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Seasonal Changes in the Marine Algal Community of the Daejin Coast,
Mid-eastern Coast of Korea
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'East Sea Research Institute, Korea Institute of Ocean Science and Technology, Uljin 36315, Republic of Korea

The mid-eastern coast of Korea is located at the boundary between cold and warm currents, which causes changes
in the distribution and composition of marine organisms in response to fluctuations in the marine environment. To
understand the seasonal changes in the seaweed community, we investigated its species composition, biomass, cov-
erage, and frequency from November 2022 to August 2023. A total of 45 species (7 green, 18 brown, and 20 red
algae) were found in the study area. In the intertidal zone, the number of species decreased from autumn to summer;
the biomass peaked during winter (471.94 g wet weight m?). Seaweed groups were the dominant functional groups,
which were coarsely branched, filamentous, and sheet-like during autumn, winter, spring, and summer. The morpho-
functional group was dominated by turf species. In the subtidal zone, the number of species increased during autumn
to spring, whereas the biomass peaked during spring (655.27 g wet weight m?). The functional group was dominated
by coarsely branched species throughout all four seasons, whereas the morpho-functional group was dominated by
canopy species. Consequently, changes in the biomass of brown and red algae are recognized as key drivers of sea-
sonal changes in seaweed communities.
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M E 7 o1&} & 2488 4= 9lch(Liining, 1980; Dring, 1982; Gerard
and Du Bois, 1988; Tom, 1992). of|& £, £~20] &olx]=

¢1Qtel 2 oIkl Hls) AHEEo] AL 4= U= EHEL
=27] fiZoll, A& & oA 1k S =7 = THMeQuaid, 1985;
Kiirikki, 1996; Reichert et al., 2008). 35+ SAQFRY e Al of| A] 3l
% 2ALE T Ao gl SAR 9} ol S AT 4 o
TH(Gattuso et al., 1998; Harley et al., 2012). w}2bA], 3= -3
O Hst= Y=Y T2 LTl FF= =+ W7 o
woll, ol T s w49 WakE Tofele A ¢IHY
7S olafeln dlSshet] FRsith slE s 1A (ses-
sile) 542 7HA17] wiitoll, o] E/dol Q= el Hlsl o &
24 H31E 74 ¥ 57 "ch(Lobban and Harrison, 1997; Oh et
al,, 2013). 22 s =70 A s dFS =T o

oJ 2ol = n|(Undaria pinnatifida), T Saccharina ja-
ponica)?} - Zrz7 7} Ao A} 42 vEh L, 0]
o= AFHol= ol gAlso] st AdAol Aot
(Serisawa et al., 2004; Thornber et al., 2004; Ateweberhan et
al., 2006; Fernandez et al., 2011; Wernberg et al., 2011; Diez
et al., 2012; Moy and Christie, 2012; Tuya et al., 2012). ]
A7 2R Busto] tet 9 ET A Web} 3
517] wjitol AE3H4] | H(biological indicator)Z & 4=
QItk(Orfanidis et al., 2001; Arévalo et al., 2007; Orfanidis et
al,, 2011; Song et al., 2011). 3| &= G Fei, AL 24 L
Z 5o 2] = 7FR|u(Steneck and Dethier, 1994), & j3}2]
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EAo wlg} 71573 (coarsely branched, CB), AMd3(fila-
mentous, F), 943 (sheet, S), tF4-2 & (thick leathery, TL),
AL ¥ (jointed calcareous, JC), 243 (crustose, Cr)ak 2
2 7]%5 % FH(functional form) 2 = S- 5= c}(Littler and Littler,
1984). 7|5 @2 2ol whet H4dulEo] Wst, CB, F, S
© LY W ek(disturbance)©| 2 2HE oA 9 h= HEA
of, wato] Y& oA TL, JC, Cro] -3t Orfanidis
etal, 2001). ol & &9, LH =7} =2 S ol A= CB2| A7t
(Codium spp.)°o|t} S Tl (Ulva spp.)7| HIHsHA| & slar
(Brown et al., 1990; Diez et al., 1999), @ F =7} e 2170
A= o2 E Folu AR (Corallina spp.)7} & Y E5
7Hek(Piazzi and Cinelli, 2001). o4& 7|5 -2 A4] 2] 9]
s}l whe} S Hlgo] Wk 4= lck.

SERE A% 271 Aol 18] BHH AZTE| T
canopy, sub-canopy, turf, encrusting coralline®.2 &t}
(Arenas et al., 2006). Canopy-} subcanopy 52 tfjH5 Al
A0 7 tho 4290 4| AJASIH(Thornber et al., 2004), 2435}
o ofat 48 A4S o)5 Fo A4 WM9IS A 4 ok
(Raven and Geider, 1988; Lobban and Harrison, 1997). 2
3 3| A of| A canopy E¢1 HAR(Sargassum spp.) 2] A 4] £
% W97} 200] MjTH e djel o2 o] 55} Itk Tuya
et al., 2012; De Bettignies et al., 2018). TurfL} encrusting cor-
alline &2 canopy &l Bl8l| =2 204 AT 4= gle
(Steneck et al., 2002; Mieszkowska et al., 2006; Vergés et
al., 2016; Jung et al., 2022), 23t 3| o 4 AH3F canopy
= subcanopy 59 A2]E tAI8laL QtH(Serisawa et al.,
2004; Ateweberhan et al., 2006; Fernandez et al., 2011; Rubal
etal., 2011; Wernberg et al., 2011; Diez et al., 2012; Moy and
Christie, 2012).

