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With the rapid modernization of methods for monitoring fishing vessels,
different ways of obtaining data on large-size light falling-net vessels have
developed. In particular, the vessel monitoring system (VMS) may be used to
track fishing activities in the South China Sea (SCS). In this study, we used VMS
data to show the characterize and differences in the information transmitted
when monitoring large-size falling-net fishing vessels, as well as their
advantages and disadvantages. We investigated the spatial distribution of
large-size light falling-net fisheries in the SCS using Beidou VMS data from
2017 to 2020. We also compared trajectories of fishing vessels from various
provinces. According to these data, vessels operate in the Nansha Islands and
the waters of the Pearl River Estuary, Beibu Gulf, Zhongsha, and Xisha Islands,
and there is a clear seasonal pattern of fishing in the SCS. There are the
differences of vessels in terms of distribution areas and ports of entry and exit.
Additionally, we found the operation area of the large-size falling-net fishing
vessels divided into four main fishing zones. The analysis compares the number
of days of operation in the different fishing areas as well as seasonal variations.
Our study shows that the operating area of large-size light falling-net vessels
has extended southwards and that the number of days for which fishing vessels
operate has increased compared with the last decade. Using the Beidou VMS to
study the large-size light falling-net vessels in the SCS can provide more
detailed scientific reference data for the SCS fisheries.

KEYWORDS

Beidou VMS, vessel position data, large-size light falling-net fishery, South China Sea,
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Introduction

The South China Sea (SCS) has a diverse natural
environment and rich fishery resources. In recent years,
marine fishing production in the SCS has been maintained at
3 million tons, accounting for approximately 30% of the
country’s total. Owing to overfishing and environmental
pollution, the main traditional economic fishes in the SCS
have gradually declined (Jin et al, 2015; Zhang et al., 2017).
However, the outer waters of the SCS still contain rich pelagic
fishery resources (Zhang et al., 2018). In the early 1990s, light
falling-net fishing vessels stated to appear in the northern part of
the SCS. In the spring of 2004, light falling-net fishing vessels
were successful in exploring and catching Symplectoteuthis
oualaniensis in the Zhongsha and Xisha waters. With the
number of the light falling-net fishing vessels increasing, the
focus gradually shifted from the northern to the central and
southern parts of the SCS. Since 2011, the fishery has been
expanded to the Nansha waters. The principle of the light
falling-net fishing vessels is to use light to trap pelagic
phototactic fish and cephalopods such as Decapterus maruadsi,
Auxis thazard, and Uroteuthis chinensis (Jiang et al., 2018).
Compared with traditional fishing operations (Wei et al.,
2019), Large-size light falling-net cause much less
environmental damage (Yang et al., 2002), are simpler to
operate, and are less technically demanding (Yan et al., 2009).
Large-size light falling-net fisheries in the SCS have continued to
expand recently. Following technological improvements, light
falling-net fishing vessels have become the key to fisheries
development in the SCS (Yang et al., 2002; Zheng and Tang,
2016). Exploring the spatiotemporal distribution and changing
patterns of large-size light falling-net fishing vessels can provide
a scientific basis for the prudent development and protection of
fishery resources in the SCS (Yan et al., 2014; Su et al., 2018).

The vessel monitoring system (VMS) is a satellite-based
monitoring system consisting of continuous monitoring
equipment installed on board fishing vessels. The VMS can
obtain and store real-time data for the fishing vessels including,
but not limited to, their position, heading, and speed. The
information is transmitted to a shore-based monitoring center
in real time. Over the past few decades, various countries have
developed their own VMS systems. The United States began to
research and develop their VMS in 1991 and officially
announced a VMS standard in March 1994. New Zealand
started to develop a VMS in 1992, and it began using it to
monitor fishing vessels in 1994. Australia and its Fisheries
Administration have been using a VMS program since 1993,
and the European Union began implementing its VMS program
in 1994. Additionally, Peru, Malaysia, Russia, and other
countries have also promoted the use of the VMS (Cao et al,
2002). The Chinese Beidou vessel position monitoring system
began tracking fishing vessels in the SCS in 2000. Although a

Frontiers in Marine Science

02

10.3389/fmars.2022.1075855

VMS was developed and popularized in China slightly later, it
developed relatively rapidly. Since the end of 2020, all medium
and large fishing vessels (These vessels are mostly >12 m in
length) from the three provinces of the SCS have been under
surveillance (Zheng et al., 2019). The Beidou VMS allows for
more scientifically informed management of fishing vessels in
the SCS (Zhang, 2020).

