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Abstract The success of predators in species inva-
sion will depend on their interactions with their own
predators and competitors. The present study exam-
ined whether the predation of piscivorous fish among
other piscivorous fish could be an active mechanism in
species invasion. The diet of eleven piscivorous fish
found in the upper Parana River basin was analyzed
during eight years. Seven of the fish species were
native to the river basin, and four were invasive
species. The diet composition of the studied species
did not differ from each other, and a high value of
niche overlap was found among invasive species with
native species. Invasive species consumed higher
amounts of piscivorous species, mainly Hoplias sp. 1
and C. kelberi. Salminus brasiliensis was the only
native species with high values of predation over
piscivorous fish. There were no significant differences
between the consumption of piscivorous fish and their
abundance. Overall, the consumption of piscivorous
fish by invasive species can act as a mechanism for
their success and maintenance in a new environment.
Piscivorous invaders radically change the composition
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of their new environment more than other trophic
levels; therefore, we recommend special care with the
introduction of piscivores.
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effects - Intra guild predation

Introduction

In freshwater environments, invasive species are
known to cause deleterious effects on diversity (Zaret
& Paine, 1973; Pelicice & Agostinho, 2009) and to
induce dramatic changes in community structure
(Sharma et al., 2011) and functioning in assemblages
(Baxter et al., 2004). The success of an invasive
species is determined by its ability to tolerate and
overcome the various pressures of the new environ-
ment (Diamond & Case, 1986), including direct
interactions, such as competition and predation with
native species (Dick, 1996; MacNeil & Prenter, 2000).

In aquatic systems, piscivorous invaders most
likely change the composition of the novel area more
radically than omnivorous or detritivorous invaders
(Moyle & Light, 1996). Piscivorous species are
relatively easy to introduce due to their aggressive
behavior, and such invasions are recognized as one of
the most powerful biological ways of transforming
native communities (Luiz et al., 2011). Most predators
have multispecific diet in a community (Hurd &

@ Springer



224

Hydrobiologia (2015) 746:223-231

Eisenberg, 1990; Sih et al., 1998) and this linkage
results in several potential types of interactions
between two coexisting predators species within an
assemblage: (i) non interactive predators, (ii) preda-
tors that attack and kill each other, (iii) predators that
influence either the foraging behavior or foraging
range of another predator, and (iv) predators that
influence prey behavior and thus affect prey suscep-
tibility to other predators (Losey & Denno, 1998).

One key factor that likely governs emergent
multipredator effects is an overlap between predators
in their foraging habitat (Hochberg, 1996). The
coexistence of two predators and their prey only
occurs if one of the predators is a better competitor for
the prey than the other (Sih et al., 1998). If the native
predator species consume the invaders at a rate greater
than or equal to its rate of arrival, it can prevent the
establishment of a non-native species (Shinen et al.,
2009). Thus, the success of predator invasions will
depend on their interactions with their own predators
and competitors (Sih et al., 2010).

Top predators may switch more readily from
foraging on shared prey to foraging on intermediate
predators in habitats where intermediate predators are
more vulnerable to predation (Griffen & Byers, 2006).
When a native species and an invasive species
compete for the same feeding resource (prey), the
invasive species can compensate this resource loss by
consuming its competitors, which could increase the
colonization success (Hall, 2011). However, identify-
ing the main mechanisms that determine the success
and establishment of invasive species is still a
challenge in invasion ecology (Rice & Silverman,
2013). Thus, the objective of this study was to evaluate
the consumption between native and non-native
piscivorous fish. The working hypothesis was that
invasive species will have higher consumption rates of
their competitors than native piscivorous fish. If our
hypothesis is supported, we can state that “eating the
competition” may be a facilitator mechanism for the
invasion of non-native predators.

