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Sciaenid fishes are usually associated with large freshwater inputs and are the most
important economic fish on the coastal shelf off mainland China. To compare the
differences in ecological niche and resource sharing among different populations of
Sciaenidae species, we collected samples of Larimichthys polyactis, Collichthys
lucidus, Johnius belangerii, Nibea albiflora, and Miichthys miiuy from Zhoushan
Archipelago waters from 2019 to 2021 and investigated the carbon and nitrogen
isotopic values in muscle tissues, the contribution of each food resource, and trophic
niche widths and overlaps. Significant differences were observed in both isotopes in the
muscles of the five Sciaenid species. Zooplankton was a key food resource for all Sciaenid
species. In addition to zooplankton, J. belangerii, N. albiflora, and M. miiuy also fed on
benthos organisms. C. lucidus presented a wide trophic niche width and had extensive
habitat use. The trophic niche occupied by N. albiflora and M. miiuy was narrow; they
presented a high trophic level, with a high degree of trophic niche overlap. This study
showed that sciaenid fishes have overlapping trophic niches due to their common feeding
on zooplankton, and differences in body size, migration, habitat, and feeding choices led
to the reasonable sharing of resources among the five sciaenid fishes, allowing the
coexistence of these species.

Keywords: sciaenid fish, isotope analysis, trophic niche, niche overlap, food source
INTRODUCTION

Marine sciaenid fishes are cosmopolitan, and they are important for fisheries worldwide. These
fishes are usually associated with large freshwater inputs, and are mainly distributed in the Atlantic,
Indian, and Pacific oceans (Longhurst and Pauly, 1987; McConnell and Lowemcconnell, 1987). In
Asia, sciaenid fishes are mainly distributed in the northeast, including the west coast of South Korea,
the Bohai Sea, and the East China Sea. Larimichthys polyactis (Sciaenidae: Perciformes), is one of the
most commercially important fish in South Korea and China, where it has long been used as a
source of food and medicine (Choi and Kim, 2020). In China, L. polyactis and other sciaenid fishes
in.org June 2022 | Volume 9 | Article 8801231
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are prized because of their delicious meat and high trophic value.
Thus, this is an economically important fish species on the
coastal shelf of mainland China (Chen et al., 1997).

As one of the four major marine products in China, 400,000
tonnes of L. polyactis were harvested in 2010 (Ministry of
Agriculture and Rural Affairs of the People’s Republic of
China, 2009-2018). In recent years, due to overexploitation and
overfishing of marine resources, the L. polyactis population has
severely declined (Lin, 2004). Since the 1990s, China has
implemented fishery revitalisation policies, such as fishing bans
in summer as well as the proliferation and release of commercial
fishes; despite these efforts, the yield of L. polyactis continues to
decline every year, and individual size miniaturisation is
prevalent among the populations in Zhoushan fishing farm
(Wang et al., 2021). Furthermore, populations of a comparable
species Larimichthys crocea, have not rebounded after
overfishing, and wild L.crocea has almost disappeared (Zhao
et al., 2002).

Fishing pressure can lead to different indirect impacts,
depending on the species. One of these processes is the
competition release process (Walker and Hislop, 1998; Dulvy
et al., 2000). For example, large species become locally extinct
due to overfishing, whereas the populations of small species
increase abundantly (Jin, 2000). According to the China Fishery
Statistics Yearbook, during a 10-year survey from 2008 to 2017,
the number of Nibea albiflora caught in China’s offshore fisheries
decreased by 22.81% while that of C. lucidus increased by 21.9%
(Ministry of Agriculture and Rural Affairs of the People’s
Republic of China, 2009-2018). Moreover, overfishing causes
changes in the trophic structure of food webs and trophic niches
of species; for example, the food source of the hairtail can change,
diversity of nutrient sources can decrease, and trophic niches can
become smaller (He et al., 2021).