Previously, Chinese research on large-size light falling-net
fisheries in the SCS focused on using fishing logs and acoustic
estimation (Zhang et al, 2016; Zhang et al., 2016; Yan et al,
2021a) to study fishing grounds, fishing season, catch
composition (Zhang et al., 2013), variation and distribution
(Zou et al, 2014), and fishery resource abundance (Xie et al.,
2020). The studies also included the spatial-temporal
distribution, biomass of fishery resources (Li et al., 2016), and
major economically important species (Zhang et al., 2016) in the
SCS. With the development of the Beidou navigation system, the
SMS function can be used to collect fisheries data from light
falling-net fishing vessels and assess SCS fisheries resources
(Feng et al,, 2014). VMS is increasingly required for fishing
vessels all over the world. Researchers have used VMS data to
study the dynamics of purse seine fishing grounds (Rocio et al.,
2015), analyze the fishing intensity of trawlers (Lambert et al.,
2012), estimate fishing catches, validate log data, and delineate
fishing-affected habitats, among various other applications
(Mills et al., 2007; Bastardie et al., 2010; Jennings and Lee,
2012). Since 2014, Zhang et al. (Zhang et al., 2014; Zhang et al,,
2014; Zhang et al., 2016) have used Beidou VMS data to analyze
the fishing effort, fishing traceability, and fishing characteristics
of fishing vessels. Some researchers, including Tang, Zhang, and
Yu et al. (Zhang et al., 2018; Zhang et al., 2019; Tang et al., 2020;
Yu et al, 2021) have used Beidou vessel position data to
dynamically monitor and analyze the voyage dynamics, spatial
and temporal changes in operations, and operational intensity of
different types of fishing vessels. Due to a lack of data, only a few
studies have so far described the fishing activities in South China
Sea (SCS). Though the VMS data are being used increasingly
extensively, there are still few Beidou VMS-based studies on
large-size light falling-net fishing vessels in the SCS. VMS was
more often used by researchers to analyze the voyages (Zhang
et al,, 2018; Tang et al,, 2020), fishing status (Zhang et al., 2014;
Zhang et al.,, 2016), and operational characteristics of other types
of fishing vessels (Zhang et al., 2019; Yu et al., 2021).Here, we
investigate large-size light falling-net fishing vessels in the SCS
using Beidou VMS data from 2017 to 2020. By analyzing
changes in the position of the large-size light falling-net
vessels, we were able to monitor the operation of the fishing
vessels in the SCS, exploring their spatial and temporal
distribution patterns and change patterns. This paper provides
an innovative approach to studying the SCS large-size light
falling-net fisheries and useful reference for further assessment
and management of fishery resources of the SCS.
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Materials and methods
Study area

Figure 1 depicts the study area in the South China Sea (16°N
- 24°N, 106°E - 121°E). The South China Sea, an important part
of the world’s large marine ecosystem and one of the world’s
major fishery production sites, accounts for more than 10% of
the total global catch. The excellent natural environment, diverse
fishery ecological environment types, and rich fishery resources
have resulted in an excellent fishing ground.

VMS data

We obtained the Beidou VMS data collected by the Strategy
Research Center for the South China Sea Fisheries. The spatial
resolution was approximately 10 m, and the temporal resolution
was approximately 3 min. The dataset consisted of records for
121 large-size light falling-net fishing vessels in Guangxi,
Guangdong, and Hainan (of which there were 55, 55, and 11
vessels in Guangxi, Hainan, and Guangdong, respectively) in the
SCS from 2017 to 2020. The records included the names of the
fishing vessels, positioning time, latitude and longitude, speed,
heading, and other related information.

24°N
21°N
18°N
15°N

12°N

(

10.3389/fmars.2022.1075855

Operating days and position of
fishing vessels

Preliminary processing of VMS data was required. First,
after omitting any duplicate data, we excluded the vessel position
data of fishing vessels operating outside the SCS (106°~121°E,
6~24°E). Second, we removed data from fishing vessels that had
transmitted less than 1,000 messages of data over 1 month
because this provides data points that are too few to be
representative of the vessel’s behavioral characteristic. The
fishing vessels sent many different discrete points during
sailing and operation. Therefore, the speed and position of the
vessels had to be changed during the month. We trimmed the
datasets using the above thresholds. Using the cleaned-up data,
we calculated the maximum number of fishing boats and
operating days per month from 2017 to 2020.

