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Abstract Nonnative fish species introduced into
new areas, especially when they develop into large
populations, pose a threat to wild fauna. We used
stable isotope analysis to quantify the ecological
effects of introduced Bighead Carp (Aristichthys
nobilis) stocking in Ulungur Lake on the basal food
source composition, isotopic niche width and niche
overlap of four dominant fish species including
Bighead Carp, Pond Smelt (Hypomesus olidus),
Common Bream (Abramis brama) and Common Carp
(Cyprinus Carpio). Following Bighead Carp stocking,
proportional contributions of phytoplankton to fishes
significantly decreased for the other fishes (P < 0.05),
and the contributions of particulate organic matter to
the fishes significantly increased (P < 0.05) except for
Common Bream. In addition, the total isotopic niche
width of fishes increased from 12.01 to 13.06 and
isotopic niche overlap between fishes increased from
22.75% to 42.50% following stocking; this change
was particularly apparent in the large changes in the
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isotopic niche overlap between Common Bream and
Bighead Carp (from 67 to 95%) and between Common
Bream and Pond Smelt (from 65 to 100%), followed
by that between Bighead Carp and Pond Smelt (from 0
to 90%). Furthermore, the obvious increase in isotopic
niche overlap may be the reason for the reduced
growth observed in Bighead Carp and in Pond Smelt.
These findings highlighted that Bighead Carp stocking
changed the availability of basal food sources for other
sympatric fishes and increased the potential for
interspecific competition among fishes. Overall, our
study suggested the introduced Bighead Carp stocking
had undesirable effects on fish community in Ulungur
Lake.
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Introduction

The pace of global environmental change has
increased substantially due to new environmental
pressures that result from human activity (Pimm et al.
1995), and human-mediated introductions of nonna-
tive species are among the most widespread and
damaging of these pressures (Hooper 2005). The
introduction of nonnative species can have strong
ecological impacts on native natural resources, with
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the affected factors ranging from genes to ecosystems.
In aquatic ecosystems, stocking is commonly used to
enhance recreational catches, create new fisheries and
improve water quality. However, stocking is a highly
contentious and debated management practice for
fisheries due to its high investment cost and limited
scientific evaluation (Hunt and Jones 2017). Critical
evaluation of stocking practices has only gained
momentum in the last two decades (Leber 2002), but
studies of documented effects focus on recapture and
production rates following fish stocking (Holmlund
and Hammer 2004). Much more attention needs to be
paid to the ecological response following introduced
fish stocking (e.g., availability in food resources,
competitive interactions) (Johnston et al. 2018; Loren-
zen 2014; Hunt and Jones 2017).

Haupt and Phelps (2016) and Wang et al. (2018)
demonstrated that introducing the stocking of plank-
tivorous Bighead Carp (Aristichthys nobilis) and
Silver Carp (Hypophthalmichthys molitrix) affected
the availability of phytoplankton to other filter-feeding
fishes, which increased the potential for interspecific
competition among the fishes and could lead to
declines in the condition and abundance of native
planktivores in the Missouri River, USA. Similarly,
the introduced fish species Prussian Carp (Carassius
gibelio) in the Karamenderes River, northwest Turkey,
had extensive isotopic niche overlap with the native
fish species and outcompeted coexisting species in
resource utilization, which posed a serious threat to
native fish fauna (Ozdilek et al. 2019). However,
without knowledge of the trophic niche size and diet
composition of wild fish prior to introduced fish
stocking, is impossible for researchers to determine if
the current niche size and diet have changed after fish
introduction. Thus, a before-after study design aiming
to quantify the relative strength of the impacts of
introduced stocking fish on other sympatric species is
important.

