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Abstract: China’s marine fisheries are undergoing large-scale environmental changes associated with
climate change, marine pollution, and overfishing. The assessment of marine fisheries vulnerability
has become extremely necessary for fisheries management and sustainable development. However,
studies on China’s marine fisheries vulnerability remains sparse. This study aimed to provide
an analysis of the inter-provincial level vulnerability of China’s marine fisheries under multiple
disturbances. The vulnerability measure was composed of exposure, sensitivity, and adaptive capacity
indicators specific to marine fisheries based on the Intergovernmental Panel on Climate Change
(IPCC) definitions. Results showed that Liaoning, Hebei, Fujian, and Hainan provinces appeared
to be the most vulnerable; Shanghai appeared to be less vulnerable among China’s 11 coastal
provinces; and the key sources of vulnerability differed considerably among coastal regions. The high
vulnerability regions could be divided into two different patterns according to the combination
of exposure, sensitivity, and adaptive capacity, but they all had one thing in common: relatively
low adaptive capacity. While some existing coercive measures to reduce dependence on fisheries
were found to be helpful in China, the reality showed that appropriate adaptation measures such
as improving fishermen’s education level and increasing vocational training may be helpful in
enhancing the existing policy effectiveness.
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1. Introduction

In recent years, China’s marine fisheries have expanded, and the country has become the world’s
largest producer of wild marine fish [1–3]. Marine fisheries make a significant contribution to
food security, create employment, and sustain the coastal economy in China. However, because
of the extensive pattern of development, China’s marine fisheries are now undergoing multiple
anthropogenic threats, such as overfishing, pollution, and land reclamation. It has been estimated
that the maximum sustainable fish yield in China’s offshore region ranges from 750 to 1100 million
tons [4,5]. Nevertheless, since 1998, according to government statistics, the actual offshore catches
made in China have been within the range of 1200 to 1300 million tons, which far exceeds the maximum
sustainable yield. Overfishing is a long-standing phenomenon in China. China’s marine environment
is now suffering from the serious problem of the depletion of fishery resources. In regions like the
East China Sea, overfishing has been so severe that fishermen are unable to catch fish [6]. In addition,
along with the extensive coastal development, the environment of China’s coastal waters has been
profoundly influenced by land-based pollution in recent decades [7], which has further led to habitat
loss and depletion of fishery resources [8,9]. Climate change complicates the challenges currently facing
China’s marine fisheries and poses an enormous threat to the development of marine fisheries [10–13].
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In this context, the sustainable development of marine fisheries has become an urgent problem for the
Chinese government.

The dilemma of the sustainable development of marine fisheries is considered to be a result
of unbalanced development between ecological and social sub-systems based on the theory of
social-ecological systems [14]. With the increasing understanding of social-ecological systems,
integrating and analyzing various components of coupled human and natural systems has been
viewed as key to the control of global sustainability challenges such as climate change, species invasion,
water shortages and pollution, biodiversity loss, and the spread of disease [15,16]. Vulnerability is
used to express the consequences of various potential elements of coupled systems following losses
in social-ecological systems, and vulnerability assessment is a form of integrated valuation that
assimilates social, ecological, and economic information, providing a standardized framework for risk
reduction [17,18].

