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Ecological Evaluation of the Spring and Summer Subtidal Marine Algal
Communities Along the East Coast of Korea

Su Jin Han, Young-Ryun Kim, Hyun-Jung Kim and Choul-Hee Hwang*

Marine Eco-Technology Institute Co., Ltd., Busan 48520, Korea

This study examined the characteristics and seasonal distribution patterns of subtidal marine algal communities along
the east coast of Korea, from 2016 to 2017, and recorded the coverage ratio (%) by the algal type. During the study
period, 134 marine algae species (16 green, 29 brown, and 89 red) were identified at the survey sites. The maximum
number of species was observed at the Nagok site (70 species), and the minimum at the Gisamoon site (50 species).
The total average biomass (dry weight) during the survey period was 66.22 g/m?, including green algae (2.19 g/m?),
brown algae (38.10 g/m?), and red algae (25.94 g/m?). The dominant seaweeds in the vertical distribution based on
coverage rates (%) were Sargassum yezoense and Dictyopteris divaricata at the upper, Symphyocladia latiuscula and
Undaria pinnatifida at the middle, and Agarum clathratum subsp. yakishiriense and Plocamium telfairiae at the lower
sections of the distribution. Richness, evenness, and diversity index, calculated based on the biomass of the abundant
species, were estimated to be 6.36, 0.55, and 1.98, respectively, over the entire sea area. Based on the evaluation of
the environmental states using community indices, the ecological evaluation index (EEI-c) of subtidal marine algal
communities along the east coast of Korea was marked as ‘good-moderate’.
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Wesley, 2012; Liang et al., 2014), 25354 52 H|AY &S]
SAWHSE e 4= Q= | EAYE(indicator organism) E
+= A& A A AH(bio-indicator) 2 = ©]-8-F Tt Wells et al., 2007,
Scherner et al., 2013). w}e}A], s|25F2] & thoFA, BEH Y,
AAlE 22 e B = A A skt S E ot
otsfzt] 9lo] 0[5} 242 4= Ah(Choi and Rho, 2010;
Diaz-Pulido et al., 2011; Roleda et al., 2012; Akrong et al.,
2021). sj2FE o]-8-3t Aol e deoll ek Bz sz
29] 7153 g0l 712510l AlREST). AjRRE AEHY
I Fefjol weh 67119 715 LE (AR, AV, 812713,

Ch Y, S AAETY, 1Y) O R TRE, ol 5] T4
g0 me} 24} sjelo] B M B A} e Folx] Ho
AALIAQ] wetou} @ Yo] W2 Sro]x] F5 B7et 4= AUiet
(Littler and Littler, 1984; Padilla and Allen, 2000). %o+
=9 sl2Fo] A, AEE, 28T Y A4, v R Aol &
L= efste] 5719 7|5 o= FERt 3 AEehA g kA 4
(ecological evaluation index continuous formula, EEI-¢)E At
Z3}o] AYel sl 3 75 (ecological status class, ESC)e]| wh
2} 2k sfof o] e HE Saekekal Ith(Orfanidis et al.,
2001, 2003, 2011; Caldeira and Reis, 2019; Jung et al., 2020).
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and Lee, 1986; Chung et al., 1991; Kim et al., 1997; Kim et al.,
2004; Shin et al., 2008; Choi et al., 2009; Choi and Rho, 2010;
Shin et al., 2011; Kim et al., 2014; Lee et al., 2015; Park et al.,
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algaebase.org)2] E-FA4| A& wtth(Kim et al., 2013a; Guiry
and Guiry, 2021). 3, sj27 S8 ©udd e 4
H]| (%)l 7128t A= 448171 30% o149 & +1F,
10% o]/ 30% v|Rthe] F-2 F-3F 02 A6t o m(Kim
et al, 1995, 1997), 444 sfx=7 =4 AHET2E L A=
2h)ol] A3l FH- = A4 (richness index, R), Shannon's TFQF
2] (diversity index, H'), 5= Z]4*(evenness index, J)E
A4k} 1 (Margalef, 1958; McNaughton, 1967; Fowler and
Cohen, 1990), 73 A]|4=2] A& 9 = A15lof= PRIMER ver-
sion6 (Clarke and Gorley, 2006)5 ©]-&3}% T}
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Fig. 1. Maps showing the six study sites located on the East Coast
of Korea. CD, Chodo; GM, Gisamoon; NG, Nagok; HJ, Hujin;
GO, Geoil; OY, Oryu.

