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Population dynamics and
seasonal variation in biological
characteristics of black sea bream
(Acanthopagrus schlegelii) in
Zhanjiang coastal waters, China
Hagai Nsobi Lauden1, Shaoliang Lyu1, Alma Alfatat1,
Happiness Moses Mwemi1, Jamaluddin Fitrah Alam2,
Ning Chen1* and Xuefeng Wang1*

1College of Fisheries, Guangdong Ocean University, Zhanjiang, China, 2Faculty of Marine Science and
Fisheries, Hasanuddin University, Makassar, Indonesia
This study examined the population dynamics and seasonal variation (winter-

summer) in the biological characteristics of black sea bream (Acanthopagrus

schlegelii) in Zhanjiang coastal waters, China. Key growth parameters were

estimated using the von Bertalanffy growth model, revealing an asymptotic

length (L∞) of 505.05 mm and a growth coefficient (K) of 0.26 year-¹, with an

estimated longevity of 11.24 years. Mortality analysis showed a total mortality rate

(Z) of 0.35 year-¹, primarily driven by natural causes (M = 0.33 year-¹) with minimal

fishing impact (F = 0.02 year-¹), resulting in a low exploitation rate (E) of 0.05.

Length-weight relationship (LWR) analysis indicated positive allometric growth in

females and nearly isometric growth in males, with significant seasonal variations

in condition factors (K). Yield Per Recruit (YPR) analysis identified a maximum

sustainable exploitation rate (Emax) of 0.421, with a conservative management

approach suggested at E0.1 = 0.355. Seasonal variations in reproductive indices,

with higher Gonadosomatic Index (GSI) and Hepatosomatic Index (HSI) in winter,

highlight the species ’ reproductive cycle. The findings suggest that

Acanthopagrus schlegelii is stable, with low fishing pressure. Seasonal GSI and

HSI variations suggest fisheries management should time fishing to reduce

impacts on reproductive success. Maintaining exploitation rates below Emax is

essential for sustainable management, contributing valuable insights for fisheries

conservation in coastal China.
KEYWORDS

Acanthopagrus schlegelii, condition factors, exploitation rate, gonadosomatic index,
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1 Introduction

China’s coastal waters host diverse and economically vital fish

species, making them essential to fisheries and marine ecosystems

(Shan et al., 2020). However, they face significant sustainability

challenges, including overfishing, habitat degradation, pollution, and

climate change (Xu and Zhang, 2022). Overfishing has particularly

impacted key fish stocks, notably the black sea bream (Acanthopagrus

schlegelii), which once supported a thriving fishery (Jiatong et al., 2021).

Since the late 20th century, the decline of black sea bream has had far-

reaching consequences, disrupting not only the ecological balance by

weakening invertebrate control and benthic health but also

undermining local economies that once depended on the species for

a stable fishery (Nip et al., 2003). The continued pressure on this species

has exacerbated these challenges, making its recovery critical formarine

ecosystem health and economic sustainability.

Globally, fisheries management strategies have been developed to

address overexploitation and habitat degradation, focusing on setting

fishing limits, improving gear selectivity, and restoring critical

habitats. These approaches are essential for sustaining fish

populations and supporting marine ecosystems. In China, similar

strategies have been applied to various species, using stock assessment

tools to monitor and manage populations (Wang et al., 2022). These

tools help implement effective measures like habitat protection and

sustainable fishing practices, aiming to restore overexploited species

and maintain the health of coastal waters. Hatchery release programs

have also been increasingly used, particularly for black sea bream,

alongside research and conservation efforts (Wang et al., 2021).

However, more efforts are needed to address the complex interplay

of factors threatening the health and productivity of China’s coastal

waters. Collaboration among scientists, policymakers, industry

stakeholders, and local communities will be crucial in finding

innovative solutions to ensure the long-term sustainability of

China’s fisheries and marine resources. Given the species’

importance to local ecosystems and fisheries, updating its

population status is crucial. Continuous assessments and refining

management strategies are necessary to ensure the long-term

sustainability of black sea bream and its role in marine ecosystem

stability and economic viability.

Length and weight analysis are fundamental tools in fisheries

science, providing critical insights into fish populations’ growth,

condition, and health. Assessing the black sea bream population

through these metrics may lay the groundwork for effective

management. These assessments offer valuable data on growth rates,

body condition, and overall population health. The weight of internal

organs, especially the liver and gonads, is key for understanding the

species’ reproductive status and its approach to energy allocation,

especially in response to environmental conditions and fishing

pressure (Akter et al., 2019; Ladisa et al., 2021; Zhang K. et al., 2022).

These relationships allow for accurate modelling of population

dynamics. Moreover, they help to detect shifts in population

structure that may result from fishing pressure or environmental

variations. Such insights are vital for designing strategies to sustain

species and optimize stock enhancement efforts.

