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Executive Summary

About 40 000 years ago the first modern humans made their way to Europe and began a

process that transformed the ecosystems of the land from a vast wilderness to a patchwork

of human dominatedandscapes. Over thousands of years, many of the larger, slower

IANRPoAYI ALISOASE &4dzOK & fA2yax GKS g22ffeé NKAY
swathes of old growth forests that had grown after the last ice age were cleared to make

way for farménd and urban settlements. The creation of an agricaltitandscape

dominated by fasggrowing species took about 5000 years to unfold to the present day.

By and large the marine environment was spared the same large scale alteration until the

twentieth century. The expansion of fishing in Asia, which took place after World War Il and

I OOSt SN SR gAGK (GKS AyLlzi 27F ¥Fzaemhaldy AR Ay
transformation in marine ecosystemmparalleled in human history. Over the short time

frame of three human generations there is now widespread evidence of ecosystem

alteration on a large scale.

The vast majority of wildharvested seafood products, both globally and in Asia, are supplied
via trawling and purse seining. This report focuseshenttawl sector which is widely

distributed in Asia and supplies about 40% of the total production. A very large range of
species is taken with the dominant types being shrimps, squids, small pelagics (fish living in
the water column such as anchovies,dines, scads and mackerels) and a wide variety of
demersal (bottom dwelling) species such as snappers, groupers, threadfin breams,
lizardfishes, croakers and goatfishes, amongst many otlesia.accounts for half of the

global fisheries production, yetfiormation on the state of fisheries in order to guide
management is sparse (Stobutzki et al., 2006). For example, a regional study that examined
the state of demersal fisheries resources in the coastal areas of Malaysia, the Philippines and
Thailand showethat, in each country, time series of scientific trawl survey data (spanning
12¢49 years, depending on the area) there were substantial declines in total biomass over
time (Stobutzki et al., 2006).

The trawlcapture fisherysector supports a huge variebf onshore seafood handling and
processing businesses including the suppliers of fresh fish for local consumption, a large
processing sector that supplies frozen, salted, smoked, dried and fermented fish as well as
fish pastes (for surimi and related mhacts) andish sauces, and a large sector that supplies
fish for feed, either directly or in the form of fish mggig. 1)

Supply chains are complex and reach across the world. The types of industries have changed
over time as a result of changes iretmain species caught due to overfishing, the

devebpment of new products and changing market demands. The growing requirement for
FAAK F2N Yioljtizifedafmeuire eEtarehRs provided a ready market for the
component of the catch that i®r until recently was, particularly in countries outside of

Asia, simply discarded.
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Fig. 1. Use of capture fisheries in different sectors; fish has been used as animal feed for
many decades witmodernsurimi development starting in the 1960s in Japan (FAO 2005)

Like many fisheries in developed countries the trawl sector was developed with no controls
over the number of vessets gearghat could be brought in. Moreover, as many fisheries
were develogd with foreign aid, these and other subsidies lowered the costs of fishing and
this enabled even more vessels to enter. There are many examples around the world where
the rapid rise in fishing effort causes an equally rapid decline in stock abundant@sand

has also been the case in Adimaddition, even if there are regulations, for example for
minimum mesh sizegy fishing zonesnforcement is weak and growing demand for

aquafeed encourages the catching of as much organic matter as possible eshgizes

that now can be well below 1 cm, allowing little to escgpleoto below).

Due to the importance of fishing as an income source in coastal rural areas governments
rarely stepped in to reduce fishing effort or enforce gear or other controls, eespité
growing poverty and illegal activity as fishers struggled to make a living and catches
declined.

An interesting feature of these trawl fisheries has been their seeming resilience to collapse.

Catches have routinely exceeded sustainable yield estisya some cases for decades. A

closer analysis of available data has shown that slow growing, higher trophic level, species

such as sharks, groupers and snapper have been overfished, sometimes to the extent of

conservation concern, but that their prea$ benefited from this and increased in numbers,

adzLILR2 NI AY3a GKS FTAAKSNER dzyiAf GKSasSa (22 o6SOFYS
phenomenon has, temporarily, buffered the impacts of overfishing, especially as fishers

have decreased mesh sizes to takeauttage of larger numbers of smaller fish (Fig. 2) and

management continues to be ineffective.

