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Using AIS data to mine the dynamic characteristics of fishery resource exploitation helps
to carry out scientific management of fishery and realize the sustainable development of
marine resources. We proposed a framework that integrates multiple AIS data processing
and analysis modules, which can efficiently divide fishing voyages, determine the fishing
activities and identify fishing types, and provide near real-time analysis results on the
number of fishing vessels, fishing duration, voyages and so on. The framework was
applied to 1.68 billion AIS trajectory data points of approximately 588,000 fishing vessels.
We selected China’s sea areas overall and six fishing grounds as the research area,
explored the characteristics of fishing vessel activities in winter and spring of 2019, and
analyzed the impact of COVID-19 on winter-spring fishing in China in 2020. In 2019, our
results showed that the number of fishing vessels in China’s sea areas gradually increased
over time, with the Chinese New Year holiday affecting fishing activities at the
corresponding time but having little impact on the entire month. We found that the
changing laws of the fishing duration and voyages in the inshore fishing grounds were
similar to those of the number of fishing vessels, which increased to varying degrees over
time. Gillnetters were the most numerous fishing vessel type operating in the inshore
fishing grounds with increased in spring, while seiners had an absolute advantage in the
Xisha-Zhongsha fishing ground. In 2020, during the occurrence period of COVID-19, the
fishing activities in China’s sea areas was almost unaffected. During the outbreak period,
the number, distribution range, activity intensity, and fishing duration of fishing vessels all
experienced a relatively large decline. After the epidemic was effectively controlled, they
were rapidly increased. In addition, we found that compared with the Government
Response Stringency Index, the number of fishing vessels and the number of new
confirmed cases showed a more obvious negative correlation. By processing, mining
and analyzing AIS data with high spatial-temporal granularity, this study can provide data
support for the reasonable development of fishery resources, and help fishery
in.org April 2022 | Volume 9 | Article 8613951
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practitioners make wise decisions when responding to unexpected emergencies
(e.g. pandemics).
Keywords: Automatic Identification System (AIS) data, winter-spring fishing, China’s sea areas, fishing grounds,
COVID-19 pandemic
1 INTRODUCTION

China is one of the largest maritime states and has the largest
fishery catch in the world (FAO, 2020). However, with the
continuous development of the fishery economy and the
gradual transformation of the economic growth mode, there
are certain blind spots in the development and utilization of
fishery resources in China, and these shortcomings have led to
serious declines in China’s fishery resources. To ensure the
sustainable development and utilization of fishery resources, it
is necessary to effectively and reliably monitor fishing vessels,
strengthen fishery management, and grasp the dynamic
characteristics of fishery resource exploitation.

Currently, operational monitoring of fishing vessels is
primarily carried out by three methods: on site monitoring,
satellite remote sensing and the Automatic Identification
System (AIS). The traditional maritime patrol and boarding
are of high accuracy, but they are costly, risky, and monitor
limited fishing vessels. When using remote sensing satellites to
monitor fishing vessels, optical remote sensing and Synthetic
Aperture Radar (SAR) images are used. Taking advantage of high
spatial resolution, during daytime, optical satellites can directly
monitor fishing vessels, providing valuable information about
the vessels’ appearance (Wang et al., 2017; Xu et al., 2017; Li B.
et al., 2020), and at night, mainly by detecting lights (such as fish
collection lights) to obtain the distribution of fishing vessels
(Yamaguchi et al., 2016; Ezequiel and Carlos, 2016). Compared
with optical satellites, SAR is capable of working in all-day and
all-weather conditions and can monitor target ships 24 hours a
day to obtain information on the position, geometry and
direction of navigation (Gerard et al., 2009; Zhao et al., 2013a;
Sandirasegaram and Vachon, 2017; Chaturvedi, 2019). For
optical satellite images, Zhang S. et al. (2019) used deep
learning to develop a rapid regional-based convolutional neural
network (R-CNN) technique for detecting ships in high-
resolution remote sensing data. Li J. et al. (2021) used
seasonally averaged nighttime light remote sensing data from
2016 to study the spatiotemporal patterns of illuminated fisheries
in the South China Sea (SCS). To detect ships from SAR images,
Chang et al. (2019) developed a deep learning framework based
on You Only Look Once version 2 (YOLOv2), and the test results
revealed an improvement in ship detection accuracy as well as a
significant reduction in computational time when compared to
Faster R-CNN. In pursuit of better ship detection results, Brekke
et al. (2013) added a sub-band division method to enhance the
contrast between small target ships and the background sea,
based on the subaperture cross-correlation magnitude algorithm.

At present, marine vessels can be accurately detected by
satellite remote sensing, but it is difficult to continuously
in.org 2
monitor the activities of fishing vessels due to the long-time
interval of its data acquisition. AIS data can provide ship
information in near real-time, such as longitude, latitude,
speed, heading, and the time stamp, making it possible to not
only quickly obtain information on the operational activities of
fishing vessels over a large area but also to monitor vessel
behaviors and movement patterns on a finer scale (Tu et al.,
2016; Yang et al., 2019). Thanks to the popularization of
shipboard AIS equipment and the development of maritime
ship communication and shore-based monitoring networks,
the coverage, continuity and effectiveness of AIS data have
reached unprecedented levels. Massive AIS datasets have
become important data sources for studying vessel-related
problems, and the mining of these data has become an
important means by which fishery resource exploitation
characteristics can be uncovered (Honda et al., 2017; Murray
and Perera, 2021).

Currently, AIS data have been used to study the fishing
intensities, exploitation trends and dynamic changes associated
with fisheries. Natale et al. (2015) generated a map of fishing
effort with high spatiotemporal resolution using a large AIS
dataset from January to August 2014. After validating the results
with detailed logbook data, it was found that the mapping
accuracy was influenced by the coverage of AIS data. Similarly,
Ferra et al. (2018) used AIS data from EU and non-EU fishing
vessels to produce fishing activity maps of the Mediterranean Sea
from 2012 to 2014. Kroodsma et al. (2018) created a dynamic
footprint of global fishing effort using 22 billion AIS data from
more than 70,000 industrial fishing vessels for the period of
2012~ 2016. Continuous data of 1403 trawlers, registered in the
Xiangshan Port in China, were calculated fishing intensity to
map the trawling effort by Zhang et al. (2016). Applying the
methods of specialist experience, spatial statistics and data
mining, Li X. et al. (2021) developed a thorough mining and
analysis of the spatial characteristics of fishing intensity in the
northern SCS. Guan et al. (2021) used 150 million AIS trajectory
points to carry out the identification of the trawlers, gillnetters
and seiners in the northern SCS, and the vessels’ spatial-temporal
distribution, fishing durations and other activity patterns were
analyzed in different seasons. The fine-scale spatial positioning
data provided by AIS data can be used to analyze the
spatiotemporal characteristics of fishing vessels as well as the
distributions of fishery resources and fishing efforts. These data
thus provide an opportunity to explore the fishery resource
utilization status within a given fishing activity area.

