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Abstract The introduction of non-native species
to a new environment poses a threat to local biologi-
cal diversity, causing instability in the functioning of
the ecosystem. The ecological effects caused by these
species have been scarcely documented in the Mag-
dalena basin. By studying predator—prey interactions,
we characterized the trophic niche of three non-native
species (Cyprinus carpio, Micropterus salmoides, and
Oncorhynchus mykiss) that dominate a high Andean
reservoir in the Magdalena basin. This study allows
us to understand their specific feeding behaviors and
how these behaviors facilitate their establishment in
the reservoir. We evaluated the diversity of the prey
they consume, their feeding strategy, and possible
differences in the feeding scheme. Forty individuals
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were analyzed, with the highest representation of M.
salmoides with 17 individuals, followed by C. car-
pio (13 individuals), and finally O. mykiss with 10
individuals. We identified twenty categories of food
as prey for these species, with aquatic invertebrates
and vegetation material being the predominant prey.
The analysis of stomach contents in these samples
suggested that they are representative for determin-
ing specialized or generalist feeding strategies. There
were no differences in the number of prey items con-
sumed by these three species. The analysis revealed
that the feeding strategies are specific for each spe-
cies. There was no overlap in the diet of C. carpio
with the other two species, however, the composi-
tion of the diet is similar between M. salmoides and
O. mykiss. Analyzing the diet of these non-native fish
provides a useful tool for describing trophic interac-
tions in this aquatic environment. Our results contrib-
ute information on the existing interactions amongst
non-native species in the Magdalena basin, which is
important for the development of strategies to manage
and mitigate their impact.
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introduction - Ecological impacts - Species
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Introduction

The introduction of fish species is often a result of
human activities that facilitate the entry of non-native
species into ecosystems, such as aquaculture, sport
fishing, fishkeeping, and dam construction (Ortega
et al. 2015; Vitule et al. 2019). The new interactions
that occur in aquatic environments due to species
introductions can have detrimental effects on native
species and can alter ecosystem functioning (Tous-
saint et al. 2018; Milardi et al 2019). Additionally,
species introduction is increasingly recognized as
an important contributor to the risk of local species
extinction (Jeschke et al. 2014; Villéger et al. 2015),
as well as the global loss of species (Clavero and Gar-
cia Berthou 2005; Vitule et al. 2009).

There are several ecological aspects that character-
ize non-native fish species and make them particu-
larly successful as invasive species, such as the ability
to establish rapidly, exploit favorable conditions, out-
compete native species and expand their populations
(Liu et al. 2017). A means of characterizing biologi-
cal invasions is understanding the trophic interactions
of the species in its new environment (McKnight
et al. 2017). Successful invaders tend to have rela-
tively broad trophic niches or ones that are different
from other species in the recepient community (Her-
bold and Moyle 1986), thus enabling them to use
trophic resources unexploited by the other species
(Aragjo et al. 2011). It has been reported that preda-
tion and increased competition for resources caused
by invader fish lead to a decrease in native fish diver-
sity in aquatic environments (Pelicice and Agostinho
2009; Pereira and Vitule 2019). Therefore, identify-
ing the competition and distribution of food resources
(i.e. the trophic niche) of the invasive species in an
aquatic environment is a fundamental component in
understanding both the community structure and the
ecological functions that these organisms can perform
in the environment (Bezerra et al. 2018; Restrepo-
Santamaria et al. 2022a).