Niche overlap among species defines species exclusion or
coexistence when competition takes place (De Roos et al., 2008).
Thus, niche overlap can cause adjustments in habitat use and diet
(Oelze et al., 2014; Lush et al., 2017; Merkle et al., 2017) as well as
species marginalisation and disappearance (Simon and
Townsend, 2003; Beaudrot et al., 2013). In contrast, niche
diversification, in which competing species focus on different
resources or exploit the same resource with spatial or temporal
variation (i.e., spatial or temporal niche partitioning), favours
species coexistence (Tilman, 1982; Chesson, 2000).

L. polyactis, Collichthys lucidus, Johnius belangerii, N.
albiflora, and Miichthys miiuy are sciaenid fishes with similar
body sizes and ecological habits. Most are medium-sized, and
can prey on small fishes (Deng and Yang, 1997). However, these
fishes can also serve as potential prey for bigger predators.
Among these five species of Sciaenidae, C. lucidus is a
euryhaline fish that is distributed in estuaries and near islands
(Zhuang et al., 2006); the other four species winter in the open
sea, and approach the Zhoushan offshore in spring and summer
to feed and spawn (Lin et al., 2013; Wang et al., 2012a; Xu and
Chen, 2009; Zhong et al., 2010). The morphological similarity of
these fishes and interactions resulting from the presence of such
similar species in the same community can lead to competition
Frontiers in Marine Science | www.frontiersin.org 2
for limited resources (Pianka, 1981). In general, the more
ecologically similar two species are, the more likely intense
competition is. Intense interspecific competition may lead to
exclusion of one species (Wisheu, 1998). However, it is common
to find ecologically similar species living together in the same
community, indicating that different strategies allow coexistence.
Resource partitioning, such as foraging on different food items or
at diverse locations or times, minimises interspecific competition
and facilitates sympatric coexistence (Schoener, 1974).

Stable isotope analysis, which was first used in diet studies over
40 years ago (DeNiro and Epstein, 1987; Matthews and Bier, 1983),
has become a frequently used tool in ecology. Through stable
isotopes of carbon (d13C) and nitrogen (d15N), we can determine
food resources and trophic positions (Crawford et al., 2008). This
approach is powerful in its application to communities; for example,
for the analysis of resource partitioning and trophic niche
dimensions (Polis, 1984; Sheppard et al., 2018; Balčiauskas et al.,
2019; Costa et al., 2020; Manlick and Pauli, 2020; De Camargo et al.,
2021). Stable isotope ratios facilitate the identification of dietary
changes (Koike et al., 2016) and the influence of habitat conditions
(Hopkins III and Kurle, 2016). Though isotopic niche is not
completely analogous to trophic niche (Hette‐Tronquart, 2019),
stable isotopes can provide a quantitative indicator of trophic niches
as long as all the contributing factors are fully considered in the
interpretation of isotope values (Marshall et al., 2019).

In this study we used stable isotope analysis to determine the
status of five sciaenid fishes, L. polyactis, C. lucidus, J. belangerii,
N. albiflora, and M. miiuy in the Zhoushan Archipelago. The
archipelago is located southeast of the mouth of the Yangtze
River and east of Hangzhou Bay. The waters which connect the
Yangtze River and the ocean are scattered with thousands of
islands, with strong habitat heterogeneity. The river’s diluting
water brings rich nutrients, and the island can block the ocean
current, forming turbulence and whirlpools. In addition, the
coastal cold current from the north and the Taiwan warm
current from the south are in confluence near the islands (Hou
et al., 2013). This accelerates the circulation of nutrients, thus,
the waters of the Zhoushan Archipelago have high primary
productivity, abundant bait organisms, and are feeding and
spawning grounds for many offshore fish (Yu et al., 2010). In
this study, based on stable isotopes analysis, we investigated the
trophic niche width of five types of sciaenid fishes in the
Zhoushan Archipelago waters, the differences in resource
sharing, and interspecific competition to determine the status
of those species in the area. Our results provide some basic
parameters for the study of the structure, function, and stability
of the Zhoushan fishing ground fish community.
MATERIALS AND METHODS

