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Annual Variation of Macroalgal Flora and Community Structure in the
Subtidal Zone at Gapado Island, Jeju, Korea

Bo Yeon Kim, Song-Hun Han, Seung-Jong Lee and Jun-Cheol Ko*

Subtropical Fisheries Research Institute, National Institute of Fisheries Science, Jeju 63068, Republic of Korea

We seasonally examined marine macroalgal community structures in the subtidal zones at Gapado Island, Jeju, Ko-
rea, from February 2013 to November 2019. A total of 164 macroalgal species were identified, including 15 green,
40 brown, and 109 red algae. Species richness ranged from 54—106 species, with the maximum observed in 2013 and
the minimum observed in 2015. Cladophora wrightiana var. minor, Ecklonia cava, Amphiroa anceps, Corallina aber-
rans, Corallina crassisima, Synarthrophyton chejuense, Sonderophycus capensis and Plocamium telfairiae occurred
in all seasons. The average annual seaweed biomass was 1,258.22 g wet wt./m?, ranging from 917.51 g/m? in 2017 to
1,551.95 g/m? in 2014. E. cava was the most dominant species, accounting for 46.57% of the total seaweed biomass.
The subdominant species were P, telfairiae and A. anceps, comprising 8.64% (108.75 g/m?) and 6.65% (83.61 g/m?)
of the total biomass, respectively. The vertical distribution of subtidal seaweeds were represented by E. cava and P,
telfairiae at 5-20 m, A. anceps at 10-20 m, C. aberrans and C. crassisima at 5 m and C. wrightiana var. minor at 10 m.
Cluster analysis revealed three distinct groups: group A (2014-2018), group B (2019) and group C (2013), indicating
significant differences in the annual seaweed community.

Keywords: Macroalgae, Community structure, Biomass, Gapado, Jeju

AN OB al,, 2015). ol 2, 40| A5 = QA zF77} gasta
At 2527} 7151 "ok(Fujita, 2010; Hwang et al., 2017,

YA ] =8 DAYAARS] ol 2= kRt s = Kim et al., 2023). T3k, Q171 &5of| 0]3} FAAEH AT} A
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1! Qlth(Satheesh and Wesley, 2012; Liang et al., 2014). &£ 27} 27V = 43 4 (canopy-forming) 2 ZEo]]
A8 Alol g ook o] AR B o] R E|o] AGZ e r Al B2 A (turf-forming) 257, LEA 713]F(Ulva spp.,
7} =S m(Tierney et al., 2010; Koch et al., 2013), Z|-ofl= Cladophora spp. 5)°] $Ast= FAFxE H3lsch(Wells
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A TtHLee and Lee, 1976, Yoo, 2003; Oak et al., 2004; Kim et
al., 2013, 2018, 2023; Kang et al., 2015; Cho et al., 2022).
Tk o2t Al Agtel vlsf A2 o= gH o] g Eof =2
AP S ol SE viehEs 2 AFE RbmA
of| AAlet= sl zfoll thefiAl e B A7t o] Fof Frk(Kim
etal., 2008; Ko et al., 2008; Kang et al., 2011; Kang and Kim,
2012). 7R = A|FE Bar A S 404 2 4o =2 200943
B JREA7F AR =], 201080 282 10-15 2
7} Aheo] QEAZT} A4 Z7151a 9ol (Kang, 2015) <l
7k ggol o3t sfFe P o QI s 27 o] WSk} o
L 7hakE AR] el 24t Ate 2 AAE e U EE
(Kim et al., 2018)2]ofl+= SR 7kA] HarE vz} §ick

S T Ate S SRR 9] Bl whE At AYEA
O] H3kE o|5517] 913t 712 AR E S| Sl 3=
(Kim et al., 2013; Jung et al., 2019; Cho et al., 2022), ©]& ¢
A= FY A B7IRE AFE S=dste] Wl P W
8= Zlo] Fasttt wEba, 2 A= 7Hte Atke] et
of HAlel= s 2ol T4 Y AFR IS Thote}r]
flal 7] U EES sskelon, oFF sk Akl o HE Y
e 55 ggsty| fIet A AR E AlgskaA} skt

