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Marine Algal Community of Ulsan, on the
Eastern Coast of Korea

Chang Geun Choi and Hyun Soo Rho'*
Department of Ecological Engineering, Pukyong National University,
Busan 608-737, Korea
'East Sea Environment Research Department, Korea Ocean Research and
Development Institute, Uljin 767-813, Korea

The marine algal flora and community structure were investigated at three sites in Ulsan on the southeast
coast of Korea between August 2005 and July 2006. Ninety-one benthic algae species were identified,
including 14 Chlorophyta, 21 Phaeophyta, and 56 Rhodophyta species. Of the 91 seaweeds, 19 spemes
were found throughout the survey period. The wet weight biomass ranged from 310.8 to 2, 960 4 ¢ m”

during the study period. The maximum biomass was recorded at Sinri, and the minimum was recorded
at Daesong. The R/P, C/P and (R+C)/P values reflecting flora characteristics were 2.67, 0.67, and 3.33,
respectively. The flora investigated could be classified into six functional groups: coarsely branched (46.2%),
thick leathery (22.0%), filamentous (16.5%), Sheet (7.7%), jointed calcareous (4.4%), and crustose (3.3%)
forms. A cluster analysis produced two groups that differed meaningfully: one included the site Sinri-summer
and the other included the sites Daesong and Jinha.
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Fig. 1. A map showing the sampling sites in Ulsan, east
coast of Korea.
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ste] o]Fojon, THHE sxFe g 4 A& F
55 Aee o7 2552 S FA A (Kang, 1968; Lee and
Kang, 1986; 2002) ¥ AR 3| Z == (Yoshida et al., 1995)%

Faz gk 20l FASHE AxFe FEA 54

9 S2akS SAehe AR Fo] WEd A Aol
slolA slziel Aeld R} FRRE A5 Sl 54
g T SR FANFE Aoz o§HE RP

(Feldmann, 1937), C/P (Segawa, 1956)¢} (R+C)/P (Cheney,
1977)%k-& o]-&ate] A EATE A A3 el 272 FH
2 Zpolok Aej 2 54 dhehs 919 75 w4 Littler
and Littler (1984)9] 67}4] 7|81 £/ F S A&t &
Attt 7 A3 FHd = Shannon?] GHYEAFH)E
0] &3} 3L (Shannon and Weaver, 1945), FAI=AGE=
PRIMER computer packageS ©]-83l] X =& A3t}
(Clarke and Gorley, 2006).
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AR ZA717E 5o BE Alde #EE nHEAH
FT 19% 02 52/ FHAFY (Ulva pertusa), 2272
S 7Y (Colpomenia sinuosa), W LEVIEY (Dilophus
okamurae), X1 %-0| (Sargassum thunbergii), €371 N7]15-5
7VAYel  (Gelidium — divaricatum), =& (Lithophyllum
okamurae), 2r>=7-&NT Y (Corallina pilulifera), %9}
(Grateloupia elliptica), A|-Fo}2] (G. filicina), V& A] 7o}l
(G. turuturu), w27Vt (Prionitis cornea), 2173 (Chondrus
ocellatus), °N71E 7 A2l (Chondracanthus intermedia), N 717}
&= o] (Lomentaria hakodatensis), *+5 -5 (Acrosorium
polyneurum), /W2 (Chondria crassicaulis), =254
(Polysiphonia  morrowii), ZFRZM-5  (Symphyocladia
latiuscula), T34 5 %57 (Melobesioidean algae)= WE} T
(Table 1).
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Table 1. A list of marine algal species found at Ulsan, Korea Table 1. Continued
(SR: Sinri, DS: Daesong, JH: Jinha) Species Summer  Autumn Winter Spring Totd

