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Phytoplankton Community Dynamics and Primary Productivity around Samyang
Thermal Power Plant in the Northern Cheju, Korea

Joon-Baek Lee, Moo-Hyung Lee and Dong-Woo Kang
Department of Oceanography. Cheju National University., Cheju-do 690-756. Korea

The community dynamics and primary productivity of phytoplankton have been monitored at six stations
around Samyang Thermal Power Plant in the northern Cheju from March to November 1998. Water
temperature and salinity varied with the range of 13.0~20.3C and 29.5~349%. respectively. The
concentrations of total inorganic nitrogen and phosphate phosphorus ranged from 1.17 to 57.70 uM and from
0.05 to 319 uM. respectively, and that of silicate silicon from 6.12 to 5255 pM. A total of 160 taxa of
phytoplankton. representing 62 genera. 133 species. 8 varieties. 4 forma and 15 unidentified species. were
identified. Diatoms occupied 78.1% in terms of species composition. while dinoflagellates. phytoflagellates and
silicoflagellates 16.9%. 3.7% and 1.3%. respectively. Three major dominant diatoms were seasonally succeeded
in the whole study area. such as Paralia sulcata (Ehrenberg) Cleve in winter, Chaetoceros socialis Lauder in
spring. Bacteriastrum delicatufum Cleve in summer. Phytoplankton standing crops varied from 7.1x10° to 1.3
x10° cells ! and chlorophyll a concentrations ranged from 0.04 to 0.77 & Chi a ! 1 Daily primary
productivity in the water column showed the range of 6.3~1166.1 mg C m> d' within the euphotic layer.
and annual primary productivity represented lower value at the inshore with 67.9 g C m” yr' than at the
offshore with 2296 g C m” yr'. Based upon the analysis. it was unable to find out any apparent effects on
phytoplankton community by thermal effluents discharged from the power plant during the study period.

Key words : phytoplankton. community dynamics. standing crops. primary productivity. thermal effluent.
thermal power plant, Cheju Island
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Fig. 1. A map showing sampling stations around Samyang Thermal Power Plant in the northern Cheju.
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Table 1. Environmental parameters around Samvang Thermal Power Plant in the northern Cheju from
March to November, 1998.

