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Abstract — To evaluate the enhancement of fishery resources by general artificial reefs (ARs) in South Korea, we
compared the survey methods and experimental results of 22 trial ARs among 79 general ARs registered to date.
The results can be summarized as follows. (1) Based on an evaluation of the relationships among the height,
weight, and apparent facility volume of each trial ARs, reef weight and reef height were positively correlated. (2)
The weight of the structures was twice that of the concrete reefs, and the compass ratio was about three times that
of concrete reefs. (3) We proposed a linear equation model that can be used in conceptual designs for the develop-
ment of new ARs. (4) The tested reptile catching effect was 1-3 times higher than that of the control plot.
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Fig. 1. Status of artificial reef (AR) facilities in Korea (1971-2016).
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Table 1. Status of the structural conditions (function, material, scale, and weight) and non-dimensional characteristics of 79 general artificial

reefs (ARs)
o Structural conditions* A w v q
No. Artificial reef (AR) Function  Material of Length width Height S~ W (o) yy/a) (=5/A) (=S/W)
of AR AR (m) (m) (m) (m’) (ton)
AROI AbzEE] o] 2 RF CON 20 20 20 80 34 40 085 200 235
ARO2 oz RSA CON  ®2.0 13 30 22 31 070 095 136
ARO3 A5PAAx RSA CON  ®2.0 1.8 57 47 31 150 1.81 121
ARO04 258 RF CON 68 50 60 1126 21.8 340 064 331 517
ARO3 w73 RSA CON 14 15 13 20 1.0 21 048 095 200
AR06 a7tao] % RF CON 60 52 30 304 89 312 029 097 342
ARO07 oAy RSA CON 25 20 15 67 39 49 080 137 172
AR08 A RSA CON 24 24 12 45 28 58 049 078 1.6l
AR09 w77 g RSA CON 22 22 14 47 53 48 110 097 089
ARI0 Hk¢ 7}%) 8 RFS CON 50 35 29 339 190 173 110 197 178
ARI11 Ao A RSA CON 25 20 15 70 40 49 082 143 175
AR12 Aol & RF ST
ARI3 A} 2L E 7} A RF ST 9.0 9.0 102 8260 321 810 040 1020 2573
AR14 PARRATARCPAS IS S RF ST 140 140 9.0 8040 226 1960 0.12 410 3558
ARI5 o] okx] HF & 7} A o] 2 RF ST 10.6 106 2.0 1640 9.6 1124 0.09 146 17.08
ARI16 Az o] % RF CE 30 30 30 270 162 90 180 3.00 1.67
AR17 SEEER IR EY RFS CE 35 29 21 200 24 100 024 201 833
ARI18 W zEgolx RSA CON 20 20 13 43 42 40 105 1.08 1.02
AR19 BAZEA o] % RFS ST 60 40 10 189 170 240 071 079 111
AR20 )& 7 A o] = RF ST 120 12.0 82 8320 449 1440 031 578 18.53
AR21 23 kx| Mg 7} A o] = RF ST 90 9.0 43 2560 158 810 020 3.16 1620
AR22 ApztA Zo] 2 RF etc 36 36 36 48 51 132 038 036 094
AR23 S B ESEY RF etc 75 37 32 856 258 275 094 312 332
AR24 A7 O Y A o] 2 RF ST @135 9.0 818.0 403 143.1 028 571 2030
AR25 AN ZY A o 2 RF ST @128 6.0 407.0 262 1287 020 3.16 1553
AR26 b A e B b o IS RF ST @125 40 2740 229 1227 0.19 223 1197
AR27 e RSA CON 29 24 14 97 80 70 115 139 121
AR28 A2 Aol = RF ST 1.0 11.0 132 923.0 33.1 121.0 027 7.63 27.89
AR29 a7t olx RSA CON 31 31 29 67 72 97 074 069 093
AR30 HEY o] 2 RMFP CON 23 23 15 81 50 53 095 153 162
AR31 2P AFAx RSA etc 37 75 18 497 146 275 053 1.81  3.40
AR32 PCH Eo % RF etc 47 34 22 287 90 160 056 1.80 3.19
AR33 b AN S PAS S Y RF ST 10.0 100 83 6800 314 1000 031 680 21.66
AR34 Ly z=ao]x RSA CE 60 60 21 8.7 186 365 051 227 445
AR35 ApZFEBhE o) Lol 2 RSA CE 30 20 24 144 104 60 173 240 1.39
AR36 AR A o] % RF ST 120 120 92 5500 395 1440 027 382 13.92
AR37 Abche) 22 skl A o] % RF ST 10.0 100 5.0 3390 100 1000 0.10 339 33.90
AR38 AR = % RMFP CON 30 30 05 19 47 90 052 021 041
AR39 3] g}u) =73 A o] 2 RF ST 10.0 100 7.0 367.0 154 1000 0.15 3.67 23.83
AR40 BHydolx RMFP/RF  CON 25 21 23 110 1.1 53 212 210 099
AR41 e R4 RF CE 52 52 30 811 125 270 046 3.00 649
AR42 A 22w @hepabzbo] 2 RF CON 30 30 35 315 114 90 127 350 276
AR43 HEg o] x RSA/RF  CON 29 29 25 88 42 84 050 1.04 207
AR44 Bag a2 x(17]) RMFP CE 80 120 1.7 1584 387 960 040 1.65 4.09
AR45 Byl 2 2(1%) RMFP CE 22.0 300 1.7 11664 1548 660.0 023 177 7.53
AR46 g)ghn| = xol Fol % RF ST 10.0 100 6.0 3520 155 1000 0.15 352 22.78
AR47 ANAFZEA 0] 2 RF etc 36 36 36 482 58 132 044 3.64 83l
AR4S 7|50 % RSA CON  ®3.0 09 64 46 71 065 090 138
AR49 RNk o RMFP CE 24 35 14 115 83 84 099 137 138
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Table 1. (continued)

