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Abstract
China (herein referred as China’s mainland, and excluding Hong Kong, Macau and Taiwan) is the largest contributor to global 
seafood production. While China’s marine fisheries have been extensively documented, there is a gap in systematically quan-
tifying production of its marine fisheries and the different challenges confronting them at the provincial level. We addressed 
this gap in spatial detail by providing a review that compares and contrasts the exploitation history of China’s fisheries at 
both the national and provincial levels based on official statistical data. We expanded upon this to explore aspects of bio-
socio-economic challenges faced by the country’s 11 fishing provinces. Our analysis suggested that significant increases in 
domestic marine catches in China have been accompanied by escalating fishing power, which has had differential impacts 
at the provincial scale. Catch per unit effort (CPUE) sharply declined at both the national and provincial scales, and many 
traditionally targeted demersal fish stocks showed clear downward trends in terms of catches. The 11 fishing provinces in 
China can be grouped into four clusters with distinct biological, social, and economic attributes. Targeted measures are 
recommended accordingly when implementing fisheries management measures for each specific fishing province in order 
to deliver an overall improvement in the sustainability of China’s marine fisheries.
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Introduction

China (herein referred to as China’s mainland, and exclud-
ing Hong Kong, Macau and Taiwan) is the world’s largest 
producer and consumer of fish. In 2018, China’s total fisher-
ies production reached 62.2 million tons, representing over 
one-third of the global fish supply (FAO 2020). Driven by 

growing domestic income and wealth, China consumed 38% 
of the global total in 2015 (FAO 2018). Although nowadays 
aquaculture dominates fisheries production in China, marine 
capture fisheries remain a significant component of over-
all supply (Wang and Shi 2015; Zhang 2016; Zhang et al. 
2020). Indeed, China ranks as the world’s leading fishing 
nation, accounting for about one-fifth of the global marine 
catch, of which over 85% is caught domestically (Normile 
2017; Fisheries Bureau of the Ministry of Agriculture and 
Rural Affairs 2019). Accordingly, studying the development 
of Chinese marine capture fisheries is germane to gaining 
a global understanding of the future of wild fish stocks and 
consequent food security challenges (Blomeyer et al. 2012; 
Mallory 2016; Szuwalski et al. 2020).

Marine capture fisheries make a significant contribution 
to domestic food security, create employment, and help sus-
tain the coastal economy in China (Cao et al. 2017; Jin et al. 
2015; Teh et al. 2017; Zhang 2018). In 2018, China’s marine 
fisheries employed almost 3.7 million people, of which about 
one million were professional fishers, and the annual pro-
duction value of the marine capture fisheries reached RMB 
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222.9 billion (US$ 33.7 billion) (Fisheries Bureau of the 
Ministry of Agriculture and Rural Affairs 2019). However, 
decades of intensive exploitation have resulted in emerg-
ing issues related to the sustainability of fisheries resources 
and the health of marine ecosystems (Han 2018; Tang et al. 
2016; Szuwalski et al. 2017). China is now facing a reality 
of declining fish stocks, biodiversity loss, and habitat deg-
radation, which in turn creates challenges in fisheries man-
agement and policymaking (Liu and De Mitcheson 2008; 
Normile 2017; Shen and Heino 2014).

Marine fisheries resources in China are mainly exploited 
by the country’s 11 coastal provinces and municipalities, 
comprising from north to south Liaoning, Hebei, Tianjin, 
Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, 
Guangxi, and Hainan. In addition, there are distinct regional 
differences in the development patterns of marine fisheries 
among these coastal areas (Lou et al. 2005; Li et al. 2019; 
Sun et al. 2016). Understanding the long-term development 
trends of domestic marine capture fisheries and continued 
assessment of the performance of each fishing province as it 
develops is a primary task of policymakers in promoting sus-
tainable development (Liang and Qin 2014; Su et al. 2020).