The Magdalena River basin in Colombia is rec-
ognized for harboring a remarkable diversity of fish
(DoNascimiento et al. 2023), which is characteristic
of the Neotropics (Albert et al. 2020). This region
stands out as the home of numerous endemic species
(Garcia-Alzate et al. 2020), displaying a wide vari-
ety of morphologies and sizes. However, this valu-
able biological wealth faces a latent threat due to the

@ Springer

introduction of invasive species (Lasso et al. 2020).
These non-native species pose a significant challenge
to the conservation of diversity in the Magdalena
basin. On the other hand, it has been identified that
the loss of river connectivity due to dam construction
in the basin may play an important role in the estab-
lishment of invasive species in the lentic environment
of the reservoir (Valencia-Rodriguez et al. 2022). The
altered habitat conditions bring about modifications
in fish distribution, restructuring of assemblages, and
homogenization of habitat characteristics (Martinez-
Toro et al. 2022; Valencia-Rodriguez et al. 2022;
Restrepo-Santamaria et al. 2022b) that favor ecologi-
cal aspects of non-native species (Vitule et al. 2012).
Once established in these environments, non-native
species can affect resident assemblages through
numerous interactions, such as predatory competi-
tion for resources, habitat alteration, transmission of
new diseases, or hybridization, among other impacts
(Gozlan et al. 2010; Cucherousset and Olden 2011).
Therefore, understanding the trophic niche the invad-
ers occupy, which is one of the key factors that favor
the successful establishment of non-natives species
in this basin, is crucial for implementing appropriate
management measures that reduce negative effects
and safeguard the unique biodiversity of this region.
Non-native species have been observed in a high
Andean reservoir within the Magdalena basin,
including largemouth bass Micropterus salmoides
(Lacepede 1802), rainbow trout Oncorhynchus mykiss
(Walbaum 1792), and common carp Cyprinus carpio
(Linnaeus 1758), which dominate this lentic envi-
ronment. Notably, no catches of native species have
been recorded in the reservoir (Martinez-Toro et al.
2022). In contrast, lotic environments, such as riv-
ers, streams, and creeks that flow into the reservoir
are primarily inhabited by small native fish species of
the genera Hemibrycon, Astroblepus, and Trichomy-
cterus (Martinez-Toro et al. 2022). The prevalence of
non-native species in the lentic environment and the
absence of natives raise questions about their specific
feeding habits and how these behaviors facilitate their
establishment in the reservoir. Furthermore, by iden-
tifying predation and competition for native aquatic
resources, we gain knowledge to predict the impacts
of invasive species on native communities and eco-
system functioning. This information is crucial for
developing targeted management strategies, allowing
for proactive measures to mitigate the negative effects
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of invasive species. Understanding these interactions
helps protect and restore native biodiversity, pro-
moting the overall health of freshwater ecosystems.
Ultimately, this study aims to enhance our ability to
preserve and restore the ecological integrity of fresh-
water systems and protect the unique biodiversity
they harbor.

Materials and methods
Study area

The Riogrande II reservoir is situated in the moun-
tainous region of the Magdalena and Cauca Rivers
basin in Colombia, at an elevation of 2267 m above
sea level (masl) (Fig. 1). This reservoir is formed by
damming the waters of the Grande and Chico rivers,
through a dam on the Grande river located two kilo-
meters downstream from the confluence of these
two rivers. The use of the reservoir is for the sup-
ply of drinking water to the inhabitants of populated
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Fig. 1 Sampling sites in the Riogrande II reservoir: all loca-
tions were monitored in both surveys. The upper inset high-
lights the Magdalena Basin in Colombia. The shapefiles

representing the water bodies, Riogrande II reservoir, and
Magdalena basin were obtained from the IGAC (https://geopo
rtal.igac.gov.co/)
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centers and hydroelectric generation. It has a depth
ranging from 35 to 45 m and a total storage capacity
of 253 million m>. The reservoir inundated an area
of 11 km?, and its average retention time is 73 days
(Mazo et al. 2015). These favorable conditions con-
tribute to the high chemical quality of the water
released from the reservoir after passing through
the turbines. The temperatures in this area range
from 12 to 18 degrees Celsius (°C), and the average
annual rainfall is approximately 1,324 mm. During
the months of October and November, the humidity
reaches an average of 83% (Mazo et al. 2015).