Species Summer  Autumn Winter Spring Total SRDS JH SRDS JH SRDS JH SR DS JH

SRDS JH SRDS JH SRDS JH SR DS JH Corallina pilulifera P N + o+ o+ 4+

Chlorophyta Marginisporum crassissima +
Ulothrix flacca ot Carpopeltis affinis +
Ulva compressa + + ot Grateloupia divaricata +
Ulva conglobata + to+ Grateloupia elliptica oo+ + + o4+
Ulva intestinalis LR * Grateloupia filicina oo+ o4 +
Ulva lactuca + ot * Grateloupia lanceolata + + +
Ulva linza L A ot Grateloupia livida +
Ulva pertusa A A A R Grateloupia prolongata o+t +
Ulospora penicilliformis + + o+ Grateloupia sparsa + +
Chaetomorpha moniligera + Grateloupia turuturu o+ o+ o+ o+ 4 + +
Cladophora albida * Halymenia acuminata +
Cladophora japonica * Halymeniopsis dilatata +
Cladopﬁora pusilla o Prionitis cornea + o+ L A R
Bryops:s p/u@osa + Prionitis patens +
Codium fragile * Gloiopeltis furcata + + + 4
Phacophyta Schizymenia dubyi +
Ect?carpus P ¥ ' e Plocamium telfairiae + + ot +
i CUL T e .

o ) Hypnea japonica +
Leathesia difformis + )
Colpomenia bullosa + + ot Hypnlealsaldana“ M
Colpomenia sinuosa . . s . s P Gracilaria textorii +
Petalonia fascia ' Gracilaria verrucosa + o+ + +
Seytosiphon lomentaria . 4 Ahnfeltiopsis flabelliformis + + + 4+ +
Undaria pinnatifida + + o+ + Chondrus crispus ¥ '
Dictyopteris latiuscula + Chondrus ocellatus reorre o '
Dictyopteris prolifera ; . Chondracanthus intermedia + LR B + 4
Dictyota dichotoma ‘ ‘ Chondracanthus tenellus + 4 +
Dilophus okamurae P ‘4 o4 4 Lomentaria catenata + o+ + +
Myagropsis myagroides N Lomentaria hakodatensis + + + + + L +
Hizikia fusiformis ' N ‘4 Centroceras clavulatum + 4+
Sargassum fulvellum + Ceramiopsis japonica * *
Sargassum horneri P P PR Ceramium paniculatum +
Sargassum micracanthum + Acrosorium polyneurum  + + o ot *
Sargassum patens + Acrosorium yendoi + o+ +
Sargassum thunbergii + o+ + o+ + o+ + o+ Phycodrys fimbriata ot
Sargassum sp. + Polyneura japonica +
Rhodophyta Heterosiphonia japonica +
Bangia atropurpurea + Chondria crassicaulis LA LA A
Porphyra suborbiculata + Laurencia okamurae * * *
Porphyra tenera + P o+ o+ Laurencia undulata +
Galaxaura falcata o+ o+ o+ + Polysiphonia morrowii + o+ o+t + o+ +
Gelidium amansii + + + + Symphyocladia latiuscula + + + + + + + + + + + +
Gelidium divaricatum FoF o+ o+ o+ o+ 4+ + + Symphyocladia linearis +
Dumontia simplex + + + Melobesioidean algae LI S S N R R A B
Hildenbrandtia rubra + o+ o+ Chlorophyta 74 5 56 3 211 55 514
Lithophyllum okamurae + + o+ + + Phaeophyta 55 2 1171 58 3 91042
Amphiroa beauvoisii + + + Rhodophyta 217 30 2 2 1518 20 16 15 17 5

Amphiroa dilatata + + Sum 26 30 24 46 3 26 221 24 30 30 26 9
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Table 2. Seasonal mean biomass (g wet weight m-2) of algal species at Ulsan, Korea (SR: Sinri, DS: Daesong, JH: Jinha)
Summer Autumn Winter Spring
SR DS JH SR DS JH SR DS JH SR DS JH