Vi
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Trash fish catch (see coin for scale) (bottom photo); mesh size Hong Kong (upper left);
processed trash fislhom Vietnam(upper right) 2017 upper left aml lower ghoto Stan Shea.

As discussed by Menasveta (2000) food security has been a predominant policy goal of

regional governments in Asia and, whilst it may not have been an intentional outcome of the
management strategy imposed, there have been many BeheOA | NA S& 2F (G KS WNBT !
LINE RdzOGAPAGEQ LIKSYy2YSy2y RA&A0dzZA&ASR 06208 0/ KNA
process may have some advantage in terms of increasing catches there afeundid

and serious concerns about how far this process (lootivn the trophic food web and

projecting into the future) can be pushed before opportunistic species of little value such as

jellyfish take over.

Asian countries now find themselves in a challenging position. There are hundreds of
thousands of people demdent on these fisheries either directly via catching or indirectly

via processing or other valtedding activities (such as aquaculture or surimi production).

Yet the future of all these jobs and economic activities is far from secure as controls ever th
take of fish remain, at best, weak, at worse rexistent. Moreover, there is a growing

number of species being listed as threatened, and these join akwelln list of iconic

Vii
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species such as turtles and sawfish that are disappearing or have, in sease tatally
disappeared.

)

Mortality

Prey release

Biomass

Body size Body size

Fig.2 How prey release leads to a large total fisheries catch. As large species are overfished,
the predation mortality on their smaller prey (blue patch) is redugedB f SHigBly\ y 3 Q
productive speies and allowing théishery to catch the released production. Consequently,
the catch from the eosystem is maximized when mdatge specis are fished out of the
system (Andersen and Gislason 20dmjl overfishing of the smaller species intensifies.

For decades, fisherescientists in the region have claimed that tropical, divezsesystems
have attributes that demand a diffent approach to management comparedgoosystems

in cooler waters where species diversity is lower. Factors such as different growth rates, the
numbers of people dependent on fisheries production and cultural needs have not been, as
argued by Asian governments, adequsitaddressed in global norms ftisheries

management, such as single species managenttwever,asfor anywhere else in the

world, the regional marine ecosystem is biologically limited and cannot sustain unlimited
pressure indefinitely.

In this report we lay out, albeit only briefly, the breadth of interaction between the trawl
fisheries and the oceans they depend on and teegle and industries they support. There

is clear evidence of the need for reform in how the fisheries are currently managed and
some important questions for governments and stakeholders to consider in regards to how
the fisheries and dependent industrisBould be managed into the future. Given the large
numbers of people dependent on these fisheries and the potentianfassivedisruptive

social dislocation if reform is radical there is a clear need for options to be modelled and
discussed with stakehadds to ensure that changes are accept@d.the other hand,

inaction willlead to further erosion of benefits from the ecosystem and is no longer an
option.

The lessons from other jurisdictions suggest that measures to properly match fishing
capacity withsustainable yield are essential if progressstwck rebuilding and long term
sustainable use is to be made. Too much fishing capacity results in low or negative profits
and whilst fishermen remain poor their capacity to implement changes, such as nstalli
technology aimed at reducing the catch of threatened species, will be low. Moreover, the

viii
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incentive to cut corners and fish illegally will be strong. There is abundant evidence that, in
many jurisdictions, fishing capacityalseadyfar in excess of whas required to take the
biologicallysustainable yield and governments have, by and large, recognised this as a major
problem.What is now lacking is effective action to move towards solutions.