Many studies have focused on the vulnerability of marine fisheries, and have conducted
vulnerability assessments. Numerous studies have attempted to identify ways to achieve the
sustainable development of marine fisheries from the perspective of vulnerability. Most of the
attention has been given to the vulnerability of marine fisheries against the impacts of climate change,
with a focus on global marine fisheries [19,20], national marine fisheries [21,22], and individual regional
marine fisheries [18,23]. In addition to the vulnerability of marine fisheries against climate change, a few
authors have analyzed the vulnerability of marine fisheries against multiple natural and anthropogenic
threats. For example, Hughes et al. assessed the national level vulnerability against climate change
and multiple anthropogenic threats such as overfishing, land use changes, invasive species, shipping,
and pollution from the perspective of food security [24]. Thiault et al. presented an approach that
integrates spatial and temporal dimensions into vulnerability assessments and applied it to estimate
the social-ecological vulnerability of a small-scale coral reef fishery against multiple socioeconomic,
institutional, and biophysical drivers [25]. Previous studies have mainly considered the vulnerability of
marine fisheries against the single external threat of climate change, with only a few of them evaluating
the vulnerability of marine fisheries to multiple external drivers [24,25]. Most countries and regions,
including China, are undergoing multiple threats, and not just climate change [9]. The external drivers
of vulnerability can be social or biophysical [26–28]. Therefore, from a practical perspective, it is more
realistic to assess the vulnerability of marine fisheries against multiple threats. As the world’s largest
fishing producer, China is experiencing large-scale ecological changes associated with climate change,
pollution, and over fishing. However, to the best of our knowledge, none of the existing studies have
specifically considered the vulnerability of China’s marine fisheries.

Given the vast territory of China, the vulnerability of marine fisheries may substantially differ
among the coastal provinces and cities. In an attempt to comprehensively determine the vulnerability,
this study conducted an analysis of inter-provincial level vulnerability focusing on marine fisheries
in China’s coastal regions. It began by establishing an index system to be used in a vulnerability
assessment to consider various external drivers based on Intergovernmental Panel on Climate Change
(IPCC) definitions and realistic conditions. Compared to previous studies of the vulnerability to
climate change in which only projected climate change was used as the external driver, this study
further assessed the vulnerability of marine fisheries against multiple external drivers, including
climate change, marine pollution, and overfishing. This provides more comprehensive and realistic
analytical information for fisheries managers.

2. Materials and Methods

Using a vulnerability assessment framework, this study examined the level of vulnerability
of marine fisheries against multiple natural and socioeconomic drivers in China’s coastal regions.
The coastal area of China spans 11 provinces. From north to south, they are as follows: Liaoning, Hebei,
Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi, and Hainan (Figure 1).
Tianjin and Shanghai are direct-controlled municipalities and have a political stature equivalent to that
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of a provincial government. Due to the lack of data, this study does not include Hong Kong, Macao,
and Taiwan.
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According to the IPCC definition [29], vulnerability is a function of the sensitivity and adaptive
capacity of a system exposed to a stressor. Based on a generic conceptual model, this study constructed
an index system for use in vulnerability assessments that incorporated three components: (1) a region’s
exposure to environmental change and disturbances; (2) its sensitivity to this change; and (3) its
adaptive capacity, or potential to offset the impact of natural and anthropogenic disturbances. Table 1
shows the literature sources used to determine each indicator. After data collection, the level of
vulnerability of marine fisheries was calculated using the vulnerability index (VI) [30,31].

2.1. Exposure

Exposure was defined as the degree of multiple natural and socioeconomic stresses on marine
fisheries. Marine fisheries in different countries or regions are subject to different external threats and
therefore their specific exposure indicators are also different [27]. In addition to the general threat of
global climate change, China’s marine fisheries are also influenced by a variety of complex human
disturbances [9]. To scientifically select exposure indicators, we reviewed the relevant literature and
consulted 12 Chinese fisheries researchers from the Chinese Academy of Fishery Sciences, the First
Institute of Oceanography, the Ocean University of China, and the Ocean University of Shanghai.
Finally, we identified climate change, overfishing, and marine pollution as the exposure component
indicators and further provided the quantitative variables of these indicators. Sea surface temperature
has typically been used as the climate change indicator in previous studies [18–20,32]. In this study,
it was measured as the increase in sea surface temperature in 2016 compared with the period of
1993–2011. The values of the increase in mean monthly sea surface temperature in different coastal
areas were obtained from the Bulletin of China Marine Environmental Status in 2016 and then summed
across the 12 months to provide a single average value. The Bulletin of China Marine Environmental
Status is published annually online by the State Oceanic Administration of China and collates statistics
on the Chinese marine environment, ecology, main sources of sea pollution, environmental disasters,
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etc. Overfishing was measured as the proportion of the total catch in the middle and low trophic levels
in different coastal provinces. The trophic level of the main fishes in the catches from Chinese seas was
obtained from Li et al. [33] and the fractionated trophic levels of catches in different coastal provinces
(averaged over 2013–2016) were obtained from the China Fisheries Statistical Yearbook. The sources of
marine pollution in China are mainly land-based pollution, oil spills at sea, and self-pollution from
mariculture [34,35]. Among these sources of pollution, ocean oil spills have the characteristics of being
unforeseen events. According to the Bulletin of China Marine Environmental Status, there were no
large-scale oil spills in China’s offshore areas during the period of 2012–2015. Self-pollution from
mariculture is mainly concentrated in mariculture areas, and thus has a relatively limited impact on
wild fish that are widely distributed in offshore areas [36]. Therefore, the main pollution sources
affecting China’s marine fisheries are land-based pollution, including industrial wastewater, sanitary
wastewater, and agricultural wastewater [34]. Considering the lack of data regarding the discharge
of sanitary and agricultural wastewater into the sea, in this study, we used industrial wastewater
discharges into the sea per unit coastline as the marine pollution indicator, with reference to the
relevant literature [37,38]. Industrial wastewater discharge data (averaged over 2012 to 2015) were
obtained from the China Marine Statistical Yearbook.

