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Biological invasions, particularly of fish species, significantly threaten aquatic ecosystems.

Among these invaders, the introduction of the European perch (Perca fluviatilis) can have
particularly detrimental effects on native communities, affecting both ecosystem functioning

and human well-being. In this study, carbon and nitrogen stable isotope analysis was employed,
using perch originating from five different ecosystems, to model the effects of their hypothetical
introduction into iznik Lake, an economically and ecologically important, biodiversity-rich lake

in northern Turkey, to ultimately assess their potential predation impact and competition with
native predators. The results revealed that if perch were introduced to the community, they would
- considering gape size limitations — primarily prey upon Vimba vimba and Rutilus rutilus, indicating
a significant feeding pressure on these species. Furthermore, the study identified a potential
overlap and competition for resources between commonly mesopredator perch and the European
catfish Silurus glanis, the current top predator in the ecosystem. Both species would occupy top
predatory positions, emphasizing the potential disruption of predator-prey dynamics. Our findings
underscore the potential ecological repercussions of perch invasions. The selective predation on

V. vimba and R. rutilus, with the latter being consumed to a lesser extent by perch, could lead to
cascading effects throughout the food web, altering the community structure, and ecosystem
dynamics. Additionally, the competition between perch and S. glanis raises concerns about effects
on the stability and functioning of the fish community. These results highlight the need for proactive
management strategies to mitigate the risk of perch introductions. Strict regulations on the
movement and introduction of invasive species, along with comprehensive monitoring, are crucial for
preserving native communities and maintaining the ecological integrity of freshwater ecosystems.
Our study demonstrates the potential predation impact of perch on vulnerable fish species and the
competition with the established apex predator, emphasizing the importance of considering the
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ecological consequences of perch invasions and informing management decisions to ensure the
conservation and sustainability of aquatic ecosystems.

Biological invasions, specifically those occurring in freshwater ecosystems', have emerged as a significant envi-
ronmental concern in recent years®. Invasive species, i.e. organisms introduced into an ecosystem outside their
natural range, often because of human activities where they establish self-sustaining populations and spread,
have the potential to disrupt native ecosystems, leading to detrimental ecological and economic consequences®=>.
These species often possess competitive advantages, allowing them to outcompete native species for resources®.
Freshwater invasions are distinctive within the broader context of biological invasions due to the insular nature
of lake ecosystems and high connectivity of rivers and streams. This susceptibility to invasive species’ impacts
presents a challenge for invasion risk and impact assessments”.

Due to its natural biogeographical frontiers®, freshwater ecosystems in Turkey hold significant ecological and
economic importance, harboring diverse species and supporting numerous human activities’. However, these
ecosystems face escalating threats from biological invasions, which pose a serious risk to their integrity and
functionality™. This is mainly because of the large transboundary river systems running through the country
that increase the risk of non-native fish introductions from both Asia and Europe, a hotspot of freshwater fish
diversity and endemism?®. To date, 384 freshwater fish species have been recorded from Turkey, of which 208
(54%) are endemic and 15 (4%) non-native!l. Often overlooked, nationally translocated species—those that are
moved from one region within a country where they are native to another region where they are not—can pose
a significant risk to native species and ecosystems'?"*>. Translocated fish are of potential concern, as many dem-
onstrate a high invasiveness in Europe (e.g. Gobiidae)'?. Despite being particularly common in some countries
such as Turkey!?, translocated species are probably the least regulated among fish movements, whether they are
for fisheries, aquaculture or ornamental (i.e. aquaria or garden ponds) purposes, with secondary spread being
common in most cases'®!”. Nonetheless, frequent translocations occur within Anatolia, involving Alburnus
alburnus, Garra rufa, Rutilus rutilus, Esox lucius and, recently, the European perch Perca fluviatilis®.

Fish invasions can have wide-ranging and often severe impacts on native communities and ecosys-
tem functioning'®-%*. Predation and competition are among the most common effects associated with fish
invasions®"?2. Predatory fish can alter prey populations, leading to cascading effects throughout the food web?.
Similarly, competition between invasive and native species for limited resources can disrupt ecological bal-
ances, potentially driving native species to local extinctions’. The European perch, which is widely distributed
throughout Eurasia, has been introduced to a few small reservoirs in Portugal mainland and river systems in
Portuguese Azores islands, Catalonian river basins including the Ebro delta in Spain, central and southern Italy,
Lake Skadar (Montenegro, Albania), Amur (Siberia), Australia and — among other regions — South Africa, where
it has been recognized as an invasive species, posing significant threats to native biodiversity**?. Its aggressive
feeding behavior often results in the extirpation of native fish species®, as for instance anglers’ observations
indicate that the aggressiveness of the species is more pronounced in artificial ecosystems (i.e. reservoirs) where
it has been translocated compared to its native populations in natural lakes. Concomitantly, when introduced,
perch may become a preferred prey species for the native European catfish Silurus glanis*’**, affecting currently
established trophic networks and predator prey dynamics®.