groups, IA, IB, IC) and ESG II (subgroups, 1A, IIB)]S.= -
gaheom, st B X SEEL)S AET 5 Alefs
B7Fea(ESC)el whet six7 4] dEiE B7HsHeHOr-
fanidis et al., 2011) (Table 1). 2} Z155-2] EA 3} Aefjsh-4]3 7}

A4 Ak BAL Thga ek,

ESG 1, Thick perennial (I A), thick plastic (I B), shade adapted
plastic (IC)

ESG 11, Fleshy opportunistic (ITA), filamentous sheet-like
opportunistic (IIB)

ESG I (% coverage)=[(IA*1)+(IB*0.8)+(1C*0.6)]=x
ESG II (% coverage)=[(ITA*0.8)+(IIB*1)]=y

EElL-¢ (x, y)=a+b (x/100)+c (x/100)+d (y/100)+e(y/100)?
+f (x/100) (y/100)

a=0.4680; b=1.2088; c=-0.3583; d=-1.1289; e=0.5129;
=-0.1869
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Y
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2016490 1015, 2017d o)l 92%F0] AL, A-E 2=
Al 110, sHA|o 90F0] &5t AE EdT+
Z|AREON A 50802 7H A QLA U=l A 70502 7Y
UTHTable 2). A7 FQF = s oA EAT s 2F=
Sttt Lychaete sakaii), | Z(Codium arabicum), =
& 7|2 Colpomenia sinuosa), X7 A &8 Dictyopteris
pacifica), 7§71 =28 (Rugulopteryx okamurae), A 0] 5
AP Sargassum horneri), W) S (Undaria pinnatifida), 22528

Table 1. Ecological status class (ESC) boundaries coastal waters
based on the ecological evaluation index continuous formula (EEI-c)

ESC EEl-c

High 9.72+0.46 SD
Good-High 8.09+0.74 SD
Good-Moderate 5.84+0.70 SD
Moderate-Low 4.04+0.68 SD
Bad 2.34+0.78 SD

1009

S (Acrosorium polyneurum), ©l7]&7}A](Chondracanthus
intermedius), A+ W (Corallina officinalis), 2-2~-&Ar &%
(Corallina pilulifera), "}t] 2= o] (Fushitsunagia catenata), &
317} A &(Heterosiphonia pulchra), 354 ©](Plocamium tel-
fairiae), S w-24 (Polysiphonia morrowii), 22| 2)(Schi-
zymenia dubyi), §-25 2 -5(Symphyocladia marchanti-
oides)2 & 172(S25 2%, AR 5%, T2F 102)0|3th
AA| 33t 27O ERatd HHlES SE277F66.42%
£ AR5t} o2 kel BlslA A ekt AR
S FNA T2F F ZHHE 69.09%2 T2 Aol H]s|
7P Egton], 2o He 27 Bt 2 H|E0] 57.89% =
7h w2 v, xR0 EdH|&0] 35.09%2 7 A U
e,

NEL I

3ot 67 A EET HERO] B ABELE 6622
g dry wt/m?o] o], AW 7| Ao A 29.68 ¢

Op

Table 2. The number of macroalgal species observed at the six study sites of East Coast from 2016-2017