2.2. Sensitivity

Sensitivity was defined as the degree of a coastal region’s society’s dependence on marine
fisheries. Marine fisheries contribute to economies and societies by supplying food, increasing economic
value, and creating employment. Therefore, sensitivity was measured using three indicators: food
dependency, economic dependency, and employment dependency. The high contribution to protein
supply, economic value, and employment means a high dependence of economies and societies on the
marine fisheries and hence a high sensitivity to multiple external drivers in the coastal region.

Food dependency was represented using fish protein intake as a percentage of total animal protein
intake following the methodology used by Barange et al. [39]. The protein content of fish and total
animal were derived from the China Food Composition. In addition, according to the consumption of
fish and animal (data were obtained from the China Statistical Yearbook, averaged over 2013 to 2016),
we calculated the proportion of fish protein intake among all of the animal protein intake. Economic
dependency was calculated based on the value of marine fishery industry as a percentage of GDP
of coastal regions. The values of the marine fishery industries were obtained from the China Fishery
Statistical Yearbook, the GDPs were provided by the China Statistical Yearbook, and both indicators
were averaged over 2013 to 2016. Employment dependency was calculated using people working
in marine fisheries as a percentage of total employed population. Fisheries employment data were
provided by the China Fishery Statistical Yearbook, total employed population were obtained from the
China Statistical Yearbook, and both indicators were averaged over 2013 to 2016.

2.3. Adaptive Capacity

Adaptive capacity was defined as a coastal region’s potential ability to respond to and recover
from natural and anthropogenic disturbances. Provinces with high adaptive capacity are less likely to
be damaged by external changes and are therefore better able to take advantage of the opportunities
to increase their social-economic benefits [20]. In this study, we disaggregated adaptive capacity into
four categories: assets, flexibility, learning, and social organization [40]. Assets included two parts:
the financial assets and the natural assets. Financial assets were calculated using GDP per capita
of coastal regions, and natural assets were represented using adjacent sea area per capita in each
coastal province. These data were derived from the China Statistical Yearbook and averaged over
2013 to 2016. Flexibility refers to the range of options a coastal region has to meet social-economic
needs if the existing fishery resource declines and marine environment becomes polluted. In this
study, flexibility was estimated as a coastal province’s life expectancy at birth and GINI index [20,24].
Data for the life expectancy at birth were available from the China Statistical Yearbook. The GINI index,
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a measure of income inequality, was also used as an indirect measure of a region’s flexibility, and the
data were provided from the survey by Tian (2012) [41] and averaged over 2007 to 2010. Learning
was represented using technicians working in marine fisheries as a percentage of total employment in
marine fisheries, and the data were obtained from the China Fishery Statistical Yearbook and averaged
over 2013 to 2016. In addition, the average adult literacy rate in a province was used as another indirect
measure of learning, and the data between 2013 and 2016 were available from the China Statistical
Yearbook. Social organization was measured as the Government Effectiveness Index of each coastal
province, as developed by Du and Li (2012) [42].

