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Abstract: Japanese anchovy (Engraulis japonicus) is a small pelagic fish with commercial and ecological
importance. In spite of its importance, in recent years, specific research on anchovy in the Shandong
Peninsula area has been relatively scarce and outdated. This study aims to estimate the age and
growth characteristics of anchovy through year-round seasonal sampling from 2016 to 2017, utilizing
length—frequency and otolith microstructure analysis. The higher coastal abundance and larger
size observed in the spring and summer suggest a potential peak spawning period for anchovies
dominated by larger-sized individuals. Based on otolith analysis, anchovies range in age from
0 to 4 years, with a limited presence at age 0 and dominance in the age-1 group. The length-weight
relationship (LWR) equation shows hyper-allometric growth for each season, with a mean relative
condition factor (K,) of 1.025 £ 0.005, indicating good health. Additionally, the von Bertalanffy
growth equation of can be expressed as L; = 154.40 [1 — e 0604 (t+0965)] sygoesting a medium growth
rate (K = 0.604). These findings contribute to the understanding of anchovy age and growth patterns,
emphasizing the continuous need for research and monitoring to support rational and sustainable
fisheries management and conservation efforts.

Keywords: biological parameter; Japanese anchovy; otolith microstructure; spatial-temporal
distribution; von Bertalanffy model

Key Contribution: This research not only provides information about seasonal changes in distribution
but also offers insights into the age and growth patterns of E. japonicus. These findings hold significant
implications in terms of enhancing sustainable anchovy population management and conserving
marine ecosystems in the Shandong Peninsula.

1. Introduction

Small pelagic fish (SPF) play a crucial role in marine ecosystems by regulating biomass,
influencing fishery yields, facilitating nutrient transfer, and impacting predator—prey dy-
namics in aquatic food webs [1-5]. These fishes are characterized by short lifespans, rapid
growth, high mobility, and schooling behavior, making them responsive to environmental
variability and susceptible to large-scale fishing efforts [6,7]. Due to their responsiveness
to environmental changes, small pelagic fishes have been highlighted in prior studies as
crucial indicators of ecosystem health and climate change [5,8,9]. Despite their significance
in practical fisheries management, our understanding of small pelagic fish population
growth still needs to be explored [10]. Therefore, to ensure their sustainability, it is critical
to understand the fundamental aspects of their biology to assess survival, recruitment, and
population dynamics in fisheries management [11,12].
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Japanese anchovy, Engraulis japonicus (hereafter referred to as anchovy), is a typical
small pelagic fish widespread throughout the northwest Pacific, especially in the China
Seas [13,14]. Anchovy serves as the most abundant small pelagic fish and a crucial prey
species for many other fishes, while also holding significant commercial value [3,4,15-17].
However, since the 1980s, the anchovy population has experienced significant fluctuations.
The highest landing was recorded in 1998, with a total landing exceeding 1300 thousand
tons. However, under the high fishing pressure of the early 2000s, particularly since
2003, the landing continued to decrease until 2009 (Figure 1), and anchovy spawning
stock biomass (SSB) in the Yellow Sea during the early 2000s declined significantly from
1.3 x 10° tons to 0.2 x 10° tons, as estimated through acoustic methods [15,18,19]. There is
also a phenomenon of catch composition characterized by miniaturization, early sexual
maturity, and decreasing catch per unit effort (CPUE) [16,20,21]. In recent years, the
anchovy landings gradually increased until 2015, followed by a subsequent decrease.
Nevertheless, despite this decline, annual landings have consistently maintained a high
yield of 600 to 800 thousand tons, which is the second highest in China’s marine fishery.
Notably, among these landings, those from Shandong Province have significantly impacted
the total anchovy landings in China, accounting for approximately 60% of the total [22]
(Figure 1).
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Figure 1. The annual landing of Engraulis japonicus in the China Sea and Shandong Province (red line)
from 1989 to 2019 (The data can be accessed from the FAO and China Fisheries Statistical Yearbook).

Every year, anchovies migrate from their wintering grounds to an inshore area for
spawning, typically from April to May, with the spawning period lasting until September [17].
Anchovy can undergo multiple-batch spawning during the spawning period. After laying
their eggs, they disperse to forage for food in the surrounding areas. There are several
traditional spawning grounds for anchovies along the coast of the Shandong Peninsula
(Figure 2), which play a pivotal role as both spawning and feeding grounds for the anchovy
population [17,23,24]. Several studies have been conducted to investigate the biological
information of anchovies around these areas [14,25-28]. However, these studies are relatively
limited and dated, emphasizing the need for further studies to address knowledge gaps.

The estimation of fish age has traditionally involved examining calcified structures like
otoliths, scales, and other skeletal parts. However, otolith remains the preferred structure
due to its simplicity, high accuracy, and minimal need for specialized equipment [29,30].
Otoliths are small calcareous structures found in the inner ear of fish that function as
valuable repositories of their life history [31,32]. Unlike other structures, otoliths possess
resistance to reabsorption and continuous growth, providing critical insights into fish life
and growth, thus making them indispensable tools in ecological fish studies [29,33-35].
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Various innovative methods using sophisticated technology have been employed in fish
age determination [31,36,37]. However, this approach incurs significant costs and cannot be
universally applied to all species. Despite these challenges, otolith microstructure analysis
remains the most commonly used and reliable approach for age determination in teleost
fishes [34]. The analysis provides a powerful tool for gathering essential biological data
particularly well-suited for investigating the age, growth, and survival rate of early-stage
fish [38,39]. Otolith microstructure analysis has become increasingly crucial in studying var-
ious aspects of fish populations, including early life history, fish distribution, age structure,
and growth, with applications spanning across China and other countries [10,14,25,40—42].
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Figure 2. Migration routes of anchovy illustrated based on Zhang et al. [17]. The blue square
delineates the study area, with the wintering migration routes indicated by black arrows and the
spawning migration routes denoted by red arrows.

This study aims to provide essential insights into the biological aspects of anchovies
in the coastal area of the Shandong Peninsula based on year-round seasonal trawl data.
This includes estimating age, length-weight relationships, and population growth parame-
ters. The findings of this study will establish the foundation for more in-depth biological
research, potentially providing valuable insights to improve the effectiveness of fisheries
management and preserve marine ecosystem health in China.

2. Materials and Methods
2.1. Survey and Sample Processing

Surveys were conducted in the coastal waters of the Shandong Peninsula, covering the
area between 118°20'-123°50" E and 35°00'-38°30’ N. They were divided into the following
three regions: Laizhou Bay (area A), northern Shandong Peninsula (area B), and southern
Shandong Peninsula (area C) (Figure 3). The anchovy samples were collected using a
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bottom trawl operated at a speed of approximately 3 knots for one hour. The trawl net has
an opening width of about 20 m with a height of about 2 m and a mesh size of 1.5 to 1.8 cm.
A total of 651 stations were conducted throughout four seasons (Table 1), with 54 trawls in
autumn, 14 in winter, 37 in spring, and 83 in summer.
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Figure 3. Survey stations located in the coastal waters of the Shandong Peninsula from autumn 2016
to summer 2017. The Shandong Peninsula is divided into three distinct regions: (A) Laizhou Bay,
(B) the northern region of the peninsula, and (C) the southern region of the peninsula (separated by
the red dotted line). Sampling for autumn was conducted in October 2016, winter in late December
2016 to early January 2017, spring in May 2017, and summer in August 2017.

