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Abstract - The macroalgal community structure was examined at the subtidal zones of six
study sites, on the Southern coast of Korea from between May and August 2015. A total of 132
seaweeds, comprising 10 green, 28 brown and 94 red Seaweed, were identified. The seaweed
biomass was 80.32 g dry wt. m” in average, and it was maximal at Geomundo (166.94 g dry wt.
m ) and minimal at Byeongpungdo (14.52 g dry wt.m ). On the basis of the biomass, the Ecklonia
cava was a representative species, distributed widely in the subtidal zone of the three islands
(Yeoseodo, Geomundo, Baekdo). Also, the Sargassum sp. was dominant at Sejondo and Hongdo.
The turbidity and light transmittance was divided into two groups. The seaweed community
structure of group A (Byeongpungdo, Sejondo, Geomundo) was characterized by high turbidity,
low light transmittance and a lower habitat depth than were observed in group B (Hongdo,
Baekdo, Yeoseodo). As the water depth increased, the biomass decreased due to the lowered
light transmittance. In Byeongpungdo and Sejondo, which showed high turbidity and low light
transmittance, the degree of seaweed coverage was decreased with the depth of water. The ESGII
ratio of the Ecological Status Group was higher than fourty percentage in Byeongpungdo and
Baekdo. Community indices were as follows: dominance index (DI) 0.35-0.90, richness index
(R) 7.03-17.93, evenness index (J') 0.22-0.60, and diversity index (H’) 0.79-2.18. The Macroalgal
zonation of the subtidal zone was calculated by the Ecklonia cava and Brown algal population on
five islands (Byeongpungdo, Yeoseodo, Geomundo, Beakdo, Hongdo). On the other hand, Undaria
pinnatifida and Sargassum sp. dominated at Sejondo. Additionally, the biomass ratio and the
species richness of green algae was lower in group A. These differences in the seaweed community
structure may have resulted from the effects of turbidity and light transmittance.
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st chio] 2asiel A5 B o540l
of AAAS BAME 71 e solE 4 glon, 1
(turbulence), ¥ %] (sedimentation) ¥ AJ&H 7| &1} 22
AR AEdAT ZAEY G250 3 b4, AET T
1 Z4asith(Arévalo ef al. 2007). 0] 2|3 EAL A 417
A HsE 243 = 9l A FAYE (Indicator organism) 2
A &85 4 9tk (Orfaiidis et al. 2001; Wells et al. 2007;
Scherner et al. 2013).

27O 27| dANA FEAR FFE 22 T
ote} wjote] Y& W Ao JFSE nZth(Vadas et al.
1992; Morita et al. 2003). £3], E|A & (sediments)o] 23t
FF das 718 R2E AH(EL vjoh o] Wol W A&
E2 74 A)A (Arakawa and Matsuike 1992), S| 2739 B
2 AR 29102 Z-4HTH(Kain 1987).

Kenneth et al. (2004)2 AQtoA EFIHE (B x)o] 5
FIH(EE)S Azt Wste] vlA= FF2 74~79%°1H 2
o7} ZoAFF 95%71A F7I3ttt H1sgict =
ogt ¥ Fiakg Wdl= 2ol AM4she xR FF
o Aol Qe nAeEH HERe RE 242 2%
AEe 94F Z85kt (Kim er al. 1995, 2010; Fujita 2010).
g 5. 227 HHe AF=odA +4 oF 30m7tA] £
3, Fagtoll e 4 10~15m "ol A4]st= vha
@afgtell A= =4 2~5 m H Lo ARt A2lste] grzel F
Figo] 2 Ao AT 2 AR BuEYo
(NFRDI 2007). #-2u2ke] Fafiete] A& ofutnt Hefj=
FAH Yo, oot H, AURE o] FolA FHFHE &
A4 A9, A g2 gt BoEe faEEe Aol
72 AR AT

