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Source Identification of Multinational  
Abandoned, Lost, or Discarded Fishing Gear  

from the Eel and Hagfish Trap Fisheries throughout 
the North Pacific Ocean

Abstract 
Abandoned, lost, or discarded fishing gear is a major and growing source of marine plastic pollution worldwide, with particularly severe 

impacts in the Hawaiian Archipelago, where debris transported by the North Pacific Subtropical Gyre accumulates at high densities. Among 
the most distinctive and harmful components of this debris are plastic tubular traps and trap entrances used in eel and hagfish fisheries across 
the North Pacific Ocean. We present the first basin-scale forensic assessment of derelict eel and hagfish trap gear across the North Pacific, 
combining analysis of 21,891 items collected from 2021–2024 with multinational field investigations and port visits to identify gear sources and 
inform mitigation strategies. The study documents both the geographic extent and long-term persistence of this gear in the marine environment. 
Distinctive gear characteristics and comparison of fishery sizes enabled inference of relative national contributions. Large mechanized 
offshore fleets operating in the East China Sea, particularly from South Korea and China, are major sources of derelict eel trap entrances, while 
smaller coastal fisheries from Japan, Taiwan, and the western USA contribute comparatively much less. This derelict gear poses significant 
ecological risks at many trophic levels through entanglement, ingestion, habitat damage, and ghost fishing, including affecting rare and critically 
endangered species. We introduce a hierarchical framework for tracing fishing gear from ocean-basin patterns to specific fisheries and pair it 
with a sequential mitigation hierarchy to guide fishery-specific interventions. Together, these findings advance both scientific understanding and 
practical management approaches for reducing fishery-derived plastic pollution at a multinational scale.
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Introduction

Worldwide attention to the issue of abandoned, lost or 
discarded fishing gear (ALDFG) has grown substantially; its causes, 
magnitude, impacts, mitigation methods and evidence-informed 
management, have been reviewed and synthesized repeatedly [1-
6] as the amount of ALDFG in the world’s oceans has increased 
dramatically [7,8]. This has been especially documented in the 
Hawaiian Archipelago (HA) where community beach cleanup 
groups are overly burdened by marine debris accumulations and 
strive to “turn off the tap” on the most abundant types of ALDFG 
[9,10]. Our paper is a case study of the impact of derelict fishing 
gear (DFG) from the international eel and hagfish trap fisheries of 
the North Pacific Ocean (NPO), the means to identify its sources, 
and efforts to reduce its discharge into the NPO. We use the term 
“eel” throughout this report to encompass both eels and hagfish, 
as the same type of trap is used for both anguilliform species. We 
used forensic analysis of derelict eel fishing gear (DEFG) collected 
throughout the margins of the NPO and site visits to fishing ports 
in the region, to identify specifically the sources of abundant and 
deadly DEFG washing ashore in the HA. We describe a conceptual 
framework for determining the origin of the DEFG, from a broad, 
ocean basin-wide view, to identifying country, region, harbor of 
origin, boat, and ultimately fishermen. Having identified source 
locations, we define the immediate causes of discharge (leakage) 
into the ocean and then apply an investigative framework of 
fisheries-specific intervention and mitigation [11].

The HA extends 2,400 km in the middle of the NPO (Figure 1), 
and its coral reefs and land masses act as a sieve for marine debris, 
driven by strong easterly or northeasterly trade winds and carried 
by ocean currents of the North Pacific Subtropical Gyre, from 
coastal and oceanic fishing fleets of countries at NPO margins. 
Studies of the North Pacific Garbage Patch (NPGP) calculate it 
contains 45-129 thousand metric tonnes (mt) of floating plastic 
[12,13]. By mass, 52% is fishing nets, ropes, lines and 47% 
hard plastic items (buoys, floats, crates, boxes, eel traps) mainly 
associated with fishing [13]. Further studies estimate 75-86% of 
the floating plastic mass (> 5 cm) in the NPGP could be considered 
ALDFG [14]. Pieces of eel traps alone comprise 5.1% by count 
of the hard plastic pieces > 5 cm, excluding nets and ropes, and 
18.4% by weight [14] for an estimate of 4-10 million pieces of eel 
traps floating in the NPGP (The Ocean Cleanup, Mathias Egger, 
personal communication 2021) [15]. 

Marine debris on shorelines of the HA are also dominated by 
plastic fishing nets, ropes, floats, buoys, traps, and hard plastic 
boxes and crates arriving in the Hawaiian Islands from distant 
sources after floating for extended periods of time in the ocean 
[9,16-23]. This gear does not come from Hawaiʻi’s local coastal 
or oceanic longline fisheries [9,10,24-26] but is predominantly 
discarded from the five industrialized fishing nations bordering 
the NPO: People’s Republic of China (China), Republic of Korea 
(South Korea), Japan, Taiwan, western United States of America 

(USA) and unregulated fishing activity [14,15]. Dameron et al. 
offer a conservative estimate of 52.0 metric tonnes per year (mt/
yr) accumulation in the northwestern Hawaiian Islands (NWHI) 
based on a 2005 study [18]. 

Comparable masses of marine debris have also been collected 
from the shores of the Main Hawaiian Islands (MHI). Berg et al. 
[10] documented interannual variations in marine debris weight 
removed over the decade 2013-2022, with an annual average of 
32.9 mt per year (mt/yr) for the island of Kauaʻi and 14.3 mt/yr for 
the island of Hawaiʻi. Royer et al. [9] report studying a portion of 
ALDFG from Oʻahu during the period September 2019 to December 
2021 at 2.8 mt/yr. This indicates a combined conservative average 
rate of accumulation of 50.0 mt/yr across the MHI for that time 
frame. Subsequent years, when the NPGP was closer to the MHI, 
showed marked increases in mass, reaching in 2024 a total of 69.7 
mt on Kauaʻi and 24.9 mt on Hawaiʻi. For Kauaʻi, the conglomerate 
of nets/ropes/lines accounted for 51.6% of the total weight, while 
hard plastic crates/floats/buoys/eel traps accounted for 25.2%. 
On Hawaiʻi, net/line conglomerates accounted for 42.6% of total 
weight during the study decade. McWhirter [27] notes that nets 
and lines make up to 98% of the mass of conglomerates retrieved 
from Oʻahu, Midway Atoll and the pelagic NPGP. 

Entanglement by ALDFG is recognized as one of the greatest 
threats to seabirds, marine mammals, and sea turtles [1,3,28,29]. 
There have long been efforts to remove large masses of ALDFG in 
the NPO because they entangle and kill corals [30], associated coral 
reef invertebrates and vertebrates across trophic levels, including 
seven species of seabirds [31], threatened Pacific green sea turtles 
(Chelonia mydas), and rare and highly endangered Hawaiian monk 
seals (Neomonachus schauinslandi) [18,24,25,32-34]. Baker and 
colleagues [15] report that DFG accounted for 76% of monk seal 
entanglements observed and reviewed the effectiveness of four 
decades of DFG conglomerate removal efforts on the population 
of M. schauinslandi in the NWHI. 

Not usually a part of the conglomerates, but harmful to 
marine life by both entanglement and ingestion, hard plastic 
cone-shaped eel trap entrances (ETE, Figure 2A) comprise DEFG 
on shores throughout the North Pacific. This debris is distinctive 
and abundant, as illustrated in catalogs of fishing gear on the 
west coast of the USA [35] and as marine debris [36]. They are 
also illustrated as common in marine debris throughout the NPO, 
including Taiwan [37,38], Japan [39,40], Korea [41] and the NPGP 
[14] and have long been recorded in beach surveys of the NWHI 
[42].

The hard-plastic cone-shaped ETE used throughout the NPO 
are composed of two parts (Figure 2), the upper basket and lower 
funnel. Those parts may be injection molded as one piece, or 
separately and fitted together. ETE are inserted into the open end 
of the eel trap tube (ETT, Figure 3), or onto the buckets and barrels 
used as hagfish traps in the USA [35]. 
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Figure 1: The Hawaiian Archipelago (HA), comprising the Northwestern Hawaiian Islands (NWHI) and the Main Hawaiian Islands (MHI). 
(From [15] with copyright permission).

Figure 2: Example of an eel trap entrance (ETE) from the North Pacific Ocean (NPO). A. Side view. B. Vertical view looking down into the 
entrance. Note distinctive patterns of holes in both basket and funnel.
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Figure 3: Examples of eel trap tubes (ETT) used in the western North Pacific Ocean (NPO). Eel trap entrances (ETE) are attached at one 
(A) or both ends (B, C). Average length: A) 51-55 cm, B) 70-75 cm, C) 107 cm.

Derelict eel fishing gear (DEFG) accounted for 1.8% of the total 
items counted on beaches in the NWHI [20], where it increased 
from 0% to 30% of the items known to entangle monk seals, 
over the period 1987 - 1996 [42]. There are fewer quantitative 
accounts of DEFG from the MHI [9,10,23]. A total of 21,458 ETE 
and 433 ETT were recorded from the HA during our 2021-2024 
project period. The abundance of DEFG in waters and on shores 
of the HA has the potential to impact marine life through many 
trophic levels via entanglement and ingestion, especially on 
marine-protected species. 

Eel trap baskets (Figure 2) become entangled on the snout 
of monk seal pups (Figure 4A; Supplemental material 1.) as pups 
explore and play with potential food items after weaning from 
their mothers. Once entrapped, the pups are unable to forage and 
ultimately die [43]. When removed, the ETE may leave a visible 
bloody wound (Figure 4B) which tends to heal quickly. Of all the 
monk seal DFG entanglements reported from the NWHI, 8.7% 
were DEFG during 1982-1998 [42] and 10.1% during 2000-
2020 [34,43]. A spinner dolphin (Stenella longirostris) was also 
observed off Hawaiʻi Island with a basket on its snout, which it 
self-released [44].

Figure 4: Monk seal with snout entrapped in an eel trap entrance (A) and showing a wound after the ETE was removed (B). Photo credits: 
Cynthia Vanderlip, Hawai`i Department of Land and Natural Resources under NMFS permit #848-1695.
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Ingestion of marine plastic has been considered second only 
to entanglement in its impact on marine seabirds, sea turtles, 
and marine mammals [1,2]. In the NPO, identifiable pieces of 
ingested ETE have been extracted from a dead sperm whale 
(Physeter macrocephalus, University of Hawaiʻi Health & Stranding 
Laboratory), Northern elephant seal pup (Mirounga angustirostris, 
The Marine Mammal Center), and both green sea turtles (Chelonia 
mydas), and olive ridley turtles (Lepidochelys olivacea) [45], all are 
protected species. In the case of the sperm whale, seven pieces 
of ETE and other plastic debris were found blocking passage of 
food from the stomach to the intestine, likely causing the whale 
to starve to death. A whole, new looking, ETE was removed from 
the gut of a shark or marlin, at a fish market in Taiwan. Half of an 
ETT was observed in the gut of a dead pilot whale (Globicephala 
macrorhynchus) in Hawaiʻi and numerous ETT were found with 
large bite marks, presumed to be from sharks (Supplemental 
material 1).

The threat of ingestion of plastic, including DFG, to seabirds 
is pervasive [46] and the regurgitated boluses of Laysan albatross 
(Phoebastria immutabilis) from the HA have been found to 
contain macroparticles of DEFG from the NPGP [47]. Meanwhile 
microplastics and nanoplastics enter marine food chains at all 
levels through ingestion directly or through trophic transfer 
by consumption of prey [48-51]. While microplastic debris is 
generally too small to be assigned as DEFG, black microparticle 
fragments of unknown origin were the third most commonly 
found color in fledglings of wedge-tailed shearwaters (Ardenna 
pacifica) and Newell’s shearwaters (Puffinus newelli) on Kauaʻi 
[52]. 

Eel trap entrances potentially obstruct beach nesting of 
Laysan albatross (Phoebastria immutabilis) and Black-footed 
Albatross (Phoebastria nigripes) on the NWHI, where the birds 
have to navigate debris covered beaches to find a place to make 
a nest, and where entrances of nesting burrows for Bonin 
petrel (Pterodroma hypoleuca) are partially blocked by the ETE 
(Supplemental material 1).

The greatest impact of DFG may not be in surface waters or on 
shores, but rather on the ocean floor where lost or discarded DFG 
are no longer under a fisherman’s control and continue to function 
as “ghost gear”. Current reviews [6,53] enumerate the effects 
of ghost fishing to include habitat destruction, environmental 
degradation, biodiversity loss, fisheries depletion, and economic 
loss. Littering the bottom, DEFG may cause benthic habitat 
destruction and continued fishing may lead to stock depletion 
and marine pollution effects. ETT and ETE float in seawater, 
being generally made of mixtures of polypropylene (PP) and 
polyethylene (PE) [54]. Therefore, ETT are weighed with stones 
or pieces of metal to make them lay on the shallow water coral or 

deep ocean seafloor. Actively fished or derelict, they will continue 
to catch animals as long as the ETE remains intact. DEFG has been 
documented littering the sea floor south of Korea at an average of 
34 traps/km2 and up to 25% of the ghost traps are still catching 
[55]. Lee et al. [56] reported, for the same area, a litter density of 
13.3-255.8 kg/km2 primarily composed of eel traps, along with a 
significant amount of fishing nets. In waters of the south of the 
Korean peninsula and around Jeju Island, eel traps comprised 2% 
by weight of the benthic marine debris [57]. In waters off Busan, 
South Korea, eel traps comprised 59.9% by number and 53% by 
weight [58]. In the East China Sea, litter densities ranged from 
0-102.5 kg/km2 with fewer DEFG attributed to less fishing activity 
in that area [56]. Bycatch included fish, octopus, and crabs [55,59]. 