Iz H A

2 A5 ] flet 27 YL AFE el ¢
2|3k 7hike 3)<) o] Z5H 5 m (33°09.855'N, 126°16.455'E),
10 m (33°09.746'N, 126°16.736'E), 20 m (33°09.746'N,
126°17.172°E) 5240l 4] 20139 2€5-E 20194 11€714] 7
Y7t A A¥ 2 SCUBA Divingel ©]8) A4 5|9l ch(Fig. 1). &
23} AZ0] 48 8 QO Niskin A7 2 245 5, YSI
(6600-V2; YSI Incorporated, Yellow Springs, OH, USA)E A}
sto] Aol A S48kl

s 2ARE Q1o 2ot AR 10x10 em= -2
5050 cm ®HR@ 3705 FARI = FAL WP T Yol Edsh=
HE 2R/E LS ARGt ARstelon, AHH =R
= 10% =G gor 14 £ Addz eRtstdl
ok A% SAS ol gz 3] AR HAAA=(CB-300;
AND, Seoul, Korea)S ARE-3t0] £ 5542 0.01 g T4
2 2ehglon, whel WA A ke wet wi/m) 0.2 B
skt 28F2] 574 W &7 A= Lee and Kang (2002),
Lee (2008), Choi et al. (2016)3} AlgaeBase (http://www.al-
gaebase.org; Guiry and Guiry, 2024)E Za1s}$ich

b djolo) dwy ZAET AEY AR AFEal] E
=X 4x(richness index, R), w-5=A|5(eveness index, I'),
Shannon's TFFE A4 (diversity index, H') % HEX]4
(dominance index, DI)E A4l ¢ tH(Shannon and Weaver,
1949; Margalef, 1958; McNaughton, 1967; Fowler and Co-
hen, 1990). =3t A AEFEZ |9 A= (similar-

o
%
=

i

126° 16'E

33°

10'N Study site

C——
0 200 400m

Fig. 1. A map of sampling site in Gapado Island, Jeju, Korea, from
2013 t0 2019.

ity)2 2415}3.(Bray and Curtis, 1957), 1% 7+ &=
SIMPROF (similarity profile) testsZ A1 A|3}o] A3} 0.,
K-dominance curves #4150 1= =5 Bl wstich
(Lambshead et al., 1983). 7-%]42-4]-> PRIMER version 6= A}
2519 tH(Clarke and Gorley, 2006).

2 o

221

i

AF7It FS 7huke sjofe] et 22 18.9+0.76°C
(mean+SE)31.2.H, 2014 0]| 18.2°C2 714 WkaL, 20164
7420199 ¢] 19.5°CE 714 =9} th(Fig. 2a). BA| 422 2017
A7HA] S7beke 743 Bolthrh 20180l 13.1°CRE 746}
AL, 3 2-9] 75 20134, 20164, 20191l 25°C o4
] 2 g KAl

AL7|7F Fete] Bt FELS 33.9+0.28 (mean+ SE)©O
1, 2015d 7} 2016 0] 33.6 0.8 2|4, 2018\ 0] 34.52 |}
A cHFig. 2b). 53], 20164 317 o= o] 2942 714wk
S B9, 201497 20182 A 2Jgh = 7] 7tol| A5-
AHE] G e Al o' Belrt

=
524

A7IZE Bt Tt o m2F 158(9.15%), &
23 405(24.39%), T2F 1095(66.46%) 0.2 % 16459
27t Sdstelon, TR 3 Heo] 7H =T
(Table 1). A= SdF4LE H A7F 54106522 2015
ol 2|4, 20130l 2= vepyton, ERatd 43 HlE
2 =Z27} 5.56-8.22%, X537} 23.58-30.67%, T2H7}
61.33-69.81%% AR FAFSIGI e Ao 3t
F2 2ot (Cladophora wrightiana var. minor), 77|



e ECES R ER SR E s

(@) 35
£ af
o
p=}
-*é 25
3
€ 20
o
8 15
©
E
& 10t
7]
5
(b) 40
37 +
> 34t
£
©
] 31 +
28 |
25

2013 2014 2015 2016 2017 2018 2019
Year

Fig. 2. Variations of seawater temperature and salinity at Gapado
Island, Jeju, Korea, from 2013 to 2019.