AT (coastal water)> 240 FaFoz Z7H|Q} ol
B R, 20 B0l =257 wZell 2ol v]s]
iAo & e e g whebA, sl e o)
of vlsl| 27kl A o Zket 74 AEHAE WA EtK(Dring,
1982; Rubal et al., 2011; Chappuis et al., 2014). =7 cjj o] A|
= 27 2B 2o tiet WS 7 AU whE B 58S 7
A F50] £2 3 o]Zi(Orfanidis et al., 2001). & &
H, sl 7(Ulva spp.)= WHE <SS AU7] diizol 27F
ol A5 Sdsh b2 HAS A g (Burrows, 19915
Cabioch et al., 1997; Harlin and Villar-Bohnsack, 2001; Rubal
et al, 2011). 23}t Al s 2F+= 4, 3, 7|2 (substratum)
2 AAHE 0] kS #FO m(Neushul, 1967), =41o] Z1o] &
5 PR dx S olF= 54& 7HIti(Lamb and
Zimmermann, 1964; Sears and Wilce, 1975). -2t} 3|0 A]
canopytt ZH& (crustose) F-0] =4l o] 212 Zsfefol A £-3
gttH(Boudouresque, 1973; Littler and Murray, 1978; Piazzi et
al., 1999, 2002).
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Selel Ba) 3 QIohe BontRe} Haleknsl waksi
(Lee and Whang, 1981; Cho and Kim, 2000; Kim and Min,
2008; Kim et al., 2022; Park et al., 2024), A|3[ju} F-3fjof H]3]
Z27} 27 wiol| F4gt 27HHE 7FA] 21 ltk(Lee and Oh,
1986; Choi and Rho, 2010). Z7Hf Aol 4] 352 s}
of g S, Aol S5l &= E5E7HA
2|(Gloiopeltis furcata), ‘galjol| A =272l tddutel(Ulva
australis), Fal|o A= 25721 7F(Porphyra spp.)7l $-4
SO et al., 2005; Baek et al., 2007; Choi et al., 2008;
Kim et al., 2013b; Na et al., 2015). ¥l 27k d}5o) A
255 RA|%0|(Sargassum thunbergi)7} A AAStol| A 9435}
= AL 24 A 4= Atk(Boo, 1987; Lee et al., 1993; Kim
et al., 1997; Sohn et al., 2007). Z3}cjol| A 3|2 £5-& A 3]
2} oo A 1Y (Undaria pinnatifida), 3§ o] AR Sargas-
sum horneri) 59 H& 242F Y2 JA =1 (Back et al.,
2007; Kim et al., 2013a), 53l Z3[joA= iE 2257 =
APER(Sargassum spp.)2} 341 8 (understory)S 0] F+= 2}
254 E N Corallina pilulifera) 2 84S W7 (Melobe-
siodean algae) 5] BA| #3E£5ko] FARE FHAL2E HIlT
(Koh, 1983; Koh and Sung, 1983; Koh et al., 1989; Chung et
al., 1991; Shin et al., 2008a, 2008b; Choi et al., 2009; Bae et
al,, 2014).

NEF $AET 24 PEE a8 Wbt 2 20
oflA] § thefRt MSHE 7HAH, ool A= AR 7] 2
£ 7H 4= Qe A= UEhdth shA|RE Fof| uhE ERRke
B sfj2f7o] ofwl S/ sl daltzol Aol7t A7 =A
mtetsl7] o] Y. 71-5- % 72 morpho-functional group- 2H73
wHsto] whet 414 ol ZfolE 7HA7] W], s o -
2E5 gofsh=tl Fasith webs, & A S S g
oflA] Alde] w2 sz RO Mk 7| s A5k
stetsteict.

=

Eol S AN A EAA| = g 7l «Aghe] Al
ue axn 24 Aske EAs] AelN ol A 2A1E
Z7to9}b ol 2 tEshe] 2022 1195 2023 8€7t
A Ao 5 F 43] 283 2= AEATE 7S
2 S48 912 7] Fol Beld 288 Asl, ok
1= ol ofef 40 1 m Bl ZololA] 2AISIT), Sz
AR 22 o3 Fo| w0 HIEE Atelo] $HE WS
< Upehp7] glal 25709] ZAK0.1 x 0.1 m)@ 8l W
(0.5x0.5 m)E 27t e} ool A 2k2f 33|14 FA9IE &
1 g A7 2K TG-6; OLYMPUS, Tokyo, Japan)E AM&-3
AR e 2 7| E3ch(Fig. 1).

=% T 574 4 A= (biomass) HE S st7] el 7t

RPN U A2 RE BREDS o 88 AAlste]
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Fig. 1. Materials and methods for the survey of seaweed community. A, Study site (red dot); B, Intertidal zone in the study site; C, Subtidal

zone in the study site.

ofo]2ufLof gop Ao d 2 2Rk, 7] T Sl of
2 ol s Hasolnt At slafe sdd A
Aol o3l Pk Al 22 EAS St v o= st
o AL, = st Lee and Kang (2002)E #alst
ok FAAE R} 2o Fejstael 54| of2he T 4
(genus) o2 UYERHlOoH, o] & 7 3l 75 @7 o= &)

of 37 W8kE B,

B 27 A7 Pl GFFE of 23t 352 0] §3)
Shot RAEET 2 o B AL A Hoka ool met g2 AEH
of 345 A7 B0} AAA L2 o 3 £FFS 001 g7 5
sk, YRR A RS shEate] ol SollAl 7|43t
W7 Eols S stk S50 BelNAY FYoR
ek on, 2t A7 A B 71

AEE HHGH0.25 m)E o83 Bk} veE 45t
o ZaEgro g TSIt %19 ¥== “image j” (version
1.54h software; NIH, Bethesda, MD, USA)E ©]-8-3f =&+
9] Z Ao A iFgo] AA|SIL Q= WA Q) HIZ AlASFS AL,
HIEL RS oL A% 5 FolH i50] A A%} 5
of ]2 AIBHATK().

s, N,
== X100, F=— X100

t t

C, % i€] 71 S, oAl 1ol HAIsha = Wl 5, %
G0 5 WA F, %0 NI N, $ BTN i Fo| 583 2
3 N, W47 | R & Aol

(Dol whet A4tk 2wl Bl = ZF2F Fof tigh Arfa]®
QF Al =2 e o1, Saito and Atobe (1970)2] Hl&
TSTH2).

