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Spatial and Temporal Patterns of Coralline Algae around
Three Nuclear Power Plants on the East Coast of Korea
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Abstract — The species composition and biomass of coralline algae around three (Uljin, Wolseong
and Gori) nuclear power plants on the east coast of Korea were investigated seasonally from
February 1997 to October 2006. As a result, 13 species of coralline algae were found during the
past ten years. Among them, Corallina pilulifera, C. officinalis, Amphiroa zonata and Preophyllum
zostericolum were common species that occurred more than 50% in frequency during the study
period. Species number of coralline algae were between 10 ~ 12 species at the breakwaters near the
outfalls of power plants and 8 ~ 12 species at the control area, and differences in species composi-
tion were not observed among study sites. Seasonal fluctuations of mean biomass were 0~ 2,530 g
dry wt m™* and dominant species in biomass was Corallina pilulifera at all the study sites. The
breakwaters of power plants generally had a greater coralline algal biomass than the control area.
Biomass proportions of coralline algae at the breakwaters of power plants were also higher than
those at the control area. At the Uljin sites, particularly, biomass of coralline algae showed greatest
in summer and biomass proportion showed highest during the summer season. Differences in the
spatio-temporal patterns of coralline algae around three nuclear power plants on the east coast of
Korea were presumably due to the regional temperature variations,
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olglz A== WAbagH (F AT, non-genicu-
late coralline algac)$} wie]7} gl wlu] Al a3 (S AL
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7} B 15 ¢] o (Graham and Wilcox 2000; Kim 2000),
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oz FRE 6709 7153 (functional form) Z el A A}
IUF 7hd e s ERE A 32 [ (jointed-
calcareous group) 2. & 1|3 WALZUFE= AL
(crustose group)©o. 2 7z+z} E-Fx v} (Littler 1980; Littler
and Arnold 1982). o] & AlZwHE = 73 @
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1977; Borowitzka et al. 1978, Littler and Littler 1980; Kim
and Yoo 1994).
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Table 1. Location of sampling sites

Breakwater Control area
Power plant -
Latitude Longitude Latitude Longitude
Uljin 37°5'57.70”"N 129°22/55.06"E 37°3727.71"N 129°25’48.65"E
Wolseong 35°42/59.64"N 129°28'52.017E 35°4835.32"N 129°30°39.07E
Gori 35°19°6.63”N 129° 17°20.427E 35°21'17.07"N 129°21'1.68"E

Table 2. List of coralline algae occurred at three nuclear power plant sites on the east coast of Korea from 1997 to 2006 and their frequencies

(%) of occurrence

. Uljin Wolseong Gori
Species
BwW CA BW CA BW CA
Amphiroa anceps = - 10.0 - - -
A. ephedraea 2.5 5.0 - - 17.5 5.0
A. zonata 55.0 57.5 62.5 55.0 100.0 72.5
Corallina officinalis 725 60.0 65.0 65.0 67.5 70.0
C. pilulifera 100.0 100.0 100.0 92.5 100.0 100.0
Hydrolithon sargassi 15.0 27.5 - - 2.5 5.0
Lithophyllum okamurae 5.0 10.0 10.0 12, 15.0 17.5
Lithothamnion cystocarpioideum 10.0 12.5 12.5 10. 10.0 7.5
Marginisporum aberrans 17.5 40.0 7.5 22.5 27.5 42.5
M. crassissimum 15.0 22.5 17.5 7.5 27.5 17.5
Pneophyllum zostericolum 55.0 55.0 45.0 55.0 65.0 75.0
Spongites vendoi 2.5 - - - 2.5 2.5
Titanoderma tumidulum 75 5.0 2.5 - 17.5 5.0
% BW : Breakwater, CA : Control area
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Fig. 1. Seasonal fluctuation of the mean biomass value of coralline

algae found at the breakwater of three nuclear power plants
and the control area on the east coast of Korea from 1997
to 2006.
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Table 3. Comparison of mean biomass (£ SD) of coralline algae for each season at different sampling sites

