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Abstract

To pursue sustainable fisheries, the world needs to constrain bottom trawling (BT) through effective
management. Such change is particularly urgent for China, which operates the largest bottom-trawl
fisheries (BTF) both in and beyond its waters. We provide the first comprehensive review of China’s
approach to BTF over seven decades (1949 — 2018) based on bibliometric approaches (diversity index,
network and word-cloud analyses). We collated an inventory of 103 Chinese national policies and
classified them into seven categories (e.g., input/output control) over five eras: (i) E1: 1949 — 1977
(planned fishing with limited management); (ii) E2: 1978 — 1992 (regime shift with input control); (iii) E3:
1993 — 2002 (EEZ management with multiple regulations); (iv) E4: 2003 — 2012 (resource conservation
with fuel subsidy); and (v) E5: 2013 — 2018 (fisheries transformation with bans ahead). We found that
China has increased its concerns on BTF, with more frequent and diverse policies over time. Such
changes included more limits (e.g., input and output controls) and more law enforcement. However, many
well-intentioned ones (including bans) failed in implementation. We indicate that China’s BTF policies
have been influenced by both domestic (e.g., political will, consumption demand) and international
drivers (e.g., international laws, globalization). We highlight the problems in managing China’s BTF, and
challenges and suggestions in policy implementation. This review may help policy making and
implementation for BTF management in China and facilitate the dialogue between China and the world in

fishery policies for sustainable development.

Keywords: bibliometric, biomass trawling, Chinese fisheries, marine conservation, sustainable

development, policy reform.
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1. INTRODUCTION

Bottom trawling (BT) has long been a focal concern in fisheries management and marine conservation
(Dureuil et al., 2018; Pauly et al., 2003). Facilitated by modern technologies (e.g., automation, new
materials, fish finders, GPS), BT has been the most efficient fishing practice for catching benthic fishery
resources (e.g., shrimps, benthic and benthopelagic fishes) and has been deployed globally (Gillett, 2008).
Currently, BT accounts for ~ 23% of the landed marine catches and notably ~ 60% of marine fisheries
discards worldwide (Cashion et al., 2018). Its footprints are largely concentrated on coastal waters,
imposing high pressures especially on coastal marine ecosystems with a mean trawling intensity up to 8.5
times per year (Eigaard et al., 2017; Kroodsma et al., 2018; Zhang et al., 2016). Such a massive fishing
pressure has threatened the livelihood of many coastal communities depending on small-scale fisheries,
especially in developing countries (Belhabib et al., 2019). Many studies have demonstrated that BT
depletes benthic fish populations, harms benthic habitats and communities, threatens non-targeted and
rare species, triggers sediment resuspensions and unleashes pollutants from the seabed (Buhl-Mortensen
& Buhl-Mortensen, 2018; Hiddink et al., 2019; Hiddink, Rijnsdorp, & Piet, 2008; Oberle, Storlazzi, &

Hanebuth, 2016).

To address the problems of BT, many countries have taken countermeasures including trawl bans,
seasonal closures, and gear modifications (Broadhurst et al., 1997; Gillett, 2008; Tao et al., 2018). The
earliest ban on the use of bottom trawls was perhaps executed by France in the Mediterranean (De Groot,
1984). Three maritime countries (i.e., Belize, Palau, and VVenezuela) have spearheaded bans on BT in
their exclusive economic zones (EEZs), and BT has also been prohibited in large regions of the US (e.g.,
Florida, Georgia, North Carolina), Indonesia, the Philippines, Australia, New Zealand, Atlantic islands
(e.g., Azores, Madeira, and Canary Islands), and the Mediterranean Sea (EU and North Africa) in recent
decades (Chong et al., 1987; Chuenpagdee et al., 2003; Mazor et al., 2017; Pipitone et al., 2000; Stiles et
al., 2010). Some countries (e.g., Australia, Portugal) have mandated gear modifications, such as using

square-shaped mesh and bycatch-reduction devices, to mitigate the impacts of BT (Broadhurst, 2000; He



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

& Balzano, 2011). Some of these changes have had positive effects on fisheries (e.g., biomass or body
size increase) and marine ecosystems (Pipitone et al., 2000; Tao et al., 2018). Meanwhile, as global
fishing industries are increasingly extending their exploitation to international waters (a.k.a., high seas),
there are corresponding calls for ban or restrictions on BT in these regions, especially where deep-sea

corals and other fragile habitat-forming creatures are dwelling (Oanta, 2018; Watling, 2013).

As one of the world largest BTF nation, China plays a vital role in curtailing BT and reducing its
impact globally (Cao et al., 2017; Pauly et al., 2014). According to its national government’s report,
China’s domestic trawlers landed 4.9 million tons of catches in 2018, nearly half of reported marine
domestic catches of the country (BFMOA, 2019). In that year, 28,364 trawlers were registered in China,
with a total horsepower of 6.1 million kW; these two values accounted for 18 and 44% respectively of the
figure for all Chinese marine fishing vessels (BFMOA, 2019). Meanwhile, China is also operating 2654
vessels in distant waters worldwide (BFMOA, 2019), especially Africa, Asia, and Oceania, and many of
them are bottom trawlers (BTs) (Mallory, 2013; Pauly et al., 2014; Xue, 2006). BTs usually contributed ~
90% of China’s catch from distant waters (Xue, 2006). Currently, the reported total catch by China’s
distant-water fisheries (DWF) amounts to 2.3 million tons, representing 22% of the nation’s total marine
catches (BFMOA, 2019). Based on the latest reconstructed data in 2014, the catch by China’s BTF
(domestic and distant-water) accounted for 29% of the total catch by BTs worldwide (Pauly & Zeller,
2015). China, therefore, ranks as one of the world most influential fishing nations in terms of the capacity

and output of its BTF.

Studies have long indicated that China needs to enhance the management of its BT in both domestic
and distant waters. Over past few decades, Chinese consumption demand for food fish has increased
dramatically along with its rapid urbanization and economic growth (Dong & Zhong, 2006; Zhai et al.,
2014). However, China has overexploited its marine fisheries as early as in late 1970s, and was forced to
shift its focus to aquaculture (primarily freshwater farms) in ~ 1980s (Cao et al., 2017; Su et al., 2020;

Zhong & Power, 1997). Since then, China has consumed large volumes of ‘trash fish’ (low-valued, small
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or undersized fishes and invertebrates; particularly from BT) to make fishmeal and fish feed for its
aquaculture development. This has triggered global concerns and hot debates in literature (Cao et al.,
2015; Han et al., 2018; Zhang et al., 2020), making China’s BTF a focus in addressing sustainability of
fisheries and aquaculture worldwide. Currently, half of China’s domestic trawling catch are now trash fish,
which are mainly used as aquaculture feed (Zhang et al., 2020). The mean depletion rate of its 21 major
BTF stocks is 84%, making stock rebuilding extremely challenging and mitigation of fishing pressure an
urgent demand (Zhai & Pauly, 2019). On the other hand, since China started its DWF in 1985, bottom
trawlers have been the major vessels deployed (perhaps given their overcapacity in domestic waters);
these vessels are largely trawling in African waters, threatening small-scale fisheries on which many
coastal communities depend (in terms of livelihood and food security) (Belhabib et al., 2019; Mallory,
2013; Pauly et al., 2014; G. J. Xue, 2006). It is also worth noting that Chinese trawlers have been
frequently covered and criticized on social media for conducting illegal fishing in distant waters,
especially in marine protected areas (Alava et al., 2017). All these issues await China to tackle with

enhanced management plans and enforcement.

