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Trophic niche plasticity is a critical mechanism that enables fsh species to adapt to diverse food resources in heterogeneous
habitats; however, its specifc implications for the performance of migratory juveniles through mangroves remain unclear. Tus,
we comprehensively analyzed the population density, trophic niche characteristics, and body condition assessments of two
juvenile populations of Mugil cephalus (Flathead grey mullet) inhabiting mangroves on the east and west coasts of Leizhou
Peninsula, China. Our fndings demonstrate a notable diference in niche metrics between populations with diferent population
densities: the population with high population density had a narrower trophic niche space, higher niche redundancy, and higher
trophic plasticity than the population with low density. Juveniles with high population density exhibited low Fulton condition
index, indicating poorer body conditions. Tese empirical results support observations commonly documented in unstable
environments with limited food resources, where intraspecifc competition for resources tends to be prevalent. Our work
contributes to the understanding of trophic niche variations among juvenile fsh populations, provides valuable insights for
conservation initiatives, and highlights the importance of considering the interplay among population size, trophic niche
characteristics, and individual performance when designing protected areas with the aim of maximizing the nursing value for
targeted species.
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1. Introduction

Mangroves, one of the most productive ecosystems in
tropical and subtropical regions, function as spawning,
foraging, and nursery grounds as well as migratory corridors
for a diverse range of fsh species [1, 2]. In these habitats,
3161 fsh species were identifed, which accounted for 9.6%
of the total species recorded in FishBase [3]. On a global
scale, acknowledging that mangroves play a pivotal role in
supporting the livelihoods of approximately 4.1 million
individuals residing in local fshing communities is

imperative [4]. However, the ecological integrity of man-
grove ecosystems has been severely compromised in recent
decades due to various human activities, including urban
development, aquaculture, mining, and the excessive ex-
ploitation of timber resources. Furthermore, ever-escalating
climate change has played a considerable role in these
ecosystems [5–7]. Mangroves encompass a range of mi-
crohabitats, each providing diverse food resources, such as
mangrove detritus, plankton, crustaceans, and other mac-
rofauna, which serve as essential nutrients for juvenile fsh.
Tese dietary factors profoundly infuence the life history
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characteristics of juvenile fsh, including survival rates,
growth patterns, and reproductive allocation [8]. Conse-
quently, a comprehensive understanding of the trophic
ecology of juvenile fsh is critical for the assessment of
habitat quality in mangrove-associated fsh populations and
the formulation of strategies to ensure their sustainable
exploitation [9, 10].

Te concept of a trophic niche, constituting one
quantifable dimension within the n-dimensional hyper-
volume framework, is paramount in elucidating trophic
roles in ecosystem functioning [11]. It has provided insights
into the breadth of their dietary niches and trophic positions
[1]. Inquiries into resource utilization patterns and trophic
dynamics in mangrove fsh populations span a spectrum
from individual to community scales and encompass a range
of signifcant topics, including ontogenetic shifts [12, 13],
niche partitioning among coexisting species [14, 15], and the
broader trophic structure of the community. Furthermore,
species within these ecosystems exhibit remarkable trophic
plasticity, which enables them to adapt their foraging
strategies to variations in trophic resource availability
[16, 17]. Spatial and temporal fuctuations in food avail-
ability can profoundly infuence the composition of ingested
food and dietary preferences. Such plasticity may arise from
shifts in direct predation dynamics driven by factors such as
alterations in prey abundance or interspecifc competition
[18] or via indirect predation mechanisms involving changes
in the diet or trophic levels of prey species [17]. Growing
evidence suggests that somemangrove fsh species exhibit an
expanded dietary spectrum and trophic plasticity in re-
sponse to changing environmental conditions [19]. How-
ever, comprehensive quantitative investigations of trophic
plasticity remain limited. Research has provided insights
into the dynamics of trophic plasticity in the context of
changing environments with respect to mangrove sedentary
carnivorous fsh species, exemplifed by Acentrogobius vir-
idipunctatus [20].Tis study underscores the substantial role
of trophic plasticity in optimizing energetic returns [21, 22],
with potential repercussions on individual performance.
Nevertheless, a signifcant gap exists in understanding the
interplay among population size, trophic niche character-
istics, and individual performance in juvenile mangrove fsh
populations.