2.4. Calculating Vulnerability

Full datasets were available for 11 of China’s coastal regions. All of the variables were standardized
based on maximum values in our dataset and placed on a scale of 0–1 using the following conversion:

Yij =
(
Xij − MinXij

)
/
(

MaxXij − MinXij
)

(1)

where Yij was the standardized index value, Xij was the actual value of each coastal province, MinXij
was the minimum actual value, and MaxXij was the maximum actual value of actual value.

After that, we calculated the weight of each index using the entropy weight method. The process
included, first, the proportion of the j-th indicator of the i-th evaluation unit calculated as:

Pij = Yij/
m

∑
i=1

Yij (2)

Secondly, the entropy index of the j-th indicator was calculated(if Pij = 0, then Ej = 0):

ej = −k
m

∑
i=1

Pij ln Pij , k = 1/ ln m (3)

Thirdly, the difference coefficient of the j-th indicator was calculated:

gj = 1 − ej (4)

Finally, the entropy weight of the j-th indicator was calculated:

wj = gj/
n

∑
j=1

gj (5)

The exposure (E), sensitivity (S), and adaptive capacity (AC) indices were measured as follows:

E =
3

∑
j=1

WejYeij (6)

S =
3

∑
j=1

WsjYsij (7)

AC =
7

∑
j=1

WacjYacij (8)

where Wej, Wsj, and Wacj referred to the weights of exposure, sensitivity, and adaptive capacity; and Yei,
Ysij, and Yacij referred to the standardized index value of exposure, sensitivity, and adaptive capacity.

Finally, the Vulnerability Index (VI) was calculated by following the IPCC [43]:



Sustainability 2018, 10, 4302 6 of 14

VI = E + S − AC (9)

In the calculation of VI, the three components (exposure, sensitivity, and adaptive capacity)
were treated equally and each normalized to a 0–1 scale. The scores of VI were highest for the most
vulnerable coastal regions and lowest for the least vulnerable coastal regions.

Table 1. Index system for assessing marine fisheries vulnerability.

Component Variable Weight Reference

Exposure
Climate change Sea surface temperate 0.323 [18–20,32]

Overfishing Catches of middle and low trophic level as
a percentage of total catches 0.369 [44–46]

Marine pollution Industrial wastewater discharge into the sea
per unit coastline 0.308 [36,37]

Sensitivity
Food dependency Fish protein intake as a percentage of total

animal protein intake 0.204 [18–20,24]

Economic
dependency

Value of marine fishery industry as
a percentage of GDP 0.479 [18–20,32]

Employment
dependency

People working in marine fisheries as
a percentage of total employed population 0.317 [18–20,32,47]

Adaptive
capacity

Assets
GDP per capita 0.215 [20,24,32]

Adjacent sea area per capita 0.190 [47]

Flexibility Life expectancy at birth 0.066 [20,32]
GINI index 0.052 [24]

Learning

Technicians working in marine fisheries as
a percentage of total employment in

marine fisheries
0.258 [19]

Average adult literacy rate 0.095 [19,24,25,32]
Social organization Government Effectiveness Index 0.124 [19,20,24]

3. Results

3.1. Exposure Analysis

The exposure, sensitivity, adaptive capacity, and vulnerability indices were calculated according
to Equations (6)–(9) (Table 2). For presentation, final indicator scores were categorized by the method
of Jenks natural breaks into a four-level scale: high, moderate, low, and very low (Figure 2).

