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Species Composition and Biomass of Marine Algal Community in the
Vicinity of Yonggwang Nuclear Power Plant on the West Coast of Korea

Young Hwan KiM and Sung-Hoi Hun*
Department of Biology, Chungbuk National University, Chongju 361-763, Korea
*Department of Oceanography, Pukyong National University, Pusan 608-737, Korea

Species composition and biomass of intertidal benthic algae were studied at the coast of Yonggwang Nuclear
Power Plant area and its adjacent stations over 4 seasons (October 1995 -August 1996). Of 68 species
identified, 7 were Cyanophyta, 12 were Chlorophyta, 14 were Phaeophyta and 35 were Rhodophyta. The largest
number of algal species (44) was found at Sangnok, the northernmost station of the study area, whereas the
smallest number of species (15) was found from Tongho, ca. 13 km north of the power plant site. Number of

species showed highest during the spring (44) and minimum was recorded in autumn (28). Biomass per unit
% in average) and minimum in winter (107.9 g dry wt - m

area showed maximum in spring (189.5 g dry wt* m~

-2

in average). Biomass values exhibited a wide range of variation among the stations, ranging from a low of 22.0 g

dry wt-m™*

species in biomass were Corallina pilulifera, Sargassum thunbergii,

in annual average at Tongho to a high of 295.7 g dry wt- m™?

in average at Sangnok. Dominant
Gymnogongrus flabelliformis and

Enteromorpha compressa. There have been little variation in the dominant algal species around the power plant
site during the past 10 years and also these algae appeared throughout the west coast of Korea with higher

frequency.

Key words: marine algae, species composition, biomass, Yonggwang, nuclear power plant, Korean west coast

A =

2L
A
1)

of X

PV

&3 &% AAdd 7Qlsto
£ Za% 3, 59 WAgS AXA
2] (once-through cooling system)& 2 €
€ 49402 tfEy 2uj4E F4 3
Z3A 91} (IAEA, 1974; Glasstone and Jor-
an, 1980). oleld & quAY d&HA Hile FH
o FExe 4F AYAEAA B2 %S FA
‘:“‘“ (Langford, 1990), 53] #& dzF+v 184 &
°]5}°1 Aoy F54 SHNAM 47T 9
F Ut oA el 4TS Aot F
ABRYEZ 7HFH1) (Blake et al, 1976; Vadas et
al,, 1976).
2y} Asietel fY&A A" 933
€ 1986\ 880 13717} FYEAE ARE oy A
742 4717} FhEE I e, 5~6357]9 AAH 7HEol

=X
R

o2
& ro
&

7t

2t to,
B> ok
2

% o

o

o dr rr ro de

b

S 1R oh 52 gu
o

REES

d4siel 9o $aotl ALY e ARFLAL
99 gl 3RAAABALE FY A5 HE §5

B £e Buol skl 2uje] JFol AzsA o}
B 4 doe WA 4459 By FuHL Ug

2

186

[o]
s

FA o] ApAolt),
FHEAYEAL FHY H2F £EE Kim and Yoo
(1992)7} 15.719] 7b5 AF<1 1986 58 ~1987'd 2€
o 24 AMEZ 2L AEFE B3 o, 1987~
1988‘3 (Kim and Kim, 1991)# 1993~1994'd (Hwang et

, 1996)] 77 Addz Slzede 2 ggdy
%W—i TR0l Bud w Qi)

2 @?b OIEM LK o}aﬂ fﬂxﬂ 4717} 7FE L 3l
2H BXE
1047 5&*}51 o8 A8
&

lo to S T Nl oX fr

28 19964 890 2A A4
F7 4o g WETE 3

B A= 19959 109
2 GFARE AL )



oW A 2 Fzrpe 2RAN MEL 187
O'L}'E'.\_ T\_a'“\‘-*‘o o-“]’gio

Hoz & 20km Wl A= 35 AF4F (=3
F 53 A-ER (§89), g3 AFT BF 10
km Wl Zhubulsh qiale)e} & 57 AR &AM AA
=k (Fig. 1.