Te fathead mullet, Mugil cephalus, exhibits a cosmo-
politan distribution, inhabiting coastal waters across trop-
ical, subtropical, and temperate regions of major oceans
globally [23]. Tis species primarily spawns in near-shore
marine environments [24]. Individuals at early life stages,
including eggs and larvae, drift in ocean currents and mi-
grate onshore during the post-fexion larval stage. Sub-
sequently, early juveniles temporarily occupy the surf zone
[25]. During the juvenile and sub-adult life stages,
M. cephalus predominantly inhabits estuarine waters, with
an afnity for mangrove ecosystems, where juveniles are
commonly reported to be dominant in catches [26].
M. cephalus occupies a foundational position in the food
pyramid because it consumes organic matter, detritus, and
benthic microalgae and possesses high-quality fsh protein
available to apex predators, which plays an important role in

facilitating energy and nutrient transfer between adjacent
aquatic ecosystems. Furthermore, this species holds eco-
nomic importance in the fsheries and aquaculture sectors of
many countries. AdultM. cephalus are primarily targeted by
small-scale fsheries, and larvae are captured for aquaculture
purposes [27, 28]. However, due to overfshing and habitat
alterations, M. cephalus stocks experienced substantial
global declines [29]. A substantial gap remains in un-
derstanding the trophic dynamics ofM. cephalus juveniles in
heterogeneous environments, particularly in mangrove
ecosystems. Tis knowledge defcit hinders the ability to
quantitatively assess the nursery value provided by man-
groves and devise sustainable exploitation strategies for
M. cephalus juveniles.

Te Leizhou Peninsula, between latitudes 21° 15′ to 21°
20′ N and longitudes 109° 22′ to 110° 27′ E, marks the
southernmost extent of mainland China and experiences
a unique climate that combines northern tropical and
subtropical conditions. Covering an expansive land area of
12, 470 km2, this region boasts vast intertidal fats spanning
867 km2 and an extensive coastline stretching for 1556 km.
Te numerous sheltered bays and muddy inlets along this
broad coastline fostered the development of extensive
mangrove ecosystems. Recent estimates indicate that the
mangrove coverage on the Leizhou Peninsula encompasses
approximately 7800 ha, constituting 33% of the total na-
tional mangrove area of China [30]. Mangrove ecosystems
display high levels of productivity and biodiversity, par-
ticularly in fshery populations, and play a crucial role in
sustaining inshore fsheries andmariculture [31]. However,
this region experienced decades of human-induced im-
pacts, including wetland reclamation, aquaculture ex-
pansion, urbanization, and a series of mangrove
restoration initiatives, which signifcantly altered the
habitats of mangrove-associated fsh. Furthermore, envi-
ronmental conditions such as tidal regimes, salinity fuc-
tuations, and mangrove tree community composition vary
considerably between the eastern and western mangroves
of the Leizhou Peninsula [20]. Tus, three primary ob-
jectives were considered in the present study with regard to
assessing juvenile M. cephalus inhabiting mangrove hab-
itats along the eastern and western coasts of the Leizhou
Peninsula: (1) investigate variations in the population size,
density, body length, and body condition of juvenile
M. cephalus populations within these mangrove habitats;
(2) comparatively assess the trophic niches of these juvenile
M. cephalus populations throughout the four seasons; and
(3) quantitatively evaluate and compare the trophic plas-
ticity exhibited by these heterogeneous juvenile pop-
ulations. Tis multifaceted investigation was designed to
elucidate the intricate relationships among the population
size, trophic niche characteristics, and individual perfor-
mance of juvenile M. cephalus populations. Te insights
derived from this study not only enhance the un-
derstanding of trophic niche variations within these juv-
enile populations but also provide valuable guidance for
formulating conservation strategies, particularly in de-
signing protected areas aimed at optimizing the nursing
value for targeted species.
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2. Materials and Methods

