ( ), terrestrial herbivorous ( ) and terrestrial
carnivorous ( ) invertebrates. The large symbols with error bars (S.E.) represent the mean for each
group.

aquatic invertebrates in its diet in the allopatry situation. The signiﬁcant
changes in d13C and d15N of S. trutta among treatments were the consequences
of a signiﬁcant diet shift towards terrestrial invertebrates (Table IV).
DISCUSSION
Overlaps in trophic resource use, suggesting dietary competition, have been
demonstrated previously in co-occurring native and non-native salmonid
# 2007 The Authors
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FIG. 3. Plot of d15N as a function of total length (LT) for Salvelinus fontinalis ( ) and Salmo trutta ( ) in
the (a) allopatry and (b) sympatry treatments in the River Oriège (France) in July 2006 (see Table III
for detailed statistics).

species (Dunham et al., 2000; Hilderbrand & Kershner, 2004; Clarke et al.,
2005). In the present study, dietary overlap was also observed, but a shift in
the diet of native S. trutta due to the presence of introduced S. fontinalis was
suggested by changes in the stable isotope signature of S. trutta between allopatry and sympatry with S. fontinalis and the absence of changes in S. fontinalis.
The observed changes in d13C and d15N values in native S. trutta under sympatry indicate a higher proportion of terrestrial prey in its diet. A different
effect of ﬁsh size on d15N was not observed between species under sympatry,
but it was under allopatry, though d15N increased more steadily with ﬁsh size
in S. fontinalis than in S. trutta. These results demonstrate the existence of trophic interactions when the species co-occurred, subsequently suggesting a potential interspeciﬁc competition in sympatry.
The observed trophic shift in S. trutta was somewhat unexpected since interspeciﬁc competition between closely related species is typically thought to
induce a partitioning of food resources rather than convergence in species diets
(Grifﬁth, 1974; Nakano et al., 1999; Miyasaka et al., 2003). Theoretically, the
similarity in S. trutta and S. fontinalis diet should have been greater under allopatry than sympatry, with trophic competition more likely to occur when food
resources are limited (Hilderbrand & Kershner, 2004). The presence of a nonnative salmonid may decrease the abundance of terrestrial prey along a river
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Allopatry
Sympatry
Sympatry
Allopatry
Allopatry
Sympatry
Sympatry
Allopatry

S. trutta*

314
237
170
179
24
95
12
02









88
99
18
18
22
21
13
04

Mean  S.D. (%)
18–41
9–34
13–20
14–21
0–8
8–11
0–5
0–1

Range

Carnivorous

589
156
20
20
563
15
13
02









93
104
19
19
26
21
13
04

Mean  S.D. (%)

*Enrichment factors of S. fontinalis from McCutchan et al. (2003).
†Enrichment factors of S. trutta from Grey (2001); see text for details.

S. fontinalis†

S. trutta†

S. fontinalis*

Treatment

Species

Herbivorous

Aquatic invertebrates

49–73
5–31
0–7
0–7
50–60
0–3
0–5
0–1

Range
46
549
805
796
04
365
598
812









30
34
15
15
06
07
42
17

Mean  S.D. (%)

Herbivorous

1–9
51–60
78–84
77–83
0–2
36–37
48–69
78–84

Range

51
58
05
05
409
525
377
184










34
39
07
07
09
07
48
18

Mean  S.D. (%)