M ’
126° 25

Puan-gun

TH

YELLOW

SEA Kochang-gun

N
L. 359 25" o,
35°25'N \
.’

t
Yonggwang-

1s QUH‘I- 1 : w

H 1

Fig. 1. Llocation of sampling stations around Yong-
gwang Nuclear Power Plant on the western
coast of Korea. SN, Sangnok; TH, Tongho-ri;
PP, the power plant; KM, Kamami; TS, Tae-
Sin-ri.
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Table 1. Species composition of benthic marine algae at five stations around Yonggwang Nuclear Power Plant
on the west coast of Korea during 1995~1996. See Fig. 1 for legend and locations (A, autumn; W,

winter; Sp, spring; Su, summer)

Sampling Stations

Species TS

KM PP TH SN

AWSpSubA WS pSu A WSpSu A WSpSu A W Sp Su

Cyanophyta
Lyngbya confervoides
Lyngbya infixa
Lyngbya semiplena +
Microcoleus chthonoplastes
Oscillatoria amphibia + +
Oscillatoria brevis +
Oscillatoria nigro-viridis +
Chiorophyta
Capsostphon fulvescens +
Enteromorpha compressa
Enteromorpha intestinalis +
Enteromorpha linza + + +
Enteromorpha prolifera + + +
Enteromorpha sp.
Ulva conglobata + + +
Ulva japonica +

+ +
+ +
+ + +
+ +
+
+ + o+ + + + + + +
+
+ + 4+ + + + 4 + + +
+ + 4+ + 4+ 4 + 4+ o+
+ +
.+.
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(Table 1.) Continued

A9E - 543

Species

Sampling Stations

TS

KM

PP

TH

Sp Su

A W Sp Su

A W Sp Su

Ulva pertusa
Cladophora albida
Cladophora pusilla
Cladophora uncinella
Phaeophyta
Ectocarpus .arctus
Pilayella littoralis
Papenfussiella kuromo
Ishige okamurae
Leathesia difformis
Colpomenia sinuosa
Scytosiphon lomentaria
Myelophycus simplex
Sphacelaria sp.
Sargassum confusum
Sargassum fulvellum
Sargassum miyabei
Sargassum sagamianum
Sargassum thunbergii
Rhodophyta
Stylonema alsidii
Enythrocladia irregularis
Enrythrotrichia carnea
Bangia atropurpurea
Porphyra tenera
Gelidium amansii
Gelidium divaricatum
Gelidium pusillum
Gelidium vagum
Pterocladia capillacea
Pneophyllum zostericolum
Amphiroa zonata
Corallina officinalis
Coralling pilulifera
Corallina sp.
Grateloupia filicina
Callophyllis japonica
Caulacanthus okamurae
Hypnea charoides
Gracilaria bursa-pastoris
Gracilaria verrucosa

Gymmnogongrus flabelliformis

Gigartina tenella
Champia parvula
Campylaephora crassa
Ceramiopsis japonica
Ceramium boydenii
Ceramium kondoi
Acrosorium  polyneurum
Dasya sessilis
Chondria dasyphylla
Laurencia intermedia
Polysiphonia japonica
Polysiphonia morrowsi
Polysiphonia_yendoii
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Fig. 2. Seasonal occurrence of macroalgal species
by division at five stations combined.
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Fig. 3. Number of marine algal species observed at
each of five stations. See Fig. 1 for legend

and locations.
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Table 2. Biomass value for marine algal species at
each of five stations in autumn 1995; see
Fig. 1 for legend and locations
(Unit: g dry wt - m™2)
Speci Sampling Stations Me
cCles an
P TS KM PP TH SN
S
A 4058 544 186.08 4642
Corglly
Sordlina 52.14 75.86 6116 37.83
ramm 46.82 9.36
Dpogneres 266 104 1428 536 856 638
T
g e 2980 596
Gelidi
Gelidum + 1098 + 220
Gracilari
Gracilana + 9.76 + 1%
lidi
Gelidiwm 366 182 024 + 14
Laurencig + 552 110
Caulacanthus 300 + 060
Gracilgria 040 028 0.14
Enteromorpha
iy 0.56 0.11
apgem 046 009