) 2016 2017
Site Taxon - - Total
Spring Summer Spring Summer
Chlorophyta 1 2 4 1 4
Ochrophyta 1 13 1 7 20
Chodo
Rhodophyta 9 10 18 18 33
subtotal 21 25 33 26 57
Chlorophyta 1 2 3 2 5
) Ochrophyta 8 2 9 3 12
Gisamoon
Rhodophyta 6 4 20 18 33
subtotal 15 8 32 23 50
Chlorophyta 2 2 5 3 6
Ochrophyta 8 5 12 4 17
Nagok
Rhodophyta 20 18 24 19 47
subtotal 30 25 41 26 70
Chlorophyta 4 2 4 1 6
. Ochrophyta 8 7 10 4 16
Hujin
Rhodophyta 16 8 16 14 29
subtotal 28 17 30 19 51
Chlorophyta 2 3 4 6 7
) Ochrophyta 1 3 6 4 18
Geoll
Rhodophyta 13 18 15 24 42
subtotal 26 24 25 34 67
Chlorophyta 3 4 2 3 7
Ochrophyta 3 4 6 1 10
Oryu
Rhodophyta 9 13 17 15 38
subtotal 12 21 25 19 55




1010 3zl - 7)ele -

A
®) 400
02016 m2017
o
£ 300 |
=
e
°
o 200
]
2]
©
5
s 100 | ’l‘
. .ﬁi.ﬁ-.ﬁi. ‘1
B
®) 400
O Spring B Summer
E 300 -
=
g
o 200
[]
[0
©
IS
Q100
m ’l‘
Il RN
GM NG HJ GO oy

CD

Fig. 2. Annual (A), and seasonal (B) variations in average sea-
weed biomass (g dry wt./m?) at six study sites in East Coast of Ko-
rea. Bar show standard errors (n=2 replicates). CD, Chodo; GM,
Gisamoon; NG, Nagok; HJ, Hujin; GO, Geoil; OY, Oryu.
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2 24901, 2%0l|A] 129.65 g dry wt/m*E ek A
Bt AEEEL 2016 0] 78.29 g dry wt./m? 2017d0] 55.71
g dry wt./m*$l o m, A E &= 270 86.67 g dry wt./n?’, 5}
Aloll 45.77 g dry wt./m*{t}. A717F 5 s 27 Aol 7F
2 Eord A2 20161 A0 AY(221.76 g dry wt./m*)°|
AL, 7P Ad AHL 20179 24|00 7|AHR(22.52 g dry
wt/m’)o| $th(Fig. 2). 27 -t e HES 4R
7} Hd 57.53%2 7P =9kom, 325 39.17% 181l =%
T 3.31% ol qiek. mxRo] s vzt 7H w2 4
e 7IAHEC 2 ot 10.89% % om, Zhx 7 Adu &L A Y
(78.07% )ollAl 717 w=3hAL, S-257 T H&-S UH=5(62.24%)
oflA 7H =Skt

A= 2475 v o s s SAFE B, 2rollM=
2016 w0l FHM AN (Sargassum macrocarpum, 3t
AETF F/3HlE 18.81%), o] AR Sargassum patens,
18.57%), 1] 2(14.46%), -+ e} XL(Symphyocladia lati-
uscula, 11.71%)7} =435k ¥hH, 2017d Eolli= R apay -
(40.41%)7F -8 7Fe-d] A (18.05%)1 HER
AHHK(Sargassum yezoense, 13.76%)0] &-4F0 &2 VeSS
THTable 3). 7|ARzoll A &3 si2F 5 HE2> 201740
Bt A= 30.01%F AHARE GEREARRO|}low, 97
TOo 2= Wit Ay zdutel(Ulva australis), 7§ 150y
To® UEth UoA= 57 Ak (Gelidium elegans)
7} 20169 (31.56%)ll= $-3F, 2017d(23.08%)0ll= =5
AEolaL, olQfo] FAo|mAt, H-E7AH Grateloupia
comea), I EE0] Fo] FLAFToE UERHTE F7lofA

Table 3. Dominant (> 30%) and subdominant (10-30%) species in terms of average biomass percentage (%) at the six study sites of East

Coast, Korea

Site 2016

2017

Sargassum macrocarpum (18.81)
Sargassum patens (18.57)

Symphyocladia latiuscula (40.41)

Chodo SO Corallina officinalis (18.05)
Undaria pinnatifida (14.46)
Symphyocladia latiuscula (11.71) Sargassum yezoense (13.76)
Corallina ofﬁpmaﬂs (26.99) Sargassum yezoense (30.01)

