Aquaculture and Fisheries xxx (Xxxx) Xxx

Contents lists available at ScienceDirect

KeAi

CHINESE ROOTS
GLOBAL IMPACT

Aquaculture and Fisheries

journal homepage: www.keaipublishing.com/en/journals/aquaculture-and-fisheries

Original research article

High trophic similarity between non-native common carp and gibel carp in
Turkish freshwaters: Implications for management

Sadi Aksu?, Ozgiir Emiroglu”, Paride Balzani®, J. Robert Britton“, Esengiil Kose ©,
Irmak Kurtul -, Sercan Baskurt ", Oguzcan Mol ®, Emre Gmar ", Phillip J. Haubrock %",
Pinar Oztopcu-Vatan ", Ali Serhan Tarkan *-"»"

2 Vocational School of Health Services, Eskisehir Osmangazi University, Eskisehir, Turkey

Y Department of Biology, Faculty of Science, Eskisehir Osmangagi University, Eskisehir, Turkey

€ Faculty of Fisheries and Protection of Waters, South Bohemian Research Centre of Aquaculture and Biodiversity of Hydrocenoses, University of South Bohemia in Ceské
Budgjovice, Zatisi 728/11, 389 25, Vodnany, Czech Republic

9 Department of Life and Environmental Sciences, Faculty of Science and Technology, Bournemouth University, Poole, Dorset, UK

€ Department of Environmental Protection Technologies, Eskisehir Vocational School, Eskisehir Osmangazi University, Eskisehir, Turkey

f Marine and Inland Waters Sciences and Technology Department, Faculty of Fisheries, Ege University, Izmir, Turkey

8 Department of River Ecology and Conservation, Senckenberg Research Institute and Natural History Museum Frankfurt, Gelnhausen, Germany
1 Genter for Applied Mathematics and Bioinformatics, CAMB, Gulf University for Science and Technology, Al-Abdullah, Kuwait

! Department of Basic Sciences, Faculty of Fisheries, Mugla Sitki Kogman University, Mentese, Mugla, Turkey

J Department of Ecology and Vertebrate Zoology, Faculty of Biology and Environmental Protection, University of Lodz, Eodz, Poland

ARTICLE INFO

Keywords:
Stable isotopes
Niche overlap
Cyprinus carpio
Carassius gibelio
Stocking
Invasion

ABSTRACT

Although the detrimental ecological and economic effects of introducing freshwater fish species have been
extensively documented, non-native freshwater fishes continue to be introduced in large numbers globally to
enhance fisheries and aquaculture. In Turkey, stocking of common carp Cyprinus carpio is practised to provide
food security for people and job security for artisanal fishers, resulting in a country-wide distribution. These
stockings, however, increase the risk of accidental introductions and have led to introductions and subsequent
invasions of gibel carp Carassius gibelio, a globally invasive and highly detrimental fish species. Here, we assessed
the growth types, body conditions and trophic interactions via bulk carbon and nitrogen stable isotope analysis of
common and gibel carp in both natural and artificial water bodies in Turkey. The results indicated that common
and gibel carp express similar growth types and body conditions in all waters and have similar trophic ecologies.
This leads to substantial trophic niche overlaps in waters where they co-occur, with the potential for strong
interspecific competition. Considering the ongoing stocking of common carp for fishery enhancement, we
recommend to specifically target these stockings in waters where gibel carp has already become invasive. Our
findings, indeed, suggest that common carp releases have the potential to hamper invasive gibel carp populations
by increasing the competitive interactions between the two species.

1. Introduction

around the world (Cowx, 1994) with approximately 90 million fish
having been stocked into inland waters in e.g. France in 2013

Freshwater fish communities are particularly vulnerable to the im-
pacts of introduced fish species, which have a high potential to cause
ecological impacts through increased competition and predation pres-
sure, genetic introgression, and the transmission of non-native patho-
gens (Britton, 2023; Britton et al., 2023). Despite this, both non-native
and native (usually hatchery reared) freshwater fishes are frequently
introduced to enhance both recreational and commercial fisheries

(Cucherousset et al., 2021).

