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Table 1. Ratio of fishery area, rocky zone and sandy zone of sampling

sites on the coastal zones of Jeju island

Rocky zone /

Sampling Fishery area Rocky zone Sandy zone _,
Fishery area

Regions

sites (ha) (ha) (ha) (%)
Wolyeong 42 41.3 0.7 98.3
Gwakji 84.3 10.2 85.4 10.7
Northwestern  Aewol 141.1 100.6 22.9 81.5
Sineom 101 56 45 55.4
Tho 68 68 - 100
Jocheon 153 149 4 97.4
Woljeong 234.1 160.1 64.4 71.3
Northeastern
Haengwon 247.3 121.9 56.3 68.4
Seongsan 74 68 6 91.9
Sincheon 98.8 57.6 40 60.3
Hacheon 91.2 52.3 21.2 71.2
Southeastern
Namwon 74 73 1 98.6
Bomok 211 205 6 97.2
Daepo 136.1 58.5 82.1 41.6
Southwestern Jungmun 44 95.5 228.3 29.5
Yeongnak 131 72 59 55.0
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(3) COD

F718 AR AHEE= CODE 20089 AAH (A, o4, €4, P, AH, 3
A, E, FE)NA T 0.92 £0.29 megl ' 2 Yelgton, dAs gl 9213
FHEM 1.70 £0.067 mgl ‘2 o Ao vle] FHez =ga, FEad
o A A 0.15 £0.06 mgl 'oF ThE FHo Hla] F S BT}
20109 AL, A4, o5, =H, 43 9, BE A Fi 1.26
+0.10 mgl o2 yepgon, dEaido] X% FdellA 1.48 +£0.078 mgl
2 e A v doEes %, 2E dgel AT REF Fx3 o
A3 o]z oA Zzt 0.97 £0.099 mgl "9 0.98 +£0.067 mgl '2 T2 FH
Hla] ooz BFdth(Fig. 3).

(4) DIN

AFAt AHE &2 7|AA(DIN)E 20083 A™oA HF 0.124 £0.023
mgl™' o2 yelgton, B do] X3 ool 0.189 +0.051 mgl 'E o
2 A w&l =A dewa, Al 93 F&EolA 0.051 £0.003
mgl™h o2 s ve S B RE XA FFAAN FAVE 153 8
e R4S JeRTh 20109 BH-oAE Fd 0.052 £0.010 mgl" o=
ghgton, FEado] 923 HEA 0.072 £0.004 mgl'E T2 HAHo| H|
I =A vebgs, EAge X3 DA 0.026 +£0.006 mgl 'Z 7 @
< e BAH(Fig. 4).
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(5) DIP

AFALd AHE LEF7(DIP)E 2008 AAANA HF 0.007 £0.002
mg:l™! o2 Jehgon, BAHG 93 ofLallA 0.012 £0.004 mgl! =2
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o] 9218 AelA 0.006 £0.000 mg'l 'oZ ThE H A vl Aoz =
A vehga, s XS 2R FEaidel A P 0.002
+0.000 mg'1™'2 =AY F 7 Fe ¢S EYth(Fig. 4).
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Fig. 1. Annual variation of water temperature on the coastal zone of Jeju island from 1997 to 2010.
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Fig. 2. Annual variation of salinity on the coastal zone of Jeju island from 1997 to 2010.
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stlom, F8E AxFY Hede = FAE =3(1997, Fu), AF9 niot
(o], 2008)S Fa=E STt FAF 55 =522 E(Chlorophyta), Z2X4E



Haengwon

33.5

Jeju island

Sincheon

33.3

I

¢

33-126.1 126.3 126.5 126.7 126.9

Fig. 5. Sampling sites of benthic algae on the coastal zones of Jeju island from 2008 to 2010.
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Table 2. Equations for species diversity, maximum H' and evenness index J'

Index Equation
Diversity Index (H') n; nj
Shannon and Wiener (1949) H=X [n Inn]
Richness Index (d) 4= (S=1)
Margalef (1958) Log(N)
Evenness Index (J') H’
Pielou (1969) J'=In(s)

n; - number of individuals belonging to the it of S species in the sample, n : total number of individuals in

the sample, S : number of species
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Fig. 6. Comparison of number of species of benthic algae in each region on the coastal zones of Jeju

island.
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Fig. 9. Comparison of number of species of benthic algae at 10 m depth in sampling sites on the coastal

zones of Jeju island.
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Fig. 11. Comparison of number of species of benthic algae at each depths in sampling sites on the coastal zones
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gt 9y BEHTd wWE AAGLE BRI I
gWWt/m', Z%5F 11,136 gWWt/m' 18|31 £ F 1,589 gWWt/m'e]Qar, F553
Aol H2F 497 gWWt/m', Z22F 2,405 gWWt/m' 12|31 TZ2F 1,3

mol Atk FARS AN SEF 95 gWWi/m, ZEF 1,005 gWWi/m 121 F
EF 197 gWWymolgler], BARSA S2F 139 gWWim, 22
gWWt/m' 187 T2 5 357 gWWi/m'o| 4Tt =z 5o} T8 AoE 747} 497
gWWt/m ¢} 1,398 gWWi/m'2 FEEa o] g2 s g AhHos = A
o2 yehgou, 22{ A9E FEHAINA 11,136 gWWi/m'= /M =3k
oo gA e o} BAFe| o] B, HEFL dERE L= FHAY

3 A ow A o] wekth(Fig. 12).

(2). B s=f/ BEF

AL A7

e
%
BN
Hu
i
)
o
2
ol
flo

4ol 15,457 gWWY/m'E 7} ¥
o AAFe|Pa, o)F ;YA(13,371 gWWi/mr), 3HH(6,594 gWWit/m), 2A1H
(2,963 gWWt/m'), A4H1,559 gWWt/m’) 183l F5(1,486 gWWt/m') &+£0 2
Z3@atich o9 1070 BN E 1,400 gWWt/m' wlwkel k. Fulxoz g3

& 747t 347 gWW/m'e} 127 gWWt/m'Z W& A Fol ). s =F/
W =23 QA FEe =257} A 809 gWWH/mE 7H4 =gron], o3
FA(412 gWWi/m'), 21-H(296 gWWt/m'), of€(251 gWWt/m'), thaE(188
gWWi/m), Z3(157 gWWi/m), (142 gWW/m) 2}a ©]&(107 gWWi/
m) €0z FdNAG. BEFE YYNA 14238 gWWymE Y mgow,
o]F (13,371 gWWt/m'), 3+(5.253 gWWt/m'), =5(1.219 gWWt/m'), =
A(1,123 gWWt/m*) 28]a1 tE(1,014 gWWt/m') £ 2 Zdsdoh. vhd, 2l

o



A, qLdI FdoME 100 gWWt/m olat Aotk TxFE AHx
2,574 gWWt/m2 71 =& AAFo|don, o|F PA(2,450 gWWt/m'), 27
(1,080 gWWt/m'), (792 gWWt/m') 223 j€L (670 gWWt/m') £o 2 =
gtk AH Aol W HExF EFvE 2 YAFS JuFoz 5RI A
A AHo A =& Ao 2 YEltH(Wilcoxon sign rank test; df=1, Z=3.188,
p<0.05)(Fig. 13).

=

AFALd AHdE dlx2F 24 AFY SdNEE 7|2E 34 Le Bris index
Mo Z SHTES BAS Ay, A9 2085 2/ 11E, 2E2F 5% 183
I2F 4FEoE 23 Y. BFTE Le Bris AF#S 227 63.70%, 327
25.75% 2T 3l HZF 8.97%<wolATh. AFAt A 205 AAY 98.4%(Le
Bris index 132.26 X 101)& o2& ZFo Hls] Adog -7} =5t 49 20

%%l Ecklonia cava?} 56.54%(Le Bris index 16.23 < 101)& HH3tYL, o] %
Coralline (U. K) 8.83%(Le Bris index 2.53 X 10%) 183 Grateloupia angusta
7.33%(Le Bris index 2.10 X 1002 ZFsgon, o] AA Y 70% o4
-3t F tH(Table 3).

(3). 3H A4 sixz7F B=F

AFdd A" FA4 5 mol AAse dERF AT HAH FUoNA
22,565 gWWt/meg2 7bd =%kat, o]F €A (13,750 gWWt/m'), 43 (9,743
gWWt/m*), 21:(4,702 gWWt/m') 18]31 AJ2H(2,501 gWWt/m)Eo2 =9kt
HH FeldA e 55 gWWi/mZ 7hd v, B3 4] 5 m 2/ EFaE
SZ2F AAFY Ay, sZ2F7F F88A Fe AHF S A FHAAE
FYA A 684 gWWt/m'E 7} ok, 227 A, FdolA 16,287 gWWt/
mE OE FHo| vl Aoz A o] w3k, o]F €A (11,966 gWWt/
m), 39,167 gWWt/m'), 422,101 gWWt/m*), Z=x](1,144 gWWt/m') Lg
3 FE(1,110 gWWi/m)Eoldeh. T2/ A%, FdolA 5594 gWWt/m'=
7V =%k, o]F A3 (4,510 gWWi/m'), D74 (1,746 gWWt/m'), o€ (1,135 gWWt/
, 91,039 gWWt/m') 283 A1H (838 gWWt/m')<=o] Ath(Fig. 14).
AFsd - F4 10 mol AMAse slzFY AAFS AH L€HA

14,983 gWWt/me 2 7}4 =tar, o]F 3JU4(10,617 gWWt/m'), (7,048



gWWt/m'), F8(2,897 gWWt/m') 2]l A3 (2,335 gWWt/mz)—"ESli =34k
A GAo e 23 gWWi/m2 78 siekoh, g
H S52F AAZFY A, 52/ 9814 ¥ F
Me - 1,339 gWWYmME 7+ =g, 2279 73‘%, A A 13,565
gWWt/mz2 ot& Aol nls) Fizor AAFo] Foha, o]F FA(11,966
gWWt/m*), a3 (5,097 gWWt/m'), F&(2,545 gWWt/m'), Z=](1,437 gWWt/
m) il HE(L169 gWWt/m)solde. FX2FY A5, AHdA 2,237
gWWt/m'2 7F4 =931, o] % (1,133 gWWi/m'), €4(1,098 gWWt/m*),
(901 gWWt/m'), BE-(799 gWWt/m') 2]l A4(762 gWWt/m')<=o] A tH(Fig. 15).