(Ecklonia cava), 527 (Amphiroa anceps), W33 A5
(Corallina aberrans), =3 2A ST (Corallina crassisima), &
& (Synarthrophyton chejuense), ©F3Z 2] 7t} 11(Sonder-
ophycus capensis), #+&°|(Plocamium telfairiae)2 =25

T, AT 15, T2F 652E T 8%l ol 2jo= &4
| A Sargassum macrocarpum), ol ¥ =2} A2 Amphiroa
ephedraea), w8 AW (Amphiroa foliacea), 717}A| A&
(Ellisolandia elongata), w2 714K Grateloupia angusta)©|
3283 A} 5253 o]} 2t =2 Ed WIEE Bt

N2

A7t B UHEE e da{ Hdt AEES
1,258.22 +89.55 g wet wt./m? (mean+ SE)It}. <17+ A&
2 917.51-1,551.95 g/m*=& 2014d 0] o Y= il
ashe S BAhFig. 3). ERvtd Bt BT 5

Table 1. Annual variations in the number of macroalgal species oc-
cured at Gapado Island, Jeju, Korea, from 2013 to 2019

2013 2014 2015 2016 2017 2018 2019 Total
Chlorophyta 7 6 3 5 6 5 6 15
Ochrophyta 25 18 14 18 23 20 22 40
Rhodophyta 74 49 37 43 46 48 51 109

Total 106 73 54 66 75 73
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Fig. 3. Annual (a), seasonal (b) and vertical (c) variations in aver-
age seaweed biomass (g wet wt./m?) at Gapado Island, Jeju, Korea,
from 2013 to 2019. Vertical bars represent standard errors.

44,16 g/m? (3.51%), Z-25 843.32 g/m? (67.03%), B2
370.73 g/m? (29.46%) % ZZ5.0] JEeFo] ). Lz
of 250 AEd ABRS T Ajol7} glort ARG 4
608.36-1,122.98 g/m’E 2014d0]) HT)gict7 A} 7-aslo]
AA| AEFel Wl ot FAkekl e, 1L 5 R Eck-
lonia spp.)&} AR (Sargassum spp.)2] A=Fo] 90% ©|
A& 2} 2|51 CKFig. 3a). #1749 A E2EL- 1,062.53-1,463.71
g/m2E SAo]| H &, Aol jglen, 2015-20161-S A2
SkaL A 9F sHA o] AETFol w=aL, Ak s Al BETol W
Al Y= fARE A #SHE Ht(Fig. 3b). 4 Bt
MEES 5 mof| A 1,476.89 g/m?, 10 moll A 1,405.63 g/m?, 20
mo[A] 892.13 g/m*& 5 me} 10 mojlA] A&l =4 Urebst
H(Fig. 3c).
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A7 7F Zot 7lute F|do] i METo] 7[A o =
o ZE(585.92 g/, 46.57%)Qom, T ThES HEso
(108.75 g/m?, 8.64%), W->7AH(83.61 g/, 6.65%), 2wl
HAMK80.09 g/m?, 6.37%), BEAESH(73.05 g/my, 5.81%)
o] o8 yehylth B3t 4] 5 mollAl= ZEjet gEe
10 moflAl= e, 20 mefll= el @2Ago] A A=
] 10% o= AAohz -T2 SQIH . AEE 5
HE& B, 201393 20146 o= e o 5ol 7 -8t
A3z, 201597 E 5241 10 me} 20 mol| A {-2AEe] v]&o]
=7 Urebsth(Table 2). 524 5 mofl A= 2017d o) 4Ha 27

O
a

A = Rw
FEER

4o

;
El
N
i

13191, 2018134 El = v
QA717]7H 2k A SAl0f A
AELO1E 201300 A SAl04
S Fol9Lor} 20198 0] A= ol

(Corallinaspp.)7} $-73}7] A2
H2pko] Fe-FZolQet E=
FAlshe Folglen,
S =TS Hol
74

%Q%A =S ol8sto] A= A 24 A3}, A
Lozl Hol= 3712 1E, = 18 A (2014-2018Y)),

l—g B (20194), 715 C (20134) 2 FEE QI chFig. 4). 15
A%} BY] SAME = 71.34%%1 2.1 (SIMPROF test, P<0.05), 7L
& CE= U 2837} 69.32% (SIMPROF test, P<0.05)% 7}

Table 2. Vertical distribution of dominant macroalgae (>10%) based on mean biomass (g wet wt./m?) at Gapado Island, Jeju, Korea, from