: Ulva australis (24.52)

Gisamoon . Rugulopteryx okamurae (23.25)
Sargassum horneri (14.32) Corallina officinalis (12.80)
Desmarestia viridis (10.20) '
Gelidium elegans (31.56) Gelidium elegans (23.08)

Nagok Sargassum horneri (12.34) Fushitsunagia catenate (11.77)

Grateloupia cornea (11.52)

Codium arabicum (11.71)

Undaria pinnatifida (23.93)
Hujin Acrosorium polyneurum (21.59)
Sargassum nigrifolium (15.30)

Sargassum yezoense (52.25)
Colpomenia sinuosa (14.06)
Acrosorium polyneurum (12.62)

Undaria pinnatifida (40.84)

Geoll Dictyota coriacea (14.47)

Dictyopteris divaricata (62.79)
Plocamium telfairiae (16.16)

Sargassum fulvellum (56.33)
Oryu Peyssonnelia caulifera (12.05)
Synarthrophyton chejuensis (10.42)

Peyssonnelia caulifera (53.80)
Dictyota coriacea (15.99)




= 201699 1]9(23.93%) 2] 2F0] FSHFOZ YERL
o, 20174 0)= HERANK52.25%)0] S-Ag 71-ed] E|7]
T} ZFEEo] 29450 = Yepdth AdollA xR
o] ©H¥zo 2016 1]2(40.84%), 2017H o= u|Ttm
) 1ETH(62.79%)01 3L, 7M1 EH s (Dictyota coria-
cea, 14.47%) 3} 35501(16.16%)7F 2442 EFHE o2 T
Atk LR AE 2016 of| HAWRK(Sargassum fulvellum,
56.33%)0] #at 7}2d AFHlc}E I (Peyssonnelia cau-
lifera)e} ‘G4 (Synarthrophyton chejuensis)©] =933}
L, 201790l AHFabehaa st Hat AEwe] 53.80%F A

ety g7t 1011

AJshol 9Bk O], B 15 T BU(15.99%)0] £33
o2 ehgrt

AX|HE T
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ofN

B TES vhgo R Vet 7t 3 saw Sx i
t}-S-3} Zth(Table 4). 2=2] 72016 0fl= x5}t 4
2 Au|Y(Costaria costata), TG ZARE, AHFo] W]
0| (Agarum clathratum subsp. yakishiriense) 5°| %
A7t BHAE, 20170l = Aol A Har At S-sHtol A 3
BT, YR e So| 22 Bl Ao U

