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Abstract: Collichthys lucidus is a small fish found in offshore waters that is economically important for
China. It is imperative to understand its distribution characteristics and driving factors. Based on
survey data of trawl fishery resources offshore of Zhejiang province, China, in spring (April) and
autumn (November) from 2018 to 2022, the spatial and temporal distributions of C. lucidus in this area
were analyzed. The random forest (RF) model was used to determine the important marine factors
affecting the distribution of C. lucidus. The relationship between the distributions of the important
variables was analyzed. The results showed that C. lucidus was mainly distributed in coastal waters.
The tail density of the species exhibited obvious seasonal variation and was significantly greater
in autumn than in spring. The most important factor affecting the distribution of this species in
spring and autumn was water depth. The bottom temperature, bottom salinity and dissolved oxygen
concentration were also important influencing factors. The importance of these factors differed
among the different seasons, while the chlorophyll a concentration and pH had no significant effect
on the species distribution. This study revealed the distribution pattern of C. lucidus in offshore
waters of Zhejiang Province and the influence of important marine factors on its distribution. This
study can enrich the survey data on C. lucidus and provide basic data for its scientific management
and protection.

Keywords: Zhejiang offshore; Collichthys lucidus; distribution characteristics; impact factors; random
forest model

Key Contribution: This study not only enriches the resource change survey data in the coastal
and offshore areas but also helps to understand the response of Collichthys lucidus to environmental
factors. This study provides a theoretical basis for the scientific management and effective utilization
of C. lucidus species.

1. Introduction

China’s Zhejiang offshore region is located in the north-central part of the East China
Sea and is an important habitat for a variety of marine organisms [1]. Due to the interactions
among monsoons, the Kuroshio current and multiple water masses, such as the Yangtze
River estuary diluted water, the sea area has high water temperature and a large salinity
gradient. Adequate food and nutrient availability provide good breeding, feeding and
overwintering conditions for fish, forming a species-rich ecosystem, which is an important
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area for producing offshore fishery resources in China [2]. However, due to the frequent
interference of global climate change and human activities, the offshore marine environment
in Zhejiang is constantly changing, as indicated by changes in temperature and frequent
hypoxia in coastal waters [3]. Changes in environmental conditions have had profound
impacts on the distribution of many fish and other marine organisms. Some fish may
migrate to new areas to find more suitable living conditions [4,5]. This will lead to changes
in fishing catches and species in the coastal waters of Zhejiang, with a series of economic
impacts on fisheries and related industries.

Collichthys lucidus (Spinyhead Croaker) belongs to Perciformes, Sciaenidae and Collichthys,
and is a warm-water bottom fish [6]. It is mainly distributed in the Yellow Sea, Bohai Sea,
East China Sea and South China Sea in the western and central Pacific Oceans. It is the main
economic fish in the coastal areas of China, Japan, North Korea, the Philippines, Indonesia
and other regions [7]. The fish is rich in nutrients and has broad market prospects. It is an
important fresh seafood for coastal residents and an important part of estuarine ecosystems
and has good development value [8]. In offshore waters of Zhejiang Province, C. lucidus
is not only used as bait for traditional fish such as Larimichthys crocea, Larimichthys polyactis
and Trichiurus lepturus but is also a predator of the larvae and eggs of these economic fish. It
is an important part of the marine food chain [9]. Its presence is conducive to maintaining
the stability of marine ecosystems, and it plays a connecting role in marine ecosystems. In
addition, C. lucidus exhibits a rapid growth rate, early sexual maturity, strong fecundity
and no long-distance migratory habits. With the decline in traditional main economic fish
(enemy fish), C. lucidus has been fully reproduced and grown, and the number of species have
increased significantly. It has gradually become a dominant species in the northern part of
Hangzhou Bay, Zhongjieshan Islands Marine Reserve and other sea areas [10,11]. The spatial
activity and distribution of C. lucidus are affected by many marine factors. Understanding
the spatial distribution characteristics of C. lucidus and determining the key index factors are
highly important for guiding the fishing production and habitat prediction of C. lucidus.