Currently we lack a comprehensive understanding about China’s policies for managing its BTF,
impeding the effort to understand the problems and probe solutions. China’s fishery management is
generally a top-down system with a command-and-control approach: the central and provincial fishery
governments are responsible for enacting management policies, and the municipal and county-level
governments implement these policies (Shen & Heino, 2014). To address overfishing, the central
government (i.e., State Council) and its agencies (e.g., Ministry of Agriculture) has enacted a variety of
fishery-related policies, including summer moratoria, input and output control measures, which have been
reviewed multiple times in literature (Cao et al., 2017; Shen & Heino, 2014; Su et al., 2020; Wang &
Zhan, 1992; Yu, 1991; Zhong & Power, 1997). China has also issued some subsidy policies (e.g., fuel
subsidy) to support its fisheries development and may counteract the effects of the limitative policies (He,

2015; Mallory, 2013). Currently, China is attempting to upgrade its marine fisheries, especially DWF
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(Zhang & Wu, 2017). Nevertheless, previous reviews on China’s fishery policies are largely qualitative
narratives (without few quantitative analyses), and no studies have focused on China’s policies
particularly relevant to BTF. Given China has recently started a new wave of policy reforms in marine
fisheries with an ambition to seek sustainable fisheries (Cao et al., 2017; Su et al., 2020), it is timely to
review its previous policies on BTF to inform decision making (e.g., avoiding repeating previous

mistakes).

Here we review China’s national policies on BTF (in both domestic and distant waters) over past
seven decades, using both qualitative and quantitative approaches. We aim to draw useful insights and
lessons from the history to inform problem solving in managing China’s BTF. Our review spans from the
founding of the People’s Republic of China (PRC, in 1949) throughout 2018. We collect policy
information from a wide range of sources, especially Chinese publications and central-government
websites. We summarize these policies across different categories and policy eras and assess policy
change and its impacts on fisheries. Unlike previous review studies (e.g., Su et al., 2020), we use
bibliometric approaches (i.e., diversity indices, network and word-cloud analyses) to quantify, track, and
display the seven decades of policy evolution bibliometrics (Guler, Waaijer, & Palmblad, 2016; Rafols &
Meyer, 2010; Stirling, 2007). These approaches are also rarely used in fishery-policy reviews. Finally, we
discuss four issues of broad interest: 1) factors influencing the evolution of China’s national policies on
BTF, 2) problems in managing BTF in China, 3) challenges and suggestions in implementing BTF
policies in China, and 4) the comparison of BTF policies between China and other countries. This review
will support China and the world to enhance policy making and enforcement in curtailing BT, for

fisheries sustainability and ocean conservation.
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2. METHODS

2.1. Data collection

We collated China’s central-government policies related to BTF from 1949 throughout 2018 from
multiple sources. Here, the central government refers to national level government bodies, including the
National People’s Congress (i.e., the highest legislative body) and its standing committee, the president,
the State Council (i.e., the highest administration body) and its affiliated ministries / bureaus, and the
National Supreme Court (i.e., the highest jurisdiction body). Among them, fishery management authority
was normally conducted by the Ministry of Agriculture (MOA) or its counterparts as the government
organizations changed the structures and names many times through the history (see Figure S1.1 and a
detailed description on Appendix S1). The policies contain both legislative and regulatory documents,
which were published with a variety of specific terms used by Chinese governments (e.g., law, five-year
plan, outline, agenda, circular, opinions, regulations, provisions, measures; see Table S1.1 & 1.2 on

Appendix S1). We first applied the keyword ‘4 (pinyin: Tuo Wang, i.e., trawl) to track down

relevant policy documents from the official websites of (1) the State Council (http://mwww.gov.cn/) —
China’s central government, (2) the national Ministry of Agriculture (MOA, hitp://jiuban.moa.gaov.cn/)
which covered fisheries, (3) the national Ministry of Agriculture and Rural Affairs (the successor of MOA
since March 2018, http://www.moa.gov.cn/), (4) other archive websites about Chinese laws (e.qg.,
http:/Amww law-lib.com, http://mww.pkulaw.cn/, and http://www.110.com/), and (5) peer-reviewed
literature in Chinese (China Knowledge Resource Integrated Database, a.k.a., CNKI, http://cnki.net/;
available years from 1983 throughout 2018). We also searched peer-reviewed papers from English
sources in the Web of Science (year range: 1950 — 2018) with the Topic words ‘China’, ‘policy’, and
‘traw!’, and other specific policy glossaries (e.g., summer moratorium) identified during the searching

process.

1 Note that in Chinese this word is like a wildcard that would cover ‘trawl fisheries’, ‘bottom trawlers’, and all other
words related to trawl.


http://www.gov.cn/
http://jiuban.moa.gov.cn/
http://www.moa.gov.cn/
http://www.law-lib.com/
http://www.pkulaw.cn/
http://cnki.net/
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To understand political drivers in the policy evolution, we collected information about the major
political wills and influences on fisheries development of the five leaders (Mao Zedong, Deng Xiaoping,
Jiang Zemin, Hu Jintao, Xi Jinping) of the PRC. To this end, we first derived relevant information from
the collected policy documents and peer-reviewed literature, and then searched more data about this

aspect from CNKI and Web of Science like a snowball searching.

We also collected available input and output data from various sources to construct the context of
China’s capture fisheries (and BTF if available) and aquaculture (e.g., fishmeal production; see details on
Appendix S1). We are interested in exploring the potential interactions between the collected BTF
policies and relevant input and output variables. However, given our focus was understanding the policies,
we did not address data gaps in these fishery and aquaculture variables, which were of concern (see
Appendix S1). Therefore, while linking policies with these variables, one should interpret our results with

caution.

2.2. Data analyses

2.2.1. Policy classification and coding

We split the history of China’s BTF policies to five eras within the time frame from 1949 throughout
2018. China has been ruled by one party, i.e., the Communist Party of China (CPC) since 1949. Given its
‘top-down’ government regime, central government leaders have strong influences upon policies of each
sector of the economy including marine fisheries (Cao et al., 2017). Therefore, we adopted a five-era
framework matching the political imprints of the five Chinese leaders over past seven decades: Mao
Zedong (E1: 1949 — 1977), Deng Xiaoping (E2: 1978 — 1992), Jiang Zemin (E3: 1993 — 2002), Hu Jintao
(E4: 2003 — 2012), and Xi Jinping (E5: 2013 — 2018). We were interested in comparing the policy

profiles among these five eras with the following analyses.
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In each era, we classified policies into seven categories and coded them for the ease of tracking. The
seven categories were international laws and agreements (hereafter, 1A), (domestic) overarching policy
(OP), ban & protection (BP), input control (IC, i.e., constraining / reducing fishing capacity & effort),
output control (OC, i.e., constraining / reducing catch), law enforcement (LE), and (fuel) subsidy: (SS;
Table 1; adapted from Cao et al., 2017; FAO, 1996). We then coded each policy with three elements
(linked with a dash between each element): the era (E1 - E5), the category (1A, OP, BP, IC, OC, SS, and
LE), and the chronological orders (started with 1). For instance, E1-1A-1 means the first policy of

international laws and agreements (IA) in the first era (E1).