Table 1. Seasonal variations of survey and sampling data for Engraulis japonicus were collected in the
coastal waters of the Shandong Peninsula from autumn 2016 to summer 2017.

Anchovy
Occurrence .
. Total Number . Number of Total Length Wet Weight
Season (Time Station . ; Frequency of Mean CPUE
. of Survey Anchovies (Length Range)  (Weight Range) o 2
Collection) Stations M(e“:;lli?emnt (ind.) (mm) {gram) Occurrence (%) (kg/km?)
Station)
Autumn 98.63 £ 30.18 9.01 +6.19
(October) 160 54 (19) 243 (35-165) (0.27-24.89) 33.75 2020.29 4+ 113.28
Winter (late
December to 166 14 (11) 91 106(-23_{[6%?-09 (%7719255-5917) 8.43 248.03 + 46.14
early January) . .
Spring (May) 161 37 (33) 287 126('272}65’-66 g;géjfg? 2298 1356.37 + 99.54
Summer 113.06 £ 16.55 7.08 £ 3.60
(August) 164 83 (74) 880 (39-159) (0.35-22.06) 50.61 31,436.93 + 1469.03
Total 651 188 (137) 1501 112('2967_1:6%'34 (%3773&%‘) 115.77 35,061.62 + 1727.99

A total of 1501 anchovy samples were randomly selected from different stations and
used for biological measures in this study. The examination comprised 243 individuals in
autumn, 91 in winter, 287 in spring, and 880 in summer (Table 1). The total length (TL)
and body weight (wet weight, WW) were measured to the nearest 0.1 mm and 0.01 g,
respectively. Additionally, 582 subsamples were randomly selected from the summer
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cruises and used for age estimation, with 322 samples collected from area B and 260 samples
from area C.

2.2. Data Analysis
2.2.1. Assessment of Anchovy Biomass

In this study, the anchovy biomass was assessed by calculating the catch per unit effort
(CPUE) (kg/km?), which was determined using the following formula:

CPUE (kg/km?) = = catch (kg) (1)

Lt (h) x speed (%‘) x net width (km)

CPUE represents the average catch per unit of time (kg/km?); ¥ catch refers to the
total catch recorded at each station (kg), while X ¢ (h) represents the duration of trawl
operation at each station. The trawl speed per hour (kn/h) requires conversion to kilometers
by multiplying it by a factor of 1.852 km. Finally, net width (km) signifies the width of the
net utilized as the sampling gear during data collection.

2.2.2. Size Distribution and Length-Weight Relationship

The anchovy growth pattern was estimated by determining the length-weight rela-
tionship (LWR) parameters. The LWR is a valuable predictor of fish growth, biological
health, and aquatic ecosystem conditions that vary between species due to environmental
factors, seasonal fluctuations, and geographic location [39,42]. The LWR parameters are
expressed by the following equation [43]:

WW =a x TLP )

Equation (2) can alternatively be represented in a logarithmic form, which is often
used to convert the relationship into a linear form and simplify statistical analysis. The
log-transformed formula is as follows [43]:

In (WW) =1In (a) + b x In (TL), 3)

WW represents the weight (g), while TL indicates the total length (mm), ‘a’ represents
the intercept value, and ‘b’ represents the slope value. The goodness of fit was evaluated
by calculating the coefficient of determination (R?) [43].

To estimate the growth pattern of anchovy, the regression coefficient (b) was com-
pared to the theoretical isometric growth coefficient using the mathematical equation of
Student’s t-test [44]. The allometric coefficient (b) reflects the type of mass growth relative
to length. If the exponent b = 3 (isometric), fish tend to have the same shape, while if b > 3
(positive allometric) or b < 3 (negative allometric), fish tend to become slightly fatter or
more streamlined.

2.2.3. Relative Condition Factor

The seasonal variations of the relative condition factor (K,), which reflects the inter-
action of biotic and abiotic factors influencing the physiological condition of fish, were
determined using Le Cren [45] formula:

(4)

WW represents the actual weight of the fish, while WW’ is derived from the length—
weight relationship (LWR) for each season. A one-way ANOVA was employed to explore
seasonal variations in K, values, followed by Tukey test when necessary. The coeffi-
cient of determination (R?) was also utilized to assess the predictive quality of the linear
regression model.
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2.2.4. Age Estimation

Age estimation was conducted using anchovy sagittal otoliths, which were resin-
embedded on plastic molds and subsequently polished to improve the visibility of the
annual increments. Photographs of the otoliths were taken at 200 x magnification using
photomicrographic equipment (OLYMPUS BX53,Tokyo, Japan). Under transmitted light,
the otolith sections displayed a distinct pattern of translucent and opaque bands (Figure 4).
For Japanese anchovy, a translucent band appears before the opaque band, and each
opaque band was identified as an annulus ring [46]. The formation of annulus was proven
to occur between May and September, with predominant occurrences in June and August,
as indicated by marginal increment analysis [46-49]. This suggests that the timing of
annual ring formation in anchovies corresponds with their spawning period, indicating
a correlation between annulus formation and spawning events. Therefore, the age of
anchovies was determined by counting the opaque bands, considering the date of birth (1st
June) based on the spawning period of anchovies (typically occurring between May and
August) and the capture date [46,50].

K‘ . - translucent zone

opaque zone

Figure 4. A digital photograph an anchovy sagittal otolith (TL = 144 mm, 3 years old) shows annual
increments. Red dots mark the core, while black dots indicate the increments.

Since the maximum age of anchovies is 4, with the majority being 0-1 years old, the
accuracy of age estimation methods using average percent error (APE) and coefficient
of variation index (CV) calculations could lead to significant discrepancies. Therefore,
anchovy otoliths were blindly read twice monthly, and conflicting results were evaluated
by experienced readers. When the same reading occurred at least 2 out of 3 times, it was
considered as the age determination [51-53]. This approach involved excluding individuals
with inconsistent or inaccurate aging results. Following this, the chi-square test was
employed to evaluate the difference in the age distribution between the two regions during
the summer.

2.2.5. Growth Parameters

The growth parameters of anchovy were evaluated using the von Bertalanffy growth
function, a widely accepted approach in fisheries research due to its incorporation into
early stock assessment models [54,55].