T

Table 4. Vertical algal by mean coverage of six study sites of East Coast, Korea

Site 2016 2017
U Costaria costata, Sargassum macrocarpum, Sargassum yezoense, Dasysiphonia japonica,
P Sargassum patens Corallina officinalis
cD Mi Symphyocladia latiuscula, Dictyopteris divaricata, Symphyocladia latiuscula, Rugulopteryx okamurae,
Sargassum macrocarpum Symphyocladia marchantioides
Lo Agarum clathratum, Undaria pinnatifida, Symphyocladia latiuscula, Acrosorium polyneurum,
Symphyocladia latiuscula Symphyocladia marchantioides
U Ulva australis, Sargassum horneri, Sargassum yezoense, Rugulopteryx okamurae,
P Desmarestia viridis Sargassum horneri
GM Mi Heterosiphonia japonica, Corallina officinalis, Symphyocladia linearis, Ulva australis,
Colpomenia sinuosa Corallina officinalis
Lo Agarum clathratum, Polyneura japonica, Pseudopolyneura japonica, Agarum clathratum,
Corallina officinalis Gracilaria parvispora
U Sargassum horneri, Undaria pinnatifida, Fushitsunagia catenate, Grateloupia elliptica,
P Acrosorium polyneurum Undaria pinnatifida
NG Mi Gelidium elegans, Sargassum horneri, Gelidium elegans, Sargassum horneri,
Undaria pinnatifida Chondrus ocellatus
Lo Agarum clathratum, Grateloupia cornea, Agarum clathratum, Pseudopolyneura japonica,
Gelidium elegans Corallina officinalis
U Acrosorium polyneurum, Sargassum nigrifolium, Sargassum yezoense, Acrosorium polyneurum,
P Fushitsunagia catenata Dictyopteris pacifica
HY Mi Undaria pinnatifida, Desmarestia viridis, Colpomenia sinuosa, Symphyocladia latiuscula,
Symphyocladia latiuscula Laurencia pinnata
L Polyneura japonica, Agarum clathratum, Pseudopolyneura japonica, Sparlingia pertusa,
o A 9. . A
Undaria pinnatifida Corallina officinalis
U Undaria pinnatifida, Dictyota coriacea, Dictyopteris divaricata, Grateloupia asiatica,
P Codium fragile Laurencia intricate
GO Mi Sphaerotrichia divaricata, Ulva australis, Chrysymenia wrightii, Acrosorium flabellatum,
Sargassum micracanthum Schizymenia dubyi
Lo Plocamium telfairiae, Agarum clathratum, Plocamium telfairiae, Acrosorium flabellatum,
Sphaerotrichia divaricata Symphyocladia marchantioides
U Sargassum fulvellum, Corallina pilulifera, Colpomenia sinuosa, Dictyota coriacea,
P Dictyota coriacea Gelidium elegans
. Peyssonnelia caulifera, Sargassum fulvellum, Peyssonnelia caulifera, Colpomenia sinuosa,
oy Mi ; . . o
Synarthrophyton chejuensis Corallina officinalis
Lo Peyssonnelia caulifera, Peyssonnelia caulifera, Cladophora meridionalis,

Lithothamnion corallioides

Callophyllis crispata

CD, Chodo; GM, Gisamoon; NG, Nagok; HJ, Hujin; GO, Geoil; OY, Oryu; Up, Upper; Mi, Middle; Lo, Lower.
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STk ZIARRoll A = 2016 Aol A ALt Yo A}
Hb, 2|3 2] AV Desmarestia viridis), Z5-o 4] Q7 ES=
(Dasysiphonia japonica), ZAtE @, 8|7, SH5o| A4 S
Au)ed, ot QIALE(Pseudopolyneura japonica), JA+E S
EO 2 RSl oH, 201730l Aol A Far A, 7L
SHPEE, A o] AL, S 5ol A Zh=H e A9 (Symphyo-
cladia linearis), 77§ Zatef, Ao 12|30 1ol A Sk
Qalz, ra|u|Y, ZFA| A2 7|(Gracilaria parvispora) <=
S 2 Yehth YFoA= 20161 3t A-5Foll A 34
o| ARk} u| &, ShLof| A AL an| o, F-2 kAL, SR TFA
27} S35kl om, 2017 ofl= Aol A B E&ol], 7=
YK Grateloupia elliptica), 1)<, ZHo| A SZ71AKE], HAYo]
2L X528 Chondrus ocellatus), SHEO| A SEH &]w] < 9f
T QIALE, ST 0 & Fastqint FXoA= 20161
Ao A ZTE-5-9, A5 BARK(Sargassum nigrifolium), &
Kol m| <, R e A9 SOl A HiThRLE Gl oA, St
gau| o2 Byl on, 2017d 0= ARl A gER
AE, RS, FRolA S, shRol A ditti QA
o] 3 st= A 0E YERSITH AU A= 20161 R0l A 1]
o, IWEaENE, FRoA= JA7HAE (Sphaerotrichia
firma), Z¥7}A| AWK Sargassum micracanthum) ~12]1 S5
oflA o], A, g 4lu| o] L5kl em, 2017
Wolli= AHollAl vl Em o) L&D, 2| A|+=ok2](Grateloupia
asiatica), %-5-o\| A =214 o](Botryocladia wrightii), -3 &
Zol(Acrosorium flabellatum), SF5-ol| A Zg&ol7l F2 B
SESFITE @70l A= 2016 Aol A mAE, A-2AE4t S