Structural conditions*

No. Artificial reef (AR) Function Material of Length width Height S3 w ( rﬁz) (:\;/V /A) (:SV/ A) (:S(}W)
of AR AR (m) (m) (m) (m’) (ton)

AR50 o)FEFolx RSA/RMFP  CON 38 33 24 94 88 125 070 075 1.07
ARS51 A7) %3k A o] 2 RF CE 132 132 82 8384 533 1742 031 481 15.73
AR52 7P 7k A o] 2 RF ST @116 7.0 3720 17.0 1048 0.16 3.55 21.88
ARS53 G = 717 o] % RSA/RF  CON 30 30 24 128 190 90 211 142 0.67
AR54 H = xpekol Zolx RF CE 131 69 3.1 2800 350 904 039 3.10 8.00
ARS55 B/ o8 7} A o] = RF ST 100 100 50 2675 167 1000 0.17 2.68 16.02
AR56 71 7} A ¢l Fol 2 RF ST 30 20 24 144 104 60 173 240 139
ARS7T A3 ARo| Y=l Aol RF CON 26 26 26

AR38 M ARl Qg ol 2@Ele)  RF CON 44 44 66 80.0 28.0 194 145 413 286
AR59 AV A 7 A o] % RF ST 120 12.0 107 841.0 334 1440 023 5.84 2518
AR60 A 7] 2o 2 RF ST 137 12.0 9.0 8000 31.0 1638 0.19 4.88 25381
AR61 0] o] 23}z 7} A o] 2 RSA CE 90 9.0 25 203.0 41.8 81.0 052 251 486
AR62 S7ko)d o o] X Wl o] 2 RMFP CE 37 32 21 185 91 118 077 156 2.03
AR63 A 218 Al o) o] 2 RF CE 63 63 27 559 273 40.1 068 139 2.05
ARG64 7| s a 718 o] % RSA CON 35 24 29 239 132 84 157 285 181
ARG65 n) 23 ol 3ol % RSA CON 24 24 22 455 118 58 205 790 3.86
AR66 GRS RS EY SC CON 06 04 02 00 01 02 02 012 047
AR67 HET RIS ES RSA CON 30 30 16 98 11.7 90 130 1.09 0.84
AR68 B E&o] RSA CE 30 30 21 124 80 90 089 138 1.55
AR69 =golFolx RSA CON @25 1.1 24 58 49 1.17 048 041
AR70 EfEA0l % RSA ete 1.8 18 15 55 55 33 164 164 1.00
AR71 EgETHol 2 RSA etc 22 22 13 48 45 48 093 099 1.07
AR72 EfERA R % RSA/RF ST 26 26 16 108 65 68 09 160 1.66
AR73 vt o) A EY 2 RMFP CON 31 31 16 38 81 96 084 040 047
AR74 WALE ol 2ol 2 RSA CON 25 25 20 63 47 60 078 105 134
AR75 WPrELIE] R RSA ST 60 60 25 459 123 360 034 128 3.74
AR76 A2 ol RMFP CE 30 33 20 114 71 99 072 115 1.6l
AR77 Adsg ATz RSA CON 25 30 20 100 132 75 1.76 133 076
AR78 NAZE2 % RSA/RMFP  CON 22 30 1.8 108 149 6.6 226 164 0.73
AR79 the F 9l Fol 2 RF CE 120 120 6.8 808.0 329 1440 023 561 2453

%€ AR materials: CON, concrete; ST, steel; CE, ceramic; etc.

