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Ecological Evaluation Using Seaweed Distribution Characteristics along the Coast of Jeju Island™
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ABSTRACT

This study was conducted at a village fishing farm on 4 peaks on the main island of Jeju Island and 2 peaks
on an inhabited island to compare the distribution characteristics of seaweeds along the coast of Jeju Island from
May to December 2018. A total of 101 species of seaweeds were surveyed, including 13 species (12.9%) of
green algae, 24 species (23.8%) of Phacophyta, and 64 species (63.4%) of Rhodophyta. The largest number of
seaweeds appeared in May and the fewest in October, showing typical features of a temperate sea area. The
number of seaweed species that appeared was 66 and 65 species at the water depths of 5 m and 8 m, respectively,
and the largest was 74 species at 12 m. The number of seaweeds that appeared by area was the largest at 66
species on Udo Island, an eastern island near Jeju Island, and the lowest at 27 species in Pyoseon-ri, an eastern
part of Jeju Island. The important values of emerging species were high in the order of, Ecklonia cavaand
Corallina crassissima at 21.1% and 20.3%, respectively, Corallina aberransat 9.2%, Amphora ephedraeaat
6.2%, and Sargassum macrocarpumat 4.4%. Among seaweeds, an average of 11.2 species of coralline algae
appeared, and the mean importance value was 32.6% in the sear area. The lowest importance value was 14.7%
on Udo Island, and the highest was 41.0% in Pyoseon-ri. The mean ecological evaluation index (EEI) of
seaweed colonies ranged from 2.1 to 10. It was the lowest at the water depth of 12 m in Pyoseon-ri in May and
June and was 7.3 or higher in other areas, indicating good condition. This study rated the standardized ecological
grade I for the water depth of 12 m on Udo Island and grade II for the water depths of 5 m and 8 m in Sagye-ri
and on Chujado Island. Grade III was the water depth of 5 m and 12 m in Pyoseon-ri and Guideok 2-ri and the
water depth of 5 m and 8 m in Pyeongdae-ri, and grade IV was the water depth of 8 m in Guideok 2-ri.

KEY WORDS: COVERAGE, CORALLINE ALGAE, UDO ISLAND, CHUJADO ISLAND, ECOLOGICAL
STATUS GROUP
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Figure 1. Location of study area at Jeju Island of Korea
(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD:
Pyeongdae, Udo: Udo, CJ: Chujado).
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2011).
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ESG I (% coverage) = [( I A*1)+( I B*¥0.8)+( I C*0.6)]= x
ESG I (% coverage) = [(TA*0.8)+(IB*1)]=y
EEI = atb*(x/100)+c*(x/100)2+d*(y/100)+e*(y/100)2+
£*(x/100)*(y/100)
a=0.4680, b=1.2088, c=-0.3583, d=-1.1289, ¢=0.5129,
f=-0.1869

7k ZAPY oA P =FARIE CPCe 4.1 (Coral
Point Count with Excel extensions 4.1)2 A0 dfo 8
Ee] BE SA0] ojgh GARAL aeliriKohler
and Gill, 2006). CPCe 4.1 ZZIo||4] ZAste =g
e dF 227 44 (E cava)et AAZERE AQJ7t
RE #2577} 23E JAMY 3 ZF(Sheet form algae,
SA), §-8AFs 42 (Jointed coralline algae, CA), F-4AS
W= (Crustose coralline algae, CA), A& (Coral), 3|
(Porifera) &= WIS o]F o]-&sto] 2t 2Ale9 o] SA
I CA 279 £32 9 4HBAE £AsHon, SA
Ao R AR(TL), GAH(S). N EB(CB), A
(F)o]aL, CA T1Foll= Z443(0), a4tz EyJC)o] &
AIZ T

