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Marine Algal Floras and Community Structures in the
Vicinity of the Taean Power Plant in Korea

Hyun Il Yoo, Hyang Ha PArk, Han Gil CHoOI*
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Marine algal flora and community structure were examined seasonally at four study sites around Taean
Power Plant, Korea from Jan. to Nov. 2006. A total of 73 algae species (12 green, 9 brown, 52 red)
and 1 marine plant were identified. The number of species was maximal at the power plant Discharge
(57 species) site followed by Hakampo (46 species), Intake (28 species) and Breakwater (15 species) sites
during the study period. The average biomass in dry weight varied from 13.12g/m2 at Intake to 69.60g/m2
at Hakampo. Dominant and subdominant species in terms of biomass were Gelidium divaricatum - Ulva
pertusa at Intake, Chondria crassicaulis - Ulva pertusa at Discharge, Corallina pilulifera - Chondrus ocellatus
at Breakwater, and Corallina pilulifera - Sargassum thunbergii at Hakampo. Species richness of warm
tolerant and green algae were greater at Discharge site than Hakampo, showing similar species richness.
However, community indices were not distinguishable between Discharge and other study sites. In conclusion,
species richness and biomass of seaweeds were greater at Discharge site compared to intake and breakwater
sites, and the abundance of warm tolerant and green algal species were higher than Hakampo.
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Aoz d#HA S} (Ugarte and Sharp, 2001; Lindstrom, 2009).
TAYES Sl RFe A 9 AsS Adse 72, B,
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AHEA LN E 527 S AEF 9 FHLTY
725 B YTH (Kim and Huh, 1998; Kim and Ahn, 2005; Choi,
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3} (Kim et al, 2007)5-& 28, st TRAAFGHE
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Fig. 1. A map of study area showing the location of sampling
sites (St. 1, Intake; St. 2, Discharge; St. 3, Breakwater; St.
4, Hakampo).
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Az 001g FEHA AFHE FH51] AEF (gm)2
72 gatslgtt & AEY T WEE xRt ARAes vle
I AdA L ohdA Sx2Fo HES et 2 AEE
v 2 E AA)EA T (Kang, 1968; Kim and Ahn, 2005; Choi,
2008). =iz Hi2 TFol o3 715H opdE AR T
A v ‘ﬂi%}%i, We dA &9E-Fes7hel dg Z%'
Fo] W YT 49 vlZ AR e A F3F
HstE w»EL A=l JoiRisel Ahsgdo s Ur
B} Tk (Mueller-Dombois and Ellenberg, 1974). 53, A%
EFHFy g MEHYOF FE A (richness index, R), I
S LA (evenness index, J)9F THEZ A (diversity index, H)
Z AlXHeE 28] (Margalef, 1958; Fowler and Cohen, 1990,
2% A4 (dominance index, DDE A 1, 29-HF 9] B
ol thEt AR AEF] vl 2 A& (McNanghton,
1967; Lee et al, 2007). $8%- FRUA 718 R Zo|x
o YRS Kol FO0 2 FT} (Barbour et al. 1987; Koh
1990).
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% (similarity)Z 213} (Bray and Curtis, 1957) 283 3|2
Fo] $HEE k-dominance 410 2 Bl EH T} (Lambshead
ot al, 1983), wJ A9} 4+& Y T 2lslof = PRIMER version
6 (Clarke and Gorley, 2006)& AH&3IHom FALE E49
Wz 7} 1829 §-olxHE SIMPROF (similarity profile) testsZ
ekl At

ejud Aol Lulgr) sl zatel Wl vXe Qe
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#yrEs Agd 2¥xe pReE 59 wasidy
(Feldmann, 1937; Segawa, 1956; Cheney, 1977).
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Table 1. The number of secaweed and seagrass species collected in the vicinity of the Taean power plant in Korea (Wi,
winter; Sp, spring; Su, Summer; Au, Autumn; To, Total)