In this study, we used Matlab 2016a to filter the timestamp,
speed, latitude/longitude, and other information for 121 large-
size light falling-net fishing vessels obtained from 2017 to 2020.
If the data were within the preset range, the vessel data were
marked as fishing operation points. Based on the operational
characteristics of a large-size light falling-net fishing vessel, its
main operation time is from after dark (around 19:00) to dawn
(around 05:00 the next day), with no drifting (the speed is kept at
0-2 kn). Thus, a higher velocity of 3-8 kn during that time range
ensures the vessel’s moving state. The location of each net

108°E  111°E  114°E

FIGURE 1
South China Sea waters.
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operation may change, creating multiple discrete vessel locations
(Xie et al., 2020). Excluding the first net, which requires a longer
operation time, the net operation time for the other nets was
< 30 min. Accordingly, we only chose those vessels with low
speed (a vessel velocity of < 3 knots at 1:00 a.m-1:59 am) as
fishing candidates and the fishing locations are calculated as the
mean location. Besides, fishing vessels which operate for less
than 5 days per month are removed to avoid contingencies. We
used the mean center algorithm to calculate the fishing locations
of the vessels in the SCS. The Equation is as follow (Zhou

et al., 2021): S xi
x === (1)

n

_2?:1}”.
r= n

2

(x,y) represent the coordinates of the vessel’s fishing
location, (x;y;) represent the coordinates of the vessel’s
discrete points.

We used Matlab 2016a to create 0.25°-resolution grids and
estimated the mean numbers of fishing vessels in each grid cell
by month and season.

Determination of fishing vessel port

The Beidou VMS datasets include the vessel name, latitude,
longitude, and time. Fishing vessels generally send position
information every 3 min. The province of the fishing vessel
could be distinguished based on the vessel name. The vessel
position points for each fishing vessel were sorted in
chronological order. Multiple scattered points were connected
to form a trajectory map of the fishing vessel. Finally, the
trajectories of the fishing vessels were matched with the ports
to determine the main ports from which the fishing vessels from
different provinces enter or leave.

Results

Characteristics of VMS data

We mined and analyzed fishing vessel monitoring messages
received by the target fishing vessels from 2017 to 2020 and
extracted the fishing days of the vessels. Upon comparing the
number of large-size light falling-net vessels (Figure 2) and the
number of operating days (Figure 3) in the SCS by month from
2017 to 2020, we found that vessels operate in the SCS throughout
the year. The period from March to May was the primary
production season for large-size light falling-net vessels in the
SCS. Position data were received from more than 78% * 6.7% of
the large-size light falling-net vessels, and the average number of
fishing days per month exceeded 26.4 ( + 2.5) d-vessel’. From
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June to August, owing to the fishing moratorium in the SCS, the
production of fishing vessels was affected. Position data were
received from less than 50% of the vessels. Meanwhile, the
mean monthly operation was 25.0 ( £ 1.3) d-vessel . The
fishing moratorium ends before September, but the SCS has
high winds and harsh operating conditions in the fall.
Therefore, approximately 51.6% + 1.7% of the vessels sent
position data. The average monthly operation time was 27.4 ( +
0.6) d-vessel™". From December to February, approximately 53.7%
of the large-size light falling-net vessels sent position data, and the
average number of monthly fishing days was 23.5 ( + 0.9)
d-vessel ™.

Frequency of VMS message reception

Given that the theoretical value of Beidou VMS time
resolution is 3 min, each vessel can hypothetically transmit
480 position messages per day. Extracting and averaging the
operational data of fishing vessels, we found that the actual
values differed from the theoretical values (Figure 4). The VMS
signal was transmitted at a lower frequency from May to July in
2018 and 2020. Also, the number of messages sent by fishing
vessels differed from province to province (Figure 5). In 2017
and 2020, the Guangxi fishing vessels sent fewer VMS messages
per day than the Guangdong fishing vessels. In 2018 and 2019,
the Guangxi fishing vessels sent more VMS messages than the
Guangdong fishing vessels. In contrast, the Hainan fishing
vessels consistently sent the lowest number of VMS messages
over the 4 years.