Te sampling areas included two distinct mangrove forests
on the eastern and western coasts of the Leizhou Peninsula,
Fucheng (FC), and Gaoqiao (GQ) (Figure 1). Tese two sites
difer signifcantly in environmental factors, including tidal
rhythm, fuctuations, tidal range, mangrove tree composi-
tion, and ocean currents. Te FC mangrove forest, on the
eastern coast of the Leizhou Peninsula (approximately
109°42′–110°23′E and 20°26′–21°′11′N), is in proximity to
Leizhou Bay. Te area has a rainy season from April to
October, with a mean annual rainfall of 1711.6mm and
irregular semidiurnal tides with a mean tidal range of 3.12m.
Dominant mangrove plants include Avicennia marina,
Kandelia obovata, Aegiceras corniculatum, and Sonneratia
apetala [32]. Te GQmangrove forest is within the core area
of the Guangdong Zhanjiang National Mangrove Forest
Nature Reserve (from 109°45′ to 109°48′E and 21°31′ to
21°35′N). Te annual average precipitation in this region
ranges from 1700 to 1800mm, and is concentrated primarily
from May to September. Tidal patterns follow a regular
diurnal tide regime, characterized by an average tidal range
of 2.53m, with the maximum tidal range reaching 6.25m
[33]. Te dominant mangrove tree species in this region are
A. corniculatum, Bruguiera gymnorrhiza, and Kandelia
obsolete.

Juvenile fsh were collected during four seasons: autumn
2021, winter 2022, spring 2022, and summer 2022. Tree
locations in each region were sampled over 3 consecutive
days. To efciently capture these juveniles, we used fve 8-m
nets with a 5-mmmesh size in small intertidal mangrove
creeks during the ebb tide, intercepting them as they exited
during low tide. Upon capture, we identifed, measured
(length in cm), weighed (g) the fsh, and promptly froze the
fsh for analysis. We adhered to the ethical standards of the
Animal Ethics and Welfare Committee of Guangdong
Ocean University (Approval No. 2023A1515010580). Fol-
lowing the AVMA Guidelines for Euthanasia of Animals
published in American Veterinary Medical Association
2020, specifc manipulation frst anesthesia with MS-222,
and then animals humane euthanasia by intraperitoneal
injection of sodium pentobarbital, we strictly followed the
3R principles (replacement, reduction, refnement) and
ensured humane treatment according to international ex-
perimental animal welfare standards. Fulton’s condition
factor was calculated by Mozsar et al. [34] as follows: K-
factor� (weight (g)/standard length (mm)3)× 100,000.

Dorsal muscle tissue samples were randomly selected
and preserved at −20°C. Subsequently, these samples un-
derwent freeze-drying in a freeze dryer (Alpha1-4/2-4LD
Plus, Christ, Germany) at −45°C under vacuum conditions
for 48 h, removing all moisture until the sample weight
stabilized. Te dried muscle tissue was transformed into
a fne powder using a bead homogenizer (BIO SPEC
MiniBeadbeater-16, USA). Approximately 0.42± 0.02mg of
this powdered sample was accurately weighed using
a Mettler Toledo microscale (Mettler Toledo, XPE26DR,
Germany) and enclosed within a tin capsule for isotopic
analysis. Stable isotope analysis was performed using an

elemental analyzer (EA Isolink CNHO) connected to an
isotope ratio mass spectrometer (DELTA VAdvantage) at
our dedicated isotope laboratory. All stable isotope values
are reported in the δ notation format:

δ13C or δ15N �
Rsample

Rstandard
􏼠 􏼡 − 1, (1)

where Rsample and Rstandard are the ratios of 13C/12C or 15N/
14N, respectively, and the standards are atmospheric ni-
trogen and Pee Dee Belemnite.

Trophic level (TL) was calculated using the formula

TL �
δ15Nsample − δ15Nbaseline􏼐 􏼑

Δ15N
+ λ, (2)

where δ15Nsample is the adjusted nitrogen stable isotope ratio
for each individual, δ15Nbaseline is the estimated mean δ15N
value for the baseline organism Cyclina sinensis (diferences
between the two habitats were not signifcant [t-test,
p � 0.287], with means of 8.61‰ and 8.81‰ for FC and GQ,
respectively), Δ15N denotes the nitrogen isotope enrichment
(3.4‰) (usually taken as 3.4‰) [35], and λ is the trophic
level of the baseline organism, typically 2.