Sampling design

Samples were collected in August and October of
2020 at four sites within the reservoir. This time
frame was selected because it corresponds to the
months with the lowest estimated rainfall periods
for that year, thereby increasing the chances of
detecting organisms. The sampling effort involved
the use of three gill nets, each measuring 100 m in
length and 3 m in height; one net was placed in each
site’s littoral zone. The gill nets were left in place
for a duration of six hours, which was the maximum
time allowed by the reservoir administration, specif-
ically from 7:00 to 13:00. These nets were equipped
with ten different mesh sizes, ranging from 1 to
10 cm. Only the three non-native fish species were
caught. Subsequently, these species were anesthe-
tized with eugenol (Javahery et al. 2012), sacrificed,
and their stomachs were removed and preserved
in Transeau solution (1:1 proportion) for further
analysis in the laboratory. Only stomachs contain-
ing food were considered for analysis. The stomach
contents were observed using a stereoscope and an
inverted microscope. Food items recognized in the
stomachs were classified as: animal remains (i.e.
parts of some unidentified vertebrate animal), fish
remains (remains of scales, spines, etc.), aquatic
invertebrates (larval stages, nymphs, or parts of
invertebrates), terrestrial invertebrates (terrestrial
insects or spiders in adult stages), vegetation mate-
rial (leaves, stems, fruits, seeds, filamentous algae),
and unidentified food (mud, soil, debris). The low-
est possible taxonomic resolution was identified for
each item.
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Data analysis

The frequency of occurrence and volumetric index
were estimated for each item found in the sample of
the diet of each species (Hyslop 1980). The frequency
of occurrence was defined as the number of stomachs
containing a prey item, divided by the total number
of stomachs of the specific predatory species, and
expressed as a percentage (%) (Hyslop 1980). Volu-
metric analysis was conducted both directly and indi-
rectly. In the direct estimation, the displacement of
each type of food or group of food selected from the
stomach contents was measured in a graduated cyl-
inder, where the volume of liquid displaced equaled
that of the food (Hyslop 1980). Indirect volumet-
ric analysis was carried out by comparing food with
blocks of a known volume, matching the shape of the
organism to be measured (Hyslop 1980). Both volu-
metric methods were employed for the descriptive
analysis of trophic strategy.

To evaluate the representativeness of the diet for
each species, rarefaction curves were used based on
the number of stomachs analyzed and the interpola-
tion/extrapolation of the Hill numbers, where the con-
fidence interval was constructed using the bootstrap
resampling method (Chao et al. 2014), implemented
in the iNEXT package (Hsieh et al. 2016). Asymp-
totic behavior in the extrapolation curve indicates
that the diversity of prey observed is representative
of the species’ feeding habits, which is supported by
the estimation of the sampling coverage, which varies
between zero and one, where values near one suggest
a good representativeness in the number of stomachs
analyzed for the estimation of prey diversity (Hsieh
et al. 2016). The diversity of the prey consumed by
the species evaluated was calculated using the effec-
tive number of species or Hill numbers (q0, q1, and
q2) (Hill 1973), following the method proposed by
Jost (2006) and Chao et al. (2014). Where q0 repre-
sents the effective richness, taking into account the
amount of prey identified for each species, regard-
less of its frequency of occurrence. ql is equivalent
to the Shannon diversity exponent and is sensitive to
prey with low to medium frequency of occurrence
(i.e., common prey), while q2 is equivalent to the
inverse of the Simpson index and is more sensitive to
prey with higher frequency (i.e., dominant prey) (Jost
2006).
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The trophic strategy was described using the
Amundsen graphic method, which is based on
a representation of two dimensions — the spe-
cific abundance of a prey (Pi), and its frequency
of occurrence in the diet of species x (Amundsen
1996). The specific abundance of each prey was
expressed as its percentage with respect to the
total volume (3] volume i...n) of the sample and
is expressed as follows: Pi = Y Si/ Y Sti * 100 ;
where Pi is the specific abundance of prey i. Si is
the volume represented by prey i; and Sti is the total
volume of the stomach contents (). volume i...n) in
the sample (Amundsen 1996). In the graphical rep-
resentation, the vertical axis illustrates the feeding
strategy of the predator in terms of specialization or
generalization. Predators that specialize in particu-
lar prey types are positioned at the top of the graph,
while those at the bottom indicate occasional con-
sumption or generalization. Prey points located in
the upper left of the diagram suggest specialization
among individual predators, whereas those in the
upper right represent specialization of the predator
population (Amundsen 1996). These relationships
are visualized in three scatterplots created using the
ggplot package (Wickham 2016).