2.2.2. Policy narrative

In each era, we summarized the political and fisheries context based on the collected data, and then
narrated the policies in the context, primarily in chronological order. Wherever information was available,
we explained 1) the reasons for making each policy, 2) the major policy elements and their importance in
respect to BTF, 3) whether it was successfully implemented, 4) whether it met the expected target, and 5)
why it succeeded or failed. We put this detailed narrative of each policy on Appendix S2 and generalized

the major findings in the Results.

We compared each era’s policy profile based on five characteristics and the six categories of policies.
The five characteristics were 1) general features (serving as a short title for the era), 2) pressures &
drivers (for making/changing the policies), 3) policy priority (i.e., major focus in marine fishery
management), 4) landmark (i.e., a flagship policy document that represented the change of the era), 5)

management strategy (i.e., general approaches for dealing with BTF).

2 Here we focused on fuel subsidy as it was the most important and controversial fishery subsidies
(especially for bottom trawlers) provided by the central government in China (Mallory, 2016; Zhu & Huang,
2014); but see a comprehensive review on China’s fishery subsidies by Mallory (2016).

3 Order in terms of the time when the policy became in effect.

10
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2.2.3. Bibliometric analyses

We compared five indices of the policies among the five eras. The first index was the mean number of
policies issued per year in each era, measuring the general level of China’s concern on BTF. The other
four indices were two sets of diversity and evenness measures: (i) Shannon’s diversity index and
equitability, and (ii) Inverse Simpson’s diversity index and equitability (Laakso & Taagepera, 1979;
Magurran, 1988; Simpson, 1949). These indices have been widely used in measuring diversity and
evenness in ecological, social, and bibliometric studies (Coulter, 2019; Guler, Waaijer, & Palmblad, 2016;
Morris et al., 2014). We here applied them to measure policy diversity and evenness (i.e., treating each
‘policy category’ as a ‘subject/species’ in the equations). Here the ‘abundance’ of each policy category in
each era was measured by the number of policy documents belonged to that category. The diversity index
measures the richness of policy categories, while the equitability estimates the evenness of the abundance
of different categories in each era. We employed these indices to examine whether China has gradually

augmented and diversified its policies and in what ways.

We used network analyses to track the policies and to identify ‘keystone’ policies throughout the
history (r packages ‘igraph’; Csardi & Nepusz, 2006). For the network analysis, we identified three types
of relations between each pair of related policies: 1) extension, 2) reference, and 3) revision. Here,
‘extension’ refers to the situation when a new policy describes more detailed regulations or extends the
spatial or temporal coverage of a former one and they are not exclusive to each other; ‘reference’ stands
for the case when a new policy used the other (usually broader policy or an overarching policy) as its
legislative base; ‘revision’ means that a new policy revised some of the regulations related to BTF4 and
replaced the other. We identified the ‘keystone’ policies that were referenced the most frequently

throughout the history.

4 Note that we only considered this when specific regulations related to BTF were changed. For instance, when a
new appendment to a law was initiated for other purposes and did not change the clauses about BTF, we did not
count this as a revision or policy change in this context, given our focus was BTF.

11
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We applied the word-cloud technique to identify the policy focus of each era and the whole history
based on the detailed narrative (r packages ‘wordcloud’, ‘tm’, and ‘Snowballc’; (Bouchet-Valat &
Bouchet-Valat, 2015; Feinerer, Hornik, & Feinerer, 2019; Fellows et al., 2018). To this end, we removed
some uninteresting common words that were used in our policy narrative (on Appendix S2). These
included ‘fishing’, “fishery’, ‘fisheries’, ‘China’, ‘Chinese’, ‘government’, ‘sea’, ‘marine’, ‘bottom
trawler’, ‘trawler’, ‘trawling’, ‘issued’, ‘enacted’, ‘approved’, ‘forwarded’, ‘policy’, and ‘policies’. We
also made other common edits (e.g., removing stop words, numbers, and punctuations, converting text to
lower case, combining singular and plural forms of words) before constructing the word cloud for each
era based on the narrative of that era. In the end, we used the whole narrative to build a word cloud that

demonstrated the whole profile of all policies.

3. RESULTS

We found a total of 103 national policies that touched on BTF management in China (year range: 1955
— 2018, see Table S2.1 on Appendix S2). We summarized the profile of the five eras in Table 2 and
narrated the policies in each era respectively as follows in 3.1 (see the detailed narrative of each policy on

Appendix S2). A generalization based on bibliometric analyses was provided in 3.2.

3.1. Five eras of policy evolution

3.1.1. E1 (1949 - 1977): Planned Fishing with Limited Management

Summary: In the era of Mao Zedong (1893 — 1976), China managed its BTF under a planned-
economy regime with only a few policies (n = 6). These policies were classified into two categories:
international laws and agreements (1A, n = 1), and ban & protection (BP, n = 5; Figure 1). Little is known
about their effectiveness, although they were likely implemented (Table S2.1). In E1, China focused on

expanding exploitation (including pushing BTs moving towards offshore waters) to provide more seafood

12



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

for domestic consumption (He, 2015; Li & Huang, 2005), while starting to protect its BTF stocks (e.g.,

shrimps) from overfishing in its northern inshore waters (Figure 2).

Political context: After the founding of the PRC (Oct. 1949), the central government adopted a
planned-economy regime for all its economic sectors including fisheries. Under this regime, the
government controlled the market (i.e., no free market or competition); production materials and profits in
fisheries were owned and allocated by the state-owned companies and community-owned cooperatives
and communes (Su et al., 2020). During Mao’s era, the Five-Year Plan for the National Economys was a
dominant mode for China’s economy development — a legacy that is still used but has been transformed to
focus on public-affair governance in later eras (Heilmann & Melton, 2013). Notably, there were serious
conflicts between Japanese trawlers and Chinese fishing boats in the Yellow Sea and East China Sea
(Xiao & Li, 2007). Such conflicts then drove China to issue some policies (as narrated below) to resolve

the fishery disputes and protect China’s fishery interests.