Date : 1998. 3. 4.
Station  Layer Depth  Temperature Salinity Total-Nitrogen Phosphate-Phosphorus ~ Silicate
(m) (‘) (%) (M) (uM) (uM)
1 Surface 15.0 33.7 57.70 0.63 41.40
Bottom 15 15.0 34.1 12.25 0.28 8.86
9 Surface 14.0 339 8.82 0.31 8.78
Bottom 11 14.0 341 4.98 0.34 9.51
3 Surface 13.8 340 7.61 - 14.98
Bottom 24 14.0 34.1 6.58 0.31 6.36
4 Surface 13.8 341 7.86 0.47 6.12
Bottom 13 13.8 34.1 5.24 0.22 7.81
5 Surface 14.1 34.2 7.11 0.34 15.06
Bottom 54 13.7 34.2 5.70 0.41 8.30
6 Surface 14.1 34.2 4.36 0.25 11.60
Bottom 65 14.1 34.2 5.07 0.25 13.86
Average 14.1 34.1 11.11 0.32 12.72
Date : 1998. 5. 21. .
Station Layer Depth  Temperature Salinity Total-Nitrogen Phosphate-Phosphorus Silicate
(m) (‘c) (%) (uM) (uM) (uM)
1 Surface 185 347 5.76 0.38 17.77
Bottom 15 18.2 347 2.89 0.45 12.15
9 Surface 18.4 348 267 0.31 16.75
Bottom 1 18.0 34.8 5.36 0.41 11.36
3 Surface 18.3 348 5.27 0.21 16.13
Bottom 24 18.1 34.8 4.03 0.41 9.20
4 Surface 18.7 347 4.35 017 11.02
Bottom 13 18.5 347 4.98 0.59 6.25
5 Surface 18.3 347 4.50 0.41 17.43
Bottom 54 17.8 34.9 447 0.52 13.00
6 Surface 19.1 347 1.70 0.31 7.15
Bottom 65 18.0 349 551 0.41 23.85
Average 18.3 348 4.29 0.38 13.50
Date . 1998. 8. 17.
Station Layer Depth  Temperature Salinity Total-Nitrogen Phosphate-Phosphorus Silicate
(m) (C) (%) (uM) (uM) (uM)
1 Surface 215 30.7 421 0.05 19.08
Bottom 15 26.7 32.2 21.73 0.05 14.26
9 Surface 27.0 314 34.25 0.53 12.74
Bottom 11 26.3 30.8 10.17 0.27 17.43
3 Surface 270 320 27.25 032 18.51
Bottom 24 17.0 335 14.12 0.64 19.71
4 Surface 218 30.3 591 0.05 15.34
Bottom 13 27.0 32.2 9.46 0.11 1597
5 Surface 28.0 312 10.74 0.42 26.94
Bottom 54 16.5 328 14.98 0.90 13.63
6 Surface 293 29.5 2.63 0.11 19.46
Bottom 65 13.0 303 14.66 0.69 20.35
Average 244 314 14.18 .34 17.79
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Date : 1998. 11. 3.
Station Layer Depth  Temperature Salinity Total-Nitrogen Phosphate-Phosphorus Silicate
(m) (c) (%) (uM) (uM) (uM)
1 Surface 19.3 311 10.64 0.32 52.55
Bottom 15 185 319 6.14 0.85 26.12
9 Surface 18.8 317 8.09 0.96 18.89
Bottom 11 185 319 5.74 0.27 22.69
3 Surface 18.8 313 5.39 0.39 27.76
Bottom 24 18.7 319 491 0.27 22.19
4 Surface 18.8 318 9.21 2.07 35.12
Bottom 13 18.7 319 357 2.82 28.08
5 Surface 18.9 319 2.67 3.19 25.10
Bottom 54 155 32.8 3.21 1.22 43.74
6 Surface 19.0 321 1.17 2.18 22.57
Bottom 65 15.3 335 11.45 1.49 51.03
Average 18.2 32.0 6.02 1.34 31.32
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Fig. 2. Seasonal variations of species number of phytoplankton at each station in the study area.
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Fig. 3. Seasonal succession of dominant phytoplankton species in the study area.

Table 2. Seasonal succession of dominant phytoplankton species in the study area (Legend : @ ; 30%-50%

of dominant rate, ® ; 30%).

Month March

May August

November

Species/Station

1 2 3 456|123 45 6[1 2345 6[1 234356

Bacteriastrum
delicatulum

2003 30

Chaetoceros
laciniosus

a

Chaetoceros
perpusillus

Chaetoceros
socialis

o 020000

Licmophora
paradoxa

Paralia
sulcata

200 060

Pseudoscourfieldia
marina

Skeletonema

costatum ®
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Table 3. Seasonal variations of phytoplankton species diversity () in the study area.

Station Layer March May August November
,  Surface 1.74 173 267 235
Bottom 1.94 231 1.96 261
,  Surface 2.06 210 292 225
Bottom 2.93 212 2.06 232
g Surface 2.09 2.20 258 2.60
Bottom 2.03 2.00 2.01 2.13
,  Surface 2.26 1.84 277 2.70
Bottom 230 147 2.5 2.48
o Surface 1.64 1.89 207 252
Bottom 2.34 2.24 1.74 2.44
g  Suface 192 176 2.30 2.09
Bottom 1.74 1.82 2.25 1.54
Average 2.08 1.96 2.32 2.34
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Fig. 4 Seasonal variations of phytoplankton stand-
ing crops at each station in the study area.
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Fig. 5. Seasonal variations of chlorophyll a at each
station in the study area. | XpAH AR
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Table 4. Primary productivity, Pms, and Im: of phytoplankton around Samyang Thermal Power Plant in
the northern Cheju from March to November, 1998.