AT A F4 16 moll AM2ete six2Fo BAZFS 3 LAA 17,639
gWWt/m' e 2 7}4 =9ka1, o]% (6,929 gWWt/m'), 3H6 (2,990 gWWt/m*), th¥E
(2,090 gWWt/m') 2831 AH (1,850 gWWt/m)= o 2 =gkth, vhd FEo A= 115
gWWi/m'Z 7b3 2tk 388 4 15 m |27 EF7d 5275 A=Y 4
T, 2RV F8sHA 2 99, AY g RS AL AR AAE skl
A 1,078 gWWt/m'2 7} =3tk 2x2F9 A5, €404 17,182 gWWt/m'Z th
2 AAHd vls) AFgoz A Fo] =k, o]F PA(5,859 gWWt/m'), thE
(1,780 gWWt/m'), &3(1,495 gWWt/m'), Zx](788 gWWt/m') Lg]a X E(420
gWWt/m ) ol $279 A, AHAA 974 gWWH/m'Z 71 =9kar, o] % 3
A(622 gWWt/m'), BE(471 gWWt/m'), @t (436 gWWt/m'), 3F:1 (417 gWWt/m') 1
2o of (412 gWWt/m)<=o] At (Fig. 16).

A FAo e A WHEE EAg Ay, FA4lo] ZolAFE A o
B4, Aol dAAFE AAFo] Frlste AA

aga %
Bgls gHon TREUL F4o] WoldsE APl sl
o o]

o Mz

o
i
o
rr

o
o
rL

2%, oiY, A9, B, A4, AF, Y 1Y Gor F4lo] ol
Fob 2RO AAFo] Zhst Pl Aol WolWEE AR o] e
t 3de 933 NI 4ol RoAFE DEFY AAL] F75HE PN
9. 43 AAFe] ARgle AUEL w2, 2XF 1elT FERe) A
SAle) mebd wWaa, SEe] A W W Ao Ueheh(Fig 17)
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Fig. 12. Comparison of biomass of benthic algae in each region on the coastal zones of Jeju island.
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Fig. 13. Comparison of biomass of benthic algae in sampling sites on the coastal zones of Jeju island.



Table 3. List of dominance species of benthic algae by Le Bris index method in sampling sites.

Ranks Classifications Species name Le Bris Index (X 104) percentage (%)
1 Ph Ecklonia cava 16.23 56.54%
2 Rh Coralline (U. K) 2.53 8.83%
3 Rh Grateloupia angusta 2.10 7.33%
4 Ch Cladophora wrightiana 1.43 4.97%
5 Rh Corallina pilulifera 1.00 3.49%
6 Ch Codium coactum 0.91 3.17%
7 Ph Colpomenia sinuosa 0.86 2.98%
8 Ph Undaria pinnatifida 0.80 2.79%
9 Rh Amphiroa anceps 0.71 2.46%
10 Rh Peyssonnelia capensis 0.34 1.18%
11 Ph Ecklonia kurome 0.33 1.14%
12 Rh Amphiroa ephedraea 0.19 0.67%
13 Rh Lithophyllum okamurae 0.16 0.56%
14 Ch Codium contractum 0.16 0.56%
15 Rh Galaxaura falcata 0.13 0.44%
16 Rh Predaea tokidae 0.11 0.39%
17 Ch Codium fragile 0.08 0.27%
18 Ph Dictyota coriacea 0.07 0.24%
19 Rh Plocamium telfairiae 0.06 0.20%
20 Rh Gracilaria textoril 0.06 0.19%

Total Ch: 4, Ph: 5, Rh: 11 132.26 98.4%

3¢ Ch: Chlorophyta; Ph: Phaeophyta; Rh: Rhodophyta
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Fig. 14. Comparison of biomass of benthic algae at 5 m depth in sampling sites on the coastal zones of
Jeju island.
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Fig. 15. Comparison of biomass of benthic algae at 10 m depth in sampling sites on the coastal zones of
Jeju island.
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Fig. 16. Comparison of biomass of benthic algae at 15 m depth in sampling sites on the coastal zones of

Jeju island.
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Fig. 17. Comparison of biomass of benthic algae at each depths in sampling sites on the coastal zones of Jeju
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2. AZA A2F AUHY TR
7h AFE Y Sz

ZAPA GOl A Sf|x2ge] S vluE § U= AEE Segawa(l956)= ZA=x
2ol tigt Hx22E] H(C/P)E AHEsH 2™, Feldmann(1937)2 ZAZx2E o
g FxAES H(RP)E AHE, 449 #s Hlustry] 9std & FdETSF
AETEE BASH, AFAt d¥E A8 C/P ratio, R/P ratio, (R+C)/P
ratios= Table 49} 2t} C/P ratio= FE5al Joll X3 A HoA 0.252 HA23E,
A el AXg FolA 7.0002 Higks HEpR e, B 1.929 %
AT R/P ratioe HEAafG] «Ag AAolA 0.8302 HAgs, F53H
ARG A H FAsiAel] A fdelA 15.0022 Hojgk-s YA H,

4199 & Btk (R+C)/P ratios ‘2&s ool X3 BEA 0.892 Ha

=

o]
il

2

12
oﬁ 2 o

s, BA G X|g ofLolA 22.0002 HigS YEpRN O™, H 5599
#S BAH(Table 4).

T SR A A= Table 59F 29 =4 5 me C/P ratiow HAH
ol X ofLolA 0.262 HAFS, HEsided X P 6.0022
A ge vetden, " 1.999 #5 Btk R/P ratios FAs ol A21%
Fetoll A 0.25%2 HAZS, EAsG] AAG Lol 12.0022 HHgs e
WRew, Fd 3.979 e HIg. (R+C)/Pe FAGolA X3 Jetol A
0.252 HAFE, BAsgo] AXT fLeA 16.0022 Hoigks YeE o,
H 4.749 s BAT. F4 10 me  C/P ratioe HEAJe| Aol x|gH of & ol A]
0.2082 HAgs, FEaigel X3 EHEA 6.0002 HAA@S Herfdoen,
B 1.629 3L BYY. R/P ratios EEsl el Y23 HEoAM 0.33082 HA

°

o= AWW Ueti ol e, 3t5.389 & EOﬂD} 41 15 m®)  C/P ratio®
A A AT o W 0.252 Hags, Heslcel A Adr 2.500
Z Hdighs Jehiler, B3 1.069 #& Btk R/P ratios HAMsel 914
g AP A 0.3302 EJJJ%, A8l ARG HLolA 8.0002 HhghE
Uehllom, B 2439 g& BA. (R+C)/Pe HAS oM X L ol A



0.332 HAFE, BEAAG] X LA 12.0022 Hjge Yehfler,
Bt 3.369 @S H AT (Table 5).

2008 i sl 24 AL A3} C/P ratios BAe A 0.258 HAzHS,
EE el 18002 HAU@S Jetdde™, Hd 0.889 s B RP
ratiot ‘FEa oA 1.782 HAZS, FAMFAA 9.0002 Hzk-s YR
ow, P 5519 FS AT (R+0)/P= ;G 2.3302 HAzS, H4
| GelA 13.0022 HgS deEl e, A 7.339 @S HATH



Table 4. C/P, R/P and (R+C)/P index of sampling sites.

Region Sampling sites C/P R/P (R+C)/P
Wolyeong * 3 1.67 2
Gwakji 1 2.5 3.5
Northwestern Aewol 0.14 15 22
Sineom * 3 0.83 1.17
Tho * 2 1.75 2.25
Jocheon * 1.5 1.17 1.83
Woljeong 0.8 3.5 4.75
Northeastern
Haengwon 4 1.75 2
Seongsan * 2 1.5 2
Sincheon 0.25 15 19
Hacheon 1 2.25 3.25
Southeastern
Namwon * 0.5 3.5 5.5
Bomok * 3 0.56 0.89
Daepo 1 6 7
Southwestern Jungmun 0.5 9 11
Yeongnak * 7 1.14 1.29




Table 5. C/P, R/P and (R+C)/P index of each depth at sampling sites.

Sampling sites

Depths Index

wY GJ AW SE IH JC WS HW SS SC HC NW BM DP M YN

C/P 1 1 0.25 4 1.5 1.67 2 6 2.5 - 3 1 2 1 1 -
5 m R/P 5 3 12 1 1.83 0.8 6.5 2 2 10 2.33 2 0.75 7 7 0.25
(R+C)/P 6 4 16 125 2.5 1.4 7 217 2.4 10  2.67 3 1.25 8 8 0.25

C/P - - 0.2 1.5 0.67 2 0.5 3 25 0.5 025 0 6 1 0.5 4

10 m R/P 0.5 3 10 0.67 2.5 0.5 5.5 3.33 2 10 6 - 0.33 8 7 1.5
(R+C)/P 0.5 3 15 1.33 4 1 7.5 3.67 2.4 12 10 - 0.5 9 9 1.75

C/P - 2 0.25 - 2 0.5 1.5 2.5 1 - 1 1 1 1 - -
15 m R/P 0.33 0.5 8 2 125 2.5 3 1.8 1.4 — 2.5 4 1 4 - 1.75
(R+C)/P 0.33 1 12 2 175 45 367 22 24 — 3.5 5 2 5 - 1.75




FHY 2F SAELE )& AHEdF AAF
MEF LGS ol&std AuTH AAFE LA 29, FAHE
5.842 7FF Ekom, A4k 5.81, o€ 4.37, 94 3.98
3.9602 & Aol Hlg] HdUHew w=idtt A F4A4E F
A aAE xF T 24 dT7EAe FdsA B FAE
2AtH(Spearman correlation; R* >0.5, p<0.05)(Table 6).
AR F T5EE ofLolA 0928 7% =skow 3 0.91, °o]& 0.90,
7 2 0.87E o-& AHAol HIE HUFoE =itk AH F4
dhH o= —’Fé‘:‘ 10 mollX 78 d5=7F B3, 4 5 mollA

> L
2

-

M e ol €389 B, —’F*‘ 5 me F #5EE 09002 AFo
2 Z=go}, 4 10 mollA zZ % Coralline sp.o] &3l 93l 0.352
wAsHA FasATE 4 156 m°ﬂ’ﬂ Al 0.732.2 F7tske Fdolunh o]9
= FAH} AT F4 HE $HT NEFEFIoRE s T #FE7 7L
st ol ATH(Table 6)

AHE T o

FE= FAlA 29602 7HE =Tk ]9 ofHd(2.84), olx
(2.95), 974 (2.57), 3 1(2.59) Z2g]ar Al (2.52)0 4 thke A 2.5 ooz A
Ao w2 F TolAdtt. ¥, xR/ 3 T4 2 43 (1.78),
(1.47) 2183 %%(1.78)01]*1% vo F gdzoldtt 4d #4948 F g
T4 Smoll A= o]&olA 2.88F M =Skal, A 10 me 15 mollA = Ad4tell 4
Zrzb 2,567 2492 7HF =Stk AR AWrF o R F4lo] FAghe weEbA F
dEe Faste FFolAAR FAdHcZ = FHBATE AATHSpearman
correlation; R* >0.5, p<0.05)(Table 6).
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Table 6. Species richness, species evenness and species diversity of benthic algae of sampling sites at
different depths.