Fisheries context: China’s fishing capacity and output gradually increased at relatively low rates in
E1 (Figure 3a&b), constrained by the planned-economy regime. China’s BTF were mainly active in the
‘traditional fishing grounds’s in China’s four seas especially the East China Sea and Yellow Sea in the
north (Tang, 2012; Figure 3). The contribution of BTF to China’s marine fisheries output increased
almost linearly from 4.8% (in 1950) to 32.7% (in 1977; Figure S2.1), suggesting a steady expansion of
BTF. Meanwhile, an increasing proportion (from 12.2% in 1950 to 53.9% in 1977) of China’s BTF catch
was from waters beyond its later claimed EEZs (in 1996 of E3, see Section 3.1.3; Figure S2.1). This
suggests that Chinese bottom trawlers had been gradually moving offshore. Consequentially, major
demersal fish stocks (e.g., bighead hairtail, large yellow croaker, small yellow croaker) in the East China
Sea gradually declined because of the overfishing by BTs, both from China and Japan (Lin, 1987;

Muscolino, 2009; Zou, 2003).

5 The first one started in 1953, and this continued afterwards except between 1963 and 1965 during which the
nation was recovering from the Great Leap Forward movement and no plans were conducted.
6 Fishing areas that have long been used (long before the UNCLOS) by Chinese fishers (see Tang, 2012).
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Major pressures & drivers:1) food scarcity and low fishing capacity (He, 2015), 2) conflicts for
fishing areas in China’s northern seas between motorized trawlers (including Japanese ones) and artisanal

fishers (Xiao & Li, 2007), and 3) declines of BTF stocks in the northern waters (Lin, 1987).

Ban & protection (BP, n = 5): no-trawl zone 1955 (E1-BP-1), no-trawl zone extension 1957 (E1-BP-
2), shrimp protection regulations in Bohai 1962 (E1-BP-3), no-trawl zone extension 1963 (E1-BP-4), and
fish & shrimp protection regulations in Bohai 1975 (E1-BP-5; Figure 1). The no-trawl-zone policies (E1-
BP-1, 2, 4) were issued to resolve the conflicts between motorized trawlers (including Japanese ones) and
artisanal fishers in the China’s northern seas (i.e., Bohai Sea, Yellow Sea, and East China Sea; Figure
S2.2). These are the first national policies for BTF in China and might be well implemented in E1, given
that all the relatively few Chinese trawlers were controlled by the government and the catch share from
inshore waters gradually declined (Figure S2.1). The stock-protection regulations for shrimp and fish
stocks (E1-BP-3, 5) were the first legal documents for BTF stock protection in China, although it only
applied to the Bohai Sea. Minimum mesh size, restricted operation time and restricted fishing water for
trawlers were detailed in these legal documents to protect spawning stocks of shrimps (in 1962) and
commercial fish (in 1975) migrating into the Bohai Sea to spawn (Figure S2.2). However, little is known

about their implementation.

International laws & agreements (1A, n = 1): Sino-Japanese Fishery Agreement 1975 (E1-1A-1).
The agreement was the first bilateral fishery agreement signed by the Chinese government as an interim
approach to resolve fishery disputes in the Yellow Sea and East China Sea between China and Japan. It
stipulated seasonal-closure zones for motorized trawlers and juvenile-fish conservation areas (Figure
S2.2). Although little is known about the implementation, these were the earliest initiatives of summer

moratoria and fishery-conservation areas, which became national regimes in China in E2.
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3.1.2. E2 (1978 — 1992): Regime shift with Input Control

Summary: In the era of Deng Xiaoping (1904 — 1997), China started to apply more policies
(especially input control) to manage the explosively growing BTF stimulated by the regime shift from
planned economy to market-oriented economy. These policies (n = 26) consisted of four categories:
overarching policy (OP, n = 7), ban & protection (BP, n = 13), input control (IC, n = 5), and output
control (OC, n = 1; Figure 4). However, all limiting policies (BP, IC, and OC, n = 19) and two
overarching policies (Fisheries Law & its implementation rules) were likely failed (Table S2.1). Economy
development was the dominant concern in the government and fishing capacity of BTs became out of
control. China gradually shifted to focus on developing aquaculture, offshore and distant-water fisheries
to meet the increasing consumption demand for fishery food, while attempting to protect its inshore

fishery resources as they were depleting.

Political context: As Deng became China’s paramount leader, he soon abandoned the ‘planned
economy’ regime and launched the ‘reform and opening up’ policy (a.k.a., economic reform) in Dec.1978
to boost economy growth. The fishery sector was chosen by the central government as a test ground for
the reform, since it only contributed a small portion to China’s economy (< 2% of agriculture, Figure S2.3)
and played a minor role in China’s food security system (Li & Huang, 2005). These reforms included free
fishery market, price liberalization, vessel privatization, and commune dismantling from the early 1980s
(He, 2015). Such reforms derived a more effective market that directly responded to consumption demand,
which rocketed with the swift growth of people’s income (Dong & Zhong, 2006). As a result, marine
fisheries (primarily BTF) became a very profitable business (Li & Huang, 2005). However, since the late
1970s, major BTF fish stocks in China’s seas (e.g., great yellow croakers, small yellow croakers) had
been declining (Jin, 2004; Liu & De Mitcheson, 2008). Facing this challenge and the increasing demand
for food fish, Deng instructed that ‘aquaculture should be the focus’ in 1980 (Yang, Liu, & Li, 2018). The
government then issued a series of fishery policies to shift its focus to aquaculture. Meanwhile, China also

started to build its multilayer governance system to manage the growing fishery industry (Appendix S1).
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However, since the fishery communes were dismantled during the reform, fishery management and policy
implementation became more difficult given the loss of an intermediary between the government and

fishers (Chen, 2009; Su et al., 2020).

Fisheries context: After the economic reform, China’s fishing inputs and outputs increased rapidly in
E2 (much faster than E1; Figure 3a&b), with even more rapid growth in aquaculture and distant-water
fisheries (Figure S2.4). Attracted by the relatively high profits from marine fisheries, many small BTs
were built and largely operated in the shallow inshore waters (Yu, 1991). While fishing capacity
increased rapidly, catch per unit horsepower declined from 3.75 t-kW-1 in 1960 to 0.76 t-kW-1 in 1983
(Luo et al., 1993). Landings gradually contained an increasing proportion of bycatch (or trash fish, i.e.,
juvenile fish and low-value fish/invertebrates) nationwide; by 1990, bycatch already accounted for 70%
of China’s BTF catch (Wang & Zhan, 1992; Davies et al., 2009). As a response, China shifted its focus
from domestic fisheries to aquaculture and distant-water fisheries in mid-1980s. In 1988, total aquaculture
production (primarily in freshwater) surpassed capture fishing output for the first time, and since then,
aquaculture has been the major supply for aquatic products in China (Figure S2.4a). However, the
prosperous aquaculture industry encouraged ‘biomass trawling’ in China, since its aquaculture (and
animal farms) depended on ‘trash fish’ as raw feed, ingredients of farm-made feed, and fishmeal (Cao et
al., 2015; Weimin & Mengging, 2007). The government’s report showed that its fishmeal production
increased from 21,164 tons in 1978 to 100,797 tons in 1992 (general increase speedr = 5688 tons per year;
Figure S2.4b). The catch shared by BTs from distant waterss fell off a cliff at the beginning of E2, and
then returned to ascend in 1985 (Figure S2.1). The fall in early years might result from an explosive
growth of small trawlers (i.e., more catches were from the EEZ); the rise after 1985 might be driven by

some fishery policies that facilitate the expansion of China’s distant-water fishing (see details below).