. Intake Discharge Breakwater Hakampo
Species Wi Sp Su Au To Wi Sp Su Au To Wi Sp Su Au To Wi Sp Su Au To
Chlorophyta 1 2 3 3 5 7 8 6 6 12 0 1 4 2 4 4 3 4 5 7
Phaeophyta 0 2 1 1 2 3 7 2 3 8 3 4 0 2 4 1 2 1 2 3
Rhodophyta 2 7 9 14 21 7 20 14 20 37 3 7 3 6 7 19 23 14 13 36
Spermatophyta 1 1 1 1 1
Total 3 11 13 18 28 17 35 22 29 57 6 12 7 10 15 25 29 20 21 47
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Fig. 2. Results of cluster analysis performed on Bray Curtis
simility from standardized species presence/absence
transformed data. The dotted lines indicate no significant
difference among four sites and four seasons(SIMPROF test).
I, Intake; D, Discharge; B, Breakwater; H, Hakampo; Sp,

Spring; Su, Summer; Au, Autumn; Wi, Winter.
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Fig. 3. Annual mean biomass and species number of green,
brown and red seaweeds at four sites during the study period.
Number indicates number of species occurred.

divaricatum)v> 9% HEEFATE wFTFol M= A7) ot
o] ¥EF 125(21.05%), LZEF 8F(14.04%), T2F 37%
((491%) 2.5 & 57%9] 2FH7t EHP o, ALY £3%
G2 1735502 A8l HAUT Bof] A ThTable 1). 1l
Tl AF 28 =T =T (Enteromorpha spp.),
FHA3N (Ulva pertusa), D=} (Laminaria japonica), *}5=°]
(Sargassum thunbergii), W1 E-Z (Dumontia simplex), Z+-&—F& A
3% (Corallina pilulifera), 7VoY (Carpopeltis affinis), 7§ A%
o1& (Grateloupia prolongata), P1EA Ve (G. rutury), =
HH(G. ellipticay®t 7N\ A2 (Chondria crassicaulis)&. =257 15,

o

HER 3E, TRRF7E 7l g wjo My S
AEFe F20F0Ial 2 F F AEY FHS slxFe
AR5} 2 (Enteromorpha intestinalis), 2 B2 (Chaetomorpha
linum), A-57VAW (Gelidium pusillum), 5= (Grateloupia
elliptica), N71E7A8 (Chondracantus intermedia), A&
(Antithamnion nipponicum)® 7N A Aok WatA = Y
W ot 15%0] YL HEFQ26.67%)2 LEF26.67%)
o] Hl&o] FHTable 1). AR E28FE ALl 6502 HAa
AL Eoll 2Foz AUk PuplolA dF BEE= T
N7 HIPAM, A AbE i, A5 Chondrus ocellatus)©)
Atk 279 ST AT 2R 7% (15.22%), 225 3%
(6.52%), T35 36F (78.26%) 0% F 46F0] BAE gl oH A
AR 20-29%0] S-S, Bl ARtk siglarel i
W slefe e, Asol, 7R (Gelidium amansii),
2V AU 7 (Fosliella zostericola), 21 ke w X5y} 2w g}
ANS-EL (Symphyocladia latiuscula)SFT). BTN 233 S5
© % 9F0E o] T F AN F1T dxFe T
(Acrosorium yendoi) 17| Th,

gekalelh A Qe RE AN 28T £ ES
2A 527 2% (Hdw, HEg), 2R

e

Fo g%O
ST dZ25 1% (AR,
FEF 5% (T, N7ISRIMAN, REE, 2T
Az, AEHolth AR EHEY - FE vEoR
FALERAS A A 34 i aFeE FEHAG
(Fig. 2). 17 12 wirok U3, A7 UFHE FA2
H, o]E9] fAEE 4.52%AtE LE e A5k WA 2
FAow A HFT (B A8 A (AL, = )
a3 AL (AL, A (AF)E - AKFig. 2). T
OF (2% [# o] Z2dF g fFAIES 3035%= o]
2HE R FTHSIMPROF test, P<0.05). 3+ vl4=7-9} 344t 0]
Ae Al wet 27 25 (AL, B3 oE, 7EH) R iy
o] f& FH# FEH A (Fig. 2).

btk L R Y (FHT vl WA, skE)
27 el Maldhe szFel AT AEFLS 3932g/m )
I FE 13.12-69.60g/m’ O 2 ETE) oA
g3 Hgtol Al HA AT (Table 2). BHd A2
WA LA} 2] YRR FRE S,

