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1.Introduction

Mismanagement of waste that causes plastics
to end upin the ocearfrom both terrestrial

and marine sources is a global problem. These
WY NAYS LXFadgAaodaq I NB
ecosystems on a worldwide leu®OAA

Marine Debris Program, 2018.S. Fish and
Wildlife Service, 2019).

One type of marine plastic pollution found in
marine ecosystems that has caused great
concern is the type of debris that originates
from fishing activitiegMacfadyen et al.,
2009) Abandonedlost or otherwise

caused by factors such as vandalism, the lack
of waste disposal facilities, high costs for
proper disposal, gear abandonment related to
illegal fishing, or the use of illegal g¢&AO,
2016{ILKNERIL, F019(iNMacfadyeNdt §1.S
2009; NOAA Marine Debris Program, 2015;
Wilcox et al., 2015)

There are a variety of studies that provide
estimates on the amount of fishing gear lost
in different fisheries. A global review by
Richardson et al. (2019K)und annual gear
loss estimates that ranged between zero to
79.8 percent. They estimated that around six

discarded fishing gear (ALDFG), also known as percent of all fishing nets, nine percent of all

waK2ad 3ISENRZ
sources of marine plastics coming from
fisheries and from aquaculturf@AO, 2017;
NOAA Marine Debris Program, 2015)
Although no accurate global number on the
amount of ALDFG exists, a rough estimate
provided byMacfadyen et al. (200%hows

that it is likely less than 10% of marine debris
by volume. ALDFG generates diverse impacts
to marine organisms, the environment, and
the fishing industry{Consoli et al., 2018;

NOAA Marine Debris Program, 2015;
Richardson et al., 2019a; Wilcox et al., 2016)
The specific concern about ALDFG is that it

I NB 02 Yy & thapsSaNdS2R pescghof o fiesiar€ Bst Y I A Y

globally each year. However, ghost fishing is
mainly caused by passive geachk as gillnets,
trammel nets, wreck nets, and traps, while
longlines and trawls less likely to do so
(Brown et al., 2005; NOAA Marine Debris
Program, 2015)

From all types of fishing gear, gillnets and
pots have been the most documented ALDFG
(NOAA Marine Debris Program, 2015yth

of these are used in temperate as well as in
tropical waters(Huntington, 2016)Globally,
gilinets are among the most common fishing

LI a3 A OStRSHBAX 2&KIA GR aY S gesraused iy th® artifanal and small to large

continue to trap fish and crustaceans (target
and nontarget species), as well as ensnare
and capture other species such as marine
mammals, sea turtles, and seabird@&yvane
and Penny, 2017; NOAA Marine Debris
Program, 2015; Smolowitz, 1978)

There are several factors that can cause
ALDFG: (i) Environmental conditions, such as
storms, wave action, ice cover, or currents; (ii)
Gear conflict, for example entanglement with
other vessels, with active fishing gear, or with
reefs and rocky bottoms; (iii) Gear condition
due to old age, overuse, or the use of inferior
material; and (iv) Immper disposal at sea

¢tKS S$02y2YAO AYLIOG 2F YINRyYyS

scale commercial fleets for both demersal and
pelagic fisherieg¢Gabriel et al., 2005; Standal
et al., 2020) Gillnets are widely used because
of their simplicity and low entrance cost to
fisheries(Jentoft et al., 2017; Standal et al.,
2020) According tdHuntington (2016)even
when buoyancy is lost, gillnets can continue
to fish until the net breaks down. In addition,

it is not easy for fish and other marine wildlife
to seethem, because they are made of light
plastic materials. For traps and pots, as they
normally contain bait, they will continue to
attract marine animals when lost. Nd@arget
animals can become trapped and die, forming
new bait, creating a vicious circled £ SR & O@
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Ol { O gHunfiri@tbn, 2016; Link et al.,
2019) which can also occur with ghost nets,
too (Havens et al., 2008Moreover, the ropes
of lost traps and pots can entangle larger
marine animalgHuntington, 2016)