Sampling Species richness (d) Species evenness (J') Species diversity (H')
sites Total 5m 10m 15m Total 5m 10m 15m Total 5 m 10m 15 m
Wolyeong * 1.99 1.38 0.64 0.89 0.81 0.90 0.35 0.73 1.78 1.75 0.38 1.01
Gwakji 1.94 0.95 0.79 0.82 0.67 0.76 0.46 0.64 1.47 1.23 0.64 0.88
Aewol 4.37 3.33 3.32 2.73 0.92 0.92 0.88 0.87 2.84 2.61 2.45 2.24
Sineom * 2.75 1.86 1.41 0.61 0.82 0.81 0.80 0.63 2.11 1.78 1.55 0.70
Tho * 5.84 4.90 2.41 2.43 0.90 0.95 0.93 0.87 2.95 2.88 2.15 2.08

Jocheon * 3.91 2.79 1.83 2.68 0.91 0.91 0.87 0.89 2.57 2.25 1.81 2.13

Woljeong 3.98 2.78 2.90 2.45 0.70 0.67 0.73 0.55 2.19 1.87 2.05 1.46

Haengwon 3.96 2.97 2.45 2.87 0.81 0.83 0.73 0.76 2.59 2.43 1.92 2.12

Seongsan * 5.81 3.27 3.29 3.70 0.87 0.82 0.90 0.88 2.96 2.33 2.96 2.49

Sincheon 3.72 1.97 2.48 2.93 0.84  0.80 0.85 0.86 2.52 1.92 2.18 2.20
Hacheon 3.08 1.93 1.95 1.70 0.73 0.69 0.71 0.75 2.08 1.65 1.70 1.65
Namwon * 3.49 2.43 1.01 1.38 0.87 0.91 0.86 0.90 2.23 1.90 0.95 1.62
Bomok * 3.54 1.80 1.95 1.89 0.86 0.91 0.78 0.84 244  2.00 1.71 1.85
Daepo 3.32 1.97 2.09 2.42 0.81 0.84  0.76 0.78 2.24 1.85 1.74 1.93
Jungmun 2.55 1.88 1.97 1.00 0.72 0.72 0.70 0.96 1.78 1.58 1.61 1.33

Yeongnak * 3.35 0.94  2.32 2.39 0.86 0.84 0.84 0.88 2.37 1.35 2.02 2.11
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18. Dendrogram of similarity index at each sampling sites on the coastal zones of Jeju island.



5 C. contractum 24.05 gWWt/m' <22 $HsAtt. AHEE FElxF A
T2 EAA 14,173 gWWt/m'Z 7FF ©tkar, o] (10,435 gWWt/m'), 3}
(5,104 gWWt/m"), F&(1,219 gWWt/m’) 183 J4H(1,009 gWWt/m')ell A 1,000
gWWi/m' o]do g & A s Fzesw BEFo| th(Table 7; Fig.
19; 20; 21; 22; 23; 24).



Table 7. List of useful benthic algae in sampling sites on the coastal zones of Jeju island.

Sampling sites

Clasicfication Species name
wY GJ AW SE IH JC WS HW SS SC HC NW BM DP M YN
Chlorophyta  codium contractum 90 16 9 270
Codium fragile 96 25 81 0
Enteromorpha linza 0
Ulva pertusa 54 2 0 1
Phaeophyta  picryora dichotoma 4 1 1
Ecklonia cava 1,122 80 216 42 49 14137 8,762 692 92 5023 46 72 999 1,219 25
Ecklonia kurome 1 53 24 1,344 67 20
Sargassum fulvellum 41
Sargassum fusiform 1
Sargassum horneri 137 9
Sargassum serratifolium 149 0
Undaria pinnatifida 2 109 64 36 246 56 40
Rhodophyta Ahnfeltiopsis flabelliformis 2 1
Gelidium amansii 3
Gelidium elegans 3 34 0
Grateloupia elliptica 27
Lomentaria catenata 1
Total (gWWt / m’) 2 1,175 266 378 118 125 14173 10435 1,009 362 5104 47 195 1,000 1,219 86
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Fig. 19. Distribution of useful algae in sampling sites on the coastal zones of Jeju island.
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Fig. 20. Distribution of Codium contractum, C. fragile, Enteromorpha linza and Ulva

pertusa in sampling sites on the coastal zones of Jeju island.
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Fig. 21. Distribution of Dictyota dichotoma, Ecklonia cava, E. kurome and Sargassum

fulvellum in sampling sites on the coastal zones of Jeju island.
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Fig. 22. Distribution of Sargassum fusiform, S. horneri, S. serratifolium and Undaria

pinnatifida in sampling sites on the coastal zones of Jeju island.
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Fig. 23. Distribution of Ahnfeltiopsis flabelliformis, Gelidium amansii, G. elegans and

Grateloupia elliptica in sampling sites on the coastal zones of Jeju island.



Lomentaria catenata
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Fig. 24. Distribution of Lomentaria catenata in sampling sites on the coastal zones of

Jeju island.
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A4Z AFHH AMFHFFEY £X R A

= 5
S8tA] ¥ FAF Al7]o] FES WA erof Ajt
£ = (Warwick and Clarke, 1993; Burd et al.,
2008). olelgt AMFTELS B35 A-FHE S Holn, AETIGA SHAA
m$- =& 7FXE 7FA 2 0o (van der Maarel, 1990), siSAENA W A9 dA=
o] x| dgdozA w9 FQg FES AAStL il th(Pearson and
Rosenberg, 1978; Cohen et al, 1982; Thouzeau ef al., 1991). o] #H 9 4=
of VA= A DREE SH}e T3 .42 g Uk

AFzo] AYHABHE SoldH} T84 Wi AFE AXN FHFFE o
3 A Be A3 o] 3o $kth. Adams and Reeve(1848)7} A|F%
Hz2 AATEL SFFEd v& RHausdoer, 8 gxSe <93 Aye
1960 B EAA o2 AZAHA=H, AF Adalge] =30d & F75
o2 AAFHFFEY FHTFERE Wie B dFE° JAHAAFE(Lee
and Jwa, 1988). &y} o]Hg hFEEY AFELS AFAX FHY vidolvt o
ool AFEHAeH, FE Iy oA orlEe g AHE AEE
T2 o] &3 AMAAE FAHLE ZAMHA FST

AA #2745 ToE s qUdFoR U g HAo] 1xHI
how, oo mE AFE ofduly sjeze] wart rh&s Ha = Al

z

oM AF At BHE ANFHFEE=] YHH EEX5H FH A¥
Q_':]

i

setel 59 2 gud

g3 2Ry, FARAPE A AN THFSR vl BHS B3 AL 4

oA dst 79 R EE 54 Sstn, $F AF AL AAYERA 85 s}
2 Agsied sdsns ao



Aod A5 € U

1. BEAF
AF Gol MAste AFAFFEY EX 9} YHE A3 S8 20089 &=
AAZTel BAs Gl ZA)9} of g, S5 947 P, & a
A3 dAs tEsl FB &) B e AP ANEHFEE BES AW A
o} (Fig. 25).
AFNY ANTAFFEL A2F TLY FAs ZREZ Apde 24

=
=
S AT ¥ Line—transect o= HAA AT AR EHIS A HRE
Pz

st =3 A BFS AAHT $ FFol FFE oo FEWFoRE Y
stHA A AP 7 AP EAC tig Badt ARE HASSAT
Line—transect 7]5¥& 44 5 m, 10 m, 15 mZ AFG3FHoH, o5 FTAHZE
50 cm < 50 cm®] WHFFE AA st WIFFH AEE AF AFe= YHA W
¥ (Quadrat method)& ©]&3t] AFsIATH AFAE N8Es FAx=2d
30%° 1A F ofo]zuElro] Yu HPHZ RIS O, FA v A (Olympus
SZ=51) 3ol Al F(species)7hA] 7/ 3t eH, o2 /7 ¢ He A &
(family) 2 EFatAch o|F vlu 2 A4S 93 T &7, AT 2 AAZFS
243t 249 AES AAT 1mE SEPY. HE AXFE dyn

=2 Agl= Shen(1932), (1973, 1977), Yang and Sun(1988), Nishimura (1992,
1995), Okutani(1994, 2000), Z(1998), <3 $-(2003) & 1 5(2004)S First o
H, Zb Foll g HHe HFFHF FEE(2006)S ZAZ AT
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Fig. 25. Sampling sites of benthic invertebrates on the coastal zones of Jeju island from 2008 to 2010.
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Fig. 26. Hypothetical K—dominance curves for species biomass and number, showing unpolluted, moderately
polluted and heavily polluted conditions. On the horizontal X—axis, the species are ranked by decreasing

order of importance, using a log scale(Warwick, 1986).
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Fig. 27. Comparison of number of species of benthic invertebrates in each region on the coastal zones

of Jeju island.
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Fig. 28. Comparison of number of species of benthic invertebrates in sampling sites on the coastal zones

of Jeju island.
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Fig. 29. Comparison of number of species of benthic invertebrates at 5 m depth in sampling sites on the

coastal zones of Jeju island.
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Fig. 30. Comparison of number of species of benthic invertebrates at 10 m depth in sampling sites on

the coastal zones of Jeju island.
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Fig. 31. Comparison of number of species of benthic invertebrates at 15 m depth in sampling sites on

the coastal zones of Jeju island.
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a oz FEIA. 3l
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2 71 g8 AAFr 28s9.em, AH(178.7 inds./m'), H¥E(124.6 inds./m’), 3J
A(78.1 inds./m’), @A (75.5 inds./m’) £ 2 VeEbtar, SFA 16.9 inds./mE 7}
A AL MAGIE BEEHAT. VEtEEES PPl 3674 inds/mE I B
MAF7F @8t e, 94(283.3 inds/m'), & A7 (121.5 inds./
m), o) € (92.6 inds./m’) &£ 2 Y, FHoA 11.3 inds/mE 7H¢ 2L A A
F7F #FE AT (Fig. 34).
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(3) AA F4E AMFHFETE LS

AT A FA 5 moll AMAste AMFAHFFTEY] due oA 754.2
inds./m'Z  7FF 22 MAlF7F ds9er, 213 (562.3 inds./m'), N (479.9
inds./m’), €3 (428.4 inds./m’), X (362.3 inds./mr’), tHFE(213.7 inds./m’) &2 2 1}
B, 2204 72.1 inds/mz 71 Ao 7Hi1]—r7} =33sg gAYy 54 5
m AAEHFFE EFEE MAFE 9855 49 EA 16.0 inds./m’
Z 71 g2 AS7 29 e, 3U(12.7 inds./ Z), Z2](8.0 inds./m"), 94
(6.0 inds/m)Fo 2 YEGa, 5 E0] 2dsA & FEHY HAS AT

2A-elA 1.3 inds/m 2 7} A AAG7E BFEAYG. A FTEE-E AN A
28.5 inds./m'Z 7} B MA|S57) SEFP e, o] ¥(18.4 inds./m), LA (15.0
inds./m'), 3J(12.3 inds./m’), £%(10.0 inds./m’) =22 Ve, ZA] A 5.0
inds./m=2 7} A& A7 FEEAY. FIHFETS A A 27.5 inds./m' 2
74 e AAGTE 2839, oh¥(23.9 inds./m*), FF(16.8 inds./m’), ZA](8.1
inds./m') £o2 YEPI, €A 4.0 inds/m'E 714 AL MAF7 BEEHA
t} AASEES ofdolA 276.3 inds/mE 71 2L AAGr) 2P, A
Z1(211.4 inds./m’), 978 (199.8 inds./m’), tH3E(153.0 inds./m’), A (119.6 inds./m’),
313 (116.6 inds./m') o2 YEEI, FHEAA 27.3 inds/mE 7HF HL& A4
7t #EEHAJY. e EFS AAdA 602.7 inds/mZ 7HE BE& AL BF
HAom, AH(293.6 inds./m’), ZA](292.0 inds./m"), €A (203.6 inds./m’), oL (158.2
inds./m’) <o 2 Vel st A 9.0 inds./mE 71 AL AAF7 BEEHA
t}(Table 8; Fig. 35).