We employed t-tests to assess the diferences in pop-
ulation density and body length between the two habitats
across the four seasons. Additionally, we used analysis of
covariance (ANCOVA, standard length as a covariate) to
evaluate variations in condition factors among the habitats
and seasons. We conducted a permutational multivariate
analysis of variance (PERMANOVA) to assess the signif-
cance of δ13C and δ15N variations across the four seasons
and two locations. Tis analysis was conducted using the
“Adonis2” function in the R package “vegan” [36], using the
methodology outlined by Haubrock et al. [37]. To defne

22° N

21° N

La
tit

ud
e

Longitude

20° N
109° E 110° E 111° E

Figure 1: Solid circles indicating two sampling sites, Fu Cheng
(FC) and Gaoqiao (GQ), in two mangroves on Leizhou Peninsula,
China.
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population niches, we employed Layman’s metrics and the
corrected standard ellipse area (SEAc) by using the R
package “SIBER” [38]. Tese metrics included the δ15N and
δ13C ranges (NR and CR, respectively), mean distance to the
centroid (CD), total area encompassing individual mea-
surements (TA), mean nearest neighbor distance (MNND),
and standard deviation of the nearest neighbor distance
(SDNND). Tese metrics collectively provide insights into
the degree of trophic redundancy (i.e., interindividual
competition) and niche breadth, with SEAc considering the
core 40% of the data points while minimizing the infuence
of extreme values. We conducted a spatial analysis of the
kernel isotope niche by using a bivariate normal kernel
utilization density estimator to determine the “estimated
isotopic homing ranges” at the 50%, 75%, and 95% levels for
each population. Tis analysis, conducted with the R
package “rKIN” [39], involved assessing kernel utilization
density (KUD) overlap between populations in diferent
seasons. Te KUD was used to defne the trophic niche of
each population, indicating their specifc resource utilization
within their respective sites. Additionally, we introduced
a novel metric, the isotopic plasticity index (IPI), calculated
as the ratio between total homing (based on 95% of the data)
and the core range (based on 50% of the data), using the
approach outlined by Haubrock et al. [37]. A higher IPI
indicates a greater ability to utilize diverse resources. Te IPI
was used to compare trophic plasticity among the four
seasons of two populations, enhancing the understanding of
trophic adaptations in these heterogeneous mangrove
ecosystems.

All statistical analyses were performed using the software
R (Version 4.1.2, R Core Team, 2021).

3. Results

In total, 505M. cephalus individuals were captured: 366 from
FC and 139 from GQ. Of these, 105 individuals were ran-
domly selected for isotope analysis: 57 and 48 from the FC
and GQ groups, respectively (Table 1). Observations
revealed that the standard length was consistently larger in
FC than in GQ across all four seasons (t-test, p< 0.05;
Figure 2(a)). Tis pattern was also observed when individual
densities were assessed (Table 1). Conversely, juveniles in the
FC exhibited poorer body conditions (ANCOVA, p< 0.05,
Table 2), suggesting reduced individual performance.

Te population arrangement within the isotopic space
difered signifcantly between FC and GQ juveniles.Te δ13C
and δ15N values exhibited signifcant spatial-temporal var-
iations (PERMANOVA, p< 0.05, Table 2), indicating niche
diferentiation at the foundational level of the food web and
in trophic length. Te trophic level ofM. cephalus in the two
mangrove forests showed a signifcant diference outside the
spring, with maximum and minimum values of 3.70 and
2.88 occurring in the spring and autumn, respectively, at GQ
(Figure 3, Table 1); further, the changes in trophic level
relative to standard length showed the same pattern as that
for the individual developmental changes except in summer
in FC (Figure 3). Examination of the size of the isotopic
space, quantifed using TA and SEAc (Table 3), revealed that

the FC population occupied a substantially smaller area.Tis
observation indicated a lower degree of trophic diversity
within the FC population than that within the GQ pop-
ulation. Furthermore, the smaller values of the mean nearest
neighbor distance and the standard deviation of the nearest
neighbor distance in the FC population than that in the GQ
population (Table 3) indicate a higher level of individual
redundancy, implying that individuals frequently form pairs
with similar trophic preferences.