On the other hand, the COVID-19 pandemic that started in
late December 2019 created an unprecedented health crisis for
human beings in recent global history (Hakovirta and Denuwara,
2020). To contain the disease, the Chinese government
April 2022 | Volume 9 | Article 861395
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undertook timely isolation measures, such as implementing
traffic controls, banning public events and gatherings, and
closing schools and scenic spots, to reduce human mobility.
These control measures effectively reduce the transmission of
COVID-19 (Chinazzi et al., 2020; Tian et al., 2020). As the global
COVID-19 pandemic worsens, many countries around the world
have consecutively implemented similar isolation policies. Many
major human activities in the fields of education, culture,
transportation, and industrial manufacturing have been
restricted on a global scale, and these changes have had a vast
influence on almost all aspects of human society. Numerous
studies have indicated that the measures taken to control the
spread of the epidemic have affected fishery trade (FAO, 2021;
Pérez and Vina, 2021), catches (Love et al., 2021) and port
activities (Shi and Weng, 2020). For the fishing industry,
according to Global Fishing Watch, as of the end of April
2020, global industr ia l fishing activity dropped by
approximately 6.5% compared to the previous two years (2018
and 2019) due to the epidemic (Clavelle, 2021). However, this
mainly represents changes in the activities of the world industrial
fleet (fishing vessels over 24 m) and the impact of the epidemic
on small-scale fisheries is not fully captured.

To analyze the impact of COVID-19 on fisheries, after using
high-resolution PlanetScope data to monitor and compare the
“fishing vessel area under zone” in three ports along the western
coast of India, Avtar et al. (2021) found that nearly a quarter of
the annual production of the ports was lost due to the lockdown.
Das et al. (2021) conducted a rapid telephone survey of 176
wetland fishers, with the aim of assessing the impact of the
COVID-19 closure on floodplain wetland fisher households. The
data used in these previous studies suffered frommany problems,
such as small sample sizes, subjectivity, small time scales, and
uncertainty factors, leading to the inability of researchers to
understand the fishery situation at a macroscopic scale. The
support of fine-scale spatial positioning data is thus
urgently needed.

In addition, although positive progress has been made in
using AIS data to analyze the current statuses of Chinese capture
fisheries, some shortcomings and limitations, such as the small
study area scope and the limitation to a single fishing type
(trawler, seiner, etc.) are associated with these data, while the
sea area of China is extensive and the fishing methods are
diverse. Moreover, although a few reports have assessed the
impact of the epidemic on China’s fisheries, most of the efforts
published to date have focused on assessing the degree of damage
in terms of postharvest, market and trade activities (Zhao et al.,
2020; Liu et al., 2021), while there is a lack of high-precision and
in-depth explorations of the impacts of the epidemic on
fishery production.

Furthermore, there is a certain degree of seasonal variation in
fishing activities. In summer, China’s sea areas are under a
fishing moratorium. By law, all fishing vessels except those
with fishing tackle, as well as auxiliary vessels, are required to
remain ashore during that period. Autumn is the peak
production season of China’s fisheries. Currently, researchers
have conducted a series of analyses on China’s autumn fishery
Frontiers in Marine Science | www.frontiersin.org 3
production (Wang et al., 2018; Yan et al., 2019; Su et al., 2021),
while few studies have addressed winter or spring activity. In
winter and spring, with the high market demand and rising
prices for fisheries resources, many vessels fish at sea.
Determining the characteristics of fishing during these seasons
is thus conducive to improving fisheries management and
protecting fishery resources. In addition, studies have
corroborated that COVID-19 is transmitted primarily between
people through respiratory droplets and direct contact (Huang
et al., 2020; Li Q. et al., 2020; Yen et al., 2020). When the
temperature is low, viruses can survive for a prolonged period of
time. Thus, winter and spring are seasons of high occurrence of
COVID-19 (Diao et al., 2020; Zhu and Xie, 2020; Nottmeyer and
Sera, 2021). Combining the two factors above, we decided to
evaluate and analyze the characteristics of fishing activities in
winter and spring.

In response to the above problems, this paper first proposes a
framework for processing and analyzing fishing vessel AIS data;
while taking the China’s sea areas as the research area, we focus on
six Chinese fishing grounds. Based on available AIS data, we
analyze and mine the spatiotemporal characteristics of winter-
and springtime fishing activities from the aspects of the number of
fishing vessels, the vessels’ spatiotemporal distribution, and the
fishing and voyage durations and conducted an objective and
quantitative study of how the COVID-19 pandemic affected fishing
vessel operations and thus caused fishery losses. This study is
intended to provide a reference regarding the exploitation and
scientific management of fishery resources and rational proposals
and evidence with which policymakers and fishery practitioners
can adjust their work plans and adapt to the new state caused by
the crisis when responding to unexpected emergencies
(e.g., pandemics).

The remainder of this paper is structured as follows: Section 2
introduces the study area, utilized data and the proposed
framework by which the AIS data are processed and analyzed.
Section 3 analyzes the regularity of fishing vessel activities in the
winter and spring seasons of 2019. Section 4 analyzes the impacts
of the epidemic on Chinese fisheries and the causes of these
impacts. Finally, Section 5 presents the conclusions.
2 DATA AND METHODS

2.1 Study Areas
China is one of the most important marine and fishery countries
in the world. It has rich marine fishery resources, with a coastline
of 18,000 kilometers. The sovereign territorial sea covers more
than 3 million square kilometers and is divided into four sea
areas: the Bohai Sea, the Yellow Sea, the East China Sea and the
South China Sea.

The study area is divided into two parts (Figure 1). First, AIS
data recorded by fishing vessels in China’s sea areas are used to
study the winter and spring Chinese fishing activity patterns on a
large scale. Second, as the latitudinal span of China’s sea areas is
relatively large, there are obvious differences in the natural
environments and fishery resources of various sea areas in
April 2022 | Volume 9 | Article 861395
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China. Therefore, from north to south, we selected the Shidao,
Lvsi-Dasha, Zhoushan, Minnan-Taiwan, Zhujiangkou and
Xisha-Zhongsha fishing grounds for further analysis, as these
grounds are richer in fishery resources and contain typical
fishing activities. Detailed description of six fishing grounds is
provided in Supplementary Material.

2.2 AIS Data
AIS data are mainly used to prevent ship collisions (Silveira et al.,
2013) and monitor maritime navigation (Pelich et al., 2015;
Zhang L. et al., 2019). Accumulated AIS data are also used to
mine maritime traffic conflict trajectories (Lei, 2019), analysis
ship behavior (Zhen et al., 2017) and curb illegal, unreported
and unregulated (IUU) fishing (Akinbulire et al., 2017;
Park et al., 2020). The coverage and validity of ship AIS data
are important conditions for the analysis and mining of
regional information and knowledge. Land-based AIS
mainly receives ship information within 60 km offshore.
Satellite-based AIS use satellite platforms to carry AIS
receivers, allowing ship monitoring to occur anywhere in the
world, particularly in areas devoid of land-based stations, such as
open oceans and polar regions (Zhao et al., 2013b). To ensure the
safety of fishing vessels at sea, China mandates that all fishing
vessels be equipped with AIS equipment, thus ensuring the
coverage of the data utilized herein. The AIS data used in this
work were purchased from Bomao Xin (Beijing) Technology Co.
Frontiers in Marine Science | www.frontiersin.org 4
Ltd. (http://ship.chinaports.com/) and were collected by
satellite and shore-based AIS receivers worldwide in the time
frame from 2018 to 2020.