As shown in Figure 2a, the high exposure and moderate exposure regions were located in the Bohai
Rim region and Yangtze Delta region. Specifically, Tianjin, Shandong, and Zhejiang were classified as
the high exposure (0.447–0.538) coastal regions; and Hebei, Shandong, Jiangsu, and Guangdong had
moderate exposure (0.405–0.447). Zhejiang and Shandong were two provinces with the highest marine
fisheries yields in China, and recent statistics indicated that about 40–50% of the marine fisheries
yield comes from the two coastal regions. However, the statistics also suggested that the high yield in
Zhejiang and Shandong were mainly attributed to the increase in catches of middle and low trophic
level species. Therefore, overfishing in Zhejiang and Shandong, by comparison, was more serious than
other coastal provinces. As China’s two municipalities, Tianjin and Shanghai have developed industries
and were recognized as the high exposure regions mainly due to the high discharge of pollution into
the sea. Low exposure (0.230–0.356) and very low exposure (0.144–0.230) regions primarily occurred in
southern coastal areas, including Fujian, Guangxi, and Hainan provinces. This was chiefly because
the South China Sea has a relatively good condition of fisheries resources and marine environment in
comparison to the Eastern Seas of China. As an exception, the moderate exposure of Guangdong was
mainly attributed to climate change. According to the China Marine Environmental Quality Bulletin
and Guangdong Maritime Disaster Bulletin, the sea level in Guangdong rose 10.2 cm compared to
normal years, and the sea surface temperature increase was more than other coastal regions.
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3.2. Sensitivity Analysis

As shown in Figure 2b, most of coastal regions had high and moderate sensitivity. Regions
with high sensitivity (0.618–0.668) and moderate sensitivity (0.579–0.618) were most concentrated in
the eastern coastal area where the marine fisheries production was relatively high. Marine fisheries
made great contributions to the food supply, the employment obtained, and the coastal economy in
these provinces. Low sensitivity (0.389–0.579) regions and very low sensitivity (0–0.389) regions were
distributed across the whole study area. Tianjin, Shanghai, and Guangdong were identified as low
sensitivity regions due to the low proportion of the value of marine fisheries production and very
few people working in marine fisheries. The least sensitive region was located in Hebei province.
Apart from two municipalities (Tianjin and Shanghai), Hebei is the region with the smallest sea area
and shortest coastline among the coastal areas. Hence, the degree of Hebei’s society’s dependence on
marine fisheries was much smaller than other coastal regions.

3.3. Adaptive Capacity Analysis

The spatial pattern of adaptive capacity was mainly concentrated in the central coastal region
(Figure 2c). Regions with extremely high adaptive capacity (0.665–0.776) were located in Tianjin,
Jiangsu, and Shanghai. As the economic centers of China, Tianjin and Shanghai were more developed
than other coastal regions. Here, the social management patterns and fisheries technologies were
relatively advanced, and thus, these two municipalities had a strong ability to respond to and recover
from external disturbances. Next to Tianjin and Shanghai, the GDP per capita in Jiangsu was the
highest. In addition, the high life expectancy at birth, low GINI index, and high average adult literacy
rate enhanced Jiangsu’s adaptive capacity. Shandong, Zhejiang, Fujian, and Guangdong were identified
as moderate adaptive capacity (0.391–0.665) regions due to a combination of high adjacent sea area per
capita, high learning ability that was largely the result of the high percentage of fisheries technicians,
and relatively high government efficiency. Low adaptive capacity (0.201–0.391) and very low adaptive
capacity (0–0.201) regions, such as Liaoning, Hebei, Guangxi, and Hainan, were distributed in the
north and south of China’s coastal regions, where the level of economic and social development was
relatively low.
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3.4. Vulnerability Analysis

As shown in Figure 2d, there was a wide range in the extent of vulnerability, and overall, the result
was not optimistic. Specifically, high vulnerability regions were scattered in the north and south of the
study area, including Liaoning, Hebei, Fujian, and Hainan. Shandong, Zhejiang, and Hainan were
identified as moderate vulnerability regions. Tianjin, Jiangsu, and Guangdong had low vulnerability,
and Shanghai was least vulnerable. Through a comprehensive comparison of the component scores
for each province, it was found that regions experienced vulnerability as the result of different
combinations of exposure, sensitivity, and adaptive capacity. Regions with similar combinations
of these components were likely to be driven by the same sources of vulnerability. Therefore, it is
useful to determine effective measures to reduce vulnerability under local conditions by comparing
and categorizing the spatial vulnerability of marine fisheries among the Chinese coastal provinces.
If the coastal provinces were ranked based only on their vulnerability score, many characteristics of
their vulnerability patterns would be covered by the ranking itself [48]. Taking these considerations
into account, we identified different vulnerability patterns (Table 2) based on different combinations
of exposure, sensitivity, and adaptive capacity, and these were used in the subsequent analysis
and discussion.