Kanehiro et al. [60] reported DEFG containing dead fish was 
common in Tokyo Bay where eel fishing occurs, and that eel traps 
were more of a hazard than other litter due to ghost fishing. We 
observed a derelict eel trap on a Kauaʻi beach with decomposed 
moray eels and small reef fish. On Hawaiʻi Island, a similar 
trap contained a dehydrated moray eel and a mongoose that 
apparently had entered to feed on the eel. Both traps were not 
used locally, were thought to have floated in from Japan, and were 
stuck in shallow water before washing ashore. This is perhaps the 
first description of DFG ghost fishing both marine and terrestrial 
animals.

Having established the magnitude of both the amount of ALDFG 
coming ashore in the HA and its impact on marine ecosystems, we 
engaged in a multinational collaborative effort with the ultimate 
goal of identifying the actual users of eel trap gear at the level 
of commercial fishing fleets, fishing cooperative associations or 
unions, individual fishing boats, or individual fishermen. Then 
for each fishery, a follow-on aim was to determine possible ways 
and frequency by which the ETE or ETT are abandoned, lost, 
discarded, or swept into the ocean by extreme weather events. 
Finally, efforts were made to discuss fishery-specific education 
and mitigation efforts to reduce or halt the discharge of DEFG into 
the Pacific Ocean. 

Methods

We designed a hierarchical conceptual framework (Table 1) 
for source identification of ALDFG from multinational margins 
of the NPO basin and made adaptive changes in response to 
discoveries inherent in a multi-year, multi-cultural international 
effort with the collection of tens of thousands of pieces of DEFG. 
It started by identifying the largest geographic area in which the 
gear was found, and then focusing with increasing specificity on 
species distribution, forensic analysis of DEFG, and culminating in 
visits with the fishing company, boat, or fishermen responsible for 
its discharge into the ocean. 
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Table 1: Hierarchical ordering of components in derelict fishing gear source identification.

Increasing Specificity Hierarchical 
level Principal Components Sub-categories

  1 Identification of ALDFG of concern Gear type, abundance throughout region

  2 Geographic and Oceanographic determinants
Ocean Basin

Major drift patterns

  3 Targeted species identification and distribution
Geographic

Ecological

  4 Size of multinational fisheries

Catch or landing data for targeted species

Number of boats

Size of boats

Amount of gear per boat

  5 Specific characteristics of gear
Shape, size, design

Chemical composition 

  6 Source identification by biofouling Species identification

  7 Sales information, advertising Stores e-commerce

  8 Manufacturer identification markings Embossed names, logos

  9 User-specific identification Embossed, branded or scratched in markings

  10 Confirmation by users Site visits

Derelict eel fishing gear distribution and abundance

In order to get an estimate of the spatial distribution and 
relative magnitude of collections of DEFG washed ashore, four 
methods were employed throughout the North Pacific region:

a)	 Survey scientific and general literature and information 
on the internet. Surfrider Foundation reviewed the existing 
literature on marine debris in the HA and countries around the 
NPO basin, including the North American west coast, Japan, South 
Korea and Taiwan. Web images of shorelines, marine debris, and 
of marine debris organizations were searched for debris.

b)	 Based on location, the method was adapted to connect 
with a broad audience of organizations, citizen scientists, and 
community groups in each region to ensure comprehensive 
geographic coverage. Surfrider Foundation sent digital posters to 
its members in Hawaiʻi and the USA, and co-authors in Taiwan, 
Japan and South Korea sent out adapted versions (Supplemental 
material 2). 

Hawaiʻi and mainland USA: In Hawaiʻi and mainland USA, 
Surfrider Foundation requested sightings of DEFG from the 
general public through newspaper articles and social media. 

We developed information flyers and posters distributed in 
participating countries and an email collection system for 
receiving and tabulating reports (hagfish@surfrider.org). Posters 
and abstracts were presented at the 7th International Marine 
Debris Conference (2022) in Busan, South Korea and collaborators 
were recruited. 

Taiwan: In Taiwan, IndigoWaters Institute reached out via 
mailings of their poster and information to many organizations 
throughout the country: the 10 largest beach cleanup groups, 8 
marine education and innovation bases, 25 outdoor and marine 
education centers, 2 marine-related museums, 26 coastal guard 
sections and 22 local Environmental Protection Agency offices. 
They also posted the message and the report link on Facebook, 
the main form of social media in Taiwan.

Japan: In Japan it is common for people to clean up their 
own neighborhoods, including beaches. Therefore, there are 
countless beach cleanup activities with a variety of sizes, regions, 
organizations, frequencies, and purposes making it difficult to 
reach all of them. Surfrider Foundation Japan (SFJ) distributed 
information and their poster through social network services and 
collected information on the beach cleanups (Table 2).
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Table 2: Organizations throughout the North Pacific region that participated in collecting and recording eel derelict fishing gear for this study.

Country State Area Organization

U.S.A. Alaska Kenai Peninsula Gulf of Alaska Keepers

    Prince William Sound Gulf of Alaska Keepers

  Washington Olympic National Park Washington CoastSavers

  Hawaiʻi Hawaiʻi Is. Hawaiʻi Wildlife Fund

    Kauaʻi Is. Surfrider Foundation, Kauaʻi Chapter

    Oʻahu Is. Hawaiʻi Pacific Univ., Sustainable Coastlines Hawaiʻi, The Ocean Cleanup

    Maui Is. Sharkastics

    Lānaʻi Is. Sharkastics, Pūlama Lānaʻi, Plastic Pickers in Paradise

    Molokaʻi Is. Hawaiʻi Pacific University 

    Kahoʻolawe Is. Sharkastics, Kahoʻolawe Island Reserve Commission

    NW Hawaiian Islands U.S. NOAA Fisheries, PMDP, Sustainable Coastlines Hawaiʻi, The Ocean 
Cleanup

  Palmyra Atoll Cooper & Barren Islands Hawaiʻi Pacific University 

Japan Fukuoka Munakata et al. Kyushu University, Surfrider Foundation Japan 

  Nagasaki Tsushima Island Kyushu University 

  Hokkaido Yakijiri Island Kyushu University 

  Yamagata Yuro Beach UMITO Partners

  Miyasaki Hiraiwa Port Surfrider Foundation Japan

  Kagawa Shodu Island Ocean Clean Ensemble

South Korea Jeju–teukbyeoljachido Jeju Is. Sseujubin, Diphda Jeju, Hanbahral Books

  Jeollanam-do Yeosu Hanbahral Books

  Gyeongsangbukdo Ulleung Is. Plogging Ulleung

  Gangwon Donghae Ssdam Sokcho

Taiwan   Taiwan Is. IndigoWaters Institute 

South Korea, including Jeju Island: In South Korea, including 
JeJu island, a total of 104 governmental and non-governmental 
groups were identified through the Korea National Marine Debris 
Monitoring Program and online research as having conducted 
beach cleanups. Of those 104, only the 21 organizations conducting 
regular cleanups were contacted directly and an online poster was 
distributed to attract individuals as well as organizations. 

c)	 Relative abundance of DEFG was identified through 
beach cleanup programs. Multiple organizations were enlisted 
that had been collecting and recording marine debris from the 
shorelines throughout the Pacific region [9,10,61] (Table 2). 
They were directed to specifically collect and record whole and 
fragments of ETE and ETT (Figures 2 & 3). Shorelines were 
targeted that had legacy accumulations of DEFG, as well as those 
periodically cleaned. As methods and level of effort varied widely 
in time (e.g., duration of cleanups, number of cleanups) and area 
covered, few quantitative comparisons could be made.

d)	 Quantitative comparisons of DEFG density on shorelines 
were obtained from participating partners’ data, determined by 

either DEFG counts per length of shoreline surveyed or counts per 
area of shoreline surveyed using beach transects [62]. Attempts 
were made to glean data from community collections throughout 
the North Pacific basin on the number of ETE/m of shoreline 
cleaned or ETE/m2 of shoreline where measurements shoreline 
width were made (Table 2). Gulf of Alaska Keepers recorded 
counts of DEFG collected annually since 2011 from two-mile 
stretches of log-covered rocky shorelines. In Hawaiʻi, data was 
obtained from shoreline cleanups in both the MHI and the NWHI 
along both sandy beaches and rocky coastlines where the length 
of the shoreline was measured or approximated from Google 
Earth digital images. In Japan, a series of beaches were surveyed 
repeatedly mainly along the southern coastline of the Sea of 
Japan in Fukuoka and the Pacific coast of Miyazaki prefectures. In 
Taiwan and its ten major outlying islands, the 1,680 km coastline 
was surveyed during May and September 2023 and during March 
and May 2024 using 100 m transects every 10 km, representing 
a 1% sampling coverage. Twenty bi-monthly sites were surveyed 
around South Korea during 2008 - 2014 and forty during 2014 - 
2017 as part of a national beach monitoring program [63,64]. 
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Geographic distribution of potential DEFG sources

We reviewed the oceanographic literature and case studies 
of long-range drift of other types of marine debris to derive most 
probable pathways of DEFG distribution from coastal margins. 
Because there is no fishery in Hawaiʻi that uses the cone-shaped 
ETE or the plastic ETT (Figures 2 & 3) all of the DEFG found on 
shorelines of the HA arrived on ocean currents of the NPO, thereby 
establishing the NPO basin as the largest boundary for source 
identification. The eastern boundary of the NPO is the west coast 
of North America while the western boundary includes East Asian 
coastlines. The Bering Sea defines the upper limit of the NPO, 
while the north equatorial current defines its southern limit. 

Geographic and ecological limits of targeted fisheries

Species distribution, depth range and supporting underlying 
environmental conditions of targeted species were derived from 
FishBase: A Global Information System on Fishes and the primary 
literature for the targeted anguilliform-shaped species in the 
marine families of hagfish (Myxinidae), conger eels (Congridae), 
and moray eels (Muraenidae). 

Regional fishery contributions of DEFG

To test the hypothesis that the number of ETE found on the 
shores and attributed to each fishery would correlate to the 
size of each fishery, government fisheries catch or landing data 
for anguilliform-shaped species in the NPO was requested from 
fisheries officers and online databases for all western U.S. states 
(Alaska, Washington, Oregon, California) and British Columbia, 
Canada. National fisheries data for hagfish and eels were 

provided directly by the South Korean government, and found on 
government websites for China, South Korea, Taiwan and Japan. 
For each country, data were sought on the number of active eel/
hagfish fishing boats, their size (tonnage), the number of eel traps 
deployed each set, and the annual loss of ETE and ETT.

Forensic analysis of ETE and ETT by size, shape, hole 
patterns, and chemical composition

Eel trap entrances have a general cone shape, but some come 
apart into an upper basket and a lower funnel portion (Figure 
2). ETE from collections from each of the five MHI and from 
the NWHI were sorted and the number of whole ETE and the 
portions thereof were counted. Notes were made if the items were 
structurally intact or damaged (>50% material missing). The 
outside diameter of the basket rim was measured and notes taken 
on whatever markings were on the upper face of the basket. In 
addition, a total of 5,561 standard images, looking down into the 
basket (Figure 2), were taken by authors CB and CK on Neewer 
16”x16” photo light stands using an Apple iPhone in square photo 
mode at 1.1x or 1.2x magnification. Images were enlarged on a 
computer monitor and manually scored. Images of baskets were 
categorized by their diameter, number of rows and columns of 
openings in the basket, presence of a rectangular hole for straps, 
whether columns of similar size were paired, shape of the outside 
edge of the basket rim, and markings on the upper surface of the 
rim (Table 3). Images were step-wise sorted by combinations 
of categories, with potentially up to 49,152 distinct varieties. 
The most common varieties were compared with ETE of known 
manufacturers or users to identify their source.

Table 3: The sorting categories for eel trap entrance rims, or baskets.

Criterion Location Possible Values

Diameter Rim Small (18mm), Medium (21.5mm), Large (24.5mm), Huge (>25mm)

Hole Rows Basket Number (1-7)

Outside Edge Rim Plain-flat, Bump, Lines - horizontal, Knobs

Strap Holes Basket Yes, No

Hole Column Basket Single, Double

Top Surface Rim Plain-flat, Writing, Lines across, Holes, Dots, Slots, Lines around, Lines across and around

Hole Columns Basket Number (12-48)

ETT are plastic tubes (Figure 3) that were initially categorized 
on the basis of if they were open at both ends to accept ETE, or 
if one end was pointed with a form or mechanism to attach a 
groundline. Further sorting was done on the basis of if it was a 
complete tube or just a piece, total length, circumference, number 
of columns and rows of holes, number of ridges, number of bumps, 
hole diameter and markings.