ZF 9] sflxf Feko] st 5445 olsfisty] fIet
t}oF= X]4>(Shannon and Wiener, 1963), FH= X|4=
(Margalef, 1958), 5= A|43(Pielou, 1977) @ SH = X
x(Simpson, 1949)F AAFsEGlom, 2} afjofof| A ZAbE 3
25 Y=ot AYejets] x5 olgsto] ALtE 2AyE 7=
o8 TN, A E 9 s 55 Bkt
(Table 1).
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Table 1. Evaluation of community stability and environment conditions using seaweed coverage and ecological indices

at Jeju Island

Ecological

. Diversity Dominance Interspecific Community Environmental
Evaluation index(H") index(d) competition stabilit condition
Index(EEI) P Y
0.00-2.00 0.00-1.00 0.90-1.00 no extreme unstable very bad
2.00-4.00 1.00-2.00 0.70-0.90 weak unstable bad
4.00-6.00 2.00-3.00 0.50-0.70 normal normal normal
6.00-8.00 3.00-4.00 0.25-0.50 high stable good
8.00-10.00 >4.00 <0.25 very high very stable very good
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(Figure 2). Kim et al, (2013)2 A|FE EA g 3ds
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Figure 2. Monthly variations of the number of seaweed species during study period (PS: Pyoseon; GD2:Gwideok2,
SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).

Table 2. Comparison of R/P, C/P and (R+C)/P values of seaweeds, number of species at each study area in coastal of Jeju

Island
Study area C c/p p R/P R (R+C)/P Total
(No. of species)

PS 5 1.00 5 3.40 17 4.40 27
GD2 3 0.60 5 4.20 21 4.80 29
SG 3 0.27 11 2.36 26 2.64 40
PD 3 0.38 8 2.75 22 3.13 33
Udo 7 0.37 19 2.11 40 2.47 66
CcJ 4 0.29 14 2.07 29 2.36 47
Total 13 0.54 24 2.67 64 3.21 101

(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado). C, P and R in table are Chlorophyta,

Phaeophyta and Rhodophyta, respectively.
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(Chung et al., 1998; Kang et al., 2011).

AFE BAT fAEAelA 2 SR B 29
T AFE EAS 1L6FL R FIEA 2 17.850 Hlst
ol 62»0] Horh A e Bl FRE HA0
AL 4 5me} Smo A= ZZF Hat 16,553 15.8F2
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S T FAEAAE 4 SmollM Bt 22F
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SHE UL B ol Al e SR 219 99

2L qolo] A% P w3 A4 S AR5 o}
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90l g SaEel Welk 29 17

Wapl 4le] e Holuct € B Lheh
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3. Ok, BiE, MCHO|E, MCHHI: 3 ST

o] =, Wk, A, dRles 7|x2 o
%ﬁﬂW%lwﬂ At 49 1052 4HE et 52|
SAFSEHC. crassissima)e] 22 21.19} 2039 71 =&
FOEE HYth o] &Joe thE 8% I 100]519] TR %
£ Hon WSS ASI(C. aberrans)o] 9.2, of| | ==}At
(A. ephedraea)o] 6.2 18|31 SFGu X AHKS macrocarpum)
o] 449] pog HIA B FAEE Uehle gow
ZAFE| St Table 3). EgF 201210 AL A= A|G=AtA]

et Eﬂli‘@- Z(C. crassissma)o] A BEF2] 70%
oA AR5 L, Itk o7 HISS AN HKC. aberrans)

s2om ox o}wu}(Klm et al., 2013).

