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Executive Summary

Feeding more thaninebillion people by 2050 while protectifgodiversity and the natural systems on
which life depends is one of the greatest planetary challemges f ace t oday. As one of

seafood producing nations, China has a significant stake in solving this challenge

The ocean shelters a vast array of species, produces most of the oxygen we breathe and nourishes billions

of people who depend updhe sea for food and livelihooddo wever , whil e the oceand
produce food is enormous, it is limited. About ghied of fisheries for which data exist are overexploited

or collapsed; the actual number may be even higher as many countrishdwencapacity to measure

their fisheriesé output, much | ess manage t hem.

Aquaculture production has nearly surpassid fisheries as a source of food, and there is considerable
potential in the ocean for even greater production. Still, aquacultnrigess@ negative impacts: it can
displace native coastal and marine ecosystems, require large inputs of wild fish for feed, introduce non
native species and diseases and cause significant pollatistainably managing living marine resources
to optimizeeconomicproduction over the long term while minimizing damage to the ecosystem is not an

easy task, although there are many proven solutions and new ones in development to achieve these goals.

Unfortunately, climate change will likeincreasehe challege of feeding people sustainably. Warming

and acidifying waters are altering the productivity of many marine species and driving others across
borders, intensifying the struggle for resources among competing countries. More extreme storms, altered
weatherpatterns and disrupted water and nutrient cycles will increasingly stress coastal food production

systems. To date, few countries have found ways to handle these changes effectively at scale.

Chinads chall enges i n man asigiiantgthosetfaginglother goungiesmar i n e
However, the scale of Chinab6s eapidaecanomic gmettkadosg i t s s
Chinabs coast s asingposedsigrificahtaostton tdle@oastat and rearine environment.
Developmentmariculture and pollutiohave damaged more than half of th
nearly 606 of mangroves, 8 of coral reefsand significant portions dhe seagrass beds, tidalnstaes

and tidal flatghat once provided critical habttfor a diverse array of marine lif€hina produces

enormous quantities of wild and farmed seatbody far,i t i s t he worl dés top prod
(though notby valugd but the rate oéxtraction and exploitation have outstripped the ability of marine
ecosystems to absorb the impact, and top marine predators have been almost entirely eliminated. In

addition, Chineemploys more people in the fishing and aquaculture sector than any other nation, making

the social dimension of bringing these industries uesdatrol much more challenging.



Despite the difficulty, China has begun making significant progress in addressing these challenges.
President Xi Jinpingpas committed to creating an ecological civilization, a balanced integration of
economic and environemtal goals that is now enshrined in the constitution. And the government has
followed with bold, concrete actions, includisgiengthening the seasow#dsing of nearly all domestic
fisherieseachyear, protecting habitat and establishing marine reseiwgosing stricter standards for
discharging pollutants into the sasauting downillegal mariculture operationandestablishinga total

acreage limit for mariculture

However, more must be done if China is to reestablish healthy coastal and masiysteros that can
sustainably provide the levels of nutritional and economic benefits historically enjoyed. To create an
ecological civilization, legal protections for living marine resources must be strengthened, monitoring
expanded and compliance imprdy@and more critical habitat restored and protected. Furthermore,
because climate change is affecting living marine resources on a global scale, and because so many of
these resources are shared, especially within Asia, an ecological civilization atémsndsiupon

stronger regional and global governance to ensure living marine resources are managed sustainably at

scale.

Although these challenges are not easy, solving them will produce enormous direct benefits for China by
securing a large and sustair@blpply of highvalue seafood and livelihoods in its own waters. It will

also create tremendous opportunities for China to demonstrate regional and global leadership on oceans.
President Xiod6s Maritime Sil k Ro &dChinatdptomaegiohale r epr
marine governance and advaiice UN Sustainable Development Go&g.collaborating with countries

along the Silk Road, China can promote the conservation of marine biodiversity, empower women and
smaltscale fishing communitis to develop their marine resources sustainably and feed themselves, and

create a platform for countries to work together to manage the impacts of climate change on living marine

resources.

This reporfproposes severale c o mme nd at i o n s xttsteps asit endeavorS fo create s  n e

ecologicalcivilization domestically and abroad for living marine resources.

1. Strengthen legal protections for coastal and marine ecosystems, while promoting
sustainable production. China should consider enacting a new aquaculture law that places limits
on facilitiesd waste di schar gestoaknedortingdymb ur ce us
facilities, authorize routine onsite inspecs@md include other provisions that méie the
i ndustryoés i mpacts on @gomgeffatsto shift dwardautputn e ec osy

controlin its capture fisherieshould be integratedith rightsbased approaches that allocate



portions of the catch or local fishing areas to the fishmdgstry and communitied& Marine

Habitat Conservation Law (MHClshouldalso beenaced,to strengthen protections for coastal

and marine habitats and encourage significant rehabilitafitost ecosystem functions and
resiliency

Implement a high tech monitoring system to combat corrupt and illegal activities that

undermine compliance and to improve marine science. Chi nadés i nnovation in ¢
networking technologies and artificial intelligence can help create a transparent system that can
operate amss agencies, and even globally, to facilitate enforcement and promote comipliance
protecing marine ecosystems. In addition to promoting compliance, atB@hmonitoring

system willgeneratelata for ecosystem understanding, emergency contingerncgsaand

climate change response and mitigation measures.

Restore lost coastal and marine ecosystem functions needed to support fisheries production,
biodiversity conservation and resilience to development, pollution and climate change.

Further actionshan the ongoing redlining process need to be taken to restore lost habitat,
including mangroves, seagrass beds, tidal mar s
and marine ecosystems are to withstand the impacts of pollution and climate @hdrgatinue

to be a source of tremendous prosperity and food production, China should consider i)
establishing a national Amarine ecol ogical rep
marine ecosystems; and ii) develop a national plan of acti@store lost ecosystem functions

and services.

Create a network of partnerships among countries along the Maritime Silk Road to

promote sustainable marine governance and achieve the Sustainable Development Goals.

The Maritime Silk Road Initiative represents a historic opportunity for China to demonstrate
leadership in global marine governance and advance the UN Sustainable Development Goals.
Under this Initiative, China should consider creating a network of pahipsrto encourage

mutual learning and promote joint actions that promote a healthy daestainability along the
Marine Silk Roadtan also b@romoedby information sharing ancapacitybuilding on

developing and managing living marine resources sustad | y .sle&larship eodlithe
furtherdemonstrate by using the Maritime Silk Road Initiative to catalyze the development of
regional and global approaches that can mitigate the impact of climate change on living marine
resources.

Assess the effects of climate change on living marine resources and evaluate ways to

mitigate the impacts. China could promote more research into the impact of climate change on

capture fisheries and mariculture, and the natural ecosystem services upon which these industries



depend. China may wish to consider ways to not only mitigate the effects of climate change, but

effectively adapt to it.

The planetary challenge the world fagezamely,how to feed a growing population without destroying

the ecosystem that supportduisu nqguesti onably not Chi giedtke chall eng
enormity ofseafood it produceand consumeshesize of its marine economy atite multitudes it

employs in its seafood industrjggerhaps few other countries hasgmuch at stake in ensugithe

p | a nmeauriné resources are sustainableewise, fewothersare as influential regionally and globally

andhave as much to offeliplomatically, technically and scientifically. As China seeks to create an

ecological civilization there is both an opportunity and a need to join with other countries to protect the

ocean that nourishes and sustains us all.

1. Introduction

1.1 Thevalue of living marine resources

Ocean ecosystems harbor immense biodiversity, an abundance of life that provides numerous benefits for
people. These living marine resources have cultural value in many places, playing a central role in
mythology, religionsymbolsand stories worldwide, from antiquity right up to modern times. Many
people enjoyirectly interacting with ocean life through scuba diving, birdwatching, sport fishing and
other forms of recreation, and these activities support a lucrative gboivisim industryLiving marine
resourceslso provide important regulating and supporting services, sumtygen productiomutrient
cycling, water filtration, carbon sequestratemmd storm buffering. The value of these servioes
growing ocean econoniy difficult to estimate, but is likely on the ordertafndreds obillions, if not
trillions, of U.S.dollars worldwide each yeéde Groot et al., 2012)et, the full breadth of services
provided byliving marine resources not well appreciated. Consequently too many policies fail to
safeguardiving marine resourcediodiversity is in decline and ecosystem servaras the value they

provideare being lostthis poses a risk tauman health, food security, poveagdlivelihoods.

Perhaps the most significant and widespread ecosystem service delivered by life in the oceans is provision

of seafood through wild capture fisheries amakriculture For some, seafood makes for a more interesting

and varied diet and providesdeeper connection to the sea. For others, especially in many parts of the
developing tropics, seafood is a critical component of Brodhutrition security. Indeed20% of the

worl dés population is critical Inytriedt® poecallaldbatduseupon s
only small amounts are required to fulfill vital physiological functi@@slden, 2016)Fisheries and

mariculturenot only provide food, buhcome and livelihoodto 13.8 million fisheries practitioners in



China Thesebenefits are not limited solely to those who harvest food from the sea, but also extend to the
many support servicdsgear manufacturers, vessel mechargétsd as well agprocessors, restaurants
andother businesses along the supply chiaét are also bliion seafoodThe value of these other
seafooddependent industries can substantially add to the employment and revenue generated by the

production sectors.

These promising findings notwithstanding, most future increases in the global supply of safood w

come from mariculture production. The volume of seafood generated by mariculture has long been on the
rise,and likely will soonequal and surpagsoduction from wild capture fisheries. Moreover, there is
considerable potential for additional maricué production worldwide (Gentry et g@017).

On the other handariculture can also pose considerable risks to marine ecosystems and other values
generated biiving marine resourcesncluding wild capture fisheries. For exampergescale

infestatons of green algaédlva proliferaoff the coast othenorthern Yellow Sea have occurred
repeatedly in recent yeatireatening the valuable tourism industry in the regiéhile nultiple factors
contributed to these infestations, the most importanedthias been identified asastakeaweed farms

from as far away a3iangsu Provincthat provided substantial additional surfacea for algal growth

(Pang et a).2010;Liu et al., 2013.

Of coursemariculturecan also produce ecological benefiteluding water filtration and creation of
nursery habitaby seaweed aquacultufigu et al., 2017, but these benefi@retypically ancillaryrather

than planned ooptimized.

1.2C h i nigirtg snarine resources

The exclusive economic zone (EEZ) of Chawavers a wide coastal ocean diean a coastline that spans
18,000kilometersacross more than 20f latitude. This EEZ stretches from the tropical waters of the

BeibuGulf and South China Sea, through the-soipical East China Sea, and into the temperate Yellow
Seainthe nortlC h i rEgDasd the Bohai Seae pr esent t hree of the worl dos:s
(LMEs), and tfeir pronounced biogeographic gradient me#rat the diversity diving marine resources

in China is substantial. Indeed, the ocean economy, incltidingalue generated diving marine

resourcesnd other aspects of marine ecosysténs,s become an i mportant part
growth, generating more than 700 billiddMB annually, or more than 9% of GDP in 20B0A, 20133a).

Of the many values provided kiying marine resource<hina today depends most heavily on domestic
production of seafood, which ful§ most of its demand (Figed). Chinese seafood production is
consumed largely within China, accounting for@#8%6 of domestic aquatic product consumption. The

export volume of aquatic products is only around 6% of total produdiameverChi nadés seaf ood



export is at the higlalue endIn 2016, the export value of aquatic products was US$20.7 billion, or 28%
of Chinaés gross export of agricultural product s.
US$9.4 billion, much of which was lewaluefishmeal BOF, 2017).