In an attempt to identify manufacturers of ETE, new and 
shoreline-collected derelict ETE were sent to Hawaiʻi Pacific 
University’s Center for Marine Debris Research for polymer 
analysis using attenuated total reflection-Fourier transformed 

infrared spectroscopy (ATR FT-IR) and differential scanning 
calorimetry (DSC) methods described in [65,66]. Results were 
compared to previous studies of source identification of DEFG 
using polymer analysis done at that laboratory [27,54]. Samples 
of derelict ETT and ETE, and new ETT from Kabushikigaisha 
Abe Kogyowere (KAK) factory, were analyzed by Dr. Jinkee Hong, 
Yoojin Lee and Yoonsung Noh in the Department of Chemical 
and Biomolecular Engineering, Yonsei University, Seoul, South 
Korea. Samples were analyzed for polymer composition by FT-IR 
spectroscopy and X-ray photoelectric spectroscopy (XPS) [67]. 
Inductively coupled plasma mass spectrometry (ICP-MS) and 
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Energy Dispersive Spectroscopy (EDS) were used for analysis of 
element adsorption to the plastic [68]. Surface polymer aging was 
visualized by scanning electron microscopy (SEM) [69].

Biofouling analysis
The provenance of attached macroinvertebrate remains on 

DEFG suggests the origin of such gear, especially if the species 
are sessile and not oceanic in distribution. A collection of 121 
pieces of ETE collected from Maui, Lānaʻi, Hawaiʻi and Kauaʻi 
islands were sent to Dr. James T. Carlton for identification of 
attached macroinvertebrates because of his extensive experience 
identifying biofouling organisms in the North Pacific, especially 
from the Japanese Tōhoku tsunami of 2011 [70-73].

Sales and e-commerce investigation
Participants in the project, from each of the four countries, 

identified sellers of ETE and ETT to thereby try to discover the 
manufacturers and the purchasers of the gear. Site visits were 
made to retail stores (e.g., marine and fishing supply stores) in 
each country and inquiries made of sales personnel. E-commerce 
online searches were made under key terms (eel, hagfish, 
marine eel, eel fisheries, eel traps, eel pots) by co-authors from 
Japan, Korea, Taiwan and the USA in their respective languages 
and e-commerce servers. Images obtained of ETE and ETT were 
compared with DEFG to help determine their source.

Manufacturer identification marks on DEFG
DEFG were examined for lettering or markings embossed on 

the upper surface, or inside the rim, of ETE baskets (Figure 2) or 
sides of the ETT (e.g., Figure 3C). Images of markings were shared 
amongst multilingual co-authors for interpretation and translation 
into English and a catalog was made of each example (available 
upon request). We made direct contact with and visited five 
manufacturers in South Korea (Yooil Industry, Youngjin Industry, 
Tongyeong Tongbal, Gosung Tongbal, Bukyoung Industry) and one 
in Japan (KAK) to identify the many types of embossed markings, 
view the manufacturing process, and discuss sales. 

User-specific identification marks on DEFG
DEFG were examined for lettering, markings, or logos melted 

(hot metal branded or flame melted) on the outer surface of 
ETT (e.g., Figure 3C). Images of markings were shared amongst 
multilingual co-authors for interpretation and translation into 
English and a catalog was made of each example (available upon 
request). A catalog of brandings was shown to fishermen for help 
in identification of the sources of the ETT.

User confirmation through site visits
Co-authors in all four participating countries visited ports 

where eel or hagfish fishing boats operated, examined gear both 
on the docks and on fishing vessels, and spoke with fishermen 
about the gear that was used and was lost.

Results 
Derelict eel trap-fishing gear (DEFG) is ubiquitous 
throughout the North Pacific Ocean (NPO) Basin

Using personal contacts, review of the published literature 
and review of images of marine debris found through internet 
searches, DEFG was broadly detected in the eastern NPO on 
shores of North America from the Channel Islands, along coastal 
California, Oregon and Washington to the north into the Bay of 
Alaska, up into the Bering Sea, and in the western NPO, on the 
shores of Japan and Taiwan. DEFG were found on shores of the 
inland seas (Sea of Japan, Yellow Sea, East China Sea) in Japan, 
South Korea and Taiwan but records were not available for shores 
of China. In the mid-oceanic portion of the NPO, DEFG were found 
on the island of Saipan in the Commonwealth of the Northern 
Mariana Islands (15o 1’ N x 145o 47’ E), and throughout the HA 
from Kure Atoll in the Papahānaumokuākea National Marine 
Sanctuary (28o 23’ N X 178o 17’ W) in the northwest, to Hawaiʻi 
Island in the southeast (18o 54’ N x 155o 40’ W). In the southern 
central NPO, no DEFG were found in dedicated marine debris 
surveys on Palmyra Atoll, in the Northern Line islands (5o 88’N x 
162o 04’W). 

Responses to digital posters over the period 2022-2024 
included 112 reports of 385 pieces of DEFG from Kauaʻi, Oʻahu, 
Maui, Lānaʻi, and Hawaiʻi islands, a total of six reports of eight 
pieces from the west coast of the USA (WA, OR, CA), one from 
Saipan (CNMI) and eight from JeJu island off South Korea (33o 
27’ N x 126o 56’E). IndigoWaters Institute on Taiwan received 
37 reports with 79 ETEs from the shorelines of Taiwan during 
the May 2023 to June 2024 project duration. In South Korea, five 
organizations and five individuals reported a total of 869 ETE 
and 5 ETT from around Jeju Island and at Yeosu in the East China 
Sea, from Ulleung island and the South Korean southeast shores 
of Donghae and Pohang in the Sea of Japan, and in northeastern 
South Korea at Incheon in the Yellow Sea.

Detailed information on the general abundance and 
distribution of DEFG was obtained from groups which 
systematically collected counts of pieces of ETE and ETT during 
their regular beach cleanup efforts. While historically Henderson 
[42] first reported ETE for the NWHI in 1987, and Scott [74] 
first reported sightings of ETE on beaches of Oʻahu in 2010, we 
completed the first quantitative surveys of ETE from Nukoliʻi 
beach, Kauaʻi, during annual International Coastal Cleanup 
collections. For 2016-2025 an average of 97.5 pieces of ETE were 
collected per event (n=8) and an average of 0.080 ETE/m (n=4). 
This project started in January 2021 and through 2024 colleagues 
collected and recorded 21,891 ETE and ETT from just the HA 
(Table 4). Some were legacy collections, i.e., the remote shoreline 
had not been cleaned routinely in years (Lānaʻi, Molokaʻi, 
Kahoʻolawe) and had amassed so much debris that it could not be 
collected and removed in the short time on the island. Collections 
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on the NWHI were annual, short-term opportunities while NOAA 
personnel were performing endangered species monitoring and 
assessments. Collections on the remaining islands (Kauaʻi, Oʻahu, 

Maui, Hawaiʻi) were part of regularly scheduled beach cleanups 
and large community efforts to keep the beaches clean and efforts 
correlated with the amount of debris coming ashore [9,10]. 

Table 4: Counts of ETE and ETT collected and recorded in the Hawaiian Archipelago during the period 2021-2024.

YEAR 2021 2022 2021 2022 2023 2023 2024 2024 Total Total Combined 
Total % of Total

ISLAND ETE ETT ETE ETT ETE ETT ETE ETT Both Both

NWHI 428 1 41 0 675 45 1,144 27 1,190 5.4%

Kauaʻi 2,074 22 816 11 3,194 150 6,084 183 6,267 28.6%

Oʻahu 323 1 97 3 1,686 37 2,106 41 2,147 9.8%

Maui 697 10 304 4 1,636 70 2,637 84 2,721 12.4%

Hawaiʻi 349 4 151 1 1,427 43 1,927 48 1,975 9.0%

Lānaʻi 2,812 6 193 0 729 0 3,734 6 3,740 17.1%

Molokaʻi 294 4 0 0 300 21 594 25 619 2.8%

Kahoʻolawe 3,232 0 0 0 0 0 3,232 0 3,232 14.8%

TOTAL 10,209 48 1,602 19 9,647 366 21,458 433 21,891  

Table 5: Average number of ETE/m from shorelines throughout the North Pacific Ocean basin and an extrapolated value for areas within the USA, 
and for Japan, Taiwan and South Korea.

Country State Site #Transects Avg # ETE/m Standard Error Years

USA Alaska Prince William Sound 14 0.0026 0.0004 2011-2024

  3/km Gore Point 23 0.0029 0.0005 2011-2022

  MHI Oʻahu - Kahuku Beach 9 0.1091 0.0143 2024

  69/km Oʻahu - Waimānalo 1 0.0038   2024

    Oʻahu - Heʻeia boat ramp 2 0.0526   2024

    Oʻahu - Kailua 7 0.0076 0.0053 2024

    Molokaʻi - Kalaupaa 8 0.0589 0.0243 2024

    Hawaiʻi - Kamilo 50 0.6590 0.1590 2016-2024

    Kauaʻi - ʻAliomanu 11 0.0033 0.0010 2023-2024

    Kauaʻi - Moloaʻa Bay 8 0.0043 0.0011 2023-2024

    Kauaʻi - Keālia 12 0.0072 0.0022 2023-2024

    Kauaʻi - Pāpa’a Bay 16 0.0088 0.0020 2023-2024

    Kauaʻi - Nukoliʻi 34 0.0111 0.0021 2023-2024

    Kauaʻi - Donkey 7 0.0127 0.0032 2023-2024

    Kauaʻi - Kitchens 29 0.0200 0.0021 2023-2024

    Kauaʻi - Ninini Pt. 11 0.0263 0.0057 2023-2024

    Kauaʻi - Pono Kai 4 0.0373 0.0209 2023-2024

    Kauaʻi - Māhāʻulepū 3 0.0439 0.0144 2023-2024

    Kauaʻi - Net Cove 9 0.1034 0.0140 2023-2024

  NWHI Laysan 1 0.0144   2024

  48/km Midway 4 0.1088 0.0216 2024

    Lisianski 1 0.0208   2024

Japan 40/km Fukuoka 24 0.0901 0.0293 2023-2024

    Hokkaidou 1 0.1114   2024

    Miyazaki 8 0.0000 0 2023-2024

    Nagasaki 1 1.0600   2023

    Yamagata 2 0.7300   2024
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Taiwan 0.8/km Taiwan and 10 other islands 168 0.0015   2023

    Taiwan and 10 other islands 168 0.0000   2024

 South Korea 61/km S. Korea peninsula & Jeju Is. 40 0.0605   2008-2017

In 2024 regular beach cleanups on Kauaʻi averaged 266 ETE/
month; together with Oʻahu (141), Hawaiʻi (119), and Maui (136), 
the combined average was 662 ETE /month. Only 25 ETT/month 
were collected from all four islands combined. There was then a 
dramatic increase of 5.8 times in total ETE collected on Kauaʻi, 
Oʻahu, Maui, and Hawaiʻi between 2023 and 2024, and 15.8 times 
increase in ETT. This corresponds to a dramatic increase of ALDFG 
during the same period. The amount of ALDFG coming ashore in 
the HA is thought to be related to complex ocean dynamics and 
positioning of NPGP [10]. Henderson [42] reported an increasing 
number of ETE in the NWHI during the period of 1987-1996, 
coming ashore mainly on windward coasts as also reported in 
[10,23]. OSEAN [75] reported a gradual and slight increase in 
ETE/m on South Korea’s shores during the period from 2008 to 
2017 with an average of 0.018 ETE/m of shoreline (Table 5).

Extrapolation from the limited data shows that ETE are 
present throughout the entire NPO basin at concentrations 
varying from 1.5/km of shoreline in Taiwan to 69/km in the MHI, 
with Japan, the NWHI and South Korea, in between, at 40/km, 48/
km and 61/km, respectively (Table 5). 

On Kauaʻi and Hawaiʻi Islands’ transects were conducted 
following NOAA’s guidelines [62], including counts of ETE (Table 
6) and transects on Oʻahu and Laysan were 100 m X 5 m and on 
Laysan 100 m x 1 m parallel to the waterline. On Lisianski, the 
entire beach was cleaned. Selection of sites and placement of 
transects were chosen irrespective of debris density. Extrapolation 
from the average ETE/m2 by 1 km of a 10 m wide beach equals 82 
ETE /km of shoreline in the HA, comparable to estimates based on 
shoreline lengths alone (Table 5). 

Table 6: Average density of ETE/m2 from beaches within the Hawaiian Archipelago.