HEy -

ol

EIEAT Sy R- 15| 2 Re R KRS DS PP AR=ES) P oy ) M =
Aateom, 201740l Aol 271, WM sl
I, S-okEol| A= 20161 3} Zro] Al a7k 95kl

§ el B}

e o
re
riok
oN

W B 1 =S olgs
of AefsH B IASHEEL)S BET 3, AdsABA 5
(ecological status class, ESC)2- 7|9Fo 2 1ot 317 Alell & 3
ket A, 2016137 2017 Bt T2 2442} 6.163F 5.382 G
(good)-M (moderate) ©. & T E| A THTable 5). A= AlF
ATHE A EH, 2016W 0 25(7.85)004] ‘G-H (high)&
ALjgt BmE Aol ‘G-M o2 Yepston], A-ERE= &
Al 2%=(8.76)°1 4 ‘G-H', 1A L+=4(4.60)°l 4] ‘M-L (low) &
LR 21 Al Q) mE Aol 4] ‘G-M & UEbgTE 2017
Holl= L E Ao A ‘G-M o2 HAEQon AdHa = &
Aloll 25(3.92), U=(4.89)7 | 4(4.80)°]1 4] 'M-L' 2= Lje}
o AS AlQdskar, U A] BE H oA ‘G-M S8 LEFT

ubA| o 2 2016 o Bl 20170 e EHH H71A] 4= Zho]
A Uehg o, o]= ESG 1 129] ¥%=7} 7435k, ESG 1T
0] W=7 Skl wet sl 2 ARl 7 SR o
= Ao = HEL)

&3l 67 Ao Sdd 27l F
-

rF SHTA AEFS IO R BAH YA FE A
HEW, FREZ5R)E 20164 7| AHE(3.46)00| A 74 Wk
1, 20179 Y=2H9.39)0l 4 7P E9kon, dsEAG() =

Table 5. ESC (ecological status class) evaluation results of macroalgal assemblage using EEI-c (Ecological Evaluation Index continuous

formula) based on coverage (%) of macroalgal species

£SG Chodo Gisamoon Nagok Hujin Geoll Oryu
Spring Summer  Spring Summer  Spring Summer  Spring Summer  Spring Summer  Spring Summer

2016
ESGI 59.37 23.88 2456 0.60 2267 250 14.20 6.73 3.66 3.35 5.06 3.84
ESGII 1869 10.74 1344 3.58 739 1648  19.88 7.06 8.35 4.73 1.03 0.96
EEl-c 8.76 6.93 6.76 5.48 712 4.60 5.38 5.76 5.36 5.64 6.13 6.02
ESC GH G-M G-M G-M G-M M-L GM GM GM GM GM G-M
EEI-c per site 7.85 6.12 5.86 5.57 5.50 6.08
ESC per site G-H G-M G-M G-M G-M G-M

2017
ESG I 427 16.14 1.53 5.23 6.88 4.33 5.43 253 1.63 10.68 3.18 4.31
ESG I 28.08 10.17 8.45 5.71 17.96 3.06 13.69 369 1293 9.75 7.73 3.85
EEl-c 3.92 6.33 5.15 573 4.89 5.88 5.09 5.66 4.80 5.89 5.37 5.81
ESC ML G-M G-M GM M-L  G-M GM GM ML G-M G-M GM
EEl-c per site 513 5.44 5.39 5.37 5.34 5.59
ESC per site G-M G-M G-M G-M G-M G-M

ESG, ecological status groups; G-H, Good-High; G-M, Good-Moderate; M-L, Moderate-Low.
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QYth(Table 6).