Research Area
The study was conducted in the east of Hangzhou Bay, southeast
of the Yangtze River Estuary, and northeast of Zhejiang Province
(29° 00’ – 31° 00’ N and 121° 30’ – 124° 00’ E; Figure 1). Due to
the convergence of Taiwan warm and coastal cold currents,
June 2022 | Volume 9 | Article 880123
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Zhoushan Archipelago waters is rich in prey, and it provides a
suitable environment for local aquatic animals.

Sampling
Samples of sciaenid species and their potential prey species were
collected from a trawl survey of fishery resources in Zhoushan
Archipelago during spring and autumn of 2019–2021. A total of
199 sciaenid fish, including 59 L. polyactis, 51 C. lucidus, 40 J.
belangerii, 31 N. albiflora, and 18 M. miiuy, were collected. A
total of 89 prey samples of 13 species were collected. Referring to
the results of the stomach content analysis (Wang et al., 2012b;
Lin et al., 2013; Wang, 2015; Wang et al., 2020; Zhang et al.,
2020), we classified the potential prey of five sciaenid fishes into
three main ecological groups: nekton, zoobenthos and
zooplankton. Nekton include smal l fishes such as
Amblychaeturichthys hexanema and Benthosema pterotum;
zoobenthos mainly include small shrimps and crabs such as
Palaemon gravieri and Charybdis bimaculata; zooplankton
include copepods and krill. All of these prey organisms are
widely distributed in Zhoushan Archipelago waters and are
easily ingested by other predators. Nekton and zoobenthos
were collected by trawl surveys, and the zooplankton such as
copepods and krill were collected using a shallow water I-type
plankton net (505 mm). The collected samples were refrigerated
on a fishing boat and transported to the laboratory via cold chain
logistics after the fishing boat landed. The samples were then
thawed in the laboratory, and biological parameters such as body
length (mm), total length (mm), body weight (g), pure weight
(g) , and stomach fullness were measured (General
Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration, 2008).

We collected muscles of fishes, abdominal muscles of
shrimps, and the whole body of small planktonic crustaceans,
such as copepods. To prevent the C isotopes in crustacean shells
from affecting experimental results, small planktonic crustaceans
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were acidified with 1 mol·L−1 HCl until no bubbles were
generated. The muscle samples were wrapped in tin foil, dried
in an Alpha 1-2LDPLUS freeze dryer (Beijing BMH Instruments
Co. Ltd., Shanghai, China) for 24 h, and fully ground into
powder. The powder was placed in a 2 mL centrifuge tube and
stored under dry conditions until further analysis.

Stable Isotope Analysis
All samples were analysed for stable carbon and nitrogen isotope
ratios using an EA-HT Elemental Analyser (Thermo Fisher
Scientific, Inc., Bremen, Germany) and DELTA V Advantage
Isotope Ratio Mass Spectrometer (Thermo Fisher Scientific). The
samples were combusted in an elemental analyser to generate
CO2 and N2. The mass spectrometer detected the ratio of 13C to
12C of CO2 and compared it with an international standard (Pee
Dee Belemnite or PDB) to calculate the d13C value of each
sample. The ratio of 15N to 14N was compared with the
international standard (atmospheric N2) to calculate the d15N
value of a sample.

Calculation method of isotope abundance:

dX  =  Rsa=Rstð Þ  − 1½ �  �  1000,

where X is 13C or 15N and Rsa and Rst are
13C/12C or 15N/14N of the

unknown and standard samples, respectively. To ensure the
precision and accuracy of the test results, 3 international
standard samples were put in after every ten samples to calibrate
the carbon and nitrogen stable isotopes. 10 replicate tests were
performed on the same sample, the accuracy of d13C and d15N
values was less than ±0.1‰ and less than ±0.2‰, respectively.

