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Fisheries catch is determined by a complex combination of biological and industrial
factors. In this study, using data from the online database Sea Around Us from 1950 to
2018, the risk of fisheries collapse was assessed for the three large marine ecosystems
(LMEs) around China by analyzing the carbon transfer efficiency, mean trophic level, and
mean maximum length of fisheries catch and expansion factor. In addition, these were
compared with the corresponding values for other LMEs, especially the Humboldt Current
and the North Sea LMEs, which experienced fisheries collapse.

Our results revealed high carbon transfer efficiencies in LMEs around China, suggesting
large fishing efforts compared with LMEs with similar primary production. Although marine
fish landings did not decline significantly, they were maintained by potential resources
associated with offshore and deep expansion and fishing of lower–trophic-level species
and juvenile fish. However, the potential resources have been largely consumed in the
East China Sea and South China Sea LMEs, where the ratio of the primary production
required to sustain catches to the total primary production (%PPR) was greater than 50%.
In contrast, this ratio in the Yellow Sea LME was lower; however, this value was still higher
than the sustainable ratio in the Humboldt Current LME. Without proper fisheries
management, the three fisheries around China are likely to collapse, as observed in
case of the North Sea LME in the 1970s.

Keywords: largemarine ecosystem, primary production, carbon transfer efficiency, fishery collapse, fisheries catch
INTRODUCTION

Fisheries are supported by embedded ecosystems (Unsworth et al., 2019). Therefore, primary
production is a fundamental factor influencing fish production and fisheries catch (Pauly and
Christensen, 1995; Watson et al., 2014; Anderson et al., 2019). The relationship between primary
production and fisheries catch has been extensively investigated since Oglesby (1977) first reported
the empirical relationship between the annual catch of fish and primary production in large fresh
water systems (Ware and Thomson, 2005; Capuzzo et al., 2018). However, in marine and estuarine
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systems, (Nixon, 1982; Nixon, 1992) found that the relationship
did not hold, which suggested that primary production was not
the only driving factor for fisheries catch.

Although primary production sets the potential for fish
production, fisheries catch is determined by a complex
combination of biological and industrial factors, such as fishing
effort and management policies. For the biological factors, it
remains controversial whether long-term sustainable fisheries
catches from the global oceans are largely controlled by primary
production (bottom-upcontrols) orbypredatory–prey interactions
at higher trophic levels (top-down controls) (Ware and Thomson,
2005; Mcowen et al., 2015). This is based on the fact that the
reported annual global landings of fish have stagnated around 80
million tons (Mt) with inter-annual fluctuations for many years
since 1995 (Watson and Pauly, 2001; Pauly and Froese, 2012).
However, fishing capacity, measured by the cumulative power of
fishing vessels, has continued to increase, indicating that catches
taken per unit offishing effort have actually declined (Watson et al.,
2013; Bell et al., 2017). This suggests that global sustainable harvest
limits could be approached (Watson et al., 2014). Considering that
the global landings did not show signs of overexploitation or stock
collapse (Pauly, 2018), available studies have presented three
potential but still debatable reasons contributing to the stable
landings: offshore extension of pelagic and demersal fisheries
(Watson and Morato, 2013), downtrend of trophic level (Bhathal
and Pauly, 2008; Liang and Pauly, 2020), and juvenile fishing
(Krumme et al., 2013; Yang et al., 2021).

As one of the most productive fishing zones in the world,
coastal oceans around China significantly contribute to seafood
production and support food for the high population. Although
its fishery-associated resources are crucial for food security and
export trade in its bordering countries, studies by Sumaila and
Cheung (2015) revealed that some key species sourced from the
East and South China Seas are under serious threat due to long-
term overfishing, climate change, and other stressors. In this
study, fisheries data in the broad coastal oceans around China
were comprehensively investigated by considering both
biological and industrial controls to assess the vulnerability to
collapse of large marine ecosystems (LMEs) in China.