Building on the significance of length and weight analysis, this

study aims to update the population status of black sea bream
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(Acanthopagrus schlegelii) by investigating key population

dynamics parameters, including growth rates, mortality, capture

probability, Virtual Population Analysis (VPA), and Yield Per

Recruit (YPR). It also seeks to evaluate biological characteristics

such as length-weight relationships, condition factors, and organ

weights, including the Gonadosomatic Index (GSI) and

Hepatosomatic Index (HSI). A particular focus is placed on the

seasonal variations in these biological characteristics, comparing

winter and summer seasons. By examining how these traits

fluctuate across seasons, the study aims to provide a more

comprehensive understanding of the factors affecting population

sustainability and to inform more effective management strategies.

The uniqueness of this study lies in its integration of traditional

growth and mortality metrics, vital for understanding population

dynamics, with organ weight analysis (GSI, HSI), providing a more

holistic view of the population’s reproductive and physiological health.

This comprehensive approach is critical for refining stock management

strategies and enabling informed decision-making. By combining these

methodologies, the study evaluates how the analyzed factors affect the

sustainability of black sea bream stocks. The findings from this research

will offer valuable insights for setting appropriate fishing limits and

improving gear selectivity to protect juvenile black sea bream better,

thereby contributing to the long-term sustainability of the population.

Moreover, these insights will strengthen stock management strategies

by providing a thorough assessment of population health and

dynamics, supporting effective species management and contributing

to the overall stability of the marine ecosystem.
2 Materials and methods

2.1 Study area and data collection

Individuals of Acanthopagrus schlegelii were collected from fishing

ports in Zhanjiang, China, between 2019 and 2021 (Figure 1). The

sample represents the population as fish were sourced from multiple

regional fishing ports, ensuring spatial variability. The three-year

sampling period provided temporal coverage, capturing potential

changes in the population over time. After collection, the fish were

immediately placed on ice and transported to the laboratory to preserve

their biological integrity. The specimens were measured in the

laboratory for key biological and growth parameters. Total lengths

were recorded to the nearest 0.01 mm using a digital caliper. Body

weight, liver weight, and gonad weight were recorded to the nearest

0.01 g using an electronic balance.
2.2 Methods and analysis

2.2.1 ELEFAN method and empirical formulas
The ELEFAN (Electronic Length Frequency Analysis) method

(FiSAT II software, version 1.2.2) (Gayanilo et al., 2005) was

employed to estimate key growth parameters, Mortality and

Exploitation rates, capture probabilities, Virtual population, and

Yield Per Recruit parameters. Length frequencies of 1492

individuals were used for this analysis.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1515753
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Lauden et al. 10.3389/fmars.2024.1515753
2.2.1.1 Growth parameters

The growth parameters, the asymptotic length (L∞), and the

growth coefficient (K) were estimated using the von Bertalanffy

Growth Function (VBGF) (Beverton and Holt, 1957), which is

expressed as:

Lt = L∞(1 − exp( − kt(t − t0))) (1)

Where Lt is the length at age t, and t0 is the theoretical age at

zero length.

The analyses for estimation of t0, longevity (tmax), and the

Growth Performance Index (F) were conducted using formulas (2)

(Pauly, 1983), (3) (Pauly, 1980), and 4 (Munro and Pauly, 1983),

respectively. L∞ and K were used as inputs.

Log10( − t0) = −0:3922 − 0:275 log10L∞ − 1:038 log10k (2)

tmax = 3=k + t0 (3)

F = 2log L∞ + log k (4)
2.2.1.2 Mortality and exploitation analysis

Total Mortality (Z) was calculated using a length-converted

catch curve in the FiSAT II method. Natural Mortality (M) was

estimated using Pauly’s formula (Pauly, 1980), which considers L∞,

K, and the study area’s annual average sea surface temperature (T),

which was 27°C.
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Log10M = −0:0066 − 0:279 Log10L∞ + 0:6543L∞k

+ 0:4634L∞T (5)

Fishing Mortality (F) was calculated by subtracting M from Z.

Exploitation ratio (E) was calculated by the ratio offishing mortality

to total mortality (F/Z) (Gulland, 1971).

2.2.1.3 Gear-related analyses and YPR

The capture probability for Acanthopagrus schlegelii was

estimated using FiSAT II, focusing on gear selectivity at key

lengths. The software determined the lengths at which 25%, 50%,

and 75% of the population were likely to be captured, known as L25,

L50, and L75, respectively. Additionally, the maturity size L50 was

estimated using the method described by (Hoggarth et al., 2006),

while L95 was calculated following the approach outlined by (Prince

et al., 2015), with the formulas provided below:

L50 = 2=3*L∞ (6)

L95 = 1:1*L50 (7)

A Virtual Population Analysis (VPA) was conducted to evaluate

the impact of fishing mortality on the population structure across

various length groups. By combining VPAwith capture probability and

maturity assessments, insights were gained into how fishing pressures

and gear selectivity influence different size classes. Additionally, a Yield

Per Recruit (YPR) analysis, based on the Beverton and Holt model

within the FiSAT II software, was performed to estimate the expected

yield from a recruit. This analysis assessed various fishing mortality

rates to identify the optimal level that maximizes YPR while ensuring

the sustainability of the fish population.