7 This is measured by the increased tonnage (here, 100,797 — 21,164 = 79,633 tons) within the era (here, 1978 to
1992) divided by the time frame of the era (here, 14 years).

8 Note that ‘distant water’ means waters beyond China claimed EEZs in 1996 (see E3) and the data were from Sea
Around Us. That said, this included parts of the Yellow Sea, East China Sea and South China Sea (see Figure 1).
China’s own statistics had a different definition of ‘distant water’, which excluded waters from the above seas
given EEZ regime was not established until 1996.
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Major pressures & drivers: 1) economic development and reforms; 2) BTF depletion in inshore
waters (Wang & Zhan, 1992), and 3) the growing consumption demand for fishery food (Dong & Zhong,

2006).

Overarching policy (OP, n = 7): economic reform 1978 (E2-OP-1), inshore-fisheries protection 1981
(E2-OP-2), marine fishery policy 1983 (E2-OP-3), accelerating fisheries development 1985 (E2-OP-4),
Fisheries Law 1986 (E2-OP-5), Fisheries Law implementation rules 1987 (E2-OP-6), and increasing
reform speed 1992 (E2-OP-7). The three instructional documents (E2-OP-2, 3, 4), especially E2-OP-4
(a.k.a., No. 5 Central Document), were the landmark policies of this era. They stipulated that China’s
fishery development should focus on aquaculture, distant-water fisheries, and fishing processing industry,
while protecting inshore fishery resources. The E2-OP-5 is the first overarching legislation for fisheries
management in China and were frequently referenced by following policies (Figure 4). It established a
regime with previous policy initiatives (e.g., no-trawl zone, minimum mesh size) and stipulated the
penalty clauses, which were detailed by the law’s implementation rules 1987 (E2-OP-6). The E2-OP-7
was a collection of Deng’s remarks (during his Southern China Tour in 1992) to strengthen the
confidence of Chinese society to develop a market economy. Consequentially, widespread fishery
business started in ~ 1993 across China (Gao & Ping, 2002). Meanwhile, large numbers of peasants from
inland less-developed provinces (e.g., Sichuan, Henan, Anhui, Guizhou, Jiangxi) flooded to the coast and
became fishing labors (a.k.a., non-traditional fishers; Gao & Ping, 2002). The growth rates of total value
of fisheries production and its contribution to agriculture was increased after 1992 (Figure S2.3); the

fishing capacity of China’s distant-water catchers also hiked after that year (Figure 3c).

Ban & protection (BP, n = 13): stock protection regulations 1979 (E2-BP-1), trawl ban in Bohai
1979 (E2-BP-2), summer moratorium 1980 (E2-BP-3), no-trawl zone extension 1980 (E2-BP-4), stock
protection provisions in Bohai 1981 (E2-BP-5), summer moratorium 1981 (E2-BP-6), fishery-
conservation areas 1981 (E2-BP-7), trawl ban in Bohai 1987 (E2-BP-8), summer moratorium 1987 (E2-

BP-9), fishery-conservation areas 1989 (E2-BP-10), protecting spawning shrimps 1990 (E2-BP-11),
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stock protection provisions in Bohai 1991 (E2-BP-12), summer moratorium 1992 (E2-BP-13). The E2-
BP-1 represented the first nationwide fishery policy specifically focused on stock protection in China. It
embraced some management measures that were further developed in the later policies, such as fishing
permit, allowable catch quota, and seasonal closure. However, they were likely failed given the depletion
trend of China’s fisheries was not reversed. The E2-BP-2 and -8 were the first attempts of bottom-trawl
bans in China, although they were limited to Bohai Sea (Figures 2 & S2.5). The Bohai Sea was an
important spawning grounds for many shrimps and benthic fishes, but overexploitation and industrial
pollutions caused serious stock declines over the 1950s — 1970s (Zhong & Power, 1997). However these
twice trails of trawl bans were not enforced by local governments (Sun et al., 2011), perhaps because of
social stability concerns and local protectionism (Yu and Yu 2008). The moratorium policies (E2-BP-3, 6,
9, 13) were the earliest regional trials of seasonal-closure zones for BTs (excluding the South China Sea)
with different time and spatial arrangements. They were often compromised with socioeconomic concerns
(e.g., exempting beam trawls) and likely not effective (Tang et al., 2012). The E2-BP-4 filled the gap of
no-trawl zone in the South China Sea (Figures S2.5 & S2.6). However, the implementation of no-trawl
zone was challenged by the growing numbers of small private trawlers after the economic reform. The
E2-BP-7 and -10 represented the earliest establishment of conservation areas (in fact, only seasonally
closed for BTs) to protect spawning of China BTF stocks (e.g., greater yellow croakers and largehead
hairtails) in the East China Sea and Yellow Sea (Figures S2.5 & S2.6). These areas were likely not

protected as their management regulations and law enforcement only emerged in E4 (see E4-BP-7).

Input control (IC, n = 5): vessel-management interim measures 1983 (E2-1C-1), Single Control 1987
(E2-1C-2), resource fee 1989 (E2-1C-3), permit-management measures 1989 (E2-1C-4), and minimum-
mesh-size standards 1990 (E2-IC-5). To facilitate fishing vessel and permit management, China issued
two policies in 1983 and 1989 (E2-1C-1 and -4). The former provided the first interim guidelines for
implementing fishing permit and vessel inspection regimes and forbade fishing vessels transforming to

trawlers fishing in inshore waters. The latter provided the first detailed rules for implementing the fishing
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permit regime. However, their implementation was likely poor especially for the fishing permit, since it
should be issued based on the estimates of total allowable catches that have not been determined yet
(Huang & He, 2019). In 1987, China started to control the horsepower of its inshore fishing vessels
(including BTs) with the E2-1C-2. However, this policy was probably failed as some researchers
suggested (Yu & Yu, 2008). The reported data also showed a continuous increase in total horsepower of
marine fishery vessels (Figure 3a), especially beam trawls in inshore waters (Xue et al., 2011). In 1988,
China approved the E2-1C-3 to raise money for stock enhancement and fisheries management, and to
encourage non-destructive fishing in inshore waters and offshore fishing by exempt or collect lower
resource fees. Researchers have claimed that this resource-fee policy did support fishery stock
enhancement and law enforcement in China (Huang & He, 2019). However, it was criticized as the fee
was too low to control fishing input (Yue etal., 2017). In 1989, China published its first national
standards on minimum mesh size (3.9 cm in the South China Sea, and 5.4 cm in the northern waters) for
the cod-end of trawls (effective in Jul. 1990; E2-1C-5). Unfortunately, these standards were not
implemented given the pervasive use of much smaller mesh sizes (< 1 cm) in BTF across the coast (Liang

& Pauly, 2017).