To better understand the ecological dynamics of invasive fish species and their impacts on native communi-
ties, stable isotope analysis has become a valuable tool***?, as nitrogen and carbon stable isotopes provide unique
signatures that can be used to trace energy flow within food webs and elucidate trophic interactions, allowing
researchers to investigate the feeding habits, trophic positions, and dietary preferences of invasive species, as well
as their potential impacts on native communities®. Understanding trophic positions, which denote an organ-
ism’s place in the food web, ranging from primary producers to consumers and higher-level predators, is crucial
in this context®. This information is provided by the nitrogen stable isotope signature of a certain consumer,
which is enriched by a predictable factor (the trophic discrimination factor) compared to its prey**, providing
essential insights into the flow of energy and nutrients within an ecosystem. Together with carbon stable isotope
values, which inform about the carbon pathway of the nutrient and biomass flow?* and allow to define an isotopic
niche®, this comprehensive understanding sheds light on the potential impacts of species reintroduction and
invasion events on ecological dynamics®**. In recent years, stable isotope analyses have been applied to predict
the ecological consequences of species reintroduction and invasion events®. Notably, Balzani and Haubrock?
developed a conceptual framework to use stable isotopes data to approximate potential impacts of biological
invasions on trophic webs. This approach has concomitantly proven valuable in assessing the potential ecologi-
cal repercussions of reintroducing a species that had previously gone extinct and its subsequent effects on the
lake community?®.

Understanding the potential impacts of fish invasions on often highly anthropogenically affected lake eco-
systems is more important than ever, as they are home to often unique species communities and in many cases,
endemic species, while forming the basis of effective management and conservation efforts***”. Hence, in the
present study, we adopted the approach proposed by Balzani and Haubrock® to evaluate the potential impacts
of perch introductions from two types of source populations (reservoirs and natural lakes) on native communi-
ties, using as a model site the Iznik Lake in Turkey. Specifically, we investigated the predation on lower trophic
levels and the competition with other species occupying similar trophic positions. Considering the ethological
differences between the source populations of perch, we hypothesized that the theoretical impacts would vary,
resulting in differences in the predation impact and competition with other predators. The findings from our
study will have important implications for ecosystem managers, stakeholders, and policymakers, highlighting
the significance of proactive measures in mitigating biological invasions before they occur. By understanding
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the potential impacts of invasive species introductions, we can develop targeted strategies for invasive species
management and prioritize the preservation of native communities and the ecological integrity of freshwater

ecosystems.

Results

In Iznik Lake, Silurus glanis was considered the only apex predator, with only Gambusia holbrooki distinguishing
from the otherwise overlapping fish species (Fig. 1). 8"°N values were on average higher in lakes (15.5%o) than in
reservoirs (11.8%o), while the variance in both §*C and 8'°N were wider in reservoirs (Table 1). Projecting the
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Figure 1. Carbon (§*C) and nitrogen (§'°N) stable isotopes biplot of the Iznik Lake fish community, with
potential prey species for native and possibly introduced Perca fluvialitis.

System Status Site 8N [%o] | 8"C [%o] | TL [mm] | W [g]
Lake Native Gala 15.8 =275 153.0 59.9
Lake Native Sigirci 15.2 -23.6 172.6 111.8
Mean 15.5 -254 163.3 87.2

Reservoir Translocated | Bayat 7.9 -285 158.0 44.8
Reservoir Translocated | Ozburun | 13.2 —-284 169.3 61.4
Reservoir Translocated | Seyitler 13.8 -21.9 229.3 174.2
Mean 11.8 -25.8 189.9 101.5
Mean (overall) 12.9 -25.7 182.6 97.6

Table 1. Average total length (TL), weight (W), §'°N and 8°C of native and translocated Perca fluviatilis from

lakes and reservoirs.
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stable isotope signatures of the two groups of Perca fluviatilis indicated a strong potential overlap with the S. glanis
population (Fig. 1). Although not yet occurring in syntopy, the trophic position of the fish species in Iznik Lake,
indicated that potentially introduced P. fluviatilis from both lakes (TP =5.39) and reservoirs (TP =4.28), as well
as S. glanis (TP =4.46) would be occupying top predator positions. The TP of other fish species ranged from 3.95
(G. holbrooki) and 3.60 (Vimba vimba) to as low as 2.82 (Carassius gibelio).