To increase inland fish production, some countries introduced
legislation that promoted the use of non-native species (e.g. Brazil;
Forneck et al., 2021; Garcia et al., 2022) through their deliberate release
(e.g. Kenya; Hickley et al., 2015; Britton et al., 2023). In Turkey, the
widespread stocking of the common carp Cyprinus carpio to enhance
fishery yields in reservoirs (Vilizzi et al., 2015) is practised as a response
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to the demand of artisanal fishers for the compensation of economic
losses resulting from private land encroachment due to reservoir con-
struction (Gaygusuz et al., 2015). Although the common carp is native to
several areas of Turkey (Thrace, Northern Anatolia, Western Trans-
caucasia and Upper Tigris & Euphrates; Memis & Kohlmann, 2006), it
has been intensively translocated since the 1960s, resulting in it
attaining a widespread distribution particularly in Anatolia (Innal &
Erk’anan, 2006). Indeed, the stocking of hatchery-reared age-0 common
carp into numerous reservoirs for growing-on and subsequent exploi-
tation has occurred annually since 1996, with approximately 100
million fish having been stocked between 2002 and 2019 by the Re-
public of Turkey’s Ministry of Food, Agriculture and Livestock (BSGM,
2021). This is despite common carp being recognised as a globally
invasive, high-impact species (Vilizzi et al., 2015), and risk assessments
have highlighted it as being of high invasion and impact risk in Turkey
(Tarkan et al., 2017; Vilizzi et al., 2021). However, its socio-economic
value, long introduction history, and wide spatial distribution means
that management programs do not consider common carp as either
non-native or invasive (Vilizzi, 2012).

Intentional fish introductions can also result in accidental introductions
of other species (Gozlan, Britton, et al., 2010), for example, when batches of
fish moved between countries or river basins are contaminated with smaller
fishes that are then accidently released into new areas through ‘stepping--
stone’ introduction events (Gozlan et al., 2010b). In Turkey, common carp
stockings have resulted in accidental releases of other non-native cyprinid
species, such as the trophically analogous gibel carp Carassius gibelio
which has been able to obtain a wide distribution via this pathway
(Gaygusuz et al., 2015). Gibel carp is now the most abundant invasive
introduced species in Turkey, establishing populations in lentic water
bodies such as reservoirs, lakes, and ponds (Tarkan, Copp, et al., 2012). This
is concerning, as gibel carp can cause considerable ecological impacts in
invaded freshwaters, including the significant decline of native cyprinid
populations and economically viable common carp populations through
reproductive interference and competition (e.g., Emiroglu et al., 2011;
Tarkan, Gaygusuz, et al., 2012). Given the potential ecological impacts that
gibel carp may have on Turkish aquatic fauna and not being a demanded
fish species except for local fisherman in some regions, management
programmes are needed to control and contain their populations
(Tarkan et al., 2021; Britton et al., 2023). However, other than fish
removal-based pilot projects to control abundant populations by high
fishing exploitation, there is currently no management of these non-native
populations (Emiroglu, 2019).

In freshwaters, the resident fish assemblage can provide some biotic
resistance against introduced species (Alofs & Jackson, 2014). This
resistance can be mediated through a higher, more natural species
richness or the presence of certain (i.e., competitive or predatory) spe-
cies, limiting the establishment and invasion of non-native species
through biotic resistance (Henriksson et al., 2015). In Turkish reservoirs
invaded by gibel carp, the presence of common carp potentially provides
some competitive resistance, given the high functional similarity be-
tween these two species in terms of trophic level, habitat use, and the
resulting niche overlap (Yalcin Ozdilek et al., 2019). Consequently, in
this work, we test the growth type, body condition, and trophic in-
teractions of common carp and gibel carp in a series of natural and
artificial water bodies in Turkey using a bulk carbon and nitrogen stable
isotope analysis (SIA) approach (613C, 6!°N). We posit that (i) sympatric
common carp and gibel carp express similar growth types and body
conditions in both artificial and natural water bodies, despite (ii) com-
mon and gibel carp being trophically similar and expressing a high
overlap in their trophic niche when in sympatry. The results are then
evaluated through comparisons between their populations in natural
waters versus reservoirs, and whether fishery enhancement schemes to
increase carp production can concomitantly increase the biotic resis-
tance to gibel carp invasion.
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2. Materials and methods
2.1. Study areas