% AR functions: RF, reef for fish; RSA, reef for shellfish and algae; RFS, reef for fish and shellfish; RMFP, reef for marine forest plants;
SC, reef for sea cucumber.

%S, apparent facility volume; W, weight; A, area; w, unit weight; v, unit apparent facility volume per area; q, unit apparent facility volume
per weight.

% The shaded ARs were the subject of this study.

* Data: Korea Fisheries Resources Agencies (FIRA), 2018, http://www.fira.or.kt/.
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Fig. 3. Photographs of the results of the 22 trial ARs examined in this study.
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Table 2. Status of artificial reef facilities by province (1971-2017 year)
. . Deployed area Deployed amount Installation cost
City & province —
ha % EA % Billion won %
Busan 3,146 1.4 15,022 1.1 19,835 1.7
Incheon 11,874 52 68,236 4.9 83,741 7.3
Ulsan 2,566 1.1 20,082 1.4 16,116 1.4
Gyeonggi-do 6,102 2.7 36,637 2.6 60,547 5.3
Gangwon-do 23,810 10.5 132,620 9.4 103,882 9.0
Chungcheongnam-do 18,849 8.3 92,714 6.6 101,184 8.8
Jeollabuk-do 16,797 7.4 68,981 4.9 76,578 6.6
Jeollanam-do 45,079 19.9 295,030 21.0 203,367 17.6
Gyeongsangbuk-do 24,032 10.6 174,550 12.4 109,811 9.5
Gyeongsangnam-do 38,253 16.9 253,283 18.0 175,409 15.2
Jeju-do 36,103 15.9 247,238 17.6 202,527 17.6
Total 226,611 100 1,404,393 100 1,152,997 100
*Data: Korea Fisheries Resources Agencies (FIRA), 2018, Homepage(http://www.fira.or.kr/).
Table 3. Ranking of artificial reefs by facility area (1971-2017 year)

Rank Artificial reef(NO.) Area(ha) % Rank Artificial reef(NO.) Area(ha) %
1 A}Z}3 o] Z(ARO1) 143,119  63.16 21 ZEEHAR(TFFH D) 1,240  0.55
2 R 3 o] 2(AR04) 11,984 5.29 22 NEISES 1,141 0.50
3 HH- 3 o] 2 (AR02) 10,043 443 23 AFZ} R S 0] Z(AR22) 1,136  0.50
4 26 LX}@ I A o] Z(AR14) 5,224 231 24 2} 7} 8] 0] Z(AR16) 1,124 0.50
5 Z 273 O] 3 7 A o] Z(AR24) 3,668 1.62 25 H E 2} & o] Z(AR43) 962 0.42
6 2 AF718 o] Z(ARO05) 3,401 1.50 26 al 898 0.40
7 AMZFE o] Z(AROD+HEFTH O] Z(AR02) 3,015 133 27 -2 E | kAR o] 2 (AR42) 892 0.39
8 A2} 73 A o] Z2(AR13) 2,826 1.25 28 AekA 28 7} A o] Z(ARS9) 880 0.39
9 2 A3 o] Z(AR07) 2,804 1.24 29 W 2 3 0] 2 (AR09) 823 0.36
10 A A A o] 2 (AR12) 2,511 1.11 30 HEFEOEASYZ(ETEF D) 802 0.35
11 o) 3 7 A o] Z(AR20) 2,313 1.02 31 HE 7}#] & 0] Z(AR10) 778 0.34
12 o] 8 A 50] 2(AR23) 2,154 095 32 ol oF 7| k-7 A ] Z(ARI15) 703 031
13 571 o] Z(AR06) 2,087 092 33 229745 (AR0S) 702 031
14 2723 213 74 A o] 2 (AR33) 1,879 083 34 ] 'Y & o] Z(AR40) 669 030
15 B7hL 7 55 74 o] Z(AR25) 1,829 081 35 A 5.8 74 A o] Z(AR36) 654 029
16 S 113 o] Z(AR08) 1,744 0.77 36 3 g =2 Q1 F o] % (AR46) 624 0.28
17 52wk A o] (AR28) 1,502 0.66 37 3] 2} =73 Al o] Z(AR39) 576 0.25
18 213 0] Z(AR03) 1,495 0.66 38 S ZHH 71 A o] Z(AR52) 511023
19 A A 2324 o] Z(ARS1) 1,264 0.56 39 7 A 31.7] = 0] Z(AR60) 496 022