To evaluate the differences in the feeding scheme
of the species in the reservoir, we used non-para-
metric, multivariate methods. Similarity matrices
were generated by using the Jaccard similarity index
(presence/absence), which were compiled in a dis-
tance matrix of food items (prey) for each species.
The differences in diet amongst species were evalu-
ated with a permutational multivariate ANOVA
(PERMANOVA), using the adonis function of the
vegan package (Oksanen et al. 2022). To evaluate
the differences amongst each pair of species we
calculated the p-values corrected by Bonferroni
with the pairwise adonis function from the pair-
wise Adonis package (Martinez Arbizu 2020). The
results are shown on a non-metric multidimensional
scaling (nMDS) plot to demonstrate the structure of
the diet composition of each species, considering a
tension of 0.2 as an acceptable goodness adjustment
(Clarke et al. 2014). SIMPER analysis was used to
identify the prey that most contributed to the dis-
similarity of diets between fish species (Clarke
1993). All statistical analyses and graphs were done
using R software (R version 4.2.2; R Development
Core Team 2022).

Results

A total of 40 individuals were analyzed, representing
three non-native fish species. The highest number of
individuals belonged to M. salmoides, with a total of
17 individuals ranging in size from 170 to 430 mm
standard length (SL). This was followed by C. carpio
with 13 individuals (320-520 mm SL), and finally
0. mykiss with 10 individuals (234410 mm SL)
(Table S1). The analysis of stomach contents revealed
a coverage estimate of over 90% for all three species,
with a statistical confidence interval of 95% (Fig. 2).
This suggests that the dietary analysis conducted on
these species is representative. Twenty categories of
food were identified as prey for these species. The
most frequent prey items in their diet were aquatic
invertebrates and vegetation material (Table S1).

Diversity of consumed prey

There were no differences observed in the num-
ber of prey items consumed by these three species
(Fig. S1). No significant differences were observed in
the number of common or dominant prey consumed
(Table S2). When examining the amount of prey con-
sumed by C. carpio using the effective number of
species, it was found that 89.6% of the expected prey
items were present in their diet (13.3 expected prey,
standard error, s.e.=2.1) (Fig. 2). M. salmoides had a
broader diet, with 56.1% of the identified items being
classified as their prey (21.4 expected prey, s.e.=10).
However, O. mykiss exhibited a lower consumed prey
compared to the other evaluated fish species (Fig. 2).
It was determined that 95.3% of the prey items were
successfully identified, with an expected prey count
0f 9.4 (s.e.=0.9).

Feeding strategies

Specifically, the studied population of C. carpio
exhibited a specialized feeding strategy, primar-
ily consuming animal remains (Fig. 3). It was also
observed that some individuals of this species focus
on consuming insect remains and vegetation material
(Fig. 3). On the other hand, M. salmoides feeds on a
variety of resources simultaneously, predominantly
preying on aquatic invertebrates, with a particular
focus on Diptera, Trichoptera, and Odonata insect
larvae. However, some individuals of this species
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are also predators of juvenile individuals of the non-
native species O. mykiss (Fig. 3). In the case of O.
mykiss, most individuals present a generalist strategy,
given that they feed on prey with low specific abun-
dance and high occasional occurrence, dominated
by mollusks (Basommatophora) and insect remains
(Fig. 3). No evidence was found that non-native spe-
cies in this reservoir prey on native fish.