Island Beach # Transects  ETE/m2 Standard Error Years

Kauaʻi Nukoliʻi 56 0.0037 0.0019 2021-2025

Hawaiʻi Kamilo 84 0.0094 0.0022 2022-2025

Oʻahu Kahuku 9 0.0164 0.0048 2024

NWHI Laysan 1 0.0100 na 2024

NWHI Lisianksi 1 0.0013 na 2024

    Average 0.0082    

The summary of collection data from throughout the NPO 
basin shows the ubiquitous presence of ETE on shorelines, 
although ocean dynamics and physical coastline features will 
cause distinctly discontinuous abundance over time. Traps 
were especially abundant in the HA and there appears to be an 
increasing amount of ETE coming ashore since their first use in the 
1970’s. The ubiquitous distribution demands a basin-wide effort 
to identify the sources and institute measures to both remove it 
from shorelines and stop it from being discarded into the ocean. 

Derelict eel fishing gear (DEFG) is distributed from 
marginal fisheries throughout the North Pacific Ocean 
(NPO) by dynamic ocean currents

As there are no eel fisheries in the central Pacific, DEFG on 
Hawaii’s shores derives from continental margins of the NPO 
basin. Howell et al. [76] reviewed distribution and transport of 
floating marine debris in the North Pacific and Van Sebille et 
al. [77] summarized physical mechanisms of the flotsam drift. 
Outside of marginal seas, the North Pacific circulation consists of 
a system of equatorial currents and two large gyres, separated by 
the eastward North Pacific Current: the North Pacific Subtropical 
Gyre, swirling anticyclonically (clockwise) and ranging roughly 

between 10o-15oN and 40oN and the Subpolar Gyre with cyclonic 
rotation lying further north (Figure 5). Upon reaching North 
America, the North Pacific Current branches onto the northward 
flowing Alaska Stream and southward flowing California Current 
[78] (Figure 5). In the west, both gyres have the strongest western 
boundary currents: the northward Kuroshio and the southward 
Oyashio, respectively, which, after separating from the Japanese 
coast, extend to feed the North Pacific Current. 

This circulation pattern is generated and sustained by surface 
winds with westerlies dominating mid-latitudes and easterlies 
prevailing in the tropics and subpolar regions. The crucial role 
is played by the Ekman dynamics [77], according to which the 
surface velocity vector of ocean current is directed at an angle 
(to the right in the Northern Hemisphere) from the steady wind 
direction. Ekman currents converge in the Subtropical Gyre 
where they create an area with the highest concentration of 
floating marine debris known as a “garbage patch”. In contrast, 
surface currents are divergent in the Subpolar Gyre, they produce 
upwelling in the central part of the gyre, and push flotsam to the 
gyre margins, increasing the probability of more marine debris 
washing ashore in the Gulf of Alaska [79]. 
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Figure 5: Main currents of the North Pacific.
Source: https://oceantracks.org/sites/oceansofdata.org/files/pacific-currents_0.png

At mid-latitudes, the Western North America continental shelf 
is swept by northeasterly trade winds generating offshore Ekman 
currents carrying plastic debris out into waters of the California 
Current [78]. This current carries the debris in its flow south and 
then westward where it joins the North Equatorial Current. Due to 
these offshore surface winds and currents, little DEFG is deposited 
on shorelines from Oregon to southern California.

Pathways of marine debris in the NPO have been extensively 
studied using ocean circulation models [16,80-84], which also 
explained the formation of the NPGP [13,80]. The 2011 Tōhoku 
tsunami provided a large volume of unique debris items drifting 
across the North Pacific that allowed a better understanding of 
the dynamics of their dispersal and sorting by ocean currents and 
winds [83,84].

It was shown that the fate of debris carried by the North 
Pacific Current strongly depends on its “windage” characterizing 
object exposure to the direct force of wind. High-windage objects 
(e.g., large buoys, foam) tend to deviate towards the north and 
end up in British Columbia and Alaska, and low-windage objects 
(e.g., ETE) tend to deviate towards the south and often enter the 
NPGP. Seasonal migrations of the split between the Alaska Stream 
/ California Current expose Washington shores to beaching debris 
in winter months and reduce its influx in summer [85]. Debris 

may reside within the NPGP for 7-7.5 years [82] or longer but 
leaks back into the NPGP or onto shores of North America and 
the HA [9,10,13,54] following interannual changes in the wind 
system modulating location and pattern of the NPGP. Due to the 
long residence time, DEFG from all sources is thoroughly mixed 
in the NPGP by mesoscale eddies and other processes, so that 
precise source identification without additional information is 
difficult. The sudden arrival in 2024 of large amounts of marine 
debris, some clearly attributed to the 2011 Tōhoku tsunami by 
the painted markings on fish boxes, melted brandings on ETT, and 
metal discs on property survey stakes, allowed for more precise 
identification of the sources of derelict ETT in this study.

The Kuroshio Current is the major western Pacific boundary 
current that runs along the eastern shores of the Philippines and 
Taiwan, west of Ryukyu Island, and east of the Japan Archipelago 
([86], Figure 6). The chain of the islands forms the western margin 
of the NPO and separates it from the inner and marginal Sea of 
Japan (called the East Sea by the Korean government) (Figure 6), 
Yellow Sea, and East and South China Seas. Korea and China border 
these seas to the west. Occasionally, the Kuroshio enters the South 
China Sea and splits into currents flowing east of Ryukyu Islands, 
around Taiwan [87-90] and through the marginal seas and into 
the East Sea [87]. 
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Figure 6: Ocean currents around the Korean Peninsula and Japan. Reproduced with permission of the Korea Hydrographic and 
Oceanographic Agency.

The Asian monsoon has pronounced effects on regional winds 
and currents [87-89]. Their patterns within the Sea of Japan, 
Yellow Sea, and East China Sea are seasonal. The Kuroshio Current 
along the continental margin also displays seasonal variations [87] 
(Figure 6) in addition to meandering on time scales from months 
to years. The Kuroshio Current receives marine debris generated 
by extensive multinational fisheries in both the inland seas and 
those off the coast of Japan and carries it into the NPO [90]. The 
complex dynamics of the seasonal variability of currents in the 
western Pacific region account for the widespread distribution of 
DEFG and creates difficulties for precise source identification. 

Geographic and ecological conditions limit the 
distribution of eel trap fishing to margins of the North 
Pacific Ocean (NPO) basin

Identification of the source of DEFG can be further focused by 
defining the distribution of the targeted anguilliform species in the 
marine families of hagfish (Myxinidae), conger eels (Congridae), 

and moray eels (Muraenidae). Two species of hagfish are fished 
on the western continental shelf and slope of North America. The 
Pacific hagfish (Eptatretus stoutii) is found at 16-966 m depths 
from southeastern Alaska to central Baja California, Mexico and 
overlap little with the Black Hagfish (Eptatretus deanii) found 
generally in deeper colder waters at 103 - 2743 m [91,92]. No 
other anguilliform shaped species is targeted along the eastern 
margin of the Pacific Ocean with gear employing ETE.

On the western Pacific margin, Eptatretus burgeri is fished in 
temperate waters within a depth range 10-270 m [92] in the Sea 
of Japan, Yellow Sea and East China Sea, and off the east coast of 
Japan. The Whitespotted conger eel (Conger myriaster) occupies 
the same general range in the western Pacific as E. burgeri, at 
depths 320-830 m [93] but forms a much larger fishery. At the 
southern extent of the East China Sea, in the southern coastal 
waters around Taiwan, the only fishery currently using ETE 
is for the Indo-Pacific coral reef associated spotted moray eel, 
Gymnothorax isingteena. 

6http://dx.doi.org/10.19080/OFOAJ.2026.19.556007


How to cite this article:  Carl J B, Ning Y, Eo Jin S, Haodong X, Megan L, et al. Source Identification of Multinational Abandoned, Lost, or Discarded Fishing 
Gear from the Eel and Hagfish Trap Fisheries throughout the North Pacific Ocean. Oceanogr Fish Open Access J. 2026; 19(2): 556007.
 DOI:  10.19080/OFOAJ.2026.19.556007

0014

Oceanography & Fisheries Open access Journal

Size of eel and hagfish fisheries vary markedly 
throughout the North Pacific Ocean (NPO) Basin

One of the best indications of the source of DEFG is the size 
of each fishery as determined by the number of boats engaged, 
the amount of gear deployed, amount of ALDFG generated each 
year, gear missing or replaced, the reported size of the catch each 
year, and the export volumes. While each of these measurements 
may be imprecise or unknowable for all of the national fisheries 
involved in the region, together they can be used to formulate 
an estimate of the comparative size of the contribution of each 
nation’s eel and hagfish fishery to DEFG floating around the Pacific 
Ocean. 

Taiwan: There was a commercial fishery for the hagfish 
Myxine formosana during 1994-2002, but it no longer exists 
[94]. Currently, the Taiwan eel-trap fishery is minor, limited to 
summer seasonal and incidental fishing for moray eels using 
sturdy cylindrical shaped tubes with ETE at both ends (Figure 
3D), with only three vessels registered. To estimate the number 
of eel traps used annually in Taiwan, two sets of coastal surveys 
were conducted, visiting 14 fishing ports along the north coastline 
of Taiwan island and 64 ports in the offshore Penghu Island 
archipelago. From counts of eel traps on boats, docks or storage 
areas, and in speaking with fishermen, Coast Guard officials and 
Southern Four Islands National Park marine police, we estimate 
between 3,000 to 5,000 traps are used in the Penghu Archipelago 
and another 500 to 1,000 around the coast of Taiwan. In discussion 
with fishermen, we estimate that 5% to 10% of the ETE are lost 
each year, which accounts for only 175-600 ETE per year. The 
estimated catch of moray eels is 1 mt per year. The Fisheries 
Agency of Taiwan production yearbook for 20241 records an 
average export of 222.1 mt of conger eels for the period 2015-
2024 from the trawl fisheries, with a decrease of 32% between 
2015 and 2024.

United States of America and Canada west coasts: Although 
there were small early trials, (1988–1992 and 1999-2001) there 
is no longer a hagfish fishery in British Columbia, Canada [95,96]. 
There is no commercial fishery for eels in the State of Hawaiʻi, 
only recreational hook-line fishing of moray eels as used for 
bait (personal communication, Bryan Ishida, Hawaiʻi Division of 
Aquatic Resources). 

The hagfish fisheries on the eastern margin of the Pacific 
Ocean currently comprises fisheries managed separately by the 
state governments of Alaska, Washington, Oregon, and California. 
Initially, Korean style eel trap tubes (Figure 3A) were used with 
one ETE/tube, but they were soon phased out for more efficient 
5-gallon buckets with 1-2 ETE/bucket, or barrels of 13-15, 30, 
or 55 gallon capacity with 4-6 ETE/barrel. For the years 2016-
2024, those four states fielded a fleet shrinking from 68 to 20 

hagfish fishing boats (median=38). The number of gear units 
allowed per boat varies by state regulations [97]. The amount 
of gear loss is minimal because there is little gear conflict with 
trawl fisheries, as trap groundlines or individual traps must have 
surface buoys marking the trap’s location. ETE “funnels” (Figure 
2A) break, allowing hagfish to escape, so they are replaced. If 
straps holding the ETE in place break, the ETE falls into the barrel 
and is not lost into the ocean. ETE are not removed from the 
trap (bucket or barrel) to access the hagfish, and then replaced, 
so there is no damage to the ETE with each harvest. Fishermen 
in each state provided an estimate of the annual number of ETE 
they replaced which, when multiplied by the median number of 
boats fishing, approximates 5,000 ETE/USA fleet/year replaced. 
We also calculated ETE replacement at 1-10% per year. Because 
the broken ETE are small and infrequent, and being cognizant of 
state, federal and international MARPOL Annex V regulations, U.S. 
fishermen assured us that all broken ETE were properly discarded 
onshore. 

As there is very little domestic market in the U.S., most hagfish 
landed in U.S. waters are exported to Korea for food, either shipped 
live or frozen. The weight of hagfish and eels landed or exported 
from a country provides an estimate of fishing effort to compare 
with other countries using the same type of gear, i.e., eel traps. 
Because an individual fisherman’s annual catch data is protected 
by federal governments’ confidentiality rules, if there are less 
than three fishermen reporting catch data, their data are averaged 
and an estimated total provided for the 10-year period (e.g., WA 
and AK, Table 7). It is difficult, therefore, to ascertain the average 
annual catch from the entire western USA. The best estimate is 
1,492 mt of hagfish landed per year over the 10-year period 2015-
2024. California and Oregon’s values combined, which comprise 
82.8% of the total catch during that period, declined by 42.5%, a 
trend that was also evident in Washington state hagfish landings. 

Japan: There are only small Japanese fisheries using eel 
traps for catching hagfish and conger eels (C. myriaster and C. 
japonicus) along the Pacific coast of Japan, in the Sea of Japan, 
Seto Inland Sea, and East China Sea. Most catch is by trawlers and 
as such there are few records of the number of boats using eel 
traps, species composition and weight of the annual catch. Japan 
National Fisheries data2 was parsed to those prefectures (Miyagi, 
Chiba, Tokyo, Kanagawa, Nagasaki) reporting trap-caught conger 
eels in the Pacific side and East China Sea side of Japan. Total 
conger eel catches by all methods for 2015-2023 declined 49% 
from 3,038 mt to 1,579 mt, for a nine-year average of 2,331 mt. 
The annual conger eel trap-catch declined 45% from 1,307 mt to 
717 mt, for a nine-year average of 1,036 mt. Hagfish are a bycatch 
of the conger eel fishery, and no data is collected on the amount 
landed or exported to South Korea. 