Data Processing
One-way analysis of variance (ANOVA) was used to test
significant differences in the stable carbon and nitrogen isotope
values among the five sciaenid fishes (a = 0.05). First, the data
were tested for normality and homogeneity of variance. If any of
FIGURE 1 | Area of Zhoushan Archipelago where sciaenid fish species were collected between 2019 and 2021 for assessment of d13C and d15N values.
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the above requirements were not met, a non-parametric test
(Kruskal-Wallis H test) was performed. Pearson correlation
analysis was used to test the correlation between d13C and
d15N values of individuals of the five sciaenid fishes and their
body length. Statistical analysis was performed using SPSS
version 10.0 (SPSS Inc., Chicago, IL, USA).

Trophic level was calculated according to the following
formula (Jake Vander Zanden and Fetzer, 2007):

TL  = d 15Nc − d 15Nb

� �
=TEF  + l

� �
,

where TL represents the trophic level estimated using stable
isotope; d15Nc is the d15N ratio of consumers, and d15Nb is the
d15N ratio of the baseline organism. The baseline organism
selected in this study was Calanus sinicus, which is present
year-round in the Zhoushan Archipelago waters and has a
monotonous diet (d15N value is 5.65‰) (Yang, 1997; Xu et al.,
2005); TEF is the nitrogen enrichment at a trophic level; we used
TEF = 3.4‰ based on Minagawa and Wada (Minagawa and
Wada, 1984); and l represents the trophic level of the selected
baseline organism, which is 2.

To assess the contribution of different food sources to the
isotopic signature of each target fish, separate Bayesian stable
isotope mixing models (Moore and Semmens, 2008) with a
specified number of putative sources were run for the sections
of sea area using the R software package SIAR (R CoreTeam,
2015; Stock and Semmens, 2016). SIAR model fitting was via
Markov chain Monte Carlo (MCMC) to estimate parameters
from observed data and user-specified prior distributions
(Parnell et al., 2010). We ran the model for 200,000 iterations,
and checked whether the estimated 95% credibility intervals for
each proportion contained the original generated proportions
(Parnell et al., 2010).

To quantify differences in isotopic niche use among the five
species, the probability of a group appearing within the niche
region (space) of another group was estimated by using the R
package nicheROVER with 95% credible intervals based on
10,000 iterations (Swanson et al., 2015).

To describe the trophic niche ellipses and estimate the trophic
niche widths and overlaps of different species, we calculated the
standard ellipse area (Yeakel et al.) and corrected for small
sample size (SEAc) with the Stable Isotope Bayesian Ellipses
(SIBER) package in R (Jackson et al., 2011). The SEAc was set to
contain 40% of isotopic observations of each group. The overlap
between SEAc was used to quantify the overlapping area of stable
isotope niches between fish species (Jackson et al., 2011).
Frontiers in Marine Science | www.frontiersin.org 4
An overlap ratio greater than 1 indicates high overlap, and
below 0.30 indicates low overlap (Yeakel et al., 2015).
RESULTS

Stable Isotopes in Sciaenidae
The highest average value of both d13C and d15N were found in
M. miiuy, and the lowest average value of both d13C and d15N
were found in C. lucidus. N. albiflora had a broader range of d13C
and d15N than other fishes, while M. miiuy had the narrowest
range of d13C and d15N compared with other fishes (Table 1).
Stable isotopes of the five sciaenid species communities were
significantly different (Kruskal-Wallis H, P = 0.000 < 0.050),
which may be due to differences in low trophic-level species (L.
polyactis and C. lucidus) and high trophic-level species (J.
belangerii, N. albiflora, and M. miiuy) (Table 2).

Stable Isotopes in Other Groups
One-way ANOVA showed that there were significant differences
in the stable isotopes of the three prey groups (P < 0.01). Among
them, zoobenthos had the highest d13C value, nekton had the
highest d15N value, and zooplankton had the lowest d13C and
d15N values (Table 3).