4.24,6%

59.873,87%

W Export
M Fishmeal

Domestic consumption

Figure 1| Markets forAquaticProducts in China, 2016 (data in million metric tons and percer{Q¢&)
2017)

Chinabs demand fhaghvalseemaihegpmductsaisgwingtaid&hina is increasingly
importing seafood, especially higlalue products from foreign sources (M(29018).Marine ecosystems
around Chinare overexploited and degraded, redudinlg i rahilidy $o0 produce higlvalue seafoodnd
renderingts ecosystemaore vulnerable to climate change atdsk of collapseFew fisheries in

distant waters offer significant potential for additional supply and often lack the necessary investments for
sustainability (e.g. technical expertisechnology, financing) Similarly, overseas sources of mariculture
products will need to be developed sustainably in order to ensure a reliabteriongupply. If China is

to meet the growing demand for highlue seafood that its increasingly afflupopulationprefers, it

will need to restore its domestic marine ecosystems, make domestic seafood production sustainable and
find ways to encourage other countries to manage their resources sustainably, all while building resilience
to climate change. These changes can protecg@vdthe diverse industries beyond greduction

sectors that depend on seafood in China

In 2016, the total value of China's fishery economy was 2.366 trillion, y@iavhich the output value of
fisherieswas 1.2 trillion yuan, and the related indystnd consuction, circulation and senasoutput
value was about 1.16 trillion yuan. The largest proportion of fishery oushug wa freshwater
aquaculture (581.3 billion yuarfpllowed bymariculture (314 billion yuan) and marioapturefisheries
(197.7 billion yuan).Recreationafisheliesaccounted fo66.45 billion yuan and continue to rise. There

were about 9,700 aquatic product processing enterprises in the country, and the annual processing



capacitywas about 21.65 million tonsncluding17.75 million tonsof processing capacity faedood
(Figure?2).

43.12,4% 64.1,5%
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Figure 2 | Structure andCo mp o s i t i o rseafoddEc@bniy,R@lGBOF, 2017)
A. Value and percentage of major components for China fisheries economy;
B. Value and percentage of major components for China fishery;
C. Value and percentage of major components for China fisb&ted industry and construction;

D. Value and percentage of major components for China figlkeéated communication and semic

2. Status and Trends

2.1 Aquaticfooddemand in China

For near | y hal dquatcfoad apparentconsumpiidres beandsteadily growing, and now
represents around 37% alf aquaticfood produced globallyln the last decade, 65% of the increase in
theglobaldemand fomquaticfood can be attributed to Chirflikolik et al., 2018) From 19932013,

growth in per capitapparent consumptiaf aquaticfoodin China increased 5% annually to
38kg/personandreached 49.9 kg in 2016, alreadiyublethe global average of just over 20kg/person

(FAO, 2016) The rate of increase aquaticfoodproductionnas f ar outpaced Chinads
population growth, saquaticfood is becoming a larger componenttbé national dietRAO, 2016).

With a populatiorof over 1.3 billion people continuing to grow modestly at 0.5% annually, the supply of
aquaticfood needed to meet the demand in China will contilauacreas€World Bank, 2018) A recent

estimate predistthat, over the next decade, 53% of glawplaticfood consumption will increase solely



due to demand in China, with per capita consumption expected to reach 50kg/person (dikehiRet
al., 2018) Economic value associated with this demand couldcase at a 4% compound annual growth
rate until 2020, reaching a market valudJ&$80 billion by 2021(AAFC, 2017).

However, unlikesomenations with higirates ofaquaticfoodc on s u mp t i highrateGfthi na d s
consumption does not necessarily reflearsgrdependence @yuaticfood for nutrition or food security.

In 2011, fish comprisednly2 % of t he di et of Chinads rural popul e
population, whereas the percentage of {aaded sources of protein was nearly threedihigher in

either population (Liy2013). This rural/urban divide suggests that increaastumticfood consumption

reflects growing affluence in China and preferencerther than dependence aigher quality food

IndeedChi naods aauaicgdoodbndfothehigh-valuemarine products is growing and China is

increasingly importing seafood, especially higtlue products, from foreign sourcéd@A, 2018. In

2017, imports rose by 21.7# volume and 21.0%% in value (Godfrey, 2018 Growthof Chhn a6 s mi dd | e
class, improvegroduct handling, storage and transportatidrastructure and access to new markets are

important drivers o€hanges in Chinese consumer preferences

2.2 Mariculture production in China

C h i maquédture industry has grown maattly for more than six decaddsdure3), increasingrom

fewer than 100,000 tons in 1936 3.6 million tons in 1985nd then to 51 million tons in 2016, making

it the largestquaulture producer in the worldndaccounting for around twthirds of global

production. During this rapid growthguaulture has made significant contributions to safeguarding
market supply, increasing rural income, improving the export competitiveness of agricultural products,
improvingp e o pdietsand guaranteeing foagkcurity In 2016 mariculture production was 19.6 million
tons or 56% of total seafood production in China. China currently contributes 60% of global mariculture
productionand now produces considerably marpiatic poductsthroughaquaulture than wild capture
fisheries in both marine and freshwater syst@fsO, 2016) Freshwateproductsaccounfor around

62% of totalaquaulture production in China, but mariculture production is still substantial and continues

to grow.
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Figure 3 | Marine FisheriesProductionin China, 1952016
China’'s mariculture industry is obviously different frahat of other countries in the worldViajor

aquaculture countries, such as Norway rely mainly on one or a few dorspeuies and themode of
operatioris also relatively simple; Chirfzoasts a diversified rangeailtured species, methods and ssale

There are more than Tégisterednaricultureorganismsn China includindinfish, shellfish,seawee@nd

sea cucumber#\ corsiderableproportionof them are grown by photosynthesis or fifeedingplankton

nofeedis needed during thaultureprocess. Onlyinfish and some shrimps and crabsfadkspeciestheir

total production accounts for about 15% of the total maricaitiutput(Figure4).
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Backed by powerful policy, fiscal and technological suppogriculture has been an important driver of

the rapid development tifie oceaneconomy irpast decadesince 1950, the industry has enjoyed
development opportunities in inland and coastal areas becawsmthe governmeritas adopted a

icul t-f v a td®maguculture priority development policy, resulting maricultureproduction
doubling everyiour to fivey e ar s . Five Amariculture tideso, or gr
development, have greatly speeded up the scale of production and diversification. Backed by favorable
policies, these leaps were further enalllgdechnical breakthroughs in the culture of kelp, scallops and
shrimps largescale sedthg productionof marine fishesand more recentlygdevelopmenin mariculture

of sea cucumbers and other higiluespeciesSince 1990, China hasade considerablg@rogress in

breeding newarieties and straingf aquaculture organismdisease control, culture technology
optimization and harvest mechanization due to technolognabvementand financial input from the
central and provincial governmen@urrentlythereare thousands of research teams f@mmese

universities and institutes working on a full range of aquacuitleged topics

Since the 12 Five Year Plan period (2012015), China has made a transformation in aquaculture

policies by highlightingsustainable development. In April 20t China State Council issued the Water
Pollution Prevention Action Plan, which clearly stipulates that an ecologically healthy aquaculture will be
promoted, with aquacultuggrohibition areas drawn for key rivetakesand coastal seas; upgrading of
aguaculture facilities; strengthening the control over feeds and cheraicdésncouraging deep water
aquaculture practices. Apper limitof 2.2 millionhectaresvas alscestablishedor mariculture, while
fivolume reluction & value increase, quality and efficiency improvement, and green developmeeat

set adargetsfor 2020 by théd i s h &3 Five ¥ear Plarandmorerecentregulations. In the long run,
Chinabs policy dmemar ihc dlhtliarmleekwaid liaws abdaegulations have

already beeenactedso as to guarantee implementation.

The environmental impacts of aquaculture (e.g. waste discharge, misapplication of chemicals) have drawn
marked public concern in China over the last j@ars, as awareness of ecosystems and environmental

health increases; progress is noticeable in the mass closure of coastal farms and appearance of extensive
coastal restoration projects. The clear division of responsibility in the new regulations, @s tiel
reorganization of ministri es -2008gpromides tignifidanily Chi nad s

improve ocean and mariculture governance.



2.3 Fisheries production in China

China has recognized the importancdigiieriesandbecome moreedicated to their conservatidror

example, ishery management in China has evolved considemalhe past half centuryshen and Heino

(2014) outline four major stages from the Faid" century to the present: The first stage in the 1950s was
charactezed by steady economic and technological developrramsformingfisheries from a

previously underdeveloped and largely artisanal nature to a more significant industrial enterprise. The
second stage in the 1960s saw the majority of fishery resourcambdully utilized as industrialization
commenced. The third stagganning the 1970s and 198wolved thesubsequentredictable collapse

of many stocksn the absence of effective managem@&hie fourth and currerstage beginning in the

1990s ushed in the era of more rigorous fishery management in China in response to the stock collapses
experienced in the third stage.

Despite the rapid rise and expected continued growth of mariculture production in China, the importance

of wild capture fisheriess still significant China still leads the world in marine wild fisheries catch, by

far . I n 2013, Chinads fishing fleets harvested ne
of the next largest fishing natipomdonesigZhang 2015). Approximately 90% of the catch is from

domestic waters, with the remaining 10% from the distant water fleet JX%Bng 2015).While, total

catch from Chinads EEZ -1980sthecdich myghe OWH hastneatlyedoublédn c e t
during thatime (Shen & Heinp2014;Zhang 2015). The national fishing fleet tripled in size from 1990

2010 (Shen & Heind2014), despite domestic catch remaining static. However, in RI0QA set the

fidoubl e control 6 goal ,thewdmbeoffishingvespels Wil ieeeducadbyat by 2
20,000 and fleet power will be decreased by 1.5 millitmwatts while also reducing the domestic

marine catch to no more than 10 million tofkerefore, the potential for continued growth in the supply

of seafoodfom foreign waters harvested by the DWF will be an important fac&iraping the future of
fisheriesand fishery policiesn China.

Fisheries remain an important economic driver in China. In terms of global markets, China is among the

top three nationgorldwide in the value of both seafood exports (#1 at nearly US$20 billion) and imports

(#3 at US$8 billiop (Zhang 2015). Although mariculture production now far exceeds that of wild
fisheries, Chinab6s positi on rld-leadinglvadume df wilt fistheries e af o0 o d
catch, and the size osiisheries labor force mean that management of wild fisheries remains a critical

policy issue for social, economic and environmental reasons.

The national fishing fleet in China is incrediblierse, fishing from coastal waters, across the
continental shelf and beyond. Furthermore, the fleet is distributed among 11 coastal provinces spanning

Ch i n a 6 silorheBersdr €ofstline and three large marine ecosystems, and catches more than 1,000



species commercially (Liang et aR018). Generalizing such a vast and dispersed fleet that utilizes a
diverse array of resources is not straightforward, although a few traits are widespread. These fisheries for
the most part are highly multispecies andfasty unselective gearsargeted single species fisheries are

very rare. Nw rational fishery policies in Chinatendto address these widespread traits, while also

enabling management to be tailored to unique attributes at the regional and local levels.

2.4 Coastal and marine ecosystem health in China

China'’s diverse coastal and marine ecosystems, including estuariagdaethangroves, coral reefs,

seagrass beds, upwelling systeand morehave the potentialtpor ovi de a basi s for Chi
a blue economy, especiallyf  C Hisheri@es@rsd mariculturean be managed sustainalBoastal and

marine habitatén China are home to more than 20,000 species, including 3,000 species of fishes alone.