AE#] 2131-4127%F T2 M-S B o, gdEoA
= 10.54%% gold oz @Al e (Fig. 3). 3 A
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Table 2. Seasonal mean biomass(g dry wt/m’) of dominant species at four study sites in the vicinity of the Taean power
plant in Korea(Wi, Winter; Sp, Spring; Su, Summer; Au, Autumn; LF, life form)

) Intake Discharge Breakwater Hakampo
Species LF
Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au

Enteromorpha spp.* 0.89 3.05 4.30 119 6.13 092 5.69 A
Ulva pertusa* 137 12.04 185 + 034 41.29 454 177 297 252 2384 A
Scytosiphon lomentaria 8.89 A
Laminaria japonica 0.95 139 0.15 0.75 A
Sargassum horneri* 2.65 0.76 P
Sargassum thunbergii 146 473 3.37 6.89 52.68 8.72 A
Porphyra tenera 3.39 P
Gelidium amansii* 8.06 P
Gelidium divaricatum*  7.33 0.65 7.07 0.09 195 357 062 215 0.21 + A
Dumontia simplex 219 0.33 0.83 +  1.42 P
Corallina pilulifera* 2198 0.90 480 1548 8.67 0.13 6.81 6.28 3968 6.21 2486 29.22 P
Grateloupia efliptica 15.59 6.80 P
Gloiopeltis furcata + 6.15 P
Caulacanthus okamurae* 4.25 0.92 P
Ahnfeltia paradoxa 417 P
Chondrus ocellatus 0.95 172 305 912 327 067 2940 063 128 526 455 995 6.12 2272 P
Chondria crassicaulis* 925 1.71 489 36.58 P
Symphyocladia latiuscula + 2041 A
Other seaweeds 0.38 3.87 0.79 0.06 017 028 109 P
Biomass 917 949 11.64 2216 61.13 26.61 27.94 127.0 12.00 581 22.92 14.75 59.76 66.63 62.91 89.10

Asterisk(*)denotes the warm tolerant species. (+, present; A, annual, P, perennial).

AEZd g WEE dzxFo HELE LHLAY
(61.43-83.11%)3} S E (49.41%)E FEH AT 3y
thd A sl xRo] AEFe] Bj&L HE 9 uigTe gdal
o] Hl&o] 51.19-71.71%%, WA 9} +LF = 35.14-37.92%
2x ZAH A B2 2o]E RAY (Table 2).

Z o] AEE s2F AEY 2 o AL By,
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WatA e -1 EQ FegEertad, IFUT o 7%
TIALEI 7 AA] A EES] 80%0] A4S X k-dominance=FA1 ]
A et ARE Fokd2 g, Agr, et what
Aol EAE BRI (Fig. 4).
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2o wx277} A% FRSQ FE2HA 7SR A = w0 R O i e
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AFTOIA Fe BEFES RYTH (Table 2). F, A7 T S X Hakampo
2259 WA TAE} 0] ZE S B MRk A4 2wl o

29 $o7 FAHU} W57 ALY A4RFL 26.61- I

127.00g/m” (Bt 60.67g/m>) .2 AQE Wy} ul¢ 7o 3

A5To} PR kel AUtk AR e TAE oL,
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(Table 2). W<l A arell) (&), ThAlek (AL, ), 71 (B),
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o} et A= Aldel we} 5.81-22.92¢/m” HF 13.87g/m’)
o] AEHHS HYa o A g oEo] Ay HE
& TS F2EE FeTENa oY on] AZ: o
ol el HEFo] FrstAth thE7 ShekEeolA
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o1aL ZH&ell Ao AFo] (B9} FeFEAs e (of
& 7hs, AR)o) AFEE Hu A5 Ry
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Fig. 4. K-Dominance curves (x-axis logged) for mean biomass
at four study sites in vicinity Taean power plant in Korea.
Data were pooled for four seasons and three tidal levels.

£33 JEF2 T L% (impotance value)S
dlglo 2 B9 27t 2 9459 A E X Table
37 2o FHegte] 2 ARolAe S F Y2,
FhA A= N7 S FE AR, st e A
A9} o) ApIo] FRFoIROH, 713 E A E 4
F-9} FHAAM Fa% 1001732 Foz ARG v
Ae FedaE el &k s o] ARA, AHeTE At
93 dastelsl FRolA, AF A o] 5ol



T 200 G of 795
= W7o e TR
O A sk
= HHE Btk 7l ke 20 RN E B
TEVAE S Ao rEdsge], - FyanE e
ZLTEAs o], st e AL et Ty FRa
-F7F -3 AT (Table 3).

