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Abstract — Artificial reefs are structures installed to protect marine life and cultivate marine resources. After installa-
tion, the effects need to be reassessed. However, despite the installation of a staggering 1,435,618 artificial reefs, long-
term post-installation surveys have not been conducted. The vicious cycle of artificial reefs losing their original func-
tions due to marine debris entanglement is also frequently recognized. To address this issue, we investigated marine
debris around artificial reefs by integrating leisure activities and citizen science. We conducted surveys at a total of 18
locations using three methods: Underwater Debris Survey (UDS), Common Underwater Photography (CUP), and
Side Scan Sonar (SSS). The marine debris on four artificial reefs surveyed using UDS ranged from 4 to 15 items per
30 m*, weighing from 0.02 to 21 kg, with a significant proportion being plastic leisure fishing gears and discarded
commercial fishing gears. By combining scuba diving, Underwater Debris Survey (UDS), and citizen science, a new
type of scientific data collection, it is possible to achieve long-term monitoring of artificial reefs, obtain scientific data,
and pursue marine environmental protection and sustainable development of the marine leisure industry.
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Case No.l Case No.2

Case No.3 Case No.4

Case No.8 Case No.9 Case No.10

Fig. 1. Artificial reef damage cases by case no based on Table 1.
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Table 1. Case of damage caused by artificial reefs. Cases are collected from Kwak et a/.[2021] (1~7) and Team Booster (8~10)
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Case No Region Location Debris type
Youngjin-ri, Yeongok-myeon, 37°52'02.7"N o
! Gangneung-si, Gangwon-do 128°51'47.9"E Fishing gear
Bongpo-ri, Toseong-myeon, 38°15'32.5"N Lo
2 Goseong-gun, Gangwon-do 128°35'49.2"E Fishing gear
Jucheong-ri, Ganghyeon-myeon, 38°07'31.6"N L.
3 Yangyang-gun, Gangwon-do 128°38'51.7"E Fishing gear
Jucheong-ri, Ganghyeon-myeon, 38°0729.1"N .
4 Yangyang-gun, Gangwon-do 128°38'52.6"E Fishing gear
5 Namae-ri, Hyeonnam-myeon, 37°56'35.1"N Fishing oear
Yangyang-gun, Gangwon-do 128°48'56.2"E &8
6 Geomundo, Samsan-myeon, 34°01'14.5"N Fishine sear
Yeosu-si, Jeollanam-do 127°18'39.2"E g8
7 Namae-ri, Hyeonnam-myeon, 37°56'37.6"N Fishing gear
Yangyang-gun, Gangwon-do 128°48'56.6"E &8
Munamjin-ri, Jugwang-myeon, 38°17'48.5"N .
8 Goseong-gun, Gangwon-do 128°33'02.0"E Industrial waste
Munamjin-ri, Jugwang-myeon, 38°16'50.6"N .
? Goseong-gun, Gangwon-do 128°34'16.3"E Fishing gear
EE _ o ' !
10 Ayajin-ri, Toseong-myeon, 38°16'50.6"N Residential wastes

Goseong-gun, Gangwon-do

128°34'16.3"E

Fig. 2. Underwater debris survey (UDS) overview: (a) Concept diagram of manual for underwater debris collection and survey activities
using scuba diving; (b) UDS survey in action; (c) Underwater debris collected from 30 m’.
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Fig. 3. Method using Side Scan Sonar (SSS) for survey: (a) Starfish 450F by Tritech; (b) Survey diagram for using SSS.

Table 2. Survey date and points (n=18) with survey method. *Artificial reef (n=4). CUP (Common Underwater Photography); UDS

(Underwater Debris Survey); SSS (Side Scan Sonar)

Date Region (Number of survey) Survey method
2020-11-01 *Namae-ri (1), Hyeonnam-myeon, Yangyang-gun, Gangwon-do CUP
2021-10-09 Galdo (1), Namhae-gun, Gyeongsangnam-do UDS
2021-10-09 Galdo (2), Namhae-gun, Gyeongsangnam-do uUDS
2021-10-09 Galdo (3), Namhae-gun, Gyeongsangnam-do uUDS
2021-10-10 Sejongdo (1), Namhae-gun, Gyeongsangnam-do UDS
2021-10-10 Sejongdo (2), Namhae-gun, Gyeongsangnam-do UDS
2022-04-30 *Seogi-dong, Seogwipo-si, Jeju-do SSS, CUP
2022-05-22 Hyeongjeseom (1), Busan-si uDS
2022-05-22 Hyeongjeseom (2), Busan-si uDS
2022-05-22 Nam-hyeongjeseom (1), Busan-si uDS
2022-05-23 Nam-hyeongjeseom (2), Busan-si uUDS
2022-05-23 Mokseom (1), Busan-si uDS
2022-05-23 Mokseom (2), Busan-si UuDS
2022-06-25 *Namae-ri (2), Hyeonnam-myeon, Yangyang-gun, Gangwon-do CUP, UDS
2022-08-07 Hongdo (1), Tongyeong-si, Gyeongsangnam-do UDS
2022-08-07 Hongdo (2), Tongyeong-si, Gyeongsangnam-do UuDS
2022-08-08 Gukdo, Tongyeong-si, Gyeongsangnam-do UDS
2022-09-13 *Hyeonpo-ri, Ulleung-gun, Gyeongsangbuk-do CUP, UDS
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Table 3. Surveyed artificial reefs location and type information