Mean biomass (g dry wt m~2)

Power plant Site -
Winter Spring Summer Autumn
Uljin Breakwater 342 +£231 4141244 1127 £556 271154
Control area 1114108 1654264 529+391 1954247
Breakwater 121103 206+237 1684178 1224119
Wolseong
Control area 60£94 594176 176273 82150
Gori Breakwater 204 £203 258302 2274302 236+ 168
Control area 92+74 222£155 2294216 242+ 170




118 Jung Kwan Ahn and Young Hwan Kim

7ol vl A g E 1~120g dry wt m™22] H9l® &
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g mE AR A0 S, EA A WA e A=
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Table 4. Comparison of mean biomass (£SD) of coralline algae
for each sampling site at different power plants

Mean biomass (g dry wt m™?)
Power plant

Breakwater Control area
Uljin 538 +473 2504309
Wolseong 1754177 944 184
Gori 2314242 196+ 168
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Fig. 2. Seasonal variation of biomass proportion of coralline algae
at the breakwater of three nuclear power plants and the
control area on the east coast of Korea from 1997 to 2006.

Table 5. Comparison of mean biomass proportion (= SD) of coralline algae for each season at different sampling sites

Mean biomass proportion (%)

Power plant Site
Winter Spring Summer Autumn

Uliin Breakwater 5244247 46.0+20.6 78.7+16.5 53.4%20.2
I Control area 31.3+£235 24.3431.7 70.1419.7 40.8+36.5
Wolseons Breakwater 32.6+23.0 33.9+28.6 3504253 42.14+30.7
® Control area 21.94327 62+17.2 2374311 15.34£26.3
Gori Breakwater 40.54+239 41.44+28.9 28.0£28.1 69.7+17.2
Control area 27.04+22.8 37.7420.6 46.7+£26.5 479431.4
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Table 6. Comparison of mean of seasonal biomass proportion ( £
SD) of coralline algae for each sampling site at different
power plants

Mean of seasonal biomass

Power plant proportion (%)

Breakwater Control area
Uljin 57.6+23.6 41.6+32.7
Wolseong 3874253 16.8+27.3
Gori 4494285

39.8+26.1
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o ERRel gEgel wolth 2d Vi SdL =
FolA WAL WAL B AEF] HETFUT B
ko (Table ), 5125 4% 749 271 A

e FANE GA WAl dzFEY 29
(Table 6). LAY A=A 29 YA %z}gmﬂ_{b_q A
Wik o} o 2o Absubg FAIR|E] zfolrl BAA
o FolAE Bgv) g AbsbF-o] A2 (Table 3)32}
FA38]& (Table 5)2] A=l W FoM = -&xldx=d
A4 A4 o Fol] ohE AAH {28 2e]E Mol
Aoz s

o9} 72 Faljel 3/ AE AL Iy Abed

1

=

s his

A FAH BE P FHE DY daqel ¥
o

.

(Round 1981: Drmg 1992, Lobban and Harrison 1994) 7}
o B3] Yefe] HE w2 1) wE npwo] edk
FA7) e 24 A7)} me] B4 m S Hol

=
1_1—‘ .
W

A sl z2F MAAL dao] g xFo) Axr) @
gaimA mhErl 27be] ghibe] Rgix gAvie V)
ARl &o] 2ol Ep I, ojg} ZE s TES
xF Al el ofgFE mjAA o}k (Mathieson er
al. 1977; Paula and Oliveira 1982), weba] z71cie] A%
o] +F2 Al defries Y wFF o
ol dlzF ASe] Fog ot 2¢loz sAdd
(Norton et al. 1982). z3Ft) 9] o9 oljo]A], o]&
gle Fsele] =AM #l40] o] sl A}
13l X Yojal Wk o] wARE (Sargassum confusum)
| 2 AL olFE Hh, do] xFEo] sj4e]

o

50 8E Fo M= Hu]dALE (Cosiaria costaia) o
A3 Aoz vhehdoh (I 1983; 219k A 1983).