Output control (OC, n = 1): juvenile catch ratio 1980 (E2-OC-1). It demanded that the proportion of
juveniles in the catch by weight not overpass a certain threshold. However, we find little information on
its implementation. The only report was from the Bureau of Fisheries of East China Sea that claimed only
3.68% of the inspected vessels in that region violated the regulation during July 1 and October 17, 1981

(Chen, 1982).

3.1.3. E3(1993 - 2002): EEZ Management with Multiple Regulations

Summary: In the era of Jiang Zemin, China started to build its EEZ management system with more
diverse policies to constrain the growth of BTF. These policies (n = 22) covered five categories:

international laws and agreements (1A, n = 3), overarching policy (OP, n = 5), ban & protection (BP, n =
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5), input control (IC, n = 7), and output control (OC, n = 2; Figure 5). However, five IC policies were
failed repeatedly and all BP policies (summer moratoria) were likely not as effective as expected. Only
five policies (all 1A and two OP policies) were likely effective, and little is known about the remaining six
policies (two OP, two OC, and two IC policies; Table S2.1). Economy development was still the priority
of local governments and the rapidly growing aquaculture encouraged biomass trawling to provide more
fish feeds/fishmeal. China’s fishery management focused on accelerating the development of aquaculture

and distant-water fisheries, while constraining fishing capacity and output in its EEZ.

Political context: The third era continued along Deng’s growth-centric path (Yu & Yu, 2008).
Increasing production (e.g., GDP) remained the primary measure of local officials’ achievements and a
key factor in determining promotion (Yu & Yu, 2008). Such an evaluation system encouraged local
governments to support fishing exploitation more than resource conservation, and to probably over-report
their marine catch (Watson & Pauly, 2001; Yu & Yu, 2008). On the other hand, to seek more developing
space and participate in global competitions, Jiang launched the ‘going global’ (or ‘going out’) strategy —
expanding economic activities (including fisheries) beyond China’s borders in the late 1990s (Cao et al.,
2017). China facilitated its negotiation for accession to WTO, which started in 1986 and accomplished in

2001. In this context, China’s fisheries policies were also shaped by international laws and standards.

Fisheries context: China’s fishing capacity and aquaculture production continued to hike; distant
waters became the major source of the catch of China’s BTF, while its total output of capture fisheries
gradually reversed from increase to decline (Figures 3 & S2.1 & S2.4). China’s access to ‘traditional
fishing grounds’ was largely constrained because of the newly adopted EEZ regime and bilateral fishery
agreements (see details below). Fishing pressure in China’s EEZ was then intensified as the fishing
grounds shrank while the number of vessels continued to increase (Liu et al., 2007). The catch
contribution of distant waters to China’s BTF had a wave-like uplift, and importantly the values were all
above 50% throughout the era (and later eras; Figure S2.1), suggesting that distant waters played the

major role in China’s BTF. The ‘biomass trawling” was worsened in this era, given the reversal to decline
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on the total catch by trawls (Figure 3b) and a more rapid rise on fishmeal production (general increase
speed = 66,564 tons per year in E3 vs. 5688 tones per year in E2; Figure S2.4b). The imported fishmeal
also remained on a rising trajectory (Figure S2.4b). Correspondingly, the aquaculture output grew faster
than the previous era (Figure S2.4a), and its share (by value) in China’s agriculture increased from 8% in

1993 to 11% in 2002 (Figure S2.3).

Major pressures & drivers:1) constrained accession to traditional fishing grounds in China’s seas, 2)
intensified biomass trawling and overcapacity in the EEZ (Liu et al., 2007), 2) growing demand for
fishery products (including food fish and fishmeal) (Dong & Zhong, 2006), and 3) going global to

compete for more resources & markets (Mallory, 2016).

International laws & agreements (1A, n = 3): United Nations Convention on the Law of the Sea
(UNCLOS) ratification 1996 (E3-1A-1), Sino-Japanese Fishery Agreement 2000 (E3-1A-2), and Sino-
South Korean Fishery Agreement 2001 (E3-1A-3). The E3-1A-1 marked the beginning of the EEZ
management regime. Soon after that, China signed fishery agreements with Japan in 1997 (effective in
Jun. 2000) and South Korea in 2000 (effective in Jun. 2001). The agreements were considered as interim
measures to co-manage fishing activities in the Yellow Sea and East China Sea before they could resolve
their EEZ disputes ( Pan, Cheng, & Li, 2015; Zhang, Li, & Tang, 2015). Both agreements defined the co-
management zones (Figures 2 & S2.7) in which the quotas for vessels (primarily trawlers) and catch of
each nation were negotiated every year. As a result, China’s BTs were pushed inshore and escalated their
fierce competition in China’s EEZ through ‘biomass trawling’ and illegal fishing, such as using nets with
small mesh sizes (< 1 cm), multiple layers, and even electrical pulses; or fishing during the summer

moratorium and the no-trawl zones (Lou & Chen, 2004).

Overarching policy (OP, n = 5): China 21st Century Agenda 1994 (E3-OP-1), China 21s Century
Ocean Agenda 1996 (E3-OP-2), EEZ Law 1998 (E3-OP-3), Fisheries Law 2000 (E3-OP-4), and Distant-

Water Fisheries Plan (2001 — 2010) (E3-OP-5). The E3-OP-1 (issued in 1994) was the first national-level
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421  counterpart of UN Agenda 21 (passed in 1992) and the first time that sustainable development emerged in
422  China’s national policies (Guo, 2012). It determined China’s national challenges, basic targets, strategies,
423 and general measures of sustainable development of marine fisheries in the 21st century. The E3-OP-2
424 (issued in 1996) provided more detailed guidelines for marine fishery development and demanded local
425  governments to curtail inshore fishing capacity (particularly BTs). The E3-OP-3 (issued in 1998) was to
426  safeguard China’s sovereign rights and jurisdiction over the EEZ and continental shelf. The E3-OP-4
427  endorsed a catch quota regime and incorporated EEZ related clauses to the Fisheries Law. However, the
428  catch quota system (often used to manage specific species/stocks) was not implemented and challenging
429  to do so given the non-selective nature and diverse fish stocks of its BTF (Fang, Su, & Yang, 2002; Yang
430 & Shen, 2005). The E3-OP-5 was the first national overall plan for distant-water fisheries which was

431  driven by the ‘going global’ strategy. The plan allocated more investments to high-sea fisheries (e.g.,
432  Duilding larger vessels), which did boost the catch from high seas according to a government leader’s

433  remark (Xiao & Li, 2015).