el F
RC, (%)= Z;'IC x100, RF, (%)= Y'Fxmo ...... o)
RC, 152 v =; 37 C, WytolA S33 B 9 ¥

% 3| RF, i 0] AU X F, e ol 28d e
Zo) Hl%

A et AdNEs Ftste] F85%E e Fotslen
(Mueller-Dombois and Ellenberg, 1974; Barbour et al., 1987),
Z0.% g0l ThE A FS Tolshnt] 4] 3)E AHg skl

F
x100, RF, (%)= —*

RC (%)~ <
. 0)— .
i E;F

e x100




T2 FLESIYG =Y, 7158 wH(functional group) F0] 7]
=S E, BT ﬂr?s A= ohE e 22 -
%9 54 4 Qg Al oo whet F 6712 s o QITH(Lit-
tler and Littler, 1984). 2] £3}7} o|Rojx &7| 57} =33}
A A|EZZO] FEE T2 TL, 22 Al Fof mf$- GFal B2
WIS o] F= TE2 S, 24 0] vSHe} 552 U
7HA1 8] EA)7F theFsHAl Y S5 CB, A A sh=
RS IC, Pl & A AE BL 249 ol o] 445
= TEC F FEASURE 236to] dvte] v &5sh= $5
2 Cro & Littler and Littler (1984)2] ®Hof] w}3ttH(Table 1).
Morpho-functional group2 0] 7} 9 42l 27]9} Al
7 el tet AR = 2 e dE3E e R TR
L9101, canopy forming speciest= 12314 0.2 152 &4
3].% %_o]jl(C) CanopyEE]' x]—z]u]- 1m LH_Q]E 212 /\Hst}
of 22421 155 S5 subcanopy forming spe-
cies, Torg/‘k_}i %:% ?51—0]_0:] A yAFsE F7)71 v ZA
U G317 35 A75to] subcanopy 9] oF el ol A H5-A1 4= 0]
2= Z2E.0 turf forming species, E53}0] AYAsH= F Fo
A 432 7R A ARS TR = encrusting coralline spe-
cies& Arenas (2006)2] - FHH-& #1135} th(Table 2). 5
£ H3l= A& 2 AL A - o A CT (Duo-3; RBR Ltd., Kanata,

of sf= 4 AE Hat
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Canada)E o]_Q_gH éx 5—]. /\A]- J,]:GL 2] 01 X]—E]—?ﬂ E‘%
B8 B 14 Exo] » o] X}E(38 2267°N, 128.6260°E) =

Srgato] Yl 42 W59 8Hol8HICHFig. 2). Aldo] whef Lt
Eht s =fo] et St 2o 2ehiE ol

utet gepy S

Heshr] Qaf dl-g- 32 T 717 (paired samples

t-test) S 185131 3L, Shapiro-Wilk © 2 A 71-/d-S 213}t

ANEE E0 S Y=Y He

7R Aol A4 25%

o

A Bt 4 A F ASF(ET T 2
25 185, §25 20%5)0] BAE 0 ALl 12 2
ERAIFRAY L, 5 18502 718 Ay
i o ety 527

—~

2R Bt vol 242633 14}— o2 71y ok, FRF

rl

&bl 13502 7V ol vepiteh 71 A8 58 3408

Wl A7) 2 HxRol TR AT} o 2] 247 453} 10

FOR e, ZARE o5 430

= 7V A7) e

o} 223 A 0k B EHE 02 SARE uh)u

FH(Cladophora sp.), 3+257(Ulva sp.),

& Z2H Chaetomorpha

moniligera)®} 2% 7= “18HE R (Dictyota sp.), B WA

Table 1. Characteristics and examined species of functional group of macroalgae

Functional group' Anatomy'?2 Morphology'* Living and growth? Examined species?
Thick leathery Thick cortex and medulla Thick blades branches Long living and slowly growth Sargas'sum SPP-
Undaria spp.
Jointed calcareous Calcified cortex Articulated, calcified, upright  Long living and slowly growth Corgll/na SPP.
Halimeda spp.
Thin cortex and . . Chondrus spp.
Coarsely branched thick medulla Branched, upright Short living and faster growth Gigartina spp.
Single layer or, . . . Ulva spp.
Sheet thin cortex and medulla Thin tubular, foliose Short living and faster growth Porphyra spp.

. Uniseriate or, . - Cladophora spp.
Filamentous multiseriate Delicately branched Short living and faster growth Bangia spp.
Crustose Caleified or, Epilithic, prostrate, encrusting Long living and slowly growth Ralfsia spp.

uncalcified cortex ’ ' Lithothamnion spp.

'Littler and Littler (1984). 2Steneck and Dethier (1994).

Table 2. Characteristics and examined species of morpho-functional group of macroalgae

Morpho-functional

group’ Vegetation' Growing progress Erect length or size'?®  Examined species
Canopy 1st canopy (floating canopy) Erect frond has floating canopy >1m Sargassum spp.
’ . Undaria spp.
Sub-canopy 2nd canopy Erect frond has canopy 5cm-1m Saccharina spp.
Ulva spp.
Turf Understory Short erect frond or prostrate  Erect length <5 cm Cladophora spp.
Encrusting coralline Understory Cover on substratum Non erect form, crustose Melobesiodean algae

'Arenas et al. (2006). 2Miller et al. (2009). *Connell et al. (2014).
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Fig. 2. Sea surface temperature in the Goseong, eastern coast of Korea from 2016 to 2023.
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Fig. 3. Seasonal variation of the number of species and biomass macroalgae in study area. G, Green algae; B, Brown algae; R, Red algae.
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Table 3. Seasonal variations of biomass within seaweed community
(unit, g wet wt. m2)
) Intertidal Subtidal
Species - -
Au Wi Sp Su Au Wi Sp Su