2013 to 2019
Period 5m 10m 20m
2013 Ecklonia cava Ecklonia cava Ecklonia cava
Plocamium telfairiae Plocamium telfairiae _Plocamium telfainae
Ecklonia cava Ecklonia cava Ecklonia cava
o Plocamium telfairiae I e
Ecklonia cava Ecklonia cava Ecklonia cava
2015 Sargassum horneri Amphiroa anceps Amphiroa anceps
B Plocamium telfairiae  Sargassum macrocarpum
Ecklonia cava Ecklonia cava Ecklonia cava
2016 Sargassum macrocarpum Amphiroa anceps Amphiroa anceps
Plocamium telfairiae Cladophora wrightiana Sargassum serratifolium
B B Sargassum yendoi
Ecklonia cava Ecklonia cava Ecklonia cava
2017 Corallina aberrans Amphiroa anceps Amphiroa anceps
B ,4 Plocamium telfairiae  Sargassum seratifolium
Sargassum macrocarpum Ecklonia cava Ecklonia cava
2018 Ecklonia cava Amphiroa anceps
Corallina aberrans Sargassum yendoi
Plocamium telfainae I
Sargassum macrocarpum Ecklonia cava Ecklonia cava
2019 Corallina crassisima Sargassum serratifolium

Ecklonia cava
Corallina aberrans

Amphiroa anceps

Table 3. Various community indices of macroalgae for mean biomass (g wet wt./m?) at Gapado Island, Jeju, Korea, from 2013 to 2019

2013 2014 2015 2016 2017 2018 2019
Dominance index (DI) 0.58 0.67 0.58 0.58 0.47 0.62 0.47
Richness index (R) 14.45 9.80 7.34 8.98 10.85 10.28 11.23
Evenness index (J') 0.50 0.41 0.48 0.48 0.56 0.44 0.53
Diversity index (H') 2.34 1.74 1.90 2.01 2.41 1.90 2.32
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W2 FAIEE Hof g% o] A= Apol7t IS-2 ghelst
ek 370 28 7+9) Bl-GAM (dissimilarity)o]] 7]ojsHs £
otr 7] §fsf AA|gE SIMPER 24 A3}, 715 AL B Alo]9
A& 2019300 AJEFo] 7FAadt ZHef o} ol e @ WA Sargas-
sum yendoi), S| 2 AE=Fo| S71et EelSAtE T o] 7]oj =
7} A JERtoH, I8 CoR= 20134 o] 5 g ETFo] Zast
&0l 71wt A 1= Sl

2EA4

N

A Aol vzt Al 1, 2 150 e o HZ A=
% DI= 0.47-0.679] H9|= Yepyton, 2019\ el &
Al mAEEO] 46.56%S XFAhH Z| 211, 2014 ol = ZF
O} ZF& 0] 2] AEFo] 66.57%S AHA|5HH )2 Uelyth
(Table 3). R 7.34-14.452] W92 20154 0] 2|4, 20134 ¢]]
2 gom, I'et H'= 7H2F 0.41-0.56, 1.74-2.41 2 201439
2|45, 2017 0] & H ST

A== S35 T AH+ =S K-dominance 34410
2 vluwstd, AA 2 oF 70% JF=F AR ok 31F
o] 2014 oll= 7, Mr&ol, WHSAIS TR 350|9om,
201520164, 2018 ofli= 4%, 2013, 201941 o]l = 5%0]9]
CHFig. 5). 2017dofl= 7ol WA, F Y AWK Sargassum
serratifolium), "-SAL S L, ZH5-4&0], 1] 9)(Undaria pinnati-
fida) 65-&] AEFo] HA| HEF] 70% oS AFA|8te] &
thekdol 71 =] Urebstet.
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Fig. 5. K-dominance curves (x-axis logged) for mean biomass at at
Gapado Island, Jeju, Korea, from 2013 to 2019.