This report does not covén detailthe management aspects the fisheries. Progress on
management reform needs to build on the strengtsd better understandingf the

current situation, such as low levels of discards (noting that European fisheries have only
recently adopted zero discard policies), the varigtyproduct streams (which may help
buffer any changes in catches) and the potential for many rapidly growing sgedi®unce
back quickly ifishing pressure is reducedhile also recognizing that fishing pressure is
already excessive and must be redddo avoid erodinduture ecosystem productivity

Overlaying these reform needs are some challenging scientific questions regarding the best
approaches for managing tropical multispecies fisheries. Traditional single species
approaches have proven unwoiia and there is growing scientific opinion that increasing
selectivity may not work in the best interests of exploited spediggre is also a growing
recognition and acceptance of the need to seek ways to preserve biological diversity and
reduce threatdo species that are particularly vulnerable to overfishing. Balanced against
these and other concerrisuncertainty about what is the best way forwaatd we provide
general recommendations for this based on this situation analysis.

Seven key recommentans and data gaps emerge from our overview of the history and
current understanding of the low value/trash fish sector of trawl fisheries in the SCS and ECS
regions, our field studies and review of relevant literature:

1 A need for clear fisheryhjective-setting at the national level for management
planning and prioritization of resource uffer human food, fish feed, income, etc.).

91 Data collection to be conducted in a comprehensive and standardized manner to
address acute data shortages on all aspeiffishing operations and resource
utilisation.

i Effective management to be implemented, to include enforcement of current
regulations and introduction of additional onesith a core goal of reducing overall
fishing effort and subsidies.

1 lllegal, unmonitoredand unregulated fishing to be comprehensively addressed in
the region using modern technologies and ensuring far greater oversight of and
accountability by fishing operation.

91 Alternatives to using wild fish as fed@rough replacements or by reducing dfiish
as feed by culturing lower trophic level species and increasing efficiencies.

1 Gear modificationso address management goals and reduce unwanted ¢atch
including threatened species.

9 Greater consideration of and compliance wittternational commiments,
commitments and considerationfrom biodiversity to food security, equity, etc.
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1 SECTION 1

1.1 General background

The fisheries of the South and East China Seas aree@amaf great importance for food and

livelihoods in the region. In recent decades, however, overfishing and lack of management have
Fff26SR YlIye 2F GKS NBIA2YyQa FAAKSNRASA (2 dzy RSNE
jobs, ancathe export paential of marine resources. Combined with pollution and habitat

degradation from certain fishing practices and coastal activities there ardaugltied concerns for

0KS FdzidzNBE ¢StfoSAy3a 2F GKS NBIA2YQa ntabRRA Yy S SO23
and highly valued fishemre now at an elevated risk of extinction and in need of conservation action,

such as several groupers, shanks/s and croakers, with somearine mammals and reptiles also

negatively affected by various fishing operati@m other anthropogenic impacts on the marine

environment, such as pollution and massive increases of plastic ectsgstem. With inaasing

pressure on fisheries destined lRBrA NS O KdzYly F22 R dzi S-adquatittures A 0 K (G K S
that requireslarge volumes of fishes and invertebrates fordethere is clearly an urgemeed to

0SGGSNI dzy RSNEGIF YR (GKS Ozspecimly tha gompientilinkeBtoNS I A 2y Qa
aquaculture feed supply which particularly poorlyunderstood(Fig. 3) This improved

understanding needs to be applied to better management, sooner rather than later.

Million tonnes

35

e Non-fed: silver & bighead carp
Non-fed: bivalves

30 Fed: freshwater finfish
"""" Fed: diadromous & marine finfish 3
25 - Fed: crustaceans o
— Fed: molluscs '

20

------
--------------------

--------
------------------------------------------

Fig.30 ¢ NBYR Ay I ljdz Odz (i dzNB LINE R dzbddirored categbries LIS OA S &
20002012 (FAO 2034
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A recent modelling of future possible scenarios in the South China Sea indicated that, over the next

30 years, if current practices and pressures do not change, there will be serious and possibly

irreversible losses in fish and invertebrate populationd thifl substantially reduce both the food