Since fishing operations are mostly scheduled by Chinese
fishers according to the traditional lunar calendar, we purposely
selected AIS data recorded by fishing vessels operating in China’s
sea areas in the corresponding periods from December to March
in 2019 and 2020 (i.e., December 2018, January 2019, February
2019, March 2019, December 2019, January 2020, February 2020
and March 2020) of the lunar calendar as the research object.
The purpose of this study was to obtain the spatiotemporal
characteristics of fishing activities in winter and spring by fully
mining these data, as this information can help governments and
fishery authorities at all levels effectively manage the exploitation
of fishery resources and provide a scientific basis by which the
optimal management of fishery resources can be promoted. The
comparison table of lunar and solar calendar time are shown in
Supplementary Table 1.

2.3 Methods
Fishing vessels are the vessels that carry out fish catching,
processing and transportation activities in the oceans.
Analyzing the movement trajectories of these vessels at sea and
mining the information hidden in these trajectories can provide a
scientific reference with which marine fishery resources can be
analyzed. After the preprocessing steps (as shown in
FIGURE 1 | Map of the study areas.
April 2022 | Volume 9 | Article 861395
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Supplementary Material), the obtained fishing vessel trajectory
AIS dataset contained approximately 1.68 billion AIS data
points, and the cumulative number of fishing vessels involved
was approximately 588,000.

To ensure the efficient and accurate mining of the activity
patterns of fishing vessels in China’s sea areas, we proposed a
framework for processing and analyzing the fishing vessel AIS
data. The overall architecture of this framework is shown in
Supplementary Figure 1. More specifically, the architecture
mainly includes three data processing modules and four data
analysis modules; in these modules, the batch trajectory data of
fishing vessels are managed and processed and the fishing
operation characteristics of fishing vessels in different months
and different seas are explored from multiple aspects. In this
framework, the input AIS data are directly statistically analyzed
to obtain basic information such as the number, size and activity
region of each vessel as the datapoints are input into the voyage
division module. In the voyage division module, the voyage set of
each fishing vessel is obtained by the time threshold method, and
the number and duration of the voyages are analyzed. Based on
these voyage sets, first, the cumulative and average fishing times
of the fishing vessel are calculated; next, the fishing vessel type
identification model is applied to identify the operating type of
the analyzed fishing vessel, and based on this information, the
fishing vessel status identification module uses the speed
threshold method to identify the status of each fishing vessel’s
track points. In the Supplementary Material, we describe in
detail the implementation of each data processing module.
3 REGULARITY OF FISHING VESSEL
ACTIVITIES IN THE WINTER AND SPRING
OF 2019

To explore the spatiotemporal characteristics of Chinese fishing
activities in winter and spring, we chose to analyze the AIS data
recorded by fishing vessels in 2019 in terms of the number of
fishing vessels, the vessels’ activity distributions, fishing
durations, and voyages.

3.1 Changes in the Number of Fishing
Vessels in China’s Sea Areas
Figure 2A shows the cumulative number of fishing vessels
operating in China’s sea areas in each lunar month. According
to experience, the first day of the first month of the lunar
calendar is the Chinese New Year, the most important
traditional festival in China. During the Chinese New Year,
most Chinese people from all walks of life stop working to
reunite with their families. Kroodsma et al. (2018) pointed out
that the activity of Chinese fishing vessels declines during the
Lunar New Year. However, as we can see from Figure 2A, the
number of fishing vessels in lunar January, when the Chinese
New Year was held in 2019, was maintained and even increased
slightly compared to that of the previous month. It should be
noted that our statistics were for the entire month of lunar
January, while Kroodsma et al. (2018) referred only to the
Frontiers in Marine Science | www.frontiersin.org 5
Chinese New Year holiday. To investigate the reasons for the
above phenomenon above, we further counted the daily number
of fishing vessels in lunar January (February 5 to March 6 on the
solar calendar) of 2019; the results are shown in Figure 2B.

The Chinese New Year holiday lasted from lunar January 1 to
6 (February 5 to 10 on the solar calendar). As shown in
Figure 2B, the daily number of fishing vessels was indeed low
during the holiday, which is consistent with previous finding.
However, rapid growth of 33.23% was recorded by the second
day after the holiday, which is lunar January 8 (February 12 on
the solar calendar). In the following days, the daily number of
fishing vessels has remained at a high level, suggesting that
although some fishers reduced their fishing time to reunite
with their families during the Chinese New Year, the fishers
quickly returned to work to catch fish after the holidays. This
information helps explain why the suspension of fishing vessels
during the Chinese New Year did not reduce the number of
fishing vessels in the entire month of lunar January.

In lunar February (March 7 to April 4 on the solar calendar),
the number of fishing vessels increased slightly, but in lunar
March (April 5 to May 4 on the solar calendar), the number of
fishing vessels decreased by approximately 26.5%. According to
the relevant regulations of the Chinese government, after April 1
on the solar calendar, some regions of the China’s sea areas enter
a fishing moratorium, and the number of fishing vessels at sea
thus begins to decrease. Until May 1 on the solar calendar, the
Bohai Sea, Yellow Sea, East China Sea and the region north of the
12°N South China Sea all entered the Forbidden Fishing Period.
According to Supplementary Table 1, in the third lunar month
of 2019, various sea areas consecutively entered the fishing
moratorium, and the adopted fishing bans thus resulted in a
decrease in the number of fishing vessels recorded at sea in
this month.

3.2 Vessel Activity Distributions
Figure 3 shows the distribution densities of fishing vessel
trajectory points in China’s sea areas in winter and spring of
2019, thus indirectly reflecting the distribution of sites with
fishing value in fishery production. From an overall viewpoint,
the fishing vessel activity intensity was high in the inshore region
and low in the high-sea region, and the regional differences were
quite obvious. After obtaining statistics on the lengths of fishing
vessels, we found that the important reason for this difference
was that the fishing vessels in the study area consisted largely of
small and medium-sized fishing vessels, with the proportion of
vessels less than 30 m in length reaching 60%; vessels of this size
can operate only in inshore waters due to the limitations
associated with maneuverability, replenishment ability and
vessel load. Moreover, in terms of the overall fishing situation,
the intensity offishing vessel activities in the coastal waters of the
East China Sea was relatively high, especially near Zhoushan
fishing grounds. In lunar March (April 5 to May 4 on the solar
calendar), due to the implementation of the fishing ban, the
activity density in this sea area also decreased most significantly.

Compared with other sea areas, in winter, the activity density
of fishing vessels in the northern Bohai Sea was relatively low.
After checking the relevant information, this was due to the
April 2022 | Volume 9 | Article 861395
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frequent occurrence of strong cold currents and large-scale icing
on the sea surface (Su and Wang, 2012). A large number of
fishing vessels were frozen on the sea by this sea ice, making it
impossible for fishers to go fishing, and a small number of fishing
vessels thus went to the warmer Yellow Sea to fish. In lunar
February and March (March 7 to May 4 on the solar calendar), as
the sea ice melted with increasing temperatures, the activity
density of the fishing vessels gradually increased.