To effectively assess and manage transnational coastal
fisheries and environments in the global ocean, scientists
divided the ecosystem into LMEs, which are defined as marine
ecosystems around the world with unique sets of ecological,
oceanographic, and biogeochemical characteristics (Watson
et al., 2014; Selig et al., 2019). Coastal LMEs account for 95%
of the total annual fisheries catch, although they cover only 20%
of the global ocean area (Garibaldi and Limongelli, 2003; Stock
et al., 2017). There are three LMEs along China’s coasts: Yellow
Sea LME, East China Sea LME, and South China Sea LME. Over
60% of the Yellow Sea and East China Sea are on the continental
shelf and are among the most productive parts of the world’s
oceans (Chen, 1996). In contrast, the South China Sea LME,
located on the tropical–subtropical rim of the western North
Pacific Ocean at an average depth of approximately 1212 m
(Sumaila, 2019), has low nutrient concentrations throughout the
year (Lu et al., 2020). Owing to the distinct geographical and
Frontiers in Marine Science | www.frontiersin.org 2
nutrient conditions in the three LMEs, primary production and
fisheries catches are distinct; however, only a few studies
comparing their fisheries have been performed (Jin and Tang,
1996; Zhang et al., 2018; Pauly and Liang, 2020). The main
objectives of this study were to assess the fisheries in the three
LMEs around China and to compare them with other LMEs,
especially the Humboldt Current and North Sea LMEs, which
experienced fisheries collapse.

Carbon transfer efficiency (CTE) and the ratio of primary
production required for fisheries catch to total primary
production (%PPR) were two important factors for the
assessment of fisheries in this research. The CTE is an
indicator for estimating fish production and is widely applied
in the study of carbon cycling, marine ecosystems, and food web
interactions to determine energy transfer efficiency (Degerman
et al., 2018; Fakhraee et al., 2020; Eddy et al., 2021). The %PPR is
often used to analyze the ecological pressure of different species
or systems (Morissette et al., 2012; Ding et al., 2020). A rough
measure of CTE from primary production to fisheries is based on
the analysis of 63 LMEs (66 LMEs in total; however, the data for
the three of them were missing data, and therefore, these were
eliminated from the statistics) around the world (Figure 1) was
used to evaluate fisheries in the three LMEs around China. To
compare the bottom-up and top-down controls, %PPR was
assessed under the assumption that the reported marine fish
landings effectively reflected total fish production. In addition,
the mean maximum length of fish catches, trends in trophic
levels, and expansion factors (EFs) were also analyzed to verify
whether offshore and deep extension, downtrend of trophic level,
and juvenile overfishing occurred in the LMEs around China.
Most of the data were obtained from Sea Around Us (https://
www.seaaroundus.org, SAU), which is one of the very few
databases with near-uniform data regarding major fisheries
around the world.
MATERIALS AND METHODS

Primary Production
Primary production data for 63 LMEs (1950–2018) were obtained
fromtheonlinedatabase of the SAU. Itwas estimatedon thebasis of
the chlorophyll pigment concentration derived from SeaWiFS data
(http://seawifs.gsfc.nasa.gov) with a spatial resolution of 9 km
(Siswanto et al., 2016; Sharma et al., 2019). Primary production
for the northern South China Sea before 1990s may be
overestimated as the estimation was based on current nutrients
loads, which have been increasing since the 1990s (Liu et al., 2002).
However, considering that the northern South China Sea covers
only approximately 6% of the entire South China Sea LME (Yu and
Zhang, 2005), this overestimation was negligible in the entire
LME area.

Fisheries Catch and Mean
Trophic Level
Annual fisheries catch and mean trophic levels of fisheries catch
data from the SAU database was derivedmainly from the corrected
June 2022 | Volume 9 | Article 863611
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Food and Agriculture Organization (FAO) of the United Nation’s
global fisheries landings statistics, complemented by statistics from
various international andnational agencies and some reconstructed
data sets (Watson et al., 2014). It should be noticed that fisheries
catchdata fromthe SAUwere reanalyzedwith catches anddiscards.
For most countries, the baseline data were statistics reported by
member countries or international bodies to the FAO. It was also
necessary to source available alternative information sources for
missing data in other countries. A six-step approach for data
processing was developed and reported by Zeller and Pauly
(2016) in detail. Chinese catches from China’s exclusive economic
zone were over-reported since the mid-1980s (Watson and Pauly,
2001). However, this was resolved after China corrected the data
submitted to FAO; the FAO subsequently revised the related
historical statistics for the period of 1997–2005 (Pauly and Froese,
2012). In addition, this over-reporting was diluted owing to the fact
that China’s exclusive economic zone being part of the LMEs
around China (Pauly et al., 2014). Therefore, the fisheries catch
data for LMEs around China were valid for analysis.
Mean Maximum Length and
Expansion Factor
The mean maximum length estimates were mainly obtained
from the “ISSCAAP Table” of FishBase 2000 (Rosenberg et al.,
2014), which consisted of standard lengths for all species of bony
fish. In addition, data from the FAO Species Catalogues and
Identification Guides were included to complement the
ISSCAAP table for several invertebrate taxa. The mean
maximum lengths were averaged by genera, families, and
higher groups. To account for the expansion and contraction
offishing fleets over time, reflected by the trophic level of catches,
Frontiers in Marine Science | www.frontiersin.org 3
the Fishing-in-Balance (FiB) index was introduced, with an
increasing trend representing a geostrophic expansion of
fisheries to new grounds (Bhathal and Pauly, 2008). On the
basis of this, the spatial EF was introduced to make the implied
expansion of fisheries explicit by re-interpretating the FiB index
in the form of EF = 10FiB (Bhathal and Pauly, 2008). The EF was
used as an indicator of the expansion of fisheries, which is widely
used in research regarding changes in fisheries or the health of
the ecosystem (Liang and Pauly, 2017; Mashjoor et al., 2018). In
the present study, 1950 was used as the reference year (Pauly and
Christensen, 1995).