Gibel carp and common carp were collected from seven water bodies
in Turkey, four of which were reservoirs established in the Afyonkar-
ahisar Province in southwestern Anatolia for irrigation purposes, with
surface areas ranging from 2 to 6 km? and average maximum depths of
approximately 10 m (Table S1) (Fig. 1). The other study sites were
natural lakes of various sizes ranging from 5.6 to 308 km? (Table S1).
Lake iznik is a large and deep lake (approximately 60 m) located in the
Marmara region in north-western Anatolia, while Gala and Sigirc1 are
shallow alluvial lakes completely covered with reeds, located in Thrace
in the European part of Turkey. They have a rich fish diversity (Tarkan,
Copp, et al., 2012). All these lakes have undergone ecological succession
over several decades and have become meso-eutrophic. Among the
sampled sites, perch Perca fluviatilis was the dominant piscivore, being
present in Bayat, Gala, Seyitler and Sigirci, followed by European catfish
Silurus glanis, which was present in Gala and iznik, and pikeperch Sander
luciopera was present in Gala and Sigirc1 (Table S1). In all sites, both
gibel carp and common carp were present, except Bayat and Seyitler
South, where only gibel carp was present.

2.2. Ethical approval for research involving animal

This study does not contain any experiments conducted on animals
by any of the authors. The legal permission for collecting fish was pro-
vided by the Republic of Tiirkiye Ministry of Agriculture and Forestry
(E—67852565-140.03.03-1800883). All care and use of animals were
complied with animal welfare international/national laws, guidelines,
and policies (https://www.resmigazete.gov.tr/eskiler/2014/02/20140
215-6.htm). Some fish were obtained from the fishermen with their
consent.

2.3. Sampling process and sample analysis

Sampling was conducted in autumn (October-November) of 2021,
with fish captured using multi-mesh gillnets (12 panels varying from 5 to
55 mm mesh sizes). Following their capture, fish were transported to the
laboratory on an ice water slurry. Also, samples of putative prey re-
sources (algae, submerged macrophytes, detritus, bivalves, gastropods,
phytoplankton, and zooplankton) were collected from each sampling
site, where available. In the laboratory, the collected fishes were iden-
tified to the species level, and measured (total length and weight,
nearest [mm] and [g], respectively).

2.4. Stable isotope analysis

For SIA, a sample of dorsal muscle tissue was taken from the area
between lateral line and dorsal fin of each individual fish sampled.
White muscle tissue has lower variability in nitrogen isotopic signature
compared to other tissues and does not require acidification to remove
inorganic carbonates (Pinnegar and Polunin, 1999). All samples were
dried at a constant temperature (60 °C) for 24 h and ground to fine
powder using an agate pestle and mortar. Because lipids are depleted in
13C compared with the whole organism (Post et al., 2007), lipids were
extracted from all animal tissues using a 2:1 chloroform: methanol so-
lution. The plants and invertebrate samples were processed without any
chemical treatment. SIA was performed with a continuous flow interface
(ConFlo IV, Thermo Fisher Scientific, Germany) and an isotopic ratio
mass spectrometer (Delta V Advantage, Thermo Fisher Scientific, Ger-
many). All stable isotope values are reported in the & notation: 8'>C and
515N. samples were analysed in duplicates and the average standard
errors were 0.03%o for 8'3C and 0.11%o for 5'°N.
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Fig. 1. The sampling sites in western Anatolia, Turkey.