Chlorophyta

Chaetomorpha moniligera 0.09 + + + + +

Cladophora sp. + + + +

Codium fragile +

Lychaete sakaii +

Ulva spp. + 27.84 + + 8.40 + + +

Ulva australis 0.04 1.44

Ulva intestinalis 0.10 235.04 15.64 34.80 0.36
Ochrophyta

Coccophora langsdorfii 9.17 11.04 + 23.08

Colpomenia sinuosa + 38.53 18.36 7.70 0.56

Dactylosiphon bullosus 54.24 8.70

Desmarestia viridis + 23.00

Dictyopteris divaricata +

Dictyota dichotoma + 1.64 1.68 + + + +

Mutimo cylindricus +

Petalonia binghamiae 14.60 +

Ralfsia verrucosa + + + +

Saccharina japonica + 395.04 +

Sargassum fulvellum 19.92 410.60 +

Sargassum confusum + 18.88 433.20

Sargassum fusiforme +

Sargassum horneri + + +

Sargassum nigrifolium 31.54 623.72 98.97 102.54 40.92

Sargassum thunbergii 42.62 77.79 + 1.16 37.12 180.36 + 309.24

Scytosiphon lomentaria 20.86 5.29

Undaria pinnatifida 60.24 5.63 967.96
Rhodophyta

Acrosorium sp. 0.08 0.20

Ahnfeltiopsis flabelliformis 2.88 0.48 + 3.14 42.24 +

Articulated coralline algae 18.05 0.64 + 2.32 + + 3.92 +

Botryocladia wrightii + +

Champia recta + 0.24 1.56 +

Chondracanthus tenellus + 1.40 + 0.28 +

Chondria crassicaulis + 1.44 + + +

Chondrus ocellatus 6.53 +

Melobesiodean algae + + + + + + +

Gelidium elegans +

Gloiopeltis tenax + +

Grateloupia divaricata +

+, Values <0.01 g wet wt. m?; Au, Autumn; Wi, Winter; Sp, Spring; Su, Summer.
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Table 3. Continued
(unit, g wet wt. m2)
) Intertidal Subtidal
Species - -
Au Wi Sp Su Au Wi Sp Su
Grateloupia angusta 0.51 21.68 19.12
Grateloupia asiatica 3.72 +
Grateloupia elliptica + 124.72 99.32
Lomentaria catenate 10.92 + 87.92 + + + 13.96
Polysiphonia sp. +
Polysiphonia morrowii + + + 1.48
Porphyra sp. + 39.64 0.13
Symphyocladia latiuscula + 0.32 0.24
Chlorophyta 5 3 4 3 1 3 4 4
E;gfg of Ochrophyta 7 7 5 2 6 12 14 4
Rhodophyta 13 8 7 9 6 6 9 9
Chlorophyta 0.22 27.84 235.04 15.64 8.40 + 36.24 0.36
Eigr:]naol S Ochrophyta 83.33 889.98 50.96 2.84 136.09 310.23 1,880.04 742.44
Rhodophyta 38.90 166.72 0.48 117.60 3.14 99.45 49.52 33.28

+, Values <0.01 g wet wt. m?; Au, Autumn; Wi, Winter; Sp, Spring; Su, Summer.

(Ralfsia sp.), Z15-°](S. thunbergii)’} 312, T 7+ ojr] 2k
Eo|(Lomentaria catenata), A+% -3 (Coralline algae)”} LE}
wth(Fig. 3, Table 3).

I SR 2 358 (S5 14.29%, 225 34.29%, &
25 51.43%)°] WAE L A- webal= 7kl & 25F
OF 7P WAL, ARl 14502 7P A vebgth B
ool wEbA 7P e Ed T4 TR AV 525, 32
FL 7Rl 242 53(20.00%), 135(52.00%) % VrebytaL, z+
2R 7he-ALol| TE(ZHZE 28.00%, 38.89%) 0.2 7HA v
AUtk 28 T4 7P A2 A7l 5277 AL o el
3E(Z2) 16.67%, 21.43%) 2 LR} T, AR 2L o] 20 2%
(1429%) 2.2 71 Aglom, F2Fe woll 75(43.75%)=
7V AL &3 $452 R thFig. 3, Table 3).

oA & 415(EERTF 17.07%, d2F 327
41.46%)°] A= A do| whebh= Foll & 27502 7t
WAL, 7HEo) F 13502 7P AA ver ) Bl
utebA] &3 F47t 7P B AI7F m2FE B o5l 4
Z(Z}2) 14.81%, 23.53%) 0.2 UER}T, $270] Ao =
2RO 7 FA 2 Ea) o] ol 95(Z2 33.33%, 52.94%)
Holth ZAxFL 7120l 65(46.15%)S HQl 38 2571 &
7Vate] Eof| 14(51.85%) 2.2 714 whopch &8 25271 713
22 A|7)7} 2R 7o) 13(7.69%) S R, ARFs
o] Eof 4%(23.53%)2 UERdT 183 S22 71ea) A
Sof| 6(ZH2F 46.15%, 28.57%)2 7HE AL 242 BTt
(Fig. 3, Table 3).

Adof wg S5 Bl FokE = T2

N
o

:

=)
>

5

ol

O

5 pu.

Hashs 7he-AR Al7olle 21 ol A H=HK(Grateloupia
elliptica), 715 (Porphyra sp.), A+ 25 (Coralline algae)E Al
Qg tf F5-0] Z2F7F FHSHA| L ARF= AL
ZrE o) a1 2]ull(Scytosiphon lomentaria), W <(U. pinnatifida),
| 2|(Petalonia  binghamiae), 71| 7| Dactylosiphon
bullosus)o] Z7ttje} Zaltjo] AH Z@slr] Aeisict
20] S7Fh= w-oiF Al7lole 2ot ZslejolA 2At
Wk (Sargassum spp.)°Y LEHEE(Dictyota dichotoma)
= Al 2O AR Fol FHSHA Pk =0t
Zsoll A Uehd =257, 227, 27 Sl Fogt A
ol YERA] $tck(Student's t-test, 2+, P=0.547, P=0.177,
P=0.623).