Potential dietary impact

Stable isotope mixing models suggested that if introduced to Iznik, both P. fluviatilis from reservoirs where it was
previously introduced to (Fig. 2a) and lakes where it was native to (Fig. 2b) would result in the primary predation
of Vimba vimba and Rutilus rutilus, albite the latter appearing to a lesser degree in P. fluviatilis from reservoirs.
All other species were indicated as unlikely to be consumed by P. fluviatilis in both cases. However, running
stable isotopes mixing models separately for each source population of perch indicated variations, with predated
species, such as Proterorhinus semilunaris, C. gibelio, and Atherina boyeri, may be targeted by perch predation,
albeit to a lesser degree (Fig. S1). Our predictive models also suggest that C. gibelio, the most common invasive
fish species in Turkish freshwaters, would be preyed upon by translocated perch in Bayat reservoir (Fig. S2).

Niche overlap

With regard to the possibility of competition between introduced perch and other predators (i.e. S. glanis) in
Iznik Lake, we identified considerable overlap potential if P. fluviatilis was to be introduced. We found that, fol-
lowing the theoretic introduction of P. fluviatilis, S. glanis would overlap in terms of the 95% Bayesian standard
ellipse area (SEAb) with both introduced P. fluviatilis from reservoirs (27.2% overlap) and native P. fluviatilis
from lakes (29.4% overlap). Silurus glanis furthermore expressed the widest SEAb, followed by introduced P
fluviatilis from reservoirs and native P. fluvialits from lakes, with the latter expressing a comparably small and
condensed niche (Fig. 3a). Considering SEAb, the highest potential of directional overlap was between native
and introduced P, fluviatilis (82.5%), followed by the likelihood of introduced P. fluviatilis overlapping with native
S. glanis (81.0%). Considering the 40% corrected standard ellipse areas (SEAc), the overlap potential was much
lower. Perca fluviatilis from lakes and reservoirs both had a considerable potential to overlap with S. glanis (18.1
to 21.9%). The probability of S. glanis overlapping ranged from 29.9% (P. fluviatilis from reservoirs) to 8.6% (P,
Aluviatilis from lakes; Fig. 3b; Table 2).

Discussion

The results of our study provide valuable insights into the potential predation impact and competition of
the introduced European perch Perca fluviatilis on the fish community of Iznik Lake. Our findings support our
hypothesis that the impacts of perch introductions would vary based on the source population and manifest as
differences in predation impact and competition with other apex predators®. These differences in dietary pref-
erences and trophic positions confirm that the source population of perch influences their ecological impacts.
Furthermore, our results also confirm that the introduction of P. fluviatilis could lead to competition with other
apex predators, such as Silurus glanis, as the overlap analysis and trophic position calculations revealed the
potential for competition between these species, highlighting the potential disruption of predator-prey dynamics
and the need for considering the consequences of introductions in freshwater ecosystems.