YR S$02y2YA0 @LfdzS 2F (KS NBIA2YyQa YINAyS NBaz dzh
dza dzt £t Q A0Syl NAR2 LINBRAOGA | B®ahdipyrulaklyTor peciek | Y R A
more susceptilie to being overfishe@such as sharks and groupers) and declines of > 50% of the

catch if these fisheries are not managed. Due to the general paucity of data on fisheries in the

region, especially a high level of unrecorded catch, however, this inigdysia was not able to

incorporate several details of these fisheries because they were ditbgroorly documentedor

unreported (Sumaila and Cheung 201(Fig. 4)

REPORTED AND UNREPORTED CATCHES FROM SCS COUNTRIES (2000-2010)

Source: Sea Around Us Project 2016

Catch
{milc 1)

25

20

UNREPORTED

0 - l 1 ] ] ] 0 ] ] ] d
2000 2000 2002 2003 2004 2006 2006 2007 2008 2009 2010

Figure 4Estimated unreported catches in the SCS averaged about 8.1 million t grireral2000
2010 (Sumaila and Cheung, 2015).

Particularly poorly described is a significant proportion of the catch that ends up as animal feed.
Therefore, to better understand the current fishery status and to improve on analyses of the China
Sea<ollectiveecoregion the current study aimed at bettenderstanding and documentirtge

feed fish componentmuchofg KA OK A & Of | 4 @IS Rdwoald aprinf dsRatdgdids S R
of trash or mixed fish or other non specifeams (Fig4). Themostimportant gear overall that takes
this catch type is the trawler. Therefore, the current study investigatesl fisheries in the East and

South China Segmrticularly in terms of attempting to describe species composition and volumes of

11
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fishes and inveebrates destined for fish feed (mixed fish directly fed to fishes and invertebrates

and fishmeal) and nedirect human food use (such as surimi, fish balls and other processed

products)

Such catch was regularly discarded in the past and variousiN&&R (12 | aVYEFROBE DO KR a4 BN
Wi NI & KQ -tardetickteh, réfléeling tRay these fishes were not specifically a target, were often
discarded or were of little or no economic val@alverson et al., 1994; Yang, 200¥poreover, such

WiNF aKQ FTA&AK INB 2F0Sy AYLRNIFYy(d LINGAEA 2F GKS Yl

commercially important species or their foq€hau and Sadovy, 2005)

1.2. Fisheries of the East and South China Seas; from past to present

The countries that border the East (China section) and South China Seas (Taiwan, Vietnam,
Philippines, Malaysia, Brunei, Indonesia, Singapore) collectively account for the highest seafood
consumption in the world and are the highest fisheries and aquaculpmoglucers(FAO, 2016a)
(Figureb). Of these, the biggest producer in both fisheries and aquaculture is €iimanich these
sectors provide aquatic food and income, 14 million jobs, and livelihoods for nearly 20 million people
(MOA, 2017a)Yet, in China, for example, capture &sh productionwithin its EEZ had already
exceeded the estimated maximum sustainable yield (MSY) of 8 to 9(8umt 2003; Y, 2016)over

20 years agqCao et al., 2017)and, by 2016 was 66% higher than M&¥cating a clear need to
reduce fishing efforyMOA, 2017a)The composigy 2 F [/ KAyl Qa YINRARYS OI (0K
being dominated by a small numbermedium to relatively largsized highvalued, highto medium

trophic level demersal species such as largehead haiftadhjurus lepturus large yellow croaker
(Larimichtys crocep and small yellow croaket ( polyactis to multiple lowvalued, smaikized,
short-lived fishes lower down the food cha{Cao et al., 2017; Lundgren et al., 2006; Shen and
Heino, 2014) Increasingly,as their catches declined and mariculture developed, the latter
production wasused to supply fish meal and feed for the aquame industry rather thanused

directly as human foodCao et al., 2015; Fungamith et al., 2005; Lundgren et al., 2008)very

similar pattern also occurred in Hong Kof@heung and Sadovy, 2004jietnam(Edwards et al.,

2004) Thailand and inther countries in the regio{fFungeSmith et al., 2005)

12
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Fig.5 Countries of the South and East China Seas

Thelossof NASNE KA IKSNJ GNRLIKAO fS@PStx FAAK KIFa NBa&dz
NB f SHKig2&n®seddion abovewherebythe removal of predators allows their low&ophic level

prey to increase thereby boosting the fishery landings in the stavrh. In the medium to long

term, however, without management these lower trophic level species will aleataally decrease.