ety sj2F dte g2 H=2A Okamura
(1892)0f &J3af| “FAFEZ O] |27 (On the marine algae of
Fusanpo)”ol tfgt A7} Ao g o]FojF onf, Kang
(1966) -2uhet a2/ 23 E2o 5ol #sto]
Hustgeh. Sevhel galeh At =] Astal o
T+ dE2 F4H dF, 2, 74 83E T e 5
Aol F3EA-S Ho|n (Kang 1966; Choi 1992), |G H =
55 27 AAo] Wgdsts 22 deA 3th(Sohn
1987). @afiet s =72 Aejsha] A= =4 (Song er al.
1970; Kang and Lee 1979; Oh et al. 2002; Choi 2008a), A
=% (Choi 2008a; Kim et al. 2008)¥} 4Z &3 (Hwang et
al. 1997; Choi 2008b; Kwak and Huh 2009)0]] %3t ore &
7t 3 B ok 2Py o5 tfFEo] RUHE i
o7 o]FojFon XE AR 3 A= HEE
o] At AR o] AHA s HeFt oA o] Fo]
Z] (Kang et al. 2008; Choi et al. 2010; Yoo et al. 2013; Choi

WE ol omQ

and Choi 2014; Kim et al. 2014; Shin et al. 2014), ‘G3¢t2]
z3td) S2 70 Aol tie A7 ul$ vloks Aol

wehA, 2 AFeAE FHet 67} EACIA BE W 43
Fgo| 27 THTE BNE G B4}, B
73 W] B2 xR FUY, AAF 5L 55
9% 712228 Sustn sy

ERTETE

¥

2T AR A g A= Gl 671 =M (FFE,
ANE, ARE, HE AEE, F&)oA 20159 5SEHE 84
74X 238 SCUBA diving®]l 93l AA|= itk (Fig. 1). 3%
L ENE maum EAGE ) AFH 52T} A
39 & 5= (NTU) 2 32333 (PAR; Photosynthetically
Active Radiation)< SBE 9 Plus (Sea-Bird Electoronics)
CTDE o|-&sto] dAA A5t S4E ¢, 9%
% FaFFY g CTDARANA AlgHe 2239
(SBE 2008)= ©]-&3lo] CTD 332 42 AA Fshie.

Z+ JH 9 =3t 4 5, 10, 20 moll 2tz 2719 HHy
TF(50cmx50 cm)E FAANH R 3 WP W A
st d2RE A% XH’S'S}S’E\OU% f2de gefstr] 9
8to] 5~20 mo A AAlshs BE wET% Xo“é K

S R = B
2} (Nikons D800)E O]B—‘ET]-OE] 2m 7}73 o= /\]-?ﬂ%%‘
Image ] T2 o2 H=E ZA3Hc YL =
zawa dg g (5~ 10%)0§ AN DA A A
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" °
West Sea
- 35°N
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Fig. 1. A map of study sites and in Southern coast of Korea. A,
Byeongpungdo; B, Yeoseodo; C, Geomundo; D, Beakdo; E,
Sejondo; F, Hongdo.



Correlation of Macroalgal Community, Turbidity and Light Transmittance 597

Table 1. Depending on the depth of temperature, NTU and PAR at six study sites in the Southern coast of Korea

Temperature (°C) Turbity (NTU") PAR® (umolm™*s™")
Site
S5m 10 m 15m 20 m 5m 10m I5m 20m 5m 10 m 15m 20 m
BPD’ 21.08 20.89 2041 19.20 1.30 1.68 2.03 2.94 369.30 92.47 23.25 6.37
YsSD* 23.53 23.22 22.97 22.68 0.17 0.21 0.21 0.20 461.20 176.80 91.12 47.18
GMD’ 16.40 15.08 14.34 14.11 0.18 0.25 0.36 041 132.60 59.72 21.60 8.18
BD® 16.09 15.28 14.70 14.48 0.11 0.11 0.15 0.16 601.80 349.70 205.80 110.80
SID’ 16.54 15.84 15.28 14.89 0.21 0.24 0.45 0.86 157.60 54.20 20.16 7.85
HD* 16.65 15.85 14.60 14.22 0.13 0.17 0.20 0.27 1239.00 579.90 271.70 129.70

]Nephelometric Turbidity Unit, 2Ph()tosynthetic.allly Active Radiation, 3Byeongpungdo, *Yeoseodo, *Geomundo, “Backdo, 7Sejondo, 8Hongdo