Variation in diet composition amongst species

The PERMANOVA showed that the diet analy-
sis composition is different amongst the species
(Table 1); however, no differences were observed
between M. salmoides and O. mykiss (Table 1).
The nMDS analysis revealed the spatial structure

of diet composition among the species studied
(Fig. 4). The diet compositions of C. carpio and M.
salmoides displayed distinct and discrete units. In
contrast, the diet of O. mykiss exhibited a broader
composition, overlapping with the diets of the other
analyzed species (Fig. 4). This finding suggests
that O. mykiss is a generalist species (Fig. 4). SIM-
PER analysis showed that the most frequent prey
type contributing to differences in diet composition
between C. carpio and M. salmoides were animal
remains, fish remains, diptera, vegetation material,
seeds, oocytes, and filamentous algae (Table S3).
While prey such as animal remains, seeds, and
aquatic invertebrates such as Basommatophora con-
tributed to the differences in diet between C. carpio
and O. mykiss (Table S3).

Table 1 Differences in

. " Df SS R? Pseudo-F P-values
diet composition amongst
Species Between species 2 3.449 0.234 6.282 <0.001
C. carpio vs. M. salmoides 1 2.771 0.234 10.39 <0.001
PERMANOVA C. carpio vs. O. mykiss 1 1.463 0.227 5.588 <0.001
df=degrees of freedom; M. salmoides vs. O. mykiss 1 0.687 0.075 2.351 0.092
S8 =sum of squares Residual 41 11255 055
Significant values in bold Total 43 14.705 1.00
print
1.01
2-D stress = 0.12
0.51
o
a
S 0.01
c
-0.5
Blcyprinus carpio
HMlcropterus salmoides
- Oncorhynchus mykiss

1

nMDS 1

Fig. 4 nMDS analysis of the diet composition of non-native species in the Riogrande II reservoir, Magdalena basin, Colombia
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Discussion

In this study, we investigated the trophic niche par-
titioning among three dominant non-native fish spe-
cies (C. carpio, M. salmoides, and O. mykiss) in
a high Andean reservoir in the Magdalena basin,
Colombia. Our findings provide information on the
feeding behaviors and potential interactions of these
species, contributing to the understanding of the fac-
tors that promote the establishment and persistence
of these species. Obtaining a deeper understanding
of the trophic interactions of non-native fish species
is crucial to contribute to their local management
in the Colombian Andes. This research may have
broader implications for conservation efforts in simi-
lar aquatic environments around the world.

The number of prey items consumed by the three
fish species was similar, suggesting their ability to
exploit the distribution of food resources and thus
facilitate their coexistence (de Carvalho et al. 2019;
Pennock et al. 2021). The most frequently consumed
prey items by these three non-native species included
various aquatic invertebrates, aquatic and terrestrial
vegetation material, and animal remains. This obser-
vation aligns with findings in other aquatic environ-
ments. For instance, Di Prinzio et al. (2013) identified
the impact of O. mykiss on native fauna in two riv-
ers located in the mountains of Patagonia, Argentina.
Huser and Bartels (2015) conducted a comprehensive
literature review to elucidate the feeding ecology of
C. carpio, while Pereira and Vitule (2019) undertook
a global examination of the influence of M. salmoides
on other freshwater fish species. Collectively, these
studies provide valuable insights into the adaptability
and resource utilization of these non-native fish spe-
cies, underlining their capacity to effectively establish
themselves in various environments. Additionally, the
absence of evidence of predation on native fish spe-
cies may suggest that these native species are absent
from the lentic environment, possibly due to the
diverse abilities and morphological characteristics of
the native fish, which lead them to prefer the tributar-
ies of this reservoir.