L= Lo [1— e K(t- *0)} ®)

L; is the length at age ¢, L, is the theoretical asymptotic length, K represents the growth
coefficient, and ty denotes the theoretical age when L = 0. The von Bertalanffy growth
function (VBGF) was applied using the FSA package in R software 4.3.2 (R Core Team,
2018) [56].
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3. Results
3.1. Spatial-Temporal Distribution

During the 2016-2017 survey in the coastal waters of the Shandong Peninsula, anchovy
had an overall occurrence frequency of 28.87% across all stations. The seasonal occurrence
frequency of anchovy was as follows: summer (50.61%) > autumn (33.75%) > spring
(22.98%) > winter (8.43%). Similarly, the highest biomass was observed in summer (average,
31,436.93 kg/km?), followed by autumn, with a biomass of 2020.29 kg/km?, while during
the winter, anchovy biomass was notably low, at only 248.03 kg/km? (Table 1; Figure 5).
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Figure 5. Japanese anchovy distribution throughout the Shandong Peninsula during the study period.
Symbols at specific stations might overlap, since anchovies were encountered multiple times during

sampling across various seasons. The size of the symbols indicates the biomass of anchovies.

The spatial distribution of anchovy showed distinct seasonal variation. In spring and
summer, the coastal areas along the Shandong Peninsula, specifically in area B and area
C, serves as a primary aggregation area, suggesting the potential for inshore spawning
activities (Figure 5). In autumn, the primary distribution areas tend to shift from inshore
to offshore areas. The Laizhou Bay inshore areas (area A) also have a higher presence
of anchovies, though with low abundance. The anchovy biomass declines notably in
the inshore areas during the winter, and the central Yellow Sea becomes the primary
distribution area.

3.2. Seasonal Variation Pattern of Length and Length—Weight Relationship

The observed total length of anchovies ranged from 35 to 165 mm across all seasons,
with an average length of 112.97 £ 21.34 mm (Table 1; Figure 6). Seasonal variations in
anchovy size distribution were evident. During spring and summer, larger individuals of
anchovy are predominant, especially in the spring, when many individuals exceed 90 mm
in length. The average length of these larger individuals reaches 126.75 4 13.66 mm, with
the dominant length group falling within the range of 120 to 130 mm. In summer, the
dominant length group shifts slightly to 110-120 mm, and the average length decreases to
113.06 £ 16.55 mm. Smaller individuals (approximately 39-95 mm in length) were observed
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during this season. The length distribution of individuals in autumn was more evenly
spread, characterized by a dominant length of 120-130 mm, with an average length of
98.63 & 30.18 mm. Autumn exhibits a higher proportion of smaller individuals with lengths
of less than 90 mm. As winter set in, the average individual length was 106.89 =+ 26.09 mm,
with the larger individuals predominating in the 100-110 mm range and the smaller
individuals predominating in the 60-70 mm range.
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Figure 6. The frequency of length distribution of anchovy from four seasons in the Shandong Peninsula.

The length-weight relationship of anchovy showed an exponential correlation (Table 2;
Figure 7). The all-season LWR is defined by the equation WW = 0.0054 129626 (R? = 0.8743).
There are evident variations in the length-weight relationship across different seasons. The
value of b is larger than 3 in all seasons and significantly different from 3 (p < 0.05), which
indicates positive allometric growth or hyperallometric growth. The average relative condi-
tion factor (Kn) value was 1.025 & 0.017, with the highest value recorded in Autumn 2016

(1.052 £ 0.287). A one-way ANOVA analysis revealed no significant seasonal variations
(p =0.0519 > 0.05).

Table 2. Details of the LWR parameter and the mean value of K, of anchovy in four seasons from
Shandong Peninsula coastal waters.

Length-Weight Relationship (LWR) Parameters

Season K
a b R? "
Autumn 0.005153 3.066 0.953 1.052 + 0.287
Winter 0.003171 3.197 0.908 1.016 £ 0.155
Spring 0.002445 3.372 0.971 1.018 + 0.151
Summer 0.003516 3.188 0.802 1.015 £+ 0.165

3.3. Age Estimation and Growth Parameter

During the summer, age estimation in both the northern Shandong Peninsula (area B)
and the southern Shandong Peninsula (area C) revealed a minimum age of 0 years and a
maximum recorded age of 4 years. The highest-frequency age group was 1 year in both
areas (Figure 8). In area B, there were very few anchovies in the younger class (age 0). In
area C, the age group of adult anchovies (age 4) was less prevalent. The chi-square test
indicated that the age frequency distribution of anchovy differed significantly between the
two areas (x? = 26.85, df = 4, p < 0.05).
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during the summer of 2017.
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The von Bertalanffy model was fitted to the length-at-age data, resulting in an esti-
mated asymptotic length (L) of 154.40 mm and a growth coefficient (K) of 0.604/year.
The theoretical age at which fish length would be zero (ty) was estimated at —0.965 years.
Therefore, the von Bertalanffy growth equation for anchovy is represented as follows:
Li = 154.40 [1 — e~ 0604 (t+0.965)] (Figure 9). The relationship between the number of annual
growth rings and fish body length shows a logarithmic growth pattern. Furthermore, the
coefficient of determination (R?) for the von Bertalanffy model was 0.7817, indicating a
strong fit of the model to the observed data.

160 |

L:=154.40 [1 — e0-604 ¢t + 0.965)] ,

—
[\
(=]

Total Length (mm)
[eze]
()

) observed
— redicted
0l ., P
0 1 2 3 4
Age (years)

Figure 9. The von Bertalanffy growth curve of anchovy from the coastal waters of the Shandong Peninsula.

4. Discussion
4.1. Spatial-Temporal Distribution of Japanese Anchovy

The coastal Yellow and Bohai Seas serve as traditional spawning grounds for Japanese
anchovy [17]. In the early spring, as the temperatures of coastal waters rise, anchovies
migrate from their wintering grounds to the coastal area to spawn (Figure 2) [57-60].
Anchovies have a prolonged spawning period [39], with the primary spawning season
occurring in late spring until early summer [17,25,61,62]. During this primary spawning
period, spring and summer show higher adult abundance and larger sizes, ranging from
90 to 150 mm, with average total lengths of 126.75 £ 13.66 mm and 113.06 + 16.55 mm,
respectively (Figure 5; Figure 6). Conversely, autumn and winter exhibit a significant
prevalence of smaller-sized anchovies, particularly noticeable during autumn, with sizes
ranging from 30 to 50 mm. This suggests recruitment events occurring within the existing
population [63,64]. The size dominance observed in each season aligns with Zhu et al. [27],
who found that larger anchovies were more common in spring, whereas sizes ranging from
20 to 70 mm were dominant in winter.

Japanese anchovy has a relatively short lifespan with rapid growth. Generally, anchovies
live for up to three years, with a few individuals surviving up to four years [25,27,61]. In
our survey area, anchovy age estimation ranges from age 0 to age 4, with the age-1 group
being predominant. The age-1 group accounts for 50% of the population in area B and 75% in
area C. Anchovy stocks in area B consist of individuals aged 1 to 4, while the stocks in area C
mostly consist of individuals aged 1 to 3. Anchovies reach sexual maturity quickly and can
spawn by the age of one year. Their reproductive capacity increases between ages 1 and 2,
while the peak of the reproductive capacity period occurs between ages 2 and 3 [60]. Previous
studies showed that the early spawning stock of anchovy is primarily composed of large
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individuals [25,61], and the population spawning in summer is dominated by small individ-
uals aged 1-2 years [27]. This pattern supports the body length distribution of anchovies
observed in this study (Figure 6).