The interaction effect of ecosystems and various environmental and biological factors
on the offshore distribution of C. lucidus in the Zhejiang Province makes it difficult for the
traditional generalized additive model (GAM) to reveal the dominant factors affecting the
distribution of C. lucidus. The random forest (RF) model is a machine learning model based
on classification and regression trees. By constructing a certain number of decision trees
and combining the generated decision trees according to the corresponding criteria, an
additional layer of randomness is added to reduce the influence of outliers on the prediction
results. Therefore, it can be used to simulate multiple nonlinear relationships [12]. Liu [13]
used the RF model and the GAM model to analyze the relationship between the catch per
unit fishing effort of Euphausia superba and environmental factors, and reported that the
RF model had a better fitting effect than the GAM model. Wu [14] used the RF model to
analyze the influence of the marine environment on the change in spawning ground of
Sepiella japonica in offshore waters of Zhejiang Province, and reported that water depth, sea
surface salinity, dissolved oxygen and chlorophyll a were important driving factors. The
application of a random forest model to analyze the relationships between C. lucidus and
marine factors in offshore waters of Zhejiang Island allowed us to calculate the influence of
each variable on the resources of C. lucidus, and it was convenient to identify the dominant
factors affecting the spatial distribution of C. lucidus.

Several studies have shown that on the coast of China, C. lucidus can be divided into
southern and northern populations bounded by the sea area near Zhejiang [15]. As the
boundary between the two populations, the importance of Zhejiang offshore waters is
self-evident. At present, the research data on the changes in C. lucidus species in Zhejiang
Province are relatively old, the research area is small and the marine factors affecting these
changes have not been fully recognized [16]. In addition, C. lucidus is a short-lived fish [17].
The spatial and temporal distributions of short-lived species are particularly sensitive to
changes in the marine environment. Based on survey data of bottom trawl fishery resources
in Zhejiang offshore waters from 2018 to 2022, this study used a random forest model to
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explore the spatial distribution characteristics of C. lucidus. The objective of this study was
to explore the interannual variation in the spatial distribution of C. lucidus and its driving
factors by using fishery survey information from this species in Zhejiang offshore waters
for five consecutive years and in close real-time. The aim was to enrich the survey data
of C. lucidus in coastal and offshore areas, and the scientific management and effective
utilization of this species were promoted.

2. Materials and Methods
2.1. Data Source

The fisheries data were derived from the bottom trawl survey of fishery resources in off-
shore areas of Zhejiang Province, China. The survey times were April (spring) and November
(autumn) from 2018 to 2022. The survey range was 120◦30′–123◦45′ E, 27◦00′–30◦45′ N, and
included northern Zhejiang (A), central Zhejiang (B) and southern Zhejiang (C). A total of
120 stations were set up (Figure 1). The fishing vessel was named “Zhepu Fishery 43019”.
The length of the vessel was 30.4 m, the width was 6.0 m and the depth was 2.7 m. The
main engine power was 202 kW. The engine model of the vessel was “Weichai WP4.1Q95E41”
(Weichai Power Co., Ltd., Weifang, China). A single bottom trawling method was used. Ac-
cording to the National “Specifications for oceanographic survey -Marine Biological Survey”
(GB/T 12763.6-2007) [18], the mesh of the cod-end net was set to 25 mm, the width of the net
mouth was 9.9 m and the circumference of the net mouth was 50 m. The designed average
towing speed at each station was 3 kn, and the trawling time was 30 min. The samples were
collected, processed and analyzed according to the National “Specifications for oceanographic
survey -Marine Biological Survey” (GB/T 12763.6-2007) and “The specification for marine
monitoring” (GB 17378.3-2007) [19].
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Figure 1. Map of the bottom trawl survey area in Zhejiang Province and adjacent waters of China.
A: Northern Zhejiang, B: central Zhejiang and C: southern Zhejiang. The blue dots represent the
survey stations.

Bottom temperature, bottom salinity, bottom pH, chlorophyll a concentration and dis-
solved oxygen are known to directly influence the spawning and distribution of C. lucidus.
Different water depths lead to varying changes in environmental factors such as tempera-
ture and light in the ocean, consequently impacting the ecological habits and distribution
range of marine organisms [20,21]. Therefore, the variables selected in this study included
the physical factor water depth (depth) and environmental factors such as bottom temper-
ature (BST), bottom salinity (BSS), bottom dissolved oxygen (BDO), bottom chlorophyll
a (BChla) and bottom pH (BpH). The above data were measured synchronously by a
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multifunction water quality instrument SeaBird SBE 37-SM MicroCAT (Nanjing Dongguo
Marine Technology Co., Ltd., Nanjing, China).

