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Abstract

During the last decades, non-native predatory fish species have been largely introduced in European lakes and rivers, calling
for detailed information on the trophic ecology of co-existing native and non-native predators. The present study describes the
trophic ecology of the introduced pikeperch (Sander lucioperca) in two southwestern French rivers, using stable isotope analysis.
Pikeperch could be categorized as a top-predator, and had a significantly higher trophic position (TP, mean + SE =4.2 £0.1)
compared to other predatory fish such as the native pike (Esox lucius, TP = 3.7 £ 0.1) and the introduced European catfish (Silurus
glanis, TP = 3.8 = 0.1). Most studies of resource use in freshwaters consider predatory fish as ecologically equivalent; however,
this study showed that the pikeperch occupied a higher trophic niche compared to other predatory species in the Lot and Tarn
rivers (Garonne River basin). This apparent specialization may thus have consequences upon interspecific relationships within the
predatory guild and upon the functional organization of biological communities.

Résumé

Ecologie trophique du sandre (Sander lucioperca) dans son aire d’introduction : approche isotopique dans le sud-ouest
de la France. Durant les dernieres décennies, de nombreuses especes de poissons exotiques, comme le sandre (Sander lucioperca),
ont été introduites dans les écosystémes aquatiques européens a la fois pour leur valeur économique et leur intérét halieutique. Le
but de cette étude est de déterminer a 1’aide des isotopes stables 1’écologie trophique du sandre dans deux rivieres du sud-ouest de
la France. Dans les deux rivieres, le sandre présente une position trophique significativement supérieure (TP, moyenne =+ erreur
standard = 4,2 £ 0,1) a celles des autres prédateurs comme le brochet (Esox lucius, TP = 3,7 £ 0,1) ou le silure (Silurus glanis,
TP = 3,8 £0,1). La plupart des études concernant I’utilisation des ressources en eau douce consideérent les poissons prédateurs
comme écologiquement équivalent. Dans les systemes étudiés (Lot et Tarn, bassin de la Garonne), le sandre occupe une niche
trophique plus élevée que les autres poissons prédateurs. Cette spécialisation apparente pourrait ainsi avoir des conséquences sur
les relations interspécifiques au sein de la guilde des prédateurs, et sur 1’organisation fonctionnelle des communautés biologiques.
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1. Introduction

The introduction of non-native predatory species can
impact food webs and native populations of predators
and prey [1]. The most obvious effects of introduced
predators are lethal or non-lethal direct effects via pre-
dation on and/or competition with native predators [2,
3]. Freshwater ecosystems have little immunity to non-
native fishes [4], which were introduced for many recre-
ational and economic purposes [5]. For instance, rivers
have been heavily stocked with non-native predatory
fish species for recreational fisheries [6], and one of
them is the pikeperch, Sander lucioperca (Linnaeus,
1758). The native distribution of the pikeperch ex-
tends from Germany in the Western Europe through the
Baltic Sea drainage area to the Southeast part of Rus-
sia. Since the beginning of the 191" century, pikeperch
has been introduced in several countries and nowadays,
the species occurs from the Iberian Peninsula to the Aral
Sea and from Scandinavia to Maghreb [7]. Specifically,
pikeperch has been introduced in France since the be-
ginning of the 20" century [5] and it has been recorded
since 1960 in southwestern French rivers [8]. In its na-
tive areas, pikeperch is classified as a top-predator feed-
ing mainly on perch Perca fluviatilis Linnaeus, 1758,
smelt Osmerus eperlanus (Linnaeus, 1758) and ruffe
Gymnocephalus cernuus (Linnaeus, 1758) [9]. In its
introduced areas, virtually all aspects of the environ-
mental biology of pikeperch require further studies to
determine its potential effects in novel environments [5,
10]. Specifically, one of the most urgent needs for ba-
sic and applied ecology is to assess the trophic ecol-
ogy of pikeperch, with reference to other predatory fish
species, especially native species.

During the last decade, the study of the trophic
ecology and ecological effects of non-native species in
freshwaters has greatly benefited from the use of stable
isotope analysis (SIA) [1,11]. This method, based on
the predictable relationship between the isotopic com-
position of consumers and their diet, has been proposed
as a sensitive, powerful and cost-effective tool [12].
SIA is equally robust at discriminating trophic groups
of stream fishes than conventional methods based on
gut contents analyses; the difference in the informa-
tion that can be obtained by both methods relies on the
time scale, namely, short (gut contents) vs. mid-term

(SIA) [13]. Ratios of carbon isotopes (813C) are used
to determine sources of dietary carbon whereas §'°N
ratios are powerful for estimating trophic position of or-
ganisms [14].