Distribution fishing vessels

Based on the vessel position data of fishing vessels from 2017
to 2020, we drew the monthly distribution maps of vessels for
different years. Figure 6A shows the spatial pattern of the average
monthly operation distribution of large-size light falling-net
vessels. There were few fishing vessels in January and
February, and the operating location distribution was
scattered. The fishing vessels were mainly in the Zhong and
Xisha waters. From March to April, the fishing area of large-size
light falling-net vessels in the SCS became the largest and was
denser. At the same time, the fishing vessels began extending
southward, reaching the waters near the Nansha Islands, and the
operation area became more concentrated. From May to July,
the number of fishing vessels and days decreased significantly.
The location was also scattered. Then the number of fishing
vessels started to increase in August, and the most of fishing
vessels began to shift northward from the outer waters of the
SCS. In September, they concentrated more around Wanshan,
the waters of the Pearl River Estuary, and the waters of the
Dongsha Islands. From October to December, fishing vessels
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FIGURE 4
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were more concentrated in Beibu Gulf, and the waters of the
Zhongsha and Xisha Islands. To further explore the
characteristics of the position changes of large-size light
falling-net vessels during fishing operations, the standard
deviation distribution was plotted (Figure 6B). Clearly, the
differences in the distribution of fishing vessels among 2017 to
2020 were small. The monthly operations of fishing vessels in the
South China Sea exhibited some regularity.

We also analyzed the distribution of fishing vessels based on
seasons. Most of the large-size light falling-net fishing vessels
were in the Zhongsha, Xisha, and Nansha waters in the spring
(Figure 7). Among the four seasons, spring had the maximum
number of fishing vessels and the most extensive distribution.
The number of fishing vessels operating in the summer
decreased abruptly and was distributed mostly in two areas.
The vessels were mainly in the waters south of 12°N and the
Pear] River mouth. In autumn, the number of fishing vessels
rebounded, and the distribution range changed. In addition to
the Pearl River Estuary waters, vessels also started to fish in the
Beibu Gulf waters. In the winter, the main operating area of
fishing vessels changed to the Zhongsha and Xisha Island waters.

We processed the target fishing vessel sailing locations by
year and province (district) and then traced the records of these
vessels and visualized their trajectory. We found distinctions in
the positions of the fishing vessels among the different provinces
(districts) (Figure 8). Guangxi fishing vessels were more widely
distributed, with several key fishing areas throughout the year.
Hainan fishing vessels were less spread out in the Pearl River
waters and more spread out in the Zhongsha, Xisha, and Nansha
waters. The Guangdong vessels rarely operated in the Beibu Gulf
waters throughout the year, staying mainly in the Nansha
Islands waters. Additionally, we tracked the trajectory of the
fishing vessels throughout the year. The main ports of the fishing
vessels are shown in Figure 9. Using the 2017-2020 vessel
position data, we calculated the number of fishing vessels
entering and leaving the ports. Fishing vessels from different
provinces were in several different ports. For example, the fishing
vessels of Guangxi were mainly concentrated in the Beihai,
Zhapo, Yangpu, Dongfang, and Sanya ports. Of these, the
largest proportion is in Beihai every year. Almost all the 55
fishing boats from Guangxi entered the Beihai port. The Zhapo
and Yangpu ports also contained more than 45% of the fishing
boats entering and leaving. For the fishing vessels of Hainan, the
major ports were Sanya (56.3%) and Yazhou (68.0%). The
fishing vessels from Guangzhou differed from the other two
provinces in that their main ports were Guangzhou and Bohe.

Additionally, we conducted statistics on fishing vessels
operating south of 12°N during the fishing moratorium by
province (Figure 10). Our results indicate that the fishing
vessels’ numbers, operating locations, and fishing days varied
depending on the province of the fishing vessel. During the
fishing ban, the number of fishing vessels belonging to Guangxi
province operating south of 12°N was higher in 2017 and 2019.
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In 2018 and 2020, there were more fishing vessels from
Hainan (Table 1).