Predation impact based on the mixing models

Stable isotope mixing models revealed important information about potential dietary impacts of introduced
P, fluviatilis on the fish community of Iznik Lake. The models indicated that if perch were introduced to the lake,
they would primarily prey upon Vimba vimba and Rutilus rutilus, with R. rutilus being consumed to a lesser
extent by perch from reservoirs, thereby confirming the results of previous work®”*’. These findings can be attrib-
uted to several ecological factors, both species being likely preferred prey for perch due to their ecological traits
and availability*!. Both species are known to occupy lower trophic levels within the fish community*?, feeding
on detritus, benthic invertebrates, and zooplankton**!. These prey items provide an energy-rich food source
for perch. Vimba vimba and R. rutilus are commonly found in the shallow areas of Iznik Lake, where perch are
known to be efficient predators due to their hunting strategies and adaptability to different habitats*. It should
however be acknowledged that P. fluviatilis prefers slightly deeper zones compared to R. rutilus, meaning that
their realized spatial overlap will depend on oxygen availability*. On the other hand, other fish species in the
community were deemed unlikely to be consumed by perch. This could be attributed to a combination of factors,
including differences in habitat preferences, feeding behavior, and size*”*8, Some species, such as Gambusia hol-
brooki, Capoeta tinca, and Salaria fluviatilis, occupy different ecological niches or exhibit specific adaptations that
reduce their vulnerability to predation by perch*-2. It is important to note that gobiid species like Proterorhinus
semilunaris, are highly unlikely to occur in reservoirs located in remote areas established for irrigation purposes
due to their incompatible habitat requirements®. On the other hand, Atherina boyeri, another translocated spe-
cies, appears to be an important component of perch diet in both reservoirs and natural lakes, as evidenced by
reports of perch preying on A. boyeri in Seyitler reservoir*. Additionally, larger species like Cyprinus carpio or
Silurus glanis (this latter also being protected by its pectoral spines®®) may exceed the preferred prey size range of
perch, making them less suitable prey**. While we acknowledge that we only considered adult individuals as prey,
unable to assess the potential impacts of perch on the young-of-the-year populations®, our findings highlight
the potential impact of perch introductions on the prey populations in Iznik Lake, with V. vimba and R. rutilus
being particularly susceptible to predation. The selective predation on these species could have cascading effects
throughout the food web, altering the community structure and ecosystem dynamics™.

Scientific Reports |

(2023) 13:17635 | https://doi.org/10.1038/s41598-023-44865-2 nature portfolio



www.nature.com/scientificreports/

(@)

Salariopsis fluviatilis -

Rutilus rutilus

Rutilus frisii

Proterorhinus semilunaris 4 {I—--v -

Knipowitschia caucasica

Source

Gambusia holbrooki - -

Frog -

T

H

Cyprinus carpio -

Carassius gibelio -

TT

Atherina boyeri

I

|
D=l

Vimba vimba

Salariopsis fluviatilis -

Ef

Rutilus rutilus

I
S

1

e e

Rutilus frisii -

Proterorhinus semilunaris

Knipowitschia caucasica A

Source

Gambusia holbrooki

SoL I —

Cyprinus carpio

T

Carassius gibelio 4

Atherina boyeri = - e

0.00 0.25 0.50 0.75 1.00
Proportion

1
3
»
.
H

Figure 2. Mixing models results for (a) introduced perch vs (b) native perch.

Competition with Silurus glanis for the position of apex predator

Our study identified the European catfish S. glanis as the sole apex predator in {znik Lake, with only G. holbrooki
showing differentiation from the otherwise all-overlapping fish species. Silurus glanis occupied the top trophic
position in the ecosystem, therefore exerting top-down control over the fish community dynamics. However,
projecting the isotopic niche of the two groups of P. fluviatilis indicated a theoretical overlap with the S. glanis
population, suggesting a potential shift in the apex predator status and competition for feeding resources within
the ecosystem®®’,
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Figure 3. A posteriori distributions for the Bayesian standard ellipse areas (SEAD) (a) and the niche overlap
based on the 95% confidence interval (SEAb) (b) for native Perca fluviatilis from lakes, introduced P. fluviatilis
from reservoirs, and Silurus glanis native to Iznik Lake.

Species B
Perca fluviatilis (introduced) ‘ Perca fluviatilis (native) | Silurus glanis
SEAb
Perca fluviatilis (introduced) | NA 18.46 49.62
Species A | Perca fluviatilis (native) 82.50 NA 81.00
Silurus glanis 70.98 29.71 NA
SEAc
Perca fluviatilis (introduced) | NA 3.30 18.06
Species A | Perca fluviatilis (native) 8.37 NA 21.94
Silurus glanis 29.87 8.49 NA

Table 2. Directional pairwise probability of niche overlap (i.e. the probability of an individual of species A to
fall within the niche of species B) for the Bayesian standard ellipse areas (SEAb, 95% confidence interval) and
corrected standard ellipse areas (SEAc, 40% confidence interval) between the established native Silurus glanis
and the two potential populations of Perca fluviatilis.