20 Al @ A3 o] Z(ARID) 1,242 0.55 40 o] 744l 2} 1] o] Z(AR17) 495 022

*Data: Korea Fisheries Resources Agencies (FIRA), 2018, Homepage(http://www.fira.or.kr/).
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Fig. 4. Comparison of height, weight, and apparent facility volume
of 79 general ARs.
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Fig. 5. Comparison of the weight and volume/height of the ARs.
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Fig. 6. Comparison of the volume/area and height of the ARs.
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Fig. 7. Comparison of the volume/weight and height of the ARs.
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Table 4. Comparative analysis of the survey results of the 22 selected trial artificial reefs
Type of artificial reef . Apparent facility volume (m?) Weight (ton) of AR
Material Structure layer - -
(AR) Min. Max. Min. Max.
General information Fish: 15 c
of AR Shellfish: 7 "Srt‘g;‘ftes 7 llayer: 13 6.36 841 423 41.8
Seaweed: 3 T 2layer: 9 (AR48) (AR59) (AR43) (AR61)
Etc: 10
Seaweed bed: 3
Survey location(Sea) Water depth(m)
Survey condition West South East Jeju ~10 10~20 20~ None
7 8 4 3 6 10 4 2

Environment

Fouling organism

Fish assemblages Fishing effect

(Normal) Water temp. & Diving visual ob

Salinity, pH, DO, Transpar-
ency: 19 (etc) SS, Nutrient
TN, TP, Chl-a, Sediment

Quadrat sam

Underwater shooting: 19

(20%x20 cm): 3, (25%x25cm): 6
(50x50 cm): 11

servation: 19 . . .
Diving visual observation:

11
Underwater
shooting: 11

Gill net fishing: 19
Gill net+fish pot: 1
Fish finder: 3
plankton: 3

pling: 20

Field survey

Control area for fishing catch effect

Structural condition Scour/subsidence/ . Non-installation area
Sunk Installation area
Natural rock Sand bed
Diving visual observation: 19
Underwater shooting: 19 8 12 17 6

Side scan sonar: 10

Hydraulic model experiment

Structural safety evaluation

Lab. estimation Wave condition

Wave + Current condition

16
20 10
s Allow the duplication of data
~ 8
0 B 2 ® Control pilot of AR
= ® Control pilot of AR g P
s R 7 O  Natural sea rock
7 1 O Natural sea rock £ v .
g ¥ ¥ Natural sand bottom 'g ¥ Natural sand bottom
'% . . 8 6 - — Regression curve for Control pilot
S 6 1 — Regression curve for Control pilot = o .
= . _ =) Regression curve for Natural sea rock
= ——— Regression curve for Natural sea rock = .
= . Regressi for Sand bott = 5 Regression curve for Sand bottom
=~ 5 egression curve for Sand bottom 3
S 4 v 2497
=} @
@ @D
) =
= 3 231 o o
£ = [© 0 T 8
E €21 09 h ————.—__'__’[ﬂ_"_"‘_m'—' -
= 2 P O—-.—— —————— [oN =5
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M g 1 v v
8 11 a: O
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Fig. 8. Correlation between fishery resources (fishing catch) and
AR height.
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Fig. 9. Correlation between fishery resources (fishing catch) and the
apparent facility use volume of the artificial reefs.
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Table 5. Comparative analysis of the methods used to survey the 22 studied trial artificial reefs