Stable Isotopes vs. Length
Pearson correlation analysis showed a significant positive
correlation between the body length and d13C values of N.
albiflora (R2 = 0.500, P < 0.01), and a positive correlation
between the body length and d15N values of J. belangerii (R2 =
0.436, P < 0.01). No significant correlations were observed
between the body length and d13C and d15N values of the
other three fishes (Figure 2).

SIAR Model
The SIAR model showed that the five sciaenid fishes relied on
zooplankton and zoobenthos as their food source, with fishes as
the least preferred option. L. polyactis and C. lucidus were at a
lower trophic level, zooplankton contributed more than 80% as
their food source, and C. lucidus relied more on zooplankton
than L. polyactis. In addition to zooplankton, J. belangerii, N.
albiflora and M. miiuy also fed on zoobenthos. Among these
three species, M. miiuy fed the most on zoobenthos, followed by
J. belangerii, and N. albiflora the least (Figure 3).
TABLE 1 | d13C and d15N values observed for five sciaenid fish species in Zhoushan Archipelago waters collected between 2019 and 2021.

species Samples (n) Body length (mm) d13C (‰) d15N (‰)
Mean ± SD Range Mean ± SD Range Mean ± SD

Larimichthys polyactis 59 143.47 ± 22.13 -19.49~-15.58 -17.86 ± 0.82 9.03~12.02 10.57 ± 0.53
Collichthys lucidus 51 103.76 ± 16.55 -22.85~-16.20 -18.34 ± 1.56 7.22~12.28 9.46 ± 1.21
Johnius belangerii 40 99.38 ± 31.99 -19.10~-15.30 -16.80 ± 0.82 8.47~12.95 11.37 ± 0.89
Nibea albiflora 31 252.29 ± 45.66 -22.71~-15.00 -17.18 ± 1.62 8.01~14.09 11.51 ± 0.95
Miichthys miiuy 18 241.83 ± 43.71 -18.30~-15.19 -16.30 ± 0.92 10.54~12.57 11.67 ± 0.53
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Trophic Niches
For each species of fish and every pair of isotopes, 10 random
elliptical projections of the trophic niche regions were created
(Figure 4). Smoothed histograms (density plots) and scatterplots
indicate no violation of the assumption of normality. Ratios of
d13C and d15N varied more widely in C. lucidus and N. albiflora
than in the other three species, which would obviously contribute
to a larger overall (Figure 4).

The posterior distributions of the overlap metric were also
assessed (Figure 5). The nicheROVER analysis revealed the
probability of sciaenid individuals to be found in the same
niche region of different sciaenid species. The isotope niche of
L. polyactis showed a high probability to be found in the niche
regions of C. lucidus, J. belangerii and N. albiflora. The isotope
Frontiers in Marine Science | www.frontiersin.org 5
niche of C. lucidus was low in the niche regions of the other four
species. The isotope niche of J. belangerii was high in the niche
regions of the other four species and showed an extremely high
probability to be found in the niche regions of N. albiflora. the
isotope niche of M. miiuy was low in the niche regions of L.
polyactis and C. lucidus, but high in J. belangerii and N. albiflora.

The isotopic niche width of five sciaenid indicated that C.
lucidus had the largest isotopic niche area, followed by N.
albiflora, J. belangerii, M. miiuy, and L. polyactis had the
smallest isotopic niche area (Figure 6). Though J. belangerii
showed some isotope niche overlap with N. albiflora and M.
miiuy, overall, we found little isotope niche overlap between the
five sciaenid fishes.
DISCUSSION

In this study, the analysis of stable C and N isotopes provided
insights into the trophic ecology of five co-occurring and highly
abundant sciaenid species in the Zhoushan Archipelago waters.
Our results suggest that the coexistence of five sciaenid species in
the Zhoushan Archipelago waters may be enabled by spatial and
food diversification, as indicated by the diversification of isotopic
niches between the sciaenid species.