Liaoning, Hainan, and Fujian could be considered regions with similar vulnerability
characteristics, and we classified them as Pattern I. Although these three regions had low or very low
exposure, they were identified as the most vulnerable regions due to their relatively high levels of
sensitivity and low adaptive capacity. Under the same exposure conditions, the levels of sensitivity in
these three regions could not be offset by the lower levels of adaptive capacity. Hebei also had a high
level of vulnerability. However, the combination of exposure, sensitivity, and adaptive capacity in
Hebei was different from the pattern in Liaoning, Hainan, and Fujian. Although Hebei had a very low
marine fishery dependence, the moderate level of exposure together with the low adaptive capacity
made it highly vulnerable to multiple stressors. In conclusion, the high vulnerability regions were
divided into two different patterns, but they all had a relatively low adaptive capacity.

As the main areas producing marine fish, Shandong, Zhejiang, and Jiangsu all had relatively
high levels of exposure, sensitivity, and adaptive capacity. In the context of moderate or high
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exposure to multiple natural and man-made threats, Shandong, Zhejiang, and Jiangsu were relatively
dependent on marine fisheries for food and livelihood, while their adaptive capacity was enhanced
by relatively strong economic and social indices. However, these three regions experienced different
levels of vulnerability due to their different component scores. The moderate adaptive capacity
together with moderate or high exposure and moderate sensitivity resulted in Shandong and Zhejiang
having a moderate level of vulnerability. Zhejiang, which also had a moderate level of vulnerability,
was similar to Shandong, but was highly exposed to external changes. In contrast, the low vulnerability
of Jiangsu was mainly due to its high capacity to adapt to the potential impacts.

The exposure and adaptive capacity scores in Tianjin, Shanghai, and Guangdong were higher
than the sensitivity scores. We therefore classified these regions into the same category. The high and
moderate levels of exposure in Tianjin, Shanghai, and Guangdong were offset by the low dependence
on fisheries and relatively high adaptive capacity, and these regions were ranked as low to very low
vulnerability. Shanghai was the least vulnerable region among the 11 coastal provinces due to having
the lowest level of sensitivity and highest level of adaptive capacity.

The unique combination of exposure, sensitivity, and adaptive capacity in Guangxi led to the
province being categorized as the least vulnerable. Guangxi had a combination of very low exposure
and low sensitivity that was offset to some extent by its very low adaptive capacity, which was
associated with a relatively low GDP per capita expectancy at birth and governance ability. Finally,
Guangxi was classified as a moderately vulnerable region under the specific exposure, sensitivity,
and adaptive capacity conditions.

Table 2. Pattern classification of vulnerability in China’s coastal regions.

Pattern Classification Regions Exposure-Sensitivity-Adaptive Capacity Vulnerability

Pattern I
Liaoning Low-Moderate-Low High
Hainan Very Low-Moderate-Low High
Fujian Low-High-Moderate High

Pattern II Hebei Moderate-Very Low-Low High

Pattern III
Shandong Moderate- Moderate- Moderate Moderate
Zhejiang High- Moderate- Moderate Moderate
Jiangsu Moderate- Moderate-High Low