Such competition for limited food resources among top predators can have profound ecological implications,
potentially leading to changes in the community structure and dynamics®®¢!. The overlap potential and niche
width analysis further supported the likelihood of competition between P. fluviatilis and S. glanis. The consider-
able overlapping potential between the two species in terms of standard ellipse areas (SEAb) suggests that they
may have similar dietary preferences and utilize similar feeding habitats within the lake. This implies that the
introduction of P. fluviatilis could potentially disrupt the existing trophic interactions and resource partitioning,
leading to increased competition for prey resources and potential changes in the distribution and abundance of
both species®. When examining congruence, it is however important to take into account not only the contrast-
ing sizes of P, fluviatilis and S. glanis, but also the varying sizes of their potential prey. Silurus glanis, in addition
to actively hunting throughout the water column, also consumes decaying matter such as dead fish found on the
lake bottom®®. On the other hand, due to limitations in their mouth size, P. fluviatilis is likely to primarily target
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smaller prey fish, including young-of-the-year and juveniles, which subsequently prevents them from growing
and becoming prey for S. glanis.

These findings highlight the importance of considering the potential ecological consequences of P. fluvia-
tilis introductions, especially in relation to the existing apex predator, S. glanis, in the ecosystem. The potential
competition between these two top predators raises concerns about the stability and functioning of the fish
community in Iznik Lake. Understanding the ecological implications of such interactions is crucial for mak-
ing informed decisions regarding the introduction of non-native species and managing the conservation and
sustainability of aquatic ecosystems.

Caveats

One of the challenges in our study was standardization of the isotope data from the target community and the
different perch populations, as the baseline organisms differed. Considering that even standardization with base-
line organisms can introduce a certain bias based on differences in baseline organisms, which may locally differ
even within ecosystems (see Ref.*® for a detailed discussion), we employed a novel approach by superimposing
raw stable isotopes data from multiple perch populations into the recipient community stable isotopes biplot,
assuming that the focal species niche would position itself somewhere in between the range of the superimposed
data®>%!. While this approach may introduce some uncertainties, it provides a rough estimation of the preda-
tion impact and competition dynamics, and—due to data availability limitations—such a situation is often the
best compromise®. Concomitantly, we found similar results between P. fluviatilis originating from lakes and
reservoirs, underlining the reliability of our results.

In light of the intricate web of interactions within the fish community, we acknowledge the critical role played
by size guilds and body characteristics in shaping the potential impacts of P. fluviatilis introductions. Species-
specific attributes, such as body depth and size can prevent perch predation, as exemplified by the deep-bodied
morph observed in C. gibelio®*. This adaptation provides a degree of protection even in the presence of larger
perch. Conversely, smaller-sized species and younger individuals, as indicated in Table 3, may face increased
vulnerability to predation. While our study primarily focuses on average food niche dynamics, we recognize
the need for a more nuanced consideration of these factors in future studies by investigating empirical evidence
regarding the post-introduction trends in these vulnerable species, seeking to provide a more comprehensive
understanding of the ecological consequences of perch introduction.

Management implications: steps to be taken for invasive perch

By utilizing stable isotope analyses and considering the ethological differences in behavior between perch source
populations, we were able to gain valuable insights into the potential ecological consequences or repercussions
of potential perch introductions. Our approach, although not perfect, contributes to our understanding of the
potential impacts of invasive species introductions and serves as a starting point for further research and man-
agement decisions.

Species Status n Average §"°N SD 8'°N Average §"°C SD 83C Mean TL [mm)] Mean W [g]
Atherina boyeri Trans 10 9.19 0.35 - 21.44 0.29 93.10 5.15
Capoeta tinca Nat 1 15.72 NA -19.88 NA 256.00 162.00
Carassius gibelio Inv 10 7.03 0.56 -21.12 1.30 137.80 44.35
Cyprinus carpio Nat 4 7.62 1.72 -20.06 0.97 104.00 17.63
Gambusia holbrooki Inv 10 10.65 0.85 -17.95 0.77 40.60 0.90
Knipowitschia caucasica Nat 7 8.46 1.01 -20.18 1.25 27.86 0.19
Proterorhinus semilunaris | Nat 12 7.10 1.61 -21.54 1.35 42.55 1.03
Rutilus frisii Nat 10 9.44 0.91 -20.85 2.11 218.40 117.45
Rutilus rutilus Nat 10 9.25 0.33 -22.90 0.62 143.20 27.80
Salariopsis fluviatilis Nat 20 7.93 1.38 -19.98 1.36 30.33 0.27
Silurus glanis Nat 10 12.60 3.70 -24.65 2.35
Vimba vimba Nat 10 9.89 091 -22.38 0.99 143.10 26.60
Pelophylax ridibundus Nat 3 7.58 1.66 -17.19 1.72
Macrozoobenthos 1 5.25 NA -20.25 NA
Phytoplankton 2 3.79 0.23 -22.00 0.07
Macrophytes 2 1.23 3.48 -10.10 0.56
Algae 1 2.09 NA -20.58 NA
Detritus 3 5.63 4.65 -16.60 4.73
Zooplankton 2 5.63 0.43 -24.27 1.07
Table 3. Status (Inv= invasive, Trans= translocated, Nat= native), number of samples (n), average and
standard deviation (SD) of 8N and 8'°C, mean total length (TL), and weight (W) of fish species and other
groups collected from Iznik Lake.
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Perca fluviatilis has been recognized as an invasive species with the potential to disrupt native biodiversity**¢2.