Table 2. The number of macroalgal species observed at the Southern coast of Korea

Taxon Byeongpungdo Yeoseodo Geomundo Baekdo Sejondo Hongdo Total
Chlorophyta 1 4 2 2 1 3 10
Phaeophyta 2 10 17 9 10 23 28
Rhodophyta 24 23 44 34 27 51 94

Total 27 37 63 45 38 77 132
AR QUF F AuAS Agdtel BF 2 SHtGO, z o
£8F 55 2 92 7 AEF F5H (Kim et al. 2013)
of Witk AF ANY HEZFE GHE 53] At B L ¥R EA
et BEES AA & FHE FESIY 105°CE 4449 4

ARt B Lt 67 =X B 22 1743°CE
ARZOA 1498°CE HA GO, JAZA 23.10°CE
Hugoh Ao wheh 422 ol AR Ha aen
@l FHE A4S £20] IS Bt ges A
054NTUZ W, WE oA 199NTUR €%7} 7H4 =9
1, Hﬂz(o 13 NTU)%+ :gE(o 19 NTU)ol| A Et=7} gh:}

F33%<2 PAR (umolms™") gk H4t 217.42 pmol m™

o, AYEE TEoA FF 55508 pmolm s 2
A fEFEO] 7P wskom, ARZA] PAR o] 5553
pmolm™?s™' 2 71 Wrokth(Table 1).

o
ol
oY

271014 24h B BRAA BFFE 2RI, e
Ao} BB (gdrywt.m 02 TS

RAY BUEY MR ARI o8] EREAS
(richness index; R), Tt =X 4= (diversity index; H)¢} w5
X4 (evenness index; E)E A4Sttt (Margalef 1958;
Fowler and Cohen 1990). 2 &= %] 4> (dominance index; DI)
+ 24 WelA e BEF &A1 w2t Al 2855 A
S 2%0) AEF Fol et 3 BETO M & AE5A
o} (McNaughoton 1967; Lee et al. 1983).

2R 7153e 2UEY IR, YRPE, TTA

11

O

& 5Ol wet §4F, A, 41871, 0S4 E, & 2 22N
AA sy, 2ol 67 1§07 FESLT (Littler and e e
Littler 1984) o] & A3 A8 1F (ecological status 712 F<t @it 67K E/\‘]"ﬂ}ﬁ 2% 2T F
group; ESG) 1 T2 FE3}Y T (Orfafiidis et al. 2003; INF(EZRF 102, Z2RF 28%, T2F 402 AH
Arévalo er al. 2007). 7)5 39| Bl &3 733 H <o A H ST BITAA 27522 7P AL FEOA
HAE ghetstgint. T1ELR2 7% WTH(Table 2). & A oA EAT &
H2F 2T EFLE A T FAEE 2453 Z25F= el 15o1deH, 574 FHolA ATt =
ow, OF 7t Y%= SIMPROF (similarity profile) test 2L Ayt a8 (Dictyota coriacea), Y o] BAFEE
2 AASH ® o, a5 7+ §937)F Eelx SIMPER (Sargassum horneri), 20t AlZ (Amphiroa beauvoisii), 2+
(similarity percentage) t‘d% AAEte] 2+ 22 7F 8]8AF SHEAALE T (Alatocladia modesta), ‘&34 (Synarthrophyton
= (dissimilarity)ol] 71913t £ 13T RHEA LS chejuensis), E7VAH] (Chondracanthus tenellus), 5-2F2%
PRIMER version 6 (Clarke and Gorley 2006)S ©|-&3}o] A+ (Callophyllis adnata), A7}X& (Heterosiphonia pulchra)©]

% 9 =43 sheo Atk Sx 28 & - £2 2AR alo] 7] BH SAE
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Fig. 2. Results of cluster analysis performed on Bray Curtis simi-
larity from a standard species presence/absence transformed
data. The dotted lines indicate no significant differences
among the study sites (SIMPROF test).