:

%SwﬁﬂgdddEFAEE F50t BEg 7|20
PSR M-85 Akt A AlFe 249 557 %
o & ZHF 27% 7he] 9F0] ATURG O, FEH
o] F8%= tiH] 41.0%5 ARk ez UEpyith v
A=A SE= F T 665 7kt 12F0] Akt

gom EZezol 2o oy 147%=2 7 WS vl
FA3H EH(Table 4). 2 A5 4 3¢l sHzoA
313 A5 IHC. aberrans) 43.4%, XEAO)A Wl AkE It
(C- aberrans) 73.4%, stE|olA -2 (Amphiroa anceps)
(49.4%), WA 2S4S IHC. aberrans) 25.8% 2 At
TUR7E BRIt (Jung et al., 2019). °] &2 =7
Y, W 2ARE o83 Fa% At A= SAF AA
TaE iH] Aol =0 HlES AXIRE AYEH
FE AFE AdY Ak AR AHEshe sk
W o 2 383} 2~ 9le Zlog AlgHc) Ak} 7129
Asg oo A B s 38 Asg m=nt 54
AU 33 29 E3) ojujz] o7 ZAME T Qltk
(Shin et al., 2015)

o o S ool ox

4, MENSH HIX|4(Ecological Evaluation Index, EEI)

M Z2FQ 7|58L 7|FC 2 BESG [ ESG T2 &
sto] AASE Yesha Wyl ohea) 2ol Ak gl
ARG B0 BH FHL AW E thh zjfo]l 9]

¥ A SAA 21~7224 593 682 ASeh, 5

ol

Table 3. Evaluation of importance value using top 10 seaweed species based on coverage (C), frequency (F), relative

coverage (RC) and relative frequency (RF)

Species C F RC RF v
Ecklonia cava 244 152 24.5 17.7 21.1
Corallina crassissima* 19.3 18.8 20.7 19.9 20.3
Corallina aberrans* 9.5 10.3 9.0 9.5 9.2
Amphiroa ephedraea* 6.0 7.3 5.7 6.8 6.2
Sargassum macrocarpum 43 4.0 4.8 4.1 4.4
Corallina officinalis* 3.5 4.7 3.6 4.5 4.0
Codium coactum 3.8 2.7 4.0 3.4 3.7
Grateloupia angusta 2.9 4.5 2.7 4.2 3.5
Amphiroa anceps* 2.8 3.7 2.8 3.5 3.2
Undaria pinnatifida 34 2.5 3.5 2.4 2.9

* coralline algae, ** Importance value (IV),
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Table 4. Evaluation of ecological evaluation index (EEI) based on seaweed community
Study area May June August October
PS Low Moderate Good Good
GD2 Good Good Good Good
SG High High High High
PD High Moderate High Good
Udo High Moderate Good High
CJ High High Good Good
(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).
o] FZ3t Good TAZ F7FE UL A 42, AHA|, HFstRAE, = Aee Bt 02882 2 HHE W
o), 9%, #AEE 55~83024 Moderate’ 8] High B Elich, B sjvjo] AJefsby 714t 424 12mof A
A7 QA EESFR O AR 2ARAZ]o] BAGlo] ¥ 5.67= Moderate TA|of| sl oL, the 552 7.0 ]
o3 F7HGE YERATKTable 4). JL2 Good GHAlOItE. ThYIE A= 4 SmojlAl= 2.03
AW O AXE AolA] e s s 0% DHYES AL BT HE U2 220 of
T 2N 2 Aol MOl AFE HHO FF BHS el SHE A4k 242} 20 ol3te} 02 ooz 3ot
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23E= OSAY(TL), FEASEHJC), HdIC) F
ol 9= F HlES AAH] Wi ¢l AoE weEr.
o= Kang et a, (2015)7} 2009 A5 G5 AL z5}y
it A 23 F E8E 87F 5 ESG I &5k T2 13
Z (149 %), ESG Tof &3l= 22 % 74 £ (851 %)o.&
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E QAT
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=
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ot 22

o|=2f MEfshH X|

oy

ol

M

7t

v AeshA] 7R o=t
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(Table 5).