Depth Secchi Euphotic PP Int

Month Station ") depth(m)  depth(m) () PP Fmx  Inm

Mardh St 3 24 10 108 046 63
St 5 54 9.0 243 040 294 115 744

Moy St. 3 2 130 3.1 1119 2630
St. 5 54 %50 675 137 11661 700 13500

s St 3 24 110 207 649 3908
St 5 54 140 378 552 9240 143 3714

November St 3 24 125 338 231 718
St. 5 54 120 3204 549 3806 78 6250

PP(hr) (primary productivity per hour at the surface) : me C m” hr'

Int PP(daily depth-intergrated primary productivity in the water column) : me C m™° d”
Pra(maximum assimilation number) : me C mg Chl a* hr”

Inex{maximum irradiance) : #E m” s’
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Appendix. Systematic list of phytoplankton occurred around Samyang Thermal Power Plant in the

northern Cheju from March to November, 1998.

Division Bacillariophyta (F24 &%)
Class Bacillariophyceae (5%%)
Order Centrales (F4 £2%)
Suborder Coscinodiscineae (M & %Zo}l%)
Family Thalassiosiraceae Lebour 1930,
emend. Hasle 1973 (Z9vE23)
Genus Lauderia Cleve 1873 (MEE2L)
Lauderia annulata Cleve
Genus Skeletonema Greville 1865 (ZHEZ
Skeletonema costatum (Greville) Cleve
Genus Thalassiosira Cleve 1873 (BRI ELL)
Thalassiosira anguste-lineata (Schmidt)
Fryxell & Hasle
Thalassiosira eccentrica (Ehrenberg) Cleve
Thalassiosira hyalina (Grunow) Gran
Thalassiosira leptopus (Ehrenberg) Fryxell &
Hasle
Thalassiosira rotula Meunier
Thalassiosira subtilis (Ostenfeld) Gran
Thalassiosira sp.

Family Melosiraceae Kiitzing 1844 (9 E52%)
Genus Corethron Castracane 1886 (38 2<)
Corethron criophilum Castracane
Genus Leptocylindrus Cleve 1889 (3l2} S2<:)

Leptocylindrus danicus Cleve
Genus Melosira Agardh 1824 (REE24%)
Melosira monififormis (Miiller) Agardh
Melosira nummuloides Agardh
Genus Paralia Heiberg 1863 (AS24)
Paralia sulcata (Ehrenberg) Cleve
Genus Stephanopyxis Ehrenberg 1845 (AF&S24)
Stephanopyzxis nipponica Gran & Yendo
Stephanopyxis turris (Greville) Ralfs
Family Coscinodiscaceae Kiitzing 1844 (4 &23)
Genus Coscinodiscus Ehrenberg 1838 (ME%24:)
Coscinodiscus asteromphalus Ehrenberg
Coscinodiscus concinniformis Simonsen
Coscinodiscus decrescens Grunow
Coscinodiscus gigas Ehrenberg
Coscinodiscus jonesianus (Greville) Ostenfeld
Coscinodiscus marginatus Ehrenberg
Coscinodiscus nobilis Grunow
Coscinodiscus radiatus Schmidt
Coscinodiscus rothii (Ehrenberg) Grunow
Coscinodiscus sp.
Family Hemidiscaceae Hendy 1937 emend.
Simonsen 1975 (Vv ERH)
Genus Azpeitia Peragallo in Tempére & Peragallo

%)
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1912 (RESEH)

Azpeitia nodulifera (A. Schmidt) Fryxell &

Sims

Family Asteolampraceae H.L. Smith 1872
(g set)

Genus Asteromphalus Ehrenberg 1844
(B7HE24)

Asteromphalus flabellatus (Bréisson) Greville
Family Heliopeltaceae H.L.Smith 1872
(a3wsE2)
Genus Actinoptychus Ehrenberg 1841 (U-2&24)
Actinoptychus senarius Ehrenberg