A significant component of these lower trophic level species in the catches today of the ECS and SCS

is used as

Raw fish used directly asiaal feedfor high value species duas spiny lobster and groupers

Raw fish minced with plamhaterials for species like Pangasius

Fish meal for aguaculture, pigs and poultry

In addition the development of a range of valadded products (e.g. fish sauce, surimi, protein
concentrates, fish balls, etc.) shifted the use of many species from fishtdemaman food but the

fishing pressure continued unabated.

Questions surrounding the use of low value fish have dominated discussions about the use of fish
resources in Asia for many years (FAO 1996). When the trawl fisheries were first developed in the
MpcnQa GKSNB g1 a O2yaiRSNI of &SsmBliandér biRpeofed | & G KS
(especially shrimpipr direct human consumption. The development of aquaculture industries that

required large quantities of animal proteins provided an obviausnue to reduce the discarding

and Asian countries were encouraged to make use of the bycB#® (995 The bycatch (which

13
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gl & NBFSNBRERAARQI B & War it ralue, hehae wds discardedRin fgvdur of
target species) was commty of poor quality comprised of smalized mixed species of fishasd
invertebrates,and hadow value that did not warrant investment in chilling or ice or the space to
store or time to processlerms such as trash fish/pig fi@ao et al., 2015; Edwards et al., 2004;
Lundgren et al., 2006)ow value/trash fish and duck feggrungeSmith et al., 2005¥eed fish
(Huntington and Hasan, 2008) mixed fish feedChau and Sadovy, 2008) feed fisheries that
refer to fishing for forage fish or for fishmeal or fish(&hrker and Tyedmers, 2011; Shepherd and

Jackson, 2013)ave been variously used.

Over time the bycatch became a valued catch in its own right such that it is currentlynsideced

to be bycatch but a component of an overall catch that feeds different supply chaomse for
cheaper options fodirectand indirect human consumption and a large proportionanimal feed.
The development of processed seafood industries sugcthe surimi industry, fish sauces, fish balls,
etc. and the trawl fisheries had three main product limgsuman food, processed human food and

animal feed.

There is no clear and unambiguous definition or generic term for the catches of mudiple

valued, smalkized, shoHlived fishes lower down the food chain that clearly descriiés

component of the catch which is particularly poorly documented. [@bk of a clear definition poses

several challenges which can make this component oflaafisheries difficult to discusnd to

document There are three main challenges: (1) making comparisons across studies which use

different terminology; (2) lack of #ocus for specific management actiomsmonitoring protocols

and(3) someterms(siic I & WAINI aKQ FAAKO FFNB | Oldatte YAALSH

considerable economic value, especially in Asian fisheries.

The term\tashfisit) Ay Lblas\atirac@dizbrisitirable discussion. On the one hand it
downplays evenmisrepresentsyhat is viewedy some asmincreasingly sougkdafter and

valuable resourcesed to feed land animals such as ducks and aquatic animals either directly or
indirectly (via the production of fish meaQn the other, here is a great deal a@iverlap between

the animal feed supply stream and the supply of low value fish for the @o@the increasing
O2YLISOAGA2Y far fshloySRS yO KISFIGLBdRF X/enyRikely to become a food
security issuelndeed, many smafinexpensivejish (including juveniles but also naturally small
species) are consumed whole by people and are a valued and affordable source of micronutrients

(Lainez del Pozo 201L8r many with low incomesSome countries do not distinguish between

14
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trashfish and lowalue fish (e.g. Thailand aMietnam) but others do (e.g. Chin@&ungeSmith et al
2005)