2.2. Data Processing

This study investigated the changes in resource density of C. lucidus based on tail
density. The formula for calculating the tail density of each station is as follows:

D =
C

q × A
(1)

D is the mantissa density (ind/km2). C is the number of tails in the sampling area per
hour (ind). q is the net capture rate, and referring to the research of Shi [22] and Yang [23],
q is set to 0.5. A is the area of the net sweeping the sea per hour, which is obtained by the
product of the ship speed and the sweeping width.

All of the samples were grouped according to the sampling time, and all of the
stations were divided into April and November. Using R 4.0.3 software, based on the
generalized linear model, the Poisson regression method was selected to evaluate the
significant differences in the tail density of C. lucidus in different months.

The variance inflation factor (VIF) represents the degree of correlation between vari-
ables. The larger the VIF is, the more serious the collinearity. In general, if the VIF > 3, there
is strong collinearity between variables. This should be left out before modeling [24]. Using
SPSS 24.0 software, the factors with VIF less than three were selected by a multicollinearity
test for subsequent analysis.

2.3. Construction and Analysis of the Random Forest Model

The random forest (RF) model is a machine learning model based on classification
and regression trees [25]. It combines bagging and random feature selection to add an
extra layer of randomness to bootstrap and reduce the impact of outliers on prediction
results. The model has strong generalizability and is widely used in species distribution
models [26]. In this study, an RF model was used to analyze the distribution and marine
variables of C. lucidus. A total of 75% of the data were randomly selected from the samples
as the training set for modeling, and the remaining 25% of the data were verified. Fivefold
cross-validation was used to evaluate the prediction performance and accuracy of the
model [27], and the calculation was repeated 100 times. According to the results of cross-
validation, the number of decision trees (ntree) was set to 1000, and the number of features
(mtry) was 2.

In the fitting process, to reduce the variable scale, the natural logarithm transformation
of the density value Y of C. lucidus at each station was carried out. The ln (Y + 1) was
obtained as the response variable. The spatial factors longitude (Lon) and latitude (Lat)
and physical factor depth were selected; the environmental factors included BST, BSS,
BDO, BChla, and BpH. A total of eight factors were considered explanatory variables.
These factors were subsequently added to the model for fitting. According to the root mean
squared error (RMSE) and mean absolute error (MAE), the difference between the predicted
value and the actual value of the model was tested. The coefficient of determination R2 was
used to judge the fitting degree and prediction performance of the model.

The calculation formula is as follows:

RMSE =

√
∑N

i=1(yi − ŷi)
2

N
(2)

MAE =

√
∑N

i=1|yi − ŷi|
N

(3)

R2 = 1 − SSE
SST

(4)
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where yi represents the true value, ŷi represents the predicted value, N represents the
number of true values, SSE represents the sum of squared errors and SST represents the
sum of squared total deviations. Smaller RMSE and MAE values and greater R2 values
indicate higher reference values of the model [28].

The calculation formula of the RF model for the importance ranking of explanatory
variables is as follows:

Vi =
1

ntree
∑ v ∈ SXi G (Xi, v) (5)

where Vi represents the explanatory rate of the independent variable Xi to the model, SXi
represents the set of nodes split by Xi under the condition of ntree, and G (Xi, v) represents
the Gini information gain of Xi at the split node v.

R 4.0.3 software was used for model construction, model prediction and verification
of the above steps.

2.4. Results Visualization

ArcGIS 10.1 software was used to visualize sampling sites and the distributions of
C. lucidus. In order to better analyze the nonlinear relationship between tail density changes
and explanatory variables, each explanatory variable was used as the X-axis, and the tail
density was used as the Y-axis. Based on the “ggplot2” package in the R 4.0.3 software,
locally weighted regression (LWR) was used for nonlinear fitting.

3. Results and Analysis
3.1. Changes in the Density of C. lucidus

Due to weather and other reasons, the actual number of trawl sites per year is slightly
different, as detailed in Table 1. Overall, the occurrence rate of C. lucidus in spring (April)
was lower than that in autumn (November). The maximum biomass density and tail
density were 220.42 kg/km2 and 7.43 × 103 ind/km2, respectively. The maximum biomass
density and individual density in autumn were 611.10 kg/km2 and 25.31 × 103 ind/km2,
respectively, which were significantly greater than those in spring. By calculating the
ratio of biomass density to tail density of C. lucidus at each station, the relative weight of
C. lucidus individuals in spring and autumn was obtained. The results showed that the
relative weight of individuals was greater in the spring.