EOPSES

AAER 4AH 233 27 Fu YEFOE N3
FHEAS ONY] A, Tl E A 1, 2985 AfAA
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e 12,0002 sht¥o A HAGow, WA A 1752
AU} (Table 4). (R+CYPFELY] A5 AA ol W} 2.75-14.33
o2 RPFT FARSHA Aol A H A (2750 S E
A Ho (14.33)%A

il b

2847 EHUe T WEA v T e o]
F ko] AL PR vls) Rl AAo] A og Wik
3 Aoz 44 2} (Kim and Hub, 1998; Kim and Choi,
1995; Choi, 2008). A3l<tell 912)gh AR ez o] w4
TN 233 2Fo F5E 18F 08 Y7ol gl
7Vt o] 36%F 9] 50%FF 0] ™ (Kim and Huh, 1998), 4713}
(1992%d-2000d) 3 ZUEI ] A3 Fagke] &3, 1
g, YA SRS wFRAAM S 15-17F0) V5= )
27N 283 F4 (36-50%)9] 3047% 0w FE AT
(Kim and Ahn, 2005). Bl¢I8le b o] A9, AAE WHLs
7t V7] A (2wl wlE QD 1993 = =l Bkt
3 ol YA BAE (54%)00 vl vl (76F)N A
©e Fo] FH3te] FEL W= (Yoo and Kim, 2003b),
13590] At B Ao s e otel et A v A &4
3 2 Frt s7F o2 2]l SPE (@78 nlsl K3
A ehgt A 1993139 A A} vl B,
Hjg=ell A 195 (25%) 2 2Tl A 78 (13%)°] 2
xRl FuUdAds HaATE Aoz FHAN.

Table 3. Vertical distribution of dominant seaweeds based on important value(IV>10) at four study sites near Taean power

plant in Korea

Intake Discharge

Breakwater Hakampo

Upper Enteromorpha sp.(34.78)
Ulva pertusa (17.63)

Ulva pertusa (31.76)
Corallina pilulifera (26.84)

Enteromorpha compressa (15.68) Scytosiphon lomentaria (12.39)

Gelidium divaricatum (12.75)

Gelidium divaricatum (58.85) Gloiopeltis furcata (32.84)

Enteromorpha compressa (33.42) Corallina pilulifera (16.83)
Ulva pertusa (15.62)
Chondrus ocellatus (13.22)

Middle Gelidium divaricatum (38.39)
Ulva pertusa (25.87)
Dumontia simplex (14.10)
Caulacanthus okamurae (11.79)

Corallina pilulifera (33.22)

Porphyra tenera (13.61)

Enteromorpha compressa (22.29) Ulva pertusa (24.68)

Gelidium divaricatum (29.17) Ulva pertusa (25.40)
Corallina pilulifera (20.88)
Sargassum thunbergii (11.68)
Chondrus ocelflatus (11.31)

Gelidium amansii (10.31)

Corallina pilulifera (18.15)
Ulva conglobata (16.72)

Lower Enteromorpha linza (45.35)
Sargassum honeri (17.51)
Chondrus ocellatus (14.04)

Chondrus ocellatus (22.97)
Corallina pilulifera (13.40)

Chondria crassicaulis (36.13)

Ulva pertusa (41.70)
Corallina pilulifera (25.53)
Dumontia simplex (13.87)
Chondrus ocellatus (11.53)

Corallina pilulifera (49.50)
Symphyocladia latiuscula (14.33)
Chondrus oceflatus (13.59)
Sargassum thunbergii (13.49)

Table 4. Mean biomass (g dry wt/m?), percent coverage (%) and various community Indices of macroalgal flora estimated