Surve Fish Scour Hydraulic model experiment Structural safety evaluation Artificial reef
Artificial reef Installation eriog Depth Environmental Fish assembl Fish  Structure effect Result
location (}By mm) (m) survey community  ages sampling condition (cm) Scale helgqt = Period Depth VEIOC“}’ hel @ﬁ - Period Depth V‘?IO/CHY Cc, Cy l55‘1;1 S, 121 (Focused on fish
. survey (sec) (m) (mfs) (m) (sec) (m)  (m/s) Sliding ~ Fal catch)
(AR40) Gangwon-do C(EDSINNLII)tﬁf)m DVO/US  DVO/ 20 Catch production
Bd&ol=  Jumoonjin 3710758, Chla, /QS(50%50em) Us  ONF - 30 6 8 6 - - - Population (P 0.01)
Transparency fomass (P=0.12)
Medium
(AR41) ~ Cyeongsangnamdo ¢ ¢ DVO/US  DVO/ Pglrjlgo DVO/US L7 2.9 23 times natural rock
S| 7kol 2 Seaje 084 15716 CES  g00x20em) US nSurv.  SSS - W6 121516 12151 20 167 Small 1,04 times sand bed
FFS
1.7 5.0
Depth 15 m
(AR42) Incheon 1.6 13 Catch effect
wasughtl  baengnyeongdo  Gx 115 o CES Q;yggggm) DV GNF DVOUS - 140 6 10 15 1020 6 10 20 1 20 1.0 — " times natural rock
ARZbo] & Gobongpo : parency Depth20m 1.5 times control site
1.8 1.6
(AR e onado V12 46 CES. DVOUS =~ DVO/ GNP oDvOmus - 150 6 10 15 2 6 10 10 2 17 10 12 15 25timesnaturalrock
HEg o % Jai’g{hong ~08.5 Transparency QS(25x25cm)  US o ’ -
CES, Nutrient
(AR44,45) A DVO/US 6 Catch effect
na1e Gangwon-do G669 DMLDIPL os25:05em) PV’ GNF - DVOUS 10 - 6 8 8 - - - o o o .. - 1.0times natural rock
A=z Y ’ silicon QS(50x50cm) 10 2.7 times sand bed
(AR46) Jeollabuk-d 04.9 CES, DVO/US DVOUS 170 3 779 18 ti trol
sepr ez OGN elp 14 Transparency, QS0x20em)  ~  ONFP Ugee™ ik 130 5, oo 1S 06510 1S 100 20 167 L1 17 S'ite(‘smflzr‘:’zf{o)
ol Fo]x Sediment 750 q
Incheon
baengnyeongdo 2005 27~34
(AR47) Domujin 2.5 times Domujin
CES, DVO/US DVO/ DVO/US 1.7 times Yeosu
/\]-7L Jeollanan}—do 2006 22-25 Transparency QS(25x25cm)  US GNF SSS 9.0 130 6 10 15 2.0 6 10 30 2 0.78 1.0 1.2 1.5 2.0 times Anshan
%j_, SES Yeosu Sonjukdo i
-> Ave. 2.1 times
Gyeonggi-do .
Anshan Daebudo 2007 2234
(AR4g) ~ Cyeongsangnam-do 6 i) CES DVOUUS  DVO/ 11'8(( aninma(li))’
: . . 9(seaweed),
t}7) 5ol = S:gé]\ee ~08.11 7 Transparency QS(50x50cm) US FFS  DVO/US B 125 46 11 94 10 46 11 94 ! 2020126 1.59 1.4(benthos) times
natural rock
Surface/ 6
(AR49) Jei
- ju-do bottom DO, DVO/ R R } 3 8 8 R R R R } B } R R .
oﬁ—i—gﬁj Aewol 08.5,8 12 pH, DVO/US Us GNF 5 10 10 1.08 times natural rock
TEE Transparency 15
5
(ARS2) Jeollanam-do 7 4 CES.SS,TN, DVO/US  DVO/ 37 B 1,66 times natural rock
K= PAT Yeosu' <0911 - Tl” st > QS(50x50cm)  US GNF DVO/US - - 5 9 20 - 10 10 20 216 1.7 20 4.8 11.8 1.83 times control site
SES Ando-ri 7 12 25
(ARS3) 8
Yo A Gangwon-do 08.2 12 CES,COD, DVO/US DVO/ GNF DVO/US _ 1149 3 85 10 _ _ _ _ R _ R B 1.1 times natural rock
7 01 Donghae ~09.10 Transparency QS(50x50cm) US SSS 6 8 12 4.12 times sand bed
14

% CES(Common Environment survey: Surface/bottom Temp., Sal., pH, DO), STS(Seabed topography survey), DVO(Diving visual observation), US(Underwater shooting), QS(Quadrat sampling), GNF(Gill net fishing),
GNFP(Gill net+fish pot), FFS(Fish finder survey), SSS(Side scan sonar)
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Table 5. Continue