22t ot 25t oll A et e 2, 7R R E w57t
A 22570 AETH219.43-1,931 g wet wt. m?)0| S7}51H
A A AYETH270.09-2,252 g wet wt. m2)2] 80.32-85.74%
£ ApA[8EedTt. o] % o1 5(912.16 g wet wt. m?)of| THA] Z4x5F
o] 81.7%%E AHAIFCE o) BEFS Hel w5l 527 A=
2527128 g wet wt. m2)o| HE Bla, BS A3 2
A7)0l ARy S5l Hs) W BE(8.62-27.84 ¢
wet wt. m?) 2.2 A AEFF] 1.75-12.04%E A}[A|81%i Tt
SRFO HETL 712(42.04 g wet wt. m?) T 2(50.00 g wet
wt. m?)o] YA YeElUAL A-8(266.17 g wet wt. m?)i} o] &
(150.88 g wet wt. m?)°]] oA = WSS Holn, A &
0] 2.22-17.81%% A3t o] gt Al ™ol w2 Fawdol ¥
Sk 27t of 2sttol A o= A Uehst=tl, 2ol 2
250] AEeFo] 7S HE] #2(83.33-889.98 g wet wt. m?)



off Z7Veleia] 27h0e] A B o] S7Isisickt B of
Sof Z4xF9 AETH50.96-2.84 g wet wt. m?)0] A A
3o Zﬂt}u A Y EEH(286.48-136.08 g wet wt. m?)E 5
OobFl WG5S Bk ARFo AETFo| gt 53} o Foll=
7}7h =2 2(235.04 g wet wt/m?)9} TEF(117.6 g wet wt.
m?)7} £ YES Helon] TxRL E}—E— Al719] vl A
2(166.72 g wet wt. m?)of| 7P =2 HEFS HIoU AE
A 4279 AEF(889.98 g wet wt. m?)o]| H|sf A Let
stk 2ol A 7R Aol 242 27 X Zol(S. thun-
bergin®} -5 AHKS. nigrifolium)©] -3, Hofl&= =

2353 A3 (U. intestinalis), 91E0l+&= 825 nft]&-=Eo|(L.

catenata)7} A3t 2A7] 750 o] 27H) @) 28] dfjof A
et 55, 2T, BEF AR fol Aol golet
(Student’s t-test, Z} P=0.305, P=0.395, P=0.328).

Zotoll A= e Al7]ofl MA| BEdE AHA|sh= vlE&o|
LA, FER, HEF £0R 57 depton], 1204 2
7] ZFzEo] AEH(136.09-1,880.04 ¢ wet wt, m?)o] 27}
St A st o] AA] AEFe] ozl 915(776.08 g wet
wt. m?)ofi= 23] HA| AEFo] Taste ot 712(147.63
g wet wt. m?)7 7-2(409.68 g wet wt. m?)o]] ]3] =2 A=
e UEReh(Fig. 2, Table 3). 23}djoll A= 7t Aol A
S WARK(S. nigrifolium), &0l v S(U. pinnatifida), ©5°l &
%Ol EAH(S. confisum)2] 2257} BT,

AEE sz 282 7ISsEE HIE

220 olA 7R atE 3459} HEs 7|02 Yed
ZQEe A EH= H]E-S S (33.43%), CB (29.19%), F
(20.49%), IC (11. 73%) Cr (5 04%), TL (0.12%) 4=© = }E}
ok Aol wet 52 SR E3E Hol= 75wl et
U=, S= 7R(5.37%)0ll 7HE RS FIE Sk o5
(63 75%)0ll S H.9lom, CB: 712(46.27%)°] 2t glck

F #aske] 15(16.50%)00l Z|4F 2Rl $, 015(20.75%)°] ot
*l 7Vl S Btk F= A&(38.38%)00 7H =9k,
AF(1.18%)°ll 7 WA Wrekstth. JC2 7H(19.16%)3}
(18.09%)°ll #3431, A2(6.22%)3 AF(3.47%)°ll %A Lier
Wtk Cr& Aol YelbA] 99k, ©15(10.86%)01 Z{tE =
Atk TL2 713(0.49%)< A 2] gk oh2 Ald o= Ta=#] o
Q¥th(Fig. 4, Table 4).

zatollA 715 3E SoEAE sk HlE& CB
(58.41%), Cr (17.71%), S (13.04%), TL (6.26%), JC (2.94%),
F (1.65%) <02 Yehgon, CB: 7H(72.82%)1} o1&
(70.17%)°] &=9kaL AL(35.34%)°l 7F3 Wt} Cre 71
(19.44%)2F A-2(20.48%)°l =9kl #(14.16%)° 7 =
ATt S AL(27.99%)0ll 7Hd =81, 5(9.49%) o=
(9.82)l Bl=R o, 7H(4.84%)°l 7 Wokeh TLS A
2(13.97%)7} E(11.07%)0l7E T2=| Qi) JC= E(7.38%)
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Fig. 4. Proportion of importance value of functional group into
macroalgae community in study area. A, Total; B, Intertidal; C,
Subtidal; Cr, Crustose; F, Filamentous; JC, Jointed calcareous; CB,
Coarsely branched; S, Sheet; TL, Thick leathery.

o 7Fg =8k AE(0.64%)3t o15(0.83%)ll A Lk
th Fi= 7h2<ll = A obghom, A&(1.59%)°l a2 =
(2.59%)3} o1 2(2.42%)0]l Z7}151 A tH(Fig. 4).

A=Y si= 29| morpho—functional group Hl&

Z7H oAl morpho-functional group?] FL =gk Tt
H] &2 turf (67.02%)7} 73 =9ka1, 71 th8-© & subcanopy
(26.22%), encrusting (5.04%), canopy (1.73%) <=2 e}l
ek Turfi= A-2(80.68%)0l 7 3ko ™, #(55.11%)°
712 Wttt Subcanopy= £(40.95%)0l 74 Wk, AL
(19.32%)0] 7F4 Soke}. Encrusting e o12(10.86%)] 714
EUAL Agoll= WEEA] ke, $5(3.06%)°l A LRt
t}. Canopy+w= A=t of Fofl A 28343, 7H(6.04%) 3}
+(0.88%)°f5t = A FTH(Fig. 5, Table 4).