Materials and methods
The upper Parana River floodplain is located between
the coordinates 22-22°50" S and 53°15'-53°40’ W, in

the third inferior part of the upper Parana River
(Fig. 1). There are approximately 182 fish species in
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the study area and, of this total, more than 50 species
are non-native (Graca & Pavanelli, 2007). The origins
of non-native species are diverse, including fish
farming, sport fishing or facilitation by damming
(Langeani et al., 2007). The upper Parand is charac-
terized by high diversity and endemic fauna, which is
highly threatened due to hydrological alterations and
species invasion (Agostinho et al., 2008). The flood-
plain where the study was conducted is the only
remnant of the upper Parana River with lotic waters
within the Brazilian territory.

Samples were made in three distinct rivers of the
floodplain (Baia, Ivinhema and Parana rivers) totaliz-
ing 36 sampling stations (12 in each river) in different
environments, including connected and non-con-
nected lakes, channels, and river main channel. Fish
species were captured quarterly from March 2005 to
June 2013. Gill nets of different mesh sizes were used
to capture fish (2.4-16 cm between opposite knots).
The nets were exposed for a 24-h period and checked
at 8:00 AM, 4:00 PM, and 10:00 PM. All sampled fish
were identified, measured and eviscerated, and their
stomachs were removed and preserved in 10%
formalin for later analysis.

Fish stomach contents were examined under a
stereoscopic microscope to determine their diets, and
items were identified to the lowest possible taxonomic
level. Fish were identified using the keys published by
Graga & Pavanelli (2007). Fish preys were measured
and the volumetric (Hyslop, 1980) and occurrence
(Hynes, 1950) methods were used to express diet
results.

The piscivorous fish species that had more than 40
adult individuals with content in the stomachs were
analyzed and classified as native or invasive according
to Pazza & Julio-Jr (2003), Langeani et al. (2007), and
Jalio-Jr et al. (2009). The native species were Aces-
trorhynchus lacustris (Liitken, 1875), Hoplias sp. 2,
Hoplias sp. 3, Hemisorubim platyrhynchos (Valenci-
ennes, 1840), Pseudoplatystoma corruscans (Spix &
Agassiz, 1829), Rhaphiodon vulpinus (Spix & Agas-
siz, 1829), and Salminus brasiliensis (Cuvier, 1816),
which correspond to 40% of the total native pisciv-
orous abundance in the study area. The invasive
species were Cichla kelberi Kullander & Fereira,
2006, Cichla piquiti Kullander & Fereira, 2006,
Hoplias sp. 1 and Plagioscion squamosissimus (Hec-
kel, 1840), representing more than 70% of the total
abundance of invasive piscivores.
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Feeding items were grouped taxonomically, at
family and subfamily (for Characidae) levels, for
analysis because they may reflect the shared ecomor-
phological and functional patterns of the prey species
(Oliveira et al., 2010). Serrasalmus marginatus
(Valenciennes, 1837) and Hoplerithrynus unitaeniatus
(Agassiz, 1829) were considered as prey only because
of the difficulty in analyzing S. marginatus stomachs
that contained prey pieces that were hard to identify at
a specific level and because of the low capture of H.
unitaeniatus.

The proportion of fish consumed was obtained for
each predator species to confirm the piscivorous diet.
A Chi-square test was used to determine if the
frequency of piscivorous fish consumption differed
between native and invasive species, using as null
hypothesis that the piscivorous consumption between
native and invasive fish did not differ.

To calculate the feeding overlap between native
and invasive species, the Schoener’s index (Schoener,
1970) was applied to the grouped data with all food

resources. The significance of the overlapping was
tested using a Chi-square test between the pair of
species. The Schoener’s index is described as:

Com1-05(3 )

where, C,, is the Schoener’s niche overlap Index and
pxy and py; are the estimated proportions of prey i in
the diets of species x and y, respectively. This index
ranges from 0 (no dietary overlap) to a maximum of 1
(all prey items are found in equal proportions).