The aims of this study were to determine the trophic
position of introduced pikeperch within the food web
of river ecosystems, and to discuss the potential eco-
logical risks associated with non-native fish introduc-
tions. To this end, predatory fish tissues were sampled
in two large rivers of SW France, and carbon and ni-
trogen stable isotopes (8'3C and §'°N) were used to
analyze the trophic position differences between co-
existing species.

2. Materials and methods

The Lot River flows westward across the Massif Cen-
tral Mountains for approximately 480 km with a mean
discharge of 151 m*s~! and a total drainage area of
11,500 km?. The studied stretch in the Lot River was
approximately 4 km long near the town of Puy I’Evéque
(44°30'N, 1°8'E). The Tarn River is about 380 km
long with a mean discharge of 144 m3s~! and a total
drainage area of 15,700 km?. The studied stretch in the
Tarn River, located between two artificial weirs near the
town of Villemur-sur-Tarn (43°52’N, 1°30'E), was ap-
proximately 8 km long. Both rivers are tributaries of the
Garonne River basin (Fig. 1).

The predatory fish guild in both rivers was mainly
composed of one native species (northern pike), and
two non-native species (pikeperch and European cat-
fish). Samples of predatory fish were collected from the
two rivers by local recreational anglers from mid-April
to the end of June 2007. This period corresponded to the
most intensive feeding and growth periods of predatory
fish [15]. Each individual was measured for total length
(TL, £1 mm) and fin-clipped for SIA. Fin clipping was
chosen because stable isotope values in fin tissue cor-
relate closely with those in muscle tissue of fish and
thereby allow non-lethal sampling for SIA [16]. All fin
samples were oven dried (60 °C for 48 h) and ground
into a homogeneous powder using a mixer mill (Retsch
MM 200). SIA were performed at the Stable Isotopes
in Nature Laboratory, University of New Brunswick,
Canada.
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Fig. 1. Location of the sampling areas in the Lot River and in the Tarn
River, southwestern France.

Mann—-Whitney U-test was used to test for differ-
ences between fish total length between the two rivers.
After inspection of normality and homoscedasticity,
the level of overlapping between the trophic niche of
pikeperch, pike and European catfish was determined
by comparing the differences in mean §'3C and §°N
values using a one-way ANOVA followed by post-hoc
tests (Tukey’s multiple comparisons). Since the §'N
values cannot directly be used to compare trophic posi-
tions of consumers between ecosystems due to potential
differences in baseline §'°N signatures [17], the § °N
signatures of the exotic and invasive Asian clam Cor-
bicula fluminea (Miiller, 1774) and zebra mussel Dreis-
sena polymorpha (Pallas, 1771) were used to correct the
8N values of fish to allow comparisons between the
two rivers [14,18]. Mean 89N values of clams were
measured from both rivers and the trophic positions
(TP) were calculated for each individual using the for-
mula:

TP = [(fish6'°N — clam 6'°N) /3.4] + 2

Table 1

where 3.4 represents a widely used one trophic level
fractionation in §'3N [14] and 2 is the trophic position
of clams.

3. Results

A total of 15 and 5 pikeperch were sampled for
SIA in the Lot River and in the Tarn River, respec-
tively (Table 1). The mean (+=SE) TL of pikeperch was
676 mm (426, n = 15) and 656 mm (£24, n = 5),
respectively, and did not differ between rivers (Mann—
Whitney U = 130; P =0.921). A total of 6 and 5 pike
were sampled for SIA in the Lot River and in the Tarn
River, respectively (Table 1). The mean (£SE) TL of
pike was 627 mm (£20, n = 6) and 658 mm (£57,
n = 5), respectively, and did not differ between rivers
(Mann—Whitney U = 29; P = 0.532). A total of 24
catfish were sampled in both rivers. The mean (+SE)
TL of European catfish was 759 mm (+40, n = 14)
and 626 mm (£42, n = 5) in the Lot and Tarn Rivers,
respectively, indicating a slight difference between the
two rivers (Mann—Whitney U = 228; P = 0.042).