The population niche provides a critical basis for
understanding competitive interactions between spe-
cies and populations (Wang et al. 2019). Traditional
gut content analysis is insufficient to measure niche
metrics, which require quantitative examination of the
diets of many individuals in a population, and
preferably over an extended time period (Syviranta
and Jones 2008). However, stable isotope analysis
offers time-integrated trophic information on con-
sumers, which is an integrated measure of niche width,
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as the selection of tissues with appropriate turnover
rates in consumers can be linked qualitatively to the
variance among individuals in isotope space (Bearhop
et al. 2004). Advances in stable isotope analysis have
made quantifying isotopic niche metrics (including
isotopic niche width and niche overlap) among and
within populations increasingly practicable (Layman
et al. 2007; Jackson et al. 2011; Swanson et al. 2015)
and have been widely applied in the field of compet-
itive interactions in recent decades (Kingsbury et al.
2020; Ying et al. 2020; Andrades et al. 2019; Hill et al.
2015).

Bighead Carp are large-bodied planktivorous
cyprinids that comprise much of the Carp aquaculture
production in China (Ke et al. 2008). The stocking of
Bighead Carp for improving water quality or increas-
ing economic yield is used in many waters, such as
Taihu, Chaohu, Dianchi, Qiandaohu and Ulungur
Lakes (Ke et al. 2008; Liu et al. 2007). Compared with
other aquatic ecosystems, Bighead Carp is a nonnative
species in Ulungur Lake that was introduced from the
Yangtze Basin (Tang et al. 2012). Ulungur Lake, one
of the most important fishing grounds in the Chinese
inland area and one of China’s most northwestern
desert lakes, exhibited different fish community
patterns before and after Bighead Carp stocking (Tang
et al. 2012). Before stocking, the yields of Pond Smelt
(Hypomesus olidus), Common Bream (Abramis
brama) and Northern Pike (Esox lucius) accounted
for 40%, 30% and 18% of the total yield, respectively
(Tang et al. 2012). Since the spring of 2012, an
average of 20 million Bighead Carp fries and 172 t of
Bighead Carp fingerlings and yearlings were stocked
into Ulungur Lake annually, while captured 56.36 t
Bighead Carp annually (Fig. S1), which makes
Bighead Carp with the second-largest yield and makes
Pond Smelt, Bighead Carp, Common Bream and
Common Carp (Cyprinus Carpio) the dominant fish
species (together accounting for 8§9.14% of the total
catch). Thus, we expected to quantify the potential
competition among these four dominant fishes with
potential diet overlap following fish stocking, inferred
through stable isotope analysis. Based on the increase
in fish populations with similar prey groups (e.g., Pond
Smelt and Bighead Carp), the working hypothesis was
that the total isotopic niche width of fishes may
increase to achieve coexistence and isotopic niche
overlap between fishes may enhance to respond to the
Bighead Carp stocking. The information discussed in
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this study will contribute important insights regarding
the potential effects of introduced Bighead Carp
stocking on the cooccurring fish and management of
Ulungur Lake.

Materials and methods
Study site description

Ulungur Lake is located in the northern Xinjiang
Uygur Autonomous Region in northwestern China
(46°52" ~ 47°28'N, 87°00 ~ 87°34'E) and is the
second largest lake (917.0 km?) in Xinjiang (Zhou
et al. 2013). It is the downstream lake connecting
Jelekol Lake and the Irtysh River, and its annual mean
precipitation and evaporation capacities are 116.5 mm
and 1844.4 mm, respectively (Zhou et al. 2013). For a
complete description of the physical and biological
characteristics of this station, see Ji et al. (2018).
Ulungur Lake is surrounded by the Gobi Desert, where
vegetation is exiguous. Scirpus validus, Phragmites
australis, Potamogeton crispus, and Myriophyllum
spicatum are the dominant aquatic plants, and the lake
has experienced gradual losses of biodiversity and
abundance, particularly in submerged plants. The
sediments in the lake present a mixture of organic
compounds, and the major sources of these organic
compounds are inputs from anthropogenic activities
(Yao et al. 2013). Yao et al. (2013) indicated that
Ulungur Lake has been undergoing deterioration of
the water quality and a decrease from the previously
high level of biodiversity.