Primary Production Required
The primary production required (PPR) for the fisheries catch
(Pauly and Christensen, 1995) was computed as follows:

PPR  =  on
i=1

ci
CR

 � 
1
TE

� � TLi−1ð Þ

Here, Ci is the catch of species i, CR is the conversion rate of
wet weight to carbon, TE is the transfer efficiency between
trophic levels, TLi is the trophic level of species i, and n is the
total number of species caught in a given area. A CR of 9:1 and
TE of 10% were used for this study (Pauly and Christensen,
1995). The TE is a re-estimated value based on annual world
fisheries catches (94.3 million tons) from 1988 to 1991, which has
been widely used in previous research (Mehner et al., 2018;
Barneche et al., 2021). The analysis for the period from 1950 to
2018 was based on the data from the SAU. Using %PPR as the
fishing pressutrre index, the relationship between fisheries catch
and intrinsic energetic limits for each LME was assessed (Knight
and Jiang, 2009; Conti and Scardi, 2010).
FIGURE 1 | Global map of Large Marine Ecosystems. The global ocean is divided into 66 LMEs by Oceanographers [Image credit,Sherman and Hamukuaya (2016)].
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RESULTS

Primary Production and Fisheries Catch
The relationship between fisheries catches and primary
production provided a rough measure of the efficiency in carbon
transfer from primary production to fisheries in different LMEs
(CTE) (Figure 2). Affected by a variety of environmental factors, a
positive correlation (r2 = 0.21, p < 0.05) was found between the
fisheries catch and primary production, with the CTE varying
from 0.01% to 0.1% for the 63 LMEs. Our results indicate that
LMEs with high primary production usually showed a higher
CTE. Yet, fisheries catch could be markedly different for
ecosystems with similar primary production levels. In the three
LMEs around China, the fisheries were higher than most of the
other LMEs with the similar levels of primary production,
producing high CTEs of approximately 0.1%. Therefore, the
high CTEs in the three LMEs around China were more likely to
result from the fishing efforts, rather than primary production.

Fisheries Catch and Mean Trophic Level
The global and regional fisheries experienced different stages
from 1950 to 2018 (Figure 3). The global fisheries catch
increased from 24.1 Mt in 1950 to a peak of 107.8 Mt in 1996
and then declined and stabilized at about 90 Mt, with inter-
annual fluctuations. In contrast to the global trend, the fisheries
Frontiers in Marine Science | www.frontiersin.org 4
catch in the Humboldt Current and North Sea peaked around
1970 and then declined, whereas in the Humboldt Current, the
fisheries catch recovered in the mid-1980s. The fisheries catch in
the three LMEs around China experienced the same pattern as
the global trend, with a peak in the 2000s, and then stabilized or
slightly declined. Therefore, the global annual fisheries catch was
relatively stable since it reached the maximum, and the regional
fisheries catch can vary significantly, regardless of trends, peak
periods, or their magnitudes.

By examining the mean trophic level of global and regional
fisheries over 68 years starting in 1950 (Figure 4), we found that,
although the downtrend of the mean trophic level for global
fisheries was found to be modest, the mean trophic level in some
regional fisheries decreased remarkably. The trophic level varied
less than 0.3 in the global ocean and South China Sea in the past
decades. In contrast, a remarkable downward trend occurred in
the Humboldt Current during the 1950s, with a trophic level
decrease of 1, from 3.9 in 1950 to 2.7 in 1960, and then, the
trophic level stabilized at a low level of 3.0. For the Yellow Sea
and East China Sea, the mean trophic level change from 1950 to
2018 was small but showed a trough during the 1980s and
the 1990s.