Suborder Rhizosoleniaceae(#&2o}E)
Family Rhizosoleniaceae Petit 1888 (&%)
Genus Dactyliosolen Castracane 1886 (Z2 E2<)
Dactyliosolen fragilisimus (Bergon) Hasle
Genus Guinardia H. Peragallo 1892 (B2 524%)
Guinardia delicatula (Cleve) Hasle
Guinardia flaccida (Castracane) Peragallo
Guinardia striata (Stolterfoth) Hasle
Genus Proboscia Sundstrom
Proboscia alata f. indica (Peragallo)
Sundstrom
Genus Rhizosolenia Brightwell 1858 (¥&24)
Rhizosolenia curvata Zscharis
Rhizosolenia hebetata f. hebetata Bailey
Rhizosolenia hebetata f. semispina (Hansen)
Gran
Rhizosolenia setigera Brighwell

Suborder Biddulphiianeae (A3 &%o}%)
Family Biddulphiacese Kiitzing 1844 (3#ES%23)
Subfamily Hemiauliodeae Joisé, Kiselev &

Poreskii 1949 (3] 25 2o}3)
Genus Eucampia Ehrenberg 1839 (E}RRE24)
Eucampia zodiacus Ehrenberg
Genus Hemiaulus Heinberg 1863 (AR5 2<)
Hemiaulus hauckii Grunow
Subfamily Biddulphioideae Schiitt 1896
(A EZo}3h)
Genus Biddulphia Gray 1821 (23 &2<%
Biddulphia biddulphiana (Smith) Boyer
Genus Trigonium Cleve 1868 (M2RE &
Trigonium formosum (Brightwell) Cleve
Subfamily Stictodiscoideae Simonsen 1979
(Ags2oit)
Genus Arachnoidiscus Deane ex Pritchard 1852

(AvzEeSH
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Arachnoidiscus ehrenbergi Bailey
Family Chaetoceraceae H.L.Smith 1872 (€ &%¢3})
Genus Bacteriastrum Schadbolt 1854 (H&%4;)
Bacteriastrum comosum Pavillard
Bacteriastrum delicatulum Cleve
Bacteriastrum elongatum Cleve
Bacteriastrum hyalinum Lauder
Genus Chaetoceros Ehrenberg 1844 (AR S24;)
Chaetoceros affinis Lauder
Chaetoceros atlanticus Cleve
Chaetoceros atlanticus var. neopolitana
(Schrisder) Hustedt
Chaetoceros borealis Bailey
Chaetoceros brevis Schiitt
Chaetoceros constrictus Gran
Chaetoceros convolutus Castracane
Chaetoceros costatus Pavillard
Chaetoceros curvisetus Cleve
Chaetoceros danicus Cleve
Chaetoceros debilis Cleve
Chaetoceros decipiens Cleve
Chaetoceros diadema (Ehrenberg) Gran
Chaetoceros didymus var. protuberans
(Lauder) Gran & Yendo
Chaetoceros frichei Hustedt
Chaetoceros laciniosus Schiitt
Chaetoceros lauderi Ralfs
Chaetoceros lorenzianus Grunow
Chaetoceros pendulus Karsten
Chaetoceros perpusillus Cleve
Chaetoceros peruvianus Brighwell
Chaetoceros socialis Lauder
Chaetoceros vanheurckii Gran
Chaetoceros sp.
Family Lithodesmiaceae H. & M. Peragallo
1897-1908 (EW&2#)
Genus Ditylum L.W. Bailey 1861 (Q#E2%)
Ditylum brightwellii (West) Grunow
Family Eupodiscaceae Kiitzing 1849 (= E23})
Subfamily Eupodiscoideae (Kiitzing 1849)
Simonsen 1979 (F&2o}#)
Genus Odontella Agardh 1832 (A E¢<)
Odontella mobiliensis (Bailey) Grunow
Odontella sinensis (Greville) Grunow
Genus Triceratium Ehrenberg 1839 (3Z}E24;)
Triceratium alterans Bailey

Order Pennales (RE2%)
Suborder Araphidinese (5% &20}%)
Family Diatomaceae Dumortier 1822 (}E23)
Genus Asterionella Hassall 1850 (*8 &24)
Asterionella formosa Hassall
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Genus Grammatophora Ehrenberg 1840 (Z 9 E34)
Grammatophora angulosa Ehrenberg
Grammatophora marina (Lyngbye) Kiitzing

Genus Licmophora Agardh 1827 (Y)15-sR&E 2 4)
Licmophora lyngbyei (Kitzing) Grunow
Licmophora paradoxa (Lyngbye) Agardh

Genus Synedra Ehrenberg 1830 (Huls 52 4)
Synedra crystallina (Agardh) Kiitzing
Synedra gaillonii (Bory) Ehrenberg
Synedra tabulata (Agardh) Kiitzing
Svnedra sp.