The feeding strategies differ among the three
fish species, indicating specific feeding patterns for
each of them. Specifically, the C. carpio population
showed a specific feeding strategy, while the M. sal-
moides and O. mykiss populations exhibited general-
ist feeding behavior. We found that C. carpio has a
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diet that is primarily composed of animal remains
and unidentified organic and inorganic material (i.e.,
detritus and soil), suggesting that this species feeds in
the benthic area of this aquatic environment. It should
be noted that some individuals in this population also
consume various types of resources simultaneously,
such as aquatic invertebrates and vegetation material.
This feeding pattern has been reported in its native
habitat, where its diet consists mainly of aquatic
plants and benthic invertebrates (Magalhdes 1993;
Rahman et al. 2010). In environments such as lakes
and reservoirs, it has been documented as an oppor-
tunistic species that primarily feeds on detritus, veg-
etation material, amphipods, and dipteran insect lar-
vae (Colautti and Freyre 2001; Garcia-Berthou 2001).
Thus, the feeding behavior of this species may help
reduce competition for food with the other two coex-
isting species (Rahman et al. 2010).

M. salmoides individuals have a generalist feeding
strategy in this reservoir. The results suggest there is
a variation in the consumption of resources amongst
individuals of the population evaluated. For instance,
while some individuals fed on various terrestrial
and aquatic invertebrates, others fed on juvenile fish
of O. mykiss. This behavior was expected, since it
is reported as a voracious predator in the environ-
ment. Such feeding habits could potentially reduce
the diversity of non-native fish species and lead to
the local extinction of aquatic biota (Jackson 2002;
Pereira and Vitule 2019; Cardenas-Mahecha et al.
2022). In its native environment it is also an impor-
tant predator, juveniles feed on terrestrial and aquatic
invertebrates, while adults feed on vertebrates such
as fish, amphibians, mammals, and even opt for can-
nibalism (Howick and O’Brien 1983; Hodgson and
Hansen 2005; Braun and Walser 2011). Besides, it’s
important to highlight that M. salmoides acts simul-
taneously as predator and competitor of O. mykiss,
this could be attributed to the fact that the search
for similar resources amongst these predators in the
same environment could increase the rate of encoun-
ter with an opportunist predator, thus turning juvenile
fish into potential prey (Costantini et al. 2018; Luo
et al. 2022). This behavior of M. salmoides could be a
response to competition, broadening its diet to reduce
any other niche amongst coexisting species (Araijo
etal. 2011).

The generalist feeding strategy of O. mykiss
in the reservoir involves feeding on mollusks and
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various types of aquatic invertebrates. Its prey
includes aquatic insects found both within the water
column and on the water’s surface, and it may acquire
a substantial portion of its diet from terrestrial inver-
tebrates that fall from riverine or lacustrine areas
(Nakano et al. 1999; Luque and Gonzélez-Trujillo
2019). In addition to its presence in the reservoir,
O. mykiss has been observed in rivers and tributary
streams within this lentic environment (Martinez-
Toro et al. 2022). In these streams, it likely obtains
additional food resources, potentially leading to com-
petition for food resources with native fish species
(Musseau et al. 2018; Shelton et al 2017). However,
more studies are needed to estimate predation by this
species on native fauna and gather data to understand
its impact on aquatic environments in the Colombian
Andes.

We found that the three non-native fish spe-
cies analyzed exhibited specific feeding behaviors
and occupied different trophic niches in the reser-
voir. Although overlap was observed between M.
salmoides and O. mykiss, these species generally
find available niche opportunities and underutilized
resources for feeding in their new environment. In
addition to their generalist feeding strategy, they
have particular adaptations that give them a com-
petitive advantage, which facilitates their dispersal
and population growth in this aquatic environment
(Angulo-Valencia et al. 2023). However, their trophic
interactions must be closely monitored to assess
their potential ecological impacts on this aquatic
environment, such as alterations in nutrient cycling,
changes in the abundance of primary producers, and
modifications in the trophic structure of native fish
assemblages (Gozlan et al. 2010). Moreover, it is
essential to consider the potential impacts these inva-
sive species may have on the entire ichthyofauna of
the Magdalena basin. While this study focuses on a
high-mountain reservoir where species richness is
lower compared to lower elevation areas (Valencia-
Rodriguez et al. 2023), the distribution of these three
species in the Magdalena basin extends beyond the
Grande and Chico rivers, and their impact on native
fauna could go beyond mere competition for food
resources.