Mean Maximum Length and
Expansion Factor
The mean maximum length of fisheries catch was an important
indicator for evaluating the impact of fishing on marine
ecosystems (Figure 5). The mean maximum length in the global
ocean and Humboldt Current stabilized following the sharp drop
in the 1950s; however, in the Humboldt Current, the value
decreased by 80%, which was much larger than that in the
global ocean (25%). There was a recovery when the mean
maximum length in the Humboldt Current during the 2010s
was 64.8 cm, which was close to that in the global ocean (64.9 cm).
Similar to the North Sea, the mean maximum length in the South
China Sea continually decreased from 1950 to 2018; however, the
total decline was only ~15 cm. The mean maximum length in the
Yellow Sea and East China Sea varied in the same pattern, with the
largest fall in the 1980s and then slightly rebounded; however, the
overall decrease was smaller than that in the South China Sea. In
general, the mean maximum length of the fisheries catch
decreased in the past 56 years, although different variation
patterns were observed for different LMEs.

To assess fishing efforts around China, the spatial expansion in
the three LMEs around China were analyzed and compared them
with the North Sea LME, Humboldt Current LME, and the global
ocean (Figure 6). The EF for the Humboldt Current LME showed
an increasing trend prior to the mid-1990s and a decreasing trend
thereafter, with strong interannual variabilities. The EFs in the
global ocean and most of the regional fisheries in LMEs around
China increased from 1950 to 2018, except in the North Sea, where
the EF remained lower than 1.5, except in the years around 1970,
when a peak occurred. Among the regions with increasing fishing
efforts, the South China Sea was especially prominent as the EF
increased from approximately 1 in 1950 to ~15 in 2018. In 2018,
its EF was approximately 3.5 times the EF of the global ocean,
without signs of decrease. In contrast, the increasing speed for the
FIGURE 2 | Relationships between primary production and fisheries catch in
the 63 large marine ecosystems (LMEs) in 2018 based on the data from SAU.
The asterisks indicate the South China Sea (SCS), Humboldt Current (HUMC),
East China Sea (ECS), North Sea (NS), and Yellow Sea (YS). The diagonal lines
and associated % values show different levels of efficiency in carbon transfer
from primary production to fisheries catch [carbon transfer efficiency (CTE)].
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FIGURE 3 | Fisheries catch (Mt/yr) in the global ocean and five LMEs from 1950 to 2018.
FIGURE 4 | Mean trophic level of fisheries catch in the global ocean and five LMEs from 1950 to 2018.
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Yellow Sea and East China Sea was comparable to that of the
global ocean, with an increase of less than 3 from 1950 to 2018.

Primary Production Required to Sustain
The Fisheries Catch
The ratio of the primary production required for fisheries to the
total primary production (%PPR) in global and regional fisheries
from 1950 to 2018 (Figure 7) was examined; it was found that,
since the late 1990s, accompanied by a rising demand for fishery-
associated resources, global fishing fleets removed approximately
5%–6% of the total primary production by fishing. The ratios
were larger than 30% in the 1990s for the North Sea, East China
Sea and South China Sea; this was caused by the ever-increasing
marine fish landings in the three LMEs around China since the
1990s. The ratio in the East China Sea and South China Sea was
approximately 50% in 2018, which was almost two and five times
higher than the values for the North Sea Humboldt Current,
respectively. The analysis demonstrated that although the global
%PPR had stabilized at a low level, the regional ratios could be
quite high and unstable.
DISCUSSION

Comparisons of CTE Between LMEs
The positive correlation between primary production and
fisheries catch in the 63 LMEs further proved that bottom-up
processes set the potential for fisheries catch (Pauly and
Frontiers in Marine Science | www.frontiersin.org 6
Christensen, 1995). Meanwhile, the CTE variations among
different LMEs with similar levels of primary production
indicated that top-down controls, including fishing effort and
differences in ecosystem structure, also contributed to fisheries
catch (Stock et al., 2017; Henson et al., 2019; Ding et al., 2020).
Therefore, although primary production in the three LMEs
around China (except the Yellow Sea) were moderate or even
low among the 63 LMEs, their CTEs were all near the highest due
to the high fishing effort, as indicated by their high EFs. This was
consistent with the findings of the study by Watson and Pauly
(2014) found for the South China Sea LME and other LMEs,
revealing the general intensification and extension of fishing
offshore and into depths over the decades.