Distribution of fishing grounds

Comparing previous studies (Zhang et al., 2013), the
distribution of the core fishing grounds for these vessels can
be divided into four areas (Figure 11). I) 19°30'~23°N, 111°
~116°E, outer continental shelf waters of the Pearl River Estuary;
1I) 19°~22°N, 106° ~110°E, the Beibu Gulf continental shelf sea
area; III) 14°~19°N, 109°~116°E, near the Zhongsha and Xisha
Islands waters; and IV: 4°~12°N, 109°30’'~118°E, near the
Nansha Islands waters. After the statistical screening of fishing
days, a comparative graph was made for fishing vessels operating
in the four fishing zones in different seasons from 2017 to 2020
(Figure 11). In the spring, vessels mainly operated in fishing
areas IIT and IV, where the number of fishing days in fishing area
IV was the maximum number of fishing days among the four
fishing areas that year. In the spring of the four years, there were
3,454, 2,815, 4,676, and 3,439 fishing days in fishing area IV,
respectively, and they accounted for 19.19%, 19.33%, 29.76%,
and 16.82% of the total number of operating days over the entire
year. By extension, this means that all of the fishing vessels
operate in fishing area IV for over 45% of the entire fishing
season. The number of fishing days in fishing area IV in the
spring is >40% of the fishing days in fishing area IV throughout
the year. The percentage was even up to approximately 60%
from 2018 to 2019. In the summer, fishing vessels operate mainly
in fishing area IV. Among the vessels, the number of fishing days
in area IV in the summer of 2017 was 2,691, accounting for
14.95% of the total operating days. For 2018, 2019, and 2020, the
numbers of fishing days in the summer in fishing area IV were
1,144, 1,598, and 1,989 days, respectively, which represent
7.86%, 10.17%, and 14.95% of the total operating days for the
whole year. Additionally, the number of fishing vessels in fishing
area I increased dramatically in August, creating two distinct
fishing zones. In the autumn, there were differences in the
distribution of fishing vessels. In addition to the main
distribution areas of fishing areas I and II, fishing vessels were
more distributed throughout fishing area III from 2018 to 2019
and fishing area IV in 2020. Among the vessels, the number of
fishing days in area I in September continued to increase
compared with August, accounting for almost 52.88 ( £+ 7.92)
% of the total number of fishing days in that month. Moreover,
in October and November, there were two prominent fishing
zones: fishing areas IT and III. Fishing vessels operated in fishing
area III for 1,299 and 1,602 days in the winter of 2017 and 2018,
respectively. They accounted for 43.59% and 57.21% of the total
number of fishing days in the whole season. In the winters of
2019 and 2020, fishing vessels operated in fishing area IV for
1,052 and 1,483 days, accounting for 39.11% and 33.22% of the
total number of fishing days for the whole season.
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Seasonal distribution of large-size light falling-net vessels in the South China Sea.

Discussion were mainly in the deep-water areas near the Zhongsha and
Xisha Islands, the outer continental shelf of the Pearl River
Estuary, and the Beibu Gulf waters. In this study, we found that

from 2017 to 2020, the operating area of the light falling-net

Zhang Peng et al. (Zhang et al., 2013) found that from 2005
to 2010, the operating areas of the light falling-net fishing vessels
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Distribution of fishing vessels in the area south of 12°N during the fishing moratorium.

fishing vessels expanded to the waters near the Nansha Islands.
Compared with the fishing waters of fishing vessels from 2005 to
2010 (Table 2), the operating areas of the fishing vessels changed
greatly throughout the different seasons. Additionally, the main
operating season for light falling-net fishing vessels in the Zhong
and Xisha waters has changed from spring to winter. The
operating time in the sea area off the Pearl River Estuary
changed from August to September and December to
February (next year) to just August to September. Now the
main operation area in spring is the Nansha Sea area. The
number of fishing days in different areas throughout the year
changed as well. We also found that the light falling-net fishing
vessels’ material changed from wooden with outdated technical
equipment to large steel fishing vessels. As the tonnage, sailing
period, and wind resistance of fishing boats have all increased,
the operating area of the light falling-net fishing vessel has also
extended southward from the sea area closer to the port, and the
number of fishing days has also increased. Owing to the
increased pressure of offshore fishing and the decline of
traditional fishery resources on the continental shelf, the
fisherfolk in the northern part of the SCS need to find new
outlets. Moreover, the Sthenoteuthis oualaniensis caught by
large-size light falling-net vessels are in the deep-water areas of
the south-central SCS. Thus, the area with the highest number of
fishing days per year has changed from the continental shelf
waters off the mouth of the Pearl River to the Nansha
Islands waters.

