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FAENA DS Frtete Ax 9 sl A d A4
¢l AN SR Aty Lol tiAlZ ¥ EA dEbdt ol Ex
(coral reef), 3] Z%A](sea—grass bed), W1& X T (mangrove forest)?} &
AEttddol S5 A E] Qa] Hues Atsdd F2 T H
7] wEolth(Sale 1977; Gray 1997; Nybakken 1997; Spalding and Grenfell
1997). zejvk AAA stajol 7] $Wst FabRd ] 38 e, Abe)
A, Ak A AAAE, FFFs HEAT] =9, HEAAst, s g2
71el ofsf At AejAl= BEAAA Aok ofde] BAA Astel 2e oy
= Ao A& tHGoudie 1990; Lundin and Linden 1993; Suchanek 1994;
Gray 1997; Ormond et al. 1997; Jackson et al. 2001). &3] A& A 33+= <
S A A FlE F= 7P A Al F stueld, AAAE B ke
Hekahe= dijhe] bR QlFo|x7t FEE I gtk

AxE TYe AEE Holass TN At AHAE FHet
Aty I AE B 53} (Pickering 1999; Clark and Edwards 1999;

Seaman 2000; Steneck et al. 2002). 1&olx&= Adodxe] 7|5& H&317]

At ol mom o] B nES WFE BHow s o FAHR, AU
B9 ABHYI 5HL BED GEAA S 24 PRt F AN
s Aedgel £a49e 4L BH0R v dxiy A% 5o 3

1) 3 25 (http://www.mof.go.kr/) ol Al A &3k | FFAF GoJAbHo A Aot gt



xo] ArE S Eol7] flal AdS ol &5, WAy Fhk 5 vgd vt
ElME oFAAE Beh A 7] A% e Furu Ad, 1F &
Ao gl A=) 3k 4 vh(National Academies Press 1983). @A7HA = Qlgof %
BE AAARA Y 75 tigh dT-E0] Beol o]Fo|A

and Munehara (2009)¢] dg-ollA = dofgh At AejA ] APz A dd

Q1 Fo] %7} Hexagrammos spp. 52 olFolAl ka2 A=A 758

Lo

l+=d|, Kimura

sFelgie.
Sl At UN sl9W §oF olF gk o el A4t okshsh ek A
A Az Qe Fasts FARAE nESFD AN A% BHow

SOl ZANE S AL UTh 1971de A Fo R QIFARE AA
20108 7bA] A= b 1,0167h 40l 1,343,0787] 9] Q1&o]Z=7F Al dE Ao, A
o

l‘>

AFEE 20029 Frulez AEALAAY, 20079 Fulaz AR S
2, 20109 2z AAA DT

ojtta) AF=o YA TdFAdol =i, FH MAE A
A

Ab S AA st JQUH(EFEARRAARG S 2011). AFE QlFol2AIYGS 19724
2 A2 E AIZ e R 20101974 & AW A 30,541haol 230,901702] <1
TR E AAHEI T AAE v d MR AdFox AFE AL JdH(E

T T 2011). AFE dEolzdy] AR 2004 Al AHE o] H

2) AlFEE 20029 Fulaz AEEARAASG AA, 20079 U=z A AARAFA A,
2010 fulz=zm AARAATY ATl olof, 2011 =9 HGH AR FAEIH A
(New 7 Wonders) Al kol A Al Al 7d] A4 #Hoz A=A
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e ojxol 715 R, A A AR diE Wi AP R} o] Fo A AL Qlth3)
AFE Agral 9 100m W&o Hla® & nios g3k o] Ad A
Wb v geFab oiihd e, Seld, S tlE Ak, dmEs o
Fr, FAlATWYT 5 uYde s Edske 840]7] Wikl oFe] v
Aol 19 = AR A4 A (=2} Hirano 1983; Pang et al. 1992; 713}
w1994 A3 = 2004). AFE At ol At offol WiF dAate F
o 3k A, 4 e (diversity), T8 FAME(similarity), A127A £
Fol tist s FAHJNE T 1977, 19k Al 1988, b Z 1997,
1997; k3 2 2000; #H & 2003; ©] & 2009; & 5 2010; # & 2011).
A71ES FEet FA40 wep gt Al A A4 tk(Nelson
2006). tuke] Folu sxE AteoldA F9E A7 Hoprke F RAY 5
A Well Fo dFES HAFAIEA BEHS g3 57U Yo FoAke
oF v 54 AAASES HAA ¥ GAHSE Qe FxrEIY At
T FHE HAt 53], AT x ofF
of AAste oFES] A5 e EFAAE o2 o] F[Reef fish), A4
©]%(Benthic fish), 3|4 ©]&Migratory fish)© & JE3-ch(m] &2 dT-Al
B 2010).
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o|(Sebastiscus marmoratus ) s°| 3FEACt. AAMAH oFL AFoxy ot

o dAHez Fdst7|= sty T2 Ry Ret g2 o] Fojzl wid
T AZed dA8 #Fe iy 22 Ik FojAlE AFE FH 29 (Raa
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Aol o] g8 V|2 A8 Fuje}t AFE] APuE Ehtel 2AE
d AdFolx o #EArd el AbFHE] Bl ugolth 2007d5FH 2011
A % 5dzke] BaA el Wgolu, 2007 d 3} 20082 I A FFAL
AT, 200992 Ty patasrd m P FA A AE, 20109 FARLAA T
AFAY &, 201192 b ge) 3w AFA AL Faow 2 E
Lok, o] el A 2007AF-E 2011d74A] v E@PH oz FAEHS)
d o dFolx o 71eHsket o B z:A] g 5d7 AwE TS oE

oz A§s ®AsEd ooE T

o

) B A ATE @RaAgdRe T AFANY AT AR A0S gow AdH9
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Jeju island
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Fig. 1 The map showing the study sites in Jeju island, Korea ([]: Artificial

reef)
5) AFEY AR =A (http:/www.jejugokr/)o] AT3E ARE T A3 Ygoz 2014
9 99 299)8 sz oz A F).