Te isotopic homing range, which serves as a proxy for
the occupied trophic niche, exhibited pronounced variation
between the two locations across the four seasons. No
overlap was observed in the 50% KUD area in any season
(Figure 4). However, the estimated values for the 95% KUD
area ranged from 3% in summer to 65% in autumn (Fig-
ure 4). Tese fndings provide compelling evidence that the
trophic niche of the population difers signifcantly between
the two locations. Furthermore, consistently higher IPI
values were recorded in FC than in GQ across all seasons
(except for winter) (Table 1). Tis suggests that between the
FC and GC populations, the former has a greater capacity to
utilize a more diverse range of resources than that by the
latter.

4. Discussion

In this study, we investigated the diferences in juvenile
M. cephalus population sizes between two heterogeneous
mangrove locations, FC and GQ. Our fndings indicated that
of FC and GC, the former had a higher density of large
individuals but exhibited a lower body condition than that in
the latter. Based on the δ15N value, the M. cephalus in-
dividuals in the two habitats showed a lower trophic level in
FC, and diferent patterns of individual development were
exhibited during summer. Additionally, we comprehen-
sively analyzed the trophic niches and plasticity of these
juvenile populations across the four seasons. Our results
revealed that FC displayed a narrower niche space, greater
nutrient redundancy, and higher IPI than those for GQ. Te
higher abundance of larger juveniles in FC than in GQ could
be probably attributed to the fuctuating availability of food
resources associated with irregular semi-diurnal tides. In
such environments, juvenile M. cephalus may increase their
body size to enhance their food capture efciency. Tis
increased body size probably contributes to their adapt-
ability to dynamic conditions, leading to improved survival
rates and an increased population density, which aligns with
the fndings of our study. Te fndings of Stuthmann et al.
[15] also support our fndings; they reported that the overall
body size of the fsh community in mangroves under a semi-
diurnal tidal regime was larger than that in mangroves under
regular diurnal tides. As aforementioned, these fndings
suggest that body size strongly infuences utilization of
mangrove ecosystems by the fsh at the population and
community levels.

Trophic diversity, derived from individual stable isotope
values, directly indicates a trophic structure of the pop-
ulation [40]. Our study revealed signifcant spatial-temporal
diferences in δ13C and δ15N values among juvenile
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Table 1: Number of individuals, isotopic plasticity indices, and means (±s.d.) of standard length (SL, mm), δ13C (‰), δ15N (‰), trophic
level (TL), and Fulton’s condition factor (K-factor) of Mugil cephalus collected in four seasons in Fucheng and Gaoqiao.

Habitat Abundance
N

(for isotope
analysis)/season

Standard
length
(mm)

δ13C δ15N K-factor TL IPI

Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD

Fucheng

69 Spring (n� 20) 71–124 (94.55± 12.86) −18.60± 1.71 11.95± 0.95 1.750± 0.21 3.56± 0.27 4.08
16 Summer (n� 10) 59–95 (85.10± 9.25) −19.46± 4.90 9.69± 0.85 2.02± 0.26 2.89± 0.24 4.16
124 Autumn (n� 10) 86–138 (107.6± 15.74) −18.24± 1.62 11.83± 1.33 1.76± 0.15 3.52± 0.37 4.41
157 Winter (n� 17) 79–124 (101.64± 16.098) −18.88± 1.69 11.82± 1.01 1.71± 0.18 3.52± 0.29 3.73

Gaoqiao

45 Spring (n� 10) 55–106 (93.40± 15.30) −21.16± 2.45 14.60± 1.42 1.62± 0.19 3.70± 0.40 3.67
8 Summer (n� 8) 28–123 (58.75± 29.59) −22.91± 2.34 13.00± 0.58 2.50± 0.22 3.23± 0.16 3.78
68 Autumn (n� 15) 33–110 (57.53± 26.74) −23.25± 2.78 11.81± 1.29 2.05± 0.38 2.88± 0.37 4.17
18 Winter (n� 15) 41–98 (61.53± 18.79) −21.81± 2.33 12.94± 0.87 1.79± 0.37 3.21± 0.25 4.49

p < 0.01 p < 0.05 p < 0.01 p < 0.01
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Figure 2: Results of variability in standard length (a) and Fulton’s condition index (b) between seasons in two habitats, Fucheng and
Gaoqiao. Te boxplot shows the median (solid thick line), 25th and 75th quantiles (box); the solid dots represent eigenvalues for the
corresponding season. Statistically signifcant efects are indicated in bold “p” (α� 0.05).