od A shgo]l F AEiAlY] wAe
dFg& R EHsH AH A dftew Sy
| Aol 2ARE o] FoiAl 37 At o] Hba)
A B8 bz 94 Jx2RE 133 292 A9
AlFla 7hgat sllol Weta vhwel] A xFHE A
AR 0 R AR s v "?E%_.i o} <l A
L b:"—lrvr/l g Al —:=;—

r

A4 o} (Dawson 1966; Lobban and Harrison 1994; Gra-
ham and Wilcox 2000). &7 m= zdlvfo)] mHe 2
Gexturersh ol A e DT AF70E BA
S Aol e AAT 1Y A7E Foko] 2
e AeRe) FRsh Melgprel HaAvA FHo)
o g2 7oz velyde}l(Tsuda and Kami 1973; Boro-
witzka et al. 1978; Hruby and Norton 1979; Niell 1979). =
el Al Sy e A7y odFvIAe f¥e
ARG A A of kel x| 29 e A7
of we} sl x=ZA o] Ho] ko] Aol Aoz #al
B} gloh(d 1987; Kim ef al. 1992; Kim 1994; Kim and
Yoo 1994; 71} ¥} 1997),

ol dFeA YA WIHAME F2 TAZER
Aste dEehEesla 2l £AHLAT DxTolA
= Ade daes 2} o) fegemns
WA s} el RA)A wHe) Fad 5o
G s 24l dadhe g A4 e S 9l
o} 73d) SRUAEA 4 1870 19886l ARl
A Alzbsbed o, dAAA RN A 137] 1983 1
7 YA 1571 197894 78 A2
SHATHZ) 2003). LA 0] WA= ol Bt B YA
2zFgong oyl zAE ARbE 1997l = WA
AZ] o] % 109 M 20 o] Azl & 4+ A
=3

Qe #olxe] sz 249 ool Hx
49l Aol T =AY Ash QA Azeh chdA Az
=7t F3E o] R ZAF7] (climax phase): 3~4yo
485 3 (Saito er al. 1976), 3 Fo] A A Al x40
2 E28¥ee FATAE of THe] Ae¥HE ez B
7 8} 9o} (Saito ef al. 1977). A za}o)e] hefat

&

rka

et

21

/
=

oy
T

o 2o lo

>k

¢

Sl AT marE delad R F 24
ool mlrlatadkfel RALELFE EF3 HhefE
S SlxErEel AAHT dTelxe FE dol B
&3l 7oz HFAE 9o} (Ohno er al. 1990). ujelr] 2
A7) 24 A7 mHe BA el uhd i
o ATE ool et WAL T AEBRE %
B3 A - I RBE FAE S EeE oA £ 9
"= 2

2
2
5
rlr
o Y,
jo
-
it
o
3
T

(Round 1981; Dring 1992; Lobban and Harrison 1994; Gra-
ham and Wilcox 2000). S-31gte) 37 fxpziubd 4 44
A wlsgt A7l AR 2 ARES vlws] BE
Wi FHe] 3 gzt 432 A wel

3~7°C W19 el g viepar ot (7t qF 2005: &



Coralline Algae around Nuclear Power Plants 121

SAHFAL 2007a,b.c). o]} e H29] o= ¥
e xfe] Fxo Foig Jae v ow A
Ha, mebr] o] oA doixl WAL FW Aty
o] 553 Al - F4A Fx oS 2ARAY] ZX)
A g Aot THsA] gL Aomw FAHAC B3
AR LA L] A 0] FolxE o Fo] AE
Zo] 7h wx e HAy slaf AEsk s Als
DR7E 2R AR G JEAE 2A dehbEa
o= AAF F2o)8 2fe] B Mol Aol o8 AL
P RlE sy

EHAbzgro] Al o] AR AsdiE dMaF 7}

=
+d AAEe] 7P e Btoz el 9)A) gk (Littler
1980; Littler and Arnold 1982; Littler ef al. 1983), =~&-2
o] AbEERY] 23S 2A A= 7o) =
T =X & 4 odeh ol EH W 4 YA £
7ol whel 4o E7hE W) s H—r‘i“"ﬂ
AE o =AY, TEleld A, Al ek =be