Biomass total 146.32 9554 2512 836 291.12 113.29




190

=)
of
et

Table 3. As Table 2, but in winter 1996
(Unit: g dry wt*m ™2

)
oX
tot

Table 5. As Table 2, but in summer 1996
(Unit: g dry wt*m 2

Sampling Stations

Sampling Stations

Species TS KM PP TH SN Mean Species TS KM PP TH SN Mean
784SSU + Corallina
;Z,”uﬁl;,gu 36.08 18.76 17426 45.82 sidiion 127.36 12852 696 2288 57.14
pilulyera 63.80 5248 8550 4036 jmegssum 952 992 868 19168 4396
lidium
ancatum 4148 058+ + 4+ 841 fpogngrs 1504 1344 4548 2164 19.12
YMRogon,
quaﬁgﬂvgwr%m 490 2.76 21.36 878 756 e 3424 2072 2128 1705
ige 1118 224 -
osk}:zﬂmme %%{ﬁ?’ 2328 4.66
Enteromorpha 10.68 2.14
compressa Enteromorpha 132 476 122
Gelidium 254 + + 051 compressa ' ' .
amansic. ‘ | elidium 536 1.07
Gracilaria + 076 068 029 wancatum ' '
S%?.s UM 1.00 0.20 ntermedia . -
nigryjoium Sphacelaria 032 006
Ulva pertusa + 006 070 015 Sp. - )
Porphyra | + 066 0.3 %&’égﬁf 0.08 0.02
gggm 020 0.04 Biomass total 214.80 181.60 6252 4.76 260.56 144.85
Plerpcladia 016 + 0.03
capzll)acea . . w T
H = KN bz : .
Caulacanthus 002 + N 3 L_Z'] ﬂ}@%i\_ 7]’2 (7‘1];5 oﬁ' 1133g dry wt
oramurae 3

Biomass total 149.98 74.84 22.12 10,68 281.76 107.88

Table 4. As Table 2, but in spring 1996
(Unit: g dry wt - m™®)

Sampling Stations

Species g KM PP TH SN MW
Srgllina 129.72 209.04 25.88 10912 9475
ﬁf‘,{%‘eig{f 2980 1748 0.20 12184 3386
Enieromorpha 2920 4960 6796 29.35
Ulva pertusa 6.68 2544 1348 9.12
Smmegongs 076 34.32 788 859
Myclophoous 3024 605
hdim 1332 266
Gracilaria 384 5,16 368 254
e e 588 118
i e 268 054
Folysiphonia 2.64 053
Lolysiphonia 0.84 0.17
Eclpcarpus 056 011
Spdpphor 028 0.06

Biomass total 184.12 255.16 94.76 64.20 349.28 189.50

m )3 AL (HT 1079g dry wt* m 2D ole FARE ¥
A2 23U, Bl 642~3493g dry wt- m %]
B9 (A 1895g dry wt- m )2 F7HH Y, 9§
(A 1449g dry wt - m Dol tha Faste AEH F
AE B9t o8 Az f AEF AZF FAE &
A Agd 2R 29349 ALg wviAZ 2d

Ao pEe H2EH 13 54 a2t R

Az s AL M BHo2 /M B 93
A4S AFEF (9 HF 2957g dry wt - m™H) A 7
A FRSA JEia, Mg dEd 4 il
(1463~2148g dry wt - m )} AL F& o] jujy]
(74.8~2552¢ dry wt - m 2ol 2zt & H 1738 ¥
1518¢ dry wt- m 22 H%¥ FE& BJoY, AL
w7 A M= @ B 51.1g dry wt - m?2 §l19kg
AQe Hgon, 53] Wy E& HAT FIol
HNe 9 37 220g dry wt - m°E 5 2AAA JHeH
7t Ae AEFo SAHUD (Fig 4).

SXHX
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Table 63 Zt},
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Table 6, Spatial and temporal patterns of the dominant (*) and subdominant species in biomass at five stations
around Yonggwang Nuclear Power Plant*; see Fig. 1 for legend and locations

. Season
Stations - -
Autumn Winter Spring Summer
Corallina pilulifera® Coralling pilulifera® Lo Cordlling pilulifera®
TS Ceramium kondos* Gelidium drvaricatum gamgsl:uamp lf:% ebra i Ulva pertusa
Sargassum_thunbergii Sargassum_thunbergii "8 B! Gelidium_amansii
KM Corallina pilulifera® Coralling prlulifera® Corallina pilulifera* Cordlling pilulifera®
Gelidium_amansii Sargassum_thunbergii Ulya pertusa Ulva pertusa
v Gymnogongrus flabelliformis*  Gymnogongrus flabelliformis*
PP %’Z%’%}m ﬂasb;ilzformzs‘ Gymnogongrus flabellsformis®  Enteromorpha compressa* Sargassum thunbergii
oS Corallina_pilulifera Corallina pilulifera