Table 2: Permutational multivariate analysis of variance (PERMANOVA) results from the diferences in δ13C and δ15N.

Source of variation df Mean square error F Probability (> F)
δ13C
Sites 1 41.677 30.389 0.001∗∗∗
Seasons 3 11.318 2.220 0.038∗
Sites: seasons 3 5.016 1.265 0.229
Residual 97 128.237
Total 104 182.934
δ15N
Sites 1 10.148 13.190 0.001∗∗∗
Seasons 3 7.360 3.021 0.001∗∗∗
Sites: seasons 3 11.930 6.654 0.001∗∗∗
Residual 97 57.970
Total 104 89.400

K-factor
Sites 1 21,046 69.83 1.01e−13∗∗∗

Seasons 3 1429 4.74 0.00363∗∗
Sites: seasons 3 1697 5.63 0.00118∗∗
Residual 126 301

Note: Statistically signifcant efects are in bold (α� 0.05). An analysis of covariance (ANCOVA) results from the diferences in Fulton’s condition factor
(K-factor) of juvenile Mugil cephalus by habitats and seasons. Asterisks (∗,∗∗,∗∗∗) are widely used markers to denote the level of statistical signifcance in
hypothesis testing. Tey conventionally represent the following p value thresholds: ∗ for p < 0.05 (statistically signifcant), ∗∗ for p < 0.01 (highly statistically
signifcant), and ∗∗∗ for p < 0.001 (very highly statistically signifcant).
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M. cephalus, implying variations in resource utilization
between the two studied locations. Specifcally, the FC
population exhibited lower isotopic diversity than that by
the GQ population, as evidenced by the smaller niche space
occupied by FC, indicating a narrowed range of food
sources. Tis observation aligns with the concept of niche
redundancy, signifying a higher similarity among in-
dividuals in trophic behavior within FC than within GQ.
Because of the higher population density in FC than in GQ

and the known school-feeding tendencies of juvenile mullets
[41], we can reasonably anticipate increased intraspecies
competition within this location. In the literature, resource
competition was thought to drive niche diversifcation
among individuals within a population, often resulting in
specialization due to intraspecifc competition [42, 43].
However, despite higher intraspecifc competition levels, our
fndings deviate from this expectation, revealing reduced
niche variation among individuals. Tis discrepancy may
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Figure 3: Results of trophic level variation with standard length (t-test analyzed the result as “p1”) in diferent seasons in two habitats,
Fucheng and Gaoqiao, and boxplots (t-test analyzed the result as “p2”) between habitats. Te boxplot shows the median (solid thick line),
25th and 75th quantiles (box), and minimum and maximum values excluding outliers (whiskers); the solid dots represent the trophic levels
for the corresponding season. Statistically signifcant efects are indicated in bold “p” (α� 0.05).

Table 3: Ecological niche metrics and corrected standard ellipse area of Mugil cephalus.

Habitat Season SEA SEAc TA NR CR CD MNND SDNND

Fucheng

Spring 4.886 5.157 14.309 3.980 6.422 1.660 0.673 0.543
Summer 10.564 11.885 18.937 2.684 12.414 4.158 0.948 1.389
Autumn 4.447 5.002 8.756 4.481 4.999 1.694 0.834 0.564
Winter 3.122 3.330 7.147 3.640 5.675 1.634 0.442 0.319

Gaoqiao

Spring 10.680 12.015 20.367 4.085 6.385 2.476 1.191 0.885
Summer 3.957 4.616 6.155 1.739 7.345 1.795 1.098 1.165
Autumn 10.855 11.689 29.574 4.894 9.701 2.576 1.196 0.851
Winter 5.605 6.036 15.230 3.275 9.938 1.804 0.797 1.173

Note: SEAc, corrected standard ellipse area; TA, total area encompassing all individual measurements, NR, δ15N range; CR, δ13C range; CD, mean distance to
centroid.
Abbreviations: MNND, mean nearest neighbor distance; SDNND, standard deviation of the nearest neighbor distance; SEA, standard ellipse area.
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stem from the feeding habits of juvenile M. cephalus, which
predominantly engage in benthic foraging, primarily sub-
sisting on detritus, including particulate organic matter, and
benthic microalgae such as diatoms [26]. We postulate that
this feeding habitat may restrict the broadening of individual
niches in juvenile M. cephalus. Additionally, tidal rhythms
can infuence ecological opportunities such as the accessi-
bility of exploitable resources [44], and irregular semi-

diurnal tides can limit certain types of available habitats
due to frequent tidal surges [45], potentially favoring larger-
bodied individuals of juvenile M. cephalus with demersal
foraging habits in the FC.