In the Lot River, the mean §'3C value of pikeperch
was —23.9%0 (40.1) ranging from —24.5 to —22.8%o,
whereas the mean §'°N value was 16.7%0 (£0.2)
ranging from 15.48 to 17.8%¢ (Fig. 2). In the Tarn
River, the stable isotope signatures of pikeperch were
—24.5%0 (£0.1) ranging from —24.9 to —24.1%0 for
813C and 18.5%0 (£0.3) ranging from 18.0 to 19.2%o
for 8 1°N.

In the Lot River, mean §'3C values differed signif-
icantly between pikeperch and the two other predatory
fish (ANOVA, F(2 37) = 6.096, P = 0.006, Fig. 2), with
pikeperch being significantly '>C-depleted compared to
pike (Tukey’s test, P = 0.049) and European catfish
(Tukey’s test, P = 0.008). No significant differences in
813C were found between pikeperch and the two other
predatory fish in the Tarn River.

The trophic positions of pikeperch, pike and Eu-
ropean catfish differed significantly (F(232) =46.112,
P < 0.0001) in the Lot River (Fig. 3). Specifically,

Number (n) of samples analyzed for stable isotopes (515N and 513C) and total length (TL, minimum, maximum and mean + SE, in mm) of

pikeperch, pike and European catfish in the Lot and Tarn Rivers.

. Lot River Tarn River
Species
n Total length n Total length
Min Max Mean + SE Min Max Mean + SE
Pikeperch 15 580 890 676 + 26 5 620 750 656 +24
European catfish 14 510 1000 759 + 40 10 490 960 626 + 42
Pike 6 530 890 627 £+ 20 5 500 770 658 £ 57




pikeperch had a higher trophic position than pike (Tu-
key’s test, P < 0.0001) and European catfish (Tukey’s
test, P < 0.0001). The same pattern was observed in the
Tarn river (Fig. 3) where the three predatory species oc-
cupy significantly different trophic positions (F(2,17) =
27.130, P < 0.0001). Specifically, pikeperch had a
higher trophic position than the two other predatory
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Fig. 2. Mean stable isotope values (89N and s13C) of pikeperch (@),
pike (A) and European catfish (x) from the Lot (upper panel) and
Tarn (lower panel) Rivers. Individual values are given for pikeperch
(O). Error-bars represent standard error (SE).
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species (Tukey’s test, P < 0.0001 for both pike and Eu-
ropean catfish). Trophic positions of pike and European
catfish were not significantly different neither in the Lot
(Tukey’s test, P = 0.083) nor in the Tarn (Tukey’s test,
P =0.964).

4. Discussion

Information on the trophic ecology of co-existing
native and non-native predators is of importance to vir-
tually all aspects of risk assessment in relation to bi-
ological invasions. Particularly, understanding the po-
tential impacts of introduced predators on co-occurring
predators and prey can improve our ability to fore-
cast the effects of changes in the composition of the
predator guild on the overall community. Basically,
such an understanding can be gained by assessing the
trophic positions of introduced predators, and poten-
tial diet overlap with other species of the predatory
guild. Fish species are often studied as model organ-
isms under this topic due to strong fisheries and/or
economical concerns [6]. Moreover, many non-native
fish species may become rapidly established through
human-assisted dispersal (e.g. sport and bait species).
Although several studies have described the effects of
introduced predatory fish on native prey [19,20], studies
focusing on the non-native and native piscivorous fish
in rivers are still scarce, but some exists in lakes [1,21].
One of the most successful introduced piscivorous fish,
pikeperch, has been widely introduced outside its na-
tive area throughout Europe for recreational fishing and
commercial value; specifically in areas where its abun-
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Fig. 3. Trophic position of pikeperch, pike and European catfish in the Lot and Tarn Rivers. The boxes represent the interquartile range, the line
across is the median value and the cross is the mean value. The whiskers show the lowest and the highest values.



dance is high enough to support small scale commercial
fisheries [22]. This species is also used as a biomanip-
ulation tool to control planktivorous fish abundance in
many lake restoration attempts [23].

Here, we assessed the trophic position of the pike-
perch within the predatory fish guild in two large rivers
using SIA, while other existing studies rather relied on
stomach content analyses (but see [24]). SIA is rele-
vant for studying the diet of pikeperch, notably because
of the frequency of empty stomachs in predatory fish.
Moreover, even if not empty, typically only one or two
prey species are found per stomach, and this may lead
to highly biased estimates of temporally variable diets
[25]. Conversely, SIA integrates diet information over
longer time periods [14]. Last, predatory fish are not
very abundant in the two studied rivers and they are
popular for recreational fishing; hence non-lethal sam-
pling is needed in this context. By the way, we implicitly
show that non-specialists (here local anglers) can con-
tribute efficiently to scientific studies on fish diet, by
providing researchers with fresh tissue samples. Such a
contribution would have probably been complicated, if
not impossible, if stomach tubes or pulsed gastric lavage
were required for gut contents.