6) 13‘«] AAARE= AMAZSAA WGS84e] FxEAHo|H o]& GISH ATALAE
(1:5,000) A (point) AHZ F+3 3T},
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Table 1 Study area of artificial reef (AR) and Control plot (Ctrl)

Point

Year Month Type T

Study area

AR 12 Donggwi, Oedo, Tho, Sinheung, Hamdok,
2007  March Donggimnyeong, Seogimnyeong, Dongbok, Woljung,
Ctrl 12 Sehwa, Hado

AR 12
August
5008 Ctrl 12 Samdal, Sincheon, Sinpung, Aewol, Gwiduck,
AR 12 Gwakji, Daepo, Sagye, Haye, Bukchon, Woljung
March
Ctrl 12
AR 8
2009  October Gangjung, Seongsan, Oedo, Geumdeung
Ctrl 4
M AR 16 Pyoseon, Namwon, Hahyo, Sekdal, Daejung, Panpo,
a
¥ el o Hallim, Hado, Chuja
2010
Septembe AR 14 Pyoseon, Namwon, Hahyo, Sekdal, Panpo, Hallim,
r Ctrl 8 Hado, Chuja
AR 18
July
o1 Ctrl 12 Daepo, Jungmun, Sagye, Daejung, Hallim, Aewol,
AR 18 Donggwi, Udo, Hado, Chuja
October
Ctrl 12
ol FETIF AAE G At AW o]FE VFew FHE EFRAT d
Az 7M7kE &l el A3 REFES EA%T At AW AA 327 %0 o
et gk B4, 9%, oF, AF, ¥u, BUY, A0, B%, 94, Ag, H%, 4
AR, AF, o9, AT, AA, OhE, AN, Sel, HE, B, AL, FE, EA, T, S5,
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Table 2 The time of field research in study area (AR =
Ctrl = Control plot)

Artificial reef,

Point counts

Time Year Month

AR Ctd

Ist 2007 March 12 12

2nd 2008 March 12 12

3rd 2008 August 12 12

4th 2009 October 8

Sth 2010 May 16

6th 2010 September 14

7th 2011 July 18

8th 2011 October 18
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Ne

B-2o)(Conger myriaster), %% (Chaetodontoplus septentrionalis )©| Z+zt
957%, 8.46%, 3.60%, 3.60%2 o7 ZHIrt xR FHEL F
(Seyliorhinus torazame )€} % X|(Stephanolopis cirrhifer )& 950%% x}#] 819
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om, I YL &Huol(Sebastiscus marmoratus ), 7] (Pseudolabrus
sieboldi ), .95 (Choerodon azurio)°l Z+7} 9.10%, 554%, 4.35%°] +O=
= A

AFolx T A FHT x4 o]F(Reef fish)& 60F, AXA oF
(Benthic fish)< 52%, 3]+4 o] ZF(Migratory fish)2 10F0] &3}l thx+
AN EdF oA T2 43F, AMAE oFL 42F, IFA F2 5Fcl
=ddc. doHor 3HA ofFe] Edo] AL e wha, ojx4d oF I
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2. AA&Z 3 o] FaF

1) ol3st4 24

ATzt T 7o di, &AL, pHOl tis) Aozt A=A &

ot 7] fla] SAAAS AT FEE gEe Aolrt AA fle A &
oh

& 4 Ad=dl(Fig. 3), Hrkstd

Sk, pHZE At HA SiujE ] wEl

¥ 8EALY pHE SAHCR2 F93 AolZ HolA ktH(Table 3). =L
HER olgolxe T 8, £344LE pH 2ot o F e F 3

90

85

Salinty (psu)
3
Dissolved Oxygen
pH

2

75

3t

65

T T T T T
AR crl AR cirl AR cirl

Fig. 3 The boxplot of chemical environmental data of artificial reefs and
control plots (AR = Artificial reef, Ctrl = Control plot)
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Table 3 The p-values of Shapiro-Wilk test and Mann-Whitney U test
about salinity, disolved oxygen (DO), and pH between artificial reefs and
control plots

p-value
Test

Salinity (psu) DO (mg/L) pH

Shapiro-Wilk <0.001" <0.001" <0.001"

Mann-Whitney U 0.676 0.695 0.792

p < 0.05
2) ¢4 34

o)zt iz 9 F&& A Ex(boxplot)® YWERH A=
Fig. 49} #Zt} 396 2Abd Q139 dizT9 AAE 7z 24709 ZA ol
A FAE AT 58 AR Q1Fojxe AL 167] Ao, vz 4
97he] FAoA FAZEATE 7Tl FALE QJEojxet i AP 7
ZF 18709 1270, S¥ & 5 1271 A&, 992 14709 87, 18] 1092 26709}
1670 Aol A =AM AT 393 599 Hit F&& AFojxet g2 BT
1453C, 17.07°C olt}. v+l 7TYRE 1090 Alolo] ZHAlE AHE HAW &
<& 9 AYugR AdFojxE 21.547T, 23.75T, 20.30C, 2236C ola, H=x
T 21.497C, 23.757C, 20.39TC, 22.63C o]t} 3€olA 5¥ALole] ZALE AHA

3 795E 109744 ALY AHE 1He] £ Wi Ao|rt FHPong,
39 59& A2V, 7€%H 10898 2522 g a8l Aeev)s
A7l HE el BAHeR Fog Aolrt dueAE FAsr] 9§
% %