Sampling preparation and analysis

Samples for stable isotope analysis were collected in
November of 2012 and 2016 from Ulungur Lake
(Fig. 1). The samples collected in 2012 represented
the starting point of fish stocking, while those
collected in 2016 represented the after-stocking
period. For the two studied years, basal sources
include phytoplankton, particulate organic matter
(POM), submerged plants, emergent plants and sed-
imentary organic matter (SOM), and the dominant fish
species (Bighead Carp, Pond Smelt, Common Bream
and Common Carp) were sampled and analyzed.

The leaves of emergent plants (S. validus and P.
australis) were collected by hand and washed with

distilled water to remove detritus. Submerged plants
(P. pectinatus, P. crispus, M. spicatum and Chara
braunii) were obtained with grabs (50 cm x 38 cm)
and subsequently washed with distilled water. Phyto-
plankton samples were obtained and collected from
hauls of a 64-um phytoplankton net and filtered
through precalcined (450 °C for 6 h) Whatman GF/F
filters. POM was collected from mixed water (from the
upper layer, middle layer and lower layer of the lake)
that was passed through a 64-um phytoplankton net
onto precalcined GF/F filters under a moderate
vacuum (10 mbar) until clogging occurred (Andrades
et al. 2019). The top 0—1 cm of the surface sediment
was collected using a Peterson grab and was imme-
diately placed into a sterile plastic bag (Beaudoin et al.
2001). Fishes were sampled using an anchored net
(mesh size < 10 mm), a trawling net (mesh size
40-80 mm) and a three-floor hang net. Tissue samples
were taken from the white muscle of fishes just
between the dorsal fin and the lateral line after removal
of all skin and scales (Pinnegar and Polunin 1999;
Zanden et al. 1999). The muscle samples were
immediately wrapped in acid-cleaned plastic bags,
placed in an ice box, and transported to the laboratory
(Li et al. 2015). All samples (fish muscle, aquatic
plants, POM, SOM, phytoplankton) were dried in an
oven at 60 °C for 48 h to a constant weight and then
ground to homogenous powder using a glass mortar
and pestle (Andrades et al. 2019). Prior to d3¢
measurement, the POM, SOM and phytoplankton
samples were treated with 1 N HCl to eliminate
carbonates using a drop-by-drop technique. Each
treated sample was then oven dried again at 60 °C
and ground again to a fine powder. All samples used
for the 8'°N analyses did not undergo any acidification
treatment (Zheng et al. 2018; Andrades et al. 2019).
The availability of food sources (phytoplankton,
crustacean zooplankton and macrozoobenthos) before
stocking referred to the literature (Liu et al. 2009;
Yang et al. 2011; Zhao 2010), while the sample
collections of them after stocking see Materials and
Methods Section in Supporting Information.

Stable isotope analysis
Stable isotope analysis of all samples was carried out
at the Key Laboratory of Crop Ecophysiology and

Farming System in the Middle Reaches of the Yangtze
River, Ministry of Agriculture, using a Vario
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Fig. 1 Sampling sites in 2012 (sites 2, 5 and 6) and 2016 (sites 1-6) in Ulungur Lake

ISOTOPE cube elemental analyzer coupled to an
Isoprime-100 isotope mass spectrometer. The
stable isotopic ratios were expressed in the conven-
tional § notation as parts per mil (%o), according to the
following equation:

AR = [(Xsample — Xstandard) /Xstandard]
x 10*(%,)

where R is "*C or "N and X is *C/"*C or ""N/"N.
Atmospheric nitrogen (for 3'°N) and Pee Dee Belem-
nite (PDB) (for 6'3C) were used as standards (An-
drades et al. 2019). The analytical precision was
within 0.1%o and 0.2%o for the carbon and nitrogen
isotope measurements, respectively.