AFAG A 54 10 mol A43Ee ANTHFEES] 2@UEE AP

B



462.7 inds/m'E 7Pg @& JRAFTE S8 e™, FA(308.5 inds./m),
(248.2 inds./m’), A1 (245.8 inds./m’), H¥E(121.2 inds./m)E o2 YEGIL, S
A 37.8 inds./m'Z 7} AL JfAF7E BEHJG. ERSE AT BEF
o AL, stHAAA 8.7 inds/mE 7 BL H =71 o, (8.0
inds./m’), 3J94(4.0 inds./m’) £ 2 JEI'G FEEo] A ¥ FA, &
TS A9 Al fgoA 1.3 inds./m'E 7}2 Ao A2

SEES ofjdolA 29.2 inds./mE 7HF B AAFIE @R o, FLD(23.7

inds./m’), 2121(12.3 inds./m’), %37&(6 9 inds./m’), E(6.3 inds./m’), =%(6.0 inds./
)

ﬂﬁigft OH%JoﬂH 10.0 inds. /mi 7}2} g 7Hx1]—r7} =890, AH

(6.0 inds./m’), 3 ¥ (4.8 inds./m’), HE(4.1 inds./m’) £o 2 Ve, FaEE0]
28317 g FAE A3 AT ZFqA] 2.0 inds/mE 7HF AL AMAFT}

e

AFAE AT AAFTEEL L AHAA] 184.2 inds/mZ 7 B MASF7 283

o o ¥(166.3 inds./m*), 3J4(78.9 inds./m’), THE(73.3 inds./m’), 34 (51.3 inds./
|

m) ¢l UrE} i, ZAA 8.0 inds/m'E 7Hg AL NAGFTE HFEHAY 7
B EERES 944 434.1 inds/mZ 71 BL AAGF7 2dstHoH, P
(197.1 inds./m"), Z2(70.0 inds./m’), A1 (41.9 inds./m’), °f<&(40.6 inds./m’) O =
Ueldal, %A 10.4 inds/m'2 7 AL AAG7E #2E A (Fig. 365 37;

38).
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Fig. 33. Comparison of density of benthic invertebrates in each region on the coastal zones of Jeju

island.
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Fig. 34. Comparison of density of benthic invertebrates in sampling sites on the coastal zones of Jeju

island.



Table 8. List of dominance species of benthic invertebrates by Le Bris index method in sampling sites.

Ranks Classifications Species name le bris Index (X 104) percentage (%)
1 0 Herdmania momus momus 10.94 43.5%
2 M Astralium haematragum 8.92 35.5%
3 M Batillus cornutus 2.22 8.8%
4 M Ergalatax contracta 1.27 5.0%
5 M Lithophaga curta 1.15 4.6%
6 E Anthocidaris crassispina 0.89 3.5%
7 C Polychaeta unid. 0.67 2.7%
8 0 Alveopora japonica 0.60 2.4%
9 M Pyrene testudinaria 0.51 2.0%
10 C Macromedaeus distinguendus 0.42 1.7%
11 E Certonardoa semiregularis 0.41 1.6%
12 M Omphalius pfeifferi pfeifferi 0.35 1.4%
13 C Amphipoda spp. 0.34 1.4%
14 C Paguristes ortmanni 0.32 1.3%
15 M Cryptoplax japonica 0.32 1.3%
16 M Arca avellana 0.31 1.2%
17 ) Callyspongia elegans 0.26 1.0%
18 ) Halichondria sp. 0.26 1.0%
19 ) Spirastrella insignis 0.26 1.0%
20 M Ophiothrix exigua 0.25 1.0%

Total C: 4, E: 2, M:9, O: 5 132.26 98.4%

% C: Crustacea; E: Echinodermata; M: Mollusca; O: Others
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Fig. 35. Comparison of density of benthic invertebrates at 5 m depth in sampling sites on the coastal

zones of Jeju island.
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Fig. 36. Comparison of density of benthic invertebrates at 10 m depth in sampling sites on the coastal

zones of Jeju island.
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Fig. 37. Comparison of density of benthic invertebrates at 15 m depth in sampling sites on the coastal
zones of Jeju island.
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Fig. 38. Comparison of density of benthic invertebrates at each depths in sampling sites on the coastal zones of

Jeju island.



o. AFHS ANFAFTE BEF

oA 4,353.1 gWWt/me. &2 7} Eton JFAie)]d
8.5 gWWt/m', E-A 73] 2,594.9 gWWt/m', F& 73 1 4
AstAth gl EFol W2 YA FS EAR G FFFET 0.3 gWWt/
4.3 gWWt/m', S35 EF 119.0 gWWt/m', AAFEF 820.
gWWt/m', 71e}e&F 1,650.4 gWWt/mo]la, EH-5H-3] oA
4.7gWWt/m’, AAZER 7.1 gWWt/m', FIFEE 120.7 gWWt/m', AAFE
803.8 gWWt/mr', 7|E}EE% 3,416.7 gWWt/m'o] ZdA FEia ol 23
EEE 1.8 gWWi/m', AZEE 12.4 gWWt/m', FIF5EF 254.8 gWWt/m’, A
875.7 gWWt/m', 7|E} & & 790.7 gWWt/m'o] a1, FA R o= $3
3

fr
oy
o
olft
i
Sl RS

H
M

SEY

SEE 1.2 gWWi/m', AAFEE 10.0 gWWt/m', S FEF 197.8 gWWt/m', A
FTEW 2,686.9 gWWt/m', 7|} & & 1,182.5 gWWt/m'o] & 3tAt FAFal
N AAFEFS AA Y F 51.8%%, BEFFIIAdME JEFEEo] AA
=3 78T =% F 48.5%7F YR & s nld) & AEFS BAH(Fig.
39).

(2) BAE AMFHFTE A=

AFA AAE AMNFHAFTE HELFS UEA 7,325.2 gWWi/meZ 7}
A we HEZFS Byon, ofY(5,189.7 gWWt/m), 3(4,009.8 gWWt/m'), 23
(2,754.2 gWWt/m*), A1 (2,604.5 gWWt/mz) Z2](1,942.3 gWWt/m') 0.2 &d3}
At EFTE AEHL FFsETY 45 P 8.8 gWWi/m= 7HE B
A o] =7ty on, 3 (3.5 gWWt/mz), E(2.5 gWWi/m') &0 2 eEby

5 Fd3A Fe TES xﬂﬂfﬂ AHAAA 0.1 gWWi/m'E 714 2
AEo] AFHJY. FAFEELS AHdA 139 gWW/m2 714 2o YEF
o] &3t om, hE(12.0 gWWt/m'), 3} (10.9 gWWt/m'), °f& (8.6 gWWt/m’),
(8.0 gWWt/m') o2 Yeputar, €A 2.5 gWWi/mZ 718 A2 AETF

H



o

AU FHFEES AHA 3951 gWWt/mE 713 2o HEFo] =
st e, thE(300.7 gWWt/m'), o€ (237.9 gWWt/m'), ZX](138.4 gWWt/m’), 3}
(114.4 gWWt/m") 22 Yebgal, oA 494 gWWi/m'Z 7} 22 AEF
AU, AANFEES HEA 5188.6 gWWi/me g2 714 Be &0 =
Ao, fHh(1,641.9 gWWt/m'), YA (656.2 gWWt/m*), 3(609.7 gWWt/m'),
5131(528.9 gWWt/m') 0.2 Z33I e, oA 185.2 gWWi/m e &2 7} &
2 AAFE LA 7S EES PAdA 3,336.3 gWWi/m'ZE 714 B2 AEF
o] #FEFoH, of4(3,300.8 gWWt/m"), €7(2,041.4 gWWt/m"), th32(1,821.4
gWWt/m*), Z2(1,455.7 gWWt/m') €02 YERT, FE 4] 831.7 gWWt/m' .2
7+ AL AEFo] BFEHJH(Fig. 40).
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(3) A T4 AMFHFTE A=

A+ A 4 5 moll AXste AXFHFTEY AEZFES oA
4,456.2 gWWt/m o2 71 B2 =S BYom, o4 (3,481.9 gWWt/m'), 213
(2,960.6 gWWt/m’), 93 (2,600.6 gWWt/m’), F(2,101.2 gWWt/m'), Z=](1,577.2
gWWt/m') £o2 Yeyi, FwddA 1,200.7 gWWi/me2 71 A2
FZHJT AHE F4 5 m AXNFHFEF ERTE AEFS S35
T tEAA 3.6 gWW/me g2 7174 B2 AEZF] FdstdoH, &3 5E
G 2 FEY S ALY A 0.1 gWWi/mez 714 A2
Ak, AAFTEES AHAA 32.2 gWWi/me 2 74 2o AEFo
A3tP o, Tw(20.0 gWWt/m*), 3 (17.4 gWWt/m'), th3E(14.4 gWWt/m') =2
Uehgds, €A 2.8 gWW/mo 2 718 H& AEZo] 2dYT). F0%
2 Ao A 886.0 gWWi/me 2 7} B AEF] dsdon, 4(630.5
gWWi/m'), Z=](415.2 gWWt/m'), tH3E(310.2 gWWt/m’), FF(218.1 gWWt/m') &2
2 Yebga, €30 70.5 gWWY/me 2 714 e A&
< tjxzA 2,886.8 gWWt/m o2 71 B2 A& Edstd o, €4(1,677.4
gWWt/m'), ef€(1,510.4 gWWt/m'), 213 (1,441.4 gWWt/m') 0.2 Yel g, S
oA 391.6 gWWt/m'Z 7}g A2 AEeFo] dFHAT. 7EtsEFES f LA
1,333.2 gWWt/m'e. 2 7} 22 AEFo] Edsdor, 3J4(1,293.4 gWWt/m'),
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32(1,241.1 gWWt/m'), 979(849.7 gWWt/m'), ZX](661.2 gWWt/m’) =02 YElRE
a1, shFeA 2151 gWWH/me 2 718 A& AEeFo] #E=JAoh(Fig. 41).