S Fish S Hydraulic model experiment Structural safety evaluation Artificial reef
. urvey . . cour
o Installation . 7 Depth Environmental . . assembl  Fish  Structure Wave . . . ve . . R effect Result
Attificial reef location (perrfri ) (m) survey Fish community ages  sampling condition s Scale height Period Depth Velocity Period Depth Velocity ¢, C, 1%, Spﬁ (Focused on fish
Yy survey (m) (sec) (m) (m/s) (sec) (m) Sliding Fal catch)
GNF Depth 20m
(AR54)  Gyeongsangnam-do Plankton 091 2.03 .
A vz Geoje ~g;"1‘0 1516  CES sSaSs(zoi;ZsOlf:i DVO/US  Surv. D\é(;/sus 12 140 6 12 ;g 1 52 167 20 ————! %tg“r::s“:a‘;‘galbre‘gk
QlFgol % Nambu-myeon ’ qu Y FFS Depth 25m ’
DVO/US 1.16 2.59
(AR55)  Chungcheongnam-do Catch effect
=] Boryeong 3]79 1112 18.7 T CES, QS?;IS(?;LSIS ) DVO/US GNF D\g(S)/SUS - - - - - - 30 1.0 - 142 121 3.0times natural rock
ZFA o) = Oeyeondo-ri ' ransparency om 2.1 times control site
5
(AR56) Jeollanam-do 3 15 .
N _ 07.11 CES ,SS,TN,TP DVO/US 7 2.14 times natural rock
jal—/ﬂl—tg/l:zq] Yeosu‘ N STS Q8(50+50cm) DVO/US GNF DVO/US - - 5 9 20 - 20 17 20 6.1 143 335 times control site
el Folx Ando-ri 7 2 25
(AR57,58) Incheon 20 1.53 times control site
G438 29 08.3 CES DVO/US DVO/US (None)
TS At 5 _
o] A=y Yé(})lngh eung ~09.8 323 Transparency  QS(50x50cm) DVOUS — GNF SSS 5(5) 2020 12 15 1.3 times control site
Aol = angseo (square AR)
Depth 20m
(AR59) . GNF 1.0 12 [timescontrolsite
AbekA A S,JeJ“‘d" i ?g' 11 30~35 CES Q?;/O(jgés DVO/US Plankton DVO/US - 1/40 4 10 2030 1 20,30 15 20 ——————  (square AR)
Ao 2 mnnyang-t e ( om) Surv. Depth30m 1 53 times sand bed
14 1.6
7]_(A]_:60) . Gyeonggi-do 09.4 20-21 CES, DVO/US DVO/US  GNF DVO/US 150 ; }; 20~3 ) o ) ) 2.4:;::(61\5151(1);&0]
dA J‘;] = Haksanseo ~11.7 Transparency — QS(25%x25cm) SSS 9 15 0 1.4 times control
ofx site(square AR)
O(]é_,R&; Jeoll do Y Catch effect
Rlgofz Jeollanam-do Yeosu 4 1 s sl QS(50x50cm) . GNF SSS None - 6 8 & 219 8 17 20 - - 1.6 times natural rock
L Geomundo . 5
RS 2.1 times control site
Ao &
(AR62) G 4.7 8 .
[ angwon-do 09.2 CES, COD, DVO/US 11 1.37 times natural rock
Szt g 10 DVO/US GNF DVO/US - 1736 6.7 10 - - - - - - -
= d
RINE S NEY Anhyun ~11.4 Transparency ~ QS(50x50cm) 72 13 15 6.8 times sand bed
(AR63) Fish emergence
. Jeollanam-do Yeosu  09.2 15 15 biomass
A ;]—El ﬂi}‘z} Geomundo 108 20  Temp.Sal.  QS(50x50cm) DVO/US GNF DVO/US None 5 12 20 1.0 20 1.7 20 12 15 117 times natural rock
wo == 1.32 times control site
(AR64) Seaweed
EP R e°l]';‘“a‘]:"f° Yeosu }]2"1‘1 538 Te“gl'l’ Sal, - - GNF D\;(S)gj S None 510 i(s) }2 12 12 0.62 times natural rock
Arzhe o] 2 cokehon-n e @ 1.06 times control site
7
(AR65) . CES, 9 10 Seaweed
w2 SJeJu'd" 1102'88 15 Transparency, SDS\Z)%%S DVO/US DVO/US None 1/50 f7'69 0 15 - }2 15 167 12 12 1.12times natural rock
QlFol % congsan e Sediment Qs( om) 115 20 20 2.63 times control site
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Fig. 10. Correlation between fishery resources (fishing catch) and
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