Pattern IV
Tianjin High-Low-High Low

Shanghai High-Low-High Very Low
Guangdong Moderate-Low-Moderate Low

Pattern V Guangxi Very Low-Low-Very Low Moderate

4. Discussion

4.1. Strategies for Reducing the Vulnerability of Marine Fisheries

Assessing the degree of vulnerability of marine fisheries to natural and anthropogenic
disturbances has practical significance for developing effective fisheries management. China is the
world’s largest country in terms of marine fish production, and it is therefore crucial to identify the
vulnerability of China’s marine fisheries. However, to the best of our knowledge, a consideration
of the vulnerability of China’s marine fisheries has only occurred in a few national to global level
vulnerability assessments [19,20,24]. In studies at the country-level, China has generally been identified
as a moderately vulnerable nation. China has a large area of coastal waters and a coastline of over
1800 km stretching across three climate zones (tropical, sub-tropical, and temperate). Marine fisheries
in China’s 11 coastal provinces have developed under different natural and social conditions; therefore,
different coastal provinces may have different vulnerability patterns. It is therefore necessary to
specifically assess the vulnerability of marine fisheries in China’s different coastal areas. This study
developed an inter-provincial level vulnerability assessment framework focusing on the vulnerability
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patterns of marine fisheries to multiple stressors (climate change, overfishing, marine pollution) in
China’s coastal regions. The component scores for each province indicated that combinations of
exposure, sensitivity, and adaptive capacity factors were likely to be the main drivers of vulnerability.
There was no single driver of vulnerability that placed a province most at risk to hazards from multiple
disturbances. Vulnerability patterns of marine fisheries in China’s coastal regions were obtained based
on combinations of exposure, sensitivity, and adaptive capacity.

Regions with a high vulnerability were mainly located in Liaoning, Hebei, Fujian, and Hainan
provinces. Although the most vulnerable provinces were divided into two categories based on the
component scores, all of these regions shared a common characteristic of having a relatively low
adaptive capacity to external stressors in marine fisheries. Liaoning, Fujian, and Hainan appeared to
be most vulnerable due to an insufficient adaptive capacity to compensate for sensitivity, while Hebei,
which had a very low level of sensitivity, was identified as the most vulnerable province mainly due to
an insufficient adaptive capacity to offset moderate exposure. Liaoning, Hebei, Fujian, and Hainan are
all relatively underdeveloped regions compared to China’s other coastal areas. In these vulnerable
regions, it is crucial to improve societal capacity to adapt to the potential impacts. Adaptive capacity is
critical for reducing the unsustainable development of marine fisheries. Regions with a high adaptive
capacity are less likely to suffer from external disturbances and are therefore better able to achieve
sustainable development [49]. Adaptive capacity can generally be predicted by assets, flexibility,
learning, and social organization. Policies and development efforts to reduce vulnerability in the four
most vulnerable provinces may benefit most from a primary focus on improving these four aspects.
Specific actions may include increased investment in fisheries technology, improving governance,
promoting public education, reducing poverty, and enhancing the health status of fishermen.