3.3 Six Fishing Grounds
There are a large number of fishing vessels in the vast China’s sea
areas, and it is difficult to perform refined information mining on
the extensive AIS data generated by these vessels. In addition, the
large latitudinal spans of China’s sea areas induce substantial
differences between the natural environments and fishery
resources of the southern and northern waters. Therefore, we
selected six important fishing grounds in China from north to
south as the research objects and explored the fishing
Frontiers in Marine Science | www.frontiersin.org 6
characteristics of fishing vessels in different geographical
locations in China’s sea areas in winter and spring based on
the numbers of fishing vessels, operation times, voyages and
fishing types.

3.3.1 Changes in the Number of Fishing Vessels in
Fishing Grounds
Except for Xisha-Zhongsha, the changes in the number of fishing
vessels within the five inshore fishing grounds (Figure 4) had
similar variation tendencies to those in China’s sea areas overall
(Figure 2A). Among the six fishing grounds, the Zhoushan,
which contains the richest fishery resources, had the largest
number of fishing vessels, while the number of vessels in Xisha-
Zhongsha, the farthest-offshore region, was lower. However, it is
worth noting that the number of fishing vessels in Xisha-
Zhongsha increased significantly, by approximately 181%, in
lunar February (March 7 to April 4 on the solar calendar) of
2019 compared to the numbers recorded in the previous two
A

B

FIGURE 2 | (A) The number of active fishing vessels in China’s sea areas in the winter and spring of 2019, and (B) the daily number of fishing vessels in China’s sea
areas in lunar January of 2019.
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months and continued to increase in lunar March (April 5 toMay
4 on the solar calendar), indicating that the fishery exploitation
intensity in this fishing area was gradually increasing.

Over time, the number offishing vessels going to sea gradually
increased as the temperature rose. This trend was more obvious in
the northern fishing grounds with higher latitudes and greater
temperature differences between winter and spring, such as
Shidao and Lvsi-Dasha. In addition, from a regional
perspective, the analysis of the changes in the number of fishing
vessels in the inshore fishing grounds revealed that, for all fishing
grounds except Zhoushan, the number offishing vessels operating
at sea in winter gradually increased as the latitude decreased.

Moreover, in lunar March (April 5 to May 4 on the solar
calendar) of 2019, the numbers of fishing vessels in all five
inshore fishing grounds obviously decreased to varying degrees
compared to the corresponding numbers in the previous month; a
very large drop was observed in the number of fishing vessels in
Zhoushan, located in the East China Sea, with the number
Frontiers in Marine Science | www.frontiersin.org 7
decreasing by as much as 61%. As shown in Supplementary
Table 1, March of 2019 in lunar calendar corresponded to the
period from April 5 to May 4 on the solar calendar. After analysis,
the reason for above result may be that, according to regulations,
fromApril 1 to September 16 on the solar calendar, the operation of
fishing vessels whose main fishing objects are portunus or juvenile
crabs is prohibited within the sea region from 27°N to 31°N; from
April 1 toAugust 16 on the solar calendar, all types offishing vessels
except vessels with fishing tackles are prohibited from operating in
10 spawning ground protection areas, including Zhoushan. The sea
area most affected by the regulations described above was thus
Zhoushan, confirming that the implementation of seasonal fishing
bans is a powerful measure for reducing fishing intensities and
protecting fishery resources.

3.3.2 Fishing Duration
The fishing duration is positively correlated with the fishing
effort, which is an important indicator used to measure the
FIGURE 3 | Distribution density map of fishing vessels trajectory points in China’s sea areas in the winter and spring of 2019 (points per km2).
April 2022 | Volume 9 | Article 861395
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fishing intensity. Therefore, in the fishing time analysis module,
we counted the cumulative and average fishing durations
(Figure 5) of the fishing vessels in each fishing ground.
Compared with other fishing grounds, the cumulative fishing
duration of fishing vessels in Xisha-Zhongsha was too small to be
clearly displayed in the same bar chart, so the cumulative fishing
duration of fishing vessels in Xisha-Zhongsha is shown
separately on the right side of Figure 5A.

Among the six major fishing grounds, Zhoushan had the
longest cumulative fishing duration, followed by Zhujiangkou.
These results further support the fact that Zhoushan is the largest
fishing ground in China and contains abundant fishery
resources. As mentioned earlier, the fishing in Shidao and
Lvsi-Dasha was severely affected by bad weather factors such
as ice on the sea surface and low temperatures. The cumulative
fishing durations in these regions in winter were thus much
lower than those in spring. However, the cumulative fishing
durations of lower-latitude fishing grounds varied little in winter
and spring, and the lowest values were recorded in lunar March
(April 5 to May 4 on the solar calendar) due to the fishing ban
policy. Overall, the change in the cumulative fishing duration of
the inshore fishing grounds was similar to the change in the
number of fishing vessels, but the cumulative operating time of
vessels in Xisha-Zhongsha doubled in lunar March (April 5 to
May 4 on the solar calendar).

The cumulative fishing duration reflects the overall fishing
intensity of the fishing ground, while the average fishing duration
Frontiers in Marine Science | www.frontiersin.org 8
needs to be analyzed to determine the fishing patterns of
individual fishing vessels in the fishing grounds (Figure 5B).
Overall, among the six fishing grounds, the average fishing
duration of fishing vessels in Zhujiangkou was the highest, the
average fishing durations in Shidao, Lvsi-Dasha and Zhoushan
were approximately 40% of that in Zhujiangkou, and the average
fishing durations in Minnan-Taiwan and Xisha-Zhongsha were
the shortest. The variation in the monthly average fishing
duration among the five inshore fishing grounds was relatively
small, but Xisha-Zhongsha showed a clear decreasing trend
over time.

After communicating with experienced fishers, we
determined that the fishing time of a fishing vessel is directly
proportional to the fishing capacity of the vessel, which depends
mainly on the size of the vessel. According to the analysis of
fishing vessels in Xisha-Zhongsha, in lunar December of 2018
(January 6 to February 4, 2019 on the solar calendar), the
proportion of large fishing vessels with lengths greater than
30 m was as high as 88%. Over time, a large number of small
fishing boats entered the fishing grounds, and in lunar March
(April 5 to May 4 on the solar calendar) of 2019, the proportion
of large fishing vessels was only 52%, leading to a significant
reduction in the average fishing duration of fishing vessels.

3.3.3 Voyage Statistics
The operating voyage of a fishing vessel refers to the process of
leaving a port, fishing in a fishing area, and returning to the port.
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C

FIGURE 4 | Number of fishing vessels in the six fishing grounds in 2019: (A) Shidao; (B) Lvsi-Dasha; (C) Zhoushan; (D)Minnan-Taiwan; (E) Zhujiangkou; (F) Xisha-Zhongsha.
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However, while a voyage may involve fishing at sea over a
duration generally longer than 0.5 days, it may also include the
replenishment, maintenance or unloading of the fish at other
ports, for which the voyage duration is generally within 0.5 days.
In this paper, a voyage refers to voyages involving fishing at sea,
and to reduce the impact of the nonfishing voyages, voyages with
durations longer than 0.5 days were considered effective voyages.
We counted the number of effective voyages for each fishing
ground in each month, as shown in Figure 6.

Overall, the total number of voyages in Shidao and Lvsi-
Dasha, which have relatively high latitudinal positions, increased
with time. However, the lower-latitude fishing grounds, such as
Zhoushan, Minnan-Taiwan and Zhujiangkou, did not show
significant changes. Large temperature differences exist
between winter and spring in the northern fishing grounds,
and bad winter weather, such as cold spells and snowstorms,
can prevent fishers from going to sea. Relatively speaking, the
southern fishing grounds are warm year-round, and the winter
Frontiers in Marine Science | www.frontiersin.org 9
and spring fishing activities in these regions are thus less affected
by climatic factors.