Past studies have provided a national overview of the 
developmental history of China’s fishing industry (Kang 
et al. 2018; Xu 2013; Yu and Yu 2008; Zhong and Power 
1997). In contrast, fisheries development at the provincial 
level is comparatively unknown. Given that the develop-
mental history of the fishing industry varies among the 
country’s 11 coastal provinces, understanding the provin-
cial differences in developmental status will contribute to 
taking corresponding fishery management measures towards 
sustainable development at the provincial level. Against this 
backdrop, this study expands upon previous studies to pre-
sent a more comprehensive and spatially resolved picture 
about the status of Chinese marine capture fisheries in terms 
of the triple bottom line of social, economic, and ecological 
dimensions through the incorporation of previously omitted 
provincial fisheries data in an integrated multidimensional 
analysis.

Challenges and threats to sustainability faced by individ-
ual fishing provinces depend not only on the exploitation 
status of fisheries resources but also on the level of coastal 
community dependence on marine capture fisheries (Garcia 
and Rosenberg 2010). Fisheries contribute to economies and 
societies by creating employment, adding economic value, 
and contributing to food security (Barange et al. 2014). Our 
study first tracked the trends in domestic marine catches, 
fishing effort and catch per unit effort, main fish species, 
catch composition, and fishing gear and vessel size at both 
the national and provincial levels over recent decades. Based 
on this detailed information, we further discuss the chal-
lenges facing the country’s 11 fishing provinces from a bio-
socio-economic or triple-bottom-line perspective, aiming to 

offer some propositions on policy implementation for future 
sustainable fisheries development in China.

Materials and methods

Data sources

All fisheries data used in this study were sourced from the 
China Fishery Statistical Yearbooks (1962–2019). Although 
the accuracy of catch statistics available from these Year-
books has been questioned in the past, with suggestions 
of over-reporting domestic fisheries production, it is also 
acknowledged that “a more effective statistical system for 
domestic fisheries has been developed” (Pauly et al. 2014). 
Indeed, there have been three major adjustments in the China 
Fishery Statistical Yearbooks throughout this period of 
years to reduce past inaccuracy and uncertainty in reported 
catches, accompanied by timely updating of China’s fisher-
ies data based on these adjustments in the Food and Agri-
culture Organization of the United Nation’s (FAO) global 
capture production database. Therefore, all fisheries data 
used in this study were corrected based on FAO global fish-
eries landings statistics (www.​fao.​org/​fishe​ry/​stati​stics/​en). 
Detailed revision information about China’s fisheries data 
has been described by its Fisheries Bureau of the Ministry 
of Agriculture and Rural Affairs (1999).

Data for fish protein intake, total animal protein intake, 
total employment, GDP, the value of total commodity 
export, and human population size were obtained from the 
China Statistical Yearbook (2019), and other associated data 
were derived from the China Fishery Statistical Yearbooks 
(1962–2019).

Multidimensional analysis

Biological, social, and economic indices were used to quan-
tify the threat levels in the 11 fishing provinces (Table 1). 
The metrics used in the analysis were:

1.	 Biological—intensive industrial fishing is thought to 
have profoundly altered the trophic structure of marine 
ecosystems, with higher trophic level predatory or 
demersal fish species replaced by smaller, low trophic 
level fish and invertebrates. Thus, the biological aspect 
was represented using catch percentages of tradition-
ally targeted demersal fishes and fish species with a 
trophic level (TL) higher than 3.5. As fishing effort is 
not reported for individual species in any of the prov-
inces, catch-per-unit-effort was unavailable as a proxy 
measure of stock biomass, thereby limiting the range of 
reliable performance metrics available to the two that 
were chosen for this study.

http://www.fao.org/fishery/statistics/en
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2.	 Social—fisheries contribute to societies by contributing 
to food security and creating employment (Allison et al. 
2009; Barange et al. 2014). Thus, the social aspect was 
quantified using food security dependency calculated as: 
(  fish protein intake ∕ total animal protein intake

total animal protein intake∕required animal protein intake
 ), the ratio of 

professional fisher population engaged in marine capture 
fisheries to total employees, and the percentage of small, 
i.e. non-industrial, or artisanal fishing vessels (by quan-
tity) in each provincial fleet.

3.	 Economic—fisheries contribute to economies by adding 
economic value and generating export income (Allison 
et al. 2009). Therefore, the economic aspect was repre-
sented using a composite index which included domestic 
marine catch as a percentage of GDP, per capita domes-
tic marine catch, and the value of fisheries export as a % 
of total commodity export.

