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Spring Bloom of Skeletonema costatum and Lake Trophic Status in the Hwajinpo Lagoon,
South Korea. Kim, Baik-Ho, Doo-Hee Won*' and Yong-Jae Kim?**(Department of Life Science,
Hanyang University, Seoul 133-791, Korea; ‘Doohee Institute of Ecological Research, Seoul
153-768, Korea; >Department of Life Science, Daejin University, Gyeonggi 478-711, Korea)

In the spring (March to June) in 2010, one diatom Skeletonema costatum occurred
outbreaks in Lake Hwajinpo, one of the typical lagoons on the east coast of South
Korea. We compared the characteristics of the phytoplankton community during the
bloom and extinction period of S. costatum, and evaluated the water quality based
on nutritional indices. Results indicate that 1) this bloom showed the highest cell
density (>10° cells mL™1) among outbreaks of S. costatum occurred Korea , 2) occurred
in below or over 20°C water temperature, and 3) was destroyed in the early summer
with higher temperature than the bloom period. Water quality or trophic status of
the lake was eutrophic to hypertrophic with high salinity, BOD, COD and phosphate,
and low N/P ratios and transparency. Phytoplankton community in the spring bloom
had a high dominance and low diversity, but rightly recovered to low dominance and
high diversity in the summer season. Therefore, we temporarily conclude that the
bloom of S. costatum in Hwajinpo was triggered by the extended spring drought and

the reduced influx of river water, and appeal that the bloom can happen repeatedly
every year.
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Fig. 1. A map showing sampling stations in the Hwajinpo Lagoon, South Korea. S1 and S2 are located in the south parts

of lagoon, S3 is within the north part of lagoon.
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sk 4 (1999) 5-¢ Fzsjich 2ARAE 295 4%
%e 2A= 2 2ARAE 4% (Shimpson, 1949), o
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2= (Margalef, 1958) 5-& AF&3}9 a1, A 52] 9] kAt
= 7}8l7] $)8le] TSI (Trophic State Index, Carlson,
1977)2} LTSI (Lake Trophic State Index, Yang and Dick-
man, 1993)& AAlstadet. 3hH 2FHA7| ek 4 7)o
7 2 el HA vae AFEE 0.05 5F
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Skeletonema costatum, Cyclotella striata, Opephora
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149% 7hgd 714 = 4

=41} Euglena splendes, 2

martyi, Licmophora flabellata, Licmorphora lyngbyei,
Navicula halophila, Navicula muticopsis, Nitzschia clos-
terium, &3 2% Glenodinium dynobryoneis, Gymnodi-
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Table 1. Biological and chemical parameters (average) during the bloom and non-bloom periods of Skeletonema costatum

in Hwajinpo Lagoon 2010.

Chemical parameters Bloom Non-bloom R
PO,-P pug Lt 0.02+0.01 0.01+0.00 281.47*
Turbidity NTU 59.10+57.95 22.61+5.03 261.39*
| Salinity pug Lt 23.83+4.49 10.33+3.14 230.65*
Chlorophyll-a (CHL) ugL™? 60.08+26.42 26.32+15.02 228.27*
Electric conductivity usScm? 35100.0+9180.6 17400.0+4752.7 201.72*
Dominance 0.84+0.05 0.50+0.05 167.44*
Total phosphate pug Lt 0.04+0.02 0.03+0.01 157.00
Biomass cells mL™ 10710.5+4943.2 7625.0+1465.0 140.47*
. BOD pg Lt 4.37+1.52 3.38+1.64 129.06
COD pugL™? 6.58+0.80 5.25+1.76 125.40*
DO mg L™ 10.39+0.68 8.45+2.26 122.98
pH 8.55+0.14 7.54+0.55 113.47
NO;-N pug Lt 0.07+0.01 0.06+0.02 111.39
No. species 27.67+4.03 30.00+5.97 92.22
Secchi depth cm 98.83+43.90 110.17+15.08 89.71
Total nitrogen pug Lt 0.61+0.39 0.74+0.23 83.23
1 Richness (J) 2.67+0.77 3.25+0.64 82.08
Water temp. °C 20.33+6.95 25.32+3.70 80.32*
N/P ratios 14.46+9.25 21.03+11.35 68.79
NO,-N pug Lt 0.13+0.06 0.24+0.12 55.85*
Evenness (E) 0.34+0.05 0.68+0.07 49.51*
v NH,-N pug Lt 0.22+0.11 0.44+0.14 49.34*
Diversity (H") 1.58+0.35 3.34+0.35 47.43*