Species

Chlorophyta

Ulothrix flacca 1.2 3.9

Ulva conglobata 0.7 17.6

Ulva lactuca 21.7 297.3 1,069.9 694.4

Ulva linza 2056 116.7 255.5 45.0 1.4

Ulva pertusa 1019 827 1271 1.1 138.7 761 1257 150.6 165.8 8.8

Urospora penicilliformis 8.8 4.8

Chaetomorpha moniligera 0.1

Cladophora albida 5.1

Cladophora japonica 1.2

Cladophora pusilla 0.3 8.5

Bryopsis plumosa 0.3

Phaeophyta

Ectocarpus sp. 21 2.6

Ishige okamurae 10.3 54.8 5.7 8.2

Colpomenia sinuosa 3.3 4.1 73.0 1122

Scytosiphon lomentaria 13.8 76.2

Dictyopteris prolifera 1.3

Dilophus okamurae 13.2 0.3 0.9

Hizikia fusiformis 424

Sargassum horneri 167.2

Sargassum thunbergii 188.3 3231 2,414.0 57.2

Rhodophyta

Porphyra suborbiculata 33.2

Porphyra tenera 1.5 6.4 13.7

Galaxaura falcata 3.2 0.8 17.6 0.7 245

Gelidium amansii 0.4

Gelidium divaricatum 0.3 0.1 50.9 0.5 86.7 222 3.6

Dumontia simplex 35.0 89.6

Lithophyllum okamurae 6.1 0.5 4.5 5.1 4.6

Ampbhiroa beauvoisii 21 48.5

Amphiroa dilatata 0.7

Corallina pilulifera 1,359.1 337 9.7 176.1  19.7 441 15.1 13.5 4.4 69.6 384

Marginisporum crassissima 1.9

Carpopeltis affinis 4.3

Grateloupia divaricata 28.1

Grateloupia filicina 0.1 246.3 1.1

Grateloupia prolongata 0.4 17.9 114.9

Grateloupia sparsa 18.5 2.0

Grateloupia turuturu 4.1 28.5 241

Halymenia acuminata 379.9

Prionitis cornea 0.5 1.6 101.2 100.7 0.6

Gloiopeltis furcata 16.3 27.0

Plocamium telfairiae 0.1 0.9 0.3

Hypnea charoides 12.7

Hypnea japonica 0.1

Hypnea saidana 140.0 76.9

Ahnfeltiopsis flabelliformis 3.1 26.7 1.0 49.2

Chondrus crispus 4.0 22.0

Chondrus ocellatus 18.4 0.1 17.6 5.1 12.3 222 12.6

Chondracanthus intermedia 1.5 19.5 101 31.5 1124 104

Chondracanthus tenellus 0.5 1.6

Lomentaria hakodatensis 3.9 401 501.6 759 0.8 21.2 5.4

Centroceras clavulatum 0.1 0.5

Ceramiopsis japonica 0.8

Ceramium paniculatum 8.0

Acrosorium polyneurum 0.4 3.6 0.3 16.5 6.1 1.6 0.6

Acrosorium yendoi 1.6 8.4

Polyneura japonica 0.4

Chondria crassicaulis 29.2 387.7 200.0 257.9 32.3 10.8 5.4 64.2

Laurencia okamurae 1.2 12.8

Polysiphonia morrowii 80.0 5.1 11.6 1.7 0.5 0.2

Symphyocladia latiuscula 7.5 0.1 0.5 5.6 117.6 8.3 16.4 0.4
Total 1,801.8 705.7 1,160.3 1,358.3 798.1 1,343.9 828.8 310.8 4874 2,960.4 582.2 909.0
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AYE (Halymenia acuminata)©] 10}, 710l Alg]= o 7]vid
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E @s B, Fels Aol Aol el 782
], Aol FAaert 2 AEFo R Fd3h

Aohs & 58 T 71515010 HE2 63502 66F
o] Zdg A9} FALRAINE Astel| vl = B F )
Zd . AT AdE AEFS gl 3F A e
et olv =2 AEHE 2e dxfFrE 2354 299
Ao Z ZALEAT A Wete] A 9ol 22 TEAs T,
Faaty], AFol o HxF7F AAEE 1,0699 g wet
weight m>ol 4] 2,414.0 g wet weight m> 0. & =& kS 7| =3
W, giSoll A= AT, 7 2k, Ao Ak, A
A =9 #xF AEZFo] 165.8 g wet weight m>oll 4] 387.7
g wet weight m? 22 JjA o= vhe AEFS 7|57

wOR UERRT

7158 o 2 AHA S

olulA o & | xako] XA EAS LER)E AE A5l
R/P 3t-& 267012tk C/P 32 0.67°]2 2.1, (R+C)/P F<
3.33% WERIT (Table 3).