For each indicator, an average value in the most recent 
three years (from 2016 to 2018) was used to counter inter-
annual variability. Variables were standardized based on 
their maximum values in our dataset and scaled within the 
range 0–1 using the following conversion: X/Xmax. Bio-
logical, social, and economic indices were calculated as 
unweighted means of the standardized variables. Cluster 
analysis is one of the most efficient data processing meth-
ods for identifying homogeneous aggregates within a het-
erogeneous group (Wang et al. 2020; Kaufman and Rous-
seeuw 2009). The main advantage of cluster analysis is that 

it enables grouping based on common characteristics whilst 
discriminating among dissimilar groups to emphasize the 
differences among the clusters in accordance with the chosen 
variables. Its simplicity of application is also an advantage, 
especially when explaining the results to management deci-
sion-makers. In fisheries science, hierarchical cluster analy-
sis is commonly employed for grouping observation units 
(Mahévas et al. 2008). To classify the varying challenges 
in the 11 fishing provinces, a hierarchical complete-linkage 
cluster analysis was then conducted based on Euclidean 
distance measure using the ‘hclust’ function in R software 
(https://​stat.​ethz.​ch/R-​manual/​R-​devel/​libra​ry/​stats/​html/​
hclust.​html, accessed 7 Jan 2021). This function from the R 
software cluster package grouped the 11 fishing provinces 
based on biological, social, and economic attributes in the 
input dataset. Clustering is an agglomerative method that 
begins by treating each sample as a single cluster and, from 
there, begins to group the samples based on their similar-
ity, as measured by their square Euclidian distance, until 
they form a large cluster. The smaller groups formed from 
the larger dataset are known as clusters. Grouping allows 
identification of similar observations that can potentially 
categorize them (Schimleck et al. 2020). The number of 
clusters was determined visually by the “best cut” height on 
the dendrogram where large changes in fusion levels were 
apparent (Mahévas et al. 2008). Using one-way analysis of 
variance (ANOVA), the reliability of clustering results was 
further verified by examining the statistically significant dif-
ferences among cluster groups in the biological, social, and 
economic indices.

Table 1   The average value of bio-socio-economic factors for China and its 11 fishing provinces during 2016–2018

Biological Social Economic

Catch percent-
age of tradi-
tional demersal 
fishes (%)

Catch percent-
age of fish 
species with 
trophic level 
higher than 3.5 
(%)

Food secu-
rity depend-
ency

Ratio of 
professional 
fisher popula-
tion engaged in 
marine fisher-
ies to total 
employees (%)

Percentage of 
small-size fish-
ing vessels (by 
quantity) (%)

Domestic 
marine catch 
as a percent-
age of GDP 
(%)

Value of fish-
eries export 
as a % of total 
commodity 
export (%)

Per capita 
domestic 
marine catch 
(kg)

Tianjin 6.5 8.6 0.03 0.02 25.5 0.1 0.1 1.9
Hebei 11.5 11.6 0.02 0.1 50.8 0.1 0.6 3.1
Liaoning 19.2 24.0 0.03 0.5 69.5 0.4 5.8 12.4
Shanghai 4.9 6.2 0.03 0.03 9.6 0.02 0.1 0.6
Jiangsu 19.1 21.1 0.04 0.1 39.6 0.2 0.1 6.5
Zhejiang 19.9 26.9 0.05 0.4 31.2 0.7 0.6 54.7
Fujian 20.3 32.3 0.04 0.6 67.7 1.0 6.4 45.4
Shandong 8.7 15.5 0.03 0.2 63.8 0.4 3.1 17.8
Guangdong 37.3 41.6 0.03 0.3 76.4 0.2 0.5 12.5
Guangxi 23.3 28.5 0.03 0.1 72.8 0.6 2.1 12.4
Hainan 53.1 55.2 0.05 1.7 80.8 4.6 11.4 125.8
Nationwide 30.0 23.7 0.03 0.1 65.8 0.9 0.2 8.0

https://stat.ethz.ch/R-manual/R-devel/library/stats/html/hclust.html
https://stat.ethz.ch/R-manual/R-devel/library/stats/html/hclust.html
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Results

Domestic marine catches, fishing effort, and catch 
per unit effort

Domestic marine catches in China increased considerably 
over the past seven decades (Fig. 1). Specifically, total 
marine catches increased more than fourfold, from 1.48 
million tons in 1961 to 3.87 million tons in 1985, and then 
increased a further threefold to a peak of 12.03 million 
tons in 1999. Catches were subsequently stable at high 
levels with small fluctuations such that the catch was about 
10.44 million tons in 2018.