Z3}tjjol| 4] morpho-functional group?] 58 EZkol| T3t H]
-2 canopy (34.01%)7} 71 =431, 71 th-8-2 2 subcanopy
(26.01%), turf (24.27%), encrusting (15.70%) <=©.2 e}
t}. Canopy= 7H(40.27%) 0l 714 2231 A 2(24.74%)0]) 2
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Fig. 5. Proportion of importance value of morpho-functional group
into macroalgae community in study area. A, Total; B, Intertidal;
C, Subtidal; E, Encrusting; T, Turf; SC, Subcanopy; C, Canopy.

2 Aastizt vl S7Fske] 5(38.09%) T 015(32.94%)
< ®4ith. Subcanopy= (36.94%)3} o] £(31.03%)°] &=t
a1, 7H2(8.82%)0]l H A2 U Turfe 7H3(31.48%)7}
A£(33.00%)°]l %;—‘zkﬂ, E(11.61%)°] A4S Vbt En-
crusting 7H(19.44%)0ll 2/t 5(13.36%)°]l |45 ¥ G,
A&(14.99%)3 95(15.02%)°ll f+AFsF A TH(Fig. 5).

L.
2 A= Rk ARIF AR F3 - Aol A A

of w2 3% 3 WshE BAEHTh A7 Etel B 1
4 oA EHH s 27 F 242 AEE F4= 25t
A smoll H i = Sl sl2F T4=2007d a27g Tl
I} 2= 25Ol A S-6H (ol AL, 1/ Aol A A
o] 2|t 2 &35} (Kim et al., 2010, 2012a; Han et al., 2021),
/g oM F7E HHE Hol= Al717E o Kol 2AHE 2
Jﬂwk}owt} AL} ol o g?ﬂ TrETHA= AT

H &2 9 six o) 7HE, AS—=, B2 E TEEE
A2 425+ tHBoo and Lee, 1986). o|HY & = 01]
gt Al A3k 2 s ol A] tiFRe] sj2Frt AL

A - ol

o Ast7] whiZell 7Rt ol 5ol Blsh A&} ol St
o W2 7o g o AR K Chihara, 1970; Round, 1984). 3}4]
o i 20 oA R T Tl 7P =0l
™, 2014 3178 A 27FHU 200601 31/ 25 5ol A

F7t 5EGEel Hlsl 8E(o1F)oll B Wol &35t 2o =
A F4E Uehdi= Al719] 2kl 7t 91 ltH(Jeong et al., 2014;
Han etal., 2021)

%4 1182 oVE A mate, kel T4 A Wk B
Zof| A7 A =S A Q|3 QIF] K] oof] vl sl 12 A Afol| A
7220l LA Hjgo] H|WA =9k TrE L J1gd|So| U
ko, ol2fgt HgH| &9 Afol= Aol wet sk 8
T} Aol & e 0474”3} 20079 a4 dhxlof A 5
LEdF 6‘0"/\'] ol3ttf Al £& 7 0] thA|ul(Saccharina
Jjaponica)?} $2 72 ZHlE(Odonthalia corymbifera)©) ]
%l LH(Kim et al., 2010), & A Aifol|A] o}stthA] &
L2 5-9] thAJul(S. japonica), A C. langsdortfin) ©]2]of|
S5 SR ok uebA, Ti7lel vl A A Ba)
(AL 50 SR ol e A Hg oM B

AL ol A7Ick. Tk, 24} 9, A7) 8RRl
aﬁiﬁa F47h geb 5 7] uhgo] AARRTO R 3
32 EA3l=d SHAIE YERITHON et al., 2002; Kim
,2008).
%‘“*—J Azt 54 Sl wet skl e,
2014L“ 1/d AR 23be ol A S 8E (o F)ell Ureh=
SollA ol S FQ el (Ulvaspp. )= Al 9okl 35
% L Hz22 Alqitk(Jeong et al., 2014). 2007 1A T %
Shoj e} v] sto] A o] ARt Au] o2 A| gt g0l A}
gh, v, thAjuprt 3 H 02 -8k tHKim et al., 2010).
wahd, 270 wlid $REe) et 47 WA 4 9l
= SgollaL, 2ot AxFol ogt Tl Ao R
A Aoz afotw|Qint. zaltol| 4] v S(U. pinnatifida)t
THATK(S. japonicay= #-2HE E3 s} i°ﬂ = A
=T 7, s 9 A wste] =2 79 =E U
EbWiTt. v)S(U. pinnatifida)©|t; THAIER(S. ]apomca)A AE
ol 3U(A=)FE F7Iste] 6d(w)oll HHE Yet= 2
A7 o] WAA 7|9} GAFSF THMorita et al., 2003; Hwang et
al., 2018). o] &, tJREO| 24 FHxFEL o]E0] At
3+ W3}ol whebA TEZiEE 4] F27)(reproductive cycles)@t
AHAAS 2 I thDring, 1988; Brawley and Johnson, 1992;
Liining, 1993; Mohring et al., 2013). ©]2} -2 Ald A2 =
AR Aol A LeRd 35 - 7H2(15.57£0.03) 7 A&
(11.37£0.14)7}7) 7F28}1 (17,93 +0.01)0]| Z7}51HA] of
2(2135+0.05)0] 1228712 747 w1 2w} AFpke 1ol
o}, webA], S8 Feek el Al whet Wkt AL 5
A& ARt o] 9l A o2 Vet
7 Atz o] 27 ol A SR = gkE AAIShe Bl o] =

~

l\)

€



Table 4. Proportion of importance value of functional groups within seaweed community
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(unit, %)
Species Fu M I.ntertidal .Subtidal
Au Wi Sp Su Au Wi Sp Su