Genus Thalassionema Grunow ex Hustedt 1932

( B ﬂ Aé-s.lﬂ-

Thalassionema frauenfeldfi (Grunow)
Hallegraeff

Thalassionema nitzschioides Hustedt

Suborder Raphidineae (5& & 30}1%)

Family Achnanthaceae Kiitzing 1844 (4 Z=2#)

Genus Achnanthes Bory 1822 (HRE2<:)
Achnanthes longipes Agardh

Genus Cocconeis Ehrenberg 1838 ('2¢5%4)
Cocconeis pellucida Grunow
Cocconeis pseudomarginata Gergory
Cocconeis scutelfum Ehrenberg
Cocconeis sp.

Family Naviculacese Kiitzing 1844 (ZvlE23)

Genus Amphiprora Ehrenberg 1843 (g E24)
Amphiprora surirelloides Hendy

Genus Amphora Ehrenberg ex Kiitzing 1844

(RelgT%)
Amphora coffeaeformis Kiitzing
Amphora Jineolata Ehrenberg
Genus Diploneis Ehrenberg ex Cleve 1894
(E#ETE)
Diploneis fusca (Gregory) Cleve
Diploneis sp.

Genus Gyrosigma Hassall 1845 (UHE2 &)
Gyrosigma sp.

Genus Navicula Bory 1822 (Zvj&245)
Navicula directa Ralfs
Navicula distans (Smith) Ralfs
Navicula transitrans var. derasa Heimdal
Navicula sp.

Genus Pleurosigma W. Smith 1853 (AUYANEB %)
Pleurosigma angulatum (Quekett) Smith
Pleurosigma elongatum Smith
Pleurosigma normanii Ralfs
Pleurosigma sp.

Genus Tropidoneis Cleve 1891 (83 Eu4:)
Tropidoneis lepidoptera (Gregory) Cleve

Family Nitzschiacea Grunow 1860 (53d=2#)
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Genus Baciflaria Gmelin in Linnaeus 1788
(%E24)
Bacillaria paxillifer (Miller) Hendy
Genus Cylindrotheca Rabenhorst 1859 (B3 E%2%)
Cylindrotheca closterium (Ehrenberg)
Reimann & Lewin
Genus Nitzschia Hassall 1845 (S A EZE)
Nitzschia amphibia (Kiitzing) Grunow
Nitzschia angularis Smith
Nitzschia antillarum (Cleve) Meister
Nitzschia longissima (Bréisson) Ralfs
Nitzschia longissima var. reversa Smith
Nitzschia obtusa var. scapelliformis Grunow
Nitzschia sigma (Kiitzing) Smith
Nitzschia sigma var. intercedens Grunow
Nitzschia socialis Gergory
Nitzschia vitrea Norman
Nitzschia sp.
Genus Pseudoneunotia Grunow 1880
Pseudoneunotia doliolus (Wallich) Grunow
Genus Pseudo-nitzschia Peragallo in H. Peragallo &
M. Peragallo 1900 (A&5SAST%)
Pseudo-nitzschia delicatissima (Cleve)
Heiden & Kolbe
Pseudo-nitzschia granii var. granii (Hasle)
Hasle
Pseudo-nitzschia pungens (Grunow) Hasle
Pseudo-nitzschia seriata (Cleve) Peragallo
Family Surirellaceae Kitzing 1844 (34 &52+#)
Genus Surirella Turpin 1828 (IR ELE)
Surirella amoricana Peragallo

Division Dinophyta (SR e XA EF)
Class Dinophyceae (}H 2 x7)
Order Prorocentrales Lemmermann 1910
Family Prorocentraceae Stein 1883
Genus Prorocentrum Ehrenberg 1833
Prorocentrum compressum (Bailey) Abé ex
Dodge
Prorocentrum micans Ehrenberg
Prorocentrum triestinum Schiller

Order Gymnodiniales Lemmermann 1910
Family Gymnodiniaceae Lankester 1885
Genus Gymnodinium Stein 1878
Gymnodinium mikimotol Miyake &
Kominami ex Oda
Gymnodinium sp.
Genus Gyrodinium Kofoid & Swezy 1921
Gyrodinium spirale (Berge) Kofoid & Swezy
Gyrodinium sp.