China is home to approximately 5.8 million hectares of coastal wetlands, accounting for around 11% of

the country's total wetland area. These wetlands provide US$RO0 Wworth of ecosystem services each

year, such as food production and shoreline stabilization, accounting for 16% of the total ecological

services provided by all ecosystems in the couiMiy et al, 2014) Wetlands are particularly important

as feedng, spawning, nursery and overwintering habitats for wild fishes and invertebrates. In 2011,

China's coastal wetlands provided 28 million tons of farmed andoaiight seafood, accounting for 20%

of the global total seafood production from fisheries aadculture (Ma et a).2014).

Despite their importanc&hina hacumulativelylost more than 50% of its coastal wetlar®d% of

mangroves and 80% of coral reecethe 1950¢Blomeyer et al.2012; Ma et aj2014). Coastal

wetlands continue to disappear at rates around 2.4 times high¢hdkarofwetlandsfurther inland.

During the last two decadespaarly 11,00%ilometers e awal | , |l i ning around 60%
coastline and exceeding the lengthted Great Wall, has been constructedatend storm surgand

enclose coastal wetlands for mariculture, agricultume industrial uses (Ma et,@014). The cumulative
reclaimed area rose from an estimated 800,000 hectares in 1990 to over 1.5 million hectares in 2015, with
roughly onethird of the total area devoted tantulture development (FiguB. Rich in biodiversity,

theYellow Sea regiorcontains important fishing groundsd is an important stopover for migratory

birds. Since the early 1980s the regiuas lost 35% of intertidal habitat area due to reclamation,

especially along the coasts of Jiangsu and Shanghai at the southern extéraf Me intertidal zone,

especially in the Bohai Sea, is now occupied by mariculture ponds and cages. Loss of habitats can lead to
degradation of associated ecosystem functions and services, and ultimately increase the risk of red and
greentide outbreakand vulnerability to natural disasters such as floods and storm damage. It is

estimated that the annual econorist ofthe loss of coastal wetlands in China is on the order of US$46
billion (An et al, 2007b).
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It is not only coastal engineering and development that have driven habitat loss inRoHutants from

mariculture, agriculturand other landbased industries have further eroded key habitats, including those

fut her offshore that are buffered to some degree f
ocean area exceeds about half of its total ocean area, resulting in an estimated economic loss of more than
US$500 million annu afisheyies (CCICEDROA3). Same marineye€osystama,r i n e
most notably the Bohai Sead northern Yellow Se&ave been severely degraded and become
seasonalhhypoxic (Gao et al., 201Zhai, 2018. Severe eutrophic pollution has occurred in Liaodong

Bay, BohaiBay, Jiaozhou Bay, Yangtze River Estuary, Hangzhou Bay, Minjiang Estuary and Pearl River

Estuary,compromising survival of fishes and ottieing marine resources

The wild fisheries and mariculture operations that depend upon the healthy marine ecosystems created by
marine bidliversity are also one of the major threats to that diversity. Overharvesting and destructive
fishing by trawls, fine nets and traps can leatbss of nursery habitats for many economically important

fish species. Ovedevelopment of largecale mariculture can also strain coastal and marine ecosystems

and reduce wild fish abundance and benthic biodiversity.



3. Challenges to the Managemeaof Living Marine Resources

Chinabs government has taken and continues to tak
countrydés | i vi Dbangsodsndtaasy for amscountry,doet & is especibllengingn

China, whose living mame resources yield more wild fisheries and aquaculture produetigripymore

fishermen and fish farmers, aateperhapainder greater pressure frqrollution and development than

those ofany other nationlt is unsurprising, therefore, that desplie progres<China has made, till

faces challenges in making its living marine resources sustainable. In our review of the status and trends
ofChi nads | i vi ngfemthemeemergeaeraqoiring tbeecantinued attention of the
governmentFirst, there is a widespread need for monitoring to improve compliance, to enable

management to respond to changing circumstances and emergencies, and to improve the scientific
understanding of the ecological system upon which production depends. Skeonika need to

integrate planning to optimize the use of marine spg@guaculture and other commercial uses and to

identify critical habitats that need to be protectedtored or enhancethird, there isa need tanakethe

production of value, ther than volumef catch the goal of living marine resource management by

continuing to applyutputbasednanagement and fishing rightgith which China has already begun to

experiment. Fourththere isa need to understand the impacts of climateaghang n Chi nads | i vi n
resouces and develop policy optioascordingly And finally, there isa need to strengthen laws that

protect the habitats and ecological services upon wépendés he heal t h of Chinabds | |

resourcesand thereforehe enormous bounty that China produces from the sea

What follows is an overview of the challenges China faces in managing the two economic sectors that
most affecits living marine resourcés mariculture and wilecapture fishing and the challengesf
protecting and conserving the habitat and ecological integrity upon which both inddsfrarsdIn

addition to such internal challenges as lack of sufficient enforcement, weealsibe the additional
externalchallenges presented by climate change andeayassued.astly, because China is increasingly
looking abroado supplement its domestic supplyvafd-caughtseafood, we briefly describe the

challenges other countries face in managing their living marine resources.

3.1 Mariculture

In China,mariculturepermits are issued lilie city or county level Ocean and Fisheries Bureau, which is
under the administration of both the Ministry of Agricultuk&JA, now the Ministry of Agriculture and
Rural Affairs) and thé&tate Oceanic Administratio®QA, now an agency withithe Ministry of Natural
Resources)Due to a variety of reasons, some of the farms are unlicelfged.whera fish farm is

licensedchange of species expansion of the scale operationhas not been constraineghichhas



resultal in pollution, environmental deterioration, prevalence of disesmsgtincreasing difficultiem

guaranteeing the quality and safety of aquatic products

3.1.1 Ecological impact of mariculture

The ecological impacts of mariculture mainly include habitat encroachment, environpuhtidn and
displacement of wildiving marine resourced he lack of scientific and rational spatial planning for
mariculture is the main cause of many of thesblpras, whicharerooted in policy gaps antanifest

most significantlyin overcapacity of many mariculture waters in China.

China's mariculture industry is mainly managed through the issuanceuseseartificates and

mariculture licenses. In principlemariculture operations can only be conducted in national or
communityowned waters once the two certificates are in place. Although the two licenses clearly define
the water space that can be used, there are no restrictions on the density of thespediesstructure

and culture layout (Liu, 2016). Since farmers tend to culture more profitable species or increase stocking
density when pricerise it is very difficult for the local authorities to know exactly what is being cultured
and take measures control the outputs and discharge in a particular region. Thush#imge of culture
species oexpansion of the scale operationis not properly monitored, supervised acohstrained

Before the 1990s, thigermissivatlype of management played an iong@ant role inenablingthe

development of mariculture. However, with the continuous expansion of mariculture space and the scale
of farming, the unrestricted increase in thdturedbiomass has led to increased water pollution, reduced
environmental quély, frequent disease occurrence and increasing quality and safety incidents of aquatic
products. In addition, unlicensed mariculthigs becomgery common due to conflicts in aquaculture sea
use, whichhas ledo overcapacityBecauseahe current law and legislations, and law enforcement in
particular, are not strong enough to control this situafiorgtionaland powerful tools for spatial

planningare needetb placeC h i raquédture under strict governance

Mariculture now occuigs onethird of the coastal wetland area and 10% of shallow sea area in China
(Liu and Su, 2017). China has also witnessed {aogde sea reclamation for mariculture (Wang et al.,
2014),including cofferdam and earthen pondich hasaltereda largeexpanseof coastal landforms and
degraded coastal wetland ecosystefpgproximately240,000 hectares of shrimp ponds have been built
in the coastal areas of southeastern CHiming the past 40 years, largely by destruction of mangroves
and seagrass bedsccording to the recemationwidemarine inspectioiSOA, 201®), reclamation and
mariculture developmemb many provinces has been in violation of laws and regulations, but without
adequateestriction by the local authoritieBor example, the total axefshallowseaandreclaimed

wetlands usetbr mariculture in Hebei Province is around 18,424 hectares, only 27% of which is



licensed. In Jiangsu Provinaglicensednariculture operation®tk place in 13&ites andtoveedmore
than 13000 hectares, with 9,954 hectaiesonflict with Marine Protected Area (MPALffer zones and
EcologicalRedLine protectedareas. Between 1989 and 2000, China lost #h@2tares of mangrove
forests, more than 974 whichwas due tahe constructiorof shrimp pondsOpen violation of law and
regulations in mariculture practice is prevalent, clearly reflecting weakness in law enforcement and

inaction of government authorities.

Overcapacity in n@culture operations not onljisplacesnany natural hahats, but alsalegrades

remaining habitats by pollution. According to the 20dgort by the IdtionalFisheriesEnvironmental
MonitoringNetwork, pollutionof some coastal water bodiesthe fourChinaSeas remains sevenghile

the overlimit ratio for inorganic nitrogen, labile phosphate and petroleuadl samplesvas72%, 34%
and39%, respectively, and ariculturewas identified ag major source of all three pollutants (Jia et al.,
2017). Furthermore, antibiotic pollutiaves also increasing, such iasthe waters of the Beibu Gulf

(Zheng et al., 2012). Specifically, erythromycin was detected in 100% of samples at concentrations
ranging from 1.160.9ng/L, and sulfamethoxazole pollution was detected in 97% of samples at
concentrations up to 10.4ngMost of the mariculture output in China is from extractive species such as
seaweed and mollusks (Figusk yet fed species including finfish and crustaceans are also cultured in
large quantities in China. For fish culture, oalyout27-28% of the nitrogen given as feed are redeemed
as fish, and more than 70% of N is released into the environment (Hall et al, 1992). These species clearly
contribute to marine pollution, especially when they are cultured in both large scale and high density.
Nantong City is among the major whiteleg shrimp production sites in Ghieacalef shrimp culture

has expanded fro700 hain 2013 to 2,700 hain 2017. The rapid spread of small sheds across
mudflats and farmland has led to a series of environrprihlems such as soil salinization andr
extracting and pollutingf shallow groundwater resources. Similar problems are also evidmiafjdn
aquaculture areas Hebei, Shandong and other provinces, and the cleaning and treatment of mariculture
discharged pollutants has become an important challenge for local govern@amtt®l of aquaculture
discharge is one major responsibility of the fisheries authorities at all levels, accordingishéne=§

Law of China However this task has been largeglected or given way to increasing productiank

of monitoring expertise and waste discharge standards may partially share the blame.

An additional concern about the adverse environmental impacts of mariculture is the high volume of
feedneeded to produce certdad species (such as fish and crustaceafi®n derived from wild capture
fisheries harvesting ecologically important forag
rapidly for more tharB0 years. Its production increzd nearly 24old from less than one million tons in

1991 to more than 18 million tons in 2012, representing 41% of global production. Accompanying this



growth has been the devel opment of the worl dés
processing techniques and quality of some aquatic feeds have improved through time. For instance, the
feed coefficient of prawn has dropped to-1.9, nearly meetinghe international standard for efficient
production (Liu et al., 2017However in some caas the feed coefficient, or the ratio of feed inputs to
output of mariculture products, $ill very high. Excessive use of feeds can exacerbate pollution and
habitat impacts caused by other aspects of mariculture oper&wmestific and technologicg@rogress is

very important for upgrading feed efficiency and comprehensive performance of aquaculture industry.