AHOZ 5% o FFodA F29 Ao
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Temperature
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16

12
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Ctr.Mar ARMar CtlMay ARMay CtrlJul ARJul CtrllAug ARAug CtrlSep ARSep CtrlOct AR.Oct

Fig. 4 The boxplot of seasonal water temperature in artificial reefs and control
plots (AR = Artificial reef, Ctrl = Control plot, Mar = March, Jul = July, Aug
= August, Sep = September, Oct = October)

=
Conc) 1&o)x, ZA(Steel) Q1&oix Al 7HA= FE8] EA sttt Al
HETE X olfFe ez FH7F AR VA= dFS FAst
7] S1gtolnt. A&zt Add AAe] dEHle= Aol FE ol F AU A o]
sho] PAE o] Fojxl AHL Ald(sand: S)E EFsrAch 1e]a AbEe] A
A AHE Aeetar dxE FAE Hock: R AR Sx7F SR 3
(sand and rock: SR), & 37FA19] A4 FJEl=2 S35t
AFoz oA #4e HA 17.00m, Bt 30.03m, Ht) 46.00m o T
B

I
ft

ZT oL HA 17.00m, Bt 2898m, FHdl 46.00molt}. AFAAx o %

Tob Hd Y3 2ol dERTE AAEHAY] witel Tz ofFy
= o] F4 EExEE A et "ol s 2AHE A9EY
Bt FAS 7IFo® 26m olde] FAHAKEST Qlolshs &2 F4d
(sallow: S), 25~35m FHCAHEHT Q1~Q3)< Hit T4 dl(mean: M), 35m
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Table 4 The p-value of Shapiro-Wilk test and Mann-Whitney U test about

high water temperature season and low water temperature season in study

area
Test p-value
Shapiro-Wilk 0.001
Mann-Whitney U <0.001"

p < 0.05
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Table 5 The p-value of Mann-Whitney U test about Richness (R),
Shannon diversity index (H), and Pielou Evenness (J) between low and

high water temperature seasons

R H 4
Mann-Whitney U test « . B
<0.001 <0.001 <0.001
p-value
p < 0.05
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Table 8 The habitat type of study area

Temperature Material Bottom type Habitat type
Low Concrete Sand or (Sand+Mud) A
Low Concrete Sand and Rock B
Low Concrete Rock C
Low Steel Sand or (Sand and Mud) D
Low Steel Sand and Rock E
High Concrete Sand or (Sand and Mud) F
High Concrete Sand and Rock G
High Concrete Rock H
High Steel Sand or (Sand and Mud) I
High Steel Sand and Rock J
High Steel Rock K
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H

2 A <
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Table 9 Indicator value analysis (Abb. =

Freq. = Frequency, R

high temperature, Conc

abbreviation, pref. =

= reef, B = benthic, Low =

preference,

low temperature, High =

= concrete, S = sand or (sand and mud))

Habitat

Habitat IndVal

Abb. Korean name brer e index p-value Freq. Habitat
SebSc Z 3|8 R A 0271 0.034" 15 Low-Conc-S
TarOl A ) B C 0333  0.046" 1 Low-Conc-R
ParSp Tz B C 0310  0.026° 8 Low-Conc-R
NipNp c}+uke] R C 0.278 0.085 2 Low-Conc-R
SebTe Bo2ulo] R C 0.275 0.083 2 Low-Conc-R
EviAc  SE71E]E R c 0220  0.040° 4 Low-Conc-R
CanRi A B R C 0.186 0.160 3 Low-Conc-R
DasAk w7122 B D 0.261  0.055 10 Low-Steel-S
CocCr 7} A] <k ) B D 0.162 0.165 6 Low-Steel-S
PagMa 4= R F 0428  0.005° 30 High-Conc-S
ConMy o] B F 0.250  0.083 20 High-Conc-S
ParTr il 2} & R G 0.189 0.161 22 High-Conc-SR
HalPo  &X|=7] R G 0.188  0.138 3 High-Conc-SR
ScoNe AF2L =] B H 0.200 0.183 1 High-Conc-R
GonZo  o}&FE7}e R H 0.165  0.159 9 High-Conc-R
RajAc Fy Fo B I 0284 0.033" 36 High-Steel-S
Narla  A7]7}9% B I 0.200  0.083 5 High-Steel-S
PseSi 37 R K 0354  0.012° 29 High-Steel-R
ChaSe HaE R K 0.189 0152 36 High-Steel-R
p < 0.05
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Environment survey Fish collection
— Salinity, Dissolved Oxygen, pH
— Temp., Materials, Bottom type, Depth

1 .

AR vs Control (X) Fish assemblage index (Y)
— Environment variable selection — Richness (R)
(Statistic) — Diversity (H)

— Evenness (J)

Y
Environmental variables

affect on fish assemblages
— Temp, AR (Materials), Bot. type

IndVal

\

by habitat type (Fidelity) (Specificity)

Artificial reef sorting Species & Sp. proportion
— Typel ~ Typell C—%

Indicator value

Indicator species as habitat
type in ARs

Fig. 5 Flow chart of study
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Table 10 Average monthly water temperature (‘C) by depth

D (>35m)

M (25~ 35 m)

S (<25m)

14.61

14.42

March
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16.61
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(Table 11). 74 F5o°] W e Fr= HFAIAd FAAYAAA

i
)

B AEF T/ A5 W(2009)3 Allen at al. (2003)9] =7 HRE
A=

i
oo

Table 11 Summary of indicator value analysis (Abb. = abbreviation, pref. =
preference, Freq. = Frequency, R = reef, B = benthic, Low = Ilow
temperature, High = high temperature, Conc = concrete, S = sand or (sand
and mud))