Our results suggest that pikeperch can be catego-
rized as a top-predator in the two studied rivers, but
that it occupied a higher trophic position compared to
other predatory fish species. Such high trophic levels of
pikeperch have been reported in lagoons [24], lakes [19,
26,27], as well as in marine embayments [28]. However,
little was known to date in rivers, although the species
is widely introduced in all European rivers [29]. The
high trophic position of pikeperch in lakes and reser-
voirs, assessed from gut content analyses, was often
attributed to their feeding preferences on omnivorous
fishes like roach (Rutilus rutilus), bleak (Alburnus al-
burnus) or smelt as already observed in some French
river [25] but also on piscivorous fishes like perch [26,
27] when they reach larger sizes. Furthermore, cannibal-
ism seems to occur throughout the life of pikeperch. Al-
though its importance is modest for individuals smaller
than 250 mm [19], cannibalism becomes more impor-
tant with increasing body size [9,19,30] until pikeperch
congeners can become the major part of the diet at the
adult stage [19] leading to a higher trophic position.

A crucial question about the establishment of non-
native species concerns their potential impact on the
predator guild. Indeed, most studies concerning re-
source use frequently treat predatory fish as ecologi-
cally equivalent. This simplification would imply that
inter-species variation is so weak that it has a lim-
ited influence upon interspecific relationships within

the predatory guild, and upon the functional organi-
zation of biological communities. Our results indicate
that such simplification is not justified and that some
predators can be highly specialized compared to other
species within the same trophic guild, occupying a
higher trophic niche. This study therefore highlights
the apparent specialization of a top-predator, which can
have important community level implications through
intraguild competition and/or predation in the context
of species introductions.

Acknowledgements

We are grateful to the numerous anglers that pro-
vided us samples for SIA. The study was funded by
the ‘Fédération de péche du Lot, Agence de I’eau
Adour Garonne, Conseil Régional Midi-Pyrénées, Con-
seil Général du Lot, Fédération nationale pour la péche
en France, EDF’ (contract: N° 08005117). We thank
N. Poulet for his comments on an earlier version of
the manuscript. We wish to thank an anonymous Re-
viewer who provided valuable comments to improve
the manuscript.

References

[1] J. Vander Zanden, J.M. Casselman, J.B. Rasmussen, Stable iso-
tope evidence for the food web consequences of species inva-
sions in lakes, Nature 401 (1999) 464-467.

[2] D.F. Fraser, J.F. Gilliam, Nonlethal impacts of predator invasion:
facultative suppression of growth and reproduction, Ecology 73
(1992) 959-970.

[3] EXM. White, J.C. Wilson, A.R. Clarke, Biotic indirect effects:
a neglected concept in invasion biology, Divers. Distrib. 12
(2006) 443-455.

[4] B. Morton, The aquatic nuisance species problem: a global
perspective and review, in: ED. Itri (Ed.), Zebra Mussels and
Aquatic Nuisance Species, Ann Arbor Press, Chelsea, Mich,
1997, pp. 1-53.

[5] P. Keith, J. Allardi, Atlas des poissons d’eau douce de France,
Patrimoines Naturels, Paris, 2001.

[6] L.A. Eby, W.J. Roach, L.B. Crowder, J.A. Stanford, Effects of
stocking-up freshwater food webs, Trends Ecol. Evol. 21 (2006)
576-584.

[7]1 R. Froese, D. Pauly, FishBase, http://www.fishbase.org/search.
cfm, 2003.

[8] J. Goubier, Acclimatation du Sandre (Lucioperca lucioperca L.)
dans les eaux francaises, Int. Ver. Theor. Angew. Limno. Verh. 18
(1972) 1147-1154.

[9] A. Kangur, P. Kangur, Diet composition and size-related changes
in the feeding of pikeperch, Stizostedion lucioperca (Percidae)
and pike, Esox lucius (Esocidae) in the Lake Peipsi (Estonia),
Ital. J. Zool. 65 (1998) 255-259.

[10] B. Elvira, Native and exotic freshwater fishes in Spanish river
basins, Freshw. Biol. 33 (1995) 103-108.