3.1.2 Operational and economic factors

Pollution of China's mariculture waters fibecome increasingly seriqugesulting in occasional mass
mortality accidents and huge economic los§as the one hand, the trendanfastalwatereutrophication

is readily apparent in thmcreasesn occurrence of red tides and green tides; on the other hand, various
types of environmental toxinkave increaske more subtly, but these have causedre and more
catastrophianassmortality of cultured species. According to statistics of the Ministry of Agriculture, in
2014 a total of 284 fishery water pollution accidents occurred across the country, causirecdirestic
losses of 588 million RMB. The loss of fishery resources in 2@k to the londerm cumulative impact

of pollution on fishery habitatvas 8.18 billionRMB, of which 6.98 billion RMB accrued in the marine
sector while 1.2 billion RMB was lostin inland watergLiu et al., 2017)These negative external factors
posea severe challenge to the mariculture industry, whatleson sciencebased site selection and inlet
water treatment to operate successfully. At the same aimémprovedenvironmental monitoring and

supervision system may also protect the industry from disastrous events.

In 2017, the Zhangzidafformerly Zoneco GroupCo.) sea ranchexperienced a significant decline in
shellfish production resulting a 508700 million yuanRMB loss in profitsThough gveral environmental
factors were proposed as ttause, sfar there is still n@agreed upoexplanation.The Zhangaiaocincident
exposed theeriouspotentialproblemof sea ranchethat China has investenh heavily to constructat a
large scaleAt present, more than 2@@aranches have been built areunder constructianyet nost of
their planning and site selection lack sufficient scientifisearch, and their operatiola&k consistent
monitoring. These sea rarehare builmainly for commercial purposes and economic bendfittough
huge amounts of artificial reefs have betactedn these sea ranchéBerehave beeimsufficient systemic
scientific studies andisk assessmentsn the ecolgical and natural conditionassociated with such
operations The Zhangzidao incident is the result of a number of unfavorable factdvgarns usabout

the importance of conducting scientific and technological researth strengtheningnonitoring and



goverranceon sea ranches

Further adding to economic losses, increases in the prices of feed, energy and labor have eroded what was
oncereliable profitability in the early days of the industnwide fluctuations in the prices of mariculture

products and decling consumer confidence caused by successive aquatic product safety incidents have
further exacerbated these impacts. In 1998, more than 300,000 people in Shanghai sHifpadisA

infection from eating blood clams, which revealed the heavy pollution Chi na és weathae r s . Ho
timethe government did not address the degraded environment, but simply banned the sale of blood clams.

In the 20 years since the fiblood clam incidento, C
but alsoin vegetables, cereals, meat, milk and eggs, many of which are due to environmental pollution.

Over time, the health and economic impacts of these incidents have slowly motivated stronger government
action, driven by consumer concern and confideidighout comprehensive environmental governance,

the aquatic food quality and safety problems cannot be solved completely
3.1.3 Technical challenges

China's mariculture management lacks scientific and technological support. On the one hand, there is
insufficient scientific and technological research and development to support managentieatother

hand, China still lacksreindependenscientific and technological consulting systeand management
decisions are sometimes made without alismegad of scientific considerationdonitoring and
scientificdata collection are the most important tools for mariculture governanderdanadequately
deployed by fisheries authorities at all levétgormation system construction for fisheries govermaisc
outdated mariculture licenses may not correlate to each farm and management authorities at all levels
have not set up a routine stock reporting system for respective farms. As a result, local Ocean and
Fisheries Bureawusuallydo not know exactly with species are cultured and how much is produced at
respective fish farm3 here has been little monitoring of the environmental impact of mariculture,
including the amount of discharge by respective farms, partly due to the difficulty in data shaviegrbet
the governance and research institutions. This lack of data combined with the lacksofjbenta

decision making has become a hindrance for effective mariculture governance.

Application of research findings is a lorgjanding problem in China. Chaals for theextensionof
mariculture research findings aret smooth due to inadequate policy consistemgngthe government,
research institutions and the indusimhich means researalsdor applied scienceare often unmotivated.

Many research findings, paterdaad reports areritten butnot commercializetb create value and benefit.
Despite these barriers, China has a relatively developed mariculture technology popularization system, with
13,463aquaulture technology popularizatistations(ATPS) at all levels, approximately 37,600 people
engage@nd around 3.7 billion yuaRMB spent oraquaulture technology popularization each yda0OF,



2017). Ths popularization system has played an important role in pushing ahead industeialpdeent
andpromotingnewculturetechniques anslpeciesHowever, becausmme ATP3eadership does not have
adequateprofessional training, some techniquasing promotedare not prominently advanced, while
others are neither supported by accuratensifie data nor verified bypractice To inspire creativity in
mariculture, China should nurturedaeperespect for science and technol@mdreviseits policies at all

levelsto encourag@&novationand vitality.

Environmental and fisherie®licy in Chinais now evolving toconfrontmany of the environmental

impacts of mariculture, whicht the same timpresent new challenges to the industry. Since tHeCFC
National Congress in 2012, China has elevated its commitment to ecological civilizatiamesult,
Chinads environmental qual i NationalEngronmen@mPraecterd, espec
Law entered into effect in 2015, with environmental supervision, ecological auditing, environaental
enforcement and punishment fofractions increasing as a result. After decades of unconstrained
investment and growth, these policy changes have imposed unprecedented pressure on the mariculture
industry whichis now faced with a ban on sewage and sludge dischadytheuse of coafired boilers.

The industryare required toetreat once a confliés identifiedwith anMPA ortheRed Line system,

tourism or certainother sea useMariculture enterprises must decide whether to disbanefammtheir
operati ons t commimen tdyprovig lkenviroandestal quality anmdducing carbon
emissions will affect all economic sectors, including maricujtasthis poses an immineburdenon the
industry,swift action should be taken improve technologto enable lessarbonintensivepollution

treatment and green development

3.2 Fisheries

Overfishing is not only the most significant problem facing many fisheries worldwide, it is perhaps the
most significanissuefacing marine ecosystems overall. This is not to say that isthezsare not

important, and in some locales more severe than overfighingever because fishing fleets are vast and
widespread, and cause direct mortality to harvested orgahisften with incidental impacts on

habita® overfishing remainamajor thrat to ocean health at the global scale. Indeed, recent estimates
suggest that ending overfishing can promote recovery of marine wildlife, including mammals, birds and
turtles, illustrating the severe ecosystleawvel effects of overfishing (Burgess et 2018). The causes of
overfishing are diverse and vary from fishery to fishémpugh twoof the most pervasive drivers include
perverse economic incentives that are not aligned with needed environmental outcomes, and fishers being
disconnected from dec@irmaking processes and therefore less likely to accept and comply with

regulations.



China is no exception to the severe consequences and drivers of overfishing. Marine ecoregions in China
were once world famous for rich fishery resources and high qselitipod products. However,

overfishing combined with other sources of deterioration of the marine environment in the past four
decades has resulted in increasing occurrences of
that were once majorcgmo nent s of Chinaés fishery yield have b
the ecosystem. Fishing grounds in the Zhoushan archipelago, for example, covering an area of 220,000
square kilometers, were once so productive that the region came to be latbhehame of fishing in

China and the granary of the East China Sea. However, catch of large yellow croaker in the region that
reached 170,000 tons in 1957 dropped to only 400 tons in 2015, a decline of more than 99%.

Declining trends in other Chinessaliieries have been similar, especially for the highest value species,
although losses have been offset by increased catch of more abundant-galliéogpecies (Szuwalski
et al, 2016).New opportunitiegrealsoemerging in recreational fisheries and BAF; although if
recreational fisheries and the DWF are not managed sustainably, these transitions might simply mean
exporting overfishing problems in domestic commercial fleets to other fleets. In many cases, a similar
combination of factorainderliedfishery declines, including unconstrained development of overcapitalized
fleets, technical challenges with stock assessment and managemesoi;iardonomiémpacts

associated with management reform and resource recovery.
3.2.1 Overcapacity

Nationwidecatchin Chinaclimbeddramaticallyin the 1980sdue to growth in the number of vessels and
fishermen that accompanied growing recognition of fisheries as a significant economic driver
technological improvements that enabled fishermen to catch fishaldsplining stocksand

government subsidieblowever eventuallynaturallimits in resource productivityill prevent further
increases and evéead todeclines in themountof catchin any fishery This has been the case in China
where theotal volune of catchhas changelittle since the miegll990s but theamount of catch

attributable to Chinabs distant water fl eet has g

Fisheries policy and management have chaogedtime in China as these became stronger national
priorities. Significant hanges t o Chinads approach include a ser
licensing schemeandperiodic vessel surveys better estimate the total fishing fleet, including
unlicensed vessels. These meashe&helped to make clear the extent aof gignificant overcapacity
probl ems f aci n gigu@6).iTmaotlsnunibeér sf fisharsiineChina(has steadily increased
overtime, and &hough the number of vessels has decreased, the total engine power of the fleet has

increased. This meatisat smaller vessels are being decommissioned while a smaller number of larger



vessels go into operation, but the larger vessels require sufficiently largewdnmlideads to aincrease

in the fishing labor force. Although an increasing number of thes®WF vessels that leave Chinese

waters to fish the high seas or other

Ching and excessive pressure on domestic waters by overcapitalized fleets remains a pressing challenge.
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Recent policy changes haaenedto address the severe overcapacity issues in order to bring nationwide

EE



fishing power in line with the biological limits of fishery resources. This challenge is made more difficult
by the prevalence of illegal fishing gears and unlicensed veEselexanple, in Zhejiang province, the
number of unlicensed and illegal fishing vessels peaked at 13,000 in 2013, when total catch in the East
China Sea reacheabdreemillion tons, despitehe government having setargetfor catchattwo million

tons. Inadequatnumbers of enforcement personnel relative to the large number of fishers and vessels in
China make it difficult to adequately monitive fishing activity and catch of legally permitted vessels,

let alone detect and punish illegal vessels.

3.2.2 Social ad economic factors

Addressing overcapacity in fishing fleets is made more difficult by important and powerful social and
economic forces. Pressure to maximize fieem economic gains, especiafly impoverished rural
communities with few other livelihood options, caausdongterm productivity and stabilitto be
overlooked in favor of increasing yields in the here and @milar tradeoffs can be made when an
unregulated industrgeesan opportuity to capitalize on price trends or establis$trong position in
supply chainsThese tradeoffeventually lead to ecological degradation, economic loss and social
hardship. Unfortunately, these adverse outcoemesurage fishermdn fish even harder to offset ihe

losseswhich causs further degradatiorgreating adestructive cycle.

Arguably, the solution to fishery recovery and stability is straightforwarthe surfacesimply reduce

fishing pressure to allow stot recoer, and then fish the recovered stock at a conservative rate. With a
large fish population, even modest fishing pressure can generate high yields and profits because the
underlying resource is abundant and catch efficiency is high. Indeed, a recenaghipsis suggests

that, despite the high number of overexploited and collapsed stocks worldwide, recovery and sustainable
management can lead to even higher yields and profits in the future (Costell@@t@). However, very

real economic and socialggsures oftepreventgovernmentférom undertaking the actions needed to

recover If aggressive action toward recovery is taken, fishing commuicitielsl undergo a period of

hardship especially i f no other act ieconosnicaeeddhis aken t o
maybe a shorterm problem if stock recovery is rapid, although any period of time without food or
incomecouldbe devastating to fishing communities with few other viable economic options.
Furthermorepvercapacity that contributed fishery declines in the first place might require some

participants exiting the fishery in orderdohieve ananaintain sustainability going forward.