Zhejiang and Shandong are China’s two largest provinces in terms of marine fish production.
The marine fish production in Zhejiang and Shandong in 2016 was 347.06 and 229.22 million tons,
respectively, which accounts for 43.38% of China’s total production. Therefore, the vulnerability
level of both regions is directly related to the sustainable development of marine fisheries in China.
Our analysis suggests that under conditions of high/moderate exposure and sensitivity, Zhejiang and
Shandong could still maintain only a moderate level of vulnerability, mainly due to their moderate
adaptive capacity. On account of this, the most effective way to prevent the growth of vulnerability in
the two regions is to reduce their dependency on marine fisheries in addition to maintaining a relatively
strong adaptive capacity. The Chinese Department of Fishery Administration has formulated a series
of measures to reduce the sensitivity of marine fisheries, including a “zero-growth” strategy for total
marine catch, a vessel buyback program, the Fishermen Transfer and Fishery Transition Program
(with the aim of moving fishermen to other industries, such as mariculture, fish processing, and coastal
tourism), and subsidies for distant water fishing vessels [50]. The substitution of mariculture for
marine fisheries has historically been a major way to reduce sensitivity. China’s overall marine catch
has leveled off in the last ten years, and virtually all of the growth in fish production has come
from aquaculture [51]. The rapid development of aquaculture has, to some extent, reduced the
dependency of food supply, employment, and economic growth on marine fisheries in China’s coastal
regions. In contrast, although the development of the pelagic fishery in China has also alleviated the
economic and employment dependence on marine fisheries, the majority of China’s distant water
catch has been sold to foreign markets in developed countries and not transported back to China.
The industry has therefore contributed less to the local food supply than aquaculture. However,
even though such national level industrial restructuring has been effective in reducing sensitivity,
many specific programs to reduce dependency in marine fisheries have had limited success at the
local level. In the coastal regions of China with large numbers of traditional fishermen, such as
Zhejiang and Shandong, marine fisheries still play an important role in the economy and society.
In these areas, the “zero-growth” strategy for total marine catch and vessel buyback programs have
proven difficult for the local government to implement in practice, and illegal fishing vessels still
exist. During 2014 to 2016, the marine catch in Zhejiang and Shandong has continuously increased
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rather than decreased. Because of their low levels of education, traditional fishermen are faced
with many livelihood challenges in the process of transformation and have generally responded
negatively to the fishermen transfer policy, which has further resulted in Zhejiang and Shandong
remaining dependent on marine fisheries for employment. Therefore, policies to increase capacity and
diversify livelihoods, including enhanced technical education and an increase in vocational training,
could indirectly contribute to a reduction in sensitivity. In conclusion, while some coercive measures
to reduce dependence on fisheries have been helpful, there is a need for more comprehensive policy
implementation to change livelihood strategies.

4.2. Prospects for Research

There have been many studies on the vulnerability of marine fisheries to climate change, but there
have been fewer studies on the vulnerability to other stressors. Given that marine fisheries in China
are severely affected by overfishing and environmental pollution, this study considered these two
indicators in addition to climate change when considering exposure factors. This study developed a set
of quantitative indicators for analyzing the vulnerability of marine fisheries to multiple disturbances
at a provincial scale. However, the consideration of more external drivers further increases the
complexity of vulnerability changes. Similar levels of vulnerability can be caused by different external
drivers [28], and therefore vulnerability assessments may not reflect the underlying mechanisms and
fail to ensure the effectiveness of vulnerability reduction measures [25]. Therefore, the identification of
the interaction between vulnerability and multiple driving factors should be a focus of future research.

5. Conclusions

In this study, we provided an analysis of inter-provincial level vulnerability focusing on marine
fisheries in China’s coastal regions against multiple external threats. To build a scientific vulnerability
evaluation system for marine fisheries, we adopted the definitions from IPCC with three components
of vulnerability: exposure, sensitivity, and adaptive capacity. Combining the actual conditions of
China and the known research results, 13 indicators were selected to assess the spatial vulnerability
of China’s marine fisheries. In addition, we classified vulnerability patterns of marine fisheries in
China’s coastal regions based on the combination of exposure, sensitivity and adaptive capacity.
Results revealed that Liaoning, Hebei, Fujian, and Hainan provinces appeared to be most vulnerable;
Shanghai appeared to be less vulnerable among China’s 11 coastal provinces; and the key sources
of vulnerability differed considerably among these regions. For regions most vulnerable to external
disturbances, their vulnerability patterns could be divided into two types. Liaoning, Fujian, and Hainan
were identified as the most vulnerable regions mainly due to a combination of high sensitivity and low
adaptive capacity, although they had relatively low levels of exposure. Hebei had very low marine
fisheries dependence, but its low adaptive capacity together with moderate exposure resulted in a high
level of vulnerability. However, the most vulnerable provinces revealed a common characterization
which is a lower adaptive capacity. As China’s two largest provinces in terms of marine fish production,
Zhejiang and Shandong had relatively high levels of exposure and sensitivity that were nonetheless
offset to some extent by their moderate adaptive capacities associated with the relatively strong
economic and social indices. The Chinese government’s marine fishery management policies mainly
focused on the reduction of dependency on marine fisheries in the past, but the reality showed
that appropriate adaptation measures such as improving fishermen’s education level and increasing
vocational training may be helpful in enhancing the existing policy effectiveness.
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