Order Gonyaulacales F.J.R. Taylor 1980
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Family Ceratiaceae Lindemann 1928
Genus Ceratium Schrank 1793
Ceratium furca (Ehrenberg) Claparéde &
Lachmann
Ceratium fusus (Ehrenberg) Dujardin
Ceratium gravidum Gourret
Ceratium tripos (Miiller) Nitzsch
Family Gonyaulacaceae Lindemann 1928
Genus Gonyaulax Diesing 1866
Gonyaulax spinifera (Claparéde &
Lachmann) Diesing
Family Oxytoxaceae Lindemann 1928
Genus Oxytoxum Stein 1883
Oxytoxum sp.

Order Peridiniales Haekel 1894
Family Calciodinellaceae F.J.R. Taylor 1987
Genus Scrippsiella Balech ex Loeblichll
Scrippsiella trochoidea (Stein) Loeblich [l
Family Kolkwitziellaceae Lindemann 1928
Genus Preperidinium Mangin 1913
Preperidinium meunier! (Pavillard)
Elbrichter
Family Peridiniaceae Ehrenberg 1828
Genus Heterocapsa Stein 1883
Heterocapsa rotundata (Lohmann) Hansen
Genus Protoperidinium F.J.R. Taylor 1987
Protoperidinium aveflanum (Meunier) Balch
Protoperidinium bipes (Paulsen) Balech
Protoperidinium brochii f. inflatum
(Okamura) Schiller
Protoperidinium crassipes (Kofoid) Balech
Protoperidinium depressum (Bailey) Balech
Protoperidinium divergens (Ehrenberg)
Balech
Protoperidinium oceanicum (Vanhoffen)
Balech
Protoperidinium ovum (Schiller) Balech
Protoperidinium pellucidum Bergh
Protoperidinium steinii (Jorgensen) Balech
Protoperidinium sp.

Division Cryptophyta (28R XA EF)
Class Cryptophyceae (29 2%27)
Order Cryptomonadales Engler 1903
Family Hilleaceae Butcher 1967
Genus Hillea Schiller 1925
Hillea fusiformis (Schiller) Schiller

Division Chrysophyta (RZXNEE)
Class Chrysophyceae (#2%7%)
Order Pedinellales Zimmermann, Moestrup &
Hallfors 1984



Family Pedinellaceae Pascher 1910
Genus Pseudopedinelia N. Carter 1937
Pseudopedinella pyriforme N. Carter

Class Dictyochophyceae (245738 v x7})
Order Dictyochales Haeckel 1894
Family Dictyochaceae Lemmermann 190]
Genus Dictyocha Ehrenberg 1837
Dictyocha fibula Ehrenberg
Dictyocha speculum var. octonarium
(Ehrenberg) Jorgensen

Division Euglenophyta (¥ 2dUYZx4EEL)
Class Euglenophyceae (S-2d4UYx%)
Order Eutreptiales Leedale 1967
Family Eutreptiaceae Hollande 1942
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Genus Eutreptiella da Cunha 1914
Eutreptiella marina da Cunha

Division Chlorophyta (&4 &%)
Class Prasinophyceae (@%2x7%})

Order Chlorodendrales Fritsch 1917
Family Chlorodendraceae Oltmanns 1904
Genus Pseudoscourfieldia Manton 1975
Pseudoscourfieldia marina (Throndsen)
Manton
Family Halosphaeracea Haeckel 1894
Genus Micromonas Manton & Parke 1960
Micromonas pusilla (Butcher) Manton &
Parke
Micromonas sp.
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