1https://www.fa.gov.tw/list.php?theme=FS_AR&subtheme=
2Statistical Survey of Sea Surface Fisheries Production : Ministry of Agriculture, Forestry and Fisheries
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Table 7: Hagfish fisheries landing data from Fisheries One Stop Shop Public Data 2009 - Present | InPort . State of Washington Department of 
Fish and Wildlife, and individual fishermen. Pacific hagfish and Black hagfish landings are differentiated for California and Alaska while the generic 
term Hagfishes is used elsewhere, as landings were not recorded by species and may have been a mixture of Pacific hagfish and Black hagfish. 
Values are reported in pounds (lbs.) and average values (AVG) are in pounds (lbs.) and metric tonnes (mt)..

State California California California Oregon Washington Alaska  

Species Hagfishes Pacific Total Hagfishes Hagfishes Black Total lbs

Year              

2015 1,638,151   1,638,151 1,834,544 522,549 75,000 4,070,244

2016 1,836,935   1,836,935 1,498,827 522,549 75,000 3,933,311

2017 2,098,877   2,098,877 1,634,898 522,549 75,000 4,331,324

2018 1,541,728 585,762 2,127,490 1,465,772 522,549 75,000 4,190,811

2019 77,048 1,194,643 1,271,691 1,587,586 522,549 75,000 3,456,826

2020   1,228,863 1,228,863 1,208,956 522,549 75,000 3,035,368

2021   1,027,971 1,027,971 785,976 522,549 75,000 2,411,496

2022   1,527,466 1,527,466 714,669 522,549 75,000 2,839,684

2023   1,412,082 1,412,082 425,698 522,549 75,000 2,435,329

2024   1,371,191 1,371,191 197,244 522,549 75,000 2,165,984

Avg. lbs     1,554,072 1,135,417 522,549 75,000 3,287,038

Avg. mt     706 515 237 34 1,492

The ETT used by Japanese fishermen (Figure 3B & 3C) have 
ETE attached at both ends by a twist-latch mechanism. Only one 
ETE is removed to pour the catch out, while the other ETE may 
be permanently attached with a metal screw. ETT are weighted 
with either metal rods attached by twine or thin metal wire, or 
stones attached by biodegradable rope. Eel traps that are lost or 
abandoned on the ocean bottom will remain intact on the bottom, 
ghost fishing, until the weights are released. ETE are firmly 
attached and will not become disengaged from the ETT. In Miyagi 
prefecture, approximately 20 boats fish for conger eel in a limited 
season (June-September) with each boat setting 300 - 900 traps 
depending on the size of the boat (5, 10, 19 tonnes) and number 
of crew (1-3). In the past, the largest boats would set up to 1,700 
traps at a time. As ETT are durable, none are discarded and ETE 
replacement for the Omotehama Branch of Miyagi Prefecture 
Fisheries Co-operative Associations approximates 200 ETE /yr. 
However, there was a major loss of more than 40,000 eel traps 
due to the 2011 Tōhoku tsunami. The size of the eel fishing fleets 
in southern Japan are not known but those boats observed in 
Fukuoka prefecture are smaller, 5 ton to 10 ton coastal fishing 
boats. We estimate that few damaged ETE are discarded into 
the ocean by Japanese fishermen, but eel traps may be lost due 
to multinational fisheries interactions especially in the southern 
portion of the Sea of Japan and in the East China Sea.

South Korea: Korean fishermen use eel traps (Figure 7) 
strung out on a groundline for hagfish and conger eels. Each trap 
has a single ETE which is held on the trap tube by two latches and 
is removed each haul to open the trap. 

Data of the Korean trap fisheries was obtained from Korea 
Informational Statistical service for the period 2017-2023 a 
period during which discarded ETE could arrive in the HA. The 

number of federally registered commercial eel-trap boats in the 
offshore fleet (avg. gross weight 68.8 mt) declined from 63 to 
42 boats per year (avg. 53.4) laying out up to the legal limit of 
10,000 traps per set. Seo et al. [98] reported for the period 1990 
to 2015 the number of traps used per boat increased from 12,000 
to 16,000, while Jeong [59] reported through interviews of 11 
offshore fishermen an average of only 10,000 traps used per boat, 
with an annual average replacement purchase of 37,000 ETE (~2 
million/fleet/year). Dr. Subong Park (OSEAN Seminar, 3/25/2022, 
Gyeongsangnam-do, South Korea) reported offshore eel trap 
boats replace 60,000 ETE per year (~3.2 million/fleet/year). An 
ETE manufacturer reported 2024 sales to a single offshore boat of 
57,500 ETE (3.1 million/fleet/year). Another company reported 
annually selling 1.2 million ETE to 10 boats (6.4 million/fleet/
year). With the number of offshore boats fishing varying each 
year and the uncertainty of the number of ETE each offshore 
boat replaced annually, a conservative estimate of 4 million ETE 
discarded/fleet/year appears reasonable.

For small coastal fishing boats, (avg. gross weight 3.0 mt), the 
number of registered boats declined for the period 2017-2023 
from a high of 4,884 boats to 4,628 boats (avg. 4,747). We found 
no reports of what percentage of those boats were using plastic 
tubular pots for catching eel. For 2012 it was estimated that there 
were only 500 coastal eel-trap boats [99]. Assuming each boat 
was using the legal limit of 3,200 tubular pots for catching eels 
and 15.6% ETE replacement annually, 249,600 were discarded. 
From interviews of nine coastal fishermen Jeong reported [59] an 
average of 1,879 traps were used per boat, but 5,000 replacement 
traps were purchased annually for an average of ~2.5 million 
ETE /fleet/year. We have little confidence in these wide-ranging 
estimates for the coastal fleet, but a significant number of ETE 
must be discarded annually.

6http://dx.doi.org/10.19080/OFOAJ.2026.19.556007
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Figure 7: Korean method of attaching eel or hagfish traps to a main groundline (modified after “Ministry of Oceans and Fisheries”. (2024, 
https://www.law.go.kr).

With this imperfect and dated estimates of ETE replacement, 
we project the combined South Korean coastal and offshore boat 
fleets account for over four million ETE discarded into the ocean 
annually. For the period 2015 to 2024 the average hagfish landing 
was 32.6 mt. The average conger eel landing for the same period 
was 9,690.6 mt, 300 times that of the hagfish. The total landing 
decreased approximately 9% over that period.

China: Catch of conger eel (C. japonicus) and pike eel 
(Muraenesox cinereus) is by trawl and eel traps, mainly in the East 
China Sea, with annual catches of 100,00 mt in 1993, 300,000 mt 
in 2004, and 340,000 mt in 2009 [100]. China Fisheries Statistical 
Yearbook3 for 2025 reports total catch of combined marine eel 
species, caught by trawl and trap, at an average for 2014-2023 of 
339,734 mt and with a slight decline of 15.6% over that period. 
We do not know what percentage of total landings are by eel traps, 
trawl nets, or other means. We have no data on the number of 
boats involved, the number of eel traps set per boat, or the annual 
loss of ETE or ETT. 

A comparison of catch weights of conger eel and hagfish 
fisheries in the NPO (Figure 8) illustrates that the South Korean 
and Chinese reported landings are similar to each other, as are 
the western USA’s to Japanese landings. Landings for Taiwan are 

estimated to be less than 1 mt. South Korea’s average landing 
tonnage is 6.5 times that of the western USA and 9.5 times as 
much as Japan’s. Western USA landings are 1.4 times those of 
Japan. Recognizing that all four Asian countries use tubular 
traps with ETE (Figure 3), we propose that the number of ETE 
from each country coming ashore in the HA would be roughly 
proportional to the tonnage of each country’s landings. As South 
Korea and China use the same type of gear (Figures 3A & 7) we 
expect more ETE coming from Korea and China, and less from 
Japan that uses a different type of gear (Figure 3B & 3C) and none 
from Taiwan (Figure 3D). Although fishermen from the western 
USA use buckets and barrels as traps, not tubes, the ETE they 
use are from Korea and cannot be differentiated from those from 
South Korea or China. Without more information on Chinese eel 
fishing practices and the numbers of ETE replaced each year, we 
cannot determine the proportion of ETE coming from South Korea 
or from China, although together they constitute the majority of 
the ETE types collected in the HA. 

Different types of DEFG were distinguished through 
forensic analysis of shape, size, design and chemical 
composition

Eel trap entrance hole patterns and rim structure: Subsets 
of ETE pieces collected from the HA (Table 8) were hand sorted 

3https://www.google.com/url?q=http://www.nftec.agri.cn/fwptxt/fwpt09/&sa=D&source=docs&ust=1765341515333041&usg=AOvVaw3zJ8d-
m9SRiJ5P1TaHyplU   
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to initially define which features were common and which were 
rare. Of those sorted, 72.2% of the ETE were basically intact, 
demonstrating the durability of the material and design. Only 25% 
of ETE had the basket and funnel parts attached to one another, 
suggesting those that are molded as two separate parts tend to 
come apart either before or after being discarded into the ocean. 

Some are molded in two pieces for ease in the injection molding 
process, and perhaps the ability to replace the flimsier funnel part 
when it is broken and not have the expense of replacing the whole 
ETE. Manufacturers in South Korea have the ability to produce 
either one-piece or two-piece ETE, thus the maker cannot be 
identified by that characteristic. 

Figure 8: A comparison of eel and hagfish landing weights (log10 mt) by countries of the North Pacific Ocean (NPO) for the period 2015-
2024.

ETE were sorted into three outside rim diameter size classes 
(Table 8) with 12.75 cm (5 inches) by far the predominant type. 
Rim size is matched to the end opening on the ETT, with three 
sizes of tubes being offered by at least one Japanese manufacturer. 
Rim size alone does not aid in identifying the type of eel trap or 
source. 

In order to try to determine the manufacturers of the ETE, 
and hence the users, a total of 993 complete ETE basket images, 
from 5,561 standard images, (200 each from Maui, Molokaʻi, 
Lānaʻi, Kauaʻi and 193 from Hawaiʻi), were selected and sorted 
on the basis of 7 characteristics of their baskets (Figure 2, Table 
3). Of 49,152 possible characteristic combinations, only 137 
combinations were recorded, indicating a preference for specific 
design characteristics. Each of these was assigned a “model” 
number (Figure 9).

The ten most abundant models account for 50.4% of the 
samples and the 20 most abundant types for 67.6%. The remaining 
types were rare, each accounting for 1% or less of the collection. 

Dominance in percentage observed may be a function of those 
types currently being the most commonly used ETE, the most 
frequently discarded, the most easily broken ETE, or the type which 
has remained unchanged and used for the longest period of time. A 
popular type may be produced by many manufacturers, even from 
multiple countries once the patent has expired. Therefore, general 
type alone is of little value in determining source of derelict ETE. 
The model most commonly used by fishermen of the western USA 
is produced by at least one large South Korean company (Bukyung 
Industry) that also supplies South Korean fishermen. 

ETE were then categorized based on how the ETE was 
attached to the ETT. With the first type, the outside rim of the ETE 
was plain (Figure 10A), indicating that they were inserted into the 
ETT with the rim sitting on the top edge of the ETT, and held in 
place by either tying the two together, or by some type of fastener 
mechanism on the ETT that would clamp down on the ETE, 
securing it in place. The “Plain-type” accounted for approximately 
97.9% of the ETE models.
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Figure 9: Percent occurrence of 137 different models of eel trap entrance baskets from a total of 993 images.

Figure 10: Examples of ETE: A. Plain-type, B. Hook-type, and C. Tab-type eel trap entrances.

The “Hook-type” ETE had holes in the top of the rim and a 
distinct hook-like feature (Figure 10B) to lock onto a peg on the 
ETT (Figure 3B & 3C). Of a sample of 4,129 ETE, only 1.1% had 

hooks of some design. Of those Hook-types with holes (Table 8), 
83% had ridges on the outer edge of the rim, intended to provide a 
stronger grip when twisting the ETE. The five most abundant hook 
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designs made up 90.2 % of the hook-type, with one (Figure 10B) 
embossed with “KAK” representing the company Kabushikigaisha 
Abe Kogyo in Japan. This company has produced the same hook-
type ETE since 1972, while other companies copied the general 
hook mechanism that appears on website photos.