All stable isotope data analyses were performed in
R 3.3.3 to estimate the contributions of multiple
sources to each consumer species, isotopic niche width
of each fish species and isotopic niche overlap among
the four fish species. The relative contribution of
primary production resources assimilated by aquatic
consumers was estimated using a Bayesian stable iso-
tope mixing model (Bond and Diamond 2011) in the
SIAR package. The isotopic niche widths of the fish
species were calculated from the 3'*C and 8'°N data as
the standard ellipse area corrected for the sample size
(SEAc), which is less sensitive to outliers (Jackson
et al. 2011), using Stable Isotope Bayesian Ellipses in
the SIBER package. A probabilistic method developed
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by Swanson et al. (2015) was used to test whether the
isotopic niche overlap was not equivalently weighted
among species in the nicheROVER package. The
method measured a given 95% (or user-defined o)
probability isotopic niche size and provided direc-
tional estimates of the pairwise isotopic niche overlap
in multivariate space. The isotopic niche overlap of
species A onto species B was defined as the probability
that an individual from species A is found in the niche
of B and vice versa (Swanson et al. 2015).

Statistical analysis

Statistical analyses were conducted with the 19.0
version of SPSS software (Chicago, IL, USA).
Kruskal-Wallis tests were used to test for differences
in the 5'°C and 8'°N signatures among the basal food
sources and fishes. The Mann—Whitney U test was
executed to compare the difference between the
isotopic signatures of the same basal source or the
same fish species between 2012 and 2016. All tests
maintained a comparison wise type I error rate of 0.05.
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Results
Stable isotope composition

Phytoplankton, POM, submerged plants, emergent
plants and SOM were the primary carbon sources in
Ulungur Lake between 2012 and 2016. The 3'*C and
3'°N values of these sources are presented in Fig. 2
and Table S1. In 2012, the basal food sources were
distinguishable based on their 8'°C values, ranging
from — 26.70 & 3.87%o to — 19.78 4 0.09%0. The
8'°N values of the basal food sources varied from
0.06 £ 0.01%o0 to 5.30 £ 0.76%0. In 2016, the basal
food sources spanned a 8'*C range of — 27.39 + 1.63
to — 18.80 & 2.27%o and a 8'°N range of 2.94 + 2.16
to 5.10 £ 0.60%.. Great differences were observed
among the 8'°C values of the basal food sources in
2012 (Kruskal-Wallis analysis, P < 0.01) and 2016
(P < 0.01), which allowed for the calculation of the
proportional contribution to consumers of each basal
food resource using the Bayesian mixing model.
Among the five potential food sources (phytoplankton,
POM, submerged plants, emergent plants and SOM),
there were significant differences in the 3'°C values of
submerged plants (Mann—Whitney U test, P < 0.05)
between 2012 and 2016 and highly significant differ-
ences in the 3'°C values of SOM (Mann-Whitney U
test, P < 0.01) between the two years. Likewise,
significant differences were observed among the §'°N
values of the basal sources in 2012 (Kruskal-Wal-
lis analysis, P < 0.01) and 2016 (P < 0.01). There
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Fig. 2 5'°C—3&'°N diagrams of the basal food sources and the
fish species in Ulungur Lake between 2012 (a) and 2016 (b).
Basal food sources are denoted by red squares; fish are denoted
by blue diamonds. Each square or diamond represents one
species. The species codes are as follows: Phy, phytoplankton:

-16

were highly significant differences in the 8'°N values
of POM and SOM between 2012 and 2016 (Mann—
Whitney U test; POM: P < 0.01; SOM: P < 0.01).

The &'°C values of the fishes ranged from
— 2432 £ 1.27%0 to — 21.63 £ 2.33%0 and the
8N values varied from 7.36 & 0.39%0 to
9.53 £ 0.09%o in 2012. In 2016, the four fish species
spanned a 8"C signature range of — 24.24 + 1.87%o
to — 21.53 £ 1.98%o and a 3'°N signature range of
8.02 £+ 0.70%0 to 9.88 £ 0.73%0 (Fig. 2, Table S1).
Great differences were observed among the four fish
species in the 8'°N values in 2012 (Kruskal-Wallis
analysis, P < 0.01), and there were also significant
differences in the 8'*C values (Kruskal-Wallis anal-
ysis, P < 0.01) and 8'5N values (P < 0.01) among the
four fish species in 2016. Significant differences in the
3'3C values of Bighead Carp were observed between
2012 and 2016 (Mann—Whitney U test, P < 0.05), and
significant differences in the 8'*C values of Common
Bream were also observed (Mann—Whitney U test,
P < 0.01). Furthermore, the 8!5N of all four fish
species changed significantly between the two years
(Mann—Whitney U test; Bighead Carp: P < 0.01;
Common Bream: P < 0.01; Common Carp: P < 0.05;
Pond Smelt: P < 0.05).