Chlorophyta

Chaetomorpha moniligera F T 16.31 271 5.21 0.78 0.27 0.68

Cladophora sp. F T 6.18 11.27 3.84 0.34

Codium fragile CB SC 0.81

Lychaete sakaii F T 0.17

Ulva spp. S T 315 1944 1564 5229 0.41 16.20 0.85 6.09
Ochrophyta

Coccophora langsdorfii CB C 4.82 5.1 0.33

Colpomenia sinuosa CB T 1.41 6.85 5.25

Dactylosiphon bullosus CB SC 1.57

Desmarestia viridis CB C 0.58 0.53

Dictyopteris divaricata CB SC 5.72

Dictyota dichotoma S SC 214 26.79 11.45 443 5.24 8.65 3.73

Mutimo cylindricus CB C 0.23

Petalonia binghamiae S SC 2.71

Ralfsia verrucosa Cr T 5.48 0.79 1.73

Saccharina japonica TL SC 5.66 4.01

Sargassum fulvellum CB C 0.88 31.83

Sargassum confusum CB C 0.47 32.94

Sargassum fusiforme CB SC 4.98

Sargassum horneri CB C 14.14 7.61 3.25

Sargassum nigrifolium CB C 1.21 20.55 16.55 1.92

Sargassum thunbergii CB SC 7.00 11.48 6.56 2.88 1.76 2.66 19.08

Scytosiphon lomentaria CB SC 5.60 3.44

Undaria pinnatifida TL SC 8.31 7.06
Rhodophyta

Ahnfeltiopsis flabelliformis CB T 2.14 1.46 9.82 27.89 9.94

Botryocladia wrightii CB SC 0.58 0.34

Champia recta F T 1.56 0.39 2.59 1.39

Chondracanthus intermedia CB T 347 0.26

Chondria crassicaulis CB SC 2.50 7.02 0.65 1.47

Chondrus ocellatus CB SC 0.19 0.89

Corallina officinalis JC T 1.94 6.22 0.61 3.68

Corallina pilulifera JC T 17.22 18.09 347 2.30 0.64 3.70 0.83

Melobesiodean algae Cr E 6.22 3.06 10.86 1944 1499 1336 15.02

Gloiopeltis tenax CB T 13.63 7.07

Grateloupia asiatica CB SC 3.81

Grateloupia elliptica TL SC 0.49

Lomentaria catenata CB SC 4.90 2.24 7.40 1.75 8.02 2.94

Fu, Functional group; Mf, Morpho-functional group; TL, Thick leathery; CB, Coarsely branched; JC, Jointed calcareous; S, Sheet; F, Fila-
mentous; Cr, Crustose; C, Canopy; SC, Subcanopy; T, Turf; E, Encrusting coralline; Au, Autumn; Wi, Winter; Sp, Spring; Su, Summer.
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Table 4.Continued
(unit, %)
i Intertidal Subtidal
Species Fu Mf - -
Au Wi Sp Su Au Wi Sp Su
Polysiphonia sp. F T 9.30
Polysiphonia morrowii F T 1.15
Porphyra sp. S T 0.09 2.73 3.84
Cr 6.22 0 3.06 10.86 19.44 2048 1416 16.76
F 2249 3838  19.92 1.18 0 1.59 2.59 242
Sum of Jc 19.16 622  18.09 3.47 2.91 0.64 7.38 0.83
functional group CB 4627 3324 1650 20.75 72.82 3534 5531  70.17
S 537 2217 4243  63.75 484  27.99 9.49 9.82
TL 0.49 0 0 0 0 13.97  11.07 0
E 6.22 0 3.06 10.86 19.44 1499 1336  15.02
Sum of T 6553 80.68 55.11 66.76 3148 3300 11.61 21.01
morpho-functional group SC 2222 1932 4095 22.38 882 2726 36.94 31.03
C 6.04 0 0.88 0 4027 2474 3809 3294

Fu, Functional group; Mf, Morpho-functional group; TL, Thick leathery; CB, Coarsely branched; JC, Jointed calcareous; S, Sheet; F, Fila-
mentous; Cr, Crustose; C, Canopy; SC, Subcanopy; T, Turf; E, Encrusting coralline; Au, Autumn; Wi, Winter; Sp, Spring; Su, Summer.

9he 7l F 20 52 742o] CBY
thunbergii)} 2521 74| (Gloiopeltis tenax) 5-©] 2

=
gES

%ol(S.

L=
.

o, AZ=F =

g =z20]

=TT u

Table 5. Comparison of number of species investigated at the mid-eastern coast of Korea
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A2 C. moniligera), 23} o] Eo]
g} 5(Ulva spp )7t & 58 =4S A8}

) ) Number of species
Depth range Period Site
G B R Total
Intertidal, subtidal 1, 5, 10 m Aug. 2006-May 2009 Daejin, DongHae' 12 26 68 106
Intertidal, subtidal 1, 5, 10 m Jul. 2006—Apr. 2008 Daejin, DongHae? 1" 26 57 94
Intertidal, subtidal 1, 5, 10 m Jul. 2006—Apr. 2007 Daejin, DongHae? 4 15 32 51
May and Aug. 2014 Geojin, Goseong* 6 10 17 33
Intertidal Aug.—May 1995 Jumunjin, Gangneung?® 10 22 44 76
Jan.—Oct. 1990 Sokcho® 7 12 36 55
Subtidal 10-15m May-Dec. 2015 Sagunjin, Gangneung’ 5 20 50 75
Subtidal-10 m Jan. 1982-Aug. 1983 Ohori, Goseong?® 6 19 36 61
. Jeodo, Goseong® 2 17 19 38
Subtidal 5, 10, 15, 20 m Feb.—Nov. 2011
Imwon, Samchok® 2 6 4 12
Subtidal-24 m Mar.—Sep. 2010 Ohori, Goseong'® 13 24 57 94
Subtidal 5, 10, 20 m Oct. 2008-Dec. 2009 Hujin, Samchok™ 6 16 29 51
Subtidal 3, 5,10 m Oct. 2008-Dec. 2009 Sagunjin, Gangneung" 7 22 62 91
Subtidal 5, 10, 15 m Feb.—Nov. 2007 Daejin, Goseong™ 5 25 43 73
Subtidal 5, 10, 15 m May and Aug. 2006~2007 Chodo, Goseong'? 4 20 33 57
Subtidal 5, 10, 20 m Feb.—Nov. 2007 Gisamun, Yangyang™ 5 12 33 50
Intertidal, Subtidal-1 m Nov. 2022—-Aug. 2023 Daejin, Goseong™ 7 18 20 45