The presence of age-0 individuals in both locations suggests the possibility of these
areas serving as nursery grounds during that period [3,7]. The northern Shandong Penin-
sula exhibits a higher number of individuals ranging from age 1 to age 4, while in the
southern Shandong Peninsula, the population consists of anchovies aged from 0 to 1. This
divergence might be attributed to temporal variations in the anchovy spawning period
influenced by environmental conditions and migration patterns [17,39]. The frequency of
small-sized anchovies in these areas has also increased compared to the anchovy popula-
tion in 1991. This phenomenon indicates a trend of miniaturization within the anchovy
population [61] attributed to environmental pressure [65], fishing pressure [16], and climate
change effects [66].

Nonetheless, it is important to note that this study was limited to a one-year survey,
focusing only on the summer samples without conducting gonad analysis on the anchovy
samples. Consequently, data on sex and spawning ratios across different age groups are
unavailable. The subsample from summer was selected to represent the period when
anchovy reproduction activity tends to peak. However, due to sample limitations, the age
study only utilized samples from areas B and C. Supplementing ages from other seasons
will provide better insights into anchovy information.

4.2. Growth Pattern

The total length (TL) of anchovies observed in this study ranges from 35 to 165 mm,
with the majority falling within 110-120 mm (Figure 6). These findings are consistent
with previous studies conducted in the Yellow Sea, which reported length variations in
anchovies ranging from 40 to 165 mm, with a mean length of 119 mm and a maximum
length reaching 160 mm [25,27,67]. Similar results from studies in other locations, such as
Korea and Japan, also suggest that anchovy populations typically range from 80 to 140 mm,
with a maximum length of 140 mm [68,69].

The LWR analysis reveals that anchovies in the Shandong Peninsula display a pos-
itive allometric growth pattern (Figure 7a—d), indicating that the anchovy experiences a
proportionally more significant increase in weight compared to length, reflecting favorable
prey and growth conditions [70]. Positive allometric growth (b > 3 in LWR) has also been
observed in anchovy populations across various sea areas [26,27,39,71,72]. The mean rel-
ative condition factor (K,) is a factor that can assess the overall health and physiological
state of fish populations [73,74]. In this study, the K, value was 1.025 £ 0.017, indicating
that the anchovy population in the Shandong Peninsula generally exhibits good health and
well-being [45,75,76]. The highest K,, value was recorded during autumn (1.052 + 0.287),
suggesting an improved condition of the fish population during that season. The higher K,
value in autumn may also indicate preparation for overwintering, as anchovies typically
reduce their feeding activity during the overwintering period [27,77]. Conversely, the lower
K, value in spring and summer may suggest anchovies invest more energy in reproduction
and growth. This variation in K, value could reflect that anchovy is an “income breeder”
species [78,79], i.e., spawning depends on energy obtained from pre-spawning feeding
rather than energy accumulated in the body [71,76,80].

Anchovy exhibits an allometric relationship based on the von Bertalanffy growth
parameters, demonstrating rapid growth during the first year of life, followed by a slower
and more controlled growth rate (Figure 9). This corresponds with the concept of auto-
catalytic growth, which suggests that growth increases, then slows down until the fish
reaches a certain length and becomes a constant [55,81]. The asymptotic length (L) for
anchovy derived from the von Bertalanffy growth equation was 154.40 mm. Pauly and
Morgan [82] suggest that infinite length (L) can be utilized to determine the optimal size
for fishing in a particular body of water. Compared to results from another study (Table 3),
our findings for the Lo, of anchovy in the study area closely correspond with those reported
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in the East China Sea and Yellow Sea (155 mm) by Iversen et al. [25]. However, there is
a difference when compared to the studies conducted by Liang and Pauly [83] and Zhu
et al. [27], possibly due to geographical variations and seasonal fluctuation. The population
used in this study was from the summer samples, whereas both previous studies used an
anchovy population from winter samples.

Table 3. Growth parameters of E. japonicus in diverse locations within China and the surrounding waters.

Location Lo (mm) K (/Years) to (Years) References
Coastal waters of Shandong Peninsula 154.40 0.604 0.965 This study
(summer stock)
Chinese waters 184 0.51 [83]
Yellow Sea (wintering stock in 2001) 190.1 0.47 0.06 [27]
Yellow Sea (wintering stock in 2004) 172.7 0.61 0.17
East China Sea (spring stock) 53.22 0.019 2.80 [26]
East China Sea (late summer stock) 42.17 0.024 3.10
East China Sea and Yellow Sea 155 0.6 1 [25]

The growth coefficient (K) of anchovies calculated in this study was 0.604, which falls
within the category of medium growth according to the classification proposed by Sparre
and Venema [55]. This relatively higher growth coefficient (K) value suggests that the
maximum asymptotic length will be attained more quickly, a characteristic often observed
in fish species with short life cycles [84]. Compared with previous studies (Table 3), our
findings show a growth coefficient (K) value consistent with those reported previously.
Nonetheless, a study by Chiu and Chen [26] reported low growth coefficient (K) values for
two anchovy stocks from the East China Sea, which might be attributed to differences in
fishing gear affecting the variations of fish caught.

5. Conclusions

This study provides fundamental and valuable insights into the distribution, growth
patterns, and age composition of Japanese anchovy (Engraulis japonicus) in the coastal
waters of Shandong Peninsula, China. Anchovy distribution is primarily concentrated in
the coastal area during spring and summer. Age estimation from the summer samples
revealed anchovies ranging from age of 0 to age of 4, primarily consisting of individ-
uals aged 1. Positive allometric growth trends were observed seasonally, with larger
individuals predominating in the spring and summer. The von Bertalanffy growth equa-
tion (L = 154.40 [1 — e~ 0-604(t+0.965)]) jndjcates an estimated asymptotic length (L) of
154.40 mm and a medium growth rate (K = 0.604). To ensure the sustainability of this
species, the implementation of several strategies, such as size restrictions, identification
of optimal fishing seasons, and regular monitoring, could be pursued. These actions
could significantly impact fisheries management and marine ecosystem preservation in the
Shandong Peninsula.

Author Contributions: Conceptualization, Y.T. and C.Z.; methodology, Y.T. and C.Z; software, K.E;
validation, Y.T. and W.Z.; formal analysis, K.F; investigation, W.Z. and S.L; resources, W.Z.; data
curation, Y.T.; writing—original draft preparation, K.F.,; writing—review and editing, W.Z. and S.L.;
visualization, K.F,; supervision, Y.T.; project administration, Y.T.; funding acquisition, Y.T. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (NSFC)
(Grant No. 41930534).