Changes in the contributions of the basal food
sources to the four fish species

Wide variation in the contributions of the basal food
sources to the four fish species were observed between

12
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POM, particulate organic matter; Eme, emergent plants; Sub,
submerged plants; SOM, sediment organic matter; BHC,
Bighead Carp; CMC, Common Carp; PDS, Pond Smelt;
and CMB, Common Bream
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2012 and 2016 (Fig. 3). Specifically, compared to
2012, the contributions of phytoplankton in 2016
significantly decreased from 35 to 21% for Common
Carp, Pond Smelt and Common Bream (Mann—
Whitney U test, P < 0.05), while that for Bighead
Carp increased slightly from 30 to 32%. Additionally,
the contributions of POM significantly increased from
11 to 18% for Common Carp, Pond Smelt and Bighead
Carp (Mann—Whitney U test, P < 0.05), while that for
Common Bream decreased from 11 to 6%. The
estimated contributions of SOM significantly
increased from 13 to 38% from 2012 to 2016
(Mann—Whitney U test, P < 0.05). Furthermore, the
contribution of emergent plants to the four fishes
decreased from 20 to 16%, while that of submerged
plants significantly decreased from 22 to 7% from
2012 to 2016 (Mann—Whitney U test, P < 0.05;
Fig. 3).

Changes in isotopic niche width and niche overlap

All species except for Common Bream showed
consistent upward trends in isotopic niche width
(SEAc). Compared to those in 2012, the isotopic
niche width of Bighead Carp, Common Carp, and
Pond Smelt increased from 2.14 to 2.15, 1.47 to 4.15,

and 0.07 to 0.44, respectively, in 2016, while the
isotopic niche width of Common Bream decreased
from 8.33 to 6.32 (Fig. 4).

The average isotopic niche overlap among the four
fish species was as high as 22.75% in 2012, which was
considerably lower than the average overlap among
the fish species in 2016 (42.5%). Compared with that
in 2012, the isotopic niche overlap among the fish
species increased to different extents in 2016, except
for the overlap between Common Bream and Com-
mon Carp, which decreased from 74 to 68%. In 2012,
the isotopic niche overlap among the four fish species
varied from 0 to 74%. Among the four fish species, the
average isotopic niche overlap between Common
Bream and the other fishes was highest (mean =

68.67%). The highest overlap values were all
involved with Common Bream; the overlap values
between Common Bream and Common Carp, Bighead
Carp, and Pond Smelt were 74%, 67% and 65%,
respectively. However, there was almost no overlap
between Pond Smelt and other fishes. In 2016, the
isotopic niche overlap among the four fish species
varied from O to 100%. Interestingly, the mean
isotopic niche overlap between Common Bream and
other fishes was also highest in this year (mean =
87.67%), and, similarly to the trend seen in 2012, the
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Fig. 3 Bayesian mixing model solutions for the proportions of
the basal food sources for the four fish species in Ulungur Lake
between 2012 and 2016. Boxes indicate the 50%, 75% and 95%
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Bayesian credibility intervals. The species codes are consistent
with those in Fig. 2
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Fig. 4 Density plot showing the credibility intervals of the
standard ellipse areas (SEAs) in 2012 and 2016. Black circles
are the mode SEAs, and boxes indicate the 50%, 75% and 95%

mean overlaps between Pond Smelt and the other
fishes were the lowest (mean = 11.50%). Specifically,
the highest overlaps in 2016 were observed between
Common Bream and Pond Smelt (100%) and between
Common Bream and Bighead Carp (95%). In addition,
the overlap between Bighead Carp and Pond Smelt
was as high as 90% in 2016. However, in this year, the
overlap between Pond Smelt and Common Carp was
lowest (Fig. 5a, b).