Subsidies generally compromise the economic and ecological viability of fisheries (World2Bagk

although timedlimited subsidies as investments in keeping fishing communities viable during periods of
reform and recover can be an effective strategy. To date, this has not been the nature of fishery subsidies
in China. However, in 2015, the Ministry oiiidnce (MOF) and MOA concluded that the extensive,



largescale and longerm fuel subsidy policy, which had been implemented since 2006, distorted price
signals and was at odds with policies to reduce the size of fishing fleets and constrain harve$tseTher
the central governmergnnounced that the fuel subsidy wouldréducedo 40% of the 2014 peak by
2019 andto zep by the end of 2020

Relocation of fishermen to other livelihoods is perhaps the most important in the series of actions
through which Zhejiang has worked to address the
China Sea fishing grounds. Some displaced memberg abtihmercial fleet have been able to remain
employed in fisheries through new opportunitiethe growing recreational fishing sector, while others
have joined the DWF. Alsdike other industries in the coastal zooeer time many fisheries in China
hawe employed larger numbers of migrant labgréasexamplejt is estimated that 30% of fishermen in
Zhejiang are from other provinces. Generally welfare policies only apply to legal residents of a province,
which means that relocation programs do notesklthe social and economic needs of the whole fleet
andwelfare programs are often not applicable to middjed or elderly fishermen who might still need a

source of income to support their families.
3.2.3 Technical challenges

Limited stock assessmeraad issues with data quality and availability preclude rigorous evaluation of

the full e Xt e nt challengagsthoivever fiskeries laakingfséiestlfid apsgssments are

more likely to decline and collapse (Costello et al. 2012), which nteahthe perceived poor status of

many Chinese stocksayl i kel y be accurate. That Chinads nati or
total catch remained largely unchanged suggests that stocks are in fact dwasiliisgjkely thatonly

through ircreasing efforand growth of catch attributable to the distant water flesdtcatchhas been

maintained.

Typically, sound science and sound policy reinforce one angtbiciescandrive demand forobust

science, and sciencanimprovethe efficacy of policyFor examplemandates to define clear goals,

targetsand limits,andrequirements for rislaverse managememequirescientific information and can
providegovernment and academic scientists a clear focus for their work, as cletiat require

consideration of appropriate spatial scales in management and awareness of ecosystem factors that affect
and are affected by fishery management decisions. The greater dedication to management in China has

led to continued strengthening mdtional policies, but this progress has not kept pace with the magnitude

of overcapacity and environmental degradation tha

began to substantially develop in the i century.



Despite these problems, i@k hasthe benefit of strong scientific community help meet its fishery
management challenges. Academic institutions and research institutes in China are highly regarded across
the globe, and fishery researchers in China have impressive publieattods. Yet this capacity is not

fully utilized due to structural barriers that unnecessarily compartmentalize individuals and institutions.
Transparency and accessibility of fishery data are extremely linaiteitonsequently universitiend
provincialfishery research institutes often do not have full access to data collected by the larger regional
fishery research institutes, which would enable them to do more innovative research and complete more
and better stock assessments. Bht@ing can also pavhe way for increased collaboration, which can
improve the overall quality and quantity of technical analyses supporting fishery management.

Of course, even thesestructural barriers are removeshddatabegins taflow more freely and

productive coborations grow across institutions, fishery science in China will only be as good as the

data feeding into models and analyses. In particular, accurate data on total catch of each stock, as well as
higher resolution data such as catch by different geadifferent seasons or areas, or at different life

stages of exploited organisms, are important in any fishery management program. Unfortunately,
inadequate catch monitoring also means that these data are often of lowayuatibgether nonexistent
Improving monitoring is arguably the single most importdrallengefacing fishery management in

China.

The importance of monitoring lies not only in its scientific benefits, but its value for enforcement and
shaping fishing behavior. As monitoring imprevie a fishery, the range and effectiveness of
management strategies that can be adopted also improves. For exgwbpleexperience shows that the
implementation of total allowable catch (TAC) management, especially with quota allocated to
individuals,vessels, communities, cooperativestirer entitiescan be a highlgffective strategy for
fishery managemenc€Cpstello et al.2008) However without effective monitoringthese approaches can
incentivize unreported discarding of catch at sea, wigstltsin management targets being missed and
scientific assessmenibased orfaulty data. In the absencetbk monitoringnecessary to allow China to
adoptoutput controls, China has instead relied primarily on input controls. Some of these have had
important benefits, butheycannot address al f  C hmamageinent needs and often introduce

inefficiencies that exacerbate socioeconomic s$raimnfishing fleets and communities.

The catch of fisheries in China is highly multispecies due todtwe & Chi naés eseofsy st e m,

unselective geamnd theabsence of limits on the harvest of individual spec#sneseconsumerslso
havea broad palate for seafosd there is less market pressure on fishing fleets to be selective in their
catch Sushainably managingsuch diversity only increases the néedcollaboratiors across scientific

institutions and improved data streartisat greatecatch monitoringan provide Furthermore, new



scientific tools and management strategies will need to beapmaeto avoid ecosystestale

degradation.

3.3 Habitat and biodiversity

China has recognized the importance of marine habitats and started to conserve them in a much more
dedicated manneAs discussed further in sectiénthis has been compelled blyonger policy

imperatives, backed by government support for increased monitoring, research and protection and
restoration projects in many important coastal and ocean areas. Despite this progress, important
challenges remain and overall management @fEoess is limited. The most important challenges lie in
continued deficiencies in the policy architectungarticularly in the establishment of a strong, chazd
comprehensive governance sysdeand an inadequate technical foundation that precludes tiettivee

implementation of existing policies and creation of stronger policies.
3.3.1 Governance issues

The importance of healthy habitats and biodiversity as a basis for sustaining the rerieingl wfarine
resourcess still not fully recognized and evaluated in China. There are still significant gaps in the
available data with thiereadthof living marine resourcegalues such as seafood production, recreation,
aesthetics, and regulating services. Despite those Gapwa has introduced a number of laws and
regulations to protect coastal habitats kvidg marine resourcesuch as the Fisheries Law and Action
Plan on Conservation of Living Aquatic Resources. However, implementation and enforcement of these
laws aml regulations remains deficiefithinaalsolacks comprehensive national legislation for
management diving marine resourcesvhichexacerbates conflicts between the mariculture and
fisheries sectors, whil@imostentirely omitting many other values providedllwng marine resources

from regulatory decisions. Encouragingly, the prominence given to creation of ecological civilization in
the 13" Five-Year Plan anthe 2018 amendment to the national constitutios tet stage for such a

policy, but its development has not commenced. In partiadkyantational policy lacks the following

critical requirements:

1 Assessment of critical ecosystem functions and status divikey marine resourcealues;

1 Identificaion of species and areas necessary to protect to maintain those functions and values;
1 Requirements to protect or restore those species and areas where possible;

1 Monitoring and enforcement to ensure compliance.

The absence of a natiorising marine resorcespolicy is manifested in a varietf ways

throughout the governance system, all of which contribute to habitat and biodiversity remaining at risk.



Lacking strong mandates from the central government, local governments lack incentives to prioritize
protection and restoration initiativeandinstead favor neaierm economic gains. Even where

government motivation for conservation is strong, unclear or conflicting authorities among agencies lead
to poor or ineffective decisiomaking. One particularly pgnant example of this ambiguity is that
boundaries for nature reserves and other types of protected areas are often not clearly dstiegated,
these bedrock conservation measures areften effectively implemented. Insufficient enforcement also
compromise conservation ancestoration efforts

Furthermore, locadecision makerdo not have the necessargining and capacitpuilding in the
complex scientific and policy dimensionsliving marine resourcesianagemensoleaders on the
ground areoftennot sufficiently equipped to mettie challengeshey face Similarly, public awareness
of the threats facingnd full breadth of values provided liwing marine resourceis limited, which
means civil society is not vaitg its support for conservation or contributing where possible to
monitoring, enforcemerdr problemsolving. Although NGOs are increasingly promoting the broader
values ofliving marine resourcesnd associated conservation needs, the importance diahiréom the

central government in China means that a national mandate is still essential.

Quite a number of aquaculture species have been introduced into China over the years, including the
popular andhigh-valuespecies such as turbot and whiteleg shrimp. None of these haveubgat to
robustbiosafety check and it is unknown if any introduced aquaculture speciedikélly result in
biological invasion. HowevertordgrassSpartinaspp., which was introdiedto Chinaas an aquatic

fodder species, did become invasive in miaagations.
3.3.2 Technical challenges

Although the technical basis for productive and sustainable mariculture and fisheries is certainly complex,
that ofcomprehensive conservation of habitat and biodiversity is even more complex due to the much
greater number of impacts and outcomes considered. Adding to this complexityijvimgnmarine
resourcevalues cannot be quantified as readily as the revenweaed by seafood sales. For example,
whereas a 10% increase in fishery yield will in most cases results in an approximately 10% increase in
revenue, it is not as straightforward to say that a 10% increase in abundance of a popular wildlife species
will result in 10% more tourism revenue. Baolie impact orand value generated by habitats and

biodiversity are characterized by uncertainties, nonlinearities and complex interactions. Overcoming these
challengess hindered by insufficient research and moniigyiresearchers have té@w incentives to

tackle these questions rather tfiacus onthose with more directly quantifiable economic outcomes.



Precautionary policies that establish conservative thresholds for habitat and biodiversity conservation, and
information about the extent of adverse impacts on those assets, can address this knowledge gap.
However, such approaches may incur undue economic costs on the affected industries, or fail to
adequately protect habitat and biodiversity if thresholds areamservative enough or if management

actions are unintentionally misplaced.

3.4 Climate change

Climate change has had an increasingly dominant effect on global ocean ecqaybiemareaffected

by changes in temperature and pH, dissolved oxygen, salinitgnt patterns and other factors.
Although some marine ecosystems are more affected thandtneparticular, coral reefs and other
biotic coastal habitats that depend upon a very precise combination of environmental @ag#bles
experience these effacto some degree. Changes in ecosystem affect species that are grown through

mariculture operations, harvested by fisheries or provide bttrey marine resourcegalues.

Climate changeaffectsmarine organism productivity and distribution, eitdaectly through

environmental changes, or indirectly through effects on important prey, habitats or other ecosystem
componentgGaines et al., 2018 hanges in productivity affect the potential available yield for
mariculture and fisheries, as well as tlecovery potential of species affected by these or other factors.
Changes in distribution can introduce species that might compromise mariculture production and affect

which species are available for local fisheries, tourism and other uses.

Climate chage represents a systesnale impact that will affect management of individual sectors and
more comprehensiv&/ing marine resourcpolicies; thus, these factors should be considered to ensure

that future policies remain effective as environmental conditevolve.

35Gendesmpect s

Women account for 50% of the workforce in fisheries and aquaculture worldiele accounting for

the secondarindustrysectors that include processing, markgtimd selling seafood produg¢isAO,

2016). Although they play a vital role in the seafood sector, women in many countries around the world
face challenges of inequitable access to opportunity, minimal representation and unequal benefits
received from their participation. In additiamachieving fundamental human principles of social justice
and fairness, there &sgrowing body of evidence that gender equality can lead to improved household
income, productivity and nutritional security (Hitlerandet al., 2015). Addressing the issefegender
inequality is a critical component of sustainable development globally, so much so that it is promoted by

United Nations SDG #5Achieve geder equality and empower all women and girls



Approximatelyl4 million people are employed directlyiodirectly by fisheries and aquaculture in
China BOF,2017). Women account for 20of the total professional workforce (WB/FAO/WFZ012),
indicating that about 1.6 million women are employed full time in production anéhpostst work
(BOF,2017).Aqueaculturefarms and processing factorieslp close the gender gdgy employing more
womenas temporary workeréccording to our surveytargeraquaculture companies in Chiteand to
employ more male than female workesgth male employeesomprising morghan70%, and up to
95%, of thefixed workforce theratio of maletemporary workers is much lowdfemale temporary
workers usually earn less tharales and considering thiechnical andaborintenserequirementssmall
or family-ownedfish farmsor seafood processing companiegarticulartend to employ more female
than malegemporary workers.