Table 3. Comparison of R/P, C/P and (R+C)/P value of marine
algal flora (and number of species) investigated at the east
coast of Korea

Number of Flora characteristics
References Site gmec?erso ratio
P RP CIP (RC)P

Lee et al. (1997) Yongil Bay 116 292 054 346
Nam and Kim (1999) Yongho-dong 96 219 050 269

Yoo (2003a) Seoam 75 276 035 312
Choi (2007) Youngdo 69 233 048 281
Kang et al. (2008) llkwang 103 447 059  5.06
This study Ulsan 91 267 067 3.33

3 20
APEE 16.7%, 5242 EE 83%, 94 6.3%, 44E 4.2%

2 e e AR 5 EE SANEE R
S LR RS TR E

H &2 478718 46.2%, o 2
AXNE 7.7%, AT LY 44%, 248 33%E AR
I} 9548 xF7F AAHOR 70% AR EH v&
7]1Z 3t} (Table 4).
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Table 4. Composition ratio (%) of macroalgal functional form
group investigated at Ulsan, Korea

Functional form  Summer Autumn Winter Spring Total

Sheet 6.3 6.8 111 14.3 7.7
Coarsely branched 43.8 57.6 48.9 40.8 46.2
Thick leathery 20.8 15.3 24.4 20.4 22.0

Filamentous 16.7 11.7 6.7 16.3 16.5
Jointed calcareous 8.3 3.4 4.4 4.1 4.4
Crustose 4.2 5.1 4.4 4.1 3.3
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Fig. 2. Seasonal species diversity (H') of each site in Ulsan,
Korea.
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using average linkage at 3 sampling sites at Ulsan, Korea
(SR: Sinri, DS: Daesong, JH: Jinha, Sp: Spring, Su: Summer,
Au: Autumn, Wi: Winter).
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W3} (Bates et al., 2005; Bates and DeWreede, 2007), 32
s 2 S ALAL (Choi, 2007) 5ol 2]8ke] GAoto A2 &h=
s BEES] T2A, T O 2 AETGo] st AL
2 Hugth welA olE S AUAE o R A H3 <
BUEE A7 Hesitha saEch

o] Ao AEFoT X §HFL Aavy, +H4ds
#, A Fol, AeTErtad, o7t dSoe], AR e
Stk olE ST AEFS AEEERE 1257 - 2,4140 ¢
wet weight m? .2 thgglon AAHE HEZFT 3108 -
2,960.4 g wet weight m> O 82 AL QT o] Al el
A A FTt (Kang et al., 2008)2] H AETFQA 4783 g wet
weight m?o]l H]8] AF3] L& go]AAITH 5% (Nam and
Kim, 1999)2] 1,241 - 1,648 g wet weight m>$}= f-Aal710)
Fa EUTh 22ke] A AERS e 2 9 slxR
o] AEaFo] uf- k7] wliel Q1 NG9 AxF AEF
Hoh #A vebgth A5 A9 T2/ AeTEtsdol
1,359.1 g wet weight m?, 7}&oll= H%
1,069.9 g wet weight m?, B0 = 2279l
g wet weight m”2 m]$- =9kom, 71 9
AEFE dopth whebA] 3 2/l 2ol wstetd
Z AEZD IA 4FE vE AoZ g

Feldmann (1937)2 R/P 322 o )4t s
Aol EAS eI, Segawa (1956)= C/P #HS o]-&38}]