Of a sub-sample of 3,876 ETE (Table 8), 1.0% had tabs (Tab-
type) that twist over matching features on the ETT, locking the 
two together (Figure 10C). All “Tab-type” ETE were broken or 
worn. The five most abundant tab-types make up 82.1% of the 
Tab-type suggesting few manufacturers making most of that type. 
Two of the 10 Tab-type ETE collected match ETT marked as DGK 
Corp., Ltd. and another as Yokosuka City, both in Japan. Because 
Tab-type ETE were so rarely found and all were broken or worn, 
the Tab-type probably had a limited production span for Japanese 
fishermen. None were found in stores or on the docks visited in 

Japan.

Eel trap tube length, width, end structure, hole number and 
pattern: A total of 433 pieces of cylindrical shaped ETT were 
collected from the HA, with 85% collected in the final year of the 
study (Table 4). Of those, a collection of 362 were examined and 
classified into two basic types based on the number of open ends 
in which to place ETE (Figure 11). Type-1 ETT, with two openings, 
comprising 17.2% of the collection, were further classified by the 
ETE attachment mechanism, length, opening diameter and the 
number of holes in the tube. Type-2 ETT, with one opening for an 
ETE, comprising 82.8% of the collection, were further classified 
by the length, opening diameter, the number of drainage holes in 
the tube, the presence of clip fasteners for attaching the ETE to the 
tube, and the mechanism at the cone-shaped tip for attaching the 
ETE to the groundline.

Figure 11: Eel trap tubes (ETT) found on shorelines in the North Pacific. Lettering indicates different types.

Type-1 ETT (Figure 11A-11C) are cylindrical tubes with ETE 
attached at both ends. Longitudinal indentations for pieces of 
metal to be attached (Figure 11B) help the trap sink and stay on 
the ocean floor. The ETT surveyed had just a few 7-8mm diameter 
holes for water drainage, to attach metal rods, or to attach a line to 
the groundline. Rectangular indentations (Figure 11C) often have 
Kanji markings branded into them. Type-1 came in two standard 
lengths (70, 75cm) with outside diameters of 16.5, 13.0 or 10.7 
cm. The ETT had 11 cm or 7.0 cm inside opening diameters, with 

three small protuberances on the outside of the narrow collar on 
both ends onto which a hook-type ETE twists onto. Approximately 
one-third of Type-1 ETT collected in the HA were embossed with 
letters “KAK”, representing the company Kabushikigaisha Abe 
Kogyo of Yoshikawa City, Saitama, Japan. One Type-1 ETT was 
embossed with “D.A.M.” representing the company Deutsche 
Angelgeräte Manufaktur which has a history of manufacturing 
fishing gear. Type-1 were the most commonly seen ETT on boats 
and docks in Japan and in online images of Japanese fishing boats, 
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therefore they were named “Japan type” and assumed to have come 
from fisheries in waters around Japan. Three ETT collected were 
of Type-1, but with a broadly triangular cross section (Figure 11B) 
made by KAK. Two other ETT had tabs in the opening to which 
Tab-type ETE were attached. These matched ETT marked as DGK 
Corp., Ltd. and as Yokosuka City, both in Japan. After extensive loss 
of gear caused by the 2011 Tōhoku tsunami, Japanese fishermen 
in Miyagi prefecture initially purchased replacement Type-1 ETT 
from Chinese manufacturers. 

South Korean manufacturers have started producing tubular 

ETT with ETE at both ends (Figure 12), 60cm long, 12 cm diameter, 
with 48 holes, but differing from Japan Type-1 ETT by attaching the 
ETE with clips, and the absence of slots for attaching metal rods. 
These are designed for the small-boat coastal fisheries. Two tubes 
have been found with the clips, also containing two knobs that are 
properly sized and spaced to fit into ETE with hooks, and with 12 
holes in the upper rim, suggesting they were specifically designed 
to also work with hook attachments. Some ETT incorporate metal 
rings into the plastic tube, instead of external rods, so they do not 
float. 

Figure 12: The hybrid style of eel trap tubes (ETT) is now being made in South Korea with two clips at both ends.

Cylindrical ETT handmade of polyvinyl chloride pipes were 
observed in Taiwan and in Tokyo Bay, Japan. With a specific 
gravity higher than seawater, they do not float and would not be 
carried by currents from site of use. These ETT were fitted with 
metal ETE, curved sheets of polypropylene, or standard Plain-type 
ETE that were tied on to the ETT.

The larger Type-1 ETT used in Taiwan for moray eels (Figure 
11A) are 107 cm in length and 15.5 cm diameter opening, with 
longitudinal indentations and a variable number of holes added 
by the fishermen, mainly for attachment of a rope to a buoy or 
groundline. The ETE fits over the narrow end of the tube and 
is attached by tie wraps, wire or line through holes in the ETT. 
From observations all around Taiwan of eel fishing boats and 
gear stored on docks, this Type-1 ETT is used almost exclusively. 
Although they float, none of these ETT have been found on North 
Pacific shorelines as part of this study. 

Type-2 ETT (Figure 11D-11H) have ETE attached at only one 
end, by clips, and are funnel-shaped at the other end. The tip is 
shaped to attach a rope (Figure 11D, 11F, 11H) or a mechanism 
(Figure 11G) to secure the ETT to a groundline. Worn shoreline-
collected Type-2 ETT ranged in length from 51.5 cm – 55.5cm 
(average 53.4 cm) and 10-12 cm diameter. Approximately 144-

322 holes (mean = 238), 6-8 mm in diameter, perforate the ETT 
along its length. A ridge to strengthen the cylindrical shape is 
variously placed near the open end. Knobs may adorn the end of 
the cylinder, along with the two movable clip fasteners to secure 
the ETE to the end of the tube. ETE for Type-2 ETT have outside 
diameters ranging 11-13 cm, slipping over the open end. 

The mechanisms for automatic disentanglement of the trap 
from the groundline (Figure 11G) were first used in 2000 [95] and 
by 2014 all large commercial eel trap fishing boats in South Korea 
were using the automatic separating system. It is not known to 
be used in other countries. Models from different South Korean 
manufacturers can be distinguished by design and color of the 
mechanism. Type-2 ETT, with or without the release mechanisms, 
were observed as the most commonly used gear at fishing ports 
throughout South Korea, especially on large boats that lay 7,000-
10,000 traps on a single groundline set, suggesting South Korea 
as a major source of Type-2 ETT derelict gear. As the Type 2 
style is also used by China’s fisheries in the East China Sea, we 
do not know the relative contribution of derelict Type-2 ETT on 
shores of the HA by Chinese or South Korean fisheries. However, 
the predominance of this ETT type corresponds to the likely 
predominance of ETE debris from these two nations. 

6http://dx.doi.org/10.19080/OFOAJ.2026.19.556007


How to cite this article:  Carl J B, Ning Y, Eo Jin S, Haodong X, Megan L, et al. Source Identification of Multinational Abandoned, Lost, or Discarded Fishing 
Gear from the Eel and Hagfish Trap Fisheries throughout the North Pacific Ocean. Oceanogr Fish Open Access J. 2026; 19(2): 556007.
 DOI:  10.19080/OFOAJ.2026.19.556007

0021

Oceanography & Fisheries Open access Journal

Chemical composition of ETE and ETT: Polymer analysis 
of twenty pieces of derelict ETE found on Oʻahu for Type-2 ETT 
done by Corniuk et al. [54] showed they were composed of five 
different polymers (abbreviations as in [54], all of which were 
blends (LLDPE/PP, HDPE/PP, LDPE/HDPE/PP, LDPE/ LLDPE/PP, 
EVA/LLDPE). LLDPE/PP and HDPE/PP were the most common 
polymer mixtures, but two baskets were made of EVA/ LLDPE. 
Of ETE with attached basket and funnel, two were of the same 
polymer and three had mismatched polymers. Polyethylene (PE) 
has a general range in density of 0.915-0.965 g/cm3, polypropylene 
(PP)of 0.905 g/cm3, therefore all blends would have a density of 
less than that of seawater, meaning that they would float.

Additional ETE were analyzed in the current study. A derelict 
ETE had mismatched HDPE/PP funnel and LLDPE/PP basket. 
Analysis showed that a new ETE basket from Korea was composed 
of LLDPE/PP and of four new ETE baskets from Englund Marine 
Supply, three were composed of HDPE/PP and one of LLDPE/PP. A 
derelict ETE mislabeled as “biodegradable” in Hangeul script was 
composed of LDPE/LLDPE/PP.

KAK reported that Type-1 ETT and their corresponding ETE 
were composed of recycled PE from Ishizuka Chemical Sangyo 
Co., Ltd. Analysis of a KAK factory new ETT and aged derelict 
Type 1 ETT (e.g., Figure 11C) and an aged hook-type ETE (e.g., 
Figure 10B) by the Yonsei University laboratory confirmed PE 
as the main ingredient with surface chemical analysis indicating 
possible polyurea or polyurethane additives. Aged ETE and ETT 
pieces had both significant oxidation and surface adsorption 
of inorganic elements (Mg, Si, K, Fe, Al), while several inorganic 
elements (e.g., Mg, Al, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ag, Cd, Ce, Pr, 
Pb) were found only on the aged sample, not on the new sample. 
Overall, seawater-driven aging changes plastic surface chemistry 
promoting inorganic element adsorption and potentially elevating 
cytotoxicity risk [67].

Meanwhile, analysis of a new and an aged plain type 
ETE (Figure 10A) by Jang et al. [41] found the ETE contained 
hazardous chemicals including antioxidants, phthalate, bisphenol 
A, UV stabilizers, polybrominated diphenyl esters (PBDE) 
and non-PBDE (brominated flame retardants) from the use of 
recycled plastic stock. Consequently, aged eel traps with adsorbed 
inorganic elements and leaching hazardous chemicals must be 
considered dangerous to marine life. The breakdown of ETE into 
microparticles ingested by birds makes this toxicity particularly 
worrisome. Production of ETE with recycled materials should be 
discontinued and replaced by non-toxic biodegradable polymers.

KAK’s new ETE are made of polyoxymethylene, a more 
durable polymer. With a density of 1.410-1.420 g/cm3, these 
ETE sink in seawater (density 1.02 to 1.03 g/cm3), do not float in 
ocean currents and remain operable as ghost gear for extended 
periods. Therefore, the KAK Type-1 ETT and ETE found in the HA 
correspond to the older models likely made of mixtures of PE or 
PP.

The South Korean National Institute of Fisheries Science 
developed biodegradable polymers, polybutylene succinate/
poly butylene adipate-co-terephthalate (PBS/PBAT) in 2005 for 
fishing nets that were adapted for ETE in order to stop eel trap 
ghost fishing [99]. Kim et al. [101] report the use of polybutylene 
succinate (PBS/PBEAS) as a better polymer for nets and traps. 
Both biodegradable materials have a specific gravity greater 
than seawater; thus, they do not float and consequently are not 
carried by ocean currents. These biodegradable ETE eventually 
break down in situ, preventing ghost fishing. The South Korean 
government subsidized the manufacture and distribution of 
260,000 biodegradable ETE, but in part because of their higher 
cost, there has been low acceptance by fishermen.

The percent composition of the mixtures of PE and PP cannot 
be used to identify the manufacturers of ETE or ETT, as their 
composition varies with the source of the recycled plastic used 
in manufacturing, and the baskets and funnels may be made 
separately, at different times, with completely differently sourced 
polymers. 

Identification of source location by attached biofouling 
organisms

A selective sampling of biota attached to ETE from the MHI 
between 2021 and 2024 were identified to taxa and suspected 
geographic origin (Supplemental material 3). A total of 121 
samples were analyzed. Aside from the pelagic biota (Jellyella 
bryozoans and Lepas barnacles), acquired in transit, most of 
the taxa appear to have recruited to the ETE after arrival in the 
Hawaiian Islands, including no fewer than 5 species of barnacles 
found to occur both in the Hawaiian Islands and in the Western 
Pacific. Biota of unknown provenance included sponges, 
serpulids, spirorbids, sabellariids, the coral Pocillopora, and the 
foraminifera Planorbulina and Homotrema, all of which could 
originate from Asia or from Hawaiʻi. Specimens of the tree oyster 
Isognomon sp. of 2-3.5 mm length suggests Hawaiian settlement, 
while one at 16 mm, the same size specimens of the strictly Asian 
mussel Mytilus coruscus (12, 17 mm) suggests Asian settlement. 
Specimens of the leaf oyster Dendostrea folium, were almost 
certainly of Asian origin based on their larger size (ranging from 
29.0 to 88.5 mm), indicating that they grew in situ during oceanic 
transit. Both species were reported from 2011 Tōhoku tsunami 
debris [65]. The presence of Asian bivalves further supports the 
origin of the ETE being coastal waters of the subtropical Western 
Pacific. Haram et al. [73] demonstrated that coastal species may 
colonize, survive and reproduce on plastic debris in the NPO and 
that coastal invertebrate taxa from there were largely of Western 
Pacific origin. Coastal taxa occurred on 70.5% of debris items, 
including on ETE [73]. Eel traps, especially those used in Japan, 
are weighted with pieces of metal strapped on by thin wire (~ 
0.7mm diameter) or line. If not retrieved, those traps will remain 
on the bottom until the strapping material disintegrates, allowing 
the plastic trap to float to the surface, with benthic organisms 
attached.
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Local marketing and international e-commerce of eel 
and hagfish traps

Manufacturer markings on DEFG showed that ETE and ETT 
were made in all four Asian countries where there are conger 
eel and hagfish fisheries (China, South Korea, Japan, Taiwan). No 
manufacturers in the USA were found. We had direct contact with 
and visited five manufacturers in South Korea (Yooil Industry, 
Youngjin Industry, Tongyeong Tongbal, Gosung Tongbal, Bukyoung 
Industry) and one in Japan (KAK) to view the manufacturing 
process and discuss sales. Traps can be bought in large quantities 
directly from the manufacturer, or in small quantities through 
fisheries co-operatives or marine supply stores. Visits were 
made to marine supply stores in the western USA, South Korea, 
Japan, and Taiwan to see what they were selling and where they 
were getting eel traps from. In the western USA all ETE were 
obtained either through the wholesale buyers of the hagfish, or 
from Englund Marine Supply, which purchased them directly 
from Bukyoung Industry in South Korea. Fishermen in each 
country appear to have almost exclusively used plastic eel traps 

patterned after their country’s traditional models. Nevertheless, 
some fishermen now use a favored brand of ETT, with ETE from 
a different manufacturer, perhaps even from a different country. 
Korean manufactures are now producing ETT resembling Type-
1 ETT (Figure 12), traditionally made only in Japan, for use on 
Korean small non-mechanized boats. As eel trap components 
can be purchased via e-commerce on company or retail websites 
that deal in international trade (Supplemental material 4), 
identification of the manufacturer is of little value in determining 
the source of the DEFG, unless the manufacturer reveals to which 
specific areas of the North Pacific it supplies. Visits to local marine 
supply stores, however, are informative in providing information 
on both type of gear sold and amount for local fishermen. 