The substantial increases in domestic marine catches 
were all accompanied by a sharp increase in fishing effort 
(Fig. 2). Fishing effort in China increased gradually with 
an initial increase from 0.25 million kilowatts in 1961 
to 3.44 million kilowatts in 1985, then it continued to 
increase to a peak of 12.33 million kilowatts in 2011. Fish-
ing effort then decreased slightly in more recent years with 
10.96 million kilowatts expended in 2018 (Fig. 1).

Domestic marine catches in Liaoning, Shandong, 
Guangdong, and Zhejiang increased exponentially and 
then slowed and plateaued during the late 1990s, although 
Zhejiang did not reach its peak catch until the mid-2010s. 
The first three provinces showed fishing effort continuing 
to peak for at least several years beyond their respective 
peak catches, indicating that these stocks were starting 
to become exploited beyond their maximum sustainable 
yields. Patterns were different for Hebei, Jiangsu, Fujian, 
and Guangxi provinces, with both catch and effort remain-
ing relatively consistent throughout the development of 
the fisheries in these provinces. Tianjin and Shanghai 
provinces exhibited quite different patterns, with Tianjin 

peaking in the mid-1970s before falling away very rap-
idly, followed by a relatively consistent reduced catch and 
fluctuating effort until catches spiked in a second peak 
in 2012. Shanghai’s catch peaked around 1978 and then 
declined along a steepening trajectory prior to leveling off 
from 2008 onwards. Effort remained elevated for many 
more years after the peak in catch, not reaching its maxi-
mum until 1991, and then from the early 2000s undergoing 
a steady decline (Fig. 2). In contrast, both the peak catch 
and effort in Hainan were reached only in more recent 
years. Among the 11 coastal provinces and municipalities, 
the provinces of Zhejiang, Shandong, Fujian, Guangdong, 
and Hainan accounted for approximately 83% of the total 
domestic marine catch in 2018 (Fig. 3). Table 2 lists the 
breakdown of domestic marine catch by fishing areas in 
the 11 fishing provinces of China in 2018.

Catch per unit effort (CPUE) in China decreased sub-
stantially during the 1960s to the 1980s. CPUE decreased 
from a peak of 5.97 t/kW in 1961 to 1.17 t/kW in 1981, 
and subsequently remained at a low level (Fig. 4). Trends in 
CPUE in the 11 fishing provinces were consistent with the 
nationwide trend, which also showed a significant decrease 
and then stabilized at low levels (Fig. 4).

Catch composition

Collection of statistical data for fish species in China com-
menced in 1983. At the national scale, catch patterns among 
taxa were grossly similar, with invertebrates and algae 
mirroring the total catch of all species during 1983–2018 
(Fig. 5). In contrast to the overall pattern, there were clear 
differences among provinces, especially Tianjin, Shanghai, 
and Hainan, in terms of both total catch and differences 
among taxa, such that the variation among taxa differed 
from one province to another, even for those provinces with 

Fig. 1   Domestic marine catch 
and fishing effort in China dur-
ing 1961–2018
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similar total catch patterns. Hainan showed a more pro-
longed and consistently linear increase during 1988–2018 
prior to a downturn, mostly attributable to demersal spe-
cies. In Liaoning, Hebei, Tianjin, Jiangsu, and Guangxi, 
invertebrates and algae dominated wild fisheries production. 
Pelagic species were as important as invertebrates in Shan-
dong, Fujian, Guangdong, Guangxi, and Hainan (Fig. 5).