Habitat Habitat IndVal

Abb. Korean name pref. type index p-value Freq. Habitat
SebSc Zy] &gk R A 0.271 0.034" 15 Low-Conc-S
ParSp Tzxs B C 0310  0.026° 8 Low-Conc-R
EviAc SE7YE R C 0.220 0.040" 4 Low-Conc-R
PagMa 2= R F 0428  0.005° 30 High-Conc-S
RajAc 2y o B I 0.284 0.033° 36 High-Steel-S
PseSi 37 R K 0354  0.012"° 29 High-Steel-R
p < 0.05

Z 9| B2 (Sebastes schlegeli)g A7 AFAo AldE ZATE o FolA
Astan Tl Agste zuRee 2eel Wete ASdA ALl

o diAew Fo £ dHow AHIFE Ivh 1Y 49N 692

2 B0l Y ol BoIA AojEol FHABS = AL WA F 9
s, A% Aae AFLrloE 15C Yololn 2AE Aozt 3
AxFEo] A%/ £ £7ol7] W EvBete] S AoT 0

FEZ(Parupeneus spilurus) 2} 55 7} 2] 5 (Evistias acutirostris) & A F7]

wol AME 2AYE o Fel M AR o FFELS ofdtiHl o Fol

A A AF ALl Bol wAHE Folth o ATNE A%
7] hibe] AME ZAE T2 WEE 5 Y FEoow, oE I

ARE Y52k §14}o] E(http://portal.nfrdi.re kr/frcenter/oceanlife/) 2] A A &
gk 3714 Kol
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Appendix 1 The coordinates of Artificial reefs

No. Year ID Latitude Longitude

1 2007  JJ-274-07 33° 29.992° 126° 24.675
2 2007  JJ-274-16 33° 30.215° 126° 25.856°
3 2007  JJ-275-08 33° 30.561" 126° 26.711"
4 2007  JJ-281-01 33" 33.666° 126" 39.129"
5 2007 JJ-282-15 33° 33.552° 126° 40.858"
6 2007  JJ-287-10 33° 34.761 126° 45.794
7 2007  JJ-286-07 33° 33.989° 126 42.892°
8 2007  JJ-286-10 33° 34.026° 126° 44.221°
9 2007  JJ-289-01 33° 34.734 126° 47.674'
10 2007  JJ-291-11 33° 32.857 126° 51.487
11 2007  JJ-293-02 33° 32.612° 126° 52.256°
12 2007  JJ-294-11 33° 32.424° 126° 52.799°
13 2008  JJ-13-001 33° 21.662 126° 52.847
14 2008  JJ-04-001 33° 20.018" 126° 51.703"
15 2008  JJ-15-006 33° 21.438’ 126" 52.581"
16 2008  JJ-267-2 33° 29.603" 126° 17.837
17 2008  JJ-265-16 33° 27.184" 126° 17.100°
18 2008  JJ-265-13 33° 27.224 126° 16.967
19 2008  JJ-164-1 33° 13.764 126° 26.399°
20 2008  JJ-178-5 33° 13.169° 126° 18.863"
21 2008  JJ-154-1 33° 13.571° 126° 23.374
22 2008  JJ-282-2 33° 33.369° 126° 40.533"
23 2008  JJ-285-9 33° 34.209° 126° 41.315
24 2008  JJ-288-4 33° 34.289° 126° 48.858"
25 2008  JJ-13-001 33" 21.662° 126° 52.847
26 2008 JJ-04-001 33° 20.018" 126° 51.703"
27 2008  JJ-15-006 33° 21.438’ 126° 52.581"
28 2008  JJ-267-2 33° 29.603" 126° 17.837
29 2008  JJ-265-16 33° 27.184" 126° 17.100°
30 2008  JJ-265-13 33° 27.224 126° 16.967
31 2008  JJ-164-1 33° 13.764 126° 26.399°
32 2008  JJ-178-5 33° 13.169° 126° 18.863"
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Appendix 1 Continued