Juvenile M. cephalus displays trophic plasticity, demon-
strating the ability to adapt their trophic niche to varying
resources in heterogeneous environments. We found no
overlap in 50% of the core regions of the occupied niche space
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Figure 4: Isotopic homing areas based on isotopic coordinates ofMugil cephalus among four seasons between two habitats and according to
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between the two mangrove species, indicating substantial
diferences in resource utilization. Tese distinctions are
probably attributable to variations in prey richness and
abundance [46], infuenced by environmental factors such as
tidal regimes, salinity fuctuations, and the composition of
mangrove tree communities [47]. Tis feeding fexibility ca-
pacity was further supported by the partial separation observed
in 95% of the total area of the trophic space. Trophic plasticity,
which refects the ability of fsh species to adapt their diets
according to the availability of local resources, is a well-
documented phenomenon (e.g., [48]). However, this concept
was not extensively explored in the context of the juvenile life
stages of mangrove fsh. Te FC population exhibited a higher
IPI than that by the GQ population, indicating that the former
possesses greater trophic plasticity than by the latter, allowing
the former to efectively utilize fuctuating food resources,
particularly in mangroves characterized by irregular semi-
diurnal tidal rhythms. Furthermore, our prior research iden-
tifed an ontogenetic decline in the IPI from juveniles to
subadults, which is probably associated with a dietary shift
toward increased specialization during ontogeny [20]. In ad-
dition to the fndings of this study and other related research
[37], the IPI has emerged as a robust, practical metric for
quantifying trophic plasticity with potential applications at the
community scale.

Te fsh condition index serves as a reliable indicator of
the energy status and physical condition of fsh, encom-
passing crucial aspects of their performance, including
growth, reproduction, and swimming ability [49–51]. Tis
index is intricately linked to individual food availability,
which is contingent upon competition among individuals,
considering both the number of individuals and their ca-
pacity for food assimilation [51]. In our investigation, we
observed a larger population of juvenile fsh, denoted by an
increased density, coexisting with limited food availability
and potentially constrained by irregular semi-diurnal tide
characteristics. Tis scenario probably results in reduced
food availability per individual, leading to diminished en-
ergy reserves and a density-dependent decline in the con-
dition index [52, 53].Tis pattern aligns with observations in
food-limited environments, where intraspecifc competition
for resources prevails, underscoring our fndings of a lower
condition index in the FC population than in the GQ
population. Haberle et al. [51] efectively employed com-
posite modeling to establish a connection between the
condition of an individual, represented by the condition
index, and the status of the entire population. Teir work
indicated that the condition index ofers insights into stock
size relative to environmental carrying capacity. Specifcally,
a low condition index signifes a population size near or
exceeding the carrying capacity of the environment, and
a high condition index indicates an overfshing stock.
Terefore, we propose that the population of juvenile
M. cephalus in the FC may have reached the carrying ca-
pacity of its habitat, implying a relatively high nursery value.

Tis work advances our understanding of the role of
trophic niche plasticity in shaping the performance of
juvenile fsh in mangrove habitats. It provides valuable
insights into the ecological mechanisms operating within

these complex ecosystems. Furthermore, the implications
for conservation initiatives underscore the practical rele-
vance of this research, highlighting the importance of
considering trophic dynamics in the design and manage-
ment of protected areas. Other researchers can leverage the
information presented in this paper to further explore
trophic interactions and niche dynamics in mangrove
ecosystems.Tey could replicate the study design in diferent
geographical locations in China (or elsewhere) or investigate
similar questions in other fsh species to assess the broader
implications of the fndings. Additionally, the methodo-
logical approaches employed in this study, such as pop-
ulation density estimation and body condition assessment,
could serve as valuable tools for researchers studying fsh
ecology and conservation in diverse aquatic habitats [54].
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