TH

Gymmogongrus flabelliformis*
Caulacanthus okamurac*

Enteromorpha compressa*

Enteromorpha compressa™
Ulva pertusa

Enteromorpha compressa*

Sargassum  thunbergir*
SN Corallina pilulifera
Ishige okamurae

Sargassum  thunbergir*
Corallina pilulifera®

Sargassum thunbergir*
Corallina pilulifera®
Enteromorpha compressa

Sargassum thunbergii*

+ Dominant species; biomass proportion >30%, subdominant species; biomass proportion >10%.
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s
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Fig. 4. Seasonal variation of mean biomass value for
marine algal species at each of five stations.
See Fig. 1 for legend and locations.

232 71ed 2228 %ol (Sargassum thunbergii)
9} TRNE AT ENTY (Coralling pilulifera) & LA
oM BEZoz J14 2 YA 4= 487, 12
2 AL F£9 Al sntrlgA 4% $HEF =
T 93T E AFHNAG a2 EHL wigT o
W He ol dEY Hz2F77} 1~2 ARAT £93F
o2 ZAE W, T2 AE B3 (Gymnogongrus flabe-
liiformis)©] 9% $HH0 g 243l 47| AFEH o
Z2E ol #x, WsTERH o 13km HE Y4AF
F3NE L& BAMol 2HHo2 2HI= 3
o, UniA Adde 52248 d33d (Enteromor-
pha compressa)7t Y $FEo 2 Yehvde 3] dedt
THTZE oM FEHJ,

ZAAAI A del $HF FAF0] da ol

£ Ho|7)e sAT, B 2AE Fild SR dAYEH L
9 Ag9dM Hed $3F Ev E4EFY NEES

ZAHE A ogd 2o

ZAE FeFeAsTe $4F 10(50%) 282 %
HE 3(15%)9 =2 JegT ZRAE AFole ¢
g 4(20%) 282 £938% 5(25%)9 == &9
sto], ol 2 FHIF FIAEEHA Fd 9
Hi3e 320z 239D O o] $24E B o]
= 1=
[+ -1

o Mgz Ye,

h
-

i

Il

gFPAFuAaL FHAA Kim and Yoo (1992) = %
A 13719 AdeA ARE A¥ste] 1986 59~
19873 290 AEEE AJF A F 68F (H2XHE 10
Z, =xNE 0% 2248 13% 3248 %F)T B
289", Kim and Kim (1991) & 1986~1988'd ] 3¢
AR ZAROA 1986d0) 54%F, 198799 54F, 11
198834 41% (1986~1988'39) S+ A 99%)d A%
< @3t #3 Hwang et al (1996)2 19939 129~
19943 10920 24 AFEZ 2AS 2 F 51F (5%
HE 12%, 2FAE 115, F24E 8%)¢ 7E}GE
o), 19954 108 ~1996 8¥oll +PE B A= &

68% (YRAE 7% 5248 12F, 4248 UE, 32
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A% 35%)0] FEHAY (Table 1. w2hA 2 10697
ZAHE @A A F9 2 F SHESFE $HLY HE
2gd) 68Fo)Ahrt 1988190 41F71A] astud 8

FF9 ggAel H2 13719 7bE A¥Y £ 68F
o2 g4 ¥ Aoz Jeygt.