at four study sites near Tacan power plant in Korea

Community index Iintake Discharge Breakwater Hakampo
Percent cover (%) 19.16 25.58 12.20 27.48
Dominance index (DI) 0.54 0.40 0.61 0.60
Richness index (R) 10.47 13.63 5.28 10.60
Evenness index (J') 0.59 0.55 0.60 0.51
Diversity index (H") 1.98 2.23 1.64 1.97
Chlorophyta/Phaeophyta (C/P) 2.50 1.50 1.00 2.33
Rhodophyta/Phaeophyta (R/P) 10.50 4.63 1.756 12.00
(R+C)/P 13.00 6.13 2.75 14.33
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vl A VEhA 2uller) K2R 2HESE Bole
Roz FAHAG. =3, ZxH9 AEFS AHE=
3.00-12.93g/m’ 2 vjeToll A HAdlg o] WupAola Hay
th A R B, Kxie] B v i s
o (H5T, T, Aol ¥ 21.31-4127% A 2T
Q1 S (1054%)°0 vl &2 g Ho 2ujart 3279
e 740 L F= Aoz AU webA,
gietale i he] 2ulpe WM B2iY EHTS
o AEF FAUE SN Z I Wit A oF (km HolRl
HAgTo BaA e 279 AEF AN Z7HEA
<, ol#jg Avhs 2] o] Al wef A
2 xfFe TN 2 Agd uet depdvhe
Devinny (1980)2] dx}9} Yx|ghr}.

I A -9 FE WEA T SIETY T
dosle Aog ¥EA .o (Carballo et al, 2002), Y2+
g he vt M WEEs el ofs) ydA sz
ol 28 Wnrt 2L Aoz JERGTH(Kim et al, 1998;
Kim et al, 2004). HEEL 20Tl 2] s ol A2jo] 71
3 #2724, Kim and Ahn (2005)& E8<te] $1x18)k 370
AAE A & (R, 94, 2ol v 2dnwr}
=2 3732 WEE dx2FE 71539tk Kim and Ahn
(2005)2] Aol MEH, WEFT2 vl5-ToNA 16% (28.07%),
FAgol A 115 (33.33%), HatAloll A 8% (53.33%)7 tx
T (BFFE)OIA 1155 (23.91%)°0] Ed3he] ujgtoll A Ao
A WA A Hihgoh =3 B AT YEE AxF
o] BEFF B8 E R SUE @941%)°) vla] LA
Aol A 61.43-83.11%E ¥ A eI

3L B Aos WAL 2nlgt F2 ol MER
o] kA8 tiEo] 4E9) MstE 2yt dxF TR
7l E RS SASAT BHLN A 2uprt uiEE 7]
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(155.45g/m")E AA|5ke] 29-Fold A TEATE (Yoo
and Kim, 2003b)°], ¥ Aol = WEF (60.67g/m)2] 18%
2 Ao, Al 29380l AY AFole] AEHr HAl
AEEo) 2950%9 4 3.94% 7Hastdch whdel 199319
Aoz F AN AU ] HE ko] B oA
21.60% (13.11g/m*)E A8k A 1 $HF o2 A AT
FHppoll X w AA YEE] 49% (1993h = 7 48k
H AFo|7} B Aol BEE A ¢hotom, Aoz Exd)
Y RIS EAAE T DA BEF13.120/m) 18.69%
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e ZeFEatE gy KZEo]7) 2006 o] AAFE 2 A
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o7 zAEQILE web, At add MY 25 e
Fog BFEQAT Kim and Ahn, 2005), 7|Ade] e&T<
Abgaro) nla] Gol| ek Aol A3t Ao At 814
%h, Kim and Lee (1980) 2]zt @z Frloln
Vg Aol 258k Ax o] AL FHE o]Fol FEl A
£ B3tk 7128t FF EdFo R 47 5 tieiM
Lol the A Hgdde 7ol desith
s xFe AEY FoE0 BB Helo M wieE
oA 2oty e R EE S 2k dHFe
Hpol A Bol wls] oo AR TA vk ot wi
el AE B HE 4 A B3, ArEAts e
uhspA o} shetE oA Holl HA AEF (621gm")E Ko
7l Aol 4] o)} (24.86gmH) 02 FIVBIA S, Wi
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BQck o)AMYy, s} 2e-FEitade] AEY Fr} sido]
ez vl A e 2L 1429
Bl o] Lujr) H7EW ol welde Ade] A
HE Ao Algdr 249 AL st B
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dthi 3tEEH (Choi, 2008), ¥ 9] 7 vil7ol A o
Eof) Aopeatael Gala) Apgo] #aElo] gl 9f
o Zhepars ] A4 A7 dojyt e w wdhgth
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TRATANN FHEA G, FEEA T, FEASF, TeEA
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AtA o2 AL wg ] S 2F EEL Yz
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