Institutional Review Board Statement: This study was conducted in accordance with the guidelines
and with the approval of the respective Animal Research and Ethics Committees of the Ocean
University of China (Permit Number: 20141201), and only dead specimens from the surveys were
used in the study.



Fishes 2024, 9, 124 13 of 16

Informed Consent Statement: Not applicable.

Data Availability Statement: The information provided in this research can be obtained upon request
from the author responsible for correspondence.

Acknowledgments: We extend our gratitude to the personnel and crews involved in the survey
for their efforts in collecting and sharing the data. Additionally, we express our appreciation to the
anonymous reviewers and the editor of the journal for their invaluable feedback.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Albo-Puigserver, M.; Pennino, M.G.; Bellido, ].M.; Colmenero, A .L; Girdldez, A.; Hidalgo, M.; Gabriel Ramirez, J.; Steenbeek, J.;
Torres, P.; Cousido-Rocha, M.; et al. Changes in Life History Traits of Small Pelagic Fish in the Western Mediterranean Sea. Front.
Mar. Sci. 2021, 8, 570354. [CrossRef]

Ningrum, E.W.N.; Patria, M.P. Microplastic contamination in Indonesian anchovies from fourteen locations. Biodiversitas J. Biol.
Divers. 2021, 23, 125-134. [CrossRef]

Xing, Q.; Yu, H.; Ito, S.-i.; Ma, S.; Yu, H.; Wang, H.; Tian, Y.; Sun, P,; Liu, Y.; Li, J.; et al. Using a larval growth index to detect the
environment-recruitment relationships and its linkage with basin-scale climate variability: A case study for Japanese anchovy
(Engraulis japonicus) in the Yellow Sea. Ecol. Indic. 2021, 122, 107301. [CrossRef]

Ma, S.; Cheng, J.; Li, J.; Liu, Y;; Wan, R;; Tian, Y. Interannual to decadal variability in the catches of small pelagic fishes from China
Seas and its responses to climatic regime shifts. Deep Sea Res. Part II Top. Stud. Oceanogr. 2019, 159, 112-129. [CrossRef]

Otero, J.; Hidalgo, M.; Secor, D. Life-history traits and environment shape small pelagic fish demography and responses to fishing
and climate across European Atlantic seas. ICES J. Mar. Sci. 2023, 80, 1447-1461. [CrossRef]

Peck, M.A.; Alheit, J.; Bertrand, A.; Catalan, I.A.; Garrido, S.; Moyano, M.; Rykaczewski, R.R.; Takasuka, A.; van der Lingen,
C.D. Small pelagic fish in the new millennium: A bottom-up view of global research effort. Prog. Oceanogr. 2021, 191, 102494.
[CrossRef]

Zhang, Z.; Wang, Y.; Liu, S.; Liang, C.; Xian, W. Assessing the Distribution and Sustainable Exploitation of Lophius litulon in
Marine Areas Off Shandong, China. Front. Mar. Sci. 2022, 9, 759591. [CrossRef]

Lefort, S.; Aumont, O.; Bopp, L.; Arsouze, T.; Gehlen, M.; Maury, O. Spatial and body-size dependent response of marine pelagic
communities to projected global climate change. Glob. Chang. Biol. 2015, 21, 154-164. [CrossRef]

Montero-Serra, I.; Edwards, M.; Genner, M.]. Warming shelf seas drive the subtropicalization of European pelagic fish communi-
ties. Glob. Chang. Biol. 2015, 21, 144-153. [CrossRef]

Huang, C.-H.; Chen, C.-S.; Chiu, T.-S. Growth of Buccaneer Anchovy (Encrasicholina punctifer) During Juvenile Stage in the Waters
off Southwestern Taiwan. J. Taiwan Fish. Res. 2018, 26, 53-61.

Yedier, S. Otolith shape analysis and relationships between total length and otolith dimensions of European barracuda, Sphyraena
sphyraena in the Mediterranean Sea. Iran. . Fish. Sci. 2021, 20, 1080-1096. [CrossRef]

Chen, Z.; Lu, H;; Liu, W,; Liu, K.; Chen, X. Beak Microstructure Estimates of the Age, Growth, and Population Structure of
Purpleback Flying Squid (Sthenoteuthis oualaniensis) in the Xisha Islands Waters of the South China Sea. Fishes 2022, 7, 187.
[CrossRef]

Hayashi, A.; Zhang, K.; Saruwatari, T.; Kawamura, T.; Watanabe, Y. Distribution of eggs and larvae of Japanese anchovy Engraulis
japonicus in the Pacific waters off northern Japan in summer. Fish. Sci. 2016, 82, 311-319. [CrossRef]

Hwang, S.D.; Song, M.H.; Lee, TW.; McFarlane, G.A.; King, ].R. Growth of larval Pacific anchovy Engraulis japonicus in the Yellow
Sea as indicated by otolith microstructure analysis. J. Fish Biol. 2006, 69, 1756-1769. [CrossRef]

Zhao, X.; Hamre, J.; Li, F; Jin, X,; Tang, Q. Recruitment, sustainable yield and possible ecological consequences of the sharp
decline of the anchovy (Engraulis japonicus) stock in the Yellow Sea in the 1990s. Fish. Oceanogr. 2003, 12, 495-501. [CrossRef]
Wan, R.; Bian, X. Size variability and natural mortality dynamics of anchovy Engraulis japonicus eggs under high fishing pressure.
Mar. Ecol. Prog. Ser. 2012, 465, 243-251. [CrossRef]

Zhang, W.; Yu, H.; Ye, Z,; Tian, Y.; Liu, Y,; Li, J.; Xing, Q.; Jiang, Y. Spawning strategy of Japanese anchovy Engraulis japonicus in
the coastal Yellow Sea: Choice and dynamics. Fish. Oceanogr. 2020, 30, 366-381. [CrossRef]

Wang, Y,; Liu, Q.; Ye, Z. A Bayesian analysis on the anchovy stock (Engraulis japonicus) in the Yellow Sea. Fish. Res. 2006, 82, 87-94.
[CrossRef]

Zheng, F; Liu, Q.; Wang, Y. Study of impacts of environmental factors on stock and recruitment relationship of the anchovy stock
in the Yellow Sea. South China Flsheries Sci. 2008, 4, 15-20.