Region Location Type of artificial reef Target
Namae-ri (1), Hyeonnam-myeon,

Yangyang-gun, Gangwon-do 37°57.837'N, 128°47.237'E Dice (Fig. 5-(a)) Fish
Namae-ri (2), Hyeonnam-myeon, 37°56.720'N, 128°47.670'E Semlcl.rcle-branched Shell, Fish
Yangyang-gun, Gangwon-do (Fig. 5-(b))

Hyeonpo-ri, Ulleung-gun, o o . . .
Gyeongsangbuk-do 37°31.804'N, 130°49.166'E Dice (Fig. 5-(a)) Fish
Seogi-dong, Seogwipo-si, Jeju-do 33°14.453'N, 126°34.400'E Triangular (Fig. 5-(c)) Shell, Seaweed

ot FEENA WA 910l A B WAL olgste]  ofx M) B, o)zo] Ful, 7%, Y WA 5o BuE A%
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|

Fig. 4. (a) Detailed location of surveyed artificial reefs. (b) Yangyang-gun, Gangwon-do, (c) Ulleung-gun, Gyeongsangbuk-do, (d) Seogwipo-si,
Jeju-do.
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(b) (c)

Fig. 5. The type of artificial reefs installed in each region: (a) Dice
reefs in Yangyang-1, Ulleung; (b) Semicircle-branched reefs in Yang-
yang-2; (c) Triangular pyramid reefs in Seogwipo (Artificial reef
information book from Korea Fisheries Resources Agency).
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Table 4. Underwater debris survey results include artificial reef (*), rock bed and gravel field (**). All site survey area is 30 m’

. Type of . Number per Weight (kg)
Region survey Type of debris (qty) 30 m’ per 30 m
*Namae-ri (1), Hyeonnam-myeon,
CUP - - -
Yangyang-gun, Gangwon-do
Galdo (1), Namhae-gun, Gyeongsangnam-do UDS gllsilslsnzgﬁoods (6), Fishing gears (1), Can (2), 10 1.4
Fishing goods (6), Fishing gear (6), Plastics (1),
Galdo (2), Namhae-gun, Gyeongsangnam-do UDS Glass (1), Fiber (1) 15 4.6
Fishing goods (2), Fishing gears (1), Plastics (5),
k% - -

Galdo (3), Namhae-gun, Gyeongsangnam-do UDS Cans (1), Glass (1), Fiber (1) 11 1.9
Sejongdo (1), Namhae-gun, Gyeongsangnam-do UDS Fishing goods (6), Fishing gears (5) 11 0.5
Sejongdo (2), Namhae-gun, Gyeongsangnam-do UDS Fishing goods (7) 7 0.9
*Seogi-dong, Seogwipo-si, Jeju-do SSS, CUP  Fishing gears (Rope) - -

. m Fishing goods (3), Fishing gears (5), Plastics (1),
Hyeongjeseom (1), Busan-si UDS Cans (3), Glass (1) 13 2.4
Hyeongjeseom (2), Busan-si UDS Fishing goods (7), Fishing gears (2), Plastics (2) 11 23
Nam-hyeongjeseom (1), Busan-si UDS  Fishing goods (5), Fishing gears (3), Plastics (2) 10 21.0
: . " Fishing goods (6), Fishing gears (1), Plastics (5),
Nam-hyeongjeseom (2), Busan-si UDS Cans (2), Glass (1) 15 2.2
Mokseom (1), Busan-si UDS Fishing goods (3), Plastics (1) 4 0.7
Mokseom (2), Busan-si UDS Fishing goods (1), Fishing gears (3), Plastics (5) 9 1.2
*Namae-ri (2), Hyeonnam-myeon, L .
Yangyang-gun, Gangwon-do CUP, USD Fishing goods (1), Fishing gears (8) 9 0.02
. Fishing goods (3), Fishing gears (4), Plastics (1),
Hongdo (1), Tongyeong-si, Gyeongsangnam-do UDS Fiber (1), Metal (1) 10 1.3
Hongdo (2), Tongyeong-si, Gyeongsangnam-do UDS i/}i}tl:f%lé;mds (7), Plastics (2), Glass (1), 11 1.8
Gukdo, Tongyeong-si, Gyeongsangnam-do UDS ;}il:;?%%mds (5), Plastics (2), Cans (1), 9 0.5
*Hyeonpo-ri, Ulleung-gun, Gyeongsangbuk-do CUP, UDS - - -
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Fig. 7. Number and weight of underwater debris per 30 m* by site through UDS.
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Fig. 8. (a) Side Scans Sonar image of a rope hanging from the artificial reef, (b) Image of ropes captured by an underwater camera during
scuba diving.
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