A principal coordinate analysis (PCoA) was used
with a Bray-Curtis similarity resemblance matrix
(Legendre & Legendre, 1998) to summarize data on
the diet of the native and invasive piscivorous species.
A Permutational Analysis of Multivariate Dispersions
(PERMDISP; Anderson, 2004) was used to test for
differences between native and non-native species in
the ordination, based on the distances of the samples
relative to the group average (Anderson, 2006). This
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Table 1 Volumetric

Species N Min max  Fish Decapoda  Insects Plants  Other
frequency (%) of the food
items ingested by the Native
analyzed species A. lacustris 391 1.1 135 9803 093 099 004 -
H. platyrhynchos 77 1 125 9349 4.58 0.48 1.45 -
Hoplias sp. 2 135 09 17 97.16 0.44 0.75 1.65 -
Hoplias sp. 3 45 1.7 22 89.26 0.9 0.09 6.16 3.6
P. corruscans 105 0.7 27 97.97 0.92 - 1.03 0.08
R. vulpinus 70 1.5 22 89.26 7.88 2.83 0.04 -
S. brasiliensis 58 1 15 98.81 0.49 0.56 0.13 0.002
S. lima 41 0.6 10 69.3 22.98 7.72 - -
Invasive
’S\i O‘;‘:(‘fl’lzr %:“;ﬁﬂlm C. kelberi 103 07 75 879 1159 - 0.5 -
prey size (length, cm), Max C. piquiti 41 33 10.8  39.25 0.27 56.45 4.03 -
maximum prey size (length, Hoplias sp. 1 144 12 163 9744 1.06 0.95 0.56 -
cm), Other other P. squamosissimus 173 1.9 21 70.15  27.08 2.77 0.001 -

invertebrates

analysis determines if the diet is more variable among
native or invasive species and if the group diets’ differ
from each other. These analyses were tested by a
Monte Carlo method with 999 randomizations.

To determine if the piscivore consumption was due
to the abundance of available preys, the percentage of
consumable preys was calculated for the environ-
ments, considering only the prey species and size range
that were found in the stomachs; species or lengths not
found in the stomachs content were omitted as they
were deemed inaccessible to the studied species.
Finally, to determine if the frequency of piscivorous
consumption differences were due to abundance
variations of the species, a Spearman’s correlation
was used to analyze the associations between abun-
dance (catch per unit of effort—CPUE; unit: number of
individuals/1,000 m” of nets set for 24 h) and the
frequency of piscivorous fish consumption.

All analyses were performed with the R Program-
ming Environment software, with the packs Vegan for
PCoA and PERMDISP and spa for niche overlap (The
R-Project for Statistical Computing, http://www.r-
project.org/). The graphics were constructed in Staz-
istica Statsoft 10.0.

Results

As expected, a greater proportion of fish was found in
the stomach content of the piscivorous species, with
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some variation in the intensity of consumption. Most
of the species showed at least 80% of their total diet
composed of fish, while the invasive C. piquiti
consumed mostly other items, such as invertebrates,
having only 39% of its diet composed of fish.
Plagioscion squamosissimus and S. lima had an
intermediate consumption of fish (70%), while the
rest of their diets were dominated mostly by shrimp
(Table 1). Native and invasive species presented high
feeding overlap (0.73). However, the Chi-square test
did not find significant differences between native and
invasive and species feeding overlap (3> = 3.27,
df =10, P = 0.97).

In total, the analyzed fish fed on 24 fish families.
Characidae was consumed by all analyzed species, and
C. piquiti was the only species that did not feed on
Cheirodontinae and Erythrinidae. Anostomidae, Char-
acidae, Cheirodontinae, Curimatidae, Serrasalminae,
Sternopygidae and Cichlidae were the most consumed
items while Apteronotidae, Hemiodontidae, Poecilii-
dae and Aphyocharacinae were the least consumed.
The PCoA summarized the diet of the piscivorous fish.
In the ordination, it is possible to verify three distinct
groups of points, which are related by the fact that
usually a single individual was registered in the
stomachs of piscivores (Fig. 2). The preys consumed
by each group belong to the same family, as fish do not
select, resulting in the formation of the groups. But,
besides the separation in groups, according to the
ingested families, all of the analyzed species can be
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found in the three different groups. As a result of this,
the PERMDISP did not find significant differences in
the diet of native and invasive species (F = 1.33,
P = 0.25) (Fig. 2).