Discussion

This study is apparently the first to quantify the
changes in diet composition, isotopic niche width and
isotopic niche overlap in the dominant fish species in
Ulungur Lake using stable isotope analysis following
the introduction of fish stocking. Our findings suggest
that the changed patterns in fish assemblages driven by
the Bighead Carp stocking influenced food sources
availability and the distribution of the nutritional
contributions. Furthermore, our results support our
initial hypotheses that the total isotopic niche width of
fishes and isotopic niche overlap between fish species
increased following the Bighead Carp stocking. The
increased isotopic niche overlap indicated the

credible intervals from wider to thinner. The green Xs are the
sample-size-corrected SEAs (SEAc). The species codes are
consistent with those in Fig. 2

potential for increased interspecific competition fol-
lowing stocking in Ulungur Lake. These findings will
provide deeper insight into the potential effects of
Bighead Carp stocking on cooccurring fish and offer
essential input for a sustainable management strategy
in Ulungur Lake.

In general, shifts in the relative contributions of the
food sources of fish species respond to changes in the
availability of basal food sources (Correa and Wine-
miller 2016). Conducting fish stocking can lead to
changes in species composition and abundance and in
the use of native resources in aquatic systems (Eby
et al. 2006). Horn (2003) demonstrated that stocking
of planktivorous fishes caused enormous predation
pressure on the zooplankton group, with obvious
increases in the concentrations of nano and picophy-
toplankton, which were too small to be effectively
preyed upon by other fishes. In Ulungur Lake in 2016,
compared with the period before-stocking Bighead
Carp, an increase of 10.41 times in the cell density and
an increase of only 1.11 times in the biomass of
phytoplankton in 2016 indicated that phytoplankton
communities tended to be miniaturized (Liu et al.
2009, Table S2) following stocking. The miniaturiza-
tion of phytoplankton could make it difficult for the
affected phytoplankton to be eaten as prey by other
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fishes; this may partially explain the significantly
decreased nutritional contribution of phytoplankton to
the fish species (except for Bighead Carp). Similar
cases have been studied in Taihu Lake in China (Ke
etal. 2008) and in Mississippi River in the USA (Wang
et al. 2018). In Taihu Lake, after the stocking of
Bighead Carp and Silver Carp, the main diets of both
species shifted from zooplankton to phytoplankton,
and the presence of the stocked species ultimately
increased the concentration of small phytoplankton
individuals (Ke et al. 2008). In Mississippi River,
Wang et al. (2018) reported that the phytoplankton
community was miniaturized after the introduction of
Bighead Carp and Silver Carp and the miniaturized
phytoplankton could not be effectively preyed upon by
other planktivorous fishes. Furthermore, the turbidity
in Ulungur Lake was higher after the stocking of
Bighead Carp than before (Ji et al. 2018), which may
reflect the increased availability of POM and partly
explain the obviously increased nutritional contribu-
tions of POM to the fishes. Similarly, Yu et al. (2016)
demonstrated that the concentration of POM increased
significantly after the stocking of new species and that
the nutritional contributions of POM were improved
for sympatric species. Thus, our study supports other
data and indicates that planktivorous fish stocking
could change the community structure and availability
of basal food sources, especially phytoplankton and
POM, which is a crucial factor affecting the variety of
the nutritional contributions of basal food sources to
fish species.