Based on the voyage division results, we calculated the
duration distributions of individual voyages in days, as shown
in Figure 7. Figure 7 shows that overall, the voyage frequency
decreased as the duration increased, and the single-voyage
durations in the six fishing grounds were mainly concentrated
within 8 days, accounting for approximately 92.93% of
all voyages.

Among the six fishing grounds, in the northern fishing
grounds, such as Shidao and Lvsi-Dasha, the duration of a
single voyage in spring was significantly greater than that in
winter. Combined with the analysis results shown in Figure 6, we
found that in springtime in the northern fishing grounds, as the
number of fishing voyages increases, the duration of individual
voyages also increases. This further supports the existence of a
large difference in the fishery resources of the northern fishing
grounds between winter and spring. For the southern fishing
A

B

FIGURE 5 | (A) Cumulative and (B) average fishing duration of six fishing grounds in 2019.
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grounds, the duration distributions of individual voyages in
winter and spring were basically the same, with no major
changes. Furthermore, compared to the other fishing grounds,
the single-voyage durations in Zhoushan and Zhujiangkou
were larger.

However, for Xisha-Zhongsha, the duration of a single voyage
gradually decreased with time; this was very different from the
trends seen in inshore fishing grounds. As analyzed above,
Xisha-Zhongsha is located far from the shore and has relatively
high requirements concerning the maneuverability and
replenishment capacity of fishing vessels compared to the
inshore fishing grounds. However, as previously discovered,
with the exploitation of fishery resources in Xisha-Zhongsha,
an increasing number of small and medium-sized fishing vessels
entered this fishing ground to fish. These fishing vessels may
minimize the limitations of factors such as the resupply capacity
by decreasing the single-voyage duration.

3.3.4 Fishing Vessel Type
Based on the fishing vessel type identification results, the
quantitative compositions of trawlers, gillnetters, seiners and
others in the six fishing grounds were obtained. We chose
lunar December of 2018 (January 6 to February 4, 2019 on the
solar calendar) as the representative winter month and lunar
March of 2019 (April 5 to May 4 on the solar calendar) as the
representative spring month. The fishing vessel type
identification results obtained for these two months were used
to examine the changes in fishing vessel types between winter
and spring in the different fishing grounds, as shown in Figure 8.

In inshore fishing grounds such as Shidao, the number of
gillnetters was largest, followed by the numbers of trawlers and
seiners (Figure 8A). Fishing in Xisha-Zhongsha was mainly
carried out by seiners, with a relatively small proportion of
trawlers. These differences in the fishing vessel type
compositions were evaluated by referencing relevant material.
First, these differences resulted from the rugged seabed and reefs
Frontiers in Marine Science | www.frontiersin.org 10
in Xisha-Zhongsha, which are not suitable for trawling. In
addition, in Xisha-Zhongsha, fishes and squid with strong
phototropism are dominant, and the most popular fishing
method for these organisms is light-purse seining.

As shown in Figure 8B, compared with lunar December of
2018 (January 6 to February 4, 2019 on the solar calendar), the
proportion of gillnetters generally increased in spring, especially
in Shidao and Zhoushan, with the largest increases of 5.08% and
3.37%, respectively. We then tried to explain this change by
examining the fishing methods of fishing vessels. Spring is the
spawning season for fish. Shidao fishing ground was taken as an
example. The Bohai Sea is China’s inland sea, with nearby
geographical locations, low salinity and rich bait, and is the
spawning ground of most fishery resources in the Yellow Sea.
Shidao is the necessary route by which fish to swim from the
Yellow Sea to the Bohai Sea. Therefore, gillnetters that lay nets in
migratory waters and wait for fish to be trapped in the mesh or
entangled in the netting have a greater advantage in catching
migratory spawning fish.
4 IMPACT OF COVID-19 ON WINTER-
SPRING FISHING IN CHINA IN 2020

The comparative method helps to analyze the impact of the
COVID-19 pandemic on fishing activities in China. By
comparing the global fishing effort between 2020 and the
previous three years (2017-2019), He et al. (2021) found that
due to the impact of COVID-19, the overall fishing effort
declined throughout 2020, with trawlers experiencing the worst
decline, followed by gillnetters and longliners.

Based on the times at which the Chinese government took
measures to fight the development of the COVID-19 epidemic, the
critical time points related to epidemic prevention and control can
be determined, as shown in Supplementary Figure 3. The four
FIGURE 6 | The number of voyages in different lunar months of six fishing grounds in 2019.
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lunar months of 2020 correspond to the occurrence period,
outbreak period, platform period, and decay period of the
epidemic. For ease of analysis and understanding, in the
following text, we directly use the names of these epidemic
development periods to refer to the corresponding months and
thus analyze the impact of the epidemic on fisheries during the
different development periods.

The effectiveness of epidemic prevention and control depends
mainly on two aspects: governmental policies and self-
prevention by the population. Both of these aspects are closely
related to COVID-19 developments. When the epidemic is
severe, the government releases stricter epidemic prevention
policies, and the public consciously adopts stricter epidemic
prevention measures. We gathered publicly accessible COVID-
19 data, including (1) the data of newly confirmed cases (NCC)
was supplied by the National Science Foundation Spatiotemporal
Innovation Center (Liu et al., 2020); and (2) the Government
Response Stringency Index (GRSI) used in the Oxford COVID-
19 Government Response Tracker (Hale et al., 2020). The index
quantifies the response policy into numbers, which are then
Frontiers in Marine Science | www.frontiersin.org 11
averaged. We used the GRSI to represent the stringency of
government policy against the epidemic. For the public, NCC
is the most intuitive measure of the current epidemic situation.

Therefore, based on the fishery laws in place in 2019, this
section explores the changes in fishery production in 2020 from
various aspects, such as the number of fishing vessels and the
distribution range of fishing activities. In addition, combined
with public COVID-19 data, we discuss how COVID-19 affected
fishing activities in China.

4.1 Changes in the Number of Fishing
Vessels in China’s Sea Areas
As shown in Supplementary Figure 3, in the early stages of the
occurrence period of COVID-19 (December 26, 2019 to January
22, 2020 on the solar calendar), confirmed cases of the virus had
been reported. However, because research on COVID-19 was at
an early stage, there was an inadequate understanding of its
harm, it did not attract considerable attention, and no
nationwide prevention and control measures were taken.
Therefore, during this period, COVID-19 did not immediately
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FIGURE 7 | Statistics of the voyage duration of the six fishing grounds in 2019: (A) Shidao; (B) Lvsi-Dasha; (C) Zhoushan; (D) Minnan-Taiwan; (E) Zhujiangkou; (F)
Xisha-Zhongsha.
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affect fishing activities in the China’s sea areas, and this period
comprised the vast majority of the occurrence period (December
26, 2019 to January 24, 2020 on the solar calendar). As a result,
China’s marine fisheries were barely affected during this period
of the epidemic, and the number of fishing vessels even increased
by 1.62% compared to that in the same time period in 2019
Frontiers in Marine Science | www.frontiersin.org 12
(Figure 9A). However, with the further spread and deterioration
of the COVID-19, the epidemic entered the outbreak period. To
prevent the spread of the novel coronavirus, provinces in
mainland China gradually and successively implemented strict
policies to restrict nonessential activities, transportation and
production, thus inducing major effects on fishing activities.
A

B

FIGURE 8 | (A) Identification results of fishing vessel types in lunar December of 2018 (winter) and lunar March of 2019 (spring), and (B) the percentage change of
the four fishing vessel types in lunar March of 2019 relative to lunar December of 2018.
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During the outbreak period, the number of active fishing vessels
in China’s sea areas dropped by approximately 43.26%, to a value
43.08% lower than that recorded in lunar January (February 5 to
March 6 on the solar calendar) of 2019.