ATt MEFY 22 FeEA L o8 A4
CRFE=A(HY)= 20179 AY(1.35)00141 71 Wk,
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A 12-75%, dRal ol A 6-45F 02 A7 FHS Alstale
2 AollA =8 T4t =7 e o (Table 7), 133](44]
A) ZAIE 92%(Kim et al., 2013b), 33] ZALZ2 75%(Park et

N
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>

i
i)
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al., 2017)0] E& gt A1}, =
o] 98 (Lee et al., 2015)0] &S SAMR =
T7F A b, ol ALt A
Y], 2A AR 9 AL AR Sl 5o o] wiiE
ket

2 Aol A Faliet 2t 670 A W o At s
22 66.22 g dry wt./m2E FoF 7] AHRol| A £]24:(29.68 g dry
wt./m?) 1L 114 ZEo A H i (129.65 g dry wt./m?)SiTh. Al
& AollA FEHoR Z3% d2fF EFS UTHoR
S%H 2 A Auket AHAQ vlales o YA, AFHH
9] 1/5)0.2 A (Taniguchi, 1998), 53l 55 af| <ol
A Bt ko] 64-487 g dry wt./m?, el ¢ of A= 29-630
g dry wt/m*=2 34 4= Qlth(Table 7). gHlo] A &
ffQF ot Ate] s 27 e ol A+t Axpet tha
Zpolg Hol=t|, o]i= o] Aol A= ZRF7L tiHEEL] A
EFS AASHL Q= v, 7 A-ro A 2277 A A E

Table 6. Average biomass (g dry wt./m?) and various community indices of seaweeds at the six study sites in East Coast of Korea

2016

2017

Community indices

CD GM NG HJ GO

(0)4 CD GM NG HJ GO [0)4

Biomass (g/m?) 136.03 2279 5277 47.59

Richness index (R) 4.92 346 747 619 5.64
Evenness index (J') 065 064 062 0.66 0.60
Diversity index (H") 228 18 235 236 220

141.26  69.31

123.27 36.57 4227 33.61 5161 37.61
5.14 6.51 798 939 622 785 554
0.43 052 054 067 047 035 046
1.50 196 203 265 165 135 1.58

CD, Chodo; GM, Gisamoon; NG, Nagok; HJ, Hujin; GO, Geoil; OY, Oryu.

Table 7. Average seaweed biomass (g wet wt./m?) and species richness at the subtidal zone on the East Coast of Korea

Site Season Depth Species Biomass Reference

Middle Part Jeodo Sp, Su 5,10, 15 23 2,434 Kim et al. (2012a)
Chodo Sp, Su 5,10, 15 57 130 This study*
Sargeunjin Wi, Sp, Su, Au 3,5,10 92 407 Kim et al. (2013b)**

Su 10-15 75 777 Park et al. (2017)

Gisamoon Sp, Su 5,10, 20 50 30 This study*
Daejon Sp, Su 5,10, 15 41 2,139 Kim et al. (2010)
Imwon Sp, Su 5,10, 15 12 520 Kim et al. (2012a)
Bihwa Sp, Su 5,10, 15 30 321 Kim et al. (2012b)
Hujin Sp, Su 5,10, 20 51 41 This study*

Southern Part ~ Chuksan Wi, Sp, Su, Au 1,5,10 98 630 Lee et al. (2015)*
Geoll Su 10-15 45 261 Park et al. (2017)
Nagok Sp, Su 5,10, 20 70 48 This study*
Geoll Sp, Su 5,10, 20 67 96 This study*
Hajung Sp, Su 5,10, 15 21 356 Kim et al. (2011)
Gampo Sp, Su 5,10,15 6 145 Kim et al. (2012a)
Oryu Sp, Su 5,10, 15 55 53 This study*

*, biomass (g dry wt./m?); **, monthly date.
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9] 57.53%0& A5 9lof P AR Vgl & 2
2F7h AA5He vl-go] A0 2 vho} 24 shefo] ul 4
=d0] AL Ao r wetErh sipAt sfded A E
(http:/meis.go.kr)oll A =33t S| FLE S A= S B4
S uf, 2 ALo] 2AFA]7](2016-2017)0] Faot Bt 4
(13.0°C)2 At 101(2005-2015) 7] B 422(12.6°C)ell
&l A 0= A UEhh o, 422 & 4] #stol| g
T = a3 291 o SFUE M (Fulton et al., 2014), &
Aol A9 s a4 Bshe 2 22 g el
of wislo] e i 91 A0 Az dr,