Factors influencing fishing
vessel distribution

In this study, we compared the distribution areas of fishing
vessels in the SCS throughout the year and found that there were
differences in the distribution of large-size light falling-net fishing
vessels in various provinces (regions) of the SCS. We
hypothesized that different fishing vessels have their regular
fishing areas. Additionally, large-size light falling-net fishing
vessels are affected by various factors including monsoons,
typhoons, moratorium system, and traditional festivals such as
Chinese New Year. The seasonal distribution pattern of fishing
vessels can be identified to some extent by analyzing the spatial
variation of large-size light falling-net fishing vessels throughout
the year (Zhang, 2017). When comparing the number of
operating days of large-size light falling-net fishing vessels from
2017 to 2020, the highest operating intensity of fishing vessels
across all seasons was in the spring, followed by autumn, and the
lowest was in the winter or summer. In the SCS, large-size falling-
net vessels were mainly concentrated in the Zhongsha and Xisha
Islands waters and extended southward to the sea areas near the
Nansha Islands. Owing to the implementation of the fishing
moratorium system (Ministry of Agriculture, 2018), summer is
the low period of large-size light falling-net vessel operations,
during which almost no fishing vessels operate in the SCS
offshore from June to July. However, according to regulations
from the Ministry of Agriculture of the PRC, fishing vessels with

TABLE 1 The proportion of fishing vessels in different provinces during the fishing ban.

Year Guangxi (45.45%)

2017 38.84%

2018 10.74%

2019 42.98%

2020 15.70%

Frontiers in Marine Science 11

Hainan (45.45%) Guangdong (9.1%)

33.06% 3.31%
30.58% 8.26%
18.18% 4.96%
28.10% 4.95%
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a special fishing permit for Nansha are allowed to travel to the
Nansha waters south of 12°N to fish during the fishing
moratorium. Thus, a small number of fishing vessels remain
distributed off the SCS in June and July. At the end of the fishing
moratorium, fishing vessels start to operate out of the harbor.
Along with the outer SCS, there are also fishing vessels along the
coast in August. Because fishing vessels operate in the area south
of 12°N during the fishing moratorium, the vessels receiving a
special permit need to be determined by lottery. The number of
fishing vessels operating in this area varies slightly from year to
year in different provinces. In the autumn, large-size light falling-
net vessels in the SCS were affected by typhoons. The vessels
began moving from the outer sea to the waters of the Pearl River
Estuary, the waters near the Dongsha Islands, and the waters of
the Beibu Gulf. Besides the summer, winter is the season with the
least widespread of fishing vessels. Most fishing vessels operate in
offshore waters or even cease production and rest in the harbor
owing to the influence of cold air as well as high winds and waves
at sea. During this period, the Spring Festival also slows down

fishing boat operations. However, because the Chinese Spring
Festival does not occur on a fixed date each year, there were
annual variations in fishing days and zones between January
and February.

In fact, in addition to the above factors, we can link the
description of the spatial dynamics to the characteristics of the
environment and of the stocks.

The main catches of large-size light falling-net fishing vessels
include Sthenoteuthis oualaniensis and Auxis thazard. Relevant
studies have shown that SST and SSH are important factors
affecting fish growth, reproduction, and migration (Fan et al., 2015;
Xie et al,, 2020; Yan et al., 2021b). For example, when the sea surface
height is higher than the average sea surface, the rich nutrients and
bait of the bottom layer are continuously replenished upward, which
in turn promotes the growth and reproduction of pelagic fishes.

SCS is affected by the southwest monsoon in summer (June-
August), the southwest monsoon retreats from north to south in
autumn (September-November), and the northeast monsoon in
winter (December-February) (Ministry of Agriculture, 2018).

TABLE 2 A comparison of fishing area for large-size light falling-net vessels in the South China Sea.

Year
Zhongsha and Xisha Islands The Pearl River

waters Estuary

2005- March-May August-September

2010 December-February (next

year)
2010- December-February (next year) August-September
2020
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Beibu Gulf Nansha Islands Maximum days of
waters fishing
October- The Pearl River Estuary
November
October- March-May Nansha Islands waters
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In addition, SCS is located in subtropical and tropical waters,
with a wide variety of plankton and complex composition, suitable
for fish growth (Shao and Chen, 2008). The phytoplankton region
belongs to the single-peak seasonal variation type in SCS. It
gradually rises from March, peaks in June, and then gradually
declines, forming a yearly low from October to February. All of
these factors can affect the distribution of fishing vessels.

In this study, we specifically compared the behavior of
fishing vessels by province. They differed in terms of the
sailing area, ports, and fishing. We considered that fishing
vessels from different provinces are influenced by fishing
policies, culture, and operating experience.