2.2.2 Seasonal health and growth assessments
Seasonal comparisons (winter and summer) were made to

understand fluctuations in the species’ health by performing LWR,

Condition factor, Gonadosomatic andHepatosomatic Indices Analysis.

2.2.2.1 LWR and condition factors

The length-weight relationship was analyzed in R software

(version 4.3.3) to assess the growth patterns in Acanthopagrus

schlegelii using the power function (Ricker, 1973):

W = aLb (8)

WhereW is the body weight (g), L is the total length (mm), and

a and b are constants determined by the specific population.

The parameters a and b were estimated using a log-log regression

model. The analysis involved identifying and removing outliers based

on Cook’s Distance to ensure the robustness of the model. The

model’s fit was assessed using the coefficient of determination (R²)

and ANOVA. Confidence intervals for the parameters a and b were

estimated using bootstrapping, providing a measure of the precision

of these estimates. A t-test was conducted to evaluate the significance

of slope b, including a comparison against an expected value of 3 to

assess isometric growth. The p-value associated with the slope b was

calculated to determine the statistical significance of this parameter.
FIGURE 1

Sampling sites in Zhanjiang coastal fishing ports.
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Fulton’s Condition Factor (K) (Froese, 2006) was calculated in R

software (version 4.3.3) to evaluate the health and condition of the fish

using the formula:

K = (W=L3)� 100 (9)

Where W is the body weight of the fish (g) and L is the total

length of the fish (cm). The condition factor (K) provided insights

into the fish’s nutritional status and overall health, with values

greater than 1.0 indicating better condition.

2.2.2.2 GSI and HSI

Descriptive statistics of paired data on body weight, gonad

weight, and liver weight (winter: n = 75; summer: n = 79) were

conducted using R software (version 4.3.3). These analyses supported

the calculation of the Gonadosomatic Index (GSI) and

Hepatosomatic Index (HSI) to evaluate reproductive and

nutritional status across seasons (King, 2007).

GSI = (Gonad Weight(g)=Body Weight(g))� 100 (10)

HSI = (Liver Weight(g)=Body Weight(g))� 100 (11)

Independent t-tests were conducted to determine whether there

were significant differences in GSI and HSI between the two seasons.

Welch’s t-test was used to account for unequal variances between

groups. Additionally, non-parametric Wilcoxon rank-sum tests were

performed to confirm the t-test results, as these tests do not assume

normality and are robust to outliers. A one-way ANOVA was

conducted further to assess the effect of season on GSI and HSI.

Multiple linear regression models were applied to explore the

relationships between GSI, HSI, and predictor variables (body

weight, gonad weight, liver weight, and season). At the same time,

Pearson correlation coefficients provided insights into the

interrelationships among these variables.
Frontiers in Marine Science 04
3 Results

3.1 Growth parameters, mortality,
and exploitation

The von Bertalanffy growth function analysis using FiSAT II

(Figure 2) estimated an asymptotic length (L∞) of 505.05 mm,

indicating the maximum potential size the species can reach. The

growth coefficient (K) of 0.26 year-1 suggests a moderate growth rate,

while the theoretical age at zero length (t0) was calculated to be -0.296

years. The species’ estimated longevity is approximately 11.24 years,

highlighting its potential lifespan under natural conditions. The growth

performance index (F) was determined to be 4.82.

The length-converted catch curve analysis revealed a total

mortality rate (Z) of 0.35 year-¹ (Figure 3A). Natural mortality

(M) was the predominant factor, contributing 0.33 year-¹, while the

fishing mortality rate (F) was low at 0.02 year-¹. This resulted in an

exploitation rate (E) of 0.05, indicating that 5% of total mortality

was attributable to fishing activities. These mortality rates provide a

quantitative assessment of the factors influencing the population of

Acanthopagrus schlegelii under current conditions.
3.2 Gear selectivity

Figure 3B illustrates the length-frequency distribution alongside

the probability of capture, showing that most fish caught were within

the 150 mm to 350 mm range, with a peak around 290 mm. The

lengths at which 25%, 50%, and 75% of the fish population were likely

to be captured were estimated as L25 at approximately 220 mm, L50 at

290 mm, and L75 at 340 mm, respectively. The capture probability

reached its maximum (close to 1.0) around 370 mm, with the size at

first maturity Lm estimated at 336.7 mm and 95% maturity (L95) at
FIGURE 2

Monthly length-frequency distribution of Acanthopagrus schlegelii collected from 2019 to 2021. The horizontal main axis represents the months and
years of data collection, while the vertical main axis shows fish length in mm. Blue growth curves have been fitted to the data, representing the
progression of cohorts over time. Data points correspond to individual fish lengths recorded during each sampling month, and the distribution
suggests multiple cohort recruitment events across the study period.
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370.37 mm. These findings suggest that the gear is highly selective for

fish that are near or have reached maturity.