No. Year ID Latitude Longitude

33 2008 JJ-154-1 33° 13.571" 126 23.374’
34 2008 JJ-282-2 33" 33.369" 126 40.533"
35 2008 JJ-285-9 33" 34.209° 126" 41.315"
36 2008 JJ-288-4 33° 34.289" 126" 48.858"
37 2009 JJ-193-3 337 12.782° 126° 28.454°
38 2009 JJ-55-1 33° 27.020° 126 56.743"
39 2009 JJ-218-1 33° 30.448° 126° 24.831°
40 2009 1J-207-4 33° 22.556° 126" 10.481"
41 2009 JJ-140-4 33" 12.966° 126" 29.529"
42 2009 1J-48-2 33° 24.768" 126 55.346°
43 2009 1J-273-1 33° 30.167" 126" 24.028"
44 2009 JJ-240-5 33° 22.200° 1126° 10.822"
45 2010 JJ-303-10 33° 17.732° 126° 50.143"
46 2010 1J-317-7 33° 17.481° 126° 50.178"
47 2010 1J-317-22 33° 19.469° 126° 51.947°
48 2010 JJ-318-1 33° 16.938" 126° 45.869°
49 2010 JJ-307-6 33° 13.272° 126° 37.014"
50 2010 JJ-308-3 33° 12.784° 126° 24.438"
51 2010 1J-320-1 33° 11.632° 126° 12.973°
52 2010 JJ-319-2 33° 11.600° 126° 14.535°
53 2010 JJ-310-1 33° 22.879° 126° 11.062°
54 2010 JJ-310-9 33° 23.407° 126° 11.207°
55 2010 JJ-310-4 33° 23.219° 126° 11.338"
56 2010 JJ-311-3 33° 27.495° 126° 15.535°
57 2010 JJ-321-18 33° 32.134° 126° 56.383"
58 2010 JJ-321-12 33° 31.582° 126° 55.974°
59 2010 JJ-321-6 33° 31.952° 126° 56.002°
60 2010 JJ-323-3 33° 54.608" 126° 17.644°
61 2010 1J-317-7 33° 17.481° 126° 50.178"
62 2010 1J-317-22 33° 19.469° 126° 51.947°
63 2010 JJ-303-10 33° 17.732° 126° 50.143"
64 2010 JJ-318-1 33° 16.938" 126° 45.869°
65 2010 1J-307-6 33° 13.272° 126° 37.014°
66 2010 JJ-308-3 33° 12.784° 126° 24.438’
67 2010 JJ-310-1 33° 22.879° 126° 11.062°
68 2010 JJ-310-4 33° 23.219° 126° 11.338"
69 2010 JJ-310-9 33° 23.407° 126° 11.207°
70 2010 JJ-311-3 33° 27.495° 126° 15.535°
71 2010 JJ-321-12 33° 31.582° 126° 55.974°
72 2010 JJ-321-18 33° 32.134° 126° 56.383"
73 2010 1J-321-6 33° 31.952° 126° 56.002°
74 2010 JJ-323-3 33° 54.608" 126° 17.644°
75 2011 1J-340-4 33° 12.645° 126° 26.165°
76 2011 JJ-340-12 33° 12.712° 126° 26.064"
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Appendix 1 Continued

No. Year ID Latitude Longitude
77 2011 1J-328-2 33° 12.863" 126° 25.206
78 2011 1J-342-1 33° 11.788" 126° 19.417
79 2011 11-327-4 33° 12.894° 126° 26.079°
80 2011 1J-328-5 33° 12.793° 126° 25.360°
81 2011 1J-343-1 33° 10.625° 126° 16.100°
82 2011 1J-330-2 33° 25.643° 126° 14.251"
83 2011 1J-344-12 33° 25.324° 126° 14.693"
84 2011 1J-331-1 33° 29.795° 126° 19.826°
85 2011 11-344-10 33° 25.727° 126° 14.739°
86 2011 1J-333-1 33° 30.455° 126° 24.039°
87 2011 1J-333-4 33° 30.364° 126° 24.142°
88 2011 1J-348-5 33° 29.335° 126° 58.235°
89 2011 11-347-6 33° 31.319° 126° 55.187
90 2011 11-347-5 33° 31.601° 126° 55.397
91 2011 1J-334-8 33° 55.850° 126° 20.841°
92 2011 JJ-335-3 33° 57.703" 126° 23.073"
93 2011 1J-340-12 33° 12.712° 126° 26.064
94 2011 11-340-4 33° 12.645° 126° 26.165°
95 2011 1J-327-4 33° 12.894° 126° 26.079"
96 2011 1J-328-5 33° 12.793" 126° 25.360°
97 2011 1J-342-1 33° 11.788" 126° 19.417
98 2011 1J-328-2 33° 12.863" 126° 25.206°
99 2011 1J-343-1 33° 10.625° 126° 16.100°
100 2011 1J-330-2 33° 25.643° 126° 14.251"
101 2011 1J-331-1 33° 29.795° 126° 19.826°
102 2011 11-344-10 33° 25.149° 126° 14.568"
103 2011 11-344-12 33° 25.727° 126° 14.739°
104 2011 JJ-333-1 33° 30.455° 126° 24.039"
105 2011 1J-333-4 33° 30.364° 126° 24.142°
106 2011 1J-348-5 33° 29.335° 126° 58.235°
107 2011 11-347-6 33° 31.319° 126° 55.187"
108 2011 11-347-5 33° 31.601° 126° 55.397
109 2011 1J-334-8 33° 55.850° 126° 20.841°
110 2011 1J-335-3 33° 57.703" 126° 23.073"
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Appendix 3 The physical and chemical data of study area (Mat. = Material
of artificial reef, Dep. = Depth, Bot. = Bottom, Temp. = Temperature, Conc
= Concrete, AR = Artificial reef, Ctrl = Control plot, S = sand, R = rock,
SR = sand+rock)

Dep. Dep. Bot.
(m) type type

2007 March AR Conc 18 S SR 1330 3472 8.57 820

No. Year  Month Treat Mat. Temp. psu DO pH

—

2 2007  March AR Conc 24 S S 13.51 3574 879 835
3 2007 March AR Conc 29 M S 1398 35.14 851 8.4l
4 2007  March AR Conc 23 S SR 1421 3439 872 842
5 2007  March AR  Conc 28 M S 1440 3496 898 8.44
6 2007  March AR Conc 28 M SR 14.10 35.08 852 8.38
7 2007  March AR Conc 29 M S 1416 34.53 9.07 8.45
8 2007 March AR Conc 28 M S 14.16 3523 8.98 8.42
9 2007  March AR Conc 23 S SR 13.62 3508 841 835
10 2007  March AR  Conc 28 M S 1321 35.15 850 8.39
11 2007  March AR Conc 30 M S 1239 3558 9.86 8.37
12 2007  March AR Conc 23 S SR 13.17 3525 841 8.38
13 2008  August AR Conc 33 M S 2480 32.06 7.52 8.15
14 2008  August AR Conc 20 S S 2480 32.06 7.52 8.15
15 2008  August AR Conc 27 M S 2480 32.06 7.52 8.15
16 2008  August AR Conc 35 M S 2470 32.14 6.87 8.15
17 2008  August AR Conc 30 M S 2470 32.14 6.87 8.15
18 2008  August AR Conc 25 M S 2470 32.14 6.87 8.15
19 2008  August AR  Conc 17 S SR 2390 31.76 7.04 8.09
20 2008  August AR Conc 19 S SR 2390 31.76 7.04 8.09
21 2008  August AR Conc 25 M SR 2390 31.76 7.04 8.09
22 2008  August AR Conc 20 S S 21.60 3250 7.60 8.01
23 2008  August AR Conc 28 M S 21.60 3250 7.60 8.01
24 2008  August AR Conc 22 S SR 21.60 3250 7.60 8.01
25 2008  March AR Conc 33 M S 1580 3391 9.72 8.1
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Appendix 3 Continued