20129 FHEA A E AFE 24 FAERSR 2
A QA EASDNE 0.51~0.630.2, F5EAG()E
0.63~0.51, ThFEAG(H)= 2.04~2322 ZAME

(Kim et al., 2013). §olEA el So] Aefsta B71x14

L A 42501 70 O4OR Good BAlo|k. ThokEet 97
T A A 2moA 22 1,583 03382 e

XA, A= £ A, o2 =59 o
Frol SHE A= 742 2.0 o4t 0.2 o]3kE A FHRI9H
A= 5HE Aeola, e = wlg- 22 AEHE UE
ek 2] ek A R4 A =50] 8.0 o4k
High ©Ao|t}. thefeel S E A= =4 Smojx

2051} 0.180.82 FAAEE HEo|9X|ut FAHA
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2.0 ©]3}2} 03 o|Aro R A FHHYEE HobHTH Algo]
I, SRS 22 AEE btk Table 5). 53] S
O] 7492011 A NAE SHEXDI)= 0.15~
0242, FEEAZLI)E 0.75~0.85, THEFER|Z(H')=
2.87~3.7191 Ao & zAMEtHKang, 2011)
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Table 5. Ecological evaluation of seaweed community using number of species, biomass, EEI and ecological indices in

coastal of Jeju Island

Study area Dgfl);h ;I)z.cizz (:Vl\?\;vnzsni*) EEI d r H' A

5 18 3,351.3 6.0 2.09 0.51 1.48 0.37

PS 8 18 3,489.9 5.5 2.08 0.37 1.07 0.46
12 20 3,668.5 3.7 2.31 0.44 1.33 0.36

5 22 2,082.4 6.3 2.75 0.70 2.16 0.18

GD2 8 21 2,401.9 7.5 2.57 0.56 1.70 0.25
12 18 2,297.6 7.3 2.20 0.36 1.04 0.50

5 24 3,441.0 8.6 2.82 0.63 1.99 0.20

SG 8 24 2,624.7 8.8 2.92 0.60 1.91 0.25
12 23 1,568.3 8.7 2.99 0.50 1.57 0.38

5 24 2,606.9 7.6 2.92 0.64 2.03 0.20

PD 8 22 2,437.4 7.3 2.69 0.53 1.64 0.27
12 23 3,207.2 5.7 2.73 0.54 1.70 0.25

5 47 3,890.1 7.8 5.56 0.67 2.58 0.12

Udo 8 43 2,943.8 7.3 5.26 0.64 2.39 0.17
12 41 5,046.6 7.1 4.69 0.43 1.58 0.33

25 2,733.1 8.7 3.03 0.64 2.05 0.18

CJ 8 20 2,810.8 8.6 2.39 0.51 1.54 0.35
12 36 1,775.5 8.9 4.68 0.46 1.67 0.39

(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).

Aol A Z+2} 98.9%, 96.1% 2 e tiFiS 2R}
L Ao 2AE Y HIung et al., 2019). 41 Al At
A= G4 si277F A= FANS 2R S5 S A
Fol F7Iok= Ao= e thKim, 2002). 2= Al G
A SOt =& AP Rt *Pi‘“eiﬂ =
AR AT 58] RRHAE 7L Sl A o= e
g, ZF A7) AEAlE 1090 Y=-0.6037x+78.302
(R=0.7217)2 7} =9k, 5¥¢] Y=-0.6998x+63.118
(R?>=0.5453), 6¥°] Y=-0.7361x+68.288 (R?=0.5392) 1]
1 8Yo] Y=-1.2544x+83.005 (R*=0.4936) 0.2 7}& o
TAE UEstH(Table 6).

FEP 2T ATURY =g Ve AT A
FAN =T T 7= dEe MY AHEES AN
S}SItHTable 7). 7L A3t GAF2FH AAS RO 1=
7 RE I swol e A e, I5a2
929] 12mE A|L)E 1: R Swi) 2Aro] o Zs
Aol xZgte]= EAS Atk AH29 4 2me AEE
A5 (Alveopora. japonicus)®] =2 AAIUER FAMSSZ
5 H=7F Vagol sigetAIRE AeRo] 9=t 15%~