Carnivorous

Terrestrial invertebrates

0–9
0–10
0–2
0–2
39–42
52–53
31–52
16–22

Range

TABLE IV. Mixing model estimates (mean  S.D. and ranges of feasible solutions) of the contribution of aquatic (herbivorous and carnivorous)
and terrestrial (herbivorous and carnivorous) invertebrates to the diet of Salmo trutta and Salvelinus fontinalis in allopatry and sympatry in the
River Oriège (France) in July 2006
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stretch (Baxter et al., 2004), and this could partially explain why S. trutta fed
almost exclusively on aquatic invertebrates under allopatry. No evidence of
food limitation, however, was observed in the study system, where both terrestrial and aquatic invertebrates were very abundant (Aymes, 2005). Moreover,
ﬁsh densities were two to four times lower than in the study of Baxter et al.
(2004).
Competitive interferences for habitat use might also provide explanations for
the observed results. In North America, considerable habitat shifts by native
S. fontinalis have been observed in the presence of introduced S. trutta, and this
was attributed to high aggressive behaviour of S. trutta (Nyman, 1970; Fausch
& White, 1981). Whereas in Europe, S. trutta habitat use was little affected by
S. fontinalis (Blanchet et al., 2007; Spens et al., 2007). Salmo trutta aggressively
dominates S. fontinalis, and this territorial defence may induce changes in
the activity rhythm and foraging behaviour of S. trutta, which correspond
to variations in terrestrial invertebrate availability (Baxter et al., 2005). Foraging
mode shifts from benthos to drift foragers have already been proposed as
a mechanism to explain the co-occurrence of salmonids (Nakano et al., 1999).
Despite the strengths of the present study, it should be noted that a possible
bias may have occurred from ﬁsh displacement between treatments, leading to
the observed changes in isotopic signatures. Indeed, S. trutta and S. fontinalis
are known to display long-range movements within fresh waters (Gowan
et al., 1994; Gowan & Fausch, 1996; Cucherousset et al., 2005). Permanent ﬁsh
exchanges between treatments, however, would have led to a general dilution
of the isotopic signatures (Cunjak et al., 2005), and the clear segregation of
isotopic signatures between treatments suggests that this was not the case,
especially for S. trutta. Hence, the stable isotope signatures appear to reﬂect
the prey consumed by ﬁshes at their main feeding locations (Cunjak et al.,
2005). Also of note is that mixing models are highly sensitive to the enrichment
values (Phillips & Gregg, 2003), which may vary when calculated under different nutritional conditions, i.e. wild invertebrates in Grey (2001) and trout chow
in McCutchan et al. (2003) and could lead to modiﬁed enrichment values
(McCutchan et al., 2003; Vanderklift & Ponsard, 2003). The mixing models
returned similar dietary mixtures regardless of the species-speciﬁc fractionation
estimates used (Table IV).
Although SIA can detect changes in ﬁsh diet when salmonid species cooccur, the behavioural interactions that induce these changes remain poorly
understood. To address this, the combined use of SIA and individual tagging
protocols (e.g. passive integrated transponder technology) could providing
new insights into ﬁsh foraging and movements (Cunjak et al., 2005) as well
as the ecological mechanisms and processes (e.g. displacements, diel and ontogenetic shifts in diet and habitat) associated with the co-occurrence of native
and non-native ﬁshes.
We thank the ‘Ofﬁce National de la Chasse et de la Faune Sauvage’, the ‘Agence de
l’Eau’ and the ‘Direction Regionale de l’Environnement’ for supporting this study (contract n°2004/071617/N°1413467.00, ONCFS-FEDER). We are grateful to G. H. Copp
and two anonymous reviewers for the valuable comments on earlier versions of the
manuscript.
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fario, et d’une espèce exotique, Salvelinus fontinalis, en situation allopatrique et
sympatrique. Master’s Thesis, University of Toulouse III, France.
Baxter, C. V., Fausch, K. D., Murakami, M. & Chapman, P. L. (2004). Fish invasion
restructures stream and forest food webs by interrupting reciprocal prey subsidies.
Ecology 85, 2656–2663.
Baxter, C. V., Fausch, K. D. & Saunders, W. C. (2005). Tangled web: reciprocal ﬂows
of invertebrates prey link streams and riparian zones. Freshwater Biology 50,
201–220.
Blanchet, S., Loot, G., Grenouillet, G. & Brosse, S. (2007). Competitive interactions
between native and exotic salmonids: a combined ﬁeld and laboratory demonstration. Ecology of Freshwater Fish 16, 133–143.
Cereghino, R. (1997). Inﬂuence des eclusees hydroelectriques sur la structure et la
dynamique des populations d’invertebres d’une rivière pyreneenne de moyenne
montagne. PhD Thesis, University of Toulouse III, France.
Clarke, L. R., Vidergar, D. T. & Bennett, D. H. (2005). Stable isotopes and gut content
show diet overlap among native and introduced piscivores in a large oligotrophic
lake. Ecology of Freshwater Fish 14, 267–277.
Copp, G. H., Bianco, P. G., Bogutskaya, N. G., Er}
os, T., Falka, I., Ferreira, M. T., Fox,
M. G., Freyhof, J., Gozlan, R. E., Grabowska, J., Kováč, V., Moreno-Amich, R.,
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