Figure 3C shows that the population decreases steadily as fish

length increases, with the highest survival rate in the smallest length

group (around 91.0 mm) and fewer survivors in larger groups.

Natural losses are fairly consistent but more pronounced in larger-

size classes. Catch rates peak around 290 mm before dropping

sharply. Fishing mortality (F), indicated by the red line, increases

with length, peaking at 320 mm, then fluctuates and decreases in the

largest groups. These findings underscore selective fishing pressure

on mid-sized fish, with smaller and larger fish facing lower fishing

mortality, highlighting the impact of the gear on the population.
3.3 Seasonal health and
growth assessment

3.3.1 LWR and conditional factors
The growth patterns of Acanthopagrus schlegelii, as indicated by

length-weight relationships, differ by sex and season (Table 1, Figure 4).

Females show slope (b) values above 3 in both winter (3.053) and
Frontiers in Marine Science 05
summer (3.217), indicating positive allometric growth, with weight

increasing at a greater rate than length, especially in summer. In

contrast, males exhibit slope (b) values just below 3 in winter (2.883)

and summer (2.912), indicating nearly isometric growth, where weight

and length increase at almost proportional rates.

The condition factor (K) of fish, used as a metric for their well-

being, was shown to have differing values based on sex and season.

For females, the mean (K) was higher in summer (1.726) than in

winter (1.655), suggesting that females were in better condition

during the summer. In contrast, males consistently had higher

mean (K) values in both winter (1.757) and summer (1.754)

compared to females, indicating that males were generally in

better physical condition throughout the year.

ANOVA and t-tests confirmed that the differences in growth

patterns and condition factors between sexes and seasons were

statistically significant. ANOVA results revealed a significant

difference in mean condition factors, showing that females were

in better condition during summer, while males maintained a stable

condition year-round. The t-tests validated the distinctions between

sexes, highlighting the biological significance of these seasonal and

sex-based variations.
FIGURE 3

Outputs from the FiSAT II analysis of Acanthopagrus schlegelii. (A) Length-Converted Catch Curve Analysis with Estimated Mortality Rates (Z, M, F) and
Exploitation Rate (E). (B) Length-frequency distribution and gear selectivity with capture probabilities (L25, L50, L75). (C) Population structure and fishing
mortality across length groups (D) Relationship between Exploitation Ratio (E), Relative Yield per Recruit (Y’/R), and Relative Biomass per Recruit (B’/R).
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3.3.2 GSI and HSI
In summer, the mean GSI was 0.226% (SD = 0.166%), and the

mean HSI was 0.89% (SD = 0.387%). In winter, the mean GSI

increased to 4.49% (SD = 2.21%), and the mean HSI increased to

1.34% (SD = 0.546%). Statistical analyses, as summarized in Table 2,

revealed significant seasonal differences.

The t-test and Wilcoxon rank-sum test confirmed a significant

difference in GSI and HSI between summer and winter. ANOVA

also demonstrated a significant seasonal effect on both GSI and HSI.

Multiple linear regression models accounted for 91.31% of the

variance in GSI and 85.35% of the variance in HSI. Significant

predictors for both GSI and HSI were body weight, gonad weight,

liver weight, and season. The Pearson correlation coefficient

between GSI and HSI was moderate (r = 0.42). The full

correlation matrix can be found in Table 3.
4 Discussion

This study provides an updated assessment of the black sea

bream (Acanthopagrus schlegelii) population in the Northern South

China Sea, where the species holds considerable commercial and

socio-economic significance. The analysis focused on the population

dynamics and biological characteristics, comprehensively evaluating

the species’ status. Growth rates, mortality, and capture probability

were assessed alongside the Virtual Population Analysis (VPA) and

Yield Per Recruit (YPR), providing a detailed picture of the

population’s response to current fishing pressures. Key biological

characteristics, such as length, weight, and organ weights (liver and
Frontiers in Marine Science 06
gonads), were evaluated through the Hepatosomatic Index (HSI) and

Gonadosomatic Index (GSI). The indices helped reveal the species’

energy allocation strategies and reproductive health, particularly the

seasonal variation between winter and summer. The condition factors

have added valuable context to the population’s overall health. The

species’ decline in the 1980s prompted significant management

interventions, including hatchery releases aimed at stock

enhancement. This study provides updated insights into these

efforts, helping to refine current management strategies and inform

future decisions. By integrating population dynamics with key

biological metrics, the study contributes essential information for

sustaining black sea bream stocks and supporting the long-term

viability of the fishery.
4.1 Growth and population
structure analysis

The estimated growth parameters offer valuable perspectives on

the population dynamics and overall health of Acanthopagrus

schlegelii. The asymptotic length (L∞) of 505.05 mm indicates the

species’ potential to reach a substantial size in optimal conditions.