B} pAFo 2 AW 2 1986~1987d 9] AR 3
Z 5 68% (Kim and Yoo, 1992) 7}3-1l 66% ol 313 3t=
45%9 A& oW 2AE F3d AFAHYLH,
1986~19883 9} 99% (Kim and Kim, 1991) 7b-&d| 52%
ol 51%, 282 1993~199439) =7 51% (Hwang et
al, 1996) 7h&H 65% o B3t 33%0] ol RAA R
HZEAE ol FA H2 1083 BAL PN 1P H
| 2F ZAPA Hukg ol & 2/30] @t= 2 FIL
530z 298 ke AML £ 2AKYGY gz
A o] wHte AMY AT BTt & ARl
a1 A7 ddde fAsn LS AXlEke Aot

a0 x E7Etn HHLzA WEHE 2y 9
&g A e AR g gd)oA 27y (39~
ME) At £F4) A 2059 HxF7E 22
Aorz ofF 2ujF g3 FFojgr HAY 7%
Aot 2 Wi T2EE o 13km HFo] X35
%}Xdiow HEsEe gl 93 JFE A g

02 A= 53 4 AR 2A PA 15870
41}5101 w9 me HeRo 23 W 2y
e BEgol FEET. Faidol §5 5T A¢S
RPo] dzFe A B3 Ry NEERZ 74
g} 3, HzH7E FAE & de e =gEE
o & wEol

o A7A FFAAHLAL FH AN 2AE &

ZF AEZ A2E HEHN & 9 AEFE AYq o
& dol& Holil glojA] o] EHH 1988 & 0~622.9
g dry wt* m 2 (Kim and Kim, 199D ¢] ¥ & Rl u}
Aok, ol FA AEFS W7t A dEvde AL A
9 Ao tAz AYE B glof xR NS W
sg ok ol AR ulYoE 2 § HFEo] LA
WA 1244 HEF A5E At e M 2§
9 A2 A A4 7198 R0l (Kim, 1994; Kim
et al, 1995).

B ZAAY FEoA dxfo AEFS A2RAR
233 A} Axs 2 9, 19869 (Kim and Yoo,
1992)°] 0~163.1g dry wt-m 22| H9 (Q T 726¢
dry wt - m™ ), 19873 (Kim and Kim, 1991)°1 0~390.7 g
dry wt-m™2(d ¥ 1090g dry wt m™?), L
1988 (Kim and Kim, 1991 0~6229g dry wt - m™?

d]

d

(@ BT 1160g dry wt* m-2)°| A= 1995~1996'3
2R o)W ZAME 48~3493¢g dry wt* m™ 28] 9
(A HF 1389¢g dry wt - m )& e gty sz
AEeel @ Ht FAe S e A 7}50113
2rata 2 1087 A% S8 g Aoz ¥
A

FAANLE R TALNAN EEoE 7HE Ee 94
d 48 a3 (A BF 2957¢g dry wt-m™?), 7HF

Zd) A& thale (1738¢g dry wt - m 2 L
%ﬁ gz slvlnl (1518 dry wt - m™2) oAl ’M/\
W& o8 (51.1g dry wt - m )R Bgtou w¢T
o) BZd X3 FINMT 9 HF 220g dry wt
m 2R 5 2ARA A 7hed 7Y AL AE ] £4H
Atk (Fig 4). webd £ 2R 4 sjaf £E5 23
goda 48 IR 29 BT e AFY 228U
g o] wh= Ro 7FHG

Fasol gALe WgT RN E 13719 AR
7HE o] A9 19863 589 136.1g dry wt - m™22] ¥ 3
2o doz zAE v e (Kim and Yoo, 1992),
19863 8ol 13717F BHEAS AFHA AEFo]
FA8A 25k 198739 9 H 183 g dry wt - m™?
273 1988l 177g dry wt-m™?E ZAEJYY
(Kim and Kim, 1991). 28] o]l ZAlf A= ulf
FHA 221~948g dry wt - m™29] 99 (@ ¥ 511
g dry wt * m 22 YEREA 2 FRAo] iyl 3%
g Aoz Yegr

FU & ZAE 5o

mqm

Lr

R Z0) (Sargassum thunbergii)
o} R e e 23D (Corallina pilulifera)©] LA LA B
£07 714 dg AATE A4S KH*‘“o, 2 dHAe
d&e gale e el A dF $AE B 2933
oz #FHYUY. 1y ‘é_v”ﬂ-/t w7 e Ho A= F
B2 (Gymnogongrus flabelliformis)©) VF $AHRLR 2
atax, WirTERE o 13km 5 YT 5359
ME 7Hgol Bl $HA o7 e AL,
Uolz Adol: W&t (Enteromorpha compressa)7t
oo eHE o2 e thE ZAA4ET QX F o
290} (Table 6). 199 ¥R E (Ceramium kondoi), N
7127 Ve (Gelidium  divaricatum), T3 23 (Ulva
pertusa) 5 A AR wel E= AR A et T
Ao 28 FAZToT Jehua

olBA AR A wat HZF $AE FAFA A
olZ Kol AL A F A 49, § uiFel st
A A g e wae Zold s|dste AdFH o
goz ol & 4 Yk