Dep. Dep. Bot.
(m) type type
26 2008 March AR Conc 20 S

No. Year  Month Treat Mat. Temp. psu DO pH

15.80 3391 9.72 8.2l
27 2008 March AR Conc 27
28 2008 March AR  Conc 35
29 2008 March AR Conc 30
30 2008 March AR Conc 25
31 2008 March AR  Conc 17
32 2008 March AR  Conc 19
33 2008 March AR  Conc 25
34 2008 March AR Conc 20
35 2008 March AR Conc 28
36 2008 March AR Conc 22
37 2009  October AR Steel 27
38 2009  October AR  Steel 26
39 2009  October AR Steel 40
40 2009  October AR Steel 37
41 2009  October AR Conc 35
42 2009  October AR Conc 23
43 2009  October AR Conc 37
44 2009  October AR Conc 31

15.80 3391 9.72 8.2l
15.40 34.03 8.89 8.32
1540 3403 889 832
15.40 34.03 8.89 8.32
SR 15.60 34.08 8.64 8.29
SR 15.60 34.08 8.64 8.29
SR 15.60 34.08 8.64 8.29
S 1470 34.15 884 83l
S 1470 34.15 8.84 831
SR 1470 34.15 8.84 8.31
S 2181 3321 7.98 nodata
S 2207 3385 7.08 842
SR 21.72 3348 743 8.30
SR 22,67 3322 7.9 8.14
22.15 33.52 7.58 nodata
SR 20.64 3427 7.76 830
S 2196 3387 6.79 8.29
S 21.84 3363 6.62 8.30

v v »nn wnn wn

L X099 U0JUgw L Jewvwgogwvwinwnn Xl
»

45 2010 May AR Conc 32 R 1686 3452 8.17 8.19
46 2010 May AR Steel 34 SR 16.83 3459 8.12 8.20
47 2010 May AR Conc 32 1648 3443 829 824
48 2010 May AR Conc 18 R 16.79 3450 834 8.34
49 2010 May AR Steel 37 SR 1723 3449 799 83l
50 2010 May AR Steel 36 SR 1792 3450 7.73 823
51 2010 May AR Conc 46 SR 1759 34.61 8.15 824
52 2010 May AR Conc 37 SR 1681 3457 7.77 8.22
53 2010 May AR Steel 31 SR 1587 33.63 7.74 7.55
54 2010 May AR Conc 35 SR 1580 34.67 8.13 8.08
55 2010 May AR Steel 32 SR 1582 3349 7.70 7.48
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Appendix 3 Continued

Dep. Dep. Bot.

No. Year  Month Treat Mat. Temp. psu DO pH

(m) type type
56 2010 May AR  Steel 36 D S 16.13 3456 8.54 822
57 2010 May AR Conc 46 SR 1898 33.63 7.67 8.20
58 2010 May AR Steel 33 S 18.62 3460 7.61 8.23
59 2010 May AR Steel 39 S 19.03 3463 7.70 8.23
60 2010 May AR Conc 37 SR 1629 33.73 8.67 820

61 2010 September AR  Steel 34
62 2010 September AR  Conc 32
63 2010 September AR  Conc 32
64 2010 September AR  Conc 18
65 2010 September AR  Steel 37
66 2010 September AR  Steel 36
67 2010 September AR  Steel 31
68 2010 September AR  Steel 32
69 2010 September AR  Conc 35
70 2010 September AR  Steel 36
71 2010 September AR  Steel 33
72 2010 September AR  Conc 46
73 2010 September AR  Steel 39
74 2010 September AR  Conc 37

SR 21.60 3498 8.13 8.89
R 2000 3505 846 8.83
R 21.06 3474 848 8387
R 2020 3519 842 891
SR 20.89 34.87 847 8.92
SR 2044 3533 8.54 8.86
SR 2191 3479 747 8.77
SR 2240 3471 749 8.5
SR 2227 3486 745 8.74
S 2195 3509 729 8.72
17.68 33.79 9.08 8.87
SR 17.62 3423 8.89 8.88
S 17.69 33.79 9.10 8.82
SR 1845 3033 835 8.76

L U XXX ELELELYVYUuLUuUuLLLUUw»w LZLUUZIU
2]

75 2011 July AR Steel 32 SR 2348 34.12 859 754
76 2011 July AR Conc 31 2440 33.17 823 752
77 2011 July AR Steel 32 2298 3430 8.59 7.55
78 2011 July AR Steel 29 2337 3402 771 7.23
79 2011 July AR Steel 30 SR 2398 3320 8.53 7.50
80 2011 July AR Steel 30 SR 23.02 3320 8.72 7.85
81 2011 July AR Conc 25 SR 2274 33.80 794 7.03
82 2011 July AR Conc 28 SR 2050 34.17 859 7.56
83 2011 July AR Conc 25 SR 21.60 33.60 832 7.57
84 2011 July AR Steel 41 S 21.00 3440 832 7.55
85 2011 July AR Steel 28 SR 2090 3454 7.81 7.46
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Appendix 3 Continued

Dep. Dep. Bot.