For the purposes of this paper we focusadocumentation ofhe demersal trawl sector due to its
scale (volume of production and geographic distribuiiozas and South East Ajiand its

relatively low selectivity which contributes substantially to the overall impacts on fish stocks and
marine ecosystems. Given the timeframe of the project it was only possible to focus on one major
gear type and this is thargle most significant type of fishing methodiartved in the capture ahe

low value speciepist describedWe are not taking the viewhat the take of small and low value fish

is solely a feature of demersal trawling nor is there a judgement being riamigt the uses to which
harvested fish are directed. The fundamental issue in many parts of Asia is that fishing pressure is
too high and catches are unconstrained by management measwiesther these exist or not
(Silvestre et al 2003). Constrainingaas(from all gear typess important for generating scarcity

that would drive up prices and force the industry to husband the resources more césselgll as to
ensure their long term sustainability and reduce threats to the more vulnerable spedhes in
ecosystemMoreover, we are very much aware of the potential for other fisheries to simply fill the
gap if trawling is banned oestricted without removing excess fishiaffort. Welcome (1976) noted
that multiple gear types often masked multiple aseiquential depletions in fish stocks. Whilst his
work was based on African freshwater bodies, Garcia (2009) made the same observation for marine

fisheries.

The resilience of speciahiverse fisheries, especially in Asia, has been the source of scientific
comment for many years. Multispecies fisheries (especially tropical trawl fisheries) are well known
for demonstratinghat yields(abundancepre maintained at a relatively wide range of effort inputs
(Figure 6) after lossf larger species (larger species in the figure) or if sisgézies management is

applied,until theytoo eventually decline. The reasons for this include a mix of serial depletion (in

terms ofareas and species! Y2y HAanT0 FyR (K S2 % 2LINE R &z8RA @K RHS NG

discussed above.
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Fig. 6. Trophic cascades resulting from different management strategies implemented in-the size

spectrum model of the East China Sea. Changes in abundance are relative to unfished levels,

indicated bytheddt SR o6t I O1 €t Ay S I IxaxNB thé weighdis grams oizfisRI y OS 7
within the model (Szuwalski et al., 2016)

wSO023ayAT Ay3a (GKS ySSR (G2 o6SGGSNI dzyRSNRARGIFYR FAaAKSNH
fieldwork componentin the curent study aims to investigate present status of the species
O2YLRaAlGAZ2Y YR Y2dzyi IRt dib R vl Hevsdiebtedicgumies & G NI & F
adjacent to ECS and SCS, China\datham Wehadalsoplanned field visits td@ hailand and

Indonesiawhere these fisheries are particularly significhot thesefield tripswere not possible due

to govanment sensitivities around trawl fisheries and feed fish catchelwwever, for Thailand at

least, there is sufficient publicly available infation to enable a substantial contribution to the

overall picture Although several gear typese known to be inolved in taking trash fish (e.g. stow

net in China Min Liu, pers. commGrainger et al., 2005and Danish seine in the Philippingthis

study focused on trawl fisheries vahiisi KS Y 22 NJ 3 S| NJ { & LISO latddz8 R & R A/ &K &
(FungeSmith et al., 200gthat is used regularly and extensively in the region and account for a high

overall proportion of feed catchds { Ay OS (GKSNB Aa y2 dzyA@8edBl f RSTA
FTAAKE QI AfTF0fSET GKSNBEF2NBE Ay (KAdgtherdhardoRe ¢S F2 Oc
direct human consumptigreither for animal feed odirected to processing plants for fishmeal/fish

oil production.

Elucidating the composition and characteristics of the speciésash fish/lowd I f dzS Batches & K ¢
is important forunderstandngwhat kinds of fisheries resources are being exploited, their current
status and implications for the marirezosystem. Management options and consideratioresalso

discussed based on our overfatidings.
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1.3. Objectives of this Study

Document thehistory of the low value fish feed s®r of trawl catches and provide a background on

trawl fishing areas, employment amdlative importance ofishery productiorfrom trawling,and

changes over time

Document the speciesomposition and characteristied the trawl catchcomponent specifically

associated with nomlirect human uséweightgnumbers/proportions/sizes).