£ BAste] HH, OF ABEE, BE), IF B(94%), 2
T CHIEE ARE, 35)E FRE AT (Fig. 2). 15 7t 2+
=I5 A9t IF B2 31.95%, 2% B 15 C= 4040
%2 FAZA A= EATH(SIMPROF test, p<0.05). 1
EAY} BE PRI o] 7|odEs} £ 22 2ol
(Cladophora wrightiana), Zlga= (Bryopsis sp.), Loy
(Codium arabicum), A XA (Distromium decumbens), 27}
SOEHTEE ST 5 B CE &Sk 2 A
395 292 (Caulerpa okamurae), BARZ; (C. arabicum),
N 2E8FE (Rugulopteryx okamurae), #7151 HFE2E
(D. coriacea)Z &2 = TH(SIMPER test).

[¢)

)

348 Y 945

67 =AM o] MAste [ Hat EFS
80.32 g dry wt. m 20| Q2, WEZ A 14.52 g dry wt. m >
2 A4 ARZA 16694 gdry wt. m 2 gt 54
W YELFS 5mofA 31.09~303.88 gdry wt.m 2 HEE
A Hi, ARZA HPZ BA= T A 10mo A&
1.84~196.94 g dry wt. m "2 N|EZ oA 7F T oA
Zo A 7 B Fe How, A 20me F9 ARE
(624 gdry wt.m %), T% (14.81 g dry wt.m ) A gt A2
o] £ = dth(Fig. 3).

e dA¥d HEFY FHHE AR T &
(30% °1’H T E+HF(10~30%)S AHEH, HFE=
F&0](43.56%, 6.32 g dry wt. m ), FEE-L91(39.54%,
5.74 g dry wt. m)0] $AZFo|SiTh M Eo|ME 7t
(35.62%, 59.47 g dry wt. m )7} SAE, AT
(15.77%, 2633 g dry wt. m ))o] E9@Fo|glon, ARE
NAE 2AZ glo] 7l (24.76%, 79.09 g dry wt.m %), ILE]
ohe) AlHH(10.78%, 34.42 g dry wt.m™>) 18] 1 2 E 7| =2}t
(10.13%, 32.35 g dry wt. m )0] &$HFo|glc}. Wz oA
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¥ oy

rr

400
[ Byeongpungdo =3 Yeoseodo

« B Geomundo W Baekdo

E. 300 ] Sejondo Hongdo

E

% 200

2 N

ﬁ §

_S 100 %

@ N

N
L0 N o
5m 10m 20m

Depth (m)

Fig. 3. Biomass (g dry wt. m™) in different depth at six study sites
in Korea from May to August 2015. *No observation.

T ZHe (39.31%, 13.17 g dry wt. m )7} >-Hatq o, At
(1047%, 3.51 gdry wt.m )] 2L-E 02 ZHsqtt A
ZT o A= HAYo| =4 (83.05%, 32.02 g dry wt.m o] <
AR, T Hto| m Al (43.47%, 29.87 gdry wt.m )
o] &@Eoa AAMAEH(13.73%, 9.43 gdry wt.m )o] &
oMz oz BxstgTH(Table 3).

4.7153<

2 A3 o7 TA A EdT ARFE 7eFE FE
SEH, GAF L 3~ 11T 22 AN T A &, AREA
A E BRI, AMFL 3~19F 02 AAZoA HAi T
oA HYE Bk ZUEIFLS 7~32F5 02 HIF L
A HAGIL TN AUt SAFL 0~4F 02
FTEoAN HSAYL DAA] Fgon, FroA 7MY W
2 Fo] EH3AT. FEATLEL 0~11F22 HIF o
A Ha, oA HUAL, Y ELE HEEA 1F2R
o, AREY TR 4502 A E Bt B3 AH
& ESGIIY £8% H&S AHEH, A=A 1622%
2 HAaAY HIF=AA 703792 7P B2 &S B
o} (Fig. 4).