2 Ao ¢, 201590] 54%-0.2 7 At A S71eke
78S HItH(Table 1). o)1= %= 9] 262%(Kang et al., 2011)
of] vlgf Wk ot etk (1445 Kang and Kim, 2012), A| %=
(70%; Kang et al., 2015), @ A|41(60%; Jung et al., 2019), &
(46%; Ko et al., 2008) 2t} =8 3 Z52 HUK(Table
4). IESF, Al 5 470 S| ol A 875 (Kang et al., 2015), A&
sl A 68F(Kim et al., 2016), Al5= 55 871 3 A
121%(Jung et al., 2019), A5 671 3ol 4] 1015(Cho et al.,
2022), A5 5 A 5 47 ol A 1475(Kim et al., 2023)
o] Zdsto] 7hikE s o] thE AT ¢t W & Afof H]
off A o2 W Fo] H¥st= AR ERIE E3F
O] Bt 5 AXRFY AAuE B, & Aol A= 24.39%
o, th2 BET A 3| of A= 23.28-29.79%= FAFSH 4f
S B tH(Kang et al., 2011; Kang and Kim, 2012; Jung et al.,
2019; Cho et al., 2022). BH, A5 S1etol| A= 4.76-19.30%
o] Yoz A7 o] 4817 thar Wek=H|(Kim et al., 2013,
2016, 2018, 2023; Jung et al., 2019) ©]+= HAIEHR(Sargassum
spp.), W =5 (Dictyopteris spp.), 7HALEHIEER
(Spatoglossum spp.) 52| 3-8 o] wfj&#Q] Zl o2 H]lr).
szmol AL 2 219 BHS Uehys FE % 5
U2 2728 JUHow sek] Jairs Auae vl
!, £4o] =g 3lcH(Phillips et al., 1997, Grahanm and Wil-
cox, 2000; Choi et al., 2006; Han et al., 2018). ¢1-27]7tF &
o} 233 B 2rol Wt EEES 125822 ¢ wet wt/m2GO.
™, 201440 1,551.95 g/m’E A= Kol T Az} 74813
o}, 71k S92 9-=(2,934.5 g/m?; Kang et al., 2011), u}2}
£(2,932.3 g/m* Kang and Kim, 2012), Z|7]%(3,222.5 g/m?%;
Kang et al., 2015), @ A4(3,965.6 g/m?; Jung et al., 2019) &
2 A5 7 =A sfelo] vla) |25 AEo] WAl el
Q= (Table 4), o)1= w2k, FAI4, ATz 49 29
23t 297%0] A, BAR 2L F gaRgon, o

So] o] | AEF0] 76.8-89.4%E AAS St
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uhl, 7 sjolol s R0 Bhelel Zeje 2elun
Apuko] AbEet g 5293%: Tha vt} iy 2ER A
= Aolof 7]QIgt Ao = Helth vh, 7huke oo sz
el AT 24 9 s ool AAlel= 2T e
2] 448.85-1,186.0 g/m* (Kim et al., 2016, 2023; Jung et al.,
2019) Ho} = yeht iAo g QI o= It wgk
o] H& %A ajole] B2 AlEero] i B go] Ao ¢
A} FARSF tH(Kang et al., 2015; Kim et al., 2018). 3f|
2 Aol tiet A= 2AFAIZI (B, o) W 2A | 2}
0|7} glon], BE 977} 5 U] o] Fol A A& oh7]

N
i

2ol A1HA Q1 vl o it 7hitke 89 9) F okl A
T Ate] vleh w2 A o= Az ShARE, 7Hake o] gl
T =471 2014 of) 119 of| A 20221 o] 4391 S
2 Z7}5kod(Kang, 2015; JTO, 2023) o] £ <13t 39k9. ¢, 8t
7B 5 sl 2 o) WSt ol o] a9l s e
el At A A7 aFE

AT ¢AQte] 2o sl 25 w4 A El o BARER 7L o5
= O|FIL, AL 2RI =2 AEES Holm 945k 9l
ot & A Qlck(Kang et al., 2015; Kim et al., 2018, 2023).
2 Aol Ao HETol 58592 gm’E HA| HETF

Table 4. Comparisons of the number of species, mean biomass and dominant species among this and previous studies

Study site Shore level  Number of species

Biomass (g/m?)