Generally, during the growth of organisms, carbon and
nitrogen stable isotopes are continuously enriched in the body.
According to the “optimal feeding theory”, as individuals grow,
the food organisms ingested by consumers gradually become
larger (Xue et al., 2004). A large number of studies have shown
A B

FIGURE 2 | Correlation of body length with d13C and d15N values of five sciaenid fish species collected form the Zhoushan Archipelago between 2019 and 2021.
TABLE 2 | Comparison of d13C and d15N values of five sciaenid fish species
collected from the Zhoushan Archipelago between 2019 and 2021 based on the
Kruskal-Wallis H test.

Larimichthys
polyactis

Collichthys
lucidus

Johnius
belangerii

Nibea
albiflora

d13C Collichthys lucidus 1
Johnius belangerii 0.000** 0.000**
Nibea albiflora 0.005** 0.001** 1
Miichthys miiuy 0.000** 0.000** 1 0.376

d15N Collichthys lucidus 0.024*
Johnius belangerii 0.000** 0.000**
Nibea albiflora 0.000** 0.000** 1
Miichthys miiuy 0.000** 0.000** 1 1
*P < 0.05; **P < 0.01.
TABLE 3 | d13C and d15N values of the major prey groups of five sciaenid fish species collected from the Zhoushan Archipelago between 2019 and 2021.

Category Samples (n) d13C (‰) d15N (‰)

Range Mean ± SD Range Mean ± SD

Nekton 25 -19.90~-15.93 -17.81 ± 1.51 8.62~14.01 10.99 ± 1.32
Zoobenthos 47 -20.01~-13.32 -16.91 ± 1.48 6.79~11.92 9.90 ± 1.18
Zooplankton 10 -20.14~-19.16 –19.61 ± 0.41 5.51~9.33 7.80 ± 1.33
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FIGURE 4 | Ten random elliptical projections of the trophic niche region (NR) for each species of sciaenid fish collected from the Zhoushan Archipelago between
2019 and 2020, as well as a pair of isotopes (elliptical plots). Also displayed are one-dimensional density plots (lines) and two-dimensional scatterplots.
FIGURE 3 | Contributions of different food sources to five sciaenid fishes collected from the Zhoushan Archipelago between 2019 and 2021. Group 1 is Larimichthys
polyactis; Group 2 is Collichthys lucidus; Group 3 is Johnius belangerii; Group 4 is Nibea albiflora; Group 5 is Miichthys miiuy.
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that there is a correlation between the stable isotope composition
of marine organisms and their own growth stages (Wilson et al.,
2009). In our study, we found significant positive relationships
between d13C and d15N with body length in two of five sciaenid
species. The d13C value of N. albiflora varies with the
developmental stage. The larger the body length, the larger the
d13C value of the N. albiflora. The d13C value in the organism
came from the food it ingested, indicating that the food source of
the N. albiflora changed greatly during the growth process. The
d15N value of J. belangerii increases with the increase of body
length. The d15N value in the organism indicates the trophic
Frontiers in Marine Science | www.frontiersin.org 7
level, indicating that the trophic position of J. belangerii changed
substantially during the growth. Ontogenetic shifts in diet are
frequently observed in sciaenid species, with the consumption of
prey that is larger and at a higher trophic-level attributable to
metabolic requirements of larger individuals and changes in
foraging ability due to an increase in gape and swimming
speed (He et al., 2012; Wei et al., 2018). Wangkai et al. found
that J. belangerii juveniles mainly feed on amphipods, while
adults mainly feed on fish and shrimp (Wang et al., 2012b). Lin
et al. (2013) found that the food intake of N. albiflora also
changed to a certain extent during the growth process. The N.
FIGURE 5 | Bayesian plot of the posterior probability distribution of niche region metric (%) for five species of sciaenid fish collected from the Zhoushan Archipelago
between 2019 and 2021 estimated by nicheROVER analysis. The posterior means and 95% credible intervals are displayed in turquoise colour.
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albiflora with a body length of 80–220 mm mainly fed on small
shrimps, while those with a body length of more than 220 mm
mainly fed on fish and mantis shrimp (Lin et al., 2013). However,
in this study, the isotope ratios in three of the five sciaenid fishes,
L. polyactis, C. lucidus, andM. miiuy, did not change significantly
with the increase of body length, which agrees with the findings
of Wilson et al. (2009). Changes in stable isotope composition
are related to the organisms ingested, and for species with
complex feeding habits, stable isotope ratios may not
be identified.