5. 732

H2F Tko o3t $HFTY FYRELE FFENA
E7YAME] (Gelidium elegans)7t =4 6 m7HA] - 3H4
o, AN == A A4 ZHE (Ecklonia cava) R 43| %
7t AT AREE HEe FAA2RI 5
on, 4 6molA AA |27 FH=7F 100% AT W=
= A 4moA 10 m7tA] |2{7F TEEoH, 4=4]0]
F7VEE A et ST Ak 4 4~6

mo| A= 1Y (Undaria pinnatifida)®] $-H3t@om, 424
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Fig. 4. Total species number of seaweed functional form group collected at the six study sites of the Southern coast of Korea.
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Fig. 5. General vertical distribution of marine algae investigated in Southern coast of Korea. Species coverage >5%, A, Ecklonia cava; B,
Plocamium sp.; C, Dictyopteris sp.; D, Cladophora sp.; E, Pachymeniopsis elliptica; F, Chondracanthus tenellus; G, Sargassum sp.; H,
Undaria pinnatifida; 1, Dictyota sp.; J, Corallina sp.; K, Hildenvrandia sp.; L, Gelidium elegans.
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8~14 mo| A= ZAWEF (Sargassum sp.)7F SRt &
TN F&EO5F (Plocamium sp.)7F 4 6 m7HA] 933}
gool, Zefe 4 smolA WA 4 20m7HA] £

aho] Lpeheeh (Fig. 5).

6. QA S

25 JEFY 2VTTE AL A SE AHEH,
et 671 =AY SHEAS (DD 06153 A=A
0512 &, NEZA 0902 7P =9t FREX L
R)= Bt 11.58% YERom A= (7.03)4 HAaGL
FTE=(1793)04 Hdth 8T *«Eg'v%ﬂ wheh #3t
Sl FEEX S0 AAY FF 047 BA NEE
01]1\1 0222 a3 WroA 0.602F AEHE 2yt &

T F 1Y FRE HolHBEDHY EE 5=
Zlfrfﬂl o3 AR EE =X H)E= AIEE(0.79)00A4
2| &, W= (2.30)| A4 F gk UEFTH(Table 4).

Kl
[

2FY AT AGE, 2APPE 9 A7) wet 2
Ho]Z UePHT}(Oh ef al. 2002; Kim ef al. 2008). & AF
9] 67) AN S8 ARFe= T 132F (X 105, 4

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

Site Dominant and subdominant species (%)

Byeongpungdo Plocamium telfairiae (43.56),

Callophyllis crispata (39.54)

Yeoseodo Ecklonia cava (35.62),
Alatocladia modesta (15.77)
Geomundo Ecklonia cava (24.76),
Amphiroa beauvoisii (10.78),
Mpyagropsis myagroides (10.13)
Baekdo Ecklonia cava (39.31),
Acanthopeltis japonica (10.47)
Sejondo Sargassum horneri (83.05)
Hongdo Sargassum patens (43.47),

Sargassum coreanum (13.73)

X 28%, TR 94%) 02, FAERE 27~77F0] 4%
t}. Kang and Kim (2004)& £ A7X 9 29 Fo 9% (F

O ote AFE)9 57 FH2E AR A & 362 FH=
T £8& Husto] B 479 2727% &2 2FTE
Btk 3, AR AN ZAE 59%F (Choi et al. 2009)0]
ZHste] B ALY 44.70% $F9 EPESE Y =2
Aol A vlwF sj2fF Ago] FHFGCE o2t 2EF
$9] zpol= & A7t AgAte] Hla] afell AAf A
ou AF 7 A7t @7] g o 2 wohEt

HEFe ALY wotet Hjore] AEo] o] FAI} F

2r0] 93k O 2 (Vadas er al. 1992; Morita et al. 2003) 5=2] &
27} 2AEH(Kain 1987). £3F Aty JEI} (%)= &
T gFFS "o} SrAlo] ZEL4E ZHAGE AHoa oy

] =T

A Qlth(Kenneth ef al. 2004). 2 AFqA 67] =A2 =
shof Hé% FAlo] T2 Bt AEFS 3.51~180.03 gdry
wt.m HYZ $4 7t wet FHA gasion,
A gro F7t) e fagT davt ERlET
(Kenneth et al. 2004).