434 Ban & protection (BP, n = 5): summer moratorium 1995, 1998, 1999, 2000, and 2001 (E3-BP-1, 2, 3,
435 4, and5). In 1995, China finally established the summer moratorium for BTs (and stow nets) as a national
436  regime (E3-BP-1). The moratorium in 1995 lasted only two months and excluded the South China Sea
437  (Figure S2.7). The government gradually adjusted and upgraded the moratorium level in later years as it
438  did before. In 1998, MOA extended the moratorium to three month and expanded the coverage in the

439  Yellow Sea and East China Sea (E3-BP-2). The moratorium was finally extended to the South China Sea
440  in 1999 (E3-BP-3; Figures S2.7 & S2.8). These early moratoria started and ended at midnight, which

441  made it inconvenient for local law enforcement. Therefore, in 2000, China adjusted the timeframe (in all
442  seas except the South China Sea) by starting and ending it at noon (E3-BP-4). This adjustment applied to
443  the South China Sea in 2001, though beam trawlers (i.e., shrimp trawlers) were exempted in part of the
444  water (E3-BP-5). Coastal fishery authorities claimed that at least 95% of fishing vessels comply with the

445  moratoria every year through their implementation efforts (Huang & He, 2019; Zhang, 2008). Some
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studies have shown that these moratoria did, as hoped, increase the annual catch and catch per unit effort
post-moratoria (Cheng et al., 1999; Yan et al., 2007). However, the moratoria did not cover breeding
seasons of all commercially important species, and the boosted fishing efforts after moratoria often

counteracted the effect of stock rebuilding during the moratoria (Yu & Yu, 2008).

Input Control (IC, n = 7): vessel registration measures 1996 (E3-1C-1), Double Control 1997 (E3-
IC-2), vessel registration measures 1997 (E3-1C-3), permit management measures 1997 (E3-1C-4),
vessel-scrapping interim provisions 2002 (E3-1C-5), fisher-transfer interim measures 2002 (E3-1C-6),
and permit management provisions 2002 (E3-1C-7). Four IC policies (E3-IC-1, 3, 4, 7) showed that China
attempted to enhance its management on fishing vessels and permits, especially for trawlers, although
they were likely failed repeatedly. For instance, the E3-1C-4 proposed stricter regulations on illegal
vessels and fishing. This legislation was upgraded to E3-I1C-7, which forbade the transition from other
vessels to trawlers and endowed MOA with the authority to control fishing-gear quota and licensing large
trawlers (horsepower > 441 kw). The E3-1C-2 was launched in 1997 as a response to the failure of the
Single Control 1987 (in E2). It mandated local governments to exercise stricter control over both the total
number of fishing vessels and total horsepower based on the quotas allocated by the central government.
Little is known about the effectiveness of this policy and some studies claimed that it failed (Yu & Yu,
2008). In 2002, China enacted the E3-1C-5 and E3-1C-6 to facilitate capacity reduction in its EEZ. The
former stipulated that all fishing vessels (including BTs) must be scrapped after the service. The latter
provided interim guidelines for the use of a special fund (from the Ministry of Finance) to support vessel
scrapping and fishers’ job transfer programs. It heighted that the fund should preferentially target vessels
using non-selective and destructive fishing gears (e.g., BTs). This policy might contribute to a
consecutive reduction in trawlers (Figure 4b), but little is known about the previous trajectory given

China only reported such data after 2003.

Output control (OC, n = 2): Zero Growth 1999 (E3-OC-1), and Negative Growth 2000 (E3-OC-2). In

1999, MOA initiated a ‘Zero Growth’ policy which explicitly stipulated that the nation’s marine catch in
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1999 should not exceed the amount in 1998 (E3-OC-1). According to its own reports, MOA considered
this policy generally successful as the reported marine catch in 1999 only increased 0.06% compared with
reported catch in 1998; notably the reported catch by trawlers decreased 7.3% (Figure 3b). In 2000, MOA
further adopted a plan for negative growth for that year compared to 1999 (E3-OC-2). As a result, the
reported catch in 2000 decreased 1.4% compared with that in 1999; the reported catch by trawlers
declined 6.8% (Figure 3b). The Zero Growth policy was retained and the reported total marine catch, as
well as the reported catch by trawlers leveled off and never exceeded the ones in 1998 (except for total
marine catches in 2015 & 2016; Figures 4b). Some suspected this might be a literally “under-report’

response from the local government to this central government policy (Yu & Yu, 2008).

3.1.4. E4 (2003 —2012): Resource Conservation with fuel subsidy

Summary: In the era of Hu Jintao, China built a more conservation-oriented management system
while starting to provide fuel subsidy to sustain its BTF. We found 27 policy documents (2.7 per year) of
six category groups in this era (Figure 6): international laws and agreements (IA, n = 1), overarching
policy (OP, n = 4), ban & protection (BP, n = 7), input control (IC, n = 8), law enforcement (LE, n = 5),
and fuel subsidy (SS, n = 2). Among them, four IC policies were failed; 16 policies (all OP, BP, and LE
policies) were unknown about their implementation or effectiveness; only seven policies were likely
implemented including four encouraged the growth of BTF (Table S2.1). In this era, China’s fishery
management focused on balancing fishery conservation in its EEZ and fishers’ livelihood improvement,
while continuously advancing the development of its distant-water fisheries, aquaculture, and fish

processing.

Political context: In E4, Hu’s political agenda focused on ‘building a harmonious society’, since
income gaps between the rich and the poor were widening and environmental issues became prominent
social concerns in China (Fewsmith, 2004; Mohanty, 2012). He called for a balanced development

between economy and environment, in contrast to the previous path that merely focused on economic
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development. Such a vision was expressed in his ideology of the ‘Scientific Outlook on Development’
(Fewsmith, 2004). To build a harmonious society, he launched many social security initiatives, such as
offering subsistence allowance to people in poverty and unemployed citizens (Mohanty, 2012). On the
other hand, after China joined the WTO in Dec. 2001, China’s cheap and abundant labor and fishery
products gave it an advantage in the competition of the global fishery markets (Li & Huang, 2005;
Lindkvist, Trondsen, & Xie, 2008). Since 2002, China has been the largest exporter of fish and fishery
products (FAO, 2006), making global consumption demand an external driver to the increase on China’s

aquaculture production.

Fisheries context: China’s fishing capacity (especially horsepower) and aquaculture production
continued to augment; total catch of its marine capture fisheries returned to rise; catch share of BTF
fluctuated around the same level, while the share of distant waters in China’s BTF catch slightly shrank
(Figures 3 & S2.1 & S2.4). Although the total number of trawlers declined quickly (except in 2012), the
total horsepower and mean horsepower per trawler increased in this era (i.e., Figure 3c&d). The
contribution of BTF to China’s marine capture fisheries (in terms of catch) leveled off (~ 40%) in this era
(Figure S2.1). Along with the nearly continuous rise of its aquaculture output, the fishmeal production
ascended at much higher speeds (general increase speed = 151,950 tons per year vs. 66,564 tons per year
in E3) and peaked at ~ 2.0 million tons in 2012 (Figure S2.4b), suggesting an intensified ‘biomass
trawling’ in China’s EEZ. lllegal fishing & vessels became pervasive in China’s marine fisheries (Lou &
Chen, 2004). In the first nationwide census of marine fishing vessels in 2008, MOA found nearly half of
all these vessels could be categorized as illegal (Zhu & Pei, 2015). On the other hand, the distant-water
fishing capacity also boosted as China continued to develop its distant-water fisheries (DWF; Figure 3c).
Though the total number of DWF vessels declined by a small amount (from 1997 in 2003 to 1793 in
2012), its total horsepower and mean horsepower generally increased (Figure 3c&d). Although the catch
share in China’s BTF generally declined (from 62.7% to 54.8%), distant waters maintained the major

source of the BTF catch of China (Figure S2.1).
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520 Major pressures & drivers: 1) pervasive illegal fishing gears & practices (Lou & Chen, 2004), 2)
521  fishers’ livelihood security, 3) growing (domestic & global) consumption demand for fishery products

522  after joining WTO.