BOD; biochemical oxygen demand, COD; chemical oxygen demand, DO; Dissolved oxygen, LTSI; lake trophic state index TSI; trophic state
index, R=(bloom/non-bloom)*100, I; increase of over 2 times higher to non-blooming periods, 200 > 11>100%, 100> I11>50%, 1V; decrease
of over 2 times higher to non-blooming periods, Asterisk is significantly different at 0.05% confidence.

nium inversum, F}% Myxosarcina burmensis 52 =3
g 4602 E3F0] 31%E AHA|EkeiT (Table 2).
AEELIE AEFS 2 FEA el 55808~
143,200 cells mL™12] W= wgom Sior] 64 7}
2 F2 HEE B, S30A 4de]] A Wit =25/
W o] 4A™E A]7] (5,784~ 10,064 cells mL)ol| &= Si1o]|
A 7P U AE B, S3ellA 8l HAAE e
Weh g 2544 717 7P $-43ksd S, costatum
“ AX A o= 45604~123,056 cells mL 1] HI S 1B
ot 8Y~104 Fetolle BE AAHCAAM Ao &3}
okokt}. S. costatume]] o]o] =& Ww = HWQl Cyclo-
tella striata, Navicula tenera= &) E-2F2] 3.4% 1.4% %
772y Bolwd|, AR 277 e A F7]o] A= )
%3 AEFS Bl W I 2FHEA77E 4E7)
Ho 239 183 A% W AEFS et (Table 2).
S. costatum WA 7] F<F o2 A EEHIES] 2E
2 AW =2 4744 Rl vehgeh 2R
Feh AdAed 48 2w ek (ADM, Absolutely
dominant) - Skeletonema costatum, Phormidium tenue,
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Navicula yuraensis, ¥] 4 =2 A5 Bl €}3] (RDM,
Relatively dominant) - Achnanthes frigida, Nitzschia
fonticola, Synedra fasciculate, Navicula halophila ¢F7F
o] =7} == 7142 H<l e8] (FSDM, Fairly or simi-
larly dominant) - Navicula incertata, Cyclotella atomus,
Cyclotella striata 28|32 A9Aql 7142 ®al €4l
(ADF, Absolutely defeat) - Navicula tenera, Cryptomonas
sp., Achnanthes delicatula S|} 312 €] ADM2
2 7]elet 43 vbd A7l A EF3sHA
dokow, BbYl ADFE Hij2 2/A7|eE A &
H3hA] okgkar A 7]ent E3 g BF-olo} (Table 2).
A Z 5 2010 EA oL 3t S. costatum=
A7) (4~69)e} 7] (7~104) F<t 7819
FEE zbelg Byl I Amel wet 47kA] 2F(1,
I, 11, 1V) o2 F-EE T (Table 1). ZF12 27247)

59 & Z7tE ouidit) o F QAN JFEEE
Aslae 2% 27ddo= Qg A AbE-o|A|4t,
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Table 2. Mean phytoplankton abundance (cells mL ™) during the bloom and non-bloom periods of Skeletonema costatum in
Hwajinpo Lagoon 2010.

