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ABSTRACT

1. European eel (Anguilla anguilla) is recognized as a critically endangered species in the northern hemisphere.
Threats such as overfishing or pollution are well known as risks for eel populations. However, much less is known
about the impact of introduced fish on European eels. In particular, introduced large-bodied predators could

become new predators to eels.

2. The potential impact of European catfish (Silurus glanis L) on an eel population in the Camargue, southern
France was studied using a combination of stable isotope and gut content analyses.

3. Only large-bodied catfish (> 500 mm) can consume numerous fish prey. However, catfish mostly consumed
crayfish (Procambarus clarkii), these prey items being found in 79% of the guts of the largest individuals. Eel was
absent from the dissected catfish guts. A mixing model based on Bayesian inference revealed that catfish diet
included only 5% (0-8.5%) of marine sources (both eel and mullet).

4. While local economic interests prompted ecological studies to assess whether catfish exerted a new and
strong predatory pressure on eel, this study found that European catfish behaved as an opportunistic omnivore,
and as such was not a direct threat as a predator on eel populations in the Camargue.
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INTRODUCTION

Among threatened aquatic animals, the European eel (Anguilla
anguilla L, hereafter ‘eel’) is the focus of many conservation
studies in the northern hemisphere (Dekker, 2000, 2003a; Haro
et al., 2000; Wirth and Bernatchez, 2003; Allen et al., 2006).
Many factors, closely related to its economic interest and/or
destruction of its physical habitats by man, have led to its
decline (Castonguay et al., 1994; Loste and Dusserre, 1996;
Moriarty and Dekker, 1997; Bevacqua et al., 2007,
Aprahamian and Walker, 2008). Eel is classified as Critically
Endangered (CR) on the Red List of Threatened Animals of
the International Union for Conservation of Nature (IUCN),
and it is a listed species in Annex II of the European
Community Habitats Directive 92/43/EEC.

Although fish invasions are recognized as a serious threat
to freshwater ecosystems (Dudgeon et al., 2006), much less
is known about the impact of introduced fish on ecls.

In particular, introduced predatory fish species can have
serious implications for native species and food web structure
(Vander Zanden et al., 1999; Eby et al., 2006; Copp et al.,
2009). More specifically, it may be assumed that introduced
large-bodied predators (larger than native predators) could
become new predators to adult native fish including eels, which
normally reach a size-refuge against native predators such as
pike. European catfish (Silurus glanis L, hereafter ‘catfish’) is
the world’s third largest freshwater fish and the largest
European freshwater fish (Stone, 2007). Native to eastern
Europe and western Asia, this catfish has been widely
introduced outside its native areas owing to its popularity as
a sport fish and in aquaculture (Copp et al., 2009). In its
introduced areas, adult catfish can be at least twice as large as
the native piscivorous fishes but its potential impacts on other
species are not always thoroughly understood (Copp et al.,
2009; Syviranta et al., 2010) and may even depend on the
catfish invasion stage (Carol et al., 2009).
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around 3% (Peterson and Fry, 1987). SIA has been used to
study the impacts of non-native fish on native fish (Vander
Zanden et al., 1999; Syviranta et al., 2010), and can also be
used to identify fish migration between marine and fresh
waters (McCarthy and Waldron, 2000; Harrod et al., 2005), as
well as utilization of marine prey within freshwater systems
(Syviranta et al., 2009). Marine fish are typically enriched in
the heavier carbon isotope (‘*C) compared with freshwater
fish, and migrating marine fish can be identified in freshwater
systems by their higher 6'3C values.

Crustaceans and fish muscle samples (all samples for SIA,
n = 3-12 for potential prey, n = 82 for catfish) were oven dried
at 60°C for 48h and then ground into a fine homogeneous
powder using a mortar and pestle. Approximately 0.2mg of
sample material was accurately weighed into small tin cups and
stable isotope ratios of carbon and nitrogen were analysed in a
Carlo Erba NC2500 elemental analyser (Carlo Erba, Milan,
Ttaly) coupled to a Finnigan Mat Delta XP isotope ratio mass
spectrometer (Thermo Finnigan, Bremen, Germany). Isotope
ratios are reported in delta notation in accordance with
international standards: Peedee Belemnite Carbonate for 5'*C
and atmospheric nitrogen for 8'°N. Data were corrected using
working standards (bass muscle, bovine liver, nicotinamide;
SD<0.2%0 for both §'3C and §'°N) that were previously
calibrated against International Atomic Energy Agency
(IAEA) standards. All stable isotope analyses were
performed at the Stable Isotopes in Nature Laboratory,
University of New Brunswick, Canada.