According to previous studies on this species in the Northern South

China Sea (Table 4), large asymptotic lengths indicate species

exhibiting traits associated with healthy and robust populations,

such as fast growth rates and significant contributions to stock

enhancement efforts. The moderate growth coefficient (K) of 0.26

year-¹ suggests that the species experiences a relatively slow but

steady growth rate which is consistent with its estimated longevity
TABLE 1 LWR, Conditional factors and statistical estimates.

Parameter Female winter Male winter Female summer Male summer

Number of individuals (n) 57 92 95 96

Length range (10-39.5) cm (15.1-38) cm (13.8-40) cm (16.7-44.7) cm

Weight range (16.27–1025) g 68.17-966.4 42.9-1218.3 g 78.74-1495 g

Regression parameter a 0.014 0.0253 0.0086 0.0234

Regression parameter b 3.05 2.88 3.22 2.91

R-squared (R2) 0.994 0.981 0.99 0.967

95% CI for a [0.0116, 0.0170] [0.0194, 0.0330] [0.0069, 0.0107] [0.0162, 0.0337]

95% CI for b [2.99, 3.12] [2.799, 2.967] [3.15, 3.28] [2.80, 3.02]

p-value for b 1.3 ×10-63 2.805 ×10-79 4.882 × 10-94 2.11 ×10-71

Condition factor (K) - Mean 1.655 1.757 1.726 1.754

Condition factor (K) - Min 1.388 1.423 1.373 1.419

Condition factor (K) - Max 2.032 2.202 2.060 2.243

ANOVA F-value 9759.3 9759.3 9759.3 9759.3

ANOVA p-value <2.2×10−16 <2.2×10−16 2.2×10−16 <2.2×10−16

t-test for b vs. 3 - t value 1.72 3.17 -3.17 -3.17

t-test for b vs. 3 - p-value 0.0916 0.00204 0.00204 0.00204
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of 11.24 years. Longevity indicates that Acanthopagrus schlegelii can

sustain itself over extended periods, provided that environmental

conditions remain favorable and that fishing pressure is managed

appropriately. The growth performance index (F) of 4.82, a key

indicator of the species’ growth efficiency, suggests that

Acanthopagrus schlegelii is well-adapted to its environment. A

high growth performance index (F) indicates rapid growth and

the ability to reach large sizes, key factors for boosting stock

productivity and faster biomass recovery. This study’s t0 value of

-0.296 implies earlier growth to measurable sizes than in past

studies (Table 4). Early growth, marked by rapid size increases, is

vital for population sustainability. It helps reduce predation,

enhances reproductive success, and boosts resilience to

environmental changes (Beverton and Holt, 1957; Lorenzen,

2000). These factors are key in stock assessment models, allowing

for more accurate predictions of biomass, recruitment, and stock

health (Lorenzen, 2000). Early growth and high growth

performance guide management strategies, particularly size limits

and fishing pressure adjustments, ensuring individuals reach

reproductive size before harvest. As observed in this study, a
Frontiers in Marine Science 07
stable growth rate and long lifespan suggest stock resilience if

fishing mortality remains within sustainable limits (Chang

et al., 2022).

This study’s growth parameters align with regional findings but

show variations (Table 4) typical among sparids, often due to

differences in habitat quality and fishing pressures (Law and

Sadovy de Mitcheson, 2018). For example, populations in

Hongkong report lower asymptotic lengths (403–437 mm) and

growth coefficients (K = 0.22–0.28 year-¹), while a study in China

observed a higher L∞ (543 mm) with a lower K (0.15 year-¹). Higher

K values and greater longevity suggest reduced fishing pressure.

Phylogenetic analyses reveal genetic diversity within the Sparidae

family, providing insights into the evolutionary adaptations of the

species (Wu et al., 2018). These findings underscore the importance

of early growth traits and high growth performance indices in

distinguishing Acanthopagrus schlegelii for its adaptive strategies

and contributions to stock recovery. Furthermore, they emphasize

the need for sustainable fishing practices and environmental

conservation to ensure the resilience and long-term sustainability

of Acanthopagrus schlegelii populations.
FIGURE 4

Length-weight relationship of Acanthopagrus schlegelii in the Zhanjiang coastal waters. (A) Female, winter season (B) Male, winter season
(C) Female, summer season (D) Male, summer season.
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4.2 Mortality patterns and
fishery exploitation

The mortality rates offer further insights into the current status

of the Acanthopagrus schlegelii population (Figure 3A). The results

highlight the dominance of natural mortality (M) over fishing

mortality (F), suggesting that natural factors play a critical role in

shaping population dynamics. With a minimal contribution of

fishing to total mortality, the exploitation rate remains low,

underscoring the relatively low impact of current fishing

practices. These findings suggest that the population is stable and

that the existing fishing pressure is sustainable. However, careful

monitoring is required to ensure that any future increases in fishing

activity do not compromise this stability. Sustainable management

practices should continue to prioritize maintaining low fishing

pressure to support the long-term health of the stock (Melnychuk

et al., 2021).