Catch percentage of fish species with TL ≥ 3.5, fish spe-
cies with TL < 3.5, and invertebrates and algae were 30.1%, 
38.5%, and 31.4%, respectively, in 2018. Nowadays low 
trophic level fish species make the largest contribution to 
marine catches in China. Table 1 lists the contribution of fish 
species with TL ≥ 3.5 to domestic marine capture fisheries 
in the 11 fishing provinces, and this ratio reached 50.7% 
and 41.8% in Hainan and Guangdong, respectively, in 2018.

Main fish species

The main fish species caught during 1983–2018 are shown 
in Fig. 6, with demersal fishes mainly including largehead 

hairtail Trichiurus lepturus, threadfin breams NEI Nemip-
terus spp., daggertooth pike conger Muraenesox cinereus, 
yellow croaker Larimichthys polyactis, filefishes NEI 
Cantherhines spp., porgies, seabreams NEI Sparidae, So-
iny (redlip) mullet Liza haematocheilus, Groupers NEI 
Epinephelus spp., and large yellow croaker Larimichthys 
croceus, among which the catches of Trichiurus lepturus 
were far larger than the others and gradually decreased from 
2010 onwards. Pelagic fishes mainly comprised Japanese 
anchovy Engraulis japonicus, scads NEI Decapterus spp., 
Pacific chub mackerel Scomber japonicus, seerfishes NEI 
Scomberomorus spp., silver pomfrets NEI Pampus spp., Jap-
anese pilchard Sardinops melanostictus, pellona Ilisha spp., 
and Pacific herring Clupea pallasii, of which the catches 
of Japanese anchovy were highest but showed large annual 
fluctuations. Crustacean catches mainly comprised gazami 
crab Portunus trituberculatus, Akiami paste shrimp Acetes 
japonicus, southern rough shrimp Trachypenaeus curviro-
stris, fleshy prawn Penaeus chinensis, and blue swimming 
crab Portunus pelagicus, of which the catches of gazami 
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crab, Akiami paste shrimp, and southern rough shrimp had 
all decreased slightly in recent years. The catches of fleshy 
prawn and blue swimming crab generally showed an increas-
ing trend (Fig. 6).

Catches of the main target species including largehead 
hairtail, Japanese anchovy, gazami crab, and Akiami 

paste shrimp are shown in Fig. 7. Catches of largehead 
hairtail came mainly from Zhejiang, Guangdong, Fujian, 
and Hainan provinces, and the catch percentages in these 
four provinces were 41.3%, 13.6%, 14.8%, and 13.7%, 
respectively, in 2018. Of the 11 fishing provinces, Fujian, 
Guangdong, and Hainan were the only ones which showed 
a fluctuating upward trend in the catches of largehead hair-
tail, whereas this species decreased in all the other fishing 
provinces. Catches of Japanese anchovy were primarily 
obtained from Shandong Province, accounting for 61.2% 
of the total catch of Japanese anchovy in 2018. How-
ever, catches of Japanese anchovy in Shandong Province 
declined, with fluctuations following a peak catch in 2003. 
Gazami crab was mainly exploited by Zhejiang, Jiangsu, 
and Fujian provinces, accounting for 36.0%, 17.5%, and 
17.3% of the total catch of gazami crab in 2018. But 
catches of gazami crab have clearly decreased in each of 
these three provinces during the past four years. The prov-
inces of Zhejiang, Fujian, Shandong, Liaoning, and Hebei 
were the main fishing provinces for Akiami paste shrimp, 
with catch percentage of 37.5%, 16.3%, 11.5%, 11.5%, 
and 11.0%, respectively, in 1983. However, these respec-
tive values were 42.2%, 13.7%, 14.5%, 4.8%, and 1.7% in 
2018, with catches of Akiami paste shrimp significantly 

Fig. 3   Breakdown of domestic 
marine catch by fishing prov-
inces in China in 2018

Tianjin
0.3%

Hebei
2.0%

Liaoning
5.0% Shanghai

0.1%

Jiangsu
4.5%

Zhejiang
27.5%

Fujian
16.3%

Shandong
16.3%

Guangdong
12.2%

Guangxi
5.4%

Hainan
10.4%

Table 2   Breakdown of domestic marine catch by fishing areas in the 
11 fishing provinces of China in 2018