AFag AH 4 10 mol AHste AXNFHFFES] AE2FS thEolA
8,359.9 gWWt/me. 2 7} W2 AE2S Byon, J(4,404.7 gWWt/m'), o &
(4,152.4 gWWt/m'), 232(3,340.4 gWWt/mz) AH(2,254.8 gWWt/m'), €3
(2,217.8gWWt/m’) 2.2 vebtal, S804 1,047.0 gWWt/me 2 713 Ho A
o] #AHAY. AFE 4 10 m AXNFHFEFF EFcE A=2F2 83 F
2o A% st 9.3 gWWi/me g 7pg @2 AEHo] Fsen, 3%

AskA] g2 ﬂxl, g, TES A MM FYoA 0.1 gWWt/me 2
M e AEF] ERS ofYolX 14.4 gWWt/mOo & 7}
Be AEFHo] %?‘az‘»‘}aﬂonﬂ, AH(8.5 gWWt/m'), tHE(6.4 gWWt/m*), 93
(4.2gWWt/m") £0.2 YelRa, AAFET] Ed3A 22 IAE A9 33
oA 0.3 gWWi/me 2 714 AL AEZFo] Zd3dtt. ST HEAA
160.0 gWWt/m'e. &2 7}4 Bo A Eako] =yl on, A (149.1 gWWt/m'), dH3H
(129.7 gWWt/m'), o€ (57.0 gWWt/m"), F&(45.2 gWWt/m") =22 YEgal, =3
FE0] FdA &e FAE A3 LAHNA 18.1 gWWH/meZ2 714 e AE
FS BT AAFEEL hFoA 5614.7 gWWi/m o2 7 2o QYEgo] =
daldom, o) L(1,776.4 gWWt/m'), 2134(1,140.1 gWWt/m’), 3F34(606.8 gWWt/m'),
FA(561.5 gWWt/m') =02 Yeltar, 944 48.8 gWWi/m'E 7} AL A&

Zo] BAHYY}. 7EEEES PP 3,807.2 gWWt/me 2 714 2o B
o] &3l om, F4(3,131.2 gWWt/m"), t*E(2,576.0 gWWt/m*), o}« (2,304.6
gWWt/m'), 94(2,145.9 gWWt/m') o2 ebytar, oA 463.4 gWWt/m' o2
71 AL AEFo] BFHJH(Fig. 42).

AT A F4 15 mol MAsts AXFAHAFTES] =TS HEoA
9,159.6 gWWt/m'e. 2 7} B2 AEFS Byon, ofd(7,934.9 gWWt/m'), J
(5,523.5 gWWt/m'), €97(3,444.1 gWWt/m'), A1%(2,598.0 gWWt/m'), 3}
(1,250.8gWWt/m’) =02 Yebytar, ZEo| A 247.4 gWWt/m o2 714 2 B &
ZFol] HZEHJG. AHE 4 16 m AXFHFTF EFrad AEFS dI5E
o] A5 oA 25.2 gWWi/m o2 7} Be AEFo] =33, I E
o] 2d3A w2 FA Y FES A AHoA 0.1 gWWi/m' e = 71 A2 A
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E&o] 233t HAAFTELS A A 153 gWWt/me 2 71 B AEF
o] ¥ty o, 2 (15.1 gWWt/m'), 3-x1(15.0 gWWt/m'), (9.5 gWWt/m") <&
o2 YetEa, AAsERTo] A &2 TES AL €GN 0.4 gWWH/
mo g 7P Ae AEFo] Atk FYFTELS HEAA 432.0 gWWt/m' &
2 71g g AE o] ey, AH(150.3 gWWt/m'), €4 (72.5 gWWt/m'"),
37 (55.4 gWWt/m') £02 Uegil, SosE°] =d3A gL FAE A
Fol A 1.6 gWWt/m'e2 71g A& AEZFS BAth AdAlsEES XA

7,064.4 gWWt/m o2 713 ©e A& o] o of¥(1,638.8 gWWt/m'),
2171(1,086.1 gWWt/m'), 3J-4(578.7 gWWt/m’), Z=]( <07 Yeht
3, FEoAA 3.5 gWWi/m'Z 71 A2 AEZo] AAHAY. 7[EsETS fd
oAl A 6,264.5 gWWt/m' o2 717 B2 AEFo] =dstder, 42(4,908.5 gWWt/
m), 974(3,128.6 gWWt/m"), th*E(1,647.0 gWWt/m’), A3 (1,360.5 gWWt/m') <O &
Jelhd s, R4 222.5 gWWt/m'e2 714 H& A& Fo] #A=AtH(Fig. 43;
44),
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Fig. 39. Comparison of biomass of benthic invertebrates in each region on the coastal zones of Jeju

island.
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Fig. 40. Comparison of biomass of benthic invertebrates in sampling sites on the coastal zones of Jeju

island.
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Fig. 41. Comparison of biomass of benthic invertebrates at 5 m depth in sampling sites on the coastal

zones of Jeju island.
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Fig. 42. Comparison of biomass of benthic invertebrates at 10 m depth in sampling sites on the coastal zones of

Jeju island.
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Fig. 43. Comparison of biomass of benthic invertebrates at 15 m depth in sampling sites on the coastal

zones of Jeju island.
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Fig. 44. Comparison of biomass of benthic invertebrates at each depths in sampling sites on the coastal

zones of Jeju island.
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correlation; R* >0.5, p<0.05)(Table 9).
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Table 9. Species richness, species evenness and species diversity of benthic invertebrates in sampling sites
and depths.

Sampling Species richness (d) Species evenness (J') Species diversity (H")

sites Total 5m 10m 15m Total 5m 10m 15m Total 5m 10m 15 m

Gwakiji 5.31 2.92 1.49 2.87 0.84 084 0.79 0.87 2.52 2.09 1.28 2.01

Daepo 11.99  5.57 6.15 8.61 0.94  0.95 0.96 0.95 3.73 3.03 3.10 3.46

Sincheon 1772 10.90 10.50  9.50 0.92 0.90 0.93 0.94 4.08 3.97 3.60 3.50

Aewol 17.93 9.73 10.65 6.76 0.92 0.89 0.94 0.90 4.06 3.40 3.64 3.01

Woljeong  16.23 10.74 6.77 6.39 0.89 0.91 0.81 0.89 3.84  3.55 2.69 2.89

Jungmun 11.95 7.68 4.56 4.02 0.98 0.98 0.97 1.00 3.73 3.34  2.61 2.39

Hacheon 1412 7.31 6.65 7.53 0.96 0.95 0.97 0.98 3.91 3.22 3.16 3.27

Haengwon 18.95 12.52 10.81 10.51 0.91 0.89 0.93 0.92 4.09 3.63 3.61 3.95
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Transform: Square root

Resemblance: S17 Bray Curtis similarity
Hacheon

Daepo
Aewol

Sincheon

— Haengwon

Samples
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Gwak|i
. . . . ~Jungmun

20 40 60 80 100
Similarity

Fig. 45. Dendrogram of similarity index at each sampling sites on the coastal zones of Jeju

island.
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3. AF3MY AMFHFFE K—dominance curve
AT AMFHFFE AHYE Edd=z9 AAFS 53 K-—dominance
curveE A% A7, o4 (W=0.11), 35 (W=0.253), ) 2(W=0.194) 183 &
(W=0.329)14 kA A7 AL e ASZ Yty vhd, 23
(W=-0.03), €4 (W=0.018), A(W=0.056) L&]3L 213 (W=0.083)2 A FHF5&
AXEHE o] AAHAAY, & FA Aoz Yyt 53] Zx]9} €49
Z9E ANBR L9YE} AgE Aoz duhth FUEQ SHAME A
Moz BRFANGE YRaddo] A0 pgAA Ao ey A%
A= 9 59 +HET2 AA HHEe 97.4%= 2HA &

%, 7IEEEE 1€2E HE AXNFHFFE Blus) AT A ﬂ%’“’] =
Ao A K—dominance curve EA A= 287 ¢ o] Astd Ao Horg:

A7 9 H(Fig. 46; 47).

<]

AFAG 28 A2F F 48 ANTATERE F 18F02 FBE 23,
AAFE 175 293 /HERTe] 150tk AUUR 78 ANTHFEE 2
A Fe AW, Y 9T AUelN 47 10502 sbg Bol 2@sPon, o

=

/m’), ¥ (194 inds./m*), 3 ¥ (14 inds./m’), ¥
(110 inds./m’), 34 (105 inds./m’), &R (44 inds/m’) 183 =F(22 inds./m’) &
o2 ZF3AY. =8 F& AMFHFTE T FHFEQ] A crassispina (8.98
inds./m"), AAFEQ A. haematregum(123.17 inds./m’) 18] 3L B. cornutus(27 inds./
m)7F 5 GZdA Ed3ATt. o|F 0. pffeifferi(8.86 inds./m’), R. bronni(3.5
inds./m’), C. fournieri(2 inds./m’), T. unicus(1.83 inds./m’), T. luteostoma(1.75 inds./
m'), C. farreei(1.24 inds./m’) 218131 O. rusticus(1.13 inds./m’)7} 1 inds./m’ o]/
2 Z¥93st9d(Table 10; Fig. 48; 49; 50; 51; 52; 53).
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Fig. 46. K—dominance curve results of Gwakji, Aewol, Woljeong and Haengwon on the coastal zones of Jeju

island.
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Fig. 47. K—dominance curve results of Sincheon, Hacheon, Daepo and Jungmun on the coastal zones of Jeju

island.
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Table 10. List of useful benthic invertebrates in sampling sites on the coastal zone of Jeju island.