Since the outbreak period included the Chinese New Year
holiday, the number of fishing vessels recorded during this
period were affected by both the Chinese New Year holiday
and the epidemic. Therefore, to explore the impact of the
epidemic alone on fishery production, we counted the daily
number of fishing vessels operating in lunar January of 2020
(December 26, 2019 to January 24, 2020 on the solar calendar); in
Figure 9B, the red dotted line indicates the daily differences
beginning in lunar January (February 5 to March 6 on the solar
calendar) of 2019. As expected, the figure shows that the
outbreak of the epidemic caused the number of fishing vessels
active during the Chinese New Year holiday to be low. However,
similar to the previous year, at the end of the holiday, the number
Frontiers in Marine Science | www.frontiersin.org 13
of fishing vessels going out to sea on the 8th day increased
significantly by approximately 46.63%. However, only 2 days
later, on the 10th, the number of fishing vessels began to
decrease, and it was not until the Lantern Festival (on the
15th) that the number of fishing vessels again started to
increase. It can be seen that fishing vessels operating at sea
were indeed affected by the Chinese New Year, but these vessels
were more constrained by the measures taken to prevent and
control the COVID-19 epidemic.

With the isolation and quarantine measures achieving
obvious effects, the growth trend of the NCC on the Chinese
mainland slowed considerably, and COVID-19 entered the
platform period. During this period, Chinese enterprises
gradually returned to work, and the number of fishing vessels
going to sea increased by 92.81% from the previous period,
almost returning to the level recorded in the same period in 2019.
As the pandemic situation further improved and COVID-19
A

B

FIGURE 9 | (A) Number of fishing vessels in China’s sea areas (num) at different epidemic development periods, where yellow represents the year-on-year increase
compared to the same time period in 2019, and red represents the month-on-month increase compared to the previous epidemic period. (B) Daily number of fishing
vessels in China’s sea areas in lunar January of 2020 (blue solid line) and its daily difference from lunar January of 2019(red dashed line).
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entered the decay period, the number of fishing vessels operating
at sea further increased. After analysis, compared with large
vessels such as bulk carriers and oil tankers, inshore fishing
vessels have low epidemic transmission and infection risks due to
the weak mobility of their personnel and their lower chance of
contact with strangers. Therefore, under preventive measures,
the number of fishing vessels going to sea gradually increased,
even in lunar March (March 24 to April 22 on the solar
calendar), when there was a significant increase of 56%
compared to lunar March (April 5 to May 5 on the solar
calendar) of 2019.

4.2 Vessels Activity Distributions
As shown by comparing Figures 10 with 3, the distribution
density of fishing vessel trajectory points in the China’s sea areas
in lunar December of 2019 (December 26, 2019 to January 22,
2020 on the solar calendar) was not significantly different from
that in 2018. However, this distribution density changed
significantly in lunar January (January 25 to February 22 on
Frontiers in Marine Science | www.frontiersin.org 14
the solar calendar) of 2020, when the large-scale coronavirus
outbreak took place in China. The hotspot distribution range of
fishing vessel activity track points was significantly reduced, and
the maximum point density was reduced by approximately 55%.
However, when the epidemic platformed, the scope of fishing
vessel activities increased, and the fishing intensity rose
significantly. This phenomenon also corresponds to the
previous analysis results derived for the number of fishing
vessels. Fishing activities resumed to some extent after the
epidemic was effectively controlled.

In addition, a newly developed “hotspot” with a relatively
high density of fishing vessel trajectory points was observed in
the Nansha Islands area in the South China Sea, and the density
at this location increased over time. The statistical analysis of the
AIS data recorded by fishing vessels in the area showed that in
2019, only a small number of large fishing vessels from China
were engaged in fishing in this area, while in 2020, there was a
substantial increase in the number of vessels coming to fish in the
area, including small fishing vessels less than 12 m in length. At
April 2022 | Volume 9 | Article 861395
FIGURE 10 | Distribution density map of fishing vessels trajectory points in China’s sea areas in the winter and spring of 2020(points per km2).
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the same time, by inquiring about the registration information of
fishing vessels, we learned that the fishing vessels operating in the
Nansha waters mainly come from China and Vietnam, with the
Chinese fishing vessels coming mainly from Guangdong
Province, Guangxi Zhuang Autonomous Region and
Hainan Province.

A careful analysis of the information reflected in Figure 10
revealed that the fishing operations within the Bohai and Yellow
Seas were more affected by the epidemic than those in the
southern waters. This was supported by the significant
decrease in the scope and intensity of fishing vessel activities
compared to the previous year; in January 2020, only sporadic
hotspots could be seen.

4.3 Six Fishing Grounds
4.3.1 Changes in the Number of Fishing Vessels in
Fishing Grounds
As shown in Figure 11, since the coastal areas were not yet
significantly affected by the epidemic during the occurrence
period, the number of fishing vessels recorded in inshore fishing
grounds such as Shidao did not significantly change, while the
number of fishing vessels in Xisha-Zhongsha increased by
196.92% over the same period in 2019 due to the increasing
development intensity. During the outbreak period, 31 provinces
in China launched first-level responses to the COVID‐19
emergency. The numbers of fishing vessels operating in the five
Frontiers in Marine Science | www.frontiersin.org 15
inshore fishing grounds were greatly reduced, with the greatest
decrease (78.38%)measured in Shidao. As the epidemic improved,
the number of fishing vessels operating at sea gradually increased,
while the number of fishing vessels even exceeded that measured
in the corresponding period of 2019 during the decay period when
the epidemic was effectively controlled.

However, it is worth mentioning that during the COVID-19
outbreak period, the number of fishing vessels in Xisha-
Zhongsha increased rather than decreased. This indicates that
the change trend of the number of fishing vessels in this region
was opposite to that observed in inshore fishing grounds.