2, B AE (Marginisporum crassissimum) 2] U]—

Atz sfel wapbzdz) el Augd) 7] 59 ulibs
LRt mEAdoz sy doh(zl 1992, 1998,
2004; 3 gF 2005). 39 A|F=E nFslo (A =
1998) Zafjeke B2(7) 2002) AAe] 2wl Exd
o) 27 74A] (F 3} 7] 2000; 7] E 2004) 4L 3] Qo) A]
i F2A el Fasta TAleR{oL WRse oz
Aol W3l ol 2wl Mg FAke] g fdel 7hed
T2 AeE B dFAEe] 33 89or AEs
31 A5 (R 5 2002).

v & AbaibRe vofgt slx R sbed AAe e

Alz2e] 7] 34 (palatability)o] 7} we- =lthe]7)
S}x]) =k (Littler 1980; Littler and Arnold 1982), A1 %
Bol S1% 44 oA NBFI) TS WA FA

W2 o oo P
az

$= W= 7+FE vk (Korpinen e al. 2007). o}
N4 9 Alauke 20 BE3 A - A ekA 21
WA gl I FFY AT FAlIME o)F
ghete] Bl Swel] digh HUgt A} o) fof

1997~20062) 10dzF A"E 2 Ss)qtel] $A8 3
N A4 (e, 9 2 pe)e] Wi B o)
oA o} 2Tl A AbsdRel TR JEHS 24}
stodth 2AFS Bdled 13%9] Alaw iyl #aEglo
W, 2o gexy st mglnbe) AN Falent 2 akw| i)

719} 4% A9 mE 2ARACAA At 10d3E 50%
oj4el FEEE Hely HHFos Ut A
Aar TR Ao A 10~ 12%¢] Edsta dx
Foll A 8~12%0] R 2HFFE AP F
B3 2polE RolA] gl AZTRY A AY 3
T AFF 0~2530gdry wim22] g2 W= el
wom, AEger &+ FEHeE 2 reil
Fakelgleh w2 WAl FdelM FA4" Ats
de] s HAT A dxTe] Aggud A
Aoz okt BT AaxF AEF Jhed Al
TR7F A AdNEe] A 0~950%2] H
Hole veptor, dAa WabA] FoeM dzTud
Ay oz g vehge 58] 2AdAERd 4 A
F o] w2 Agl AEFel M ¥x 7ANE
A2 71 A deldEA g8 A 54T Aol
Bolet ol9} L WAL W AladRe 557 A
A RE AL APAZE] SR 42 2fels)

o
A
rae

at

3

g 1983, AAMA B A7z A (FSch F5)
L sjzf A9 Addstel dddes AAEEe)
#A). A8-3+8] ). 26:181-190.

AT A7 1983 ANAE) ZATES A (BE,
Ealeh) L =Rl AT B 4B, 26:119-
130.

Zim 7, A7 2000. 5= - 5522 dxf 47 LAz
Fol A Aast dzabe) M3l /3. 15:119-



122 Jung Kwan Ahn and Young Hwan Kim

7% 8. 2003 AR DA 2wl 1 A} A, s
BFAL, A& 151pp.

u|
e

A, 719k AW, 1997 Fohek FEA 20 e) AA
Axf: A2, 22 W ZATE 2RGIA. 12117

130.

RAedg MAE. 1997, AFE 27 |2 Aol oAl
ZF83]#). 12:23-30.

A3, kT 2005, St N QA Sz a2z
EX. 283}3)7). 20:217-224.

QeI F, Qb 2006, St GALRL LS W2 o]
A Szl nlAe 38k 275127, 21:453-461.

A3t b2, 3%, Auleh 2007, T} w4 w
Zo] 9 sla2Ae) nA: 5} 273317, 22:297-

N

=

W4T, 3|43, 1998, et FFAALRAL T o)z

2248} 8] %], 31:150-161.