Data analyses and statistics

The food web of the Fumemorte fish community was depicted
in the 6'°N-6'C graph (Figure 1) from baseline to top
predators, using data obtained during the present study. To
show a potential ontogenetic shift in catfish diet, relationships
between length and 8'C and §'°N values were studied from 82
catfish ranging from 60 mm to 1625mm TL. Trophic positions
for catfish and all other freshwater organisms in the food web
were calculated using Gammarus sp. as 6°°N baseline and
following Vander Zanden et al. (1997):

TP = [(615Nﬁsh - 515Ngammarus)/A]+2:

where A is the trophic fractionation factor for 8'°N values (3%o)
and 2 is the trophic position for gammarus. Catfish were
grouped into three size classes: TL <200mm, TL 200-500 mm
and TL >500mm. The first class (<200mm) comprises 0+
and 1+ catfish, while the second class is constituted by
immature catfish and the last class regroups fully grown
individuals. The marine fish contribution to the catfish diet was
calculated but only for fish >500mm TL. In fact, we consider
that only fish >500mm are large enough to consume eels.
The SIAR (Stable Isotope Analysis in R) package (Parnell
et al., 2010) in R 2.9.2 (R Development Core Team, 2009) was
used to calculate relative contributions from different prey
groups to adult catfish diet, with particular interest in assessing
the presence of marine fish. Potential prey was grouped into
adult crayfish, freshwater fish (topmouth gudgeon, sandsmelt,
bleak, pumpkinseed, bream, common carp and Prussian carp)
and marine fish (mullet and eel), based on the gut contents of
these larger catfish. The SIAR isotope mixing model uses
Bayesian inference to estimate source contribution and allows
the input of uncertainties, such as variation around the mean

isotope values of sources (prey) and fractionation factors, into
the final model. Fractionation factors of 0.5+0.2%0 for 6'>C
and 3.0+0.5% for 6'°N which fall within the range were used
for those factors most often reported (Peterson and Fry, 1987;
Vander Zanden and Rasmussen, 1999; Post, 2002). Statistics
were performed using R and SPSS.

RESULTS AND DISCUSSION

The 6'°N-6'3C graph (Figure 2) presents the food web studied.
Individuals originated from two different systems and food
webs: those from the freshwater system with 6'>C values lower
than —22%o, and those from a marine system with §'C higher
than —17%o (i.e. mullet and eel). Some small catfish individuals
were clearly feeding on invertebrates (Gammarus, juvenile
crayfish) with 6'3C values between —31 and —28% and §'°N
between 10 and 12%.. Other larger individuals were more
dependent on adult crayfish and/or were already piscivorous
(—27 to —26%o for §'*C and 12.5 to 14%o for 6"°N). More
specifically, it was found that differences in 6'>C and §'°N
values existed between small-, medium- and large-bodied
catfish, although the relationships between catfish TL and
613C and 6'°N values (Figure 3) were not particularly strong.
Small- and medium-sized catfish did not present large
differences between their carbon and nitrogen isotope mean
values (t-test, df =48, P=0.16 for §'*C, P=0.06 for 6'°N),
but small- and large-bodied and medium- and large-bodied
individuals had significantly different mean values (¢-tests,
small- and large-bodied fish: df = 54, P<0.001 for 6'*C and
5'°N; medium- and large-bodied fish: df =56, P<0.001 for
813C, P<0.01 for 6'°N). Small ontogenetic shifts in catfish diet
were evident (Figure 2), particularly in the smallest sized
catfish, as both 63C and 8'°N values became higher with
increasing catfish length. The calculated trophic positions (TP)
(Table 1) showed similar results: differences existed between
small- and large-, and between medium- and large-bodied
catfish (z-tests, small- and large-bodied fish TP: df =54,
P<0.001; medium- and large-bodied fish TP: df= 56,
P<0.01). Valadou (2007) speculated that the catfish was a
voracious top predator with a predation impact on pike,
pikeperch, crayfish and eel populations. However Pasquaud
et al. (2010) considered eel as a top predator in the Gironde
estuary (France). In the present study, unlike Wysujack and
Mehner (2005), who found eels in the stomach contents of
catfish (between 490 and 800 mm), eels were not observed in
the guts of the study fish. According to the stomach content
analyses, catfish mostly ate invertebrates, especially crayfish
(P. clarkii, Table 2). Indeed, of the 134 individuals studied,
only 58 had food in their stomach, and 79% of these contained
remains of crayfish. Mullet, topmouth gudgeon and frog were
the second most frequent prey with 7% and 5%, respectively,
in gut contents (Figure 3). These results are consistent with
Dogan and Gul (2004), Carol (2007), Carol et al. (2009) and
Copp et al. (2009).

Using the SIAR to estimate diet contributions from
crayfish, freshwater and marine fish, resulted in diet data
very similar to the gut content data of similarly sized
individuals (Table 2). Crayfish was identified as the most
important prey for catfish (85% of the total diet; 74-95%,
95% Bayesian confidence interval (BCI), Figure 4), followed
by freshwater fish (10%; 0-20%, 95% BCI), while marine fish
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