Manufacturer marks are injection molded onto ETE

In collections from throughout the North Pacific there were 22 
distinct types of markings on ETE (Table 9), with Korean Hangeul 
lettering identifying South Korean companies, or with product 
registration numbers.

Table 8: The total count of items sampled for the different characters varied upon ETE availability, hence different sample size numbers in sub-sets.

Character Sample Size Percent

Sub-set A 9,325  

Complete   72.2%

Pieces   27.8%

Baskets   49.0%

Funnels   26.0%

Whole - combined   25.0%

Sub-set B 8,312  

Writing on rim   9.7%

Sub-set C 4,129  

Dots on rim   6.1%

Hooks on rim   1.1%

Tabs on rim   1.0%

Sub-set D 5,534  

Rim outer diameter    

<12.25 mm   14.0%

~12.75 mm   82.0%

>13.25mm   4.1%

Legible writing on the upper face of the basket rim was 
recorded in 9.76% of 8,312 ETE from the HA (Table 9). One 
company, Youngjin Industry, had three versions of lettering (#1, 
11, 19) and comprised 6.64% of the collection (Figure 13). Yooil 
Industry (#2) comprised 1.47%. Number 7 with just registration 
numbers, comprised 0.84% and Daejoo Co. (#6, 8, 10, 14) 
comprised 0.53%. Biodegradable (#12) by Tongyeong Tongbal, 
comprised 0.17%. Company patent registration numbers (#6, 

#7, #17) and outdated telephone numbers (#17, #18) on the 
ETE indicate that some ETE are more than 20 years old. Of those 
with their names embossed on the rim, Youngjin Industry and 
Yooil Industry are today among the largest South Korean ETE 
producers, while many of the other companies are no longer in 
business. One ETE (#9) had “Made in Korea” in English. One ETE 
(#12) with “Biodegradable” embossed was made by Tongyeong 
Tongbal with regular low density non-biodegradable materials.
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Table 9: Markings and writings molded onto eel trap entrances (ETE).

ID Number Markings and Writings Translation

1 영진산업 Youngjin Industry

2 유일산업 Yooil Industry

6 의장등록 67898 Design Registration 67898

7 실용신안출원 제13232호 (0523)83-2666 Utility model application 13232 (0523)83-2666

8 대주산업 Daejoo Industry

9 MADE IN KOREA MADE IN KOREA

10 대주산업 inverted Daejoo Industry

11 영진산업 inverted Youngjin Industry

12 생분해성 Biodegradable 

13 12 Dots inside rim Braille?

14 ㈜대주 (Inc.) Daejoo

16 XXX XXX XXX XXX  

17 실용신안등록출원 제 7884호 대진 산업 충무 전화 
2-2708 Utility model application #7884, Daejin Industry Telephone 2-2708

18 한진 T92-8872 Hanjin T92-8872

19 영진산업 inverted Youngjin Industry

20 Dots all around top of rim  

21 4 디자인출원 30-2022-0058653 4 Dijainchurwon 30-2022-0058653

22 山角 刘 13864224186 Shanjiao Liu 13864224186 

23 山角 刘 13864224186 Shanjiao Liu 13864224186 

24 山角 刘 13864224186 Shanjiao Liu 13864224186 

25 山角 刘 13864224186 Shanjiao Liu 13864224186 

26 山角 刘 13864224186 Shanjiao Liu 13864224186 

Mold makers included a pattern with 12 Braille-like dots 
(#13) on the inside rim of ETE and single digit inverted numbers 
(1,2, or 8), or a series of closely spaced 1-4 dots in the top of 
the rim. In a separate collection of 677 ETE from Jeju Is., Korea, 
218 (32.2%) were marked with “Youngjin Industry“ on the top 
of the rim, 207 were marked with inverted numbers (1,2,3, or 
4), and 184 had both numerals and “Youngjin Industry”. Eighty-
one had no discernable markings. This paired the mold marks 
to the manufacturer and showed that mold marks and lettering 
can change, or be eliminated when a new mold is made, making 
it difficult to identify the manufacturer. Injection molds for ETE 
become worn and must be replaced every 2-3 years with changes 
made at fishermen’s suggestions or the mold maker’s whim. 
Without records of when each type of ETE was produced, it is not 
possible to define precisely how old an ETE is. 

The letters “KAK” (Figure 10B) found on two ETE, and a 
single ETE with tabs that matched ETT with Japanese characters 
for “Toho Plastics”, were the only indication of ETE being made 
in Japan. Chinese characters found on ETE (#22- #26, Table 9) 
identified Qingdao Dedong Plastic Processing Factory, Shanjiao 
Community, Hetao town, Hongdao Economic Development Zone, 

Qingdao City, Shandong Province, China and its telephone number.

Another distinctive characteristic of ETE rims were 33-66 
dots around the top of the rim, a feature which comprised 6.1% 
of a sub-sample of 4,129 ETE from the HA (Table 8). These Plain-
type ETE would be tied on to the ETT or held on by a fastener. The 
diameter of the ETE and the number of dots varied, with 37- 38 
dots being the most common number. The separate sample from 
Jeju Is. had 21 ETE (3.1%) with 37, 38, or 59 dots. ETE with 37 dots 
were found being sold in a marine supply store in South Korea. 
We don’t know if numbers of dots varied because of different 
manufacturers using the same design, or a manufacturer making 
many models and changing features over time. It is unclear if 
these patterns are specific to the mold maker or requested by the 
injection molding company.

More than 90% of the ETE collected were unmarked and 
the remaining marked ETE simply indicated the Asian country, 
manufacturer and perhaps factory location of where the ETE were 
made. The relative abundance of each marking could be associated 
with the relative market share of the identified producers, 
durability of their products, or differences in fishermen’s method 
of disposing of damaged ETE.
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Figure 13: Examples of markings on rims of eel trap entrances (ETE) identifying the manufacturers. top: 영진산업 Youngjin Industry. bottom: 
유일산업 Yooil Industry.

Manufacturer marks are injection molded onto ETT: While 
derelict ETE collected in the HA were more than 50 times more 
abundant than ETT, a greater percentage of ETT were embossed 
with company names or branded with other identifying marks. 
Of the 44 Types-1 ETT examined, 34.1% had “KAK” embossed in 
large letters midway on the tube. 

The remainder of the markings recorded were on Type-2 
ETT (Table 10). Ten Type-2 ETT with Korean Hangeul markings 
were collected in the HA, southern Japan (Fukuoka, Nagasaki) 
and southern Korea (Jeju Is., Yeosu City). The ETT markings 
represented Korean companies already identified on ETE (Daejoo, 
Yooil, Youngjin) and two other companies (Dong Young, Samhwa). 
All began operations in the late 20th century but of those only 
Yooil and Youngjin are still producing ETT. Two ETT had “Made in 
Korea” along with a registration number and one had the name of 
Youngjin Industry in Hangeul. 

A survey of docks and fishing boats in Taiwan showed exclusive 
use of distinctive large Type-1 ETT with the manufacturer’s 
name molded into the tube (Figure 11A, Table 10); they were 
thus identified, as made by “Sea Pearl” in Tainan City, Taiwan 
and by “Haikou Minchuang Plastic Products Co., Ltd.”, originally 
called “Zhendong Plastic Factory”, made in Haikou, Hainan 

Province, China. Due to their durability and high cost, these ETT 
are likely retrieved diligently by fishermen and rarely discarded 
intentionally. Consequently, these ETT would not likely become 
ALDFG and none were found derelict on shorelines of any of the 
participating countries. 

User-specific embossed, branded, or scratched in 
identification markings

Some fishermen in various countries added identifying marks 
to their ETT. West coast USA fishermen scratched their boat’s 
name into hagfish barrel traps to facilitate their return when lost. 
One Tab Type-1 ETT had written in Kanji, “Yokosuka City Eastern 
Fisheries Association” on the tube rim (Table 10) giving a more 
precise location (Kanagawa Prefecture) for the Japanese users 
of that unique gear. Similarly, Japanese conger eel fishermen in 
Miyagi Prefecture heat branded some combination of the name 
of the prefecture, town, guild, company, boat or fisherman’s name 
into the two rectangular depressions molded into the Type-1 tube 
(Figures 11C & 14). If lost at sea and later recovered, the owner 
of the ETT could be identified by the markings. Fifty distinctive 
brandings were recorded, with 16% identified as being from 
Miyagi Prefecture. 
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Table 10: Markings and lettering molded into eel trap tubes (ETT).

Language Location 
Found Writing Translations

Korean Kauaʻi 대주산업 Daejoo Industries 

  Laysan 대주산업 Daejoo Industries 

  Kauaʻi 대주산업 Daejoo Industries 

  Japan 유일산업 Yooil Industries

  Japan 실용신안 특허 23027호 
의장등록 38101호 Utility Model Patent No. 23027 Design Registration No. 38101

  Maui 실용신안 특허 23027호 의장등록 
38101호 

Utility Model Patent No. 23027 Design Registration No. 38101 Daejoo 
Industries Telephone 2-2708

  Kauaʻi 실용신안등록 제058264호 제058133호 
MADE IN KOREA

Utility ModelRegistration Number 058264 No.058133 MADE IN 
KOREA 

  Korea 동영 DONG YOUNG 부산 3736 92 - 4626 Dong Young Busan 3736 92-4626

  Korea 

코뿔소통발 
영진산업 

TEL (055)641-0366~7 
MADE IN KOREA

Rhinoceros Trap Youngjin Industry TEL (055) 641 - 0366~7 MADE IN 
KOREA 

  Korea 
삼화산업 

부산 [I]89-1555 
자 414-3240

Samhwa Industry, Busan ( l ) 89-1555 Ja 414-3240

Chinese Korea 青岛 城阳 河?? 山角? 1386422418 Shandong, Qingdao, Chengyang District, Shanjiao Village

  Kauaʻi 青岛 城阳 河?? 山角? 1386422418 魯胶
漁 60117 Shandong, Jiaozhou City, LuJiaoYu 60117 

  Oʻahu 魯胶漁60060 LuJiaoYu 60060

  Korea 青岛河套镇山角社区15064201286 Shandong, Qingdao, Hetao Town, Shanjiao Community

  Taiwan Haikou Zhendong Plastic Factory Hainan, Haikou City

  Taiwan Haikou Minchuang Plastic Products Co., 
Ltd. Hainan, Haikou City

  Taiwan Sea Pearl (海珍珠) 08.8801672 Pingtung County, Tainan City, Taiwan

  Taiwan Sea Pearl (海珍珠) 0938383370, 08-
8883562 Pingtung County, Tainan City, Taiwan

  Hawaiʻi 青岛城阳区河套镇孟家村 0532-
7821443 Shandong, Qingdao, Chengyang District, Mengjia Village

Japanese Japan
 横須賀市東部漁協研究会開発製品　実
用新案 65438 75047　特許 56800　製

造元　東宝プラスチックKK

Product developed by Yokosuka City Eastern Fisheries Association 
Research Association Utility Model 65438 75047 Patent 56800 Manu-

facturer Toho Plastic KK 

Fishermen of Omotehama Branch of Miyagi Prefecture 
Fisheries Cooperative Association confirmed that some of the 
brandings recorded were from that area. Brandings on an ETT 
found on Kauaʻi Is. and one on Laysan Is. matched those stockpiled 
in Ishinomaki. Fishermen said the 2011 Tōhoku tsunami had 
destroyed the conger eel fishing fleet and land-based gear storage 
areas, washing gear both inland and out to sea. Whereas before 
the tsunami there were 60 eel fishing boats in the prefecture, now 
there are only 20. About 70% of the eel traps (~40,000) were 
never recovered by the fishermen. While there is no longer a need 
to mark gear, due to the reduced fleet size, some old, marked gear 
is still in use and some may still be on the ocean floor, ghost fishing.