WA BAL ST GEY hre LHsy G
A4 wE 902 3 dgyol 24T 2w o 4
29 g5ol Wt FATE7 o AEgUA Hnd
we emol B ASHE FE0) F2 4%FE Aoz
BEE. Fayeh $HE W57 4R el 3
e RRLe S e ARHRAL WS (dis:

charge canal) M= Hn ¥ Bo] Afste HFAHA U
¥% (warm tolerant species)©]th (Kim, 1986; Kim and
Choi, 1995).

A wjFFESRH 9 13km B%d 93 39
A, i A 349 maAg A 5o sz2F
AN BEatAd FET W oflz} AR uiYdx F
B 2 g 7Ee] B nFY H2FY 5L A
ke AE A4 =719 7198 I3 AFHA A=z
FEW 2932 givh. 1 g T4 B op
AEYE Woksli, o3 53 2hdx & AY &
UE YF 2FET] 2L 43T de Aoz 7
FHT,

A AAH gL FHME 1086~198730] Ao,
Z2TENEE, W7/ 2 dFgd Fo] AE
F(AxFANLE E +3F0I93 (Kim and Yoo, 1992),
1987~1988 3= TRZAH, L3 (Enteromorpha
linz), FL7-E0NEL, BN D (Corallina officinalis), A
Fol 5ol AgF(@xFALE & +AFIANY (Kim
and Kim, 1991). 3 1993~1994 A& F&ud, 742
B, AFo], 7127 D FEPERT T 559
8% 2 AEZF(FFHY FPIEE B $FFez
ZAHE vh Utk (Hwang et al, 1996).

ol AT} ol ZANA B AxF
At 2% (Table 6)& T3t 2 o HZ 10
AR AL FH A9 HxLPe 1 +A
G2l oA T Mol 23S BolA ¢
A ojyl FAE XEFsld] oA7tA] FFUAH
Holl A $yHoz £33 EREL NI FB
(Kim et al, 1995) 5 A3 ZAXM= BHAQ 94
o2 A 1A (Kim, 1994), 34 ta A4
W oalde) szxFe 1w 723 B4 A9
YA g wEe Aoz FHAdd,
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1 A F 68% (FRYE 78, 524E 12%, 22
AE 14%, FXAE 35%)9 AzF/ B2HNeH, A
HE2E 7S5 (28 M3 AR B (M) N B
o] Zd3lYt. AL E YALgA BEOZ 7}
Z de) JAG 45 HAFSPolA MEo g Bt
I, T2 EE o 13km SE 4XF T34 15
202 713 AJdh AT 1097 BA FHdA z2AE
H2HF £24 ASE Z2ES & o 2449 7% o) F
Zxstgd dxF el 2 18719 75 A%
o o7 3BH Aoz Hodd,

H2F HEFE MS (A BT 1133g dry wt-
m D3 AL (FTF 1079 g dry wt* m Dol Az B (H
& 1895g dry wt - m 9l 7H% B3t Ag9dze 4
E 583 (Q B 2057 g dry wt-m DA HF
F5aA JdER L, F3oA d B 220g dry wte
m 22 57 ZAMA A 7hed ZHE Aol sz F AEE
9 4 Yo FAE LALY ALFH sMEoE EFERL
A2 1087 A& Ztste Ao el

HxF AEFoE B $HFL Z2F&85 2 (Co
rallina pilulifera), A% °| (Sargassum thunbergii), R4
(Gymnogongrus flabelliformis) 2 2232 (Enteromorpha
compressa)S] 4FolR oM, 2 1087 JBLAHEEH
2 3 9 dAxFe $HFE FASYA YoM F
23 Aolg LAY gk FH ol FHE MY
A E HRAQ $HF o2 FIATL ojA], 4%
AEEAL T 99 dxFe 2 73 723
EAo] AMEete] AAAQ Fag = Aoz g

o,
A A

% AFH A8 FYE =9 & FHUTR o] FA,
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