Considering the aggressive feeding behavior and competitive advantage of perch®, proactive measures should
be taken to mitigate the risk of perch introductions before they occur. The recent surge in popularity of perch as
a target species for angling has led to widespread introductions, particularly in reservoirs®. The active involve-
ment and support of local and national angling clubs in this initiative suggest that the spread of perch may occur
rapidly and effectively in the coming years. Being a large natural lake, it is possible that the results obtained from
P, fluviatilis originating from lakes may be behaviourally—and possibly trophically—more similar than individu-
als from reservoirs™. It is however possible that observed behavioral differences (i.e. higher aggressiveness in
reservoirs; pers. communication Necati Ayvaz) could be due to the presence of schooling prey®!, which could
lead to different impacts based on the origin of the source population - in the case P. fluviatilis was to be intro-
duced into Iznik Lake. Additionally, recent research indicates that perch may become a preferred prey species
for European catfish, potentially leading to a mesopredator status and introducing a new layer of complexity to
the ecological dynamics, with S. glanis functioning as natural control agent?”?. This relationship underscores the
need for a comprehensive assessment of species interactions in the context of perch introductions. Hence, our
study highlights the need for targeted strategies for invasive species management, focusing on the preservation
of native communities and the ecological integrity of freshwater ecosystems. Implementing strict regulations on
the movement and introduction of invasive species, along with comprehensive monitoring.

The findings from our study will have important implications for ecosystem managers, stakeholders, and
policymakers, highlighting the significance of proactive measures in mitigating biological invasions before they
occur. By understanding the potential impacts of invasive species introductions, we can develop targeted strate-
gies for invasive species management and prioritize the conservation of native communities and the ecological
integrity of freshwater ecosystems.

Methods

Study sites

Iznik Lake is situated between the towns of Orhangazi and Iznik, with coordinates ranging from 40° 23’ to 40°
30" N and 29° 30’ to 29° 42" E. It is located at 80 m a.s.l. and, with an area of 313 km?, is the largest water body in
the Marmara Region and the fifth largest lake in Turkey (Fig. 4). This deep tectonic lake is fed by small streams,

Seyitler
Ozburun

Figure 4. Sampling sites in western Anatolia, Turkey. The map was created with Arcgis 10.8.
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creeks, and groundwater. However, due to high agricultural activity in the surrounding areas and the discharge
of wastewater from nearby residential areas, the lake has experienced an increase in nutrient concentrations®.
Consequently, its trophic status has shifted from oligotrophic to mesotrophic in recent decades®®. iznik Lake is
home to more than 20 fish species, predominantly cyprinids* (Table 3).

Sample collection and laboratory processing

Sampling was conducted during autumn (October-November) of 2021. Fish were captured using multi-mesh
gillnets consisting of 12 panels with varying mesh sizes ranging from 5 to 55 mm. Once captured, fish were
transported to the laboratory in an ice water slurry. Samples of potential prey resources, including submerged
macrophytes, algae, phytoplankton, zooplankton, macroinvertebrates (i.e. bivalves, gastropods), and detritus
were collected from each sampling site, whenever available. Macroinvertebrates and macrophytes were collected
with a grab and a scoop from the lake bottom and surface, while phytoplankton and zooplankton were collected
with a plankton net (50 pm).