The PPR estimated the amount of primary production needed
to support the biomass of fish removed from marine ecosystems.
For comparison, the sustainable %PPR for the Humboldt
Current LME, a highly productive ecosystem with rich nutrient
supply by ocean currents (Gutiérrez et al., 2016), was about 10%–
15% in recent years. Although the ratios in the three LMEs
around China were much higher, the values for the East China
Sea and South China Sea LMEs were larger than 50% after the
2000s, indicating that the carbon fixed by phytoplankton in these
regions could not support such high demands. This high %PPR
due to high fishing intensity will threatens the diversity of the
ecosystem (Watson et al., 2014). Therefore, both fishing effort
and environmental drivers shape the fisheries catch in the three
LMEs around China, with high fishing effort being the main
reason for the high CTE and %PPR.
FIGURE 5 | Mean maximum length of fisheries catch in the global ocean and five LMEs from 1950 to 2018.
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Obscuration of Overexploitation in
Fisheries Catch
Global annual marine fish landings have stagnated around 80 Mt
since the1990s, with an additional 20 Mt of additional illegal/
Frontiers in Marine Science | www.frontiersin.org 7
unreported catches (Agnew et al., 2009), reaching the upper
limits for sustainable marine fish landings, which was between
100 and 140 Mt per year (Grainger and Garcia, 1996; Chassot
et al., 2010; Watson et al., 2014). Considering that fishing effort is
FIGURE 7 | The ratios of primary production required for fisheries catch to the total primary production (%PPR) in the global ocean and five LMEs from 1950 to 2018.
FIGURE 6 | The expansion factors in the global ocean and five LMEs from 1950 to 2018.
June 2022 | Volume 9 | Article 863611
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still increasing, high marine fish landings are maintained by
unsustainable factors, including spatial expansion, fishing of
lower trophic level species, and juvenile fish.

Watson and Pauly (2014) reported that fishing gear
improvements has increased the mean depth of fishing to 600 m
in the late 1960s. EFs in the global ocean and LMEs confirmed this
offshore and deep extension trend; however, the extension
intensity among the different LMEs was quite different. Owing
to shallow water depths, the potential for deep extension in the
Yellow Sea and East China Sea LMEs was limited. In contrast, the
extension of the South China Sea LME was still increasing,
although the present EF is already very high. This could result
from fishermen struggling to find new grounds in tropical fisheries
because of reduced catches within the inshore area (Watson and
Pauly, 2014). Pauly and Liang (2020) reported that fisheries in the
South China Sea LME further intensified and gradually extended
to encompass the entire LME. Although the mean trophic level for
the entire global ocean had not significantly decreased in the past
60 years, Branch et al. (2010) argued that in some LMEs, such as
the Humboldt Current, Yellow Sea, and East China Sea,
remarkable downtrends had appeared. A low mean trophic level
could result in more biological production to being captured by
fishing in an ecosystem (Chassot et al., 2010). A decline in the
mean maximum length for global LMEs confirmed the overfishing
of juveniles, as the commercial fisheries with long-lived and slow-
growing species were almost depleted (Pauly et al., 1998; He and
Field, 2019). Furthermore, the increasing demand for trash fish as
feed for mariculture led to the increased overfishing of juvenile fish
stocks in the Asia-Pacific region (Krumme et al., 2013; Mahesh
et al., 2019; Zhang et al., 2020). In addition, the impact of climatic
events on decadal variation at the trophic level was one of the
factors that could not be ignored, for example, the abnormal
change in the Humboldt LME due to the El Niño-Southern
Oscillation in the 1960s and 1970s (Alheit and Niquen, 2004).

In general, although global sustainable harvest limits have
been exceeded, overexploitation in fisheries for individual LMEs
was obscured by the sustainable marine fish landings. This was
supported by the offshore, deep expansion, and overfishing of
lower–trophic-level species and juvenile fish, which could
directly influence exploited populations and alter their
structure, function, and dynamics of fisheries.