These branded ETT appeared in the HA only late in this 
study (September 2023) and were accompanied by types of 
debris that had been previously (2012-2018) associated with 
debris from the 2011 Tōhoku tsunami. These included large 
hard-plastic boxes used to move small fish from fishing boats 
to dock-side distributors. Kanji characters painted on the boxes 
indicated that they were from Aomori, Fukushima, Iwate and 
mainly Miyagi prefectures. Plastic stakes (PIPRO Corp., Japan) 
with site identification tags, used in Japan to mark land property 
boundaries, were also from Iwate and Miyagi prefectures. The 
coincidence of these items of tsunami debris now appearing, after 
likely recirculating in the North Pacific Subtropical Gyre, supports 
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the conclusion that most of the Type-1 ETT recently collected 
originated from Japan, and were discharged into the ocean by 
the tsunami and not by fishermen discarding gear overboard. 
Other catastrophic events, e.g., earthquakes and extreme weather 
events, on land or at sea, may also be responsible for fishing gear 
becoming lost to the ocean. 

China is a source of derelict Type-2 ETT, based upon Chinese 
markings on two ETT found in South Korea and two found in 

Kauaʻi (Figure 11H, Table 10), and in online advertisements 
(Supplemental material 4). The Chinese markings (Figure 15), 
identify Shanjiao Community, Qingdao City, Shandong Province, 
China, along with a telephone number, the good luck symbol 發, 
and official boat registration numbers. An additional ETT had 
markings of Mengjia Village which was consolidated into a sub-
district in 2001, meaning that the ETT is over 24 years old. These 
traps were most likely deployed in the Yellow Sea.

Figure 14: Examples of Japanese kanji brandings on Type-1 eel trap tubes (ETT) collected from the Hawaiian Archipelago (HA).

Figure 15: Chinese markings on a Type-2 eel trap tube (ETT) collected on Kauaʻi.
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The user-specific markings on ETE and ETT provide the most 
precise information on the source of derelict fishing gear found 
in the HA. We advocate for the individual marking of ETT, buckets 
and barrels used by eel fishermen as it will facilitate the return 
of lost items to their owners. ETE are relatively cheap and easily 
damaged, so there is little incentive to return them to owners. 

Site visits

One of the most important aspects of this project was the 
multinational effort to visit the manufacturers and retail sellers of 
eel traps; this provided useful information only when individuals 
would specify the users of the gear. In most cases vendors only sell 
within their country. Derelict gear needs to be directly compared 
to what is on the eel trap boats or on their docks. Therefore 
authors visited ports, docks, stores, and boats in each of their 
respective countries: the states of Alaska, Washington, Oregon, 
and California on the west coast of the USA; Nagasaki, Fukuoka, 
Kanagawa, Fukushima, and Miyagi prefectures in Japan; Busan 
Metropolitan City, North and South Gyeongsang provinces in the 
Republic of Korea; and fishing ports in the north of Taiwan and 
in the Penghu Archipelago. It is relevant to note that gear we saw 
on site visits was not necessarily the exact same model of ETE 
used more than 20 years ago when they were abandoned, lost or 
discarded. General shapes of ETT and the method of attachment 
of ETE to the tubes were distinct, at least by country. 

Fishermen overwhelmingly prefer gear that they are 
accustomed to using, or conformity, leading to a uniformity of 
gear type in each country and the purchase of gear from local 
manufacturers or retail outlets. Political conflicts among Asian 
nations and with the USA affects international trade in both fishing 
gear and the import/export of marine products. This is especially 
relevant among fishermen targeting limited resources in cases of 
disputed maritime boundaries. Uniformity of certain gear design 
allows ALDFG, or stolen fishing gear, to be used interchangeably 
by fishermen from different nations, e.g., China and South Korea. 
We have yet to obtain information on the types or quantity of eel 
traps currently being used in China. 

Discussions with fishermen provided valuable insights into 
their perception of how other fishermens’ gear ended up derelict 
in the ocean and how mitigation efforts, e.g., biodegradable gear, 
might be effective at reducing ghost fishing, if widely adopted. 
Although they have experienced little gear loss, hagfish fishermen 
from Alaska, Oregon and California learned of the ghost fishing 
problem in Asia and tested Korean-made biodegradable ETE, that 
we provided, on their traps to determine durability under western 
USA fishing conditions.

Discussion

The purpose of this study was to identify both the specific 
sources of derelict eel/hagfish traps found in the HA, and the 
interventions most suitable to avoid, minimize and remediate 
the DEFG depending on fishery-specific contexts. Gilman et al. 

[11] present 36 probable causes of the formation of ALDFG (a 
large number because the causes vary greatly by fishery, region 
and gear type). Their cause most suited to the small-scale eel/
hagfish fisheries in the NPO is limited awareness or low concern 
over adverse consequences of ALDFG. For large offshore fisheries 
their most suited causes are 1) worn/damaged gear components 
perceived to be most convenient to discard or abandon at sea 
and 2) insufficient storage room onboard for all gear, e.g., when 
storage space is subsequently used to hold the catch. They present 
another table for the methods to address each cause within a 
sequential mitigation hierarchy [11].

The eel/hagfish fisheries of the NPO provide a unique set of 
case studies of a single gear type (traps with ETE) being used on 
a small variety of anguilliform species, from small-scale regional 
fisheries, over a limited geographical range. This gear type has 
had little awareness or study to date, yet the derelict ETE are 
found abundantly across the North Pacific.

The eel/hagfish fishing fleets from the four nations studied 
engage vessels of two general size classes: 1) small coastal boats 
operating in Japan, Taiwan, the western USA and Korea; and 2) 
South Korea’s large offshore vessels. While we lack direct access 
to Chinese fleet data, the presence of Chinese markings and the 
scale of their fishing operations in the East China Sea suggest they 
share similar operational characteristics with the Korean large-
vessel fleet.

Because of the cost of the vessels, their operating costs and 
the cost of the traps, the smaller boats operate on a slim profit 
margin and the fishermen owners of the boats are likely to be 
careful in the handling of gear to prevent loss or damage and to 
repair gear. In some cases, fishermen put individual identification 
marks directly on the traps, so that they can be returned if lost. 
Because of the small size of the ETE, the low number broken each 
fishing trip, and the short duration of each trip, there is not a great 
accumulation of broken ETE during a trip and fishermen report 
that they bring the broken ETE ashore. As the traps are made of 
recycled plastic it is difficult to recycle further due to biofouling, 
chemical additives and polymer fragmentation in the blending 
process, thus they have no value and are discarded on land as 
trash. We suggest that this accounts for the very small number of 
both ETE and ETT collected ashore in the HA that we can attribute 
to small-boat fishermen from Taiwan, Japan, and the western USA. 
The large number (~4,600) of Korean small-boat fishermen may 
contribute more DEFG than the other three nations combined. 
There is additional loss of ETE and ETT due not to fishermen 
negligence, but to catastrophic atmospheric or oceanic events 
from all countries in this fishing industry. To reduce such gear loss, 
when not in use, it should be stored safely in areas not inundated 
by flooding or tsunami events. 

Our initial discussions with a few fishermen from several 
nations showed a widespread lack of awareness that ETE 
disperse to far shores of the North Pacific, and that they can 
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cause harm to wildlife. We propose the most effective mitigation 
method for the small-boat eel/hagfish fisheries is region-specific 
education programs about the long-distance impact of DEFG, 
e.g., an education program on South Korean television that we 
collaborated on4. These would be conducted via social media and 
especially including community beach cleanups targeting DEFG to 
protect marine life. Apps for e-reporting DEFG have been shown 
to engage community participation. DEFG should be added to 
the Apps as a specific category of gear to be reported. Fishermen 
could be reached most effectively through Fishery Co-operative 
Associations that manage nearshore fisheries [102]. The large, 
mechanized vessels of South Korea are a major source of derelict 
ETE, because the ship owners believe it is more cost effective to 
replace ETE frequently. This is due to the time it takes to inspect 
and ensure that re-used ETE will not break and allow animals to 
escape. Disposing of ETE at sea frees up space for the catch and 
eliminates the cost of disposing of the worn gear on land.

The Korean government has taken steps to mitigate the effects 
from the large-vessel eel/hagfish fisheries:

a)	 In 2015 the Korean Ministry of Maritime Affairs and 
Fisheries started a mandatory reduction in fishing vessels as a 
resource management tool, including 19 of the 70 offshore eel 
trap-fishing vessels (27%) and an unspecified number of coastal 
trap-fishing vessels. This may affect the number of ETE discarded 
annually by Korean fishermen5.

b)	 The Korean government’s development of biodegradable 
ETE and initially subsidizing their cost to fishermen, is an 
advanced method to mitigate effects of DEFG, especially ghost 
fishing, for all sized boats. The increased cost of the ETE and 
fishermen’s reluctance to accept modifications in gear has led to 
lack of acceptance. World-wide efforts should be made to support 
the development of new non-toxic materials with biodegradation 
rates designed for specific habitats and corresponding fisheries, 
and to work for their acceptance in fisheries worldwide. 

Conclusion

Plastic cone-shaped trap entrances used for catching eels and 
hagfish are ubiquitous on shores throughout the North Pacific, 
carried away and deposited by currents of the greater North 
Pacific Subtropical Gyre. Islands of the Hawaiian Archipelago are 
especially heavily impacted by ALDFG from multinational east 
Asian fisheries, as determined through hierarchically ordered 
forensic analysis of DEFG from shores throughout the Pacific. This 
paper contributes to the understanding of the extent of the DEFG 
problem in the NPO and identifies the nations whose fisheries are 
responsible.

Manufacturers’ marking on gear no longer reliably identifies 
the country where it was used, as the internet now enables 

international sale and distribution across nations. However, 
fishermen from each country in the region have developed 
preferences for distinctively different gear, and the size of their 
annual catch suggests the relative abundance of each nation’s 
contribution of DEFG. The eel and hagfish fisheries of the western 
USA, Taiwan and Japan are orders of magnitude smaller than 
those of South Korea’s and China’s fisheries, both operating in the 
East China Sea. The Korean fleet of highly mechanized, large eel 
fishing vessels are reported to discard millions of used ETE into 
the ocean annually. While the exact quantitative contribution of 
ETE from Chinese fisheries is difficult to distinguish from Korean 
gear, the sheer scale of their fishery in the East China Sea suggests 
they are likely a major contributor alongside South Korea.

Distinctive markings found on Chinese and Japanese ETT 
precisely identify the user of the gear, but do not explain how 
the ETT ended up floating in the ocean. We cannot necessarily 
attribute all DEFG to fishermens’ actions, as natural cataclysmic 
storms, earthquakes, or tsunami events can sweep away gear 
from both land and sea. However, efforts must be made to stop 
the intentional discharge of ETE into the ocean and promote 
the removal of gear already in the marine environment. This 
requires multinational education programs that communicate the 
effects of ALDFG, especially in communities supporting the eel or 
hagfish fisheries. Effective removal requires a pan-Pacific effort of 
community-based beach cleanups to target the removal of DEFG 
from shorelines and mid-ocean (e.g., initiatives like Hawaiʻi Pacific 
University’s Center for Marine Debris Research’s ALDFG bounty 
project or The Ocean Cleanup) as quickly as possible, before it is 
ingested or entangles marine fauna. 

The examination of a combined 21,891 ETE and ETT provided 
the discovery of rare gear with markings that identified their 
sources and documented cases of their persistence in the ocean 
for over 20 years, further highlighting the need for biodegradable 
gear. We recognize and commend the early development of 
biodegradable ETE by Korean scientists, as it was an effort 
to stop ghost fishing by eel and hagfish traps. Coincidentally, 
the biodegradable material used in ETE has a higher density 
than seawater, preventing long-distance dispersal, while its 
biodegradability eventually eliminates the risk of ghost fishing. 
The further development of non-toxic, inexpensive biodegradable 
gear, and the sharing of success stories in usage are ultimately 
needed for fishermen’s acceptance.

The hierarchical framework for source identification of 
fishery-specific sources of ALDFG presented here, when matched 
with the sequential mitigation hierarchy framework presented 
by Gilman et al. [11] better defines appropriate interventions 
and other ALDFG mitigation efforts for curtailing discharge of 
pollution from fisheries worldwide. 

4Korea Public TV report 

https://www.hankookilbo.com/News/Read/A2024080306130005123?did=NA
5https://dk.breaknews.com/sub_read.html?uid=77656
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