No. Year  Month Treat Mat. Temp. psu DO pH

(m) type type

86 2011 July AR Steel 37 D S 20.28 33.80 8.23 7.48
87 2011 July AR Conc 41 S 21.22 3479 820 7.45
88 2011 July AR Conc 24 SR 2126 33.87 8.44 7.21
89 2011 July AR Conc 23 S 20.34 3478 843 7.46
90 2011 July AR Steel 30 S 21.09 3430 8.74 7.48
91 2011 July AR Conc 23 S 17.10 34.01 8.66 7.48
92 2011 July AR Conc 23 S 18.53 34.16 8.59 7.55
93 2011 October AR Conc 35 R 22.80 3520 8.40 7.81

94 2011  October AR Steel 41
95 2011  October AR  Steel 38
96 2011  October AR Steel 34
97 2011  October AR Steel 35
98 2011  October AR  Steel 35

SR 2275 3321 847 785
SR 2259 35.09 852 7.82
SR 22,69 3534 7.60 7.70
R 2253 34.01 850 7.82
2269 3512 8.63 7.81
99 2011  October AR Conc 25
100 2011  October AR Conc 28
101 2011  October AR Steel 41

SR 2255 3458 857 7.85
23.80 3452 840 7.69
S 2402 3522 8.06 7.71
102 2011  October AR Steel 28
103 2011  October AR  Conc 25
104 2011  October AR Steel 37
105 2011  October AR  Conc 41
106 2011  October AR  Conc 24
107 2011  October AR Conc 23
108 2011  October AR Steel 30
109 2011  October AR  Conc 23

SR 2387 35.09 8.16 7.72
SR 2376 33.54 820 7.78
S 2381 3517 877 7.66
S 2386 35.13 8.67 7.65
SR 2323 3482 882 7.73
S 2328 3490 8.66 7.69
S 2287 3485 856 7.59
S 18.66 33.70 8.20 7.63
S

110 2011  October AR Conc 23 16.84 3392 829 7.50

L v 2 v v »n »n 2 » n g2 0220w n n nU
»
=

111 2007 March Ctrl - 18 SR 1330 3472 8.57 8.20
112 2007 March Ctrl - 24 S 13.51 35.74 8.79 8.35
113 2007 March Ctrl - 29 S 13.98 35.14 851 8.4l
114 2007 March Ctrl - 23 SR 1421 3439 8.72 8.42
115 2007 March Ctrl - 28 S 14.40 3496 8.98 8.44
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Appendix 3 Continued

Dep. Dep. Bot.

No. Year  Month Treat Mat. Temp. psu DO pH

(m) type type
116 2007 March Ctrl - 28 M SR 14.10 35.08 8.52 8.38
117 2007 March Ctrl - 29 M S 1416 3453 9.07 8.45
118 2007 March Ctrl - 28 M S 1416 3523 898 8.42
119 2007 March Ctrl - 23 S SR 13.62 35.08 841 8.35
120 2007 March Ctrl - 28 M S 13.21 35.15 850 839
121 2007 March Ctrl - 30 M S 1239 3558 9.86 8.37
122 2007 March Ctrl - 23 S SR 13.17 3525 841 838
123 2008  August Ctrl - 33 M S 2480 3206 752 8.15
124 2008  August Ctrl - 20 S S 2480 3206 752 8.15
125 2008  August Ctrl - 27 M S 2480 3206 752 8.15
126 2008  August Ctrl - 35 M S 2470 32.14 687 8.15
127 2008  August Ctrl - 30 M S 2470 32.14 6.87 8.15
128 2008  August Ctrl - 25 M S 2470 32.14 687 8.15
129 2008  August Ctrl - 17 S SR 2390 31.76 7.04 8.09
130 2008  August Ctrl - 19 S SR 2390 31.76 7.04 8.09
131 2008  August Ctrl - 25 M SR 2390 31.76 7.04 8.09
132 2008  August Ctrl - 20 S S 21.60 3250 7.60 8.01
133 2008  August Ctrl - 28 M S 21.60 3250 7.60 8.01
134 2008  August Ctrl - 22 S SR 21.60 32.50 7.60 8.01
135 2008 March Ctrl - 33 M S 15.80 3391 9.72 8.2l
136 2008 March Ctrl - 20 S S 15.80 3391 9.72 8.2l
137 2008 March Ctrl - 27 M S 1580 3391 9.72 821
138 2008 March Ctrl - 35 M S 15.40 34.03 8.89 8.32
139 2008 March Ctrl - 30 M S 1540 34.03 8.89 8.32
140 2008 March Ctrl - 25 M S 1540 34.03 8189 832
141 2008 March Ctrl - 17 S SR 15.60 34.08 8.64 8.29
142 2008 March Ctrl - 19 S SR 15.60 34.08 8.64 8.29
143 2008 March Ctrl - 25 M SR 15.60 34.08 8.64 829
144 2008 March Ctrl - 20 S S 1470 34.15 884 83l
145 2008 March Ctrl - 28 M S 1470 34.15 8.84 831
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Appendix 3 Continued

Dep. Dep. Bot.