Table 1 | Employment [ncludingFull-Time andPartTi me ) i nFish@ies and quaculture

1995 2000 2005 2010 2012 2016

China Fl+ AQ (thousands) 11 429 12 936 12 903 13 992 14 441 13817
(index) 89 100 100 108 112 107

FI (thousands) 8 759 9213 8 389 9013 9 226 9226
(index) 104 110 100 107 110 110

AQ (thousands) 2 669 3722 4514 4979 5214 5022

(index) 59 82 100 110 116 111

Source FAO (2014). The index is with respect to the 2005 baseline

Since the 11th Fiwear Plan, efforts have been directed towards creating new economic and social
conditions throughout the rural areas, including in fishiilgges (Xuet al.,2012).Though womerare

expected to take on greater economic roles in the coastal econdhgies remains considerable
knowledge gambout the role of womeim fisheries and aquaculture. Additional efforts are needed to
understandhege nd er gap and i mprove womenb6és =education,

responsibilities in fisheries and aquaculture in China.

36LIi ving marine resources in other countries

Chinese fisheries are increasingly looking to overseas fisheries to help meet seafood demands beyond the
scope of domestic production. Under the 13thffvear Pl an, the contri buti on ¢
fleet to the «countatedid grow from % in 2017 ta23% @HuandhShuols, e x p e

per sonal communication). However, today most of t



meaning that target yields are being obtained and no additional yield is Megto f t he wor | dé s
assessed fisheries are fully exploited, meaning that target yields are being obtained but no additional yield
is likely. Around onehird of assessed fisheries are overexploited or collapsed, which means that current
yields are either unsustainable or hailready declined. Those fisheries that have collapsed represent a
potential source of additional yielifl stocks can be rebuilt and renewed harvests are at sustainable levels
(Costello et al 2016) The proportion of overexploited and collapsed fisheries might actually be higher

given thatmany countries do not have the capacity to assess their fisheriesyamsessed fisheries,

which are not included among the global trends, are more likelydefdleted (Costello et aR012).
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Overfishing is the most significant problem facing many fisheries worldteidiey, Because fishing fleets
are vast and widespread, and cadisect mortality to harvested organismften with incidental impacts

on habitat, overfishing remains the major threat to ocean raadtbiodiversityat the global scale.

Indeed, recent estimates suggest that ending overfishing can promote recovaryefwildlife,

including mammals, birds and turtles, illustrating the severe ecosieteireffects of overfishing
(Burgess et a12018).0One important driver of overfishing is that many countiéspecially in the
developing worldlack the scientific expertise, governance capacity and financial resources needed to
manage their resources sustainaflifycourse, other stressors beyond fishing affect fishery resources,

including pollution, coastal development and, perhaps most signify, climate change.

Encouragingly, bioeconomic modeling suggests that improved fishery management can counterbalance
impacts of climate changehich, depending upon the severity of climate change the world experiences,
could enable overalorldwide fishery yields to be maintained, or perhaps even modestly indrease
(Gaines et a)2018).



Whil e overfishing and the struggles of maricul tur
the solutions and technicabuexpéeesi $a addumebkangd
not been as universal. I n fact, research suggests
fishtehrricelHghheo U9 90s, t li ®cteos wahse al asrhgieflty iunnassessed
counts (Worm et al ., @06%) pribawkEltd pinapwgg ltto uaann @ | fear
doubled in tama Ihawtfar@ oooveedrsshal f of gl obal fish ex
fisheries we kanadhlatitne t bast eabd uatnaen abgee nmegn ti nicr epalsa
exploited.

4. Progress on Policies for Management of Living Marine Resources

in China
Commi t ment to ecological <civilization has taken a
FiveYear Pl an, Pr e s i dieNatibnalParty Gongressptioer2018 Coastittitibnal 1 9
Amendment and other prominent policy instruments, China is repeatedly making a clear declaration that
economic progress and social evolution will only continueags that ensure environmental protection.
Indeed, the philosophy underlying modern policies in Chiéicagnizeshat achieving economic, social
and environmental outcomdsesnot occur at thexpensef one another. Rather, these goals can only be
achievedand more importantly sustaingd concert with one another. Economic progress that degrades
environmental resources will undermine the basis for many economic sectors, while declining social
conditions will incur welfare andther costshat offset increased profits. Conversely, environmental
protections thatlo not allow economic prosperity will create social costs, fail to gain public support and

ultimately fail.

Chinasignaled this new philosophy to the world through its clear commitmenrg td.t. Sustainable
Development Goals (SDGs), which likewise aim to achieve the triple bottom line outcomes of economic,
social and environmental progrebs2016, China developed and released a national implementation plan

for the 2030 Agenda for Sustalila Management, in which it has created action plans for each SDG

target. Since implementatiari the plan China has already undergone one round of reportirig on

targets. There have already been notable achievements in environmental prdtecticample,in the

areas of energy consumption and air pollution, whithateto SDG #13on combating climate change. In
2016, Chinads energy consumption per unit of GDP
of GDP fell by 6.6.% (MFA, 2017). Chirtaas also made tremendous progress in addressing SDG #2,

which is focused on poverty alleviation. Disposable income per capita increased by 6.3% in real value,

while the number of rural residents living in poverty was reduced by 12.4 mbé@ed on thiprogress



it is estimated that China may be able to achieve its SDG #2 idrgears ahead of schedule (MFA,
2017).

With regard to SDG #14, China has taken several significant steps to conserve and sustainably use the

living marine resources, includirdyawing redlines for conservatithhatp | ace 3 0% of Chi nads
and 35% of coastlines under redline development. It has expanded the total area under protection and
intensified law enforcement; imposed more stringent standards for dischargingneliota the sea; and

improved pollution treatment facilities and sewage pipe networks in coastal regions. The government has
increased subsidies for reduction of fishing boats and offered subsidies for scrapping fishing vessels,

setting limits on the nundry and total power of fishing boats that decliwertime. Finally, China is

providing assistance to build aquaculture facilities in countries along the Belt and Road Initiativie (BRI)

one of the countryds most pr oamdl engagemenaimtde modenve r f u |
erad thus emphasizing the need to work towards environmental and social goals in tandem with

economic goals.

In the maritime realm, the path for achievangiple bottom line internationally throughe BRI has been
outlined in theVision for Maritime Cooperation under the Belt and Road Initiabegied jointly by

Chi nads &tAdminstrat@oardaNational Development and Reform Commission in 2017. The
Visionaddresses the importancelising marine resourceand specifies the need to improve

management of mariculture and fisheries, and conservation of habitat and biodiversity across the region.

China mternational leadership through BRI and other channels will be stronger as it developsadomesti
success stories than can inform policy changes in other countries. To that end, a series of important
domestic policy developments that are improvinigng marine resourcenanagement in China will play

an important roleAs discussed previously, everfdre the ecological civilization mandate was elevated
duringthe 13" Five-Year Plarperiod China began to address th@reasonablgrowth and

environmental impacts of mariculture through new policies, such aetlireg ofan upper limitfor total
mariaulture area by 2020, and theolume reduction & value increase, quality and efficiency
improvement, and green developnigntinciples put forward by the Fisheries 13th Fikear Plan

Permitting, monitoring and enforcement are also becoming strongeh sheading to reduced

overdevelopment in the coastal zone, although continued improvements in all of these areas are needed.

The 13 Five-Year Plan prompted MOA to issue a sweeping and ambitious new national fishery policy
early in 2017. The policy setstional targets for reductions in total catch and the number and total
engine power of fishing vessels. Furthermore, the policy attends to the detailed mechanics of fishery
management at provincial and local scales, including improved stock assesemaittsjng to support

stock assessments and ensure compliance with regulations, use of fishing rights and opportunities for



collaboration in management by the fishing industry, and a shift toward greater use of output controls.
Because policy evolution i@hina relies so strongly on pilot projects that enable provincial and municipal
governments to figure out how to operationalize national objectives, and because output controls
represent such a fundamental change from how China has managed its fisluatestte MOA policy

also initiated pilot projects itotal allowable catchT(AC) management in five coastal provinces.

The MOA fishery policy focuses not only on improved management of harvested species, but on
protection of ecosystems as a whole fromesse effects of fishing. These provisions will be important
steps toward more holistic and integrated managemédiniraf marine resource®©ther policies and pilot
projects have also taken important steps in this direction. For example, the integoaietesrbased
planning pilot in Xiamen has aimed to define space for mariculture, fisheries, shipping and other uses,
while minimizing the impacts of these uses on one another and ensuring conservation of critical
ecological resources. The pilot strives this complex balance in a heavily urbanized coastal area, which
requires a strong technical foundation angr@nagement by multiple agencies and levels of
government. Notably, the project has been successful in protecting a small but stable pagfutaion

Chinese white dolphin, the northernmost extent of the species.

Integrated managementlofing marine resourcasight be most effectively achieved not only through

holistic policiesand coordinated governance, but also by harmonizing management with local traditions

and valuesSince 2013Chi na has begun moving in this directior
Countrysideodo concept, welbang quility ofif@adnd cylturpl factarsantoe s  h u m
policy. Building from this concept, ABeauti ful Fi

incorporating local perspectives, objectives and knowledgdiuiig marine resourcenanagement

strategies tailored to the uniguecal, economic and ecological attributes of different places.

5. International Experience in Management of Living Marine
Resources

Given the scale of Chi n a éandslpeermumbea of peopte depéndentgri h o f
living marine resurcesfor their livelihoods, Chindaces someniquechallengesHowever, there is still

much that can be gained from examining approaches and solutions from other nations, which have shared
many of the same fundamental challenges in the manageniafgimarine resourced he following

case studies demonstrate ways in which other countries have found opportunities to enhance management
of living marine resourceis the areas of strengthened monitoring, holistic and integrated spatial

planning, managg climate change impagbromoting longterm value over volume in marine fisheries



and helpingaccelerate anslcale solutions internationally through exchange. These stories can provide

valuable experiences and ideas to draw from as China forges itowatlds ecological civilization.

5. $trengt hening Monitoring

Whenliving marine resourcenanagement is attempted without accurate or complete information,
challenges inevitably emerge. In the contexivig marine resourcesnonitoring can involve dat

collection to improve the performance or management of aquaculture operations, fisheries or ecosystem
health. Monitoring can help indicate the success or failuneanfagementsometimes exposing

unexpected patterns or informatjavhich can help advandtbke state of the science of a particular issue

In addition, monitoring can aldtelpdetectnoncompliance ofules and regulations, which chaad to

stronger enforcement. Therefovghile increased efforts in monitoring can lead to better management,
decision makingand outcomedack of capacity and funding oftgmoses darrierto expanding such

efforts. The following case studies demonstrate the value of monitoring and explore innovative ways to

conduct monitoring to advandiging marine resourceanagement.
5.1.1 Information transparency facilitates governance in Norway

Collecting, analyzing and sharing data on different marine production systems can help operators,
fishermen, business, managers and other stakeholders make more informed décistdingg marine
resourcananagement. One example of information being collected and used to improve management

comes from salmon farming in Norway.

Norway is the largest exporter of aquaculture products in Europtharsikth largesglobally. However,

given Norwayds geography, 8 OKiometdrsiramihe sepntakinglt at i on |
crucial to keep all aquaculture clean and wahitored. For salmon farming, the Norwegian Fisheries
Directorate has a website thantains not only the location, capacity and operational stateseny/

facility the government licensgbut also the environmental impact assessment regudesch All

licenses for salmon farming in Norway are registered with thisiaked system an@deh farm is

required tosubmit weekly stock reporte the fisheries authority throughettvebsite. Government

inspectors make routine checks on farms amathlybasis. This nearreattime sharing of data greatly

facilitates mariculture governaneed embles scientists to predittte environmental impact of facilities

such as the spreading of sea lice.