2.5. Statistical analyses

To assess for species-specific differences in their respective growth, a
linear model was applied at each site, where in the model, log-
transformed weight was response variable and log-transformed total
length, species and their interaction were predictors. All linear models,
including the interaction term, were tested with type IIl ANOVA; when
the interaction term was not significant, the model was run again
without the interaction term using type II ANOVA. Growth was defined
using the slope (b) of the linear regression models; if b > 3 then growth
was hyper-allometric (fish growth is faster in weight than length), if b <
3 then growth was hypo-allometric (fish grow faster in length than
weight), and if b = 3.0 then growth is isometric (Karachle & Stergiou,
2012).

Fish body condition was evaluated by Fulton’s condition coefficient
(KF; Le Cren, 1951) calculated as KF = 100,000 x W/TL"3, where: W =
total body weight [g], TL = total length [mm], and was compared within
sites between the two species and within the same species among
different sites using a permutational analysis of variance (PERANOVA,
with Bray-Curtis dissimilarity index and 9,999 permutations), using the
adonis2 function implemented in the R package vegan (Oksanen et al.,
2019). A linear mixed effect model, with the KF of gibel carp as response
variable and carp presence (yes/no), predator presence (yes/no) and
system type (natural lake/reservoir) as predictors, was built with the R
package Ime4 (Bates et al., 2015) using the site as random effect, and the
results were drawn using the package sjPlot (Liidecke, 2023).

To describe intra-specific niche width, Layman’s metrics (Layman
et al., 2007) and corrected standard ellipse area (SEAc, Jackson et al.,
2016) considering 40% of central data points were calculated using the
R package SIBER (Stable Isotope Bayesian Ellipses in R; Jackson et al.,
2016). The 5!°N and §'3C ranges (NR and CR), the mean distance to the
centroid (CD), as well as the total area encompassing all individual
measures (TA), are all indices of the species niche width. The mean
nearest neighbour distance (MNND) and the standard deviation of the
nearest neighbour distance (SDNND) relate to the distance among

individuals and indicate the degree of trophic redundancy (i.e. the
inter-individual competition). SEAc is a measure of the niche width that
is less affected by extreme values than TA. Additionally, the Bayesian
standard ellipse area (SEAB), was calculated using the R package SIBER
(Jackson et al., 2016).

To assess the overlap between the isotopic niches of the two species,
we used three complementary approaches. First, we identified if the
occupied trophic niches were significantly different using a PERMA-
NOVA on the §!°N and 6'3C of the two species, followed by PERANOVA
as post hoc tests, with Euclidean distance and 9,999 permutations using
the adonis2 function implemented in the R package vegan (Oksanen
et al., 2019). Then, the ratio between the overlap area and the sum of
both niche areas for the 95% (maximum likelihood and Bayesian
ellipses-SEAB) and 40% (SEAc) standard ellipse areas (SEA) were
calculated using the R package SIBER (Jackson et al., 2016). Finally, the
directional probability of an individual of a species to occur within the
niche of the other species (considered as the 95% and 40% standard
ellipse area) was estimated applying a Monte Carlo estimation (chain--
length: 10,000 steps) using the R package nicheROVER (Swanson et al.,
2015).

To check for consistent patterns in the niche width of gibel carp, we
used linear mixed effect models with SEAc and SEAB of gibel carp as
response variables, and carp presence (yes/no), predator presence (yes/
no) and system type (natural lake/reservoir) as predictors were built
with the R package Ime4 using the site as random effect. The same
predictors without carp presence were used in linear models with the
proportion of overlap for SEAc and SEAB, as well as the overlap prob-
ability of gibel carp into the niche of common carp for the 95% and 40%
ellipses as response variables, to check for consistent patterns in the
overlap between the two species’ niches. Finally, to assess the similarity
in diet between the two species, stable isotopes mixing models were run
using the R package simmr (Govan et al., 2023), using no priors and
using the trophic discrimination factors (TDFs) proposed by Post (2002),
namely 1.0 for '3C and 3.4 for §!°N.
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3. Results