[11] J. Cucherousset, J.C. Aymes, F. Santoul, R. Céréghino, Sta-
ble isotope evidence of trophic interactions between introduced



brook trout Salvelinus fontinalis and native brown trout Salmo
trutta in a mountain stream of south-west France, J. Fish. Biol. 71
(2007) 210-223.

[12] B. Fry, Stable Isotope Ecology, Springer, Berlin, 2006.

[13] S.M. Rybczynski, D.M. Walters, K.M. Fritz, B.R. Johnson,
Comparing trophic position of stream fishes using stable isotope
and gut contents analyses, Ecol. Freshw. Fish. 17 (2008) 199—
206.

[14] D.M. Post, Using stable isotopes to estimate trophic position:
models, methods, and assumptions, Ecology 83 (2002) 703-718.

[15] A. Koed, P. Mejlhede, K. Balledy, K. Aarestrup, Annual move-
ment and migration of adult pikeperch in a lowland river, J. Fish
Biol. 57 (2000) 1266-1279.

[16] T.D. Jardine, M.A. Gray, S.M. McWilliam, R.A. Cunjak, Stable
isotope variability in tissues of stream fishes, Trans. Am. Fish.
Soc. 134 (2005) 1103-1110.

[17] J. Vander Zander, G. Cabana, J.B. Rasmussen, Comparing
trophic position of freshwater fish calculated using stable nitro-
gen isotope ratios (§1°N) and literature dietary data, Can. J. Fish,
Aquat. Sci. 54 (1997) 1142-1158.

[18] G. Cabana, J.B. Rasmussen, Comparison of aquatic food chains
using nitrogen isotopes, Proc. Natl. Acad. Sci. 93 (1996) 10844—
10847.

[19] R.N.B. Campbell, Food of an introduced population of
pikeperch, Stizostedion lucioperca L., in Lake Egirdir, Turkey,
Aquac. Fish. Manag. 23 (1992) 71-85.

[20] B. Elvira, A. Almodovar, Freshwater fish introductions in Spain:
facts and figures at the beginning of the 21%¢ century, J. Fish.
Biol. 59 (2001) 323-331.

[21] T. Schulze, U. Baade, H. Dorner, R. Eckmann, S.S. Haertel-
Borer, F. Holker, T. Mehner, Response of the residential pisciv-
orous fish community to introduction of a new predator type in

a mesotrophic lake, Can. J. Fish, Aquat. Sci. 63 (2006) 2202—
2212.

[22] S. Hansson, F. Arrhenius, S. Nellbring, Benefits from
fish stocking-experiences from stocking young-of-the-year
pikeperch, Stizostedion lucioperca L. to a bay in the Baltic Sea,
Fish. Res. 32 (1997) 123-132.

[23] K. Wysujack, P. Kasprzak, U. Laude, T. Mehner, Management
of a pikeperch stock in a long term biomanipulated stratified
lake: efficient predation vs. low recruitment, Hydrobiologia 479
(2002) 169-180.

[24] A. Persic, H. Roche, F. Ramade, Stable carbon and nitrogen iso-
tope quantitative structural assessment of dominant species from
the Vaccares Lagoon trophic web (Camargue Biosphere Reserve,
France), Estuar. Coast. Shelf. Sci. 60 (2004) 261-272.

[25] J. Goubier, Nourriture du Sandre Lucioperca lucioperca (L.),
Bull. Fr. Piscic. 263 (1976) 77-79.

[26] T. Keskinen, T.J. Marjomiki, Diet and prey size spectrum of
pikeperch in lakes in central Finland, J. Fish. Biol. 65 (2004)
1147-1153.

[27] P. Kangur, A. Kangur, K. Kangur, Dietary importance of various
prey fishes for pikeperch Sander lucioperca (L.) in large shallow
lake Vortsjérv (Estonia), Proc. Estonian Acad. Sci. Biol. Ecol. 56
(2007) 154-167.

[28] S. Hansson, F. Arrhenius, S. Nellbring, Diet and growth of
pikeperch (Stizostedion lucioperca L.) in a Baltic Sea area, Fish.
Res. 31 (1997) 163-167.

[29] N. Poulet, Le sandre (Sander lucioperca (L.)): biologie, com-
portement et dynamique des populations en Camargue (Bouches
du Rhone, France), Université de Toulouse III, 2004.

[30] C. Argillier, M. Barral, P. Irz, Growth and diet of the pikeperch
Sander lucioperca (L.) in two French reservoirs, Arch. Pol.
Fish. 11 (2003) 99-114.