4.3.2 Fishing Duration
As previously described, to study the impact of COVID-19 on
the fishing intensities within the six fishing grounds, the
cumulative and average fishing durations (Figure 12) of fishing
vessels in each fishing ground during the different epidemic
development phases in 2020 were calculated. As shown in
Figure 12A, the relationship between the magnitudes of the
cumulative fishing durations recorded in the six fishing grounds
in 2020 was consistent with that in 2019, with the longest
cumulative fishing duration recorded for fishing vessels within
Zhoushan. Moreover, compared to 2019, the cumulative fishing
duration of the fishing grounds declined significantly during the
outbreak period, and this decline even reached 90%
in Zhujiangkou.
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FIGURE 11 | Number of fishing vessels within the different epidemic development periods for the six fishing grounds, where yellow represents the year-on-year increase
compared to the same time period in 2019, and red represents the month-on-month increase compared to the previous epidemic period: (A) Shidao; (B) Lvsi-Dasha;
(C) Zhoushan; (D) Minnan-Taiwan; (E) Zhujiangkou; (F) Xisha-Zhongsha.
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Even more conspicuous, during the decay period of the
epidemic, the cumulative fishing durations of fishing vessels in
the six fishing grounds increased significantly. After analysis,
three main reasons were found for this phenomenon. ① During
the outbreak period, the number of fishing vessels going out to
sea was drastically reduced, leading to a decrease in catches and
causing vast economic losses to fishers. During the decay period,
as the epidemic was effectively controlled in China, accelerating
the “resumption of work and production” became the focus of
the next step for various industries; the recovery of the fishing
industry, an important part of the fishery supply chain, was
particularly important. ② As shown in Supplementary Table 1,
the decay period of the epidemic (lunar March of 2020)
corresponded to the period from March 24 to April 22 on the
solar calendar. Under Chinese law, from May 1 to August 16
(April 9 to June 27 on the lunar calendar), all types of fishing
vessels except vessels with fishing tackles, as well as auxiliary
Frontiers in Marine Science | www.frontiersin.org 16
vessel supporting services for fishing vessels, are required to anchor
in the harbor. Therefore, except for certain sea areas in Zhoushan,
the other fishing grounds were in the period duringwhich fishing is
still allowed butwere about to enter the prohibitedfishing season.③
The rising water temperatures caused fish growth to flourish, and
fisheries resources are thus rich at this time.

Owing to the three reasons above, we believe that during the
decay period, driven by multiple factors, such as compensating
for previous economic losses and coping with the upcoming
fishing ban and superior natural conditions, the number of
fishing vessels in various fishing grounds increased along with
their fishing durations. From Figure 12B, it is obvious that the
average fishing duration of fishing vessels during this period was
generally higher than those in other periods and was also higher
than that of the same period in 2019.

In addition, for Xisha-Zhongsha, the cumulative and average
fishing durations in 2020 were generally higher than those in
A

B

FIGURE 12 | (A) Cumulative and (B) average fishing duration of six fishing grounds in 2020, and the arrows represent the variation relative to the same period in
2019, where the red arrows represent the increase and the green arrows represent the decrease.
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2019. Combined with the fact that the number of fishing vessels
in this fishing ground increased during the epidemic in 2020, as
shown in Figure 11, fishery production of Xisha-Zhongsha was
found to not be negatively affected by the epidemic but rather
showed an increase.

4.3.3 How COVID-19 Affected China’s
Fishing Activities
As mentioned above, the COVID-19 outbreak had significant
repercussions on fishing in China’s sea areas. After analyzing and
quantifying how large this impact was, this section was focused
on how the COVID-19 affected Chinese fishing in terms of both
government intervention and self-prevention by the population
using collected public COVID-19 data.

The Chinese NCC in the public COVID-19 data was
calculated at the provincial level, but fishing vessels from
multiple provinces may have been present in each fishing
ground. Therefore, we first counted the provinces to which the
fishing vessels belonged and decided to use the NCC of the
provinces with the most fishing vessels in each fishing ground to
analyze that fishing ground. Supplementary Table 5 shows the
top 3 provinces with the largest numbers offishing vessels in each
fishing ground and their proportions (number of fishing vessels
from the indicated province/all fishing vessels).
Frontiers in Marine Science | www.frontiersin.org 17
We used Pearson correlation coefficients (Frey, 2018) to
evaluate the correlations between the daily number of fishing
vessels in each fishing ground and the known public COVID-19
data, including (1) the NCC of the province with the highest
number of fishing vessels in each fishing ground and (2) the
GRSI. The trend plots are shown in Figures 13, 14, the Pearson
correlation coefficient and statistical significant are shown
as Table 1.

With an analysis of Figure 13 and Table 1, we can observe
that, in general, the number of fishing vessels operating at sea is
negatively correlated with the NCC, and the trend was well
reflected in Lvsi-Dasha, Minnan-Taiwan and Zhujiangkou, with
the Pearson correlation coefficients of -0.5329, -0.5429 and
-0.6504, with moderate correlation with Shidao (-0.3039) and
low correlation with Xisha-Zhongsha (0.0075). The correlation
between the number offishing vessels in Zhoushan and NCC was
less significant when analyzed using the overall data. However, we
noted that in March of the solar calendar, the number of fishing
vessels at sea fluctuated downward when the NCC in Zhejiang
Province increased, showing a negative correlation (Figure 13C).

As shown in Figure 14 and Table 1, although the correlation
with the GRSI was negative, it was not as strong as the correlation
with NCC. This was an interesting phenomenon. Since the GRSI
is directly related to governmental policies to implement social
A B

D

E F

C

FIGURE 13 | Graphical representation of the temporal trend of the number of fishing vessels per day (Num) and newly confirmed cases (NCC) for each fishing
ground: (A) Shidao; (B) Lvsi-Dasha; (C) Zhoushan; (D) Minnan-Taiwan; (E) Zhujiangkou; (F) Xisha-Zhongsha.
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distancing, it substantially impacts industrial activities on land.
Unlike other industries, most practitioners in China’s inshore
fisheries are self-employed, with a low degree of organization,
and their operations are located on the ocean. Therefore, they are
less affected by the traffic control measures implemented on land.
Determining whether or when to go to sea is more dependent on
personal wishes, allowing a greater degree of freedom. Therefore,
compared to the GRSI, the soft social constraints caused by the
fear of COVID-19 due to high NCCs have a greater impact on
the willingness of fishers to go to sea.

For Xisha-Zhongsha, we found that the daily number of
fishing vessels had no obvious correlation with either GRSI or
NCC. The data may lack representativeness due to the small
Frontiers in Marine Science | www.frontiersin.org 18
number of fishing vessels located in this fishing ground;
additionally, after the data analysis, we determined that there
were also Vietnamese fishing vessels in this fishing ground,
accounting for approximately 34.64% of all fishing vessels.
Therefore, using only the GRSI of the Chinese government and
the NCC data of Hainan Province in the correlation analysis
resulted in large deviations.
5 CONCLUSION

To the best of our knowledge, this is the first study to
comprehensively analyze the characteristics of wintertime and
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FIGURE 14 | Graphical representation of the temporal trend of the number of fishing vessels per day (Num) and government’s intervention (Government Response
Stringency Index, GRSI) for each fishing ground: (A) Shidao; (B) Lvsi-Dasha; (C) Zhoushan; (D) Minnan-Taiwan; (E) Zhujiangkou; (F) Xisha-Zhongsha.
TABLE 1 | Pearson correlation between Num and NCC/GRSI, Pearson correlation coefficient (PCC).