S RSt oll A el W SAE R 2 e 2 A
Ao A AR of] whef 2pol 7} QIA|TE, HAER9} ]S} 2+
o iy ZEFIH9H EE 29AEOR Urhon], o]l
T o) e, A E N, ST, sl At
IR 50 94 Be &= S5t Q2 8y =
sltoll A BEwel we iR S S-S AR
H, Z AL 2AAS 2 F (Melobesiodean algae)ES A <]}
I FER7| AR B, ARerEsAbe d 2aEsle] 9 ®
= = HFeE 452 (Shin et al,, 2008), izl A= A
Aof| wef zpo] 7} QAT URbH 0 & TSR A} A2 S
Atogho] £-2d8g) 0w, Xy} P A o] ELARHEo] 29513
TH(Shin et al., 2011). WehA], Z-2 Eajol sl 2 ekz 28}
o A Hdshe sl Aol wek Aol 7 AR &
AERe} v Y52 3t iy 277 4 B 24T
o2 e o) H A7 Aale} A 43 Holk Alow
epie.

Littler and Littler (1984)2 5H3l= 3|4 3240l
BE 2712 Holi= rHee] 23% Kol AW U7 thd
Aol K-Aek F50] F7kele AU EH o2 HoldA 7t
A= kil AokslSTt. Orfanidis et al. (2001, 2003)2 o]
Sx2A0 SAS ol gte] SR AAISH: B4
7ok A} AYelS el 4 (EEDE A A5, EEI 2k
= 7|20 % o Qg E Ast AR Bl o, W
& 79 A Bgo] Hastthn Hrs 1 F 7120
A e st A ) 4= B S H &15)o] EEI-c (ecological evalu-
ation index continuous formula)E A A5} AL, AYEfeH2H 71
S (ESC)ol| whet 5719] 5o & AlEstste] S dHE 3
78 th(Orfanidis et al., 2011). 0] & &-8-5lo] & oLaf 2l
3let 671 A 9] EEl-¢c 4k 201619 6.16, 2017 9] 5.38
2 201790 WA thebeton], Qe B 5 HESCLS §
A3}A| ‘good-moderate’ 2 THFQUCE HHHZ B 2T
A 2016\ 249 8.76 (Good-High)oll A 2017 3}A|¢]| 3.92
(Moderate-Low)2 7} o] ZH4s3l=d], o]= ESG I Z1&
o] |27} o 90% skl o m HhEH 0 2 u], Belvfr
gE, Aol bkl 2h2 s FHS A sk e 4279 =
AF A QI3 HatE dekE o] ESG I 159 1%

=2

Y
=]
=
A

2 [

ok

N

e Bt 1S v o R vehd 2 A sl 4R
29 £@F WslR E 18 4= 9=, 2016l 29
7t 4] 3ol vt BARNR 5 ESG I “Lg el £ok=
N d=577h A A St Rb, 20173 0l= 45 A4
9] -l ANt ST A Aok i A
oF 57k & ESG 1T Tl 3k F277F o 52 244]
3kl Qs 2l & e tH(Table 4). o) Aol == 3=
T E3E 2 Aot ARt AR = o] o3

EEl-c gko] ¥55h= 2 0= UEHg=t, Jung et al. (2020)->
FEx HE 2H A7t TS sk T4 BARL v
ool Add u& W3l ule} ‘Bad F= ‘Good-Moderate' A
ojo| Al HE3l= A IS, FEx A9 sl = 4=
ol e gt A = wstgich

2 AtolA] FElidt 2ok SRt AdEl ek e R
(EEI-c)2 H7} A| ‘Good-Moderate’ 552 2 3| 257} A 25}
7)ol ok e 0= e |k, PP o] HAR, & AR}
9] mAERe} |1} Zh2 tfy AdxFEo] sk oA
Aobs thEA v 22 At y =7 agto 24
TR HlEo] MAAH & = YEpylt) o] gt a4
O] Wk 2 ol ThE S 2419 Bisle} HlEof
BHAT T4, S o, Sl N 5 A 2 HIkE <l
3 7}5hE] 12 9lo] (Russell et al., 2009), 2|42 9] B E|2L
et AEish Abm 2 o] Q. shrhar ek
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