Across the 7 sites, 120 specimens were sampled (Akdeg: 10 C. carpio
and 10 C. gibelio; Bayat: 6 C. gibelio; Gala: 10 C. carpio and 10 C. gibelio;
Iznik: 4 C. carpio and 10 C. gibelio; Seyitler North: 4 C. carpio and 4
C. gibelio; Seyitler South: 10 C. gibelio; Sigirci: 13 C. carpio and 11
C. gibelio; Uclerkayasi: 8 C. carpio and 10 C. gibelio). The weight to total
length relationships were similar between the two species in all sites, as
indicated by the non-significant interaction terms (Table 52). Moreover,
in some sites (Akdeg, Gala, and Uclerkayasi), the species had a signifi-
cant effect (Table S2), with gibel carp showing a higher weight than
common carp for the same value of total length (Fig. 2). The growth type
was hyper-allometric for both species in most sites (Table S3).

The Fulton index of gibel carp did not vary among sites (pseudoF7 g3
= 1.85, P = 0.09), but did for common carp (pseudoFs 43 = 2.76, P <
0.05). In almost all sites, KF was higher in gibel carp than common carp
(Akdeg: pseudoF; 15 = 4.12, P < 0.05; Gala: pseudoFy 15 = 22.04, P <
0.001; Iznik: pseudoF; 12 = 8.81, P < 0.01; Uclerkayasi: pseudoF; 16 =
10.37, P < 0.01), except in Sigirci (pseudoF 55 = 1.42, P = 0.24) and
Seyitler North (pseudoF; ¢ = 7.85, P = 0.06; Fig. 3). The linear mixed
effect model indicated no significant effect of any of the selected pre-
dictors (Fig. S1).

The stable isotope metrics indicated high variability in the isotopic
niche width across the sites (Fig. 4), with only a few consistent patterns
detected: in reservoirs gibel carp had a greater NR than common carp,
and in natural lakes gibel carp had a smaller CD compared with common
carp (Table 1). The isotopic niches of gibel carp and common carp were
not statistically differentiated in any sites except for Gala and Ucler-
kayasi (Table 2). In the sites where the niches were segregated, they
were differentiated for both stable isotopes values (Gala: pseudoF; 15 =
26.29, P < 0.001 for §'3C and pseudoF; 15 = 12.14, P < 0.01 for 5'°N;
Uclerkayasi: pseudoF; ;6 = 18.68, P < 0.001 for 5'%C and pseudoF; 16 =
5.15, P < 0.05 for 8'°N). Similarly, there was high variability in the
degree of isotopic niche overlap between the sites (Table 2). No signif-
icant relationships were found with any of the selected predictors for
both the niche width of gibel carp and the niches’ overlap between the
two species (Fig. S2).

The stable isotope mixing models showed a high similarity in the diet
composition of common carp and gibel carp, with a few sites indicating
asymmetries (Fig. 5). In Iznik, gibel carp consumed less zooplankton
compared to common carp; in Gala, the common carp was more
generalist, while gibel carp was more specialised on macrophytes and
phytoplankton; in Uclerkayasi, gibel carp consumed less algae and more
zooplankton compared to common carp. No clear differences in the diet
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Fig. 2. Regression lines of the log-transformed weight (W) in function of the
log-transformed total length (TL) of Carassius gibelio and Cyprinus carpio in the
different sampling sites.
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of gibel carp between the sites with common carp and those without
were found.

4. Discussion

Interactions among species are complex and, in many cases, unpre-
dictable (Britton et al., 2018). Understanding how interactions can
affect the competitiveness or impact of non-native species in freshwater
ecosystems remains a crucial subject in invasion biology (Haubrock
et al., 2020; Bissattini et al., 2021; Balzani & Haubrock, 2022). Overall,
our results revealed that gibel carp had similar weight gain but higher
body condition than common carp, although common carp usually grow
faster and reach larger sizes than gibel carp (Vilizzi, 2012). Moreover,
we found similar features of the trophic niche and diet composition
between the two species, regardless of the presence of common carp or
predators or the ecosystem type.