Oscillatoria luridum
Phormidium tenue

441.7+1081.9
646.7+1312.2

List of phytoplankton Bloom Non-bloom Log (R)
Achnanthes alteragricillima 186.7+457.4 0
Achnanthes bioretii 56.0+137.2 0
Amphora exigua 56.0+137.2 0
Amphora ovalis 172.2+268.2 0
Amphora ventricosa 79.2+194.0 0
Aulacoseira distans var. alpigena 18.7+45.7 0
Chromulina sp. 3.3£8.2 0
Cocconeis placentula 34.7+84.9 0
Cymbella affinis 34.7+£84.9 0
Gymnodinium inversum 96.7+114.8 0
Kephyrion spirale 111.7+173.3 0
Licmophora flabellata 358.7+673.8 0
Navicula accomoda 53.3+88.0 0
Navicula rotunda 182.8+447.6 0
Navicula salinarium 69.3+116.6 0
Navicula veneta 210.2+409.6 0
Navicula yuraensis 778.1+1146.9 0
Nitzschia acicularis 79.0+193.5 0
Nitzschia angusta 68.0+166.5 0

Absolutely dominant Nitzschia calida 437.0+£540.3 0
Nitzschia constricta 39.6+97.0 0
Nitzschia littoralis 79.2+194.0 0
Nitzschia paleacea 454+111.1 0
Nitzschia pellucida 454+111.1 0
Nitzschia reversa 186.5+456.8 0
Ochromonas pelata 13.3+32.7 0
Opephora martyi 18.7+45.7 0

0
0
0
0
0
0
0
0
0
0
0

Pleurosigma delicatum 247.7+367.7

Rhopalodia gibberula 39.6+97.0

Scenedesmus acutus 16.7+40.8

Scenedesmus armatus 6.7+16.3

Scenedesmus opoliensis 33.3+81.6

Skeletonema costatum 76075.9+31516.2

Stauroneis spicula 79.2+194.0

Stephanodiscus hantzschii 231.3+472.1

Surirella minuta 46.6+114.2

Tabellaria flocculosa 39.6+97.0 0

Achnanthes frigida 784.3+1676.2 1.4+35

Cyclotella ocellata 334.7+437.6 1.6+4.0

Navicula cincta 210.2+409.6 1.4+35

Gomphonema angustum 66.6+163.2 0.8+£2.0

Nitzschia fonticola 693.0+1335.0 13.0£31.9

Navicula saprophila 78.7+137.4 1.8+238
Relatively dominant Synedra fasciculata 497.3+919.3 14.3+23.4

Nitzschia hybrida 212.9+316.2 6.5+15.9

Navicula lanceolata 211.6+319.5 6.5+15.9

Navicula halophila 739.5+1696.2 30.3+34.9

Nitzschia palea 367.1+459.9 21.3+48.3

Nitzschia capitellata 454+111.1 2.8+6.9

Punctastriata ovalis 22.7+55.5 1.4+35

Navicula alpinum 186.7+457.4 16.1+37.2
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Table 2. Continued.

List of phytoplankton Bloom Non-bloom Log (R)
Navicula cryptocephala 231.3+472.1 20.3+33.3 3.1
Bacillaria paradoxa 113.8+195.6 11.0+£26.9 3.0

Relatively dominant Cyclotella pseudostelligera 161.3+£254.4 15.8+31.2 3.0
Navicula tripunctata 308.4+432.4 30.3+60.8 3.0
Achnanthes convergens 34.7+84.9 3.7£9.0 3.0
Nitzschia perminuta 186.5+456.8 19.9+48.8 3.0
Amphora coffaeformis 93.2+228.4 10.5+25.8 2.9
Gyrosigma acuminatum 79.2+194.0 10.0+24.4 2.9
Cocconeis placentula var. euglypta 86.2+134.2 11.0+26.9 2.9
Rhoicosphenia abbreviata 39.6+97.0 7.3£17.9 2.7
Navicula incertata 469.4+766.8 93.6+101.9 2.7
Amphora strigosa 212.4+332.7 51.2+57.8 2.6
Amphora montana 194.9+256.2 52.1+1249 2.6
Navicula gregaria 45.4+111.1 13.0+31.9 2.5
Fragilaria elliptica 18.7+45.7 6.5+15.9 25