B 24 BAEE g=S fadTel o AR, 3=
7} =3 (o 30~1.99 NTU) & %eFo] whe (55.53~122.85
umolm’s™) 2§ ACHEE, HEE, ARE)9}, g=rt @
31(0.13~0.20 NTU) S & 3F2ko] =2 (194.08~555.08 pmol
m”s) 1E B(FE, WUE, ANE)Z FREAT IF A

HWET (1.99 NTU 122.85 umol m™>s™")&} A £ = (030 NTU,
5553 umolm s HE =& Ex 2 oldte] 44 10m |4t

A $-F (7L D 9 =7 20% olstglen 1
£ B9 oJA%(0.20 NTU, pmol m™*s™ )¢} F%=(0.19 NTU,
55508 pmol m*s Hol A WL B £ JEJLE 5
A 15m oA E HEj7t w2 9 =2 et Kang er
al . (1993) AXE, T sFoA ZE (E. cava)7t BEH
< o]F2 glom, o]fd P LERF KelpES B2 ¥

Ego] oaf AAske 29071 AR o5 FHoR
AT Z 7} o] 2o Xt atgch. &% (0.44 NTU, 59.95
pmol m s Nl AE & BEel W 3 Exgox 27
3t Al 14 m7HA] BANEE 22 feE BT o9t
T Aol BARE B 7S o835t A HTFOoEH
FES £FFS FRT = ) ECRE wekH

Table 4. Average biomass (g dry wt. m™?) and various community indices of seaweeds at the six study sites on the Southern coast of Korea

Community indices Byeongpungdo Yeoseodo Geomundo Baekdo Sejondo Hongdo
Biomass (gm_z) 14.52 166.94 159.71 3349 38.55 68.71
Dominance index (DI) 0.83 0.51 035 0.49 0.90 0.57
Richness index (R) 9.68 7.03 12.21 1251 10.11 17.93
Evenness index (J') 0.42 0.59 0.53 0.60 0.22 049
Diversity index (H') 1.39 2.11 2.18 2.30 0.79 2.14
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Nzl F24 U FATE BYTY BAZ ol
7] 9o A2FE 1SRl whet TEstel Hwske o
Okt A|=7} o]F o] F th(Littler and Littler 1984; Orfaiiidis
et al. 2001; Wells et al. 2010). Orfaiiidis et al. (2001)2 67}
7]%53;;; obA g &) <o) A] /\—]M—g]_‘_—-_ AHEH 12 /l]-EH:L—'—

”&‘)4 gk oA 4 o}— ESG II (*é 82719, 94

AR TS o R o A=E BASHT
_or;,]l,}g}q MEEHA Al 280 T3t RAFA ESG 119
H|-&-2 Ej¢t sHFEo| A 34.65% (Heo et al. 2015), -4t
X 44.8% (Kim et al. 2011), A= 27 32.14% (Yoo et al.
2015) LT 47) A 94 33.96% (Song et al. 2011)Z L}
Elgth B Ao A& BSGIIE] B L] HWEZA 70.37%,
oA 4444%2 A HEow, 2 9 47 HHolA=
40% ©)HANE 1622%, ARE 36.51%, AIZE 21.05%,
2= 33.77%)2 YER B A7 47 FAHLE o2 7tA] 3
2579 Aao et H S FAISH: Zem wdEn O
AU HEFEY AE =2 R Q3 ¥ F Fgd 9
3] wgte s oA Fleke 2 FY W=7t A vEpd
ZAORE B W o] HQ =2 3F Eigo|x st
T A 9 ot A ‘**154 22 941 7+l 9
3l ESGII9| H|-&o] F7He Aoz wotE

2O F40 ABY EE Hwo 4E FPol 9@
ZYT2Y BYYL AUt FUFE H)E JFHE
g olgstel 2PN FRAY 0F gk 2 ¥

o
ez 2o IHE 0 AAR) 97 Aol B}
o] o] &H Tt} (Park er al. 2006; Lee et al. 2007; Kang et al.
2008; Choi and Rho 2010). Park et al. (2006)2 ThFE X4
720~3098 A9 24 PHEE BReAY DAY=
2 5, 10~208 A9 22 PHES} B} wet
A3 ALE WS, FUFES olgalo] & a7l 6
A A BAAEE B, HEEe AZES Asla
47H A9 HF=AF7E 2.00 o] oE £ HEEe}
e BF REoE BAEHN, BT E (1399 AE:
(0 799 4 A== 27 EdA T, v EQHgolgl
A EH ‘4 T} ol R o® SR E I
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