The niche width of gibel carp was highly variable, probably due to
differences in resources availability in the study sites. Some niche met-
rics consistently showed that gibel carp had a greater reliance on food
sources from multiple trophic levels than common carp in reservoirs,
suggesting a higher adaptability to altered habitats and a higher trophic
specialisation (with higher intra-specific similarities) than common carp
in natural lakes, suggesting a better ability to exploit profitable re-
sources. We also found a high degree of trophic niche overlap between
the species, indicating feeding on similar food sources, thereby con-
firming a previous mesocosm study on common carp and the congeneric
goldfish Carassius auratus, also being a global invader (Busst & Britton,
2017). Only in two sites (Gala and Uclerkayasi) the trophic niches of the
species segregated and their diet compositions differed, which was likely
caused by broad prey availability and high productivity in Lake Gala and
low fish abundance in the Uclerkayasi reservoir. These results partly
corroborate our hypothesis on both species showing similar growth
types and body conditions as well as high trophic niche overlap. How-
ever, contrary to our predictions, they indicated no effect of site, pred-
ator, or common carp presence on the biological and ecological features
of gibel carp. Whilst additional or alternative drivers may have led to the
observed outcomes, our results are the first indications of trophic in-
teractions among gibel and common carp under natural conditions,
limiting our ability to draw further inferences through comparisons to
other studies.

Based on invasion ecology theory, invaders can out-compete
trophically analogous native competitors by suppressing their niche
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Table 1
Layman metrics, corrected standard ellipse area (SEAc) and mean Bayesian standard ellipse area (SEAB) of Carassius gibelio and Cyprinus carpio in the different sampling
sites. Type (Reservoir = R; Natural lake = N).

Site (type) Species (sample N) NR CR TA CD NND SDNND SEAc SEAB (mean)
Akdeg (R) C. carpio (10) 1.92 5.34 5.91 1.84 0.72 0.34 3.74 3.30
C. gibelio (10) 2.37 4.46 5.59 1.28 0.66 0.34 3.30 3.71
Bayat (R) C. gibelio (6) 1.17 4.57 2.35 1.33 0.96 0.59 2.50 2.53
Gala (N) C. carpio (10) 7.48 10.87 21.29 5.19 0.53 0.52 14.77 26.93
C. gibelio (10) 4.79 6.08 14.93 212 1.06 0.56 9.00 9.00
Iznik (N) C. carpio (4) 3.21 2.11 2.52 1.71 0.89 0.75 5.40 5.89
C. gibelio (10) 1.61 4.45 4.17 1.12 0.63 0.51 2.10 2.18
Seyitler North (R) C. carpio (5) 1.80 3.02 2.42 1.12 0.94 0.57 3.31 3.16
C. gibelio (10) 2.00 3.39 3.87 1.03 0.52 0.52 2.14 2.13
Seyitler South (R) C. gibelio (10) 3.09 1.85 2.81 0.94 0.42 0.22 1.80 1.81
Sigirci (N) C. carpio (13) 5.33 3.99 12.72 2.17 0.39 0.31 8.17 8.32
C. gibelio (11) 7.86 6.27 23.08 2.09 1.20 1.98 11.99 12.50
Uclerkayasi (R) C. carpio (8) 0.74 2.01 1.05 0.78 0.25 0.20 0.74 0.72
C. gibelio (10) 1.03 3.51 1.81 0.83 0.48 0.33 1.15 1.14
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Table 2
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Results of the Permutational Multivariate Analysis of Variance (PERMANOVA, with Euclidean distance and 9,999 permutations) on the (83C and 5'°N) of Carassius
gibelio and Cyprinus carpio, together with the proportion of niche overlap considering the 95% maximum likelihood (95% SEA), the mean Bayesian (95% SEAB), and the
40% (SEAc) standard ellipse areas (SEA). The last two columns indicate the directional probability of niche overlap for either species. Only sites where both species co-
occurred are shown.