Li, X.; Wang, K.; Xu, B.; Xue, Y.; Ren, Y.; Zhang, C. Annual variation of species composition and spatial structure of fish community
in Shandong offshore. J. Fish. China 2021, 45, 552-562. [CrossRef]

Zhao, K.; Gaines, S.D.; Garcia Molinos, J.; Zhang, M.; Xu, J. Climate change and fishing are pulling the functional diversity of the
world’s largest marine fisheries to opposite extremes. Glob. Ecol. Biogeogr. 2022, 31, 1616-1629. [CrossRef]

Bureau of Fisheries of the Ministry of Agriculture of the People’s Republic of China. China Fishery Statistical Yearbook; China
Agriculture Pree: Beijing, China, 2021; pp. 1979-2021.


https://doi.org/10.3389/fmars.2021.570354
https://doi.org/10.13057/biodiv/d230116
https://doi.org/10.1016/j.ecolind.2020.107301
https://doi.org/10.1016/j.dsr2.2018.10.005
https://doi.org/10.1093/icesjms/fsad072
https://doi.org/10.1016/j.pocean.2020.102494
https://doi.org/10.3389/fmars.2022.759591
https://doi.org/10.1111/gcb.12679
https://doi.org/10.1111/gcb.12747
https://doi.org/10.22092/ijfs.2021.124429
https://doi.org/10.3390/fishes7040187
https://doi.org/10.1007/s12562-015-0966-4
https://doi.org/10.1111/j.1095-8649.2006.01244.x
https://doi.org/10.1046/j.1365-2419.2003.00262.x
https://doi.org/10.3354/meps09795
https://doi.org/10.1111/fog.12523
https://doi.org/10.1016/j.fishres.2006.08.007
https://doi.org/10.11964/jfc.20200312206
https://doi.org/10.1111/geb.13534

Fishes 2024, 9, 124 14 of 16

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.
47.

48.

49.

50.
51.

52.

53.

54.

Wan, R.-J.; Wei, H,; Sun, S.; Zhao, X.-Y. Spawning ecology of the anchovy Engraulis japonicus in the spawning ground of the
Southern Shandong Peninsulal. Abundance and distribution characters of anchovy eggs and larvae. Acta Zool. Sin. (Chin. Abstr.
Engl.) 2008, 54, 785-797.

Yu, H.; Yu, H;; Tto, S.-i.; Tian, Y.; Wang, H.; Liu, Y.; Xing, Q.; Bakun, A.; Kelly, R.M. Potential environmental drivers of Japanese
anchovy (Engraulis japonicus) recruitment in the Yellow Sea. J. Mar. Syst. 2020, 212, 103431. [CrossRef]

Iversen, S.A.; Zhu, D.; Johannessen, A.; Toresen, R. Stock size, distribution and biology of anchovy in the Yellow Sea and East
China Sea. Fish. Res. 1993, 16, 147-163. [CrossRef]

Chiu, T.S.; Chen, C.S. Growth and temporal variation of two Japanese anchovy cohorts during their recruitment to the East China
Sea. Fish. Res. 2001, 53, 1-15.

Zhu, J.c.; Zhao, X.y; Li, EG. Growth characters of the anchovy stock in the Yellow Sea with its annual and seasonal variations.
Mar. Fish. Res. 2007, 28, 64-72.

Liu, C; Xian, W,; Liu, S.; Chen, Y. Variations in early life history traits of Japanese anchovy Engraulis japonicus in the Yangtze
River Estuary. Peer] 2018, 6, e4789. [CrossRef]

Campana, S.E. Otolith science entering the 21st century. Mar. Freshw. Res. 2005, 56, 485-495. [CrossRef]

Zhang, Y.; Bi, J.; Ning, Y.; Feng, ]. Methodology Advances in Vertebrate Age Estimation. Animals 2024, 14, 343. [CrossRef]
Bostanci, D.; Yalcinkaya, S.K.; Yedier, S.; Kurucu, G.; Polat, N. Otolith morphometry and scanning electron microscopy analysis of
three fish species from the Black Sea. Acta Biol. Turc. 2024, 37,]3:1-7.

D'Iglio, C.; Albano, M.; Famulari, S.; Savoca, S.; Panarello, G.; Di Paola, D.; Perdichizzi, A.; Rinelli, P.; Lanteri, G.; Spano, N.; et al.
Intra- and interspecific variability among congeneric Pagellus otoliths. Sci. Rep. 2021, 11, 16315. [CrossRef]

Popper, A.N.; Ramcharitar, J.; Campana, S.E. Why otoliths? Insights from inner ear physiology and fisheries biology. Mar. Freshw.
Res. 2005, 56, 497-504. [CrossRef]

Vieira, A.R. Assessment of Age and Growth in Fishes. Fishes 2023, 8, 479. [CrossRef]

Li, P; Liu, J.; Liu, Y;; Wang, T.; Liu, K.; Wang, ]. A comparative study on the age, growth, and mortality of Gobio huanghensis (Luo,
Le & Chen, 1977) in the Gansu and Ningxia sections of the upper Yellow River, China. BMC Ecol. Evol. 2024, 24, 30. [CrossRef]
Bojesen, T.A.; Denechaud, C.; Malde, K.; Andrews, A. Annotating otoliths with a deep generative model. ICES J. Mar. Sci. 2024,
81, 55-65. [CrossRef]

Cayetano, A.; Stransky, C.; Birk, A.; Brey, T.; Juanes, F. Fish age reading using deep learning methods for object-detection and
segmentation. ICES J. Mar. Sci. 2024. [CrossRef]

Aldanondo, N.; Cotano, U.; Etxebeste, E. Growth of young-of-the-year European anchovy (Engraulis encrasicolus) in the Bay of
Biscay. Sci. Mar. 2011, 75, 227-235. [CrossRef]

Zhu, Q.; Wu, R,; Masuda, Y.; Takahashi, Y.; Okabe, K.; Koizumi, K ; Iida, A.; Katayama, S. Spawning Phenology and Early Growth
of Japanese Anchovy (Engraulis japonicus) off the Pacific Coast of Japan. Fishes 2023, 8, 11. [CrossRef]

Cerna, E; Gémez, M.; Moyano, G.; Plaza, G.; Morales-Nin, B. Spatial and inter-annual changes in the growth patterns of
young-of-year anchovy in a high productive ecosystem. Fish. Res. 2022, 249, 106236. [CrossRef]

Uriarte, A.; Rico, L; Villamor, B.; Duhamel, E.; Duenas, C.; Aldanondo, N.; Cotano, U. Validation of age determination using
otoliths of the European anchovy (Engraulis encrasicolus L.) in the Bay of Biscay. Mar. Freshw. Res. 2016, 67, 951-966. [CrossRef]
Yimer, M.A.; Cao, L.; Shen, ].Z.; Zhang, E. Age, growth, maturity and mortality of the tapetail anchovy Coilia brachygnathus
(Engraulidae) in Lake Honghu, China. J. Fish Biol. 2023, 104, 410-421. [CrossRef]

Froese, R. Cube law, condition factor and weight-length relationships: History, meta-analysis and recommendations. J. Appl.
Ichthyol. 2006, 22, 241-253. [CrossRef]

Snedecor, G.W.; Cochran, W.G. Statistical Methods, 8th ed.; lowa State University Press/Ames: Ames, IA, USA, 1989.

Le Cren, E.D. The Length-Weight Relationship and Seasonal Cycle in Gonad Weight and Condition in the Perch (Perca fluviatilis).
J. Anim. Ecol. 1951, 20, 201-219.