Fishing prov-
inces

Bohai Sea/% Yellow Sea/% East 
China 
Sea/%

South 
China 
Sea/%

Tianjin 19.2 80.8
Hebei 77.0 23.0
Liaoning 38.5 60.4 1.1
Shanghai 100
Jiangsu 0.1 89.0 10.8 0.1
Zhejiang 4.8 5.4 89.4 0.4
Fujian 88.9 11.1
Shandong 16.5 83.5
Guangdong 1.6 98.4
Guangxi 100.0
Hainan 100.0
Nationwide 7.6 22.8 40.0 29.6
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decreasing in Shandong, Liaoning, and Hebei provinces 
since the 2000s.

Challenges faced by coastal provinces in China

In terms of the biological aspect (Table 1), the catch per-
centage of fish species with TL ≥ 3.5 was highest in Hainan, 
followed by Guangdong and Fujian, and the bottom three 
provinces were Shanghai, Tianjin, and Hebei. Ranking of the 
catch percentage of demersal fishes was similar to that of the 
catch percentage of fish species with TL ≥ 3.5. Specifically, 
Hainan and Guangdong ranked as the top two provinces, 
while Shanghai and Tianjin rank at the bottom of the list.

For the three indicators included in the social aspect, in 
terms of the proportion of small fishing vessels (by quan-
tity), the ranking from high to low was Hainan, Guangdong, 
Guangxi, Liaoning, Fujian, Shandong, Hebei, Jiangsu, Zhe-
jiang, Tianjin, and Shanghai provinces, with the propor-
tions all higher than 50% in the first seven provinces. Food 
dependency was higher than the national level for all prov-
inces except Shandong, Guangxi, and Hebei, with Hainan, 
Shanghai, and Fujian the top three provinces. Hainan and 
Fujian provinces had very high employment dependency, 
and the ratio of the professional fisher population engaged 
in marine capture fisheries to total employees in Hainan and 

Fujian provinces reached 1.7% and 0.6%, respectively, dur-
ing 2016–2018, which was well above the national value of 
0.1% (Table 1).

In terms of economics, Hainan, Fujian, Liaoning, and 
Shandong had very high seafood trade dependency. How-
ever, the values of fisheries exports as a percentage of 
total commodity export were much lower than the national 
level of 0.90% in Shanghai, Tianjin, Jiangsu, Guangdong, 
Hebei, and Zhejiang provinces. Nationwide, the value of 
domestic marine catch accounted for 0.2% of GDP during 
2016–2018. However, this ratio reached 4.6% in Hainan 
Province. In contrast, this proportion in Shanghai and 
Tianjin municipalities were only 0.02% and 0.07%, respec-
tively (Table 1).

A hierarchical cluster analysis was applied to group the 11 
fishing provinces based on biological, social, and economic 
aspects (Fig. 8). Results showed that the 11 fishing prov-
inces could be divided into four groups, and the biological, 
social, and economic indices differed significantly (P < 0.01) 
among cluster groups based on one-way ANOVA (Table 3). 
Specifically, Hainan Province belonged to one class, with 
the highest level of biological, social, and economic compo-
nents. Fujian and Guangdong provinces belonged to another 
class, characterized by high levels of biological and social 
indices coupled with a middle-to-high level economic index. 
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Zhejiang, Liaoning, Guangxi, Jiangsu, and Shandong prov-
inces formed a third class with middle levels of biological, 
social, and economic components. Tianjin, Shanghai, and 
Hebei provinces represented the fourth class, which had low 
levels of these three components.