Sampling sites (inds./nr’)

Classification Species name
Gwakji Daepo Sincheon Aewol Woljeong Jungmun Hacheon Haengwon

E Anthocidaris crassispina 7 13 28 12 1 5 4 2
M Astralium haematragum 16 108 280 397 35 11 69 69
M Batillus cornutus 8 52 49 47 11 3 21 25
M Omphalius pfeifferi pfeifferi 5 53 10
M Reishia bronni 8 16 1
M Ceratostoma fournieri 1 6 4 3
M Tristichotrochus unicus 3 8 3
M Thais luteostoma 1 1 4 2 6
M Chlamys farreri farreri 3 1 2 4
M Omphalius rusticus rusticus 4 4 1
M Thais bronni 3 3 1 1
M Trochus sacellum rota
M Pollia subrubiginosus 1
M Trochus sp. 1
M Calliostoma unicum 1
M Chlorostoma turbinatum 1
E Strongylocentrotus intermedius 1
0 Styela clava clava 1

— 104 —



Useful benthic invertebrates in sampling sites

33.5
33.3

<

' Il L 1 A
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-0 @: -3 ‘;>1oo ‘;>2oo Y - >300
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Fig. 48. Distribution of useful benthic invertebrates in sampling sites on the coastal

zones of Jeju island.
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Anthocidaris crassispina Astralium haematragum
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Batillus cornutus Omphalius pfeifferi
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Fig. 49. Distribution of Anthocidaris crassispina, Astralium haematragum, Batillus cornutus

and Omphalius pfeifferi in sampling sites on the coastal zones of Jeju island.
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Reishia bronni Ceratostoma fournieri
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Fig. 50. Distribution of Reishia brooni, Ceratostoma fournieri, Tristichotrochus unicus and

Thais luteostoma in sampling sites on the coastal zones of Jeju island.
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Chlamys farreri Omphalius rusticus
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Trochus sacellum rota
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Fig. 51. Distribution of Chlamys farreri, Omphalius rusticus, Thais brooni and Trochus

sacellum rota in sampling sites on the coastal zones of Jeju island.
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Pollia subrubiginosus Trochus sacellus rota
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Fig. 52. Distribution of Pollia subrubiginosus, Trochus sacellus rota, Calliostoma unicum

and Chlorostoma tubinatum in sampling sites on the coastal zones of Jeju island.
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Stronglocentrotus intermedius

Styela clava
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Fig. 53. Distribution of Stronglocentrotus intermedius and Styela clava in sampling sites

on the coastal zones of Jeju island.
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AFal g AMFHFsE AUy BXE vu 3 #8493 43, FH2 AT
9 HBYE 7199 a5 7Y FFES Bt e, ofr|d AT HFEE
ol FdHel V1€ EFTH &£ 3 FHL A= AFol7] "ol do =
AT g AMFHFFE AT Exo di A7= FAHA FSAA AF
qe HES = e A=Y HAAAMY E2x 2 T 04 ZUEHHS A8
of AWt wWE AT HAE DA B F de A7 2%
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2 odApel s Axsee #4809, AxF B AT

oz
it

WAE MuR el BRece] NEFG ANTHF 3 3
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St A} sFH T (Table 115 12; 13).
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Table 11. Spearman rank

correlation between physical factors and benthic algae.

Salinity COD  DIN DIP Chl-a EC CU GA Cw CP BOC BOP BOR TBA

Water temperature —0.48 0.60 —0.46 —0.43 P INYE (.26 —0.33 —0.26 —0.36
%’. Salinity 0.12 peONEe 0.45 -0.02 —-0.02 0.19 -0.14 0.19 -0.02 =0.10-0.24
=
% COD —-0.11 —-0.45 —0.29 —0.03 |ltNd . .62 —0.62 —0.74—0.69
i DIN —-0.01 0.02 0.33 0.54 . (X 0.02 0.25 0.00
-
§' DIP —-0.24 -0.14 0.52 0.60 —0.14 geNgw 0.12
&
Chl—a 0.33 —0.45 0.57 —0.48 —0.19 ElOKEY —0.50 ElONE]
o EC: Ecklonia cava 0.48 -0.35 0.21
é CU: Coralline (U. K) —-0.02 0.16 0.34
B
5 GA: Grateloupia angusta —-0.34 0.57 83 0.67 0.74
E. CW: Cladophora wrightiana —-0.18 =0.40 —0.35 —0.22-0.30
s CP: Corallina pilulifera 0.40 0.21 0.57
BOC: Biomass of Chlorophyta 0.02 0.55 0.33
BOP: Biomass of Phaeophyta 0.12
BOR: Biomass of Rhodophyta 0.57
TBA: Total biomass of benthic algae
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Table 12. Spearman rank correlation between physical factors and benthic invertebrates.

Salinity COD DIN DIP DOA DOC DOE DOM DOO TDI TBI HM AH BC ER LC

Water temperature

—0.48 0.60 —0.46—0.43—-0.23—0.24 KSNY@ 0.07 SulORRE{ON¥I—(0 00l 0.17 0.19 0.45 0.27

s3]

%' Salinity 0.12 JONE°R 0.45 0.05 —0.02—0.43—0.05 0.33 0.02 —0.12 0.37 0.01 —0.29-0.55-0.39

5 COD —0.11-0.45-0.25-0.52 0.00 —0.36—0.60 ul¢N@Y—0.19—0.54—-0.31-0.43—0.36 —0.46

i DIN (Vs 0.45 0.43 —0.18 0.34 0.30 0.29 0.22 0.28 0.41 0.11 —0.25-0.02

g DIP 0.28 ORI 0.26 KONEN 0.57 JUNEW 0.45 0.56 JONR 0.40 —0.10 0.12

¢ Chl—a —0.07-0.24 0.45 0.07 Nk 0.14 0.07
DOA: Density of Annelida 0.43 —0.20 0.37 0.23 0.36 JUKy@M 0.07 0.40 0.54 0.05 0.53
DOC: Density of Crustacea 0.45 NONASE 0.50 KUREIONYN 0.46 JUGER 0.60 0.12 0.34
DOE: Density of Echinodermata 0.60 —0.36 0.05 0.19 —0.34 KN3! 0.60 0.44
DOM: Density of Mollusca 0.24 0.60 EONAS) 0.24 0.59
DOO: Density of The other phylums (RN 0.33 ORSEN 0.05 —-0.50-0.17
TDI: Total density of benthic invertebrates 0.62 0.81 KNl -0.17 0.15
TBI: Total biomass of benthic invertebrates (Ol —-0.12 0.44

1 HM: Herdmania momus momus —0.07-0.10—0.54 —-0.33

E' AH: Astralium haematragum 0.90

5 BC: Batillus cornutus

g ER: Ergalatax contracta

é. LC: Lithophaga curta
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Table 13.

Spearman rank correlation between benthic algae and invertebrates.

CU GA Cw CP BOC BOP BOR TBA DOA DOC DOE DOM DOO TDI TBI HM AH BC ER: LC

§ EC: Ecklonia cava 0.48 =0.35 0.21 0.02 [0 0.12 [FXEN 0.17 —0.07H—0.57 0.33 0.19 —0.29 0.39 MR 0.52—0.24—0.37

5 CU: Coralline (U. K) ~0.02 0.16 0.34 0.23 MK 0.45 —0.44—0.20 0.51 [RERORER—0.02 0.23 0.30 —0.02[ Nk 0.48 0.17 0.21

S GA: Grateloupia angusta —0.34 0.57 [ RRY 0.45 I XKARREN 0.48 0.55 —0.05 0.24 0.24 0.45 0.07 0.22 0.30 0.24 0.36 0.34

8 CW: Cladophora wrightiana ~0.18—0.40—0.35—0.22—0.30—0.08—0.06 0.49 0.20 —0.60—0.28 0.28 HEA 0.17 0.25 0.23 0.16

8 CP: Corallina pilulifera 0.40 0.21 [EY 0.57 0.02 [E 0.40 0.43 050 [EEY 0.19 0.56 0.30 0.21 0.17 0.07
BOC: Biomass of Chlorophyta 0.02 0.55 0.33 0.59 0.57 0.17 0.48 0.14 0.36 0.21 0.07 JUCRN 0.55 0.52 R
BOP: Biomass of Phaeophyta 0.12 [REY 0.17 —0.07 —0.57 0.33 0.19 —0.29 0.39 WRE—0.52—0.24—0.37
BOR: Biomass of Rhodophyta 0.57 o.mMﬂom 0.45 [XZN 0.17 0.49 0.44 0.33 0.31 0.22
TBA:E&? biomass of benthic 0.14 0.26 —0.29—0.19 0.38 0.45 —0.17 0.41 —0.25—0.14 0.17 0.00
DOA: Density of Annelida 0.43 —0.20 0.37 0.23 0.36 0.07 0.40 0.54 0.05 0.53
DOC: Density of Crustacea 0.45 Ay o.5oﬁo.46 IR 0.60 0.12 0.34
DOE: Density of Echinodermata 0.60 —0.36 0.05 0.19 —0.34 (KN 0.52 0.60 0.44
DOM:Density of Mollusca 0.24 0.60 [RAY 0.12 0.24 0.59
Doo:glf;iigg of The other 0.86 LY 0.05 0.07 —0.50—0.17
TpI: ] otal density of benthic 0.62 0.81 3-0.17 0.15

T

E' HM: Herdmania momus momus

% AH: Astralium haematragum

2] BC: Batillus cornutus

%. ER: Ergalatax contracta

@ LC: Lithophaga curta
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ABSTRACT

Ecological distribution of benthic algae and invertebrates on

the coastal zones of Jeju island

Chi—Young Lim

Department of biology
Graduate School, Soonchunhyang University

Asan, Korea

(Supervised by Professor Hyun—Woung Shin)

Jeju island is located in the south part of Korea. Geographically, south area
of Jeju island is impacted by Tsushima current and north area is impacted by
the south coastal current and china coastal waters. These various environmental
effects give a high biodiversity and form a temperate, subtropical and tropical
zone to this area. In addition, species diversity is different from the east, west
and south coast in Korea and this is sensory area with environmental changes.

In present study, bentic organisms™s distribution and community were
analyzed to predict the ecosystem changes affected by climate and global
warming. On environmental changes, especially, a benthic algal community
responds very fast in coastal ecosystems, which can be easily recognized and
provides useful information as biological indicators. But benthic invertebrates do
not migrate, it is very important to evaluate the environment impact assessment.

To evaluate the distribution of the benthic algae and invertebrates inhabiting in
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Jeju coast, the physiological factors were investigated and these benthic algae
and invertebrates were collected in quadret that placed on a depthwise from 16
different stations from 2008 to 2010. The water temperature of Jeju island
ranged from 19 to 26 degrees and the eastern waters were higher than western.
The salinity and COD were similar to temperature aspects, but it is not
significant statistically. The DIN and DIP at all stations were evaluated with the
national water quality criteria [ and II grade, western waters was higher than
the Eastern in Chl—a. The total species diversity of benthic algae were 89
species, in which green algae were 12(13.5%), brown algae were 24(27.0%) and
red algae were 53(59.6%). On the depthwise, 71 species were collected above the
depth of bm, 52 were above 10m, and 56 were above 15m, in which 28 species
of northwestern area were observed. (Southeastern and southwestern areas were
observed of 24 and 20 species respectively. The C/P ratio of stations ranged
from 0.14 to 7 values, which mean ratio was 1.92. The species richness and
evenness of Aewol and Tho station were higher than others. The species
diversity of Wolyeong, Gwakji and Jungmun station were 1.78, 1.47 and 1.78
respectively, in where the community stability was “Unstable” and
environmental condition was “Bad”. In other 13 stations, the ration ranged
from 2.08 to 2.95 values, stability was “Unstable” and environmental condition
was “Good”. In northeastern area, the species diversity and biomass of algae
was the highest and southwestern area was lower comparably. The total diversity
of benthic invertebrates was 199 species, in which annelida was 17 species,
Arthropoda was 37, Echinodermata was 11, Mollusca was 90, and other class was
44. Total 142 species were observed above the depth of dm, 112 and 116
species were observed above 10m and 15m respectively. In coastal, northwestern
area was 84 species and southeastern and southwestern were 107 and 76
respectively. All station exhibited a high density of Molluscan species and the
most dominant species was “Herdmania momus” which mean biomass of 110.8
inds./m’ was estimated. As species diversity (H') and evenness (J') of Sincheon

in southeastern area were higher than other stations, the results showed the
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most suitable for inhabiting benthic invertebrates. The distribution of benthic
algae and invertebrates were mainly affected by water temperature, which
following a density of dominant benthic organisms.