Table 1. Statistics on occurrence stations and resource density of C. lucidus in Zhejiang coastal waters
from 2018 to 2022.

Seasons

Stations Biomass
(kg/km2)

Tail Density
(×103 ind/km2) Average Individual

Relative Weight (g)Investigation
Stations

Occurrence
Stations

Maximum
Value

Average
Value

Maximum
Value

Average
Value

Spring

2018 98 56 121.30 16.10 6.89 0.60 26.83
2019 108 54 97.47 9.02 4.14 0.34 26.16
2020 79 39 220.42 14.53 5.07 0.43 34.06
2021 111 55 114.78 7.58 3.84 0.29 25.93
2022 114 65 148.68 14.47 7.43 0.68 21.27

Autumn

2018 90 61 354.89 40.23 21.76 2.13 18.93
2019 94 53 269.30 27.27 11.03 1.21 22.48
2020 99 52 184.02 15.78 9.92 0.71 22.31
2021 110 61 611.09 35.79 25.31 1.59 22.49
2022 112 80 314.96 34.24 14.82 1.79 19.17

According to the annual changes, the tail density in spring and autumn showed a trend
of decreasing first and then increasing (Figure 2). The tail density of C. lucidus in spring
changed little among the different years and was in a stable state. The lowest average tail
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density, 0.29 × 103 ind/km2, occurred in 2021. The highest value, 0.68 × 103 ind/km2, oc-
curred in 2022. The average tail density in autumn fluctuated greatly from year to year. The
lowest value, 0.71 × 103 ind/km2, occurred in 2020. The highest value, 2.13 × 103 ind/km2,
occurred in 2018. In addition, the tail density of C. lucidus was greater in autumn than in
spring. The tail density index in autumn is 3.12 times that in spring. Poisson regression
results showed that there was a significant difference in tail density between spring and
autumn in 2020 (p < 0.05). Except from 2020, there were extremely significant differences in
other years (p < 0.01).
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Figure 2. Changes in tail density of C. lucidus species in spring and autumn. Red represents April,
and green represents November. “*” and “***” represent the significant difference and extremely
significant difference of Poisson regression, respectively.

3.2. Screening of Environmental Variables

Based on the VIF, a multicollinearity test was carried out on the six variables of depth,
BST, BSS, BChla, BDO and BpH. The VIFs were all less than 3 (Table 2). Therefore, there is
no multicollinearity problem between variables, which can be retained and added to the
RF model for analysis.

Table 2. Multicollinearity test of variables for the distribution of C. lucidus.

Parameter Month
Explanatory Variables

Depth BST BSS BChla BDO BpH

VIF
April 2.787 2.188 2.410 1.113 2.792 1.152

November 2.441 1.805 1.984 1.214 1.769 1.057

3.3. Model Performance Assessment

The fitting results of the RF model for the explanatory variables reveal that the R2

values in spring and autumn are 0.873 and 0.912, respectively, and the RMSE values
are 0.180 and 0.263, respectively, indicating that the fitting effect of the model is good.
The accuracy and stability of the model were tested by fivefold cross-validation. The
R2 values in spring and autumn are 0.251 ± 0.054 and 0.395 ± 0.072, respectively. The
standard deviation is small, indicating that the stability of the model is good. The model
interpretation rates in spring and autumn are 23.26% and 34.88%, respectively (Table 3).
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Table 3. Results of model fitting and fivefold cross-validation.

Month
Model Fitting Fivefold Cross-Validation Explanation

(%)RMSE R2 MAE RMSE R2 MAE

April 0.180 0.873 0.113 0.355 ± 0.060 0.251 ± 0.054 0.234 ± 0.028 23.26
November 0.263 0.912 0.179 0.554 ± 0.045 0.395 ± 0.072 0.390 ± 0.024 34.88

3.4. Importance Ranking of Explanatory Variables

The results of the relative importance of the explanatory variables showed that the
longitude and latitude of spatial factors had significant impacts on the distribution of
C. lucidus species in spring and autumn. Among the marine variables, the four variables
with the most influence in spring were depth, BSS, BST and BDO. The four most influential
variables in autumn were depth, BDO, BSS and BST. BChla and BpH had little effect on the
distribution of C. lucidus in spring or autumn, so no detailed analysis was carried out later
(Figure 3).
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Figure 3. The relative importance of explanatory variables for determining the distribution of
C. lucidus. (A) Importance ranking of explanatory variables in April. (B) Importance ranking of
explanatory variables in November. The X-axis represents the importance score of each explanatory
variable, and the Y-axis represents different explanatory variables. The larger the shape of the point,
the deeper the color, and the more important the variable.