Consumers with overlapping diets cope with
changes in shared food sources and regulate their diet
width to achieve coexistence during periods of food
scarcity in aquatic ecosystems (Correa and Winemiller
2016; Leray et al. 2019). When preferred basal sources
become limited, consumer species will broaden their
diets (i.e., niche expansion) to include alternative
foods to meet their dietary requirements (Perry and
Pianka 1997; Svanback and Bolnick 2005). Such a
change in foraging behavior in a given species is,
however, likely to affect the interactions of that
species with other consumer species via increased
niche overlap and potential for competition (Correa
and Winemiller 2016; Pianka 1974, 1976). In Ulungur
Lake, compared with the period before-stocking
Bighead Carp, the phytoplankton communities were
obviously diminished following stocking (Liu et al.
2009, Table S2); Accordingly, the average density of

crustacean zooplankton increased from 2.41 ind./L
before stocking to 28.47 ind./L after stocking and
biomass decreased from 0.066 to 0.046 mg/L (Yang
et al. 2011; Table S3). In addition, the macroinverte-
brates density and biomass decreased significantly
after stocking (Mann—-Whitney U test; density:
P < 0.05; biomass: P < 0.05, Zhao 2010, Fig. S2),
in which the average value of macroinvertebrates
density decreased from 1048.13 to 233.64 ind./m? and
biomass decreased from 10.77 to 4.59 g/m? (Fig. S2).
On the other hand, the population density of nonnative
Bighead Carp could increase following continue
stocking practices (Fig. S1). In the present study,
compared the results before stocking, the total niche
width increased from 12.01 to 13.06 following stock-
ing, in a pattern consistent with the niche variation
hypothesis (Van Valen 1965; Bolnick et al. 2010).
Furthermore, the average isotopic niche overlap
between the fishes increased from 22.75% in 2012 to
42.5% in 2016 (Fig. 5). The above results indicated
that after Bighead Carp stocking, the fish species
changed the isotopic niche width with the potential for
interspecific competition enhanced under the reduced
availability in food sources and the increased abun-
dance of nonnative species. Similarly, Taylor et al.
(2018) measured isotopic niche width and overlap
from stable isotope analysis to examine potential
competitive interactions arising from Eastern King
Prawns (Melicertus plebejus) stocking, and indicated
that the isotopic niche width of sympatric fish species
varied in response to Eastern King Prawns stocking
and competitive interactions may occurr, especially
between Eastern King Prawns and Palaemonid Prawn
(Macrobrachium intermedium) with the greatest iso-
topic niche overlap. Ozdilek et al. (2019) also found
that the introduction of Prussian Carp into the
Karamenderes River in Turkey led to extensive
isotopic niche overlaps between Prussian Carp and
other fish species and may pose a serious threat to
other fish fauna. Overall, our findings and previous
studies indicate that stocking of introduced fish could
result in the changes in isotopic niche width of fishes
and enhance the potential for interspecific competition
between fishes.

Intense interspecific competition among fish spe-
cies may result in reverse effects on different fishes,
especially for fishes at competitive disadvantages
(Britton et al. 2018; Munday et al. 2001; Irons et al.
2007). One of the primary considerations is that
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Table 1 Differences in body length among different populations of Bighead Carp
Study area Body length (cm) Reference

Ll L2 L3 L4 L5 L6
Ulungur Lake 20.3 249 329 41.5 48.7 52.8 This study
Talagan Reservoir - 25.2 33.0 433 56.6 66.9 Zheng et al. (2002)
Xiquanyan Reservoir 34.1 41.9 48.1 56.4 64.2 - Gao et al. (2012)
Kuilei Lake 45.7 55.1 66.5 72.0 76.3 Zhu et al. (2013)

L;-L¢ represent the mean body length of fish at each age, and the subscript number represents the age

Table 2 Changes in the Time

2012 2016

biological characteristics of
Pond Smelt
Length (Mean/range; cm)
Weight (mean/range; g)
Sample size (n)

Condition factor (Mean £ SD; %)

0.88 £ 0.12
6.30/ (4.88-7.55) 5.20/ (3.70-6.10)
1.86/ (0.81-2.68) 1.16/ (0.36-1.86)
59 70