Li, P; Qin, Y.; Chen, J. Age and growth of Japanese anchovies in the northern Yellow Sea. Fisheries Sci. 1982, 1, 1-5. [CrossRef]
Soeth, M.; Favaro, L.F; Spach, H.L.; Daros, F.A.; Woltrich, A.E.; Correia, A.T. Age, growth, and reproductive biology of the
Atlantic spadefish Chaetodipterus faber in southern Brazil. Ichthyol. Res. 2019, 66, 140-154. [CrossRef]

Carvalho, M.G.; Moreira, C.; Queiroga, H.; Santos, P.T.; Correia, A.T. Age, growth and sex of the shanny, Lipophrys pholis (Linnaeus,
1758) (Teleostei, Blenniidae), from the NW coast of Portugal. J. Appl. Ichthyol. 2017, 33, 242-251. [CrossRef]

Correia, A.T.; Manso, S.; Coimbra, ]. Age, growth and reproductive biology of the European conger eel (Conger conger) from the
Atlantic Iberian waters. Fish. Res. 2009, 99, 196-202. [CrossRef]

Giannetti, G.; Donato, F. Age Determination Manual; AdriaMed Occasional Papers: Termoli, Italy, 2003.

Sun, Y.; Zhang, C.; Tian, Y.; Watanabe, Y. Age, growth, and mortality rate of the yellow goosefish Lophius litulon (Jordan, 1902) in
the Yellow Sea. . Oceanol. Limnol. 2020, 39, 732-740. [CrossRef]

Mu, X.; Zhang, C.; Zhang, C.; Yang, J.; Ren, Y. Age-structured otolith chemistry profiles revealing the migration of Conger
myriaster in China Seas. Fish. Res. 2021, 239, 105938. [CrossRef]

Xu, S.; Sun, P; Zhang, C.; Li, J.; Xi, X.; Ma, S.; Zhang, W,; Tian, Y. Age and Feeding Habits of Caml Grenadier Macrourus caml in
Cosmonauts Sea. Fishes 2023, 8, 56. [CrossRef]

Beverton, R.J.H.; Holt, S.J. On the Dynamics of Exploited Fish Populations; Chapman & Hall: Boca Raton, FL, USA, 1957.


https://doi.org/10.1016/j.jmarsys.2020.103431
https://doi.org/10.1016/0165-7836(93)90049-D
https://doi.org/10.7717/peerj.4789
https://doi.org/10.1071/mf04147
https://doi.org/10.3390/ani14020343
https://doi.org/10.1038/s41598-021-95814-w
https://doi.org/10.1071/MF04267
https://doi.org/10.3390/fishes8100479
https://doi.org/10.1186/s12862-024-02217-2
https://doi.org/10.1093/icesjms/fsad170
https://doi.org/10.1093/icesjms/fsae020
https://doi.org/10.3989/scimar.2011.75n2227
https://doi.org/10.3390/fishes8010011
https://doi.org/10.1016/j.fishres.2022.106236
https://doi.org/10.1071/mf15092
https://doi.org/10.1111/jfb.15337
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.16378/j.cnki.1003-1111.1982.01.001
https://doi.org/10.1007/s10228-018-0663-2
https://doi.org/10.1111/jai.13307
https://doi.org/10.1016/j.fishres.2009.06.002
https://doi.org/10.1007/s00343-019-9216-4
https://doi.org/10.1016/j.fishres.2021.105938
https://doi.org/10.3390/fishes8010056

Fishes 2024, 9, 124 150f 16

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Sparre, P.; Venema, S. Introduction to Tropical Fish Stock Assessment. Part 1: Manual. I, 2nd ed.; FAO Fisheries Technical Paper; FAO:
Rome, Italy, 1998; Volume 306, 407p.

Ogle, D.; Doll, J.; Wheeler, P.; Dinno, A. Simple Fisheries Stock Assessment Methods: Package “FSA”. FSA Version 0.9.5,
the R Software Version is 4.3.2, 2023. Available online: https://cran.r-project.org/web/packages/FSA /FSA.pdf (accessed on
27 February 2024).

Niu, M.; Jin, X.; Li, X.; Wang, ]. Effects of spatio-temporal and environmental factors on distribution and abundance of wintering
anchovy Engraulis japonicus in central and southern Yellow Sea. Chin. J. Oceanol. Limnol. 2014, 32, 565-575. [CrossRef]

Huang, J.; Sun, Y,; Jia, H.; Yang, Q.; Tang, Q. Spatial distribution and reconstruction potential of Japanese anchovy (Engraulis
japonicus) based on scale deposition records in recent anaerobic sediment of the Yellow Sea and East China Sea. Acta Oceanol. Sin.
2014, 33, 138-144. [CrossRef]

Liu, S; Liu, Y.; Alabia, I.D.; Tian, Y.; Ye, Z.; Yu, H.; Li, ].; Cheng, ]. Impact of Climate Change on Wintering Ground of Japanese
Anchovy (Engraulis japonicus) Using Marine Geospatial Statistics. Front. Mar. Sci. 2020, 7, 604. [CrossRef]

Hongchao, R. Studies on The Eggs and larvae of Engraulis japonicus. Stud. Mar. Sin. 1984, 22, 1-32.

Li, X.S.; Zhao, X.Y,; Li, F,; Li, EG.; Dai, EQ.; Zhu, ].C. Structure and its variation of the anchovy (Engraulis japonicus) spawning
stock in the Southern waters to Shandong Peninsula. Mar. Fish. Res. 2006, 27, 46-53.

Xiao, H.; Zhang, C.; Xu, B.; Xue, Y.; Liu, H.; Li, Z.; Ren, Y. Spatial Pattern of Ichthyoplankton assemblage in the coastal waters of
Central and Southern Yellow Sea in Spring. Haiyang Xuebao (Chin. Abstr. Engl.) 2017, 39, 34-47.

Aoki, I.; Miyashita, K. Dispersal of larvae and juveniles of Japanese anchovy Engraulis japonicus in the Kuroshio Extension and
Kuroshio+Oyashio transition regions, western North Pacific Ocean. Fish. Res. 2000, 49, 155-164.

Sasmita, S.; Pebruwanti, N.; Fitrani, I. Distribution of Anchovy Size in Purse Seine Fishing at Pulolampes Waters, Brebes Regency,
Central Java. J. Fish. Mar. Sci. 2018, 2, 96-102.

Liang, Z.; Sun, P,; Yan, W.; Huang, L.; Tang, Y. Significant effects of fishing gear selectivity on fish life history. . Ocean Univ. China
2014, 13, 467-471. [CrossRef]

Audzijonyte, A ; Richards, S.A.; Stuart-Smith, R.D.; Pecl, G.; Edgar, G.J.; Barrett, N.S.; Payne, N.; Blanchard, J.L. Fish body sizes
change with temperature but not all species shrink with warming. Nat. Ecol. Evol. 2020, 4, 809-814. [CrossRef]

Zhao, X. The Acoustic Survey of Anchovy in the Yellow Sea in February 1999, with Emphasis on the Estimation of the Size
Structure of The Anchovy Population. Mar. Fish. Res. 2001, 22, 40-44.