3.5. The Relationships between the Distributions of C. lucidus Species and Important
Explanatory Variables

According to Figure 4, the trends of tail density in spring and autumn with different
explanatory variables are nonlinear. For longitude, the optimum range in spring is between
120.5◦~121◦ E and 122◦~122◦ E. The change trend in autumn is small, and the resource
quantity is higher within 123◦ E. For latitude, the change trend in spring is not obvious,
and the peak value of resource is concentrated near 31◦ N. In autumn, the resource quantity
decreases first and then increases with the increase in latitude, and the peak value is
concentrated between 27◦~28◦ N and 30.5◦~31◦ N. For marine variables, the amount of
C. lucidus in spring and autumn showed a trend of increasing first and then decreasing
with the increase in depth, BSS, BST and BDO concentrations. In spring, the peak resources
were mainly in the depth range of 4~30 m, the BSS range was 27~34, the BST range was
13~16 ◦C and the BDO range was 5~9 mg/L. In autumn, the peak resources were mainly in
the depth range of 4~45 m, the BSS range was 13~34, the BST range was 17~21 ◦C and the
BDO range was 6~9 mg/L.
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3.6. Spatial and Temporal Distributions of C. lucidus Species

In this study, the most important explanatory variable affecting the spatial and tem-
poral distributions of C. lucidus was water depth. Therefore, the water depth data were
superimposed to construct a map of the distribution of C. lucidus species in April and
November from 2018 to 2022 (Figure 5) to determine the distribution of C. lucidus in Zhe-
jiang offshore waters, China. The distribution of the fish species is consistent with the
distribution trend of the water depth contour, mainly in the northeast–southwest direc-
tion. In spring, C. lucidus was mainly distributed in the northern and central parts of
Zhejiang Province and was distributed offshore and adjacent to the open seas. It was
mainly distributed within 31 m of the water depth contour. The high-abundance areas
were concentrated near the Yangtze estuary and Zhoushan fishing ground. In autumn, the
distribution area of C. lucidus species expanded to southern Zhejiang and was distributed
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in the north, middle and south. It was mainly distributed within 53 m of the water depth
contour. The high-abundance areas were mainly in the coastal waters.
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4. Discussion
4.1. Spatiotemporal Changes in the Distribution of C. lucidus

In terms of time, the distribution of C. lucidus in offshore Zhejiang changed significantly
between different months and different years. The tail density of C. lucidus in April was
significantly lower than that in November (Figures 2 and 5). The distribution change was
related to spawning, feeding and migration [29]. There are two spawning periods for
C. lucidus in offshore areas of the Zhejiang Province. The spawning period in spring and
summer is from late April to July. The spawning period in autumn is from September to
October [30]. In spring, with increasing water temperature, the population of C. lucidus
began to migrate from the deep-water area to the offshore area for feeding to prepare for
life activities such as spawning and reproduction. It is speculated that the survey object of
this study, which was conducted in April, was mainly spawning parents. The tail density
increased significantly in November. At this time, many spawning parents had completed
their breeding activities. After breeding in that year, the larvae could be captured by bottom
trawling in November, which increased the tail density. It is speculated that the survey
objects in November included spawning parents and supplementary groups. This also
explained why the relative weight of the individuals in November was lower than that in
April (Table 1). In terms of interannual variation, the tail density of C. lucidus first decreased
and then decreased from 2018 to 2022. It was relatively low in 2019 and 2020 (Figure 2).
The optimum bottom temperature of C. lucidus in the study area was between 17 and
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21 ◦C in autumn, and the density was negatively correlated with the water temperature
(Figure 4). According to relevant reports from the China Meteorological Administration,
due to global warming, 2019 was the warmest year in which the ocean temperature was
recorded [31]. The synchronous environmental data of this survey showed that the average
bottom temperature in the autumn of 2019 and 2020 reached 21 ◦C. It is speculated that
higher temperatures may affect the reproductive development of C. lucidus. In addition,
the sudden outbreak of coronavirus (COVID-19) in 2019 has had a significant impact on
global marine fishing [32]. During the coronavirus infection period, due to transportation
restrictions and declining consumer demand, the amount of C. lucidus fishing was reduced.
It is known that fishing is a key factor influencing fish resources, particularly in the short
term [33], which may be the reason for the low density of C. lucidus in 2019–2020. However,
the decline in industrial and daily activities during the coronavirus has also played a
positive role in the recovery of marine species to a certain extent [34]. In addition to
the gradual recovery of fishing activities after coronavirus, the resources have gradually
increased since 2021.