Lessons From the North Sea and Risks to
Fisheries Around China
Marine fisheries in the Asia-Pacific region play an important role
in global and national economies. Many fisheries in this region are
overexploited, both biologically and economically (Pang et al.,
2018; Lam and Pauly, 2019). Historical data show that, once a
fishery has collapsed, it is difficult for the ecosystem to reconstruct
its productive potentials and diversity, and one typical example
was the sudden fisheries collapse in the North Sea in 1970s
(Fromentin, 2009; Dadswell et al., 2022). Since the early 21st
century, various management intervention schemes were
implemented to recover fisheries in the North Sea (Steadman
et al., 2014; Hutchings and Kuparinen, 2020). Although the %PPR
had sharply decreased and fishing mortality had decreased below
the sustainable level, various studies suggested that the reduction
Frontiers in Marine Science | www.frontiersin.org 8
in fishing mortality was too late to prevent irrevocable, long-term
genetic, and population disturbance (Steadman et al., 2014). Olsen
et al. (2009) found that variability in body size for the Skagerrak
juvenile population was reduced in the 21st century, compared
with the data from the 20th century, which suggested that the
North Sea sub-population had already suffered functional
extinction. The opportunity to rebuild the stocks may have
passed (Winter et al., 2020). Recent studies indicated that the
changes in oceanic climate conditions induced a certain degree of
limitation to fisheries catch recovery in the North Sea as well
(Sguotti et al., 2019; Bluemel et al., 2022).

The three fisheries around China are likely to experience the
same collapse as the North Sea LME. Given the similarity
between the fishery-associated indicators for the three LMEs
around China (particularly the trend in %PPR) and the North
Sea before the fisheries collapse period, this lesson should be
taken into account. Chinese fishery managers instituted a 2- to 3-
month fishing-off season every year to reduce fishing effort and
to sustain yields since mid-1990. However, marine fish landings
in the East China Sea and South China Sea LMEs continue to
grow, with a corresponding %PPR of > 50% at its peak. Potential
fishery-associated resources, based on offshore and deep
extension, and fisheries catch of lower–trophic-level species
and juvenile fish could have been depleted during the 1980s to
2000s, according to the sharp increase in fisheries catch and EFs
and decrease in trophic level and mean maximum length.
Although the mean trophic level recovered to some extent after
the 1990s, owing to the regulation of the fishing-off season in
China, the overall situation is still hardly optimistic. The decline
in fisheries catch since the early 2010s was a sign of fish resource
depletion. This was supported by the results of a study by Wan
and Bian (2012), who found that anchovy egg size had notably
decreased and mortality rates had notably increased from the
1980s to the 2000s; these authors compared the size and natural
mortality rates of anchovy eggs from the spawning grounds in
the Yellow Sea and East China Sea LMEs. Although the marine
fish landings in the South China Sea LME did not significantly
decrease, supported by the assessment of the potential fishery-
associated resources in offshore and deep-water and juvenile
fishing (Butchart et al., 2010), they were already at the highest
level and %PPR was already as high as 60%, which was much
higher than the sustainable ratio of 40% (Pauly and Christensen,
1995). Therefore, well-organized and strict fishing policies
should be implemented in the future for a long time to reduce
fishing pressure and ensure the sustainable development of the
LMEs in China.
CONCLUSION

The SAU data from 1950 to 2018 were analyzed and compared
with the data for the LMEs of the global ocean, Humboldt
Current, and the North Sea, to assess the situations of the
fisheries in the three LMEs around China. Fisheries catch was
controlled by both primary production (bottom-up controls) and
fishing effort (top-down controls); however, fishing effort mainly
accounted for the high efficiency of carbon lost to fishing in the
June 2022 | Volume 9 | Article 863611
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Yellow Sea, East China Sea, and South China Sea, which showed
a high CTE. The high fisheries landings were maintained by
exhausting the potential fish resources provided by the offshore
and deep expansion, the lower trophic level, juvenile fishing, and
mariculture, which could result in the irrevocable destruction of
fishery-associated ecosystems.
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Degerman, R., Lefébure, R., Byström, P., Båmstedt, U., Larsson, S., and Andersson,
A. (2018). Food Web Interactions Determine Energy Transfer Efficiency and
Top Consumer Responses to Inputs of Dissolved Organic Carbon.
Hydrobiologia 805 (1), 131–146. doi: 10.1007/s10750-017-3298-9

Ding, Q., Shan, X., and Jin, X. (2020). Ecological Footprint and Vulnerability of
Marine Capture Fisheries in China. Acta Oceanol. Sin. 39 (4), 100–109. doi:
10.1007/s13131-019-1468-y

Eddy, T. D., Bernhardt, J. R., Blanchard, J. L., Cheung, W. W., Colléter, M., Du
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