LRSYUGATE LI NIYSUGUSNB | aa20Al GSR (téashiie&d/bycach etcF A & KA Y =

sector) where possiblim relation tofishingeffort, prices, fishery condition and associated practices.

1.4. Methods

Data and information were assembled using several different approaches, from field surveys of
catches in fishing ports and intervieShina, Vietnam}o desktop studies and camunication with

experts(all countries).

Field surveys for catch composition (China and Vietnam)

For field surveys and catch sampling, ports in China and Vietnam were selected to cover a broad
geographical range and to priole a representation across eachuntry of catches taken in the
coastal trawl fisheries(Fig. 7) Port selections were made following consultation with local
collaborators and literature. Field sampling of fish and invertebrate catches concentrated on
trawling operations (i.e. otter tnalers, pair trawlers and shrimp trawlers); trawlers can be easily
identified by the presence of otter boards for otter or pair trawlers, or by extendeermygers for

shrimp or beam trawlers. The gear typ# catches samplesvas further confirmed through

conversation with the crew.

Catch sampling was conducted at peak landing times at each port whenever pgasidy early

morning) as determined from consultation with local fishermamd with local collaborators.

Catches were sorted by utilizatiomgpose according to information provided by the fishermen and

local experts. In the sampling protocol of this study, catches used for direct human consummption

raw materials for human food products SNBX Of  aaAFASR | & hodeOfarY Y SNIA |
production of fishmeal, processing indirectly for human food, including for animal e&INB & (G NI a K

FTAaAKE D
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Fig. 7 Field ampling locations in Vietnarand China. For Vietham|ue pins represent locations of
both landing sites and fish proggng plantswvhile red pins represent locations of processing plants
visited 29 May to 13 June 2017. For China, blue pins show locationgsbiirfg portsvisited6 ¢ 19
April 2017

G ¢ NI & KwetekdlléctBdifrom randomly selected vessels to investigaecies composition and
sizerange2 ¥ AYRAQGARdzZ fa OFdAKGP {0221 2F G0N akK 7F;
landings of selected vessels and pooled to forsirgle 1kg sample (pdroat). Sampling was also

conducted in the processing plantgshen possible, during interviews because fishing vessels
a2YSGAYSa fFyRSR GaiN)}&akK FAaKE RANBOGEE Fd GKS L
either sent to local laboratories for, sorting, weighing and identification (China, northern Vigtram

shipped to Hong Kong (southern Vietnam). Fishes and crustaceans were identified to the lowest
possible taxon and the abundance of each species counted. Cephalopods were pooled for weight
measurements. Individual lengths (i.e. total and standard lerfgih fish, carapace length for
crustaceans) and the weights of a maximum of 30 randomly chosen individuals per species were
measured whenever possible (e.g. when body was sufficiently intact). The remaining animals of the
identified taxon were counted antheir weights pooledDetails from these studies are provided in

Appendices | and Il).
Fishermen interviewgChina and Vietham)
Simple semstructured interviews were conducted with fishers and captains at ports asasah

fishmeal plants (Appendices | anll Puestions included personal information, vessel information
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(e.g. size, gear type, engine powedetails of last fishing trife.g. duration, location)catch
composition and sales of landings. Questions alddressed current and perceived past trends in
abundance by asking about changes noted in catches from the earliest time they remembered, sizes
and selling prices of fish and any other changes in these over littexviews were conducted in

local language with the help of translation by local collaborators.

Desktop review and personal communications

Information and data were collected by extensive literature review in multiple languages from the
region. Information collection and compilation ofterquired translation from original languages

into English for which Google Translate was used. A database of papers, organized by country, was
compiled for future reference. Literature was obtained from online searches, from published and
unpublished fishaes reports and after consultation with national experts in each country. Some
experts kindly provided us with their unpublished data or clarified elements of published and

unpublished reports.

2 SECTION 2

2.1 General Introduction on Marine Fisheries in EastdhSouth China Seas
and Growth inDemand for Aquaculture~eed

Fig.8.Annual marine capture productiorFAO 201p
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