ALDFG can travel long distances via ocean
currents and winds, before either sinking or
accumulating along shorelines globally
(Macfadyen et al., 2009and may continue to
ghost fish for a shorter or longer periods of
time after having been logSullivan et al.,
2019; Tschernij and Larsson, 2003actors
that contribute to the likelihood of ghost
fishing are the rates at which gear is lost, the
gear degradation rate, which depends on
environmentd factors such as water
temperature, the catch efficiency of the
fishing gear, the susceptibility of species to
ghost fishing, the depth where the gear is
lost, and the tidal and current conditions
which will influence whether nets ball up
faster or slowel(Antonelis et al., 2011; Brown
and Macfadyen, 2007; Erzini et al., 1997;
Kaiser et al., 1996; Masompour et al., 2018)
The rate at which ghost fishing continues
varies widely. Estimates for gillnets range
from several dayéStelfox et al., 202Gp
years(Macfadyen et al., 2009yvhile also the
fishing capacity of a net will decline over time
(Pawson, 2003; Tschernij and Larsson, 2003)
Similarly, for pots and traps, studies provide
ranges from a few months to several years
(Matsuoka et al., 2005; NOAA Marine Debris
Program, 2015)

ALDFG can potentially create serious
ecological and socioeconomic problethenk

et al., 2019) It harms marine life through the
continued catch of target species and causes
stock depletion. They capture species that are
important for conservation and create
hazards to vessels due to collisior prop
entanglement (which is costly to remove)
(Arthur et al., 2014; Havens et al., 2011;
Macfadyen et al., 2009; Wilcox et al., 2015)
Economic impact studies show the fisheries
secta can be negatively affected by a variety

¢tKS S$02y2YAO AYLIOG 2F YINRyYyS

of factors, including (i) direct costs, such as
time spent disentangling vessels, the costs to
replace lost gear, costs of buying new gear to
comply with new regulations, or recovery
costs; (ii) indirect costs due decreased
populations of species with commercial value,
which can also lead to increased resource
costs needed to capture decreasing target
fishery populations, while there is also
reduced multiplier effects from reduced
fishing income; and (ii) sociebsts such as
reduced employment in fishing communities,
reduced recreational, tourism, and diving
benefits, and safety risks for fishers and
vessel{AFMasroori et al., 2004; Brown et.al
2005; Koslow et al., 2000; Macfadyen et al.,
2009; NOAA Marine Debris Program, 2015)

The economic impact of ALDFG is usually
calculated the percentage of the catch in a
region or of an individual species that has
commercial value. Two examples of economic
impacts attributed to ghost fishing are (i) a 1.5
percent loss of the catch of comnezal
monkfish in northern Spai(Sancho et al.,
2003)and (ii) 2@30 percent loss of the
Greenland halibut catch in Norway
(Humborstad et al., 2003}-or traps, two
examples are (i) an estimated 4.5 percergdo
in the Dungeness crab fishery in Washington
state per yeafAntonelis et al., 2011and (ii)

an estimated 813.5 percent of total catch
value in the trap fishery in KuwgBrown and
Macfadyen, 2007)

In addition to laving socieeconomic impacts,
ALDFG can also have a broader impact on
marine biodiversity and ecosystems. Ghost
fishing poses a threat to marine wildlife such
as turtles(Duncan et al., 2017¥eabirds
(Good et al., 20091and whalegStelfox et al.,
2016) Marine fauna are particularly at risk
through gear entanglement, or through the
ingestion of fishing gear, such as nylon
fragments or pieces of fishing flogiGilardi et
al., 2010; Laist, 1995Both entanglement and
ingestion an lead to injury and death through
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exhaustion or suffocatiofGilardi et al., 2010;
Wilcox et al., 2015)According tdVilcox et al.
(2016) when compared to other consumer
items that end up in the ocean, fishing gear
poses the greatest threat to marine fauna.
Thislimits the recovery of a number of
marine specie¢Gall and Thompson, 2015;
Reeves et al., 20137 further impact is
created by the damage ALDFG can cause to
seafloor habitats by damaging benthic
communities in vulnerable and significant
coastal ecosystems such as seagrass laeul
coral reefqGilman, 2015; Shester and
Micheli, 2011; Valderrama Ballesteros et al.,
2018)