523 International laws & agreements (1A, n = 1): Sino-Vietnamese Fishery Agreement 2004 (E4-1A-1,
524  effective in 2004) (Figure 6). This agreement was signed in 2000 as an interim approach to resolve the
525  fisheries disputes in the Beibu Gulf (a.k.a., Gulf of Tonkin) between China and Viet Nam, and a co-

526  management zone (Figure 2) was established with limited entry quota of BTs for both nations. Given that
527  the Beibu Gulf contains some major fishing grounds for BTs of Guangxi, Hainan, and Guangdong

528  provinces, the agreement constrained their access to these areas and drove thousands of BTs backward to
529  China’s EEZ. By 2009, over 5000 fishing vessels in the region were claimed to be scrapped, and about
530 28,000 fishers transferred their jobs, with ~ 67 million USD spent by the central government (Pan, Luo, &
531  Hu, 2016). The reported number of trawlers of the three provinces in total did shrink by 32% (4500

532 trawlers) from 2004 to 2009; however, this was only done by Guangdong and Guangxi, and the reported

533  number in Hainan increased by 15% (BFMOA, 2005, 2010).

534 Overarching policy (OP, n = 4): Outline of China’s Actions for Conserving Aquatic Biological

535  Resources (hereafter, Outline 2006, E4-OP-1), MOA s Opinions on Implementing the Outline 2006 (E4-
536  OP-2), 11 Five-Year Plan for Fisheries (2006 — 2010; E4-OP-3), and 12t Five-Year Plan for Fisheries
537 (2011 - 2015; E4-OP-4). The E4-OP-1 integrated biodiversity conservation into the core vision of the
538  central government for the first time in China. The long-term goal was to ensure that China would have
539  abundant aquatic biological resources and clean waters by the middle of the 21st century. To this end, it
540  adopted the Double Control target by 2010 (determined in 2003, see E4-1C-3 below) and added a new
541 target for vessel scrapping by 2020. Following this, the E4-OP-2 highlighted the priority of scrapping

542  trawlers in these Double Control targets. Meanwhile, China started to apply its five-year development
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plans specifically for fisheries (E4-OP-3 & 4), in line with the counterpart for national economys. These
fishery plans aimed to 1) enhance fishery-resource conservation through protecting juvenile fish, using
selective gears, and reducing BTs; and 2) encourage the development of distant-water fisheries. However,
there were no quantitative targets for these goals, except for the Double Control. Moreover, the real
targets and achievements on Double Control were unclear given they were inconsistent among the
government’s reports and peer-reviewed literature (Li, 2011; MOA, 2006, 2011) (see details on Appendix

S2).

Ban & protection (BP, n = 5): summer moratorium 2003 (E4-BP-1), conservation regulations in
Bohai 2004 (E4-BP-2), prohibiting gear switch in moratoria 2005 (E4-BP-3), enhancing moratorium
management 2005 (E4-BP-4), summer moratorium 2006 (E4-BP-5), summer moratorium 2009 (E4-BP-6),
and conservation-area measures 2011 (E4-BP-7). Before 2003, beam trawlers in some waters of the
Yellow Sea and East China Sea were exempted from the summer moratoria. In 2003, MOA started a one-
month closure (16 Jun. to 16 Jul.) for beam trawlers (E4-BP-1). In 2005, MOA issued two urgent
circulars to prohibit trawlers using unregulated fishing gears (mainly purse seine) and other illegal fishing
practices in the summer moratorium (E4-BP-3, 4). In 2006, MOA extended summer moratorium on beam
trawlers to two months (E4-BP-5). In 2009, MOA extended the moratorium on all BTs (except beam
trawls) by starting it half month earlier (E4-BP-6). However, we know little about their implementation or
effectiveness. The E4-BP-2 restated the trawl ban policy in the Bohai Sea but exempted smaller trawls
(here, perimeter of the net opening < 30 m). Such an exemption might be a compromise between
socioeconomic concerns and conservation, reflecting the political will of building a ‘harmonious society’
in this era. In 2011, MOA enacted the E4-BP-7 (an interim policy), providing the first guideline for
managing fishery conservation areas, which were frequently appropriated by sea-use projects (as
mentioned in the policy document). However, these measures have likely not been well implemented yet

for many local governments did not have the required manpower or budget.

°the 1st Five-Year Plan for National Economy started much earlier in 1953. The 11 and 12w Five Years
here referred to 2006 — 2010 and 2011 — 2015 respectively.
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Input control (IC, n = 8): Vessel-inspection regulations 2003 (E4-1C-1), fisher-transfer provisions
2003 (E4-1C-2), Double Control 2003 (E4-1C-3), minimum-mesh-size standards 2004 (E4-1C-4), permit
provisions 2004 (E4-1C-5), permit-approval decentralization 2004 (E4-1C-6), minimum-mesh-size
standards 2005 (E4-1C-7), and Double Control 2011 (E4-IC-8). The E4-IC-1 was an upgraded policy on
fishing vessel inspections, conferring more power on law-enforcement officers to combat illegal vessels
and fishing activities (e.g., gear/vessel confiscation;). The E4-1C-2 lowered the qualified engine
horsepower to 10 kW (compared to 20 kW in the interim provisions issued in 2002) and gave priorities to
BTs for receiving allowance in vessel scrapping and fishers’ job-transfer programs. Meanwhile, the E4-
IC-3 started an eight-year program to scrap 30,000 fishing vessels (preferentially trawlers) with a total of
1.269 million kW (10% of the level in 2002) by 2010. Although the target was likely well achieved in
terms of reducing total capacity of all fishing vessels (MOA, 2011), total horsepower of trawlers had only
shrunk by 1% (Figure 3d). A further Double Control program was launched from 2011 to 2015 (E4-I1C-8),
but again it did not reduce fishing capacity of trawlers as the reported total horsepower increased by 4%
(Figure 3d), which might be driven by the fuel subsidy. Four other IC policies (E4-1C-4, 5, 6, 7) focused
on mesh size and fishing permit management and reflected the government’s will of developing larger
trawlers for distant-water fisheries. For instance, the E4-1C-5 and -6 shortened the process of examining
and approving fishing permits of large trawlers and large purse seiners (hp > 441 kW) and decentralized
that power to regional fishery authorities of the three marine zones (i.e., Fisheries Bureaus of the Bohai &
Yellow Sea, East China Sea, and South China Sea). This likely boosted the growth of mean horsepower

of trawlers and perhaps primarily those distant-water ones (Figure 3