Characteristics of the VMS in the SCS

Currently, there are many modern methods for monitoring
fishing vessels in the SCS, such as the Auto identity system (AIS),
VMS, electronic monitoring (EM), synthetic aperture radar
(SAR), and nightly satellites (Table 3). The main purpose of
the AIS is to help prevent the collision of fishing boats and
effectively guarantee the navigation safety of ships. It can be

10.3389/fmars.2022.1075855

divided into Class A and Class B (Li et al., 2021). Presently, the
AIS equipment installed by Chinese fishing vessels is Class B.
Class B broadcasts at a lower frequency and has a shorter signal
transmission distance than Class A. The efficiency of AIS with
Class B equipment is extremely low where there are many ships.
It is difficult to receive AIS signals in the outer waters of the SCS
(Dhar, 2016). Thus, the AIS can barely be used on the near shore
of the SCS and is not suitable for the outer sea. In China, the
VMS was first applied in the SCS. It has high temporal resolution
and wide coverage. From 2000 to the present, almost all fishing
vessels in the SCS have been equipped with the VMS. The VMS
transmits information through the Beidou satellite with high and
stable data transmission quality. The EM is useful because it is
easy to record, store, and search for data. But EMS relies on
manual records to collect data, and there are cases where the
reporting is false, and the data are not standardized. Data
collection using the SAR has the characteristics of being all-
day, all-weather, wide-range, and multi-parameter. The SAR
images can accurately locate vessels through detailed images.
Additionally, it is less affected by clouds and rain than the other
methods. But it has only two daily imaging opportunities. The
SAR processes and stores large amounts of data in ground

TABLE 3 A comparison of selected methods for vessel monitoring in the South China Sea.

Disadvantages

The AIS efficiency is extremely low where there are many
ships, especially with Class B equipment. It is difficult to
receive AIS signals in the outer waters of the SCS. Only a
few analyses of the current behavior and activities of
fishing vessels in the northern SCS using AIS data (Guan
et al., 2021).

Methods Data Public Frequency Advantages
Content data
AIS Position, Public Velocity <2 Real-time, uninterrupted, wide range, high spatial
MMSI, ship’s kn, 3 min and temporal resolution.
length and Velocity>2
width, IMO kn, 30 s
number, name, (The AIS
type speed, installed on
heading fishing
vessels in the
South China
Sea are Class
B)
Beidou Ship ID, Non- Generally, 3~ VMS was first applied in the SCS and had a wide
VMS longitude, public min (Varies  coverage. Now almost all fishing vessels in the
latitude, speed, by region) SCS are equipped with VMS. It can monitor the
course, time distribution and operation characteristics of
stamp fishing vessels in the SCS (Yu et al., 2021; Zhou
et al,, 2021; Qian et al., 2022).
EMS Location, Non- Almost Easy recording, easy storing, simple searching
various public continuously and high utilization.
measures for
fishing
activities,
fishing area,
fishing time
and the catch
SAR Location Public Only two Detailed images of ships sailing in the ocean can
daily imaging be provided at different resolutions (up to 3 m
opportunities. resolution). It is less sensitive to clouds and rain.
Nightly Time, fishing Public Transits once Identify large-size light falling-net fishing vessels
satellite vessel lights a night according to the lights
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Only based on the speed and heading in the VMS data to
determine the light falling-net cannot determine whether
the fishing vessel is operating. The Beidou terminal can
only obtain the vessel position data when it is turned on.
And it is difficult to share information between different
countries (Nicolas et al., 2018).

EMS relies on manual records to collect data, and there
are cases where the reporting is false and the data is not
standardized. Comparing the phishing information of the
electronic phishing log with the phishing information
obtained from the Beidou location data, there is a
deviation (Feng et al., 2019).

A large amount of data is usually processed and stored in
ground stations. Signal coverage is limited and the main
monitoring of fishing vessels in SCS coastal areas. It is also
unable to identify fishing vessels by system images alone.

Cloud conditions, the zenith angle of satellite observation,
and strong lights not from fishing vessels can affect the
observation data.
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stations. And there are limitations in signal coverage. Thus, the
SAR is usually used mainly to monitor the fishing vessels in the
SCS coastal areas. The SAR must be integrated with other
methods to design and operate a real-time monitoring system
for detecting and identifying the ships in the open SCS (Sudhir
Kumar, 2019). Nightly satellites monitor large-size light falling-
net fishing vessels by their lights (Li et al., 2021; Li et al,, 2021).
They can determine the vessel position and fishing intensity, as
well as the spatial distribution and operation of fishing vessels.
However, this method is unlikely to detect other gear types or
vessels without bright lights, and it may be affected by factors
such as moonlight and the presence of clouds.