Even when degraded, through exposure to
ultra-violet radiation, wind, waves, seawater,
and bacteria, fishing gear can continue to
cause impacts (Grimaldo et al., 2020).
Furthermore, when the plastics of the gear
breaks down, it creates microplastics. The
breakdown into microplastics can continue to
impact the food web of an ecosystef@hae
and An 2017; Min et al., 2020)

To reduce the impact of ALDFG, several
policies and initiatives are gaining increased
attention (FAO, 2016)Solutions focus on
different aspects, from spatial zoning of
fisheries which has the aim to avoid gear
conflict, to interventions such as limiting the
fishing time or having less gear on board, to
reduce the fishing effort and the probability
of generatng ALDF@OAA Marine Debris
Program, 2015)Another intervention is a
specific form of gear modification which uses
escape gps and panels in nets and traps
(Broadhurst and Millar, 2018; Vadigina and
Riera, 2020)Banning specific gear has also
been implemented. The European Union (EU)
has implemented a ban on all deeyater
gillnet fisheries at depths >600 m (Council

¢tKS S$02y2YAO0 AYLIOG 2F YINRyYyS

Regulation (EC) No. 41/2006). Another way to
reduce ghost fishing is lpromoting the use

of gear marking, which can reduce the chance
of loss(Wilcox and Hardesty, 201&hd

facilitate the recovery of fishing ge@OAA
Marine Debris Program, 2015)nother

solution that is often proposed is to provide

of disposal facilities that are affordable for
fisherfolk, as wk as incentives to encourage
proper disposa(Cho, 2009; NOAA Marine
Debris Program, 2015[Recently, an

innovative solution is the deelopment of
biodegradable fishnet§~AO, 2016)Although
the catch efficiency of biodegradable gillnets
are often less than nylon gillnetand they are
more expensivéKim et al., 2014)
biodegradable dinets have great potential

for reducing both ghost fishing and marine
plastic pollution(Grimaldo et al., 2020)

According toAnderson and Alford (2014)
removal of erelict traps is the only absolute
solution, and has been happening in different
parts of the world such as South Koi§ho,
2011) and the USASullivan et al., 2019)
supported by sonar systems and the use of
weather andocean models to predicts where
nets are likely to accumulat®NOAA Marine
Debris Program, 2015; Pichel et al., 2012,
Sullivan et al., 2019An analysis on the
economic effects of a pot removal program in
Chesapeake Bay in the United States found
that removing 34,408 derelict pots led to
gains i gear efficiency and an additional
13,504 megatons in harvest valued at USD
21.3 million at the time of the stud{Echeld et
al., 2016) There will also be additional
benefits such as a reduction in the loss of
species such as marine mammals and birds,
less impact on marine ecosystems, and a
reduction in beach littering, which can lead to
a reduction in negative impacts on beach
tourism.
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Picture 1: Fishing boats on the water in Viet Nam (Shutterstock)

In the following sections, this document
broadly describes fisheries and fishnet use in
Viet Nam, and presents results of data
collection on fisheries and gkbfishing in two

¢KS SO02y2YAO0 AYLI OG 2F YINRYS

fishing ports in Viet Nam, and a cdstnefit

of two potential interventions that can reduce
the impact of ghost fishing in Viethamese
waters.
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2.Background: Viet Nam

Viet Nan is a country in South East Asia. It has workforce), industry (34.5% of GDP and 28%
a population size of around 98 million (2020). of the total workforce), and agriculture (14%
In 2019 the GDP was valued at USD 262 of GDP and 36% of the total workforce)
billion, and in 2020 Viet Nam had a GDP of (World Bank, 2020 data).