A hFe] WA A5 (H3hH
75] A=

SX
o
o
o
B
o,
i
o2
i
oft
)

2R Ba L5 gk 273X, 7:269-279.
] 2.

>
rr(o
N
i)
o
ol
-
-y
o
o
Sl

]
kel
Aok szF AEFY Az wlE A= 93

¥ A 3 662pp.
S|, ZHA L. 1986, AL S 2] H2 27,
1:311-325.

A Bz AMgdstw uhabekel =
AsA, 27)1¢ AAE AR, %53
T 1998, Al F = AMAE gl

32 BA. 2283]%]. 13:361-374.
A=A, 1989, 8FZAL Ex Abzubal AlEks 2

Ab 3 FHrER A 2006 ). S AHFAE AH AT,
"077 2 &1 -5H0255. 358pp.
FFAHTAE 20070 SALADRAS FH DR =
A BRI 0069 R). TR FA HE T4,
"074 ¥ 4-540258. 355pp.
3k 2007 YA RS Qe =
A8 AR 3] 20069 R). FFAH A A e TR,
07412 -40256. 395pp.
Bensoussan N and JP Gattuso. 2007. Community primary pro-

ERE

duction and calcification in a NW Mediterranean ecosystem
dominated by calcareous macroalgae. Mar. Ecol. Prog. Ser.
334:37-45.

Borowitzka MA, AWD Larkum and L] Borowitzka. 1978. A
preliminary study of algal turf communities of a shallow
coral reef lagoon using an artificial substratum. Aquat. Bot.
5:365-381.

Bulleri F. 2006. Duration of overgrowth affects survival of
encrusting coralline algae. Mar. Ecol. Prog. Ser. 321:79-85.

Bussell JA, IAN Lucas and R Seed. 2007. Patterns in the inver-
tebrate assemblage associated with Corallina officinalis in
tide pools. J. Mar. Biol. Ass. U.K. 87:383-388.

Daleo P, M Escapa, J Alberti and O Iribarne. 2006. Negative
effects of an autogenic ecosystem engineer : interactions
between coralline turf and an ephemeral green alga. Mar.
Ecol. Prog. Ser. 315:67-73.

Dawson EY. 1966. Marine Botany; An Introduction. Holt,
Rinehart and Winston, Inc., New York. 371pp.

Dring MJ. 1992. The Biology of Marine Plants. Cambridge
Univ. Press. Cambridge. 199pp.

Graham LE and LW Wilcox. 2000. Algae. Prentice-Hall, Inc.,
Upper Saddle River. 640pp.

Helbling EW, ES Barbieri, RP Sinha, VE Villafane and DP
Hader. 2004. Dynamics of potentially protective compounds
in Rhodophyta species from Patagonia (Argentina) exposed
to solar radiation. J. Photochem. Photobiol. B: Biol. 75:63-
71.

Hoek C van den, DG Mann and HM Jahns. 1995. Algae : an
Introduction to Phycology. Cambridge Univ. Press. Cam-
bridge. 623pp.

Hruby T and TA Norton. 1979. Algal colonization on rocky
shores in the Firth of Clyde. J. Ecol. 67:65-77.

Kim JH. 2000. Taxonomy of the Corallinales, Rhodophyta in
Korea. Ph.D. Thesis. Seoul National University. 349pp.
Kim YH. 1994. Experimental observation of algal successions
in a rocky intertidal community. Proc. Korea-Japan Sem.

Biol. 2:159-174.

Kim YH and JS Yoo. 1994. Patterns of algal succession in a
Sargassum thunbergii (Phacophyta) dominated rocky inter-
tidal community. Korean J. Phycol. 9:59-65.

Kim YH, JS Yoo and JH Kim. 1992. Marine algal succession



Coralline Algae around Nuclear Power Plants 123

in a perturbated intertidal community. Korean J. Phycol.
7:131-137.