Additionally, the VMS in the SCS transmits data through the
Beidou satellite, which is characterized by improved confidentiality,
higher accuracy, and wider range. Compared with the commonly
used fishing log method, the Beidou VMS not only verifies the
fishing operation location recorded in the fishing log, but it also
achieves higher efficiency and lower manpower and material
consumption (McCauley et al., 2016; Feng, 2020).

In addition to studying the spatial-temporal distribution of
large-size light falling-net fisheries in the SCS, VMS can effectively
obtain information on fishing intensity, analyze the impact of
fishing activities on marine biological resources, and study fish
stock distribution patterns. We can also use the VMS trajectory
characteristics to classify fishing vessel navigation and fishing
behavior, as well as quantitatively analyze the evolution of the
fishing area of marine fisheries, which has important application
value for the scientific development of marine fisheries.

Factors influencing the transmission
of information

Considering the factors influencing the information
transmitted by the Beidou VMS is important for more accurate
monitoring of the distribution of large-size light falling net fishing
vessels. The Beidou terminal can only obtain vessel position data
when it is turned on. If there are equipment failure, an insufficient
power supply, a signal interference, or an artificial shutdown
during the monitoring of fishing vessels, it will affect the
monitoring results. Here, by comparing the VMS data of fishing
vessels in three provinces, we found that there were differences in
the frequency of data received in different provinces (districts).
Therefore, fishing vessels are likely to be affected by the operating
habits of the crew members and management style of the fishing
vessels in different provinces (districts) when operating at sea
(Zhang et al, 2021). According to Chinese relevant policies,
besides the regular domestic oil price subsidies, there will be
special oil price subsidies for fishing vessels operating in certain
waters during their sailing operations in the waters south of 12°N.
Thus, some fishing boats that are not operating in the SCS may
open the Beidou VMS and pretend to work to receive subsidies.
When fishing vessels are near the shore, they often use other more
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convenient and economical methods to transmit information such
as Beidou short messages, satellite phones, and ultra-short waves
(Guo, 2010; Li et al, 2020). The above reasons may make the
Beidou VMS more efficient at recording messages in the Outer Sea
area than in the nearshore area.

Only through the information of speed and heading of vessel
position data cannot judge the operation of the light falling-net
fishing vessels. In this study, we set thresholds to analyze fishing
vessel operations via the operating characteristics of large-size
light falling net fishing vessels. We reflected the vessel fishing
days by the average number of data points recorded. If there is a
problem with the Beidou terminal during operation, it may affect
the statistics of the number of fishing vessels going to sea and the
analysis of their location at sea. Yan et al. (2015) found that the
moon phase significantly affected fishing vessel operations in the
SCS with light falling-net vessels. Compared with the dark moon
days (from the first to the seventh day of the first month and
from the twenty-third to the thirtieth day of the first month), the
production of fishing boats on the light moon days (from the
eighth to the twenty-second day of the first month) will decrease,
especially on the full-moon days (around the fifteenth day of the
first month), and a few fishing vessels will not work. In this
paper, we did not consider the fact that fishing vessels do not fish
during the full moon. Therefore, using the number of days
recorded by VMS as the number of fishing vessel operating days
would be higher than the actual number of working days for
fishing vessels.

Conclusion

In this study, we focused on large-size falling-net fishing vessels
in the open SCS. First, using Beidou VMS data from 2017 to 2020,
we found a seasonal pattern of change in the distribution of these
vessels. The number of operating days for fishing vessels was the
highest in the spring, followed by the autumn, and was relatively
lower in the winter and summer. We also analyzed the distribution
of fishing vessels in the SCS and found that it varies among the
different provinces. As the seasons passed, we found that the most
concentrated area of fishing vessel distribution shifted and that the
main fishing areas and number of fishing days changed. Finally, we
compared the VMS with other modern methods for monitoring
fishing vessels and found that it is more feasible to study the large,
falling-net fisheries in the SCS using the Beidou vessel position
data. Using these data will provide more detailed scientific
reference information for the SCS fisheries.
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