Site PERMANOVA 95% 95% SEAB SEAc C. carpio - > C. gibelio  C. carpio - > C. gibelio  C. gibelio - > C. carpio  C. gibelio - > C. carpio
SEA (mean) (40%) (95%, mean) (40%, mean) (95%, mean) (40%, mean)
Akdeg (R) pseudoF; 15 = 2.11, P 48% 40% 19% 68% 17% 68% 22%
=0.15
Gala (N) pseudoF; 15 = 20.77, 21% 16% 0% 17% 2% 33% 2%
P < 0.001
Iznik (N) pseudoF; 15 = 1.71, P 22% 21% 7% 36% 6% 43% 11%
=0.19
Seyitler North pseudoF; ;3 = 0.13, P 59% 46% 53% 75% 27% 80% 30%
[®R) =0.86
Sigirci (N) pseudoF; 5; = 0.29, P 61% 55% 49% 89% 39% 75% 25%
=0.72
Uclerkayasi pseudoF; 16 = 17.34, 30% 20% 0% 53% 6% 30% 4%
®) P < 0.001
(a) (b) ‘
Bivalves;| [ Bivatees ] Gastropods -m——- Gastropods{ —[D—— .
Gastropods ﬂ— Gastropods 1
g Detritus - __— s Detritus 4 g Detritus -I—"' Detritus 4 —-—- ==
Phytoplankton | —JJIF———— ==
(c) (d) S
givaves ffl—- Bivalves |
Gastropods - -m——- Gastropods - Aquatic plants | . ————{ l l— Aquatic plants | -———--————| l l—
8 Aquatic plants { -l—--— . Aquatic plants 8
é Detritus < 'l—'"' - Detritus 4 é Gastropads | I 1 —. 1 j
Phytoplankion |+ . e ..._._——-— Phytoplankton 4 R I _: ] _. 1
Zooplankton 4 e o =up i Zooplankton 4 s
(e) [ (U] 3
Aigae | Algae Algae I Algae | _D]_
|
§ Bivalves 1 Bivalves g Bt _.—_ Beifiusd _._—— N
8 Gastropods Gastropods § g
Phylopmnk!oni‘  =csmam Phytoplankton 4
0.00 0'25 Ogﬂ 0.75 1.00 0.00 055 0.50 0.76 1.00 0.00 0.25 0.50 0.75 1 0.00 0.25 0.50 0.75 1.00
Pro portion Proportion Proportion Proportion
(9 @< (h) e
Detritus I Gastropods —| }——- =
Aquatic plants
Detritus i
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Proportion Proportion

Fig. 5. Results of the stable isotope mixing models for Carassius gibelio and Cyprinus carpio for each site: (a) Akdeg, (b) Gala, (c) Iznik, (d) Seyitler North, (e) Sigirci,
(f) Uclerkayasi, (h) Bayat, (i) Seyitler South. In Acigol, Bayat and Seyitler South, only Carassius gibelio was present.

size (niche reduction), leading to specialisation or, eventually,
displacement from their original trophic niche (Jackson et al., 2016).
Gibel carp are known to affect native and in particular endemic fish
species through processes that include reproductive competition (Tar-
kan, Gaygusuz, et al., 2012) and strong competitive abilities through
their occupation of lower trophic positions than other fishes (Yal-
(;m-()zdilek & Jones, 2014) and their faster growth rates (Tapkir et al.,
2022). Gibel carp also express a particular case of gynogenesis. Female
triploids have been experimentally shown to be sperm parasites that can
utilise sperm from common carp, goldfish, crucian carp, roach Rutilus
rutilus, ide Leuciscus idus, and bream Abramis brama (Paschos et al.,
2004) to trigger embryogenesis (typical gynogenesis). It is possible that
gibel carp, distributed in western Turkey, use the sperm of other Cyp-
rinidae species as a reproductive strategy. However, since the specific
reproductive mode of gibel carp populations in the current study is
unknown, this reproductive feature of the species was not accounted for.
It should however be acknowledged that the stocking of common carp

can facilitate the spread of gibel carp.