USD 271 billion with an economy based on

services (41.6% of GDP and 35% of the total

2.1. Vietnamese fisheries
The fishery sectorontributed to between 4 2021). Hsheries are mainly net fisheries
5% of the GDP in 2019, with an estimated (gillnets, trawl nets, etc.), with a lower share

65% being attributed to aquaculture (Hong et going to hooks and lines, and pots and traps
al., 2017). Capture fisheries contributed the (Figure 1)
rest, with a value of USD 4.1 billioivASEP,

8.5%
1.9%

Net fisheries
Pots and traps
® Hooks and lines

89.6%

Figurel. Percentage total fish catch by different typddish gear in Viet
Nam (SourceHaborationfrom DFISH, 2020, and Research Institute fo
Marine Fisheries, 2007).

1The rest of the data in this study will be presented in the 22,415.1 (Burce:https://currencies.zone/historic/us
currency of VieNam (VND or Vietnamese Dong). The dollar/viethamdong/decembef2019).
exchange rate considered in this study is USD 1 = VND
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In 2019, the fishing fleet of Viet Nam
consisted of almost 100,000 fishing vessels,
divided over different fleet segments,
depending orwhether they use
predominantly nets, pots and traps, or hooks
and lines (Table.}l

In order to estimate the total use of fishnets,
hooks and lines, and pots and traps used by
the Vietnamese fishing fleet, import statistics

fishing gear or fishing net materials was
obtained through the UN Comtrade Database
(UN, 2021).

Relevant information was collected based on
the HScommodity codes (Table 2). The HS
commodity code 5608 pwides the total
estimate, the codes 560811, 560890 and
(potentially) 560819 provide more detailed
data.

can be used, as most materialeanot
produced in Viet Nam. Data on the import of

Tablel. Overview of boats, annual catch, and revenue for different types of fishingng2@t9.

Vessel{number) Annual catch(tonnes) Fisheries valugbillion VNIF¥)

Net fisheries 75,30¢ 3,384,81: 169,241
Pot and trap fisheries 2,924 71,77¢ 3,58¢
Hook and line fisheries 18,382 321,10¢ 16,05k

SourceHaborationfrom General Statistics Office, 2020; DFISH, 2R26earch Institute for Marine Fisheries, 2007

Table2. HSCommodity Codes related to fishing gear and netting materials.

HS Commodity Code Explanation

5608 Twine, cordage arope, knotted netting, made up fishing nets and oth
made-up nets, of textile materials

560811 Twine, cordage or rope, knotted netting, made up, of manmade texti
materials

560819 Twine, cordage or rope, knotted netting, for other than fishing, of
manmade textile materials

560890 Twine, cordage or rope, knotted netting, of other than man made

textiles

2VND= Vietnamese Dong

¢tKS S$02y2YAO0 AYLIOG 2F YINRyYyS
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The import of net materials and fishing gear in

Viet Nam has increased over in the last 15

12000

10000

8000

6000

400

(==}

B M‘b

O‘JILJ

200

(==}
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years. The total volume (in tonnes) has grown

almost 4 times from 2005 to 2019 (Figure 2).

i

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

N 560811 . 560819

560890  mm=—5608

Figure2. Viethamese import statistics fishing gear/net materials (tonnes) period-20Q9 categorizé by commodity

codes (HS codes, Table 2) (Source: UN, 2021)

In addition, a certain number of fishing nets
are imported unofficially, specifically by
crossing borders from China and Cambodia.
There are no data available of this unofficial
trade in fishing gear and fishing net materials.