Fishing grounds PCC (Num vs. NCC) PCC (Num vs. GRSI)

Shidao -0.3039** -0.3982***
Lvsi-Dasha -0.5329*** -0.1725*
Zhoushan 0.1542 -0.0695
Minnan-Taiwan -0.5429*** -0.1637*
Zhujiangkou -0.6504*** 0.0275
Xisha-Zhongsha 0.0075 0.0245
April 2022 | Volu
*Significant level:0.0001 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05.
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springtime fishing activities in China’s sea areas and the specific
impacts of COVID-19 on fisheries. As winter and spring are
important seasons for marine fishing, exploring these fishing
patterns can help fishery managers grasp the dynamic
characteristics of fishery resource exploitation to formulate
effective policies aiming to strengthen fishery management. In
addition, the unprecedented global devastation caused by
COVID-19 has prompted many countries around the world,
including China, to take prompt measures to contain the spread
of infection and save human lives. Obviously, Chinese fisheries have
suffered losses due to COVID-19. However, thus far, there has been
a lack of quantitative spatiotemporal dynamic analyses regarding
the impacts of the epidemic on fisheries; the mechanisms by which
the epidemic affects fishing and causes fishery losses thus need to
be explored.

FishingactivityanalysesbasedonAISdatahavemanyadvantages,
such as high timeliness, wide spatial ranges, and low costs. The highly
accurate spatial location informationoffishingoperations reflected in
AIS data provides an opportunity to explore the development of
fishery resources. Using these data, the operational characteristics of
fishing vessels can be analyzed and the distribution of marine fishery
resources,fishing intensities and other spatiotemporal characteristics
can be obtained.While taking the fishing vessels in China’s sea areas
as the research object, this paper also selected fishing vessels in six
fishing grounds distributed fromnorth to south as the research focus.
Through a statistical analysis of the AIS data recorded by fishing
vessels, we comprehensively explored the changing characteristics of
fishing activities in winter and spring in China’s sea areas and the
impacts of the epidemic on these activities.

The AIS dataset contained the trajectory data of approximately
588,000 fishing vessels, with a total of approximately 1.68 billion AIS
trajectory data points. For such a large AIS dataset, this paper
proposed a processing and analysis framework in which several
data processing modules and analysis modules were integrated. This
framework can efficiently realize the data processing of AIS
information recorded by fishing vessels, such as voyage division,
fishing status recognition and fishing vessel type identification, and
supports the instantmonitoring and analysis offishing vessel activity
information, such as activity ranges and fishing durations. After
applying the framework to the AIS dataset representing fishing
vessels in China’s sea areas, we analyzed and compared the
activities of fishing vessels in China’s sea areas overall and in six
fishing grounds in the winter and spring of 2019, superimposed the
impact analysis of theCOVID-19pandemic in 2020, and reached the
following conclusions.

1. Regularity of fishing vessel activities in the winter and
spring of 2019

For the fishing vessels in China’s sea areas, the analysis of the
changes in the number of fishing vessels showed a gradually
increasing trend over time. The Chinese New Year holiday affected
the activities offishing vessels at the corresponding time but had little
impact on the entire month. Overall, the intensity of fishing vessel
activities was high offshore and low in the high seas, with relatively
obvious regional variances. Moreover, regarding the overall fishing
situation, the intensity offishing vessel activities in the inshorewaters
of the East China Sea was relatively high, but this intensity dropped
Frontiers in Marine Science | www.frontiersin.org 19
significantly in lunar March due to the impact of the fishing ban
policy. Inaddition, thefishingvessel activitydensities in theBohai Sea
were quite different between winter and spring. In winter, due to
severe weather, such as sea ice, some fishing vessels could not go out
to fish.

Regarding the fishing vessels in the six fishing grounds, the
number of fishing vessels in Zhoushan, which contains the richest
fishery resources, was the highest, and the number in Xisha-
Zhongsha, which is the farthest offshore, was low. The overall
trends derived for the changes in the number offishing vessels in the
five inshore fishing grounds in winter and spring were consistent
with those observed in the China’s sea areas overall, while the
number of fishing vessels in Xisha-Zhongsha increased significantly
in the spring.

Froma regional perspective, as the latitudedecreased, the number
offishing vessels in the fishing grounds gradually increased inwinter.
From the time scale, the number of fishing vessels operating at sea
gradually increased as the temperature rose, and this trend wasmore
obvious innorthernfishing groundswithhigher latitudes and greater
temperature differences between winter and spring, such as Shidao
and Lvsi-Dasha. Among the fishing grounds, the sharp decline in the
numberoffishingvessels inZhoushan in lunarMarch (April 5 toMay
4 on the solar calendar) indicated that the fishing ban effectively
reduced the intensity offishery resource development in this area. In
addition,when exploring the variation lawof thefishing intensity, we
found that the change law of the cumulative fishing duration in the
inshore fishing ground was similar to that of the number of fishing
vessels. In lunar March (April 5 to May 4 on the solar calendar), the
number offishing vessels inXisha-Zhongshamore thandoubled, but
the average fishing duration of a single vessel decreased significantly.
Upondata analysis,wedetermined that this is becausea largenumber
of the middle and small fishing vessels with smaller capacities also
entered thefishing grounds tofish.At the same time, the frequency of
voyages decreased with the voyage duration, and the single-voyage
durations in the sixfishing groundsweremainly concentratedwithin
8 days, accounting for approximately 92.93% of all voyages.

Regarding the fishing vessel types, gillnetters were the most
numerous fishing vessel type operating in the inshore fishing
grounds, and their proportions increased in spring due to the
superiority of this fishing method. However, due to factors such
as topography and the economy, seiners were dominant in
Xisha-Zhongsha.

2. Impact of COVID-19 on winter-spring fishing in China
in 2020

When the epidemic was in the occurrence period, the fishing
activities in China’s sea areas was almost unaffected. However,
during the outbreak period, the number of fishing vessels in the
China’s sea areas decreased by approximately 43.08% compared to
the corresponding number in 2019, revealing a significant reduction
in the distribution range and a decrease of approximately 60% in the
maximum fishing vessel activity intensity. Both the number of
fishing vessels and the fishing duration showed relatively large
declines in the inshore fishing grounds. After the epidemic was
effectively controlled, the number of fishing vessels and the fishing
intensity both increased rapidly; during the decay period, when the
number of domestically transmitted cases gradually decreased, these
April 2022 | Volume 9 | Article 861395
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conditions even exceeded the levels recorded during the same
period in 2019.

In addition, after analyzing how COVID-19 affected fishery
activities, we found that compared with the GRSI, the number of
fishing vessels going to sea showed a more obvious negative
correlation with the NCC. The soft social constraints caused by
high NCC more critically impacted fishers’ intentions to go fishing
at sea.

Our analysis results provide an accurate perspective by which the
characteristics of fishing vessel activities can be analyzed and
accurate information on fisheries resource exploitation can be
obtained; this framework can guide marine spatial planning and
sustainable fishery management. In addition, this study confirms
that AIS data obtained from fishing vessels are a powerful tool to
investigate the impacts of COVID-19 on fishing activities.

In summary, future work will also address the shortcomings of
this paper by focusing on the following aspects. More refined
analysis, mining and verification processes will be carried out in
conjunctionwith the fishing logbook data and fishery statistics held
by fisheries management stakeholders. Moreover, the relationships
between marine fisheries activities and marine environmental
factors will be further analyzed and explored under the condition
that marine environmental data are effectively obtained. Finally,
future research will also combine the respective advantages of AIS,
synthetic aperture radar (SAR), and nighttime light remote sensing
data to identify fishing vessel types with a higher precision and
achieve more comprehensive fishery monitoring.
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