0.78 £ 0.11

outcompeting consumer species will limit the growth
of weakly competitive fish species when sources are
limiting, particularly at higher levels of fish species
density (Kindinger 2018). In Ulungur Lake, the
availability of macrozoobenthos significantly
decreased after stocking (Fig. S2). In addition, the
population density of Common Bream gradually
increased and the yield of Common Bream reached
158.7 t/year followed by the yields of Pond Smelt and
Bighead Carp, and the catch of Bighead Carp, Pond
Smelt and Common Bream accounted for 86.57% of
the total catch. Despite the high abundance of
Common Bream, Hu (2014) illustrated that Common
Bream was miniaturized and the number of individ-
uals with body length less than 15 cm accounted for
more than 66% of the total sampled individuals.
Furthermore, the diminished Common Bream popu-
lation feeds mainly on zooplankton (length < 15 cm)
(Biré 1991). The limited food resources and the
population characteristics of Common Bream may
partly explain the highest isotopic niche overlap
between Common Bream and the other fish species
(a mean of 68.67% in 2012 and 87.67% in 2016),
particularly between Common Bream and Bighead
Carp (increased from 67 to 95%) and between
Common Bream and Pond Smelt (increased from 65
to 100%). Moreover, the overlap changed obviously
between Bighead Carp and Pond Smelt (from O to
90%) (Fig. 5). These results suggested the increase in
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potential for interspecific competition among the
zooplanktivorous fishes (Pond Smelt, Bighead Carp,
Common Bream with body length less than 15 cm)
and the highest isotopic niche overlap was observed
among them indicating the largest potential for
competition following stocking (Morrison et al.
2021, Fig. 5). Furthermore, the diminished crustacean
zooplankton community responded to the shifts in
predation pressure and high isotopic niche overlap
among Common Bream, Bighead Carp and Pond
Smelt (Yang et al. 2011, Table S3). Thus, the obvious
increase isotopic niche overlap among the zooplank-
tivorous fishes under the limiting food sources and
high abundance of fish species in Ulungur Lake was
potentially responsible for the slower growth of
Bighead Carp (Zheng et al. 2002; Gao et al. 2012;
Zhu et al. 2013, Table 1) and the smaller Pond Smelt
following stocking in Ulungur Lake (Table 2). Sim-
ilarly, Morrison et al. (2021) qualified the impacts of
Zebra Mussels (Dreissena polymorpha) on isotopic
niche size and niche overlap among fish species in a
mesotrophic lake, in which the isotopic niche overlap
between species increased significantly (1.2-fold) post
Zebra Mussels and that could ultimately result in
reduced abundance of species less able to utilize
littoral energy sources. Additionally, in the Missis-
sippi River, after the introduction and rapid growth of
Bighead Carp and Silver Carp there was high isotopic
overlap between the introduced species and the native
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planktivores, and potential competition between them
may lead to declines in the body conditions of the
native fishes, including the Bigmouth Buffalo (Ic-
tiobus cyprinellus) and the Gizzard Shad (Dorosoma
cepedianum) (Irons et al. 2007; Wang et al. 2018).
Therefore, our study indicates that under the limiting
food sources and high abundance of fish species, the
high isotopic niche overlap between fishes may be the
reason for the reduced growth observed in Bighead
Carp and in Pond Smelt following stocking in Ulungur
Lake.

Conclusions

In the present study, changes in the basal food source
composition, isotopic niche width and niche overlap of
four dominant fish species (Bighead Carp, Pond Smelt,
Common Bream and Common Carp) were investi-
gated following the introduction of Bighead Carp
stocking in Ulungur Lake. The work by 2012 and 2016
demonstrated that the stocking of Bighead Carp
affected the variety of basal resources consumed by
other dominant species in the lake. In addition, the
total isotopic niche width of fishes and isotopic niche
overlap between fish species enhanced to respond to
the Bighead Carp stocking. The high isotopic niche
overlap among zooplanktivorous fishes could be
potentially responsible for the reduced growth
observed in Bighead Carp and in Pond Smelt follow-
ing stocking in Ulungur Lake. Thus, with the imple-
mentation of an annual release plan, long-term data
will be critical to understanding how introduced fish
stocking can influence fish population dynamics (e.g.,
growth and abundance) and what ecological problems
may occur over time in Ulungur Lake.
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