Although the data are broadstimates, they
provide a first indication of the use of fishing

¢KS SO02y2YAO0 AYLI OG 2F YINRYS

gear and the potential generation of marine
plastics by the fishing industry, including
ghost fishing gear. The increase in
importation probably reflects an increase in
marine plastics, inading ALDFG, which can
have a negative impact on the Vietnamese
fisheries, marine biodiversity, and ecosystems
in general.
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Pictures2 and 3: Repairing and cleaning of fishnets in Viet Nam (Shutterstock)



2.2. Viet Nam policies on ALDFG
As was presented previously, addressing
ALDFG requires different solutions, such as
marking fishing gear or the provision of
appropriate disposal facilities. In Viet Nam
action is undertaken both through
programmes and projects, but also through
policies.The country now has the National

1 QGA2y tfly aGal NAYS
Management in the Fisheries Sector, Period
2020Hnoné oOaAyAaldNR 27
Development, 2020). Key targets for the
country are the aim to collect 50% of lost or
discarded fismg gear by 2025, and 100% by
2030 (Decision No. 1746/QDrg, December,
2019). In order to achieve this, the action plan
FAYa G2
to collect lost and discarded fishing gear at
sea in conservation areas, protected areas of
agdzl GA O NB&2dz2NOS A

t f

Pidure 4: Fishin boat and net in Viet Nam (Shtertoc)
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Furthermore, Directive No. 33/€lTg
(August, 2020) includes the goal to
GAYLX SYSy(d YSI &adz2NBa
Styrofoam buoys in the fisheries sector (to
float fish cages) and develop and implement
solutions to ollect fishing gear such as nets,
buoys lost, neglected or discarded at sea
1Al ODB ¢ alitsSt 2F g KAOK O
reducing the problem of ALDFG and other

g2

| R Sedtcsicoatl from yhi fishedzNd:

sector.

To understand more about ALDFG in Viet

Nam and obdin more accurate data, a survey
was carried out among fishers in two ports in
G5S@St 2L | YR A WdtXag YSBryelof the ddtddIctied where
additionally used to estimate the costs and
benefits of different policy options to reduce
YR 2ALRRSNI YIF NRAY S |

NBI a8¢ o
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3.Case study overview

The survey was carried out in fishing ports of pelagic fish species, cuttlefish), as well as pots
t Ko&/Tinh and Loc An. These are located in and traps (mainly for crab and spotted Babylon
the Ba Ria Vung Tau province, in South Viet snail).The survey focussed on bottom gillnet
Nam (Map 1). Téaprovince has a fishing fleets  fishers int Kd&/Tinh, and amonghose who
consisting of trawlers, gillnets (demersal and use mainly pots and traps in Loc An.
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Picture 5: Potdraps on a fishing vessel at Loc An landing site, Ba Ria Vung Tau province, Viet Nam (Son Nguyen Nhu)
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V V Location survey ports

Map 1: Location of ports in Viet Namhere survey was carried out

3.1 Data collection

A survey on general data related to fisheries,
and specific questions on ALDFG was drafted
following a survey developed by Savels et al.
(2022) for a similar assessment in tRepublic

of Cyprus. In addition to the survey on ALDFG,
a second survey was carried out focussing on
the costs and benefits generated by fishing
activities. Surveys were developed for both the
bottom gillnet fisheries and for the pots and
traps fisheries. The annex provides an
overview of the two surveys used for boats
that mainly depend on gillnets for fishing.

The surveys were carried out in July and
August, 2021 by a team of five people. Fishers

tKS $02y2YAO AYLEOG 2F YINKyS

were randomly approached based on their
availability toanswer the different surveys, but
no sampling techniques were used to identify
respondents. The reference year used in the
survey and the further assessment is 2020.
Vessel owners, skippers or crew members
were targeted for the surveys, with one
interview per boat. In total 90 people were
interviewed, with an equal amount of people
interviewed for both types of fisheries (Table
3). The survey on costs and benefits was done
with a subsample (30 people) of the 90 people
surveyed on ALDFG.
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Table3. Survey sample overview.

Survey type Sample size Fishing ports/Landing sites
1. ALDFG and general data
Bottom gillnet 45 t Ko&Tinh
Pot and trap 45 Loc An
2. Fishing boat costs arnefits
Bottom gillnet 15* t Ko&/Tinh
Pot and trap 15* Loc An

*subsample of those surveyed on ALDFG and general data on fisheries
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