The observed dominance of natural mortality in this population

is likely driven by a combination of ecological factors, including

habitat degradation, water quality fluctuations, predation, and

disease. Environmental stressors, such as seasonal changes in

temperature, low dissolved oxygen, and habitat degradation, may

exacerbate stress on juveniles and sub-adults, leading to higher

mortality rates. These drivers are likely to have a more significant

impact on population dynamics than fishing mortality, particularly
Frontiers in Marine Science 08
under conditions of low exploitation. For example, seasonal

temperature fluctuations can affect metabolic rates, while hypoxic

events may lead to localized die-offs, especially in nursery habitats. In

addition, predation pressure, both from natural predators and the

increased vulnerability of stressed individuals, can further elevate

natural mortality rates. Furthermore, disease outbreaks can cause

significant population losses, particularly when fish are already

physiologically stressed by environmental factors. These ecological

drivers likely regulate the population more effectively than fishing

pressure alone. Continued research into these factors is essential for

identifying key stressors and informing targeted management

strategies that can mitigate their effects. By addressing these

challenges such as habitat quality and predation pressures,

alongside maintaining low fishing pressure, we can enhance the

long-term resilience and sustainability of Acanthopagrus

schlegelii populations.
4.3 Capture efficiency and
yield optimization

The analysis of capture probability and selectivity, as illustrated

in Figures 3B–D, reveals important insights into the interaction

between the species and the fishing gear used. The results suggest

that the gear is selective for individuals approaching maturity,
TABLE 3 Correlation matrix of all variables.

Variable Body Weight Gonad Weight Liver Weight GSI HSI

Body Weight 1.0 0.629 0.783 0.394 0.174

Gonad Weight 0.629 1.0 0.78 0.853 0.424

Liver Weight 0.783 0.78 1.0 0.562 0.685

GSI 0.394 0.853 0.562 1.0 0.42

HSI 0.174 0.424 0.685 0.42 1.0
TABLE 2 Combined GSI and HSI results.

Test Variable Season Comparison Statistic p-value

T-test GSI Summer (mean = 0.226%) vs.
Winter (mean = 4.49%)

t = -16.634 p < 2.2×10−16

Wilcoxon Test GSI Summer (mean = 0.226%) vs.
Winter (mean = 4.49%)

W = 8 p < 2.2×10−16

ANOVA GSI Season effect F(1, 152) = 291.4 p < 2.2×10−16

Multiple Linear Regression GSI Body Weight, Gonad Weight,
Liver Weight, Season

R2 = 0.9131 Body Weight (p = 0.0115), Gonad Weight (p < 2×10−16), Liver
Weight (p = 3.49×10−5), Season (p < 2e-16)

t-test HSI Summer (mean = 0.890%) vs.
Winter (mean = 1.34%)

t = -5.925 p = 2.534×10−8

Wilcoxon Test HSI Summer (mean = 0.890%) vs.
Winter (mean = 1.34%)

W = 1421 p = 2.542×10−8

ANOVA HSI Season effect F(1, 152) = 35.72 p = 1.56×10−8

Multiple Linear Regression HSI Body Weight, Gonad Weight,
Liver Weight, Season

R2 = 0.854 Body Weight (p < 2×10−16), Gonad Weight (p = 2.70×10−9),
Liver Weight (p < 2×10−16), Season (p = 1.81×10−6)
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which is encouraging for sustainable fisheries management (Froese,

2004). The estimated lengths at which fish were likely to be captured

indicate that the fishing gear targets fish that have already reached a

significant size, thereby reducing the chance of catching smaller,

immature individuals. Moreover, the close match between L50 and

the peak capture probability suggests that current fishing practices

are sustainable. By targeting fish that are near or have already

reached maturity, the gear helps ensure that individuals have the

opportunity to reproduce before being caught (Froese, 2004). This

is vital for preserving the population’s reproductive potential and

ensuring long-term stock viability. Moreover, the findings suggest

that any changes in gear selectivity, such as increasing mesh size,

could further enhance the sustainability of the fishery by allowing

more fish to reach maturity before being caught (Gatti et al., 2019).