30%z2 ulaA W YRR [l sgEs 549
Lrebh
7. MFEIOt 2O MENSE7IE o B

o aejel A|zpel YEL SR, FriokE, A
o4 A4 5 oheke + X]—.—(Commumty)i ghoist
= Aoz U4#HA i Ludwig and Reynolds, 1988;
Orfanidis et al., 2001; 2003). T2} B ZARo|A chokst
A2 Agalol R AnEe 7 sjele] AejE el
717} 7] Qe ol AlFAsre] AAAEA] SHEY
Frjop A5z o] B H AAT ol L]
oF7] wjFo g =AEKTable 8).
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Table 6. Coverage of sheet form algae (SA) and coralline algae (CA) using image analysis method

Study Depth May Jun Aug Oct Mean
area (m) SA CA SA CA SA CA SA CA SA CA
5 14.4 55.5 5.8 75.1 10.3 89.6 6.2 90.1 9.2 77.6
PS 8 9.3 57.9 8.5 66.5 6.7 90.3 1.4 90.1 6.5 76.2
12 34.6 36.3 59.3 17.0 5.0 93.8 0.0 90.7 24.7 59.4
5 11.5 79.0 75 91.9 0.0 97.0 5.7 84.5 6.2 88.1
GD2 8 6.0 50.9 4.0 52.5 1.0 94.3 21.9 65.0 8.2 65.7
12 28.2 31.9 45 23.4 10.4 22.0 14.4 39.9 14.3 293
5 23.3 38.0 44.4 43.6 25.1 72.9 6.1 87.4 24.7 60.5
SG 8 20.8 33.8 24.5 71.6 29.9 68.7 40.6 52.5 29.0 56.7
12 13.0 50.3 21.3 49.1 61.7 35.2 41.7 46.3 34.4 452
5 17.4 59.7 11.2 70.2 24.7 71.2 37.5 57.4 22.7 64.6
PD 8 15.4 58.0 22.2 46.8 21.4 31.3 28.5 67.1 21.9 50.8
12 58.1 17.0 27.8 34.4 27.6 23.2 63.0 20.7 44.1 23.8
5 499 447 72.2 21.5 31.7 23.9 13.8 9.4 419 24.9
Udo 8 30.8 48.7 73.9 13.9 37.3 18.0 76.7 17.9 54.7 24.6
12 60.4 20.3 35.6 52.0 42.4 8.8 74.6 21.6 53.2 25.7
5 27.0 42.9 32.4 49.6 13.3 53.6 61.3 36.9 335 457
CJ 8 20.3 34.5 20.0 47.6 55.5 28.2 10.4 80.2 26.6 47.6
12 17.3 56.6 58.8 9.4 38.8 16.8 16.1 33.8 32.7 29.1

(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).

Table 7. Classification of ecological grade with the coverage (%) of sheet form algae (SA) and coralline algae (CA) at each

study area in coastal of Jeju Island

Grade SA(%) Station/ Depth CA(%) Station/ Depth
I >60 <15
GD2/12m, PD/12m, Udo/5m, Udo/8m,

11 45~60 Udo/8m, Udo/12m, 15~30 Udo/12m, CI/12m
I 30~ 45 SG/12m, PD/12m, Udo/5m, CJ/5m, 30~45

CJ/12m

PS/12m, SG/5m, SG/8m, PD/5m, _ PS/12m, SG/8m, SG/12m,
v 15~30 PD/8m, CJ/8m 4560 PD/8m, CJ/5m, CJ/8m

PS/5m, PS/8m, GD2/5m, GD2/8m, PS/5m, PS/8m, GD2/5m,
A% <15 >60

GD2/12m,

GD2/8m, SG/5m, PD/5m

(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).

o AABHE Sapel o] 8 T4 AREHN, e 520
sl Tepd, B AAA) HAAE dds] o)
ol AEfshA 02 vl9 £ 7H7} QlrkWebster e al.
2011). E3 olahA] AR S5 3L F40 ot v
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i
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stof T2 79| ojxltAitES AR
Hof Aejata 7= 9<4=5ltHThomas et al., 2010).
Table 9= S2R9 AAFEY SFEE 7120] 1~57
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Table 8. Each score and standard of evaluation by each study items for the division of ecological grade