hul

& o

=

=

=

i)
2

ol
==

BN
Hd
Y

251

gtdjo A ol X H7bA] 2383tk Cheney (1977)% 53
F7F dojell A Ak Hell 2A<ksto] RP Fholl w275 37}
skl (R+C)/P g2l o] &S AtslHA o] ghe] R/P ghETh
sz 548 vehdle=d gest Aoz shddh 1 gk
o] 3 o]3to|H 2 = St s, 6 o)/dold duiAg
S|z, 1 kel £ 2y 54 vEkditta 3t
At o] A Az &4k dlde] RP G 267, C/P F 0.67,
(R+C)/P 3 33302 3|25 o] Kang (1966)°] * 4% n}o}
ol 204 £3F e 5A4S YA o ZAL
ARl &4ke] QoA Ky o]He ATE (Lee et al,
1997; Nam and Kim, 1999; Yoo, 2003a; Choi, 2007; Kang et
al., 2008)% AE|A ¢S v A, Ao e £33
el EAS 29l U3t (Kang et al, 2008)2 A 9]3lale=
7Ae] iR FAFSHA BalElo] Fat B S oA
=3 Az 5SS Zdevan & 5 ok

xFe G5 Fu, AY, AL FE FollA S
Holn, A tate] Pej2lolaL 7540 g A-&alr] wE
o] AT ASE=ZS =o|A Hr} (Littler et al, 1983). Littler
and Littler (1984)+= 3279 7|53 A7 A& o}
AZAL e A5H ERT AR A9 239
olgfsl=dl &

[sig
=

SRS
w2}

%37}

ofo
ot
e
-
o
L
o
i
iy S
&
f
5
%
=

Apol=

4] (Park et al.,
49, HANs U,
1

e

o

o] G4 8]& (Choi, 2008)°]l
ATolME ANE7E, AV, |4, oS5 E, A
@, AV, 993
L. @A A

ot

o ol

o]g-o] 7}53}t} (Kang et al,, 2008). Kang et al. (2008)2 3%
Tz ATl FHYGEASTTE 2.0-3.00] A5 LA

I, N

I

%
2

32

4 Ao

¢

[
=

ol
\
)
o
ox
2
o
i)
rlet
ox
o
B
Ml o
o Xt rif ox

e
B
& o

e



252

H aE AT, e, A T 22 el o9
Mg Qe A 2o 2B R o3 g FEat
Szl ofgk Axge] 71458 gol A7 AR b
9=l (Choi, 2007; Kang et al., 2008), &4+ 89| &) =5
T U= B AR s 22 sz A4 wskE 240

= O
o=

o] AFE st AdTd AT A “F| FHEALTA
W5/ A7H(PE98444)°2] Aol &3] FaHAFH T

Faid

Bates CR and DeWreede RE. 2007. Do changes in
seaweed biodiversity influence associated
invertebrate epifauna?. J Exp Mar Biol Ecol 344,
206-214.

Bates CR, Saunders GW and Chopin TC. 2005. An
assessment of two taxonomic distinctness indices for
detecting seaweed assemblage
environmental stress. Bot Mar 48, 231-243.

Cheney DP. 1977. R& C/P - A new and improved ratio
for comparing seaweed floras. Suppl J Phycol 13,
129.

Choi CG. 2007. Algal flora and Ecklonia stolonifera
Okamura (Laminariaceae) population of Youngdo in
Busan, Korea. Algae 22, 313-318.

Choi CG, Kim JH and Chung IK. 2008. Temporal

variation of seaweed biomass in Korea coasts:

responses  to

Yokjido, Gyeongnam Province. Algae 23, 311-316.

Choi CG, Ohno M and Sohn CH. 2006. Algal succession
on different substrata covering the artificial iron reef
at Tkata in Shikoku, Japan. Algae 21, 305-310.

Choi CG, Oh SJ and Kang 1J. 2009. Subtidal marine algal
community of Jisepo in Geoje, Korea. J Fac Agr
Kyushu Univ 54, 339-346.

Choi CG, Takeuchi Y, Terawaki T, Serisawa Y, Ohno
M and Sohn CH. 2002. Ecology of seaweed beds
on two types of artificial reef. J Appl Phycol 14,
343-349.

Choi HG. 2008. Effects of thermal effluents from
Wolseong nuclear power plant on macroalgal
composition and community structure. Algae 23,
151-162.

Clarke KR and Gorley RN. 2006. PRIMER V6: User

B
)
r

b
o
4

Manual/Tutorial. PRIMER-E Ltd, Plymouth, U.S.A.,
1-190.

Critchley AT and Ohno M. 1998. Seaweed resources of
the world. JICA. Yokosuka, Japan, 1-431.