The Yield Per Recruit (YPR) analysis findings call for careful

control of fishing efforts in the Acanthopagrus schlegelii fishery. It

shows that yield increases with exploitation, peaking at Emax =

0.421, after which it declines Figure 3D. Exceeding this rate risks

overfishing, making it essential to keep exploitation below Emax for

sustainability. Two important reference points have been identified

in the analysis. The first, E0.5 = 0.278, indicates the level at which the

biomass per recruit is reduced to 50% of its unfished level, reflecting

the effects of moderate exploitation on the population. The second,

E0.1 = 0.355, represents a more conservative threshold that aims to

balance yield with sustainability, helping to minimize the risk of

overexploitation. These thresholds provide vital guidance for

maintaining healthy fish stocks (Beverton and Holt, 1957).
4.4 Length-weight correlation and
condition assessment

The growth patterns of Acanthopagrus schlegelii, as assessed

through the length-weight relationship (LWR), highlight notable

differences between sexes and seasons. Females demonstrate

positive allometric growth, which may indicate higher energy

allocation towards growth and reproductive activities, particularly

during the summer. In contrast, males exhibit nearly isometric

growth, suggesting a more balanced energy allocation between

growth and other physiological processes (Figure 4). This

difference between sexes may reflect different energy allocation

strategies, with females potentially investing more in reproductive

tissues, while males maintain a more balanced growth pattern
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throughout the year (Ladisa et al., 2021; Rljnsdorp and

Ibelings, 1989).

The condition factor (K) further highlights these seasonal and

sex-based differences. Females were found to be in better condition

during the summer than in the winter, likely due to the increased

energy demands of reproduction. On the other hand, males

consistently exhibited higher condition factors in both seasons,

suggesting that males maintain a generally better physical condition

year-round. The statistical significance of these differences,

confirmed by ANOVA and t-tests, underscores the biological

relevance of these findings. The seasonal variations in K-values

may be related to environmental factors such as food availability

and water temperature, which can influence the energy reserves and

overall health of the fish (Morato et al., 2001).

The LWR and K analyses provide a crucial understanding of the

growth and health of Acanthopagrus schlegelii, indicating potential

seasonal energy allocation shifts between males and females.

Investigating the mechanisms behind these shifts could offer deeper

insight into their effects on this species’ population dynamics.
4.5 Reproductive and nutritional
health indicators

The GSI and HSI values provide valuable insights into the

reproductive and nutritional status of Acanthopagrus schlegelii

across seasons (Table 2). The significant increase in GSI during

winter (mean GSI = 4.49%) compared to summer (mean GSI =

0.226%) suggests that the winter season is a critical period for

reproductive activity (Figure 5A) (Zhang H. et al., 2022). This

seasonal variation in GSI indicates the species’ spawning cycle,

where energy is allocated towards gonad development in

preparation for spawning. Temperature seems to affect sexual

activity and breeding in fish (Davies and Bromage, 2002; Kawai

et al., 2022). The higher GSI in winter aligns with the observed

increase in HSI during the same period (mean HSI = 1.34% in

winter versus 0.89% in summer), suggesting that the liver, which

stores energy reserves, plays a crucial role in supporting

reproductive processes during the colder months (Figure 5B)

(Abderrazik et al., 2016; Caballero-Huertas et al., 2022). The

seasonal increase in GSI observed in Acanthopagrus schlegelii,

peaking during winter, aligns with the reproductive cycle of

Acanthopagrus latus, which also spawns during cooler seasons
TABLE 4 Growth parameters of Acanthopagrus schlegelii in the Northern South China Sea.

Length
type

L∞ (mm) K (year-¹) t0 (years) F tmax
(years)

Country References

TL 505.05 0.26 -0.296 4.82 11.24 China This study

SL 437 0.22 -1.59 4.62 12.05 Hongkong (Law and Sadovy de Mitcheson, 2018)

SL 543 0.15 -0.967 4.65 19.03 China (Zhang et al., 2021)

SL 403 0.28 -1.70 2.66 9.01 Hongkong (Froese and Pauly, 2024)

SL 429 0.19 -2.02 2.54 13.77 Hongkong (Froese and Pauly, 2024)
The table’s growth performance index (F) and tmax were calculated using 2log L∞+ log K and tmax = 3/K + t0, respectively.
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(Tang et al., 2023). This pattern suggests an adaptive energy

allocation strategy, where both species prioritize gonad

development during peak reproductive periods under optimal

environmental conditions, likely to maximize offspring survival.

However, a study on Acanthopagrus schlegelii from Japan reports a

spawning period from April to June, indicating an extended

spawning season as a response to varying ecological pressures

(Yamashita et al., 2015). These findings highlight the importance

of region-specific reproductive management strategies tailored to

the unique spawning cycles of each species.

The significant seasonal differences in GSI and HSI, as

confirmed by t-tests, Wilcoxon rank-sum tests, and ANOVA,

highlight the adaptive strategies employed by Acanthopagrus

schlegelii and other sparids to optimize reproductive success and

energy utilization. The moderate Pearson correlation coefficient

between GSI and HSI (Table 3) further reflects the energy trade-offs

that Acanthopagrus schlegelii must balance between growth,

reproduction, and survival, a challenge common across regional

sparids. The cluster analysis presented in Figure 5C supports these
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findings by grouping the fish into distinct clusters based on their

GSI and HSI values. These clusters illustrate the variability in

reproductive and nutritional investments among individual fish,

underscoring the species’ ability to adapt to varying environmental

conditions, similar to its sparid relatives (Barrett et al., 2015;

Sokołowska and Kulczykowska, 2006).
4.6 Implications for fisheries management
and ecosystem health

The findings of this study carry important implications for

managing Acanthopagrus schlegelii and its broader ecosystem.
i. The growth and mortality parameters, coupled with the

observed reproductive and nutritional indicators, suggest

that the current population of Acanthopagrus schlegelii is

stable and shows resilience to current fishing pressure.