Our results suggest that different species feed at different
trophic levels. L. polyactis and C. lucidus are small, and they
mainly feed on zooplankton. N. albiflora and M. miiuy are larger
in size, and they feed more on zoobenthos. This conclusion can
also be verified via existing reports on stomach content analysis
(He et al., 2012; Wang et al., 2012c; Wei et al., 2018; Wang et al.,
2020; Zhang et al., 2020). J. belangerii is a unique species; although
it is small, it has a high trophic level, whichmay be due to its upper
jaw being longer than the lower jaw and the low mouth position, it
has a specific selectivity towards prey organisms, preying more on
benthic organisms (Zhang et al., 2020).

Furthermore, our results suggest that the widest trophic niche
was characteristic of the dominant species C. lucidus and N.
albiflora. Moreover, their ranges of d13C and d15N values
exceeded that of other species by approximately two times, and
the total area of isotopic niche exceeded that of other fishes by 2–
6 times. C. lucidus showed a broad range of d13C values as
compared to other organisms with similar size ranges, such as L.
polyactis. This finding suggests that C. lucidus has a wider habitat
use or greater range of movement and more feeding resources
Frontiers in Marine Science | www.frontiersin.org 8
than L. polyactis. This may be due to the fact that C. lucidus is
distributed in estuaries and oceans, with strong habitat
heterogeneity, and the stable isotope ratio of its living
environment varies greatly. (Tilley et al., 2013; Yeakel et al.,
2015). Within a species, differences in diet, trophic position, and
habitat use can be related to age (size), sex-specific energy
requirements, vulnerability to predators, and reproduction.
Such differences affect the structure and dynamics of
populations, communities, and ecosystems (Hammerschlag-
Peyer et al., 2011; Hussey et al., 2011; Kiszka et al., 2014).

We observed a degree of isotopic niche overlap between J.
belangerii, N. albiflora, and M. miiuy, which suggests that these
species co-occur in the same space and share feeding resources.
These three sciaenid species showed a decreased overlap with L.
polyactis and C. lucidus, suggesting some degree of resource
segregation. J. belangerii and N. albiflora spend their lives near
the reef, according to stomach content studies (Wang et al.,
2012b; Zhang et al., 2020), and share their main choice of prey
(Amphipoda and Decapoda) although in different proportions,
while other prey appear less frequently in their diet. In contrast,
L. polyactis and C. lucidus feed on relatively lower trophic-level
prey (He et al., 2012; Wei et al., 2018), such as zooplankton and
other low trophic level prey. This explains their lower d15N as
compared to the other three species. These factors could clarify
the reasons for the relatively low isotopic niche overlap of L.
polyactis and C. lucidus with the other three species. The main
prey for each species was different, suggesting some degree of
resource partitioning between these species as a possible strategy
to reduce interspecific competition.

Our study found that an abundance of prey groups supported
the large fishery resources in Zhoushan Archipelago waters, and
the coexistence offive species of Sciaenidae in Zhoushan fisheries
resulted from the separation of feeding selection and the
partitioning of trophic ecological niches. The limitation of this
study is that the analysis of differences in feeding choice should
be combined with stomach content analysis to improve the
reliability of the results.
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