In total, twelve fish species, three individuals of the marsh frog Pelophylax ridibundus and other organ-
isms (Table 3) were collected. For fish species, we used a caliper with an accuracy of 0.01 mm to measure the
total length (TL). The weight (W) was measured using an electronic balance with an accuracy of 0.01 g. For all
individuals of each fish species and frog, a sample of muscle tissue was extracted for stable isotopes analysis.
The muscle tissue was thoroughly cleaned to remove any fat, skin, scales, and bones. Macrophyte samples were
rinsed with tap water and, after removing insects and other organic materials. All samples were stored at — 20 °C
for stable isotope analysis. Other organisms were processed as a whole, except for mollusks for which the shell
was removed. The samples were placed in separate glass trays and dried for 48 h in an oven set at 60 °C. After
drying, the samples were finely ground into a powder using an agate mortar and pestle. The combusted samples
were subsequently analyzed using a Thermo Finnigan Delta Plus Advantagean isotope ratio mass spectrometer
at the Biological and Chemical Research Centre in Warsaw, Poland. The isotope compositions were expressed
as %o using the § notation, calculated based on 6 °C or §"°N = (R ympie/Rytandara) — 1) X 1000, where R represents
the *C:12C or '*N:!*N ratios, and the standards were Vienna Pee Dee Belemnite for carbon and atmospheric N,
for nitrogen.

Ethical approval for research involving human participants and/or animal

This article does not contain any studies with human participants performed or experiments conducted on
animals by any of the authors. The legal permission for collecting fish was provided by the Republic of Tiirkiye
Ministry of Agriculture and Forestry (E-67852565-140.03.03-1800883). All care and use of experimental animals
were complied with animal welfare international/national laws, guidelines and policies. Some fish were obtained
from the fisherman (Nazmi Tuna) with his consent.

Obtaining perch isotope data

To investigate the potential effects of introducing P. fluviatilis on the fish community of znik Lake, we collected
perch 8"°C and 8"°N data from five water bodies in western Anatolia. Three of these water bodies are reservoirs
(Seyitler, Bayat, and Ozburun reservoirs) established for mainly irrigation purposes, ranging in size from 0.05 to
4.5 km?, with average maximum depths of approximately 25 m. The remaining two study sites are natural lakes
(Gala and Sigirci lakes) of similar sizes, around 6 km?, and primarily shallow, with depths ranging between 2 and
6 m. The reservoirs have a limited fish fauna, with perch as the only predator species, along with a few other native
and non-native species. On the other hand, the two native lakes harbor a higher number of species, including
several native predator species such as Silurus glanis and Sander lucioperca, in addition to perch.

Statistical analyses

To calculate the trophic position (TP) for each species, we used a two-baseline model (baseline 1: detritus; base-
line 2: phyto- and zooplankton®®) implemented in the R package tRophicPosition, which uses Markov
Chain Monte Carlo simulations®. Because species-specific trophic discrimination factors (TDFs) were not avail-
able for all species, we generated values based on the available data using the R function simulate TDF. We
analyzed the stable isotope data of P. fluviatilis and observed differences between the signatures found in lakes
versus reservoirs. This led us to consider the potential effects of both lake and reservoir environments on the
fish fauna of Iznik Lake, individually assessing their impacts on the fish community.

The application of dual plot graphs for 8"°N versus §°C of consumer tissues and food sources enabled the
determination of probable prey sources and combinations of prey contributing to the diet of predators®. To esti-
mate how sampled species would contribute to the diet of possibly introduced P. fluviatilis from reservoirs and
lakes, stable isotope mixing models were applied using the R package s immr®. These models were conducted
for the two groups of P. fluviatilis (native specimens from lakes and introduced individuals from reservoirs)
possibly introduced to Iznik Lake. As potential prey items, we considered all fish species except Silurus glanis,
which was, based on its apex position and size, considered as unsuitable’®”!. Results of the mixing models are
presented as a posteriori distribution for the proportion of each prey item in the diet.

The standard ellipse areas corresponding to the Bayesian 95% standard ellipse area (SEAb) and the area cor-
responding to 40% of central data points (SEAc) were calculated using the R package STBER"? for both groups
of P. fluviatilis and S. glanis”. Using the same package, we computed the degree of isotopic niche overlap (rang-
ing from 0: no overlap, to 1: complete overlap) as a proxy for trophic competition among populations’. Finally,
the directional pairwise probability of the two groups of P. fluviatilis and S. glanis to overlap their niche was
estimated using the R package nicheROVER, which applies a Monte Carlo estimation (chain length: 10,000
steps) on the potential overlap, thus computing the directional pairwise probability of the niche of one species
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(not either species) overlapping onto the niche of another to further assess the direction of the potential trophic

competition

32,67

Data availability
The data used in this study can be obtained from Ali Serhan Tarkan upon reasonable request by contacting the
lead author.
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