Korpinen S, V Jormalainen and T Honkanen. 2007. Effects of
nutrients, herbivory and depth on the macroalgal commu-
nity in the rocky sublittoral. Ecology 88:839-852.

Lee IK and YH Kim. 1999. Biodiversity and distribution of
marine benthic organisms and uses of algal resources in the
coastal zone of Korea and Japan 1. Benthic marine algae in
the east coast of Korea. Algae 14:91-110.

Leukart P. 1994. Field and laboratory studies on depth depen-
dence, seasonality and light requirement of growth in three
species of crustose coralline algae (Corallinales, Rhodo-
phyta). Phycologia 33:281-290.

Littler MM. 1980. Morphological form and photosynthetic per-
formances of marine macroalgae : Tests of a function/form
hypothesis. Bot. Mar. 23:161-1635.

Littler MM and KE Arnold. 1982. Primary productivity of
marine macroalgal functional-form groups from southwest-
ern North America. J. Phycol. 18:307-311.

Littler MM and DS Littler. 1980. The evolution of thallus form
and survival strategies in benthic macroalgae : Field and
laboratory tests of a functional model. Amer. Natur. 116:25-
44.

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

Lobban CS and PJ Harrison. 1994. Seaweed Ecology and Phy-
siology. Cambridge Univ. Press. Cambridge. 366pp.

Martin S, MD Castets and J Clavier. 2006. Primary production,
respiration and calcification of the temperate free-living
coralline alga Lithothamnion corallioides. Aquat. Bot. 85:
121-128.

Mathieson AC, E Tveter, M Daly and J Howard. 1977. Marine
algal ecology in a new Hampshire tidal rapid. Bot. Mar.
20:277-290.

Morse AN and DE Morse. 1984. Recruitment and metamorpho-
sis of Haliotis larvae induced by molecules uniquely avail-
able at the surfaces of crustose red algae. J. Exp. Mar. Biol.
Ecol. 75:191-215.

Niell FX. 1979. Structure and succession in rocky algal com-
munities of a temperate intertidal system. J. Exp. Mar. Biol.
Ecol. 36:185-200.

Norton TA, AC Mathieson and M Neushul. 1982. A review of
some aspects of form and function in seaweeds. Bot. Mar.
25:501-510.

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

Paula EJ de and EC de Oliveira. 1982. Wave exposure and eco-
typical differentiation in Sargassum cymosum (Phaeophyta,
Fucales). Phycologia 21:145-153.

Round FE. 1981. The Ecology of Algae. Cambridge Univ. Press.
Cambridge. 653pp.

Saito Y, S Naganawa and H Miyasaka. 1977. The climax phase
and its recognition in intertidal algal vegetation. Jap. J. Ecol.
27:33-43.(in Japanese)

Saito Y, H Sasaki and K Watanabe. 1976. Succession of algal
communities on the vertical substratum faces of breakwa-
ters in Japan. Phycologia 15:93-100.

Schiel DR, JR Steinbeck and MS Foster. 2004. Ten years of
induced ocean warming causes comprehensive changes in
marine benthic communities. Ecology 85:1833-1839.

Steinbeck JR, DR Schiel and MS Foster. 2005. Detecting long-
term change in complex communities : A case study from the
rocky intertidal zone. Ecological Applications 15:1813-1832.

Suzuki Y, T Takabayashi, T Kawaguchi and K Matsunaga.
1998. Isolation of an allelopathic substance from the crus-
tose coralline algae, Lithophyllum spp., and its effect on the
brown alga, Laminaria religiosa Miyabe (Phaeophyta). J.
Exp. Mar. Biol. Ecol. 225:69-77.

Sze P. 1998. A Biology of the Algae. WCB/McGraw-Hill.
Boston. 278pp.

Tsuda RT and HT Kami. 1973. Algal succession on artificial
reefs in a marine lagoon environment in Guam. J. Phycol.
9:260-264.

Manuscript Received: February 3, 2009
Revision Accepted: March 2, 2009
Responsible Editor: Mi-Kyung Kim