Ecological Coverage Numerical Seaweeds Benthos
grade score value EEI SA(%) CA(%) Cnidarian+Profera(%)
I >16 5 >8.0 >60 <15 <5
I 13~16 4 6.0~8.0 45~60 15~30 5~10
I 9~13 3 4.0~6.0 30~45 30~45 10~15
v 5~9 2 2.0~4.0 15~30 45~60 15~20
\% <5 1 <2.0 <15 >60 >20
SA : sheet form algae, CA : coralline algae.

Table 9. Results of ecological grade using coverage of seaweeds and invertebrates at each study area

Seaweed Invertebrate
Study Depth sheet Coralli Caidari Decision  Ecological
area (m) EEI  Score form Score (;liza;ne Score Pgii fz‘le 1:: Score score grade
algae
5 6.0 3 9.2 1 77.6 1 0.3 5 10 I
PS 8 5.5 3 6.5 1 76.2 1 0.3 5 10 I
12 3.7 2 24.7 2 59.4 2 0.0 5 11 I
5 6.3 4 6.2 1 88.1 1 0.0 5 11 I
GD2 8 7.5 4 8.2 1 65.7 1 18.9 2 8 v
12 7.3 4 14.3 1 29.3 4 532 1 10 I
5 8.6 5 24.7 2 60.5 1 0.0 5 13 I
SG 8 8.8 5 29.0 2 56.7 2 0.7 5 14 I
12 8.7 5 34.4 3 45.2 2 2.0 5 15 I
5 7.6 4 22.7 2 64.6 1 0.0 3 10 I
PD 8 7.3 4 21.9 2 50.8 2 0.5 3 11 I
12 5.7 3 44.1 3 23.8 4 0.9 3 13 I
5 7.8 4 41.9 3 24.9 4 0.2 5 16 I
Udo 8 7.3 4 54.7 4 24.6 4 0.3 5 17 I
12 7.1 4 53.2 4 25.7 4 2.3 5 17 I
5 8.7 5 33.5 3 45.7 2 3.9 5 15 I
CcJ 8 8.6 5 26.6 2 47.6 2 1.6 5 14 I
12 8.9 5 32.7 3 29.1 4 1.1 5 17 I

(PS: Pyoseon; GD2:Gwideok2, SG: Sagye, PD: Pyeongdae, Udo: Udo, CJ: Chujado).

471 B Rold H4E B! SFE
5 A Sl ARG ol A e S

WA % BE ool [ ~NEdol s VEdl
Al 1 S Aoz s S 1
of thgolge SE(HOPO] BE AT FAEFID) o
oo 441 12mE 7V B ANYELS thebic T
S nh2ol gL A 9] BE AT FAEEID

‘—/\015

o 44 sms} sm7} SFE ULk WSF| vheolge &
Al sefo] mE St 71529) $241 smo} 12m, B 3]
o] 54 smsk sm7t HFE ULk V5T vkl I
929] A8mik Liekieh(Table 9).
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(Yoo, 2003; Choi €t al., 2006). 5} ol e} AlFEE= sl
e Al W OuhReL 5 Qe AaRg W 9ol
sls 4B A sloels AL 7| slo] e =
o ioke] AyEiA WakE o= 4 glckBelkin, 2009).
AL o B ol $-2A5T Aol FRtRe 94 o
S, AR el e} AalA B S0l
15 SAolAS] Bgdat SIHA Q1o §ASE <)
o sfekeiie] skt o e 541 HQIeHKim and
Rho, 1994). E3}, AlFE AQtoA= 29l =y &
Eole th=r Ao} ofdti A AESol thdshd, s
O] THE AU e Ao Hgf =& AoRE dHA
Qlth(Park et al., 1994; Yang et al., 2007).
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