Significant differences were found for the fre-
quency of consumption of piscivorous fish between
native and invasive species (y° = 30.54, df =9,
P < 0.001). Generally, invasive species had 15% of
their total diet dominated by piscivorous fish, while
native species had approximately 10% of their total
diet dominated by piscivorous fish. The species that
were the most consumed by native species were C.
kelberi and Hoplias. Cichla kelberi was also the most
consumed by invasive species followed by S.

marginatus (Fig. 3). The species that had the highest
proportion of piscivorous fish consumption (almost
30%) was the invasive Hoplias sp. 1; Cichla kelberi
had the second highest proportion (17%), but 11%
were individuals of the same species. The native
species, in general, had lower consumption of pisci-
vores, with values lower than 10% of the total diet,
except for S. brasiliensis with 26% of its total diet, of
which 13% was composed by the invasive C. kelberi.
The invasive C. piquiti was the only species that did
not present any consumption of piscivorous fish and S.
brasiliensis and R. vulpinus were not consumed by any
of the predators (Table 2).

The availability of preys in the environments was
high, at least twice of the piscivorous abundance, even
for native or invasive piscivores (Fig. 4A). Thus, prey
availability does not appear to be a determinant factor
in the study area. The most abundant piscivorous
species in the environment were A. lacustris, C.
kelberi, Hoplias sp. 1, and Hoplias sp. 2 (Fig. 4B). The
Spearman correlation coefficients between the fre-
quency of piscivorous fish predation and species
abundance were not significant (Native p = —0.06,
P = 0.86; Invasive p = —0.02, P = 0.52), showing
that the piscivorous fish consumption is independent
of the piscivorous fish abundance for either native or
invasive species.

Discussion

In this study, native species and invasive species did
not present significant differences in their diets, which
indicate that invasive species are consuming the same
feeding resources as native species. The high values of
feeding overlap between native and invasive species
corroborate this result. When a species invade a new
environment, its successful establishment is reduced
by the presence of competitors (Okubo et al., 1989;
Svenning et al., 2014). However, invaders may
compensate for food resources lost by direct con-
sumption of competitors. This direct consumption of
competitors may influence invasion speeds (Hall,
2011).

Hoplias sp. 1 had the highest piscivorous fish
consumption among all studied species. This species
was introduced in the upper Parana River floodplain
after the construction of Itaipu Dam (Pazza & Jilio-Jr,
2003). Currently, its abundance is nearly the same as
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Table 2 Frequency (%) of the consumption of piscivorous fish by species

Native Invasive
Alac Hplat Hop2 Hop3 Pcor Rvulp Sbra Ckelb Hopl Psqua
Native
Alac 1.89 1.37 1.71 - - 2.38 - - 6.14 0.56
Hplat - - 1.71 - - - 2.63 - - -
Hop - 1.37 6.84 - 4.4 2.38 5.26 1.32 3.51 0.56
Hop2 - - 1.71 4.76 - - - - 4.39 -
Hop3 0.47 - - - - - - - - -
Pcor - - - - 1.1 - - - - -
Invasive
Hopl - - 0.85 - 1.1 2.38 - - 3.51 -
Huni 0.47 - 0.85 - - 2.38 - - - -
Ckelb 2.36 - 4.27 - 1.1 2.38 13.16 11.84 5.26 0.56
Psqua 0.47 - 2.56 - - - 2.63 1.32 - 1.12
Smar 1.89 1.37 0.85 - 1.1 - 2.63 2.63 6.14 2.25
Total 7.55 4.11 21.37 4.76 8.79 11.9 26.32 17.11 28.95 5.06