In this study, the biological distribution of benthic algae and invertebrates
investigated their changes affecting physiological factors in Jeju Island.

Therefore, these results are expected that it can be useful to estimate of east,

west and south coastal area followed by environmental changes.
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Appendix 1. Species list showing biomass (gWWt/m’) of benthic algae at Sampling sites on the coastal zones of

Jeju island (Gwakji, Aewol, Woljeong, Haengwon, Sincheon, Hacheon, Daepo and Jungmun).

Classification Species name - - Sampling.sites
Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo Jungmun

Chlorophyta

Bryopsis plumosa 0.6

Cladophora meridionalis

Cladophora wrightiana 16.8 12.6 3.8 2.5 157.1 21.3

Cladophoro herpestica 2.1 3.1 3.1 1.6

Cladophoropsis javanica

Codium arabicum 5.0 0.7

Codium coactum 45.1 47.2 334.8 20.0 722.3

Codium contractum 90.3 8.6 269.6

Codium fragile 95.6 24.7 80.7

Codium minus 46.5 76.9 30.8

Enteromorpha linza

Ulva pertusa 53.5

Phaeophyta

Colpomenia expansa

Colpomenia peregrina

Colpomenia sinuosa

Desmarestia tabacoides
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Appendix 1. Continued

Sampling sites

Classification Species name o - -
Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo Jungmun

Phaeophyta Dictyopteris prolifera 16.5

Dictyopteris undulata

Dictyota coriacea

Dictyota dichotoma

Dictyota okamurae 1.2

Dicyopteris pacifica

Ecklonia cava 1,121.9 79.9 14,137.1 8,762.5 92.4 5,023.2 998.7 1,218.6

Ecklonia kurome 1,344.3

Myagropsis myagroides

Padina arborescens

Sargassum coreanum 28.6 15.4

Sargassum fulvellum 41.5

Sargassum fusiform

Sargassum horneri 137.3

Sargassum macrocarpum 10.3 11.6 123.8
Sargassum patens

Sargassum serratifolium 149.4 0.3

Sargassum sp. 74.0 33.6 105.8

Spatoglossum solieri

Undaria pinnatifida
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Appendix 1. Continued

Classification

Species name

Sampling sites

Gwakji

Aewol

Woljeong Haengwon Sincheon

Hacheon

Daepo

Jungmun

Rhodophyta

Acanthopeltis longiramulosa

Acanthopeltis sp.

2.8

17.5

52.0

Acrosorium flabellatum

Acrosorium polyneurum

0.0

Acrosorium uncinatum

Ahnfeltiopsis flabelliformis

1.0

Alatocladia modesta

5.7

21.5

2.2

3.2

Amphiroa anceps

41.4

33.1

243.6

838.6

52.2

57.7

79.4

Amphiroa beauvoisii

20.3

Amphiroa ephedraea

6.0

788.6

2.8

1.5

Amphiroa foliacea

2.4

1.4

0.8

2.7

Amphiroa misakiensis

60.7

52.9

Amphiroa pusilla

12.7

3.6

2.7

Anotrichium yagii

Asparagopsis taxiformis

Callophyllis adhaerens

Callophyllis crispata

4.3

Callophyllis japonica

176.5

0.2

Champia expansa

- 134 -



Appendix 1.

Continued

Classification

Species name

Sampling sites

Gwakji Aewol

Woljeong Haengwon Sincheon

Hacheon

Daepo

Jungmun

Rhodophyta

Chondracanthus tenellus

Corallina elongata

0.9

2.4

Corallina officinalis

34.4

11.3

Corallina pilulifera

15.2 198.8 547.6

1,451.9

648.4

115.3

70.7

120.0

Coralline (UK)

75.9

0.6

Dudresnaya japonica

Galaxaura apiculata

Galaxaura falcata

Galaxaura hystrix

Gelidium amansii

2.7

Gelidium elegans

Gracilaria textorii

Grateloupia angusta

100.9 170.5

267.5

108.3

333.3

28.1

23.9

Grateloupia elata

103.5

Grateloupia elliptica

Heterosiphonia japonica

Jania adhaerens

13.2

Jania sp.

51.4

Kallymenia harveyana

Lithophyllum okamurae

64.8 25.5

26.0

39.2

4.7

1.3
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Appendix 1. Continued

Classification Species name

Sampling sites

Gwakji Aewol

Woljeong Haengwon Sincheon

Hacheon

Daepo

Jungmun

Rhodophyta Lomentaria catenata

Marginisporum aberrans

2.0

6.6

Marginisporum crassissimum

12.0

28.7

2.9

Martensia albida

Martensia denticulata

0.5

Meristotheca papulosa

Neosiphonia sp.

Peyssonnelia capensis

47.6 32.2

109.6

20.0

6.7

8.4

1.3

Plocamium telfairiae

0.9 6.1 3.4

22.4

2.8

3.9

10.9

Plocamium uncinatum

2.2

Portieria japonica

Predaea tokidae

Schizymenia dubyi

Synarthrophyton chejuensis

1.0 16.5

209.1

31.2

11.9

2.0

0.6
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Appendix 2. Species list showing biomass (gWWt/m’) of benthic algae at Sampling sites on the coastal zones of
Jeju island (Wolyeong, Sineom, Iho, Jocheon, Seongsan, Namwon, Bomok and Weongnak).

e L . Sampling sites
Classification Species name pins

Wolyeong Sineom Tho Jocheon Seongsan Namwon Bomok  Yeongnak

Chlorophyta

Bryopsis plumosa 1.2

Cladophora meridionalis 4.0 7.2 1.0 0.8 0.3

Cladophora wrightiana 6.4 97.9 12.7 38.0 14.1 9.9 10.5

Cladophoro herpestica

Cladophoropsis javanica 0.4

Codium arabicum 0.6

Codium coactum 126.8 101.6 16.7

Codium contractum 16.4

Codium fragile 0.3

Codium minus

Enteromorpha linza 0.3

Ulva pertusa 1.7 0.5 0.6
Phaeophyta

Colpomenia expansa 2.4

Colpomenia peregrina 12.1 3.5 0.2 54.9

Colpomenia sinuosa 197.3 10.5 27.6 5.8 8.4 7.8 69.4 81.2

Desmarestia tabacoides 10.3
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Appendix 2. Continued

Sampling sites

Classification Species name

Wolyeong Sineom Tho Jocheon  Seongsan Namwon Bomok  Yeongnak

Phaeophyta Dictyopteris prolifera 0.3

Dictyopteris undulata 2.4 49.6

Dictyota coriacea 13.3 9.8 2.7 31.7

Dictyota dichotoma 4.1 0.5 0.7

Dictyota okamurae

Dicyopteris pacifica 15.8

Ecklonia cava 216.3 41.6 49.2 691.9 45.9 72.1 25.1

Ecklonia kurome 0.8 52.6 23.8 66.9 19.9

Myagropsis myagroides 18.2

Padina arborescens 19.0

Sargassum coreanum 39.6

Sargassum fulvellum

Sargassum fusiform 0.6

Sargassum horneri 8.8

Sargassum macrocarpum

Sargassum patens 30.0

Sargassum serratifolium

Sargassum sp.

Spatoglossum solieri 2.2

Undaria pinnatifida 1.6 109.2 63.8 36.1 246.3 56.0 40.3
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Appendix 2. Continued

Classification

Species name

Sampling sites

Wolyeong

Sineom Tho

Jocheon

Seongsan Namwon

Bomok

Yeongnak

Rhodophyta

Acanthopeltis longiramulosa

16.1

Acanthopeltis sp.

20.3

Acrosorium flabellatum

3.0

Acrosorium polyneurum

Acrosorium uncinatum

6.6

Ahnfeltiopsis flabelliformis

1.5

Alatocladia modesta

Amphiroa anceps

0.5

2.3

Amphiroa beauvoisii

Amphiroa ephedraea

Amphiroa foliacea

Amphiroa misakiensis

Amphiroa pusilla

Anotrichium yagii

0.9

Asparagopsis taxiformis

1.6

Callophyllis adhaerens

0.2

Callophyllis crispata

Callophyllis japonica

Champia expansa

7.3
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Appendix 2. Continued

e L . Sampling sites
Classification Species name pung

Wolyeong Sineom Tho Jocheon  Seongsan Namwon Bomok  Yeongnak

Rhodophyta Chondracanthus tenellus 0.2

Corallina elongata

Corallina officinalis

Corallina pilulifera

Coralline (U.K) 382.2 510.6 580.3 720.0

Dudresnaya japonica 0.8

Galaxaura apiculata 31.3

Galaxaura falcata 24.1 5.5 32.4 0.2 1.0 11.8

Galaxaura hystrix 2.5

Gelidium amansii

Gelidium elegans 3.2 33.6 0.5

Gracilaria textorii 7.8 3.0 1.0 6.1

Grateloupia angusta 13.4 28.3 21.2 24.0 105.8 31.4 30.8 24.2

Grateloupia elata

Grateloupia elliptica 27.2

Heterosiphonia japonica 0.1

Jania adhaerens

Jania sp.

Kallymenia harveyana 1.9

Lithophyllum okamurae 33.3
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Appendix 2. Continued

Sampling sites

Classification Species name -
b Wolyeong Sineom Tho Jocheon  Seongsan Namwon Bomok  Yeongnak

Rhodophyta Lomentaria catenata 1.2

Marginisporum aberrans

Marginisporum crassissimum

Martensia albida 0.7

Martensia denticulata

Meristotheca papulosa 11.5

Neosiphonia sp. 1.0

Peyssonnelia capensis 36.4 7.5 0.7 22.8

Plocamium telfairiae 1.9 2.4 9.0

Plocamium uncinatum

Portieria japonica 4.8 1.3 0.6 1.0

Predaea tokidae 28.9 0.9 10.1 2.7 76.4

Schizymenia dubyi 11.0

Synarthrophyton chejuensis 1.2
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Appendix 3. Species list showing density (inds./m’) of benthic invertebrates at Sampling sites on the coastal zones

of Jeju island.