Spatially, C. lucidus species were mainly distributed in the northern and central parts
of Zhejiang in spring and in the northern, central and southern parts of Zhejiang offshore
regions in autumn. C. lucidus is a low-grade carnivorous fish of which plankton are the
main food. The food composition includes Acetes chinensis, Myctophum pterotum and Calanus
sinicus. The frequency and abundance of most food species were greater in autumn than in
spring. These species are distributed mainly along offshore coasts and near islands and
reefs [35]. Studies have reported that the abundance of fish species is closely related to the
abundance of bait, and the abundant food resources in the sea area are an important reason
for fish aggregation [36,37]. In autumn, most of the spawning parents began to feed, and
the supplementary group began to fatten. The abundant food in the coastal waters caused
C. lucidus to gather there. In the same year, the supplementary group of juvenile fish bred
in shallow waters moved offshore to southern Zhejiang so that the species were distributed
in the north, middle and south of the offshore region in autumn. In addition, the difference
in the spatial distribution of C. lucidus may be related to climate. The northern and central
parts of Zhejiang Province are temperate sea areas, and the southern part of Zhejiang
belongs to the subtropical sea area. Due to the influence of the Taiwan warm current, the
Kuroshio warm current and its branches, the water temperature in the southern part of the
country is higher [38]. These regional differences in climate and environmental conditions
may lead to differences in the distributions of C. lucidus in the north and south. Many
studies have shown that the genetic diversity of C. lucidus is high. In China’s coastal areas,
the population is clearly divided into northern and southern populations near Taizhou,
Zhejiang Province. There are obvious differences in gene exchange and habitat utilization
patterns [39,40]. It is speculated that most of the C. lucidus in northern and central Zhejiang
in this study were northern, whereas most of them in southern Zhejiang were southern.
This phenomenon of north–south differentiation may also explain the spatial difference in
the distribution.

4.2. Effects of Marine Variables on the Distribution of C. lucidus Species

The distribution of C. lucidus is not only affected by the reproductive habits of parents
but also closely related to the marine environment. The results of relative importance
showed that the most important factor affecting the distribution of C. lucidus in spring
and autumn was water depth (Figure 3). Water depth can not only reflect changes in
pressure and light intensity but also lead to changes in physical and chemical factors such
as water temperature and salinity [41]. The model fitting results and the distribution map
(Figures 4 and 5) showed that the tail density of C. lucidus was the highest near a water
depth of 28~30 m in spring. A high tail density in autumn occurred in the shallow water
area near a water depth of 40 m. This occurred because April was the main spawning
month for C. lucidus, while November was the supplementary population month and a
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small number of parents spawned in autumn. The suitable habitat depths of fish individuals
at different developmental stages are different [42].

In addition to water depth, environmental factors such as bottom salinity, bottom
temperature and dissolved oxygen also have important influences on the distribution of
C. lucidus. Salinity can affect the survival rate of fish eggs and juveniles through osmotic
pressure, which plays an important role in the growth and development of fish [43].
The results of the RF model showed that the suitable salinity range for C. lucidus in
spring was between 27 and 34. The suitable salinity range in autumn was wide, ranging
between 13 and 34 (Figure 4). Many studies have shown the characteristics of C. lucidus
tolerance to a wide range of salinities [44], but Liu [45] reported that the buoyancy of fish
eggs and the development of juveniles are closely related to the salinity of the habitat. A
high-salinity water environment is often needed to stimulate parent spawning, reproduc-
tion and early juvenile growth. Compared with November, bottom salinity had a greater
impact on the distribution of C. lucidus in April. In April, most C. lucidus plans began or
were ready to enter the life stage of spawning and reproduction, which may be the main
reason why C. lucidus often appears in high-salinity waters.