No. Year  Month Treat Mat. Temp. psu DO pH

(m) type type
146 2008 March Ctrl - 22 S SR 1470 34.15 8.84 8.3l
147 2009  October Ctrl - 27 M S 21.81 3321 7.98 nodata
148 2009  October Ctrl - 26 M S 2207 33.85 7.08 842
149 2009  October Ctrl - 40 D SR 21.72 3348 7.43 830
150 2009  October Ctrl - 37 D SR 22,67 3322 7.9 8.14
151 2010 May Ctrl - 34 M SR 16.83 3459 8.12 8.20
152 2010 May Ctrl - 18 S R 16.79 3450 8.34 8.34
153 2010 May Ctrl - 37 D SR 1723 3449 799 83l
154 2010 May Ctrl - 36 D SR 1792 3450 7.73 8.23
155 2010 May Ctrl - 46 D SR 1759 34.61 8.15 824
156 2010 May Ctrl - 31 M SR 1587 33.63 7.74 7.55
157 2010 May Ctrl - 36 D S 16.13 3456 8.54 8.22
158 2010 May Ctrl - 46 D SR 1898 33.63 7.67 8.20
159 2010 May Ctrl - 37 D SR 1629 33.73 8.67 8.20
160 2010 September  Ctrl - 34 M SR 21.60 3498 8.13 8.89
161 2010 September  Ctrl - 18 S R 2020 35.19 842 891
162 2010 September  Ctrl - 37 D SR 20.89 34.87 847 8.92
163 2010 September  Ctrl - 36 D SR 2044 3533 8.54 8.86
164 2010 September  Ctrl - 31 M SR 2191 3479 747 877
165 2010 September  Ctrl - 36 D S 2195 3509 729 8.72
166 2010 September  Ctrl - 33 M S 17.68 33.79 9.08 8.87
167 2010 September  Ctrl - 37 D SR 1845 3033 835 8.76
168 2011 July Ctrl - 32 M SR 2348 34.12 859 7.54
169 2011 July Ctrl - 32 M R 2298 3430 859 7.55
170 2011 July Ctrl - 29 M R 2337 3402 7.71 723
171 2011 July Ctrl - 30 M SR 2398 3320 8.53 7.50
172 2011 July Ctrl - 25 M SR 2274 33.80 7.94 7.03
173 2011 July Ctrl - 28 M SR 2050 34.17 859 7.56
174 2011 July Ctrl - 41 D S 21.00 3440 832 7.5
175 2011 July Ctrl - 28 M SR 2090 3454 7.81 7.46
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Appendix 3 Continued

Dep. Dep. Bot.

No. Year  Month Treat Mat. Temp. psu DO pH

(m) type type

176 2011 July Ctrl - 37 D S 20.28 33.80 823 7.48
177 2011 July Ctrl - 24 S SR 2126 33.87 8.44 7.21
178 2011 July Ctrl - 23 S S 20.34 3478 843 7.46
179 2011 July Ctrl - 23 S S 17.10 34.01 8.66 7.48
180 2011 October Ctrl - 35 M R 22.80 3520 840 7.81
181 2011 October Ctrl - 41 D SR 2275 3321 847 7385
182 2011 October Ctrl - 34 M SR 2269 3534 7.60 7.70
183 2011 October Ctrl - 35 M R 22.53 34.01 850 7.82
184 2011 October Ctrl - 25 M SR 2255 34,58 857 7.85
185 2011 October Ctrl - 28 M SR 23.80 34.52 840 7.69
186 2011 October Ctrl - 41 D S 24.02 3522 8.06 7.71
187 2011 October Ctrl - 25 M SR 23.76 33.54 820 7.78
188 2011 October Ctrl - 37 D S 23.81 35.17 8.77 17.66
189 2011 October Ctrl - 24 S SR 2323 3482 882 773
190 2011 October Ctrl - 23 S S 2328 3490 8.66 7.69
191 2011 October Ctrl - 23 S S 18.66 33.70 820 7.63
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Abstract

Effects of Artificial Reefs
and Environmental Variables

on Fish Assemblages:

a case of Jeju island in Korea

Junsung Noh
Department of Environmental Planning
The Graduate School of Environmental Studies

Seoul National University

A biodiversity which is an index on the evaluation of ecological health for marine
ecosystem tends to be higher in coastal area compared to open ocean. However, the
biodiversities of coastal areas are degrading by human disturbances to coastal
ecosystems, including habitat loss, climate change, overfishing, pollution, exploitation,
tourism, as well as waste dumpings. In particular, increased habitat loss is of great
concern due to its severe adverse effects on marine ecosystems. For the reason, artificial
reefs have been suggested as alternatives for the restoration of marine habitats. Although
effects of artificial reefs in terms of enhancement for the marine fisheries resources have
been studied for a long time, current understanding of the specific interactions between
artificial reefs and environmental variables seems to be somewhat limited. Therefore, the
present study aimed 1) to analyze environmental variables which have effects on fish
assemblages of artificial reefs, and 2) to select fish species which are indicators of
various habitats of the artificial reefs.

Data collections have been made on March 2007, March and August 2008,

At dk



October 2009, May and September 2010, July and October 2011. Total of 110 artificial
reefs and 81 control plots have been investigated along the coasts of Jeju island, Korea.
Fish assemblages as well as environmental parameters have been investigated and
measured respectively, and their relationship has been statistically analyzed. There was
significant correlation between fish assemblages and certain environmental variables viz.
temperature, material of artificial reef, and bottom types. Artificial reefs were also
classified according to the three variables. Finally, the indicator species of each habitat
type has been designated based on the indicator value analysis (IndVal).

This study successfully addressed the effect of environmental variables on fish
assemblages of artificial reefs. While previous studies have largely focused on
quantitative method for the selection of representative species, the systematic and IndVal
has been conducted in the present study which appeared to be efficient for the selection
of proper type of artificial reefs in the study area. This may provide better opportunity
and analytical tool for the implementation of sustainable conservation of marine

ecosystem.

Keywords . artificial reef; fish assemblage; marine ecosystem;

biodiversity; indicator species; environmental variables
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