Classification

Species name

Sampling sites

Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Annelida 2.7 3.9 2.8 11.0 1.6 4.9 11.0

Amphinome rostrata 0.3 0.7

Augeneria sp. 0.3 0.3

Crysopetalum occidentale 0.3 0.3

Eunice antennata 0.3 0.7 0.3 0.7 0.3

Halosydna brevisetosa 0.7 0.3 0.7

Harmothoinae sp. 0.3 0.3

Hermenia acantholepis 0.3

Lepidonotus helotypus 0.3 0.3

Lepidonotus squamatus 0.3 0.7

Lysidice collaris 0.3 0.3

Nereis multignatha 0.3

Nereis pelagica 0.3

Platynereis bicanaliculata 1.0

Polychaeta unid. 2.7 2.2 0.4 4.9 0.9 2.0 10.7

Serpula vermicularis 0.4 0.9

Sthenelais fusca 0.3

Syllidae sp. 0.3 0.3 0.3
Crustacea 4.3 18.1 9.3 18.3 16.6 7.3 8.1 6.0

Actaea semblata 0.3 0.3 0.3 0.7 1.0

Alpheus brevicristatus 0.4

Alpheus sp. 0.3

Amphipoda spp. 0.3 3.5 2.3 5.0 1.7 0.7 0.3 0.3

Atergatis reticulatus 1.3 0.4

Athanas sp. 0.3
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Appendix 3. Continued

Sampling sites

Classification = Species name Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Crustacea Cancer sp. 1.6
Caprella spp. 0.3 0.7 0.3
Cleantiella sp. 0.3
Cleantis planicauda 0.3
Cycloxanthops truncatus 0.3
Galathea orientalis 1.3 0.7 1.7 1.3 0.7 0.3 0.3
Harrovia elegans 0.3
Heptacarpus futilirostris 0.7
Heteropilumnus ciliatus 1.2
Holotelson tuberculatus 0.3 0.7
Leptodius exaratus 0.9 1.3
Macromedaeus distinguendus 0.3 1.2 1.0 0.7 1.5 0.7 0.4 1.6
Paguristes japonicus 2.7 2.7 1.3
Paguristes ortmanni 1.9 0.8 2.0 1.3 3.7 0.4
Paguristes sp. 0.3 0.8 3.0 1.0 0.3
Pagurus decimbrachiae 0.7 0.3
Pagurus japonicus 1.0 0.7 0.3 1.7 0.7 1.3
Pagurus pilosipes 0.3
Pagurus rubrior 0.4 0.4 0.4 1.3
Petalomera japonica 0.3
Pinnotheres sp. 1.3 0.3
Pisidia serratifrons 0.3
Porcellanopagurus nihonkaiensis 0.3 0.8 0.3
Pugettia quadridens 0.7 0.7 0.3 1.0 0.3 0.3
Pugettia sp. 1.0
Pycnogonida unid. 0.7 0.3 0.3
Pyromaia sp. 1.3
Rhynchoplax messor 0.3 0.3
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Appendix 3. Continued

Sampling sites

Classification Species name r . ;
p Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Crustacea Synalpheus sp. 0.7

Thalamita sima 0.3
Echinodermata 3.0 11.6 4.0 4.9 12.8 4.5 5.9 6.9

Anthocidaris crassispina 2.4 4.1 0.3 0.7 9.2 1.4 4.3 1.6
Asterina batheri 0.3
Certonardoa semiregularis 0.3 1.7 1.3 1.7 2.3 1.0 1.0 1.0
Cucumaria chronhjelmi 0.3
Henricia nipponica 0.7 0.9 1.0
Ophiactis affinis 0.3 3.2 0.7 1.3 0.7 0.3
Ophiarachnella gorgonia 0.7 0.7 0.3 0.3 0.9
Ophioplocus japonicus 1.0 1.0
Ophiothrix exigua 0.3 0.3 0.7 1.0 0.3 1.7
Pseudocentrotus depressus 0.3
Strongylocentrotus intermedius 0.3

Mollusca 24 .4 186.0 75.5 78.1 178.7 60.1 124.6 16.9
Acar plicatum 0.4
Agriodesma navicula 0.7
Alvania ogasawarana 0.3
Anomia chinensis 1.0
Arca avellana 2.9 0.7 2.0 2.7 2.0 0.3 0.3
Arca boucardi 2.0 4.7
Astralium haematragum 5.3 132.4 11.6 23.1 93.3 23.1 36.0 3.6
Barbatia stearnsi 1.3 1.3 4.0
Batillus cornutus 2.7 15.6 3.6 8.4 16.4 7.1 17.3 0.9
Bittium alutaceum 0.3
Calliostoma unicum 0.3
Cantharidus bisbalteatus 0.3 1.0 2.6 1.0
Cantharidus callichroa bisbalteatus 0.3 1.5 1.3

— 144 -



Appendix 3. Continued

Sampling sites

Classification = Species name Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun
Mollusca Cantharidus callichroa 0.4 0.9
Cantharidus japonicus 0.7 1.0 0.7 0.3 0.3
Cantharus cecillii 0.3 1.3
Cardita leana 1.3 0.3 2.0 1.0
Ceratostoma fournieri 2.0 1.3 1.0 0.3 0.7
Ceratostoma trilobatum 0.3
Chama dunkeri 0.7 1.7
Chama fragum 0.3
Chama japonica 0.3
Chama limbula 0.3 0.3 0.7 0.3
Chama sp. 1.0 2.0
Chlamys farreri farreri 0.3 0.5 1.3 1.1
Chlamys farreri nipponensis 0.9
Chlamys irregularis 0.4 0.4 1.3 2.2
Chlorostoma turbinatum 0.3
Clanculius microdon 0.3
Cryptoplax japonica 0.7 3.7 5.2 1.0 2.8 0.3
Cymatium grandimaculatum 0.3
Dendostrea crenulifera 1.4 1.0
Diodora sieboldii 0.3 0.7 0.3 1.3
Ergalatax contracta 2.1 1.2 3.0 12.9 6.2 4.0 3.1
Euplica scripta 0.7 0.3 0.9 1.7
Gastrochaena cuneiformis 0.3
Hawaiarca uwaensis 0.4
Hormomya mutabilis 0.3 1.5 0.7 0.3
Hybochelus cancellatus orientalis 0.7
Hyotissa hyotis 0.3 0.7 10.6
Hypselodoris festiva 0.7 0.3 1.3
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Appendix 3. Continued

Sampling sites

Classification Species name r . ;
p Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Mollusca Irus irus 0.3
Kelletia lischkei 0.3
Komaitrochus pulcher 0.3
Latitriphora multigyrata 0.7
Lepidozona coreanica 0.3 0.7
Liolophura japonica 1.3
Lithophaga curta 0.4 1.8 16.9 6.2 28.0
Maculotriton serriale 0.3
Mancinella echinata 1.3
Microfusus magnifica magnifica 0.9
Mitrella bicincta 0.7 0.3 1.2 0.7 0.7
Mitrella nympha 0.9
Modiolus agripetus 1.0
Modiolus kurilensis 2.2
Modiolus sp. 1.3 0.9 1.3 0.4
Monoplex echo 0.3
Mopalia retifera 0.7
Musculus viridulus 0.3 0.3 0.3
Ocinebrellus inornatum 0.4
Omphalius pfeifferi carpenteri 2.7 20.0
Omphalius pfeifferi pfeifferi 1.7 17.6 3.3 0.3 0.7
Omphalius rusticus rusticus 1.3 0.3 1.3
Onithochiton hirasei 0.3
Ophiothrix exigua 0.4 0.4
Phasianella solida 0.3 0.3 0.3
Phyllidiellapustuosa 0.3
Pollia mollis 0.3 0.3
Pollia subrubiginosus 0.4

— 146 —



Appendix 3. Continued

Sampling sites

Classification = Species name Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Mollusca Proterato callsa 0.3
Pseudochama retroversa 0.3 0.3 1.3
Pteria brevialata 1.3
Purpuradusta gracilis japonica 0.7 1.0
Pyrene testudinaria 3.1 4.7 1.7 0.7
Pyrene sp. 6.7 3.6 4.4 2.2 6.7
Reishia bronni 2.7 0.4 0.9 5.3
Rhyssoplax kurodai 0.3
Septifer keenae 1.7 1.3
Serpulorbis imbricatus 1.0
Spondylus varius 3.1
Stomatolina rubra 0.3
Striarca symmetrica 0.3
Thais bronni 0.9 0.9 0.3 0.3
Thais Iuteostoma 1.3 2.0 0.3 0.7 0.3
Tricomusculus semigranatus 0.3 0.3 0.3
Tristichotrochus unicus 2.7 0.4 0.9 0.9
Trochus sacellum rota 0.9
Trochus sp. 0.4
Turbo excellans 0.3 0.3 1.7 1.3
Umbonium costatum 0.4

Others 145.3 92.6 283.3 367.4 121.5 16.0 31.1 11.3

Adeonella sp. 0.3 0.7 1.5 0.3 1.2 1.0
Aglaophenia whiteleggei 0.3
Alveopora japonica 0.7 21.4 0.3 1.7 1.3 5.3
Anthoplexaura dimorpha 1.3
Axinella rugosa 0.3
Bellonella rigida 0.3

— 147 -



Appendix 3. Continued

Classification Species name

Sampling sites

Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Others Bellonella rubra 0.3

Callyspongia confoederata 0.3

Callyspongia elegans 13.6 1.3 5.6 0.3 0.3

Callyspongia sp. 0.7 4.3 1.5 0.7

Coryne pusilla 4.0 3.6 0.3 1.0

Dendronephthya castanea 0.3

Dendronephthya gigantea 2.0 6.0 5.6 0.7

Esperiopsis plumosa 0.3

Eupl exauraabietina 0.3

Halichondria okadai

Halichondria panicea 0.3

Halichondria sp. 9.0 5.3 1.0 0.7 3.2

Herdmania momus momus 143.0 50.9 258.2 331.6 102.7

Hymeniacidon sinapium 0.3 5.0

lodictyum axillare 0.3

Melithaea flabellifera 0.7

Membranipora tuberculata 0.3 0.3 2.7

Montastrea sp. 0.3 1.3

Montipora trabeculata 0.3 1.4 0.5

Mycale plumosa 0.3

Myxilla setoensis 0.7 1.7

Nemertinea unid. 0.3

Petrosia corticata 0.3 1.0

Phascolosoma scolops 0.7 1.3 1.3 0.3 3.7 0.7

Plexauroides rigida 0.3

Plumularia setacea 0.3 3.7

Psammocora profundacella 0.3 2.3

Pyura vittata 0.3 3.0 3.3
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Appendix 3. Continued

Classification Species name

Sampling sites

Gwakji Aewol Woljeong Haengwon Sincheon Hacheon Daepo  Jungmun

Others Solanderia secunda 1.3 3.3 0.3

Spirastrella insignis 1.7 0.7 0.3 2.1 1.5 0.3 0.3

Spirastrella panis 0.3 1.0 4.4 2.9 0.3 0.5

Spirobranchus tetraceros 0.3

Styela clava clava 0.3

Tedania brevispiculata 2.0 0.3

Tethya aurantium 0.3 0.3

Tethya sp. 1.0

Thecocarpus niger 0.3 0.7 1.1 2.7 0.3 0.3

Verrucella umbraculum 0.3
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