The reservoirs of the Magdalena basin have been
subject to the repopulation of non-native species over
the years from time to time as a means of food secu-
rity for inhabitants living near these environments

(Jiménez-Segura et al. 2014; Lasso et al. 2020);
however, it was unknown that invaders could carry
negative effects to an already modified environment
(Jiménez-Segura et al. 2016; Valencia-Rodriguez
et al. 2022). For example, through its ecological
interactions, it has been reported that C. carpio could
modify the concentrations of nutrients and turbidity
of the water by means of its benthic foraging, as well
as decrease the diversity of benthic fauna and mac-
rophytes associated to the environment (Weber and
Brown 2009). The introduction of M. salmoides could
lead to a decrease in the diversity of non-native fish
species and to the local extinction of aquatic biota
where it settles (Pereira and Vitule 2019). Changes in
the food web are attributed to O. mykiss in addition
to altering the structure of the communities (Nakano
et al. 1999; Shelton et al. 2017). In some countries,
addressing environmental damage caused by non-
native species incurs substantial costs (Haubrock et al.
2022; Turbelin et al. 2022). Therefore, it is important
to develop more efficient and proactive strategies for
handling these species, aiming to prevent their intro-
duction and mitigate their impact (Green and Gro-
sholz 2021). Achieving a deeper understanding of
their ecological and behavioral aspects of these spe-
cies is essential for crafting and guiding effective con-
servation approaches (e.g., Simberloff 2009; Britton
et al. 2011; Piczak et al. 2023). In Colombia, adopt-
ing a preventive approach to address non-native fish
is paramount. This involves implementing guidelines
and agreements established through government insti-
tutions dedicated to environmental protection, such
as the Ministry of Environment and regional autono-
mous corporations.

In conclusion, our study highlights the trophic
niche partitioning among non-native fish species in a
high Andean reservoir in the Magdalena basin. The
specific feeding strategies and observed differences
in dietary composition among the non-native species
suggest niche differentiation, which facilitates their
coexistence in the reservoir. However, our data did
not allow us to determine how much of the coexist-
ence of these three species is due to niche differen-
tiation among only these three species and what the
contribution of niche differentiation is in relation to
native species. Therefore, we consider that interpreta-
tions regarding these three non-native species should
be approached with caution, as they may involve
apparent or non-genuine interactions. Additionally,
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this study underscores the importance of understand-
ing trophic interactions in aquatic environments for
achieving effective conservation of native biodiver-
sity. Knowledge of these interactions allows for the
identification of predators and prey, which is crucial
for assessing the balance of aquatic ecosystems. Fur-
thermore, by understanding the effects of these inva-
sive species on the local biota, more effective strate-
gies can be developed to preserve native populations
and maintain the health of aquatic ecosystems. Fur-
ther research should focus on the long-term ecologi-
cal impacts of these non-native species and evaluate
the effectiveness of management strategies to miti-
gate their negative effects on native fish communities
and ecosystem functioning. The results of this study
should be validated with the implementation of new
methodologies, such as the use of stable carbon and
nitrogen isotopes, which would provide information
on the assimilation of the diet of prey and aid in the
determination of niche partitioning or the possible
competition for resources, in addition to contribut-
ing to understanding the properties and function
of the trophic network of the ecosystem (Marquez-
Velasquez et al. 2019; Black and Armbruster 2021).
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