Production and environmental data is publicly available
- for all companies on all locations
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Making data publicly available helps stakeholders understand government decisions, facilitates trust
between the groups and creates a strong system of accountability. Scientistsevatne data and
proposebettersolutions and theowners and operatood salmon farmsre able to observe nearby
environmental issues or disease outbreaks and prepare accordingithBsing mor@lata, the

government is able tobtaina more accurate picture of the issues affecting and resulting from aquaculture

and useHhat data to improve managementrall

China does not have such toolkits to help with fisheries governance. Although efforts were made by the
Ocean and Fisheries Bureau of Shandong Province, for example, tcagetatyscale aquaculture data
collecting system (the Fisheries Information Transection Platform), the lack of incentives or pogssure

farmsto reportproduction data has deemed the system a failure.

5.1.2 Electronic monitoring irJ.S.Pacific whiting fishery

Even when fishers and managezsognize the importance of monitoring and datifection,
implementing a system can prove to be expensive and resource intensive. Utilizing technology to assist

with the collection and processing of information offers great potential in overcomingtallgnges.



The following study shows how technology can address this problem by supplementing and even

supplanting traditional observbased monitoring systems in marine fisheries.

Comprised of around 35 vessels, the Pacific whiting fishery is manadgedmé@nnual quota for total
allowable catch (McElderry, 2013). Initially, vessels were only accountable for the catch that they
brought to shore. However, this incentivized greater offloadirggaof undesirable catch and bycatch.
Therefore, the governmerevised the system and created new regulations that required fishermen to
account for all catch, including fish discarded at sea. To ensure compliance with this new system, the
fishery needed a new comprehensive monitoring system that included atountability. The nature of

the fishery {.e. many very short trips with very little notice) made it difficult to maintain a human

observer system, so instead, the government partnered with Archipelago Marine Research to design an

automated electronic mdaring system.

In the electronic monitoring system, boats were equipped with up to four video cameras, fishing gear
sensorsand a GPS receiver. The data collected by these tools were stored on the boat and retrieved by
technicians every two weeks. Fishemre still required to keep logbooks as a means for comparison with

the automated data (Lowman et al., 2013). Technicians regularly examined the automated data, searching
for unreported discardmnd fishing activityin prohibited areas, and generally egling vital statistics

about the fishery that would prove helpful for fishers and managers. Over the seven years of the program,
discard frequency decreased by 90% and data collection success increased to 98%. Unfortunately, the
program was brought to @md in 2011 after the government mandated that the fleet had to use 100%
observetbased monitorings part of a broader set of reforms in the region. However, the requirement that

a human observer accompany every boat that leaves the harbor has prdydorabstindustry, which

is now attempting to revert to electronic monitoring once more.

In China, electronic monitoring could help government authorities understand how many fish are being
caught in realor near reatime. Advancedmagingand processg technologies could even help detect
which species are being caught, where and at what time, all of which couttidgtyernment

implement an outptibased management systand givescientistsa better understanding tife health of

Chinabs marine ecosystem.

5. ol i stic understanding and integrated planni

Holistic management diving marine resourcesill require the need to evaluate and balance tradeoffs

between competing activities within the marine space. Radsead science underpinning spatial



planning, ecosystem services, proper aquaculture density and other activities can greatly improve the
information that is used to make decisions about spatial planning. Combined with a robust planning
process that invoks multiple agencies and stakeholders, this holistic approach to management can help
ensure that the benefits from marine uses can be maximized, while minimizing environmental impact and
conflict among stakeholders. Below are several examples of howidalist integrated management

have been utilized fdiving marine resourceis other countries.
5.2.1 Ecological prioritization in Norway

The ocean area of Norway is six times larger than its land area. In its marine space, a multitude of
economic activity takes place, including fisheries, maritime transport, and petroleum and energy. Norway
has recently finished designing and implementicgraprehensive system for the coordinated

management of all ocean uses. Beginning in 2001, Norway began by implementing a single integrated
management plan for opertionof its waters (Otterson et al., 2011). To create the plan, the government
first worked to determine the biological, socield economic basis of the ecosystem and all activities that
occur in the space. The government then conducted impact assessments for all use sectors to see how the
various activities could interact with or impact eatherand the larger ecosystdiPettersen, 2015). This

first plan, the Barents Saafoten area, took four years to develop. The process was then replicated in the
remaining two sea sections for a total of three marine plans. Each plan aims to prodigce/ghee in

these ecosystems, by pursuing the sustainable use of its resources while simultaneously upholding the

integrity of natural ecosystems (Schive, 2018).

To balance these sustainable resource uses with ecological conservation, the plannantpgedant

process has involved a tremendous number of government agencies, repeated input from stakeholders and
intensive scientific study. One particularly valuable approach to manage such a complex process has been
to establish ecological priorities duet start of the process. The main criteria used for prioritization include
valued based on productivity or biodiversityand vulnerability, based on concentration of all organisms,

key life stages taking place, abundance of sessile organisms, migratosy edci{gVinther, 2018).

Examining these key conditions establishes an ecological foundation which the other uses must work
aroundand not adversely impact. While each marine use is managed individoallgayto-day basis,
managemeris integrated into a higher level of governance which is bound by these ecological priorities,

allowing the system to operatgthin a broad and connected vision.



5.2.2 Ecological restoration in the Chesapeake Bay and South Atlantic region, United
States

The Chesapeake Bay, | o eAdlante degidn ris the largestléstuary iethe St at e s 6
country. The ecosystem has been highly altered by heavyitenadn all sided.€. urban, residential,

agricultural), as well as extensivewater usege.qg.fishing, boating, shipping, etc.). Over time, this

heavy use and high degree of alteration has led to serious deterioration in the water quality and fishing
prospects in the bay. Even when stakeholders and governments noticed the problem, thetaegefn

authorities involved on the land and in the wéeg.private landowners, municipalities, states and the

federal governmehmade it exceptionally difficult to implement and enforce overarching policies.

In response to a griBongressional resech studythat identified excessive nutrient loading as the cause

of a steep decline in the living marine resouyrties Chesapeake Bay Program was formek®83 The

program is anulti-jurisdictional and multstakeholdepartnershipestablished to codmatepolicies,

funding and technical capacitgnd set ambitiouguantifiable goals witldeadlins. Today, many

impacts from unchecked development and utilization remain, but measurable improvements in water
quality, habitat and oyster, blue crab and other wildlife populations have been achieved through reducing
pollution and other adverse impacts,tpaiing healthy habitats where possible, and widespread

restoration efforts.

This model of integratetiabitat protection haasobeen usewvith great successlsewhere ithe United
States For example, th€outh Atlantic Fishery Management Council potéeessential fish habitat

through its Habitat Plan and Fishery Ecosystem;Rla@AlbemarlePamlico National Estuary

Partnership ilNorth Carolinahas createthe Comprehensive Conservation and Management Plans under
the auspices of the National Estunpgram andthe state of North Carolina has developed its own
Coastal Habitat Protection PlaBy continuing to consider all uses, while placing a premium on
underlying ecology, integrated management plans can help resource users achieveotseaiter

returns over the long term.

5.2.3 Spatial management on the Great Barrier Reef

After a particularly destructive outbreak of crowfthorn starfish in the Great Barrier Reef, Australian
legislators took action to protect a natural wonder and cuittgalfrom ongoing environmental issues. In
1975, a federal law created the Great Barrier Reef Marine &easlgnedo be multiusefor fishing,

recreation and shipping, among other sectors. To design it, the park authority split the park into smaller



sectons and then zoned within each area (Gershman et al., 2012). However, throughout the 1990s, more

and more scientific evidence accumulatedhowthat thispiecemeabhpproach was not effective.

Instead of continuing with an ineffectual approach, the gowent reexamined the evidence and began a
new strategy. A comprehensive and scielpased planning process was launched to define representative
areas covering the range of habitats, species and communities across the entire park, rather than first
breakirg the park into sections. It was a long, participatory and consultative process. Authorities
considered social and economic impacts and sought alternatives that met environmental goals while
minimizing adverse impacts. While the process was lengthy, itwagl to investigate all of the factors

and consider all options, so that the design proved more effective and more durable in the long term. The
plan, finalized in 2006, placed 33% of the Great Barrier Reef intakezones and protected 70
differentbioregions that were defined during the process. Not only has this system proven successful for
Australia,which has seeimcreases in fish density and average size, but internationally the process is a
valuable anecdote about the importance of adaptaragement and the significance of taking the time at

the start of a system to truly learn all of the information and involve all of the stakeholders.

5.2.4 Developmenbdf marine spatial planning tools

As coastal waters become more crowded @afjficulture, fisheries, shipping and a growing list of

sectors, managing and planning for each sector separately is proving to be an inefficient and suboptimal
approach. Taking on a comprehensive, integrated marine spatial planning process can appear
overwhelming, but an increasing number of tools have emerged to assist with the task. SeaSketch,
developed by researchers at the University of Califo8aata Barbara, is a tool for nerperts to

generate hundreds of possible marine spatial plans for tiggnee These plans are run through analytics
that report predicted biological, social and economic performanegesulting informationan be used

to better evaluate benefits and explore tradeoffs among different zoning plans. The platform even allows
for stakeholder input on different plans and peer collaboration. The SeaSketch tool has been used in an
extensive zoning plan for Barbuda (the Barbuda Blue Halo Initiative) and in the Hauraki Gulf of New
Zealand (Sea Change), among other places. Frameiil@l&®eaSketch continue to emerge and improve,
integrating greater amounts of data and introducing more thorough tradeoff analyses (e.g. Lester et al.,
2018). Armed with these tools, managers can more confidently and efficiently make successful integrated

plans.



Aquaculture spatial planning is currently being dongiliot-scalein Ching for example Sanggou Bay of
Rongcheng City has been divided into aquaculture permitted zone, restricted zone and proimiéged
(Sun et al., 2018).

5. Managi nmaterchbhhhage

The effects of c¢climate change are already i mpact.i
and ev e ejiving oanne tesourcmanagement . The threats range fr
di stribution and productivity to questions of foo
combination of <c¢limate change i mpacts wiol kt hdisf fer
problem. Some stocks will increase in some region
mi ght thrive from temperature c¢h©&gng8&anSlosaocome. 2ni0goh t
Countries are alreaepgebeihaygl eogesonOeae -wdinlhed t i ou
iMacker ébetWaeesn Britain (backed by European Uni on)

As Il celand discovered a greater and gr egt esreanumbe
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another nation, the mackerel fishery became unsus
2012 (Jensen et al., 2015).
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change from the start.

5.4 Promoting longterm value over volume wild fisheries

International experience shows that when fisheries are sustainably managed, they camprevided,

more prosperous livelihoo@sd a healthier marine environmeintmany examplegishermenhave
transitioned from maximizing their catch vol ume i
long-term value. While the managementtiex underlying such a transition can vapyoviding

fishermen, communities and the fishing industith strongaccess righteas provereffectiveto flip the

incentive equation and cultivate a conservation ethic, as in the below case studies.