Dominant species (subtidal) References

Gapado Sub 164

1,258.2

Ecklonia cava
Plocamium telfairiae
Amphiroa anceps This study
Sargassum macrocarpum

Corallina aberrans

3,960.2

- Cho et al. (2022)

Udo
Inter/Sub 262

2,934.5

Ecklonia cava
Undaria pinnatifida
Plocamium telfairiae
. Kang et al. (2011)
Sargassum horneri
Sargassum macrocarpum

Dictyopteris prolifera

Inter/Sub 144

Marado

2,932.3

Ecklonia cava
Sargassum macrocarpum
Sargassum horneri Kang and Kim (2012)
Sargassum coreanum

Cladophora wrightiana var. minor

2,571.7

Sargassum macrocarpum
Ecklonia cava

. Jung et al. (2019)
Amphiroa anceps

Cladophora wrightiana var. minor

Jigwido Sub 70

3,222.5

Ecklonia cava
Undaria pinnatifida Kang et al. (2015)

Sargassum serratifolium

Hyeongjeseom  Sub 60

3,965.6

Sargassum macrocarpum
Ecklonia cava Jung et al. (2019)

Dictyopteris undulata

Munseom Sub 46

2,784.0

Ecklonia cava

Articulate coralline algae
Ko et al. (2008)
Chondrus ocellatus

Sargassum spp.




o] 46.57%% A3k FRE F VY S ABFS Hol
SHHAT, WAL} PFIAST 5 A5 RT) HEY
w5 A ekt Al qlgte) s AT Azt Rt

of A= 9AES B, e drsele vid A s
] 5% o4 AHBIAT, PHTABLE 2015E:S A)2)
3 7 77k, WA S AT mAES 20151 o] FRE &
Aol ZHSHAT. olefat FaFEe] AR NHE B,
Zrell S (Ecklonia spp.)2] 74-%- 2014 0] 907.89 g/m’E A
AETFS] 58.50%5 AFA|sko] AL, 20174 of 354.66 g/
m? (38.65%)= B4 3] 7H4sen, 2019 0] 366.35 g/m?
(35.18%) & eI AERS 50% oA, A A A=l thgt v
& 20% o Faxet A o= Yebsdth 350l (Plocami-
um spp.) T3+ 2013 0] 237.42 g/m? (16.61%)2 & 22l
T 20162019 o= 94.59-54.15 g/m? (5.57-6.97%) = 60%
o[ Hagt Ao vepyitt vhd, A, ke Ate
I 2 fAAS 2 7= 2013 0f 231.34 g/m? (16.18%) %2
1} 20179 o= 205.58 g/m?* (22.41%), 2019 o= 286.39 g/
m’ (27.50%)= =7 vl&o] A&A o m S7she S 12
At ol= Al Qe sj2At AtolA & 5o = s
FARE A wtetol gt I A E FEAtE 2 [ A
A el= 4 W3} R AR tHHwang et al., 2017; Cho
et al., 2022; Kim et al., 2023). 3|27 5 F2+= 3FA
Ed 27t S7FHA S thd A s 277t rastal, o] 4
SOt - AL S 27O 92Tt S7she 5 SRSkl wt
g} Wgtokar & A Qlch(Fujita, 2010; Kraufvelin et al., 2010;
Whitaker et al., 2010). & & Lof| A = o]e} -2 sl = -3 o |H
Sp7F pEE o] S Hs} 7hit e sl PR vAlE A
O 2 et Th shA|ak, 2174 H3ke] Q1S whotstr o= thas
e 7F lom, AlF= Aokl vlsf w2 F vdS Hol= 7t
e o2 A Y] HE W& el shaat ot st vt
O A3 IAIE Hehs| wotstar, & o Aldshal Ax e A
7 9 240l Zasif

AEA oz & AF77 5 7Hut e s ol A SE R sl =
= % 163F0]a1, A AEHFS 1,258.22 g wet wt./m* %S
o, AT 2013 o), BET2 2014 ZHE H oA
AA| AYEF2 46.57%E AAIRE 7L 2 FoI e, L

S0 2 asol, WA, At WAk
Lot 7Hh e |9 9] 24 MY E 2 Kim et al. (2018)
of sl oLt o] 2hm7E & A5to] 29 E o] Zhuk= o
KAk ot s 270 o3 WSS ol A2 & A7t
frdsiet o 4= gk & A= AlF REEA F Az,
2|2 d=Ao] F7IstaL e 7Hte s S o= sk &
A Aol A 77 O] 71 Eek sl B ST U E
St o H, 52 @ 9, 71513t 5 of 2] aQlof ofet =
| A9} At 7|2 Am e B-8-E 4= 3l& Zlolth

of
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i)
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