Lee, HW.; Hwang, S.D.; Kim, H. Age and Growth Characteristic of Pacific Anchovy, Engraulis japonicus, in the Southern Waters of
Korea Based on the Year Ring of Otolith and Collection Date. Korean J. Ichthyol. 2021, 33, 31-36. [CrossRef]

Yukami, R.; Aoki, I.; Mitani, I. Daily age of adult Japanese anchovy Engraulis japonicus off eastern Honshu, Japan by otolith daily
increment. Fish. Sci. 2008, 74, 1348-1350. [CrossRef]

Singh, M.; Serajuddin, M. Length-weight, length- length relationship and condition factor of Channa punctatus collected from
three different rivers of India. J. Entomol. Zool. Stud. 2017, 5, 191-197.

Funamoto, T.; Aoki, I.; Wada, Y. Reproductive characteristics of Japanese anchovy, Engraulis japonicus, in two bays of Japan. Fish.
Res. 2004, 70, 71-81. [CrossRef]

Mehanna, S.F; Osman, Y.A.A_; Khalil, M.T.; Hassan, A. Age and growth, mortality and exploitation ratio of Epinephelus summana
(Forsskal, 1775) and Cephalopholis argus (Schneider, 1801) from the Egyptian Red Sea coast, Hurghada fishing area. EQypt. J.
Aquat. Biol. Fish. 2019, 23, 65-75.

El-Aiatt, A.O.; Shalloof, K.A.S.; El-Betar, T.A. Some Biological Aspect of 9 Fish Species from The Mediterranean Coast, North
Sinai, Egypt, with Species Reference to Grey mullet, Mugil cephalus (Linnaeus, 1758). Egypt. ]. Aquat. Biol. Fish. 2022, 26, 45-62.
Richter, T.J. Development and Evaluation of Standard Weight Equations for Bridgelip Suckers and Largescale Suckers. North Am.
J. Fish. Manag. 2011, 27, 936-939. [CrossRef]

Joshi, KK.; Sreeram, M.P,; Zacharia, P.U.; Abdussamad, E.M.; Varghese, M.; Mohamed Habeeb, O.M.M.]; Jayabalan, K.; Kanthan,
K.P; Kannan, K.; Sreekumar, K.M.; et al. Check list of fishes of the Gulf of Mannar ecosystem, Tamil Nadu, India. ]. Mar. Biol.
Assoc. India 2016, 58, 34-54. [CrossRef]

Mughul, W.G.; Rajput, S.; Laghari, S.; Hussain, I.; Khan, P; Bilal, Z.; Sheikh, M.; Gachal, G.S.; Laghari, M.Y. Length-weight
relationship and condition factor of Labeo bata (Hamilton) (Cypriniformes: Cyprinidae) found in Ranikot stream, Sindh-Pakistan.
J. Surv. Fish. Sci. 2022, 8, 91-102. [CrossRef]

Zhang, B.; Zhao, X.; Dai, F. Monthly variation in the fat content of anchovy (Engraulis japonicus) in the Yellow Sea: Implications
for acoustic abundance estimation. Chin. J. Oceanol. Limnol. 2011, 29, 556-563. [CrossRef]

McBride, R.S.; Somarakis, S.; Fitzhugh, G.R.; Albert, A.; Yaragina, N.A.; Wuenschel, M.].; Alonso-Fernandez, A.; Basilone, G.
Energy acquisition and allocation to egg production in relation to fish reproductive strategies. Fish Fish. 2015, 16, 23-57. [CrossRef]
Basilone, G.; Ferreri, R.; Barra, M.; Bonanno, A.; Pulizzi, M.; Gargano, A.; Fontana, I.; Giacalone, G.; Rumolo, P.; Mazzola, S.; et al.
Spawning ecology of the European anchovy (Engraulis encrasicolus) in the Strait of Sicily: Linking variations of zooplankton prey,
fish density, growth, and reproduction in an upwelling system. Prog. Oceanogr. 2020, 184, 102330. [CrossRef]

Morato, T.; Afonso, P.; Lourinho, P,; Barreiros, ].P.; Santos, R.S.; Nash, R.D.M. Length—weight relationships for 21 coastal fish
species of the Azores, north-eastern Atlantic. Fish. Res. 2001, 50, 297-302.

Effendie, 1. Fisheries Bilogy (Biologi Perikanan); Yayasan Pustaka Nusatama (in Indonesia): Yogyakarta, Indonesia, 2002.


https://cran.r-project.org/web/packages/FSA/FSA.pdf
https://doi.org/10.1007/s00343-014-3166-7
https://doi.org/10.1007/s13131-014-0573-8
https://doi.org/10.3389/fmars.2020.00604
https://doi.org/10.1007/s11802-014-2167-7
https://doi.org/10.1038/s41559-020-1171-0
https://doi.org/10.35399/isk.33.1.5
https://doi.org/10.1111/j.1444-2906.2008.01665.x
https://doi.org/10.1016/j.fishres.2004.06.017
https://doi.org/10.1577/m06-087.1
https://doi.org/10.6024/jmbai.2016.58.1.1895-05
https://doi.org/10.18331/sfs2022.8.1.8
https://doi.org/10.1007/s00343-011-0187-3
https://doi.org/10.1111/faf.12043
https://doi.org/10.1016/j.pocean.2020.102330

Fishes 2024, 9, 124 16 of 16

82. Pauly, D.; Morgan, G.R. Length Based Methods in Fisheries Research. In ICLARM Conference Proceedings 13; International Center
for Living Aquatic Resources Management: Manila, Philippines; Kuwait Institute for Scientific Research: Safat, Kuwait, 1987;
p. 468.

83. Liang, C.; Pauly, D. Growth and mortality of exploited fishes in China’s coastal seas and their uses for yield-per-recruit analyses.
J. Appl. Ichthyol. 2017, 33, 746-756. [CrossRef]

84. Kutsyn, D.N.; Chesnokova, LL; Danilyuk, O.N.; Statkevich, S.V.; Ablyazov, E.R.; Belogurova, R.E. Age, Growth, Maturation, and
Mortality of Grass Goby Zosterisessor ophiocephalus (Gobiidae) of the Karkinitsky Gulf, the Black Sea. J. Ichthyol. 2022, 62, 109-116.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/jai.13379
https://doi.org/10.1134/s0032945221060096

	Introduction 
	Materials and Methods 
	Survey and Sample Processing 
	Data Analysis 
	Assessment of Anchovy Biomass 
	Size Distribution and Length–Weight Relationship 
	Relative Condition Factor 
	Age Estimation 
	Growth Parameters 


	Results 
	Spatial–Temporal Distribution 
	Seasonal Variation Pattern of Length and Length–Weight Relationship 
	Age Estimation and Growth Parameter 

	Discussion 
	Spatial–Temporal Distribution of Japanese Anchovy 
	Growth Pattern 

	Conclusions 
	References