Feldmann J. 1937. Recherches sur la vegetation marine
de la Miditerranee. La cote des Alberes. Rev Algol
10, 1-339.

Kang JW. 1966. On the geographical distribution of
marine algae in Korea. Bull Pusan Fish Coll 7, 1-125.

Kang JW. 1968. Illustrated encyclopedia of fauna & flora
of Korea. Vol. 8 Marine algae. Samhwa Press, Seoul,
Korea. 1-465.

Kang PJ, Kim YS and Nam KW. 2008. Flora and
community structureof benthic marine algae in
Ilkwang Bay, Korea. Algae 23, 317-326.

Lee HB and Oh YS. 1986. A summer algal vegetation
in Youngil Bay, eastern coast of Korea. Korean J
Phycol 1, 225-240.

Lee IK and Kang JW. 1986. A check list of marine algae
in Korea. Korean J Phycol 1, 311-325.

Lee SY, Lee JW and Lee HB. 1997. Marine benthic algal
flora of Youngil Bay and its adjacent areas, the
eastern coast of Korea. Algae 12, 303-311.

Lee YP and Kang SY. 2002. A catalogue of the seaweeds
in Korea. Cheju National University Press, Cheju,
Korea. 1-662.

Littler MM and Littler DS. 1984. Relationships between
macroalgal functional form groups and substrate
stability in a subtropical rocky intertidal system. J
Exp Mar Biol Ecol 74, 13-34.

Littler MM, Littler DS and Taylor PR. 1983. Evolutionary
strategies in a tropical barrier reef system:
Funtional-form groups of marine macroalgae. J
Phycol 19, 229-237.

Nam KW and Kim YS. 1999. Benthic marine algal flora
and community structure of Yongho-dong area in
Pusan, Korea. J Korean Fish Soc 32, 374-384.

Ohno M, Arai S and Watanabe M. 1990. Seaweed
succession on artificial reefs on different bottom
substrata. J Appl Phycol 2, 327-332.

Orfanidis S, Panayotidis P and Stamatis N. 2001.
Ecological evaluation of transitional and coastal and
water; A marine benthic macrophytes-based model.
Medit Mar Sci 2, 45-65.



Park CS, Wee MY and Hwang EK. 2007. Summer algal
flora of uninhabited islands in Dochodo, southwestern
coast of Korea. Algae 22, 305-311.

Russell BD, Thompson JI, Falkenberg LJ and Connell SD.
2009. Synergistic effects of climate change and local
stressors: CO, and nutrient-driven change in subtidal
rocky habitats. Glo Cha Biol 15, 2153-2162.

Segawa S. 1956. Coloured illustration of the seaweeds
of Japan. Hoikusha Publ. Co. Osaka, Japan, 1-195.

Serisawa Y, Taino S, Ohno M and Aruga Y. 1998.
Succession of seaweed on experimental plates
immersed during different seasons in Tosa Bay,
Japan. Bot Mar 41, 321-328.

Shannon CE and Weaver W. 1949. The Mathematical
Theory of Communication. Board of Trustees of
Univ. III. Urbana, U.S.A., 1-117.

Terawaki T, Arai S and Kawasaki Y. 1995. Methods of
submarine forest formation considering local limiting
factors of distribution. Fish Engineer 32, 145-154.

ST 253

Worm B, Lotze HK and Sommer U. 2000. Coastal food
web structure, carbon storage, and nitrogen retention
regulated by consumer pressure and nutrient loading.
Limnol Oceanogr 45, 339-349.

Yoo JS. 2003a. Dynamics of marine benthic community
in intertidal zoneof Seoam, Busan. J Korean Soc
Oceanogr 8, 420-425.

Yoo JS. 2003b. Structural characteristics of benthic algal
community in the subtidal zone of Yeongil inner and
outer Bay. Algae 18, 365-369.

Yoshida T, Yoshinaga K and Nakajima Y. 1995. Check
list of marine algae of Japan (revised in 1995). Jpn
J Phycol 43, 115-171.

20109 19 14Y Hk
20103 59 20¢ 4
20108 69 159 <=4