However, maintaining this stability requires continuous
FIGURE 5

Seasonal variations in reproductive and nutritional status of fish. (A) Gonadosomatic Index (GSI) (B) Hepatosomatic Index (HSI) (C) Cluster analysis of
GSI and HSI.
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monitoring to ensure that fishing activities and

environmental changes do not negatively affect

population dynamics.

ii. The low exploitation rate and the use of selective fishing gear

indicate that the fishery is sustainable under current

conditions. Nonetheless, changes in fishing efforts or

environmental factors could disrupt the balance, influencing

growth, reproduction, and survival. Management

adjustments, such as refining gear regulations or

implementing harvest restrictions, may become necessary if

such shifts occur.

iii. The observed seasonal variations in GSI, HSI, condition

factor (K), and length-weight relationships provide evidence

of critical reproductive and energy allocation periods.

Specifically, winter represents a peak reproductive season

for Acanthopagrus schlegelii, as indicated by increased GSI

and HSI values, with energy directed toward gonad

development and storage. Seasonal fishing moratoriums

during this period would be particularly beneficial, as they

could protect spawning individuals, reduce fishing pressure

during peak reproduction times, and enhance recruitment.

By protecting fish during this critical reproductive window,

we could ensure that a larger proportion of individuals reach

maturity and contribute to future population replenishment.
Additionally, implementing size-based harvest restrictions, such

as minimum size limits, would help prevent the capture of immature

fish that have not yet reproduced. This would allow more individuals

to contribute to the reproduction output of the population, thus

supporting long-term population growth. Size-based restrictions are

particularly important in ensuring that fish are allowed to grow to

their full reproductive potential before being harvested.

Together, seasonal fishing moratoriums and size-based harvest

restrictions would provide a dual strategy to sustain reproductive

output while maintaining a balanced population structure. These

measures are crucial for managing Acanthopagrus schlegelii

populations and ensuring the sustainability of regional fisheries.

The growth and reproductive traits of Acanthopagrus schlegelii

are crucial considerations for fisheries management. Variations in

growth rates and reproductive timing, especially in comparison to

other sparid species, underscore the need for adaptive management

strategies. Flexible size limits and seasonal closures that reflect these

differences are essential for ensuring the sustainability of regional

fisheries and protecting reproductive stocks.
4.7 Stock enhancement and management
in Zhanjiang coastal waters

Over the past few years, a noticeable quantity of black sea bream,

especially juvenile fish of at least 5 cm in length, have been released into

the Zhanjiang Sea region as part of a stock enhancement initiative. This

is a key strategy for rebuilding the population, which had been under

historical pressure. Despite the adoption of new fishing methods by

both fishermen and anglers, the intensity of traditional fishing

operations, such as trawling and gill netting, has remained stable.
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This is primarily due to the successful implementation of enhanced

fisheries protection measures in Zhanjiang Port, which have kept

overall fishing pressure relatively low.

The low exploitation rate and fishing mortality observed in our

study support the conclusion that fishing pressure, in terms offishing

mortality, is not a primary driver of the fluctuations in the black sea

bream population. Instead, natural mortality is the dominant factor

influencing population dynamics. This finding underscores the need

for ongoing stock enhancement efforts and continued habitat

protection, rather than solely reducing fishing activity.

Moreover, the successful recovery of the black sea bream

population in certain areas (Lauden et al., 2024) is likely a result

of the combined effect of stock enhancement and controlled fishing.

Measures such as seasonal closures and restrictions on fishing gear

have proven effective in reducing fishing pressure during critical life

stages, such as spawning seasons, and facilitating the population to

regenerate. The enforcement of these management measures is

essential for ensuring the long-term sustainability of the fishery.

We emphasize that maintaining and strengthening these

protections, especially during key reproductive periods is vital for

the continued recovery and stability of the black sea bream

population in Zhanjiang’s coastal waters.
5 Conclusion

This study provides a comprehensive assessment of the population

dynamics, reproductive health, and growth patterns of Acanthopagrus

schlegelii. The findings underscore the importance of sustainable

fisheries management practices that consider not only the current

population status but also the broader ecological context in which the

species exists. By integrating growth, mortality, reproductive, and

nutritional data, this study offers valuable insights that can inform

future management decisions, ensuring that the species remains

healthy and productive within its marine habitat.
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