5.4.1 TURFmanagemenh Belize

In 2009, &er years of rising fishing effort, but declining catch of lobster and conclgotrernmenbf

Belize began an effort to i mpr ov qustimpogtancsoutcestofr y 6 s f
protein, |l obster and conch are the countryébés two
t h e n fishermemWits such high stakeshe government, assisted by NGOs, launched ambitious

TURF (Territorial UseRightsfor Fishing pilot projects in two communities. At the pilot sites, access

was restricted to locdishermerwho had fished in the area historically. Théskermenwere then

granted the right to fish in exchange for respectingake zones and otherffi;g regulations. This

resulted in less competition on the water-tigay and more investment in the future health of their

resources (Castefieda et al., 201ighing violationsalsodroppedoy 60%.

The government scaled the program nationally in 2646clude all domestic waters. All conch and
lobster fishing is now governed through a network of TURFs andaitaged between the national
government and local committees comprised of elected fishersrding to the Health Reefs Initiative,
Bel i zuthérs Ba®ier Reef has improved in health from 20068 to achievanoveralli g o o d 0
health ratingone of only three reefs in the Mesoamerican Reef to dvlsbiéld et al., 2018 The initial
focus on lobster and conch is now being expanded to thedhigrsity finfish fishery through the
application of datdimited tools.Fishermerare invested in and supportive of strengthening and
expanding the network ofarine protected areaso as to improve the quality of their resources. To
leverage the bettgroduct quality, the cooperatives have partnered with NGOs to create a local seafood
certification program with Belizean restaurants and hoEalté et al., 2019 This new market of local
businesses opens the door to a premium price for a sustginathlet and rewards fishers for upholding

their sustainable practices in tlomg term

5.4.2 ITQ management oéd snapper in the Gulf of Mexico

The Gulf of Mexico suppl i e®$domoerset itch asne a4f00% do.f Atnhoen g
of wrhab mp, groupers and swordfish is the commerci
snapper underwent a rapid depletion of the popul a
had declined to just 2%potempameédotf o26Be (NODAdet 29

dire situation, management authorities attempted
I i mit, to i mprove the situation. I nsteaedrimniye oéf f
the catch | i mit and a continuing de;clbamesairry tlhe p
2007, the fishery i mplemented an individual trans

eliminate the problyemsshasagci ated with der



The I TQ program decreased the number of fishers o
share ofGthet Al shEMA@WabHe TAQC cihs set annually by t
Management Councddi ertsiefdi onstreglulagsessments and \
scientific and2$90adtt itshte csatl a retxhpeefrTtAdD. ewlgps odymr asnt, i c al |
in 2006 (Agar et al ., 2014). I n aslolmei rcdaiswisd u & lh eq thc

caused real hardship for fishers. However, by 200

managers increased the TAC. As the program has co
h a
fi
of demd they are catchsyngt daimghleirkgutahi s yhdavehbeen

u
n

the number ofasdidecardseédfi $hsthh stocks have rebuil
S been a 100% increase in revenue for fishers (
s

hers are now able to fish 0wl eanmgpuiaerrkientg dtehmea nsde aas

across the heamwertamagsdl crmerses st ori es. In 2017, the nit
reached thell dwmedtheeWeari tleedveSst ates (NOAA, 2017).

5.5 Accelerating and scaling solutions internationally
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participating geographbseal éUSAlI DababaB)onshase FEka
parties by advancing information exchange and sca
bi ggest fcahcdilinghregd s=s .

6. Recommendations

China faces an emerging crisis in its coastal and marine ecosystems wrought by pollution, widespread

coastal habitat destruction, overfishing and overcapacity in aquaculture. Furthermore, climate change
threatens to not only severdlye st t he resiliency of Chinads marine
and regional tensions as it puts pressure on aquaculture production and causes wild stocks to shift across
borders. China has an opportunity to address these challenges domeatichfilay a leadership role on

oceans conservation regionally and globally, with a comprehensive suite of actions:

6.1 Strengthen legal protections for coastal and marine ecosystems, while promoting sustainable

production.

China has already begunttansform its sprawling aquaculture industry into a sustairrahlyaged

engine of safe, high quality food productidmut further progressill require the creation of stronger

legal tools. China should consider enacting a new aquaculture law that ptateef a c i Wastei e s 6
dischargeandresourcause. The law should require scied@sed spatial limits that take into account the

carrying capacity of the local environment, enabling the industry to optimize the value of aquaculture
production while miimizing environmentaimpactsthesd i mi t s coul d be incorpor a
National Marine Functional Zone plans. The law should also magsttatiereportingby all facilities,
authorizeroutineonsiteinspectios and include other provisionsthatimigat e t he i ndustryds

coastal and marine ecosystems, such as limits on use of antibiotics or other chemicals

China has already begun to shift toward limitingdhsountof fish caught in its capture fisheries. Such
an approachas provemore efective when combined with rightsased approaches that allocate
portions of the catch or local fishing areas to the fishing industry and fishing communities:ldRiggds
approaches will enable the government to address social issues by equitablyglkmess to fish
among large and small industries, commercial and recreational fishing sectors arstaladithing
communities. As China improves fisheries monitoring and data, #igtsisd approaches wilecome

increasingly practicaland fisherietaw should be modified to promote their adoption.

Healthy habitats are necessary for productive coastal and marine ecosystems. Chirenabbedtrong
Marine Habitat Conservation Law (MHCLhat strengthens protections for coastal and méwah&ats

and encourages significant new rehabilitation efforts that restore lost ecosystem functions and resiliency



Thelaw should require thdevelopment ofa network ofmarine and castal protected areas large enough
to support a biodiverse ecosystem and theymtieh of highvalue economic benefits from capture and

recreational fisheriesverthe long term.

6.2 Implement ahigh-techmonitoring systemo combat corrupt and illegal actities that undermine

compliance and to improve marine science

In Ching as in many countries, multip®vernment agenciesruggle to control long coastlines, vast

numbers of fishing boats and aquaculture faciligesl marine protected areasd the red line system
Advanced monitoring technologies promise to make thisrjebc h e a s i ienovationtlsenso®s,0 s
networking technologies and artificial intelligence can help create a transparent system that can operate
across agencies, and even globally, to facilitate enforcement and promote compliance with the rules that
are established to protect marine ecosystems. Applied domestically, such a system could enable China to
expand monitoring to nearly af its domestic fishing vessels, landing sites, aquaculture facilities and
coastal and marine protected aregmplied dpbally, Chinacouldplay a leadership role in helping other

countries ensure the sustainability of their resources.

In addition to promoting compliance hiaghrtech monitoring systernas other benefitét will create a

wealth of new datto vastlyimprov e Chi nads understanding of the heal
ecosystemsenablethe government to respond in real time to pollutia@ardsand other emergencies to

protect public health and food safendit can helpother nationsinderstand the ingets of climate

changeand collaborate with China in designiways tomitigatethem

6.3 Restorelost coastal andnarine ecosystem functiomneededo support fisheries production,

biodiversity conservation and resilience tievelopment, pollution andlimate change

China has already taken important steps to conserve coastal and marine ecosystems through the redlining
process. However, more should be done to restore lost habitat, including mangroves, seagtitsd beds,
marshes and fla@nd coral refs These habitatsrovide a valuable array of ecosystem services, including
providing nursery and spawning grounds for a diverse array of marine organisms, filtering and

detoxifying pollutants, protecting the coast from erosiod buffering the effectsf climate change. It is

not enough merely to protect existiogasta n d s e a ar eoastal andhafrine Edosystemdase

to withstand the impacts of pollution and climate change and continueatschgceof tremendous

prosperity and food prodtion, China should considéne following steps tondertaking a large scale

effort, guided by ecological science, to restore lost ecosystem functions and services:



631 Establish a national Aimari ne ecol ogliacdal repo.

marine ecosystems.

Chi nabds e c o marimecapturg fisketies, aquaculture, marine tourdsrd otheindustries

should be based on a sound ecol ogical under st andi
ecosystems can support. To develgirang scientific foundation, China should consider establishing a
comprehensive ecological assessment,df@marine €ologicalreport carg” on the health of the
countryo6s marine and estuarine zones. The report
of Chinads | i v byfigherigsaand mareulturendthe impacts af pollution,

developmenttourism industries ahclimate changenthe health ofZ h i rc@aéta and marine

ecosystemdt should evaluate the integrity of key ecosystem functions and services, such as water and
nutrient cycles and critical habitat, and measure their resiliency to climate chandberfdtare

pressures. The report should also recommend ways that China can improve the capacity and resilience of
coastal and marine ecosystems to support seafood production and tourism and conserve biodiversity. The
report should be made publicly availand regularly updated.

6.3.2 Develop a national plan of action to restore lost ecosystem functions and services.

Because in China, as in most countries, several different government agencies have authority over the
countryds mar i neChimarshbuldecensideradevielopag azcomprelensive plan to

coordinate effortsThe plan should seek to ensure that the actions, taken collectively, preserve the value

of ecosystem services and functions aerd Theplani mi z e
should include the Ministries of Agriculture and Rural Affairs, Ecology and Environment, and Natural
Resources, as well as the related provincial and local agencies along theltcalastddalsoprovide

guidance for a wide variety of actig for examplesetting catch quotas in capture fisheries, allocating

area fommariculture productionprotecting habitat through thiedlining process, restoring coastal and

marine habitat, restricting pollution and designa

spatial planning processes.

6.4 Create a network of partnerships among countries along the Maritime Silk Road to promote

sustainable marine governance and achieve the Sustainable Development.Goals

There is but one global ocean and we are all affected by the health of its ecosystems. The Maritime Silk
Roadinitiative represents a historic opportunity for China to demorestestdership in global marine
governance and advanide UN Sustainable Development Godlader the Silk Roathitiative, China

should consider creating a network of partnerships with countriesAsism Africa and Europe&

encourage mutual learning apgbmote joint actions that promote a healthy ocean.



Chi nads | importhetiecahse, prhilé nsany developing countries face similar challenges in
managing their | iving marine resources, they typi
governance capacipnd financial resources. As a result, the marine resources in these countries are

among the most poorly managed and threatened in the world. China can promote sustainability along the
Marine Silk Road by promoting information sharimgd collaborations that build educational, scientific

and technical capacity in partner countries. Key topics could include managing marine resources

sustainably, promoting economic development, improfaog security for vulnefale peoples,

combatting illegal fishing and building the capacity of women in fishing communities and supply chains.

China could also continue to demonstrate leadership by using the Maritime SilknRiagigte to

catalyze the development of regionatiaziobal approaches that can mitigate the imp#&climate

change on living marine resources. In Asia and Africa, climlasagecould lead to greater conflict

among nations as wild fish migrate across borders and changes in the productivity of maacwltur

catch fisheries strain the ability of nations to produce fobe. Maritime Silk Road Initiative could

provide the region with the leadership and institutional platform to develop urgently needed, collaborative
solutions to mitigate the impact of wlate change on marine ecosystems.

6.5 Assess the impacts of climate change on living marine resources and evalzate tomitigate the

impacts

Climate change is already having a wide variety of significant effects on living marine resources around

the world,whichthreaten to become worse over tir@hina could develop solutions to this issue by

promoting more research into the impactofclinmte ange on t he countrydés capt
mariculture, and the natural ecosystem services upon which these industries depend. It is also important to
evaluate how climate change will likely affect fisheries and food production across the entirecKiia Pa

region and around the world. Assessments should take into account the potential impacts of warming

waters, acidification, and altered weather, nutrient and water cycles.

In addition, China may wish to consider ways to not only mitigate the effeclisnatte change, but
effectively adapt to it. For example, scientists could examine how provincial governments could work
together to manage fisheries, how the industry could remain profitable as species shift in their ranges,
how research programs could Besigned for breeding heat acidtolerant mariculture species, and how

international fish sharing agreements could be developed or strengthened.
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