IShin et al. (2011). Shin et al. (2008b). *Shin et al. (2008a). “Jeong et al. (2014). Kim et al. (1997). *Lee et al. (1993). "Park et al. (2017).
$Koh et al. (1989). °Kim et al. (2012a). ’Bae et al. (2014). "Kim et al. (2013b). ?Kim et al. (2010). *Han et al. (2021). '“This study. G, Green

algae; B: Brown algae; R, Red algae.



o}, 25t oll A= APAIE 5t AR Sargassum spp.)©ll ©]
3l CB7} th2 715 @ wtoll vlsl 7+ Hl&o] &8keH, Cre =
7ol vl sttholl Al Hlgo] =ttt 27t olA S&f Fa
Lol wi ol 5ol ok 7l s @ okl vlsl woken, SR
2GR0l n]RE el T ook 7oA $F ol
w25 Sl F(Ulva spp. )t 825 HIEAFot2|(G. turuturu)
7F B3t o Boll =2 AEFS B3 A3 fARE 2R ve
Soh(Burrows, 1991; Cabioch et al., 1997; Harlin and Villar-
Bohnsack, 2001). 53¢t 23}t o]l that s AR AH2] B3}
A u|S(U. pinnatifida)?} SJAY o] 2RSS, horneri)©] $-%5}
& 31(Kim et al., 2012b), 53] t#lof| A ZAHFR(Sargassum
spp.), FAAS R, A2 G-EASI(C. pilulifera)©] -5}
B A(Shin et al., 2011), Ao whe} -Fo] RsFYUATE =
& HAPER(Sargassum spp.)©ll A LrERtAL 9lleH, 1
2 tiRIoNA =& 3 HleS 7HR Ad ARSI 220
of| A sfF B ahdoll thet imEoluh Hxof o3t P 5=
vkS- 4= Ql+=t|(Tuya and Haroun, 2006; Schagerl and Mostl,
2011), o] &} 22 =24 etk Qlsff sz 49 =& §le
O] Mo} sk A& of AXIT Zsltfjol| A= Hla A oF
A A4 2 FAshE A o' UEbdTh =3 IC7F =
shtf ot 270 ol A B =2 HlES B, Cr 2 7=t =
Zsttol A B =A b, 220 olA] WAet= &84
et Ao whet s 27| 1l=rF e 4= 9l o (Piazzi and
Cinelli, 2001), 0]&} 22 F7Fo] #3& o|F+= Tl th=A
g3k AT 0] ek,
7+ 317 ez 2] 271t of| A| morpho-functional group-2 th
< 7@l vlsf turfe] Fa=gke] =T, tuf T2 &=
24 Fekolu} 440 QIg £l that 3 Selo]
(Littler and Littler, 2013), A 9% go|A =2 U
%]

T 00O
o FAEL M S Q7] whiel] mo] 2 27k B

A e 4= E o2 o] A Xt Rosenberg and Ramus,

2 oo K

AN AA T
1984; Fujita et al., 1988). A RIS X5l oA= canopy
EE subcanopy 591 EAER(Sargassum spp.) 2 THA]OK(S.
Japonica)?t | ¥(U. pinnatifida) 52| A= S E4k0] =
Al Vrebst=dl, Aot A sie Zsteoll A ARER(Sar-
gassum spp.)t+ Zrell(Ecklonia cava) 52 tld ZxF71 HE
31 (Oak et al., 2004; Kim et al., 2008, 2013a; Ko et al., 2008;
Kang et al., 2011), A ¥o| t}Eo| = Z3}tjjof| A canopy E+=
subcanopy 5| 8= A o= FhetE|Qrt. Tejal 1/ of
Zlo| A encrusting 345z FAAISDF7E 214 of] Hlsf
Zattjoll Al FREgro] wok=tl, Follet Zaftoll A mAgt
Fol FAAT TR B 1 eE 7= A fAR Aite
ko5 TtH(Kim et al., 1997, 2014; Choi and Rho, 2010). %
Sefoll A T T} sl 2SSl AbEere] Wakt
of 57 ket 52417} 2415 80] ofat TS vz ste] &
%, B4 53 2 Qo] 448 2102 J|4HickLamb and

.
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Zimmermann, 1964; Neushul, 1967; Sears and Wilce, 1975;
Mathieson, 1979; Nam, 1986; Sangil et al., 2011). Canopy ¥
2 turf SO A 152 FATH] AR ol BAsgh FhS Al
714 =2 A& 33 A sk 2 2 & Y= (O'Brien and
Scheibling, 2018), o]2{gt FgFo] A+t Ao = Uepyts
Aoz oA

afjx 3] o] BETF ok Aol wet vh = S H1E 9F
© 82 AAAH, 27| A= g20] Rolx| = 7H—A& A7
o] 2279 daFol zlon, o] F7ete wit ool 2
257 g4 skl 2Rt F2F diFe] ARt
Z5ht= AP sl Aol o3k ko] Urettth 74
A tiR19] sl A2 2 21 ef 2ol A turfE o]
Fi= SHTY B U A o= spoten Faiek e ¥
stof| whef 414 Bl MkE 7 A o= oAt ujet
A, s A el et 444l muE Y @7t »9E
Kol glek.
AP A}
Fpst7|ed 71 THste] o et
< 9H71% /IS IA(PEA0205)9] A1
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