Discussion

China’s 11 fishing provinces were grouped into four dis-
tinct clusters based on the analysis of the biological, social, 
and economic indicators we chose for this study. This illus-
trates the need to ensure that when planning for broadscale 
national implementation of fisheries management poli-
cies, the chosen management strategies are appropriately 
tailored to differences in situations that are unique to each 
province. Hainan Province showed itself to be the most 

socioeconomically dependent province with respect to its 
domestic fisheries production. Its high trophic level demersal 
species are currently the main targets, and fishing pressure 
persists at high levels. Actions need to be taken to strengthen 
both fisheries management and scientific stock assessments, 
to reduce the risk of overfishing and promote sustainable 
fisheries development in this province. Small vessels gen-
erally contribute more to numbers of jobs and community 
value of fisheries per ton than large-scale industrial fleets 
(Teh et al. 2019; Zeller et al. 2006). Given that fleets of 
small vessels operating at the local scale predominate in 
Hainan Province, boosting participation in recreational fish-
eries would not only contribute to fostering a new trend of 
coordinated development for the Hainan fisheries economy, 
but would also provide new employment opportunities for 
displaced traditional fishermen by utilizing their transferable 
skills of boating and fishing practices.
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Fujian and Guangdong provinces belong to a second class 
in the cluster that is characterized by relatively good bio-
logical status and middle to high levels of socioeconomic 
dependency. Developing policies that promote environmen-
tally friendly ocean farming and transferring fishermen out 
of the wild catch fishing industry are of paramount impor-
tance for decreasing the socioeconomic dependency in these 
two provinces. In addition, because economic dependency 
is much higher in Fujian Province, the government should 
actively implement measures to facilitate transformation and 
upgrading of its marine fishing industry.

Zhejiang, Liaoning, Guangxi, Jiangsu, and Shandong 
provinces had moderate dependence on marine capture fish-
eries, but invertebrate and pelagic species dominated the 
catch composition in these provinces. Therefore, there is 
an urgent need for a concerted effort not only to meet this 
cluster’s socioeconomic requirements, but also to constrain 
marine fishing effort and restore fish stocks. As the top two 
provinces in terms of domestic marine catches, Zhejiang and 
Shandong should strengthen their efforts to promote the inte-
gration and coordinated development of primary, secondary, 
and tertiary industries such as traditional fishing, processing, 
recreational angling, and aquatic leisure services.

Tianjin, Shanghai, and Hebei provinces have had low 
dependence on marine capture fisheries, and traditional 
demersal fish stocks were overfished in these areas. Sustain-
able practices such as constraining fishing effort, increasing 
habitat protection, and restoring degraded habitats, along 
with marine stock enhancement, should be further explored 
to restore fish stocks and increase yields. Aquaculture is 
considered to be an effective way to increase food supplies 
and promote economic development, and it currently plays a 
significant role in fish supply in Tianjin and Hebei provinces. 
Promoting eco-farming models that combine traditional and 
modern practices by positively extending eco-farming tech-
nology and mitigating pollution associated with aquaculture 
are approaches that hold promise for achieving sustainable 
fisheries development.

China’s marine fishing industry has expanded dramati-
cally over the past seven decades, and the country now 
leads the world in marine capture fisheries (Aksnes and 
Browman 2015; FAO 2018; Fu et al. 2018). However, the 
accelerating harvest and lack of effective implementation 
of fisheries management have resulted in a reduction in the 
biomass of traditional high-value species and a change in 
the structure of marine ecosystems (He et al. 2015; Liang 
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and Pauly 2017; Jin 2004; Liu 2019). As would be expected, 
the intensive fisheries exploitation has resulted in significant 
drops in catch per unit effort at the both national and pro-
vincial scales. Excess fishing capacity has been identified 
as a major impediment to effective fisheries management 
in China (Blomeyer et al. 2012; Cheng et al. 2006; Huang 
and Tang 2019).

Marine capture fisheries in China are multi-gear and 
multi-species (Li et al. 2017). Invertebrate and pelagic spe-
cies are now the largest contributors to marine catches in 
China at the national scale, and this is reflected within most 
of the fishing provinces. The intense exploitation of marine 
fisheries resources also has significantly changed the struc-
ture of fisheries production in China (Mallory 2013; FAO 
2020). Production has shifted from capture fisheries to the 
current situation where about three quarters of the coun-
try’s fish production is derived from aquaculture. Among 
the 11 fishing provinces in China, aquaculture production 
accounted for more than 70% of the total fish production, 
except for Shanghai, Zhejiang, and Hainan provinces (Fish-
eries Bureau of the Ministry of Agriculture and Rural Affairs 
2019). Capture fisheries have shifted from domestic fisher-
ies to distant-water fisheries in Shanghai, specifically, the 
distant-water fishing contributes 58% of total fish production 
but the ratio of domestic marine catches is only 5% in 2018 
(Fisheries Bureau of the Ministry of Agriculture and Rural 
Affairs 2019).