Although gibel carp are considered as the most invasive freshwater
species in Turkey and are almost ubiquitously distributed (Tarkan,
Copp, et al., 2012), the status of common carp is less clear, despite
having a similar distribution (Vilizzi, 2012). Despite the country-wide
intense stocking campaigns, common carp is not one of the main com-
ponents of the local ichthyofauna, with previous studies on the species in
Anatolia indicating relatively slow somatic growth rates in both the
native and introduced ranges of Turkey, likely due to the long history of
domestication (Vilizzi et al., 2013, 2014). This is in contrast to other
countries, where the common carp is recognised as a globally invasive,
high-impact invader (Weber & Brown, 2009) that can cause substantial
ecological impacts on invaded freshwater ecosystems (Vilizzi et al.,
2015), including the suppression of native and other non-native species
of e.g. the Carassius genus (Busst & Britton, 2017).

Similar to gibel carp, common carp have a high potential to be highly
plastic in their trophic niches between different contexts (Britton et al.,
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2018). It is worth stressing that niche overlap of the two species, when in
sympatry, would only lead to competitive interactions when their shared
resources were limited and switching to alternative resources was not
possible (Jackson et al.,, 2016; Tran et al., 2015). In our study,
inter-specific differences in their growth and body conditions were
negligible, suggesting that their food resources were not limiting or were
at least sufficient to maintain their respective growth rates and body
condition. A similar observation has been made for two other invasive
cyprinid species, the common bleak Alburnus alburnus and the topmouth
gudgeon Pseudorasbora parva, which showed no evidence of suffering
competition despite their considerable trophic niche overlap in a site
where they co-occurred in Italy (Balzani et al., 2020). A large-scale work
on gibel carp in Turkey revealed that in reservoirs (but not lakes), gibel
carp are more successful invaders in terms of higher growth rates and
reproductive capacities (Tarkan, Copp, et al., 2012). Our results here did
not, however, show any significant impact of ecosystem type on either
growth, body condition, or interspecific trophic niche interactions. Even
though there are numerous varieties of common carp and gibel carp,
these are not pertinent to our study populations. The genetic origin of
common carp in our study populations can be traced back to two main
hatcheries in Turkey (Gaygusuz et al., 2015). Similarly, gibel carp in our
study areas has been introduced solely from the north (Thrace) and
south (Mediterranean region) of the country (Agdamar & Tarkan, 2019).
Similarly, the present study revealed no significant effect of predator
presence, although this factor has been documented as an important
driver of crucian carp invasion success (Bronmark & Miner, 1992;
Domenici, 2002) and gibel carp feeding and morphology (Tarkan et al.,
2023). These differences might relate to the relatively low number of
sites for each combination (e.g. natural lakes with and without common
carp, reservoirs with and without common carp). Also, the data from the
invaded communities have the caveat that they were non-replicated
field samples that were only sampled once, thus subject to uncon-
trolled environmental conditions (e.g., fish abundance, food availabil-
ity) and so some context dependencies. Therefore, this study should be
considered preliminary and should provide an incentive for further
research.

4.1. Management implications

Given the wide spatial distribution of both common and gibel carp in
invaded regions (Tarkan, Copp, et al., 2012; Gaygusuz et al., 2015;
Tapkir et al., 2022), these two species could have synergistic impacts on
invaded ecosystems (e.g. habitat modification and ecosystem engi-
neering) or limit each other through competition. Although the impacts
of either species to other components of the fish communities were not
assessed here, understanding how invasive gibel carp interacts with
non-native common carp is critical to developing appropriate manage-
ment actions that are commensurate with the level of ecological risk.
Therefore, this study provides the first, important information on tro-
phic interactions between these two non-native fish species. As strict
governmental policy in Turkey, common carp continue to be stocked
intensely in Turkey, inevitably facilitating the further dispersal of gibel
carp across the country. Unlike gibel carp, common carp is a highly
demanded and economically important species, providing food security
for local people, and job security and poverty alleviation for artisanal
fishers, particularly in Anatolia.

As both species occupy the same niche space and their introduction
shows similar ecological consequences (which are not affected by
ecosystem type and predator presence), we strongly recommend that
common carp stockings should be focused on locations where both
fishery benefits can accrue and gibel carp populations are already
established. These stockings should be done with great care, such as
through auditing fish releases (Davies et al., 2013), to minimise the risk
of increasing local abundances of gibel carp even further.
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