The lines represent the prey fish species, and the columns represent the predator species that consumed the piscivorous fish

Alac A. lacustris, Ckelb C. kelberi, Hop Hoplias spp., Hopl Hoplias sp. 1, Hop2 Hoplias sp. 2, Hop3 Hoplias sp. 3, Hplat H.
platyrhinchos, Huni Hoplerithrynus unitaeniatus, Pcor P. corruscans, Psqua P. squamosissimus, Rvul R. vulpinus e, Smar S.

marginatus, Sbra S. brasiliensis

its congener Hoplias sp. 2 and is the third in abundance
in the floodplain of all the analyzed species. This great
increase in abundance might be related to its high
aggressiveness (showed by the high predation values),
especially when considering that aggressiveness and
voracity are basic behaviors that promote superiority
competition among species (Holway & Suarez, 1999;
Rehage & Sih, 2004; Pintor et al., 2008).

The high degree of cannibalism displayed by C.
kelberi highlights the aggressive behavior exhibited
by such species and this is reported for several
locations (Fugi et al., 2008). Despite being an invasive
species, C. kelberi had the second highest abundance
and the second highest piscivorous fish consumption,
unlike its congener C. piquiti. This last species did not
consume any piscivorous fish in this study, did not
present cannibalism but had the lowest abundance of
all the analyzed species. When analyzing this case,
piscivorous consumption can be one of the mecha-
nisms responsible for the success of C. kelberi in
establishing in the floodplain, while its congener, that
did not consume fish, failed to establish in the
floodplain.

The high abundance of the invasive C. kelberi is of
concern due to the species ability to change the habitat
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where it is introduced. Pelicice & Agostinho (2009)
observed that the introduction of this species in the
Rosana Reservoir (Paranapanema River, a tributary of
the upper Parand River, Brazil) resulted in a 95%
decline in native fish density and an 80% decline in
richness in only 2 years. These authors also suggest
that once the species is established, it is difficult to
minimize the negative impacts in the receptor envi-
ronment. More recently, C. kelberi had high capture in
Capivara Reservoir (Brazil), which, as a consequence,
increased the predation on native fishes (Orsi &
Britton, 2014).

Invasive species face new ecological interactions in
the invaded environment. Thus, the success of an
invasion might be affected by the biotic resistance
presented by competitors and predators (Bajer et al.,
2012; Thompson et al., 2012). Santos et al. (2013)
detected that juveniles S. brasiliensis can exert biotic
resistance to invasive species in Neotropical ecosys-
tems, highlighting the importance of the conservation
of S. brasiliensis. Invasive species are also consumed
by native piscivorous species. In the present study, the
diet of the native S. brasiliensis was composed by
piscivorous individuals (26%) and, among them, the
invasive C. kelberi (13%). This fact demonstrates that
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this native is acting directly as a predator of the
invasive species, corroborating the importance of such
species in providing biotic resistance against invaders.

Most of the invasive species considered in this
paper were introduced during dam construction or
reservoir management. Therefore, besides the role of
reservoirs facilitating invasions and the dispersion of
aquatic species (Havel et al., 2005; Johnson et al.,
2008), the increasing use of reservoirs by sport fish
(stocking piscivorous fish; Agostinho et al., 2010) and
aquaculture (caging in reservoirs; Pelicice et al., 2014)
elevate the risk of biodiversity impacts. As an
example, S. brasiliensis, a migratory species, has been
highly affected by reservoir construction which,

combined with intense human occupation and fishing,
causes serious depletions in its abundance (Agostinho
et al., 2007; Hahn et al., 2011; Petrere-Jr et al., 2002).
Our results show that piscivorous fish predation occurs
independent of prey species origins and even with high
availability of possible preys and can actually act as a
mechanism for the success in establishment and
maintenance of invasive species in the new environ-
ment. Also, native species can promote biotic resis-
tance, in certain degree, by predating the new arrived
species.
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