Total biological allowable catch is around 9 million tons 
in China (Han 2018; Yang et al. 2016; Yue et al. 2017). 
However, domestic marine catches have exceeded bio-
logically allowable limits since the mid-1990s. Therefore, 
intensive exploitation has exceeded the reproduction and 
regeneration capacity of marine fishery resources for many 
years. Fisheries resources are now under enormous pressure 
from the high levels of fishing efforts, while fishing prac-
tices in China are largely indiscriminate, with trawl fisher-
ies producing 47% of total domestic marine catches, which 
may have negative effects on biodiversity and populations 
of individual species (Szuwalski et al. 2017; Hiddink et al. 
2011). What is worse, large numbers of fishermen are actu-
ally intensifying the exploitation level of fishery resources 
(Han 2018; Huang and He 2019).

Although the reliability of domestic marine capture fish-
eries production statistical information in China has been 
widely challenged for over-reporting (Pauly et al. 2014), the 
statistical data collection systems in China were designed 

carefully and the Chinese government has conducted three 
national agricultural censuses to improve data reliability 
throughout the time series since 1997. Problems of over-
capacity and depleted fisheries stocks still pose a serious 
threat to marine ecosystems in China (Chen et al. 2018; 
Lindkvist et al. 2008; Tang 2018). Nowadays, China has 
placed particular emphasis on eco-civilization, which aims 
to “build a resource-saving and environment-friendly soci-
ety based on environmental carrying capacity of resources, 
the laws of nature, and sustainable development” (Cao et al. 
2017; Fisheries Administration Bureau 2014; State Council 
Web: http://​www.​gov.​cn/​guowu​yuan/​2015-​09/​21/​conte​nt_​
29363​27.​htm Accessed 1 August 2019). The Chinese con-
cept of eco-civilization is quite similar to the more widely 
used concept of sustainable development. The bio-socio-
economic indicators used in this study highlight not only 
the serious biological status and socioeconomic importance 
of domestic marine capture fisheries in China, but also the 
challenges China is facing from overfishing. Nationwide, to 
promote sustainable fisheries in China, the following three 
aspects should be further strengthened. First, it will remain 
necessary in the short to medium term to further promote 
alternative employment opportunities for the existing cohort 
of commercial fishers considering the current high social 
dependence of their communities on fisheries. Fish pro-
cessing industries and recreational fisheries are promising 
mechanisms for job transferability among fishermen whilst 
increasing the sustainability of seafood production. Second, 
fisheries resources in China are much like the commons, 
which have the characteristics of competitiveness and public 
accessibility. A property rights system which would limit 
participation has not yet been implemented. Common-pool 
resources place challenges on society because of a mis-
match between public and private interests (Epstein et al. 
2018; Finus et al. 2020). Using rights-based approaches 
such as assigning secure and enforceable harvesting rights 
to individuals or groups (for example, individual transfer-
able quotas, ITQ) can provide incentives for sustainable use 
of fisheries resources. Third, with the depletion of marine 
fisheries resources, sustainable and environmentally friendly 
aquaculture is recommended to meet the increasing demand 
for fish protein whilst alleviating the pressure on wild stocks. 
Development of modern marine ranching in particular can 
help in optimizing the overall structure of the seafood pro-
duction industry in China.

Our study has shown that cluster analysis is useful in clas-
sifying the grouped data according to their similarities and 
extracting useful summarized information (Castillo et al. 
2016; Pulver et al. 2016; Wang et al. 2020). The challenge 
for future assessments of this kind is to expand the acquisi-
tion of different kinds of data at the provincial scale to sup-
port a broader range of metrics.

Table 3   Results of one-way ANOVA

Biological index Social index Economic index

F value 19.9 31.5 22.7
P value 0.0008 0.0002 0.0006

http://www.gov.cn/guowuyuan/2015-09/21/content_2936327.htm
http://www.gov.cn/guowuyuan/2015-09/21/content_2936327.htm
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