Seawater temperature can not only affect the reproduction and development of fish,
but also change the distribution and quantity of bait, which indirectly affects the migra-
tion and distribution of fish [46]. This study revealed that the suitable temperatures for
C. lucidus in offshore waters of Zhejiang Province in spring and autumn were 13~16 ◦C
and 17~21 ◦C, respectively (Figure 4). Compared with the suitable temperature range
for C. lucidus in the Pearl River estuary of China [20], these values were slightly lower.
This difference may be related to the large scale of water temperature changes and the
difference in investigation times between different sea areas. Moreover, studies have con-
firmed that the C. lucidus strains in the offshore region of Zhejiang and the Pearl River
estuary belong to different populations [37], and there may be some differences in their
adaptability to seawater temperature. In addition, the bottom water temperature had a
greater impact on the distribution of C. lucidus species in spring. This difference may be
related to the combined action of multiple water masses and ocean currents in offshore
regions of Zhejiang. In spring, the coastal current in the Zhejiang offshore region gradually
increased, and the offshore region exhibited low-temperature characteristics, while the
fish were mainly spawning parents. Changes in water temperature strongly influence
the gonadal development of C. lucidus, so this species is more sensitive to the changes in
water temperature. In autumn, affected by the Taiwan warm current and the Kuroshio
warm current, the water temperature and salinity in offshore regions of Zhejiang could
be maintained at their levels. This approach can provide the necessary environmental
conditions for the growth of juvenile fish, thereby reducing the impact of water temperature
changes on the distribution of fish species.

Dissolved oxygen is one of the most basic parameters of oceanography. Its concentra-
tion difference affects the classification and size of plankton communities, which in turn
affects a series of ecological activities in fish [47]. Usually, most fish prefer to live in habitats
with high concentrations of dissolved oxygen [48]. In recent years, due to human activities,
a large amount of nutrients and industrial wastewater have been transported to estuaries
and coastal waters. This leads to the aggravation of eutrophication in offshore waters and
a decrease in the dissolved oxygen concentration [49]. In the offshore region of Zhejiang,
especially in the Yangtze River estuary and adjacent waters, hypoxia is more common [50],
which affects fishery production, community structure and the ecological stability of the sea
area. In the present study, the suitable dissolved oxygen concentration range for C. lucidus
was 5~9 mg/L. The highest tail density in spring was nearly 7 mg/L, and that in autumn
was nearly 6 mg/L. It is speculated that C. lucidus is a kind of fish that can adapt to low-
oxygen environments. C. lucidus has a large gill area, abundant hemoglobin, and high water
content in their muscle [51]. These physiological characteristics can increase the absorption
and transport efficiency of oxygen. The same volume of fish can dissolve more oxygen,
thereby reducing the demand for dissolved oxygen. Some low-oxygen-tolerant organisms
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can use low-oxygen waters to evade natural enemies [52]. In shallow offshore areas with
low dissolved oxygen concentrations, some predators and competitors of C. lucidus may be
excluded, which is also the reason why C. lucidus density is greater under lower dissolved
oxygen conditions.

5. Conclusions

Surveying revealed that the distribution of C. lucidus in offshore regions of Zhejiang,
China, varied greatly during different seasons. In spring, it is mainly distributed in the
northern and central Zhejiang Sea areas. In autumn, the species is distributed in offshore
waters in the north, middle and south of Zhejiang. In this study, the random forest model
was used to screen the important driving factors influencing the distribution of C. lucidus
species, and the relationships between them were fitted and analyzed. Compared with
the traditional linear regression model, the RF model has the characteristics of ensemble
learning. By constructing many different regression trees to improve the accuracy of the
results, the generalization ability of the model is strengthened, and the fitting effect is good.
However, the RF model may also exhibit overfitting [53]. Understanding the relationship
between species distribution characteristics and the environment is the premise of rational
utilization and scientific management. This study revealed that different variables have
different effects on the distribution of C. lucidus in spring and autumn, suggesting that the
species have different levels of adaptability to habitat environments at different develop-
mental stages. Water depth, bottom salinity, bottom temperature and bottom dissolved
oxygen have important effects in spring and autumn. Due to the reasons of data acquisition,
this study analyzed the influence of only water depth, bottom temperature, bottom salinity,
bottom dissolved oxygen, bottom chlorophyll a and bottom pH on the distribution of
C. lucidus. However, the distribution of food organisms, ocean currents and other factors
are also important factors affecting the spatial and temporal distributions of fish. With
the continuous improvement in data acquisition, important environmental and biological
factors will be introduced into the model to further improve the fitting and prediction
accuracy of the model.
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