Fairly or similarly dominant Navicula muticopsis 37.3+91.5 13.0+31.9 25
Achnanthes clevei 240.0£377.6 112.4+1135 2.3
Nitzschia dissipata 80.0+125.6 39.0+95.6 2.3
Achnanthes brevipes 46.6+114.2 24.7+34.8 2.3
Cyclotella atomus 492.3+463.5 282.0+115.2 2.2
Kephyrion ovale 8.3+20.4 5.3+13.1 2.2
Achnanthes exigua 22.7+55.5 16.6+20.4 2.1
Melosira sp. 169.9+204.4 129.6+317.5 21
Chroomonas sp. 141.7+347.0 113.3+236.6 2.1
Cyclotella striata 1772.0+1967.8 1604.5+1199.1 2.0
Amphora sp. 118.8+291.0 117.5+168.4 2.0
Amphora holsatica 112.0+£274.5 142.4+233.8 1.9
Navicula cryptotenella 39.6+97.0 53.6+68.2 1.9
Gomphonema angustatum 18.7+45.7 25.6+62.7 19
Navicula tenera 368.8+316.3 1025.6+1379.9 1.6
Licmorphora lyngbyei 39.6+97.0 158.4+258.4 14
Cryptomonas sp. 13.3+32.7 584.0+502.7 0.4
Cryptomonas marsonii 0 1.3+3.3 -
Dinobryon acuminatum 0 1.3+3.3 -
Euglena splendes 0 1.3+3.3 -
Tetraedron minimum 0 1.3£3.3 -
Achnanthes laterostriata 0 1.4+35 -
Achnanthes minutissima 0 1.4+35 -
Diploneis oblongella 0 1.4+35 -

Absolutely defeat Nav?cula cleme_ntis 0 1.6+£4.0 -
Navicula subminuscula 0 1.6+4.0 -
Trachelomonas volvocina 0 4.0+9.8 -
Merismopedia glauca 0 5.3+13.1 -
Navicula detenta 0 5.7+14.1 -
Cocconeis placentula var. lineata 0 6.5+£15.9 -
Nitzschia sociabilis 0 6.5+15.9 -
Anabaena crassa 0 9.3+22.9 -
Monoraphidium dyboewski 0 9.3+22.9 -
Melosira varians 0 11.9+23.9 -
Gyrosigma balticum 0 10.0+24.4 -
Cyclotella meneghiniana 0 21.6+30.9 -
Cocconeis disculus 0 13.0+31.9 -
Achnanthes delicatula 0 28.7+47.7 -
Navicula pellucida 0 25.9+63.4 -
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List of phytoplankton Bloom Non-bloom Log (R)

Nitzschia inconspicuae 0 41.0+67.5 -

Diloneis subovalis 0 42.4+78.5 -

Fragilaria pinnata 0 50.4+105.4 -

Cocconeis scutellum 0 66.0+107.2 -

Nitzschia closterium 0 72.0+131.6 -

Navicula meniscula 0 80.5+138.7 -

Gomphosphaeria lacustris 0 178.7+167.0 -

Absolutely def Navicula concentricta 0 152.2+169.1 -
solutely defeat Synechococcus aeruginosa 0 129.3+181.3 -
Oscillatoria angustissima 0 128.0+203.5 -

Ochromonas sp. 0 138.7+220.8 -

Chroococcus dispersus 0 273.3+304.3 -

Oscillatoria profunda 0 194.7+344.4 -

Myxosarcina burmensis 0 224.0+391.9 -

Marssoniella elegans 0 274.7+657.2 -

Merismopedia elegans 0 485.31+1188.8 -

R=(bloom/non-bloom)*100
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Fig. 2. A trophic state indices of the Hwajinpo lagoon based on the water quality during the bloom and non-bloom periods
of diatom Skeletonema costatum in 2008. TSI; trophic state index (Carlson, 1977), LTSI; lake trophic state index

(Yang and Dickman, 1993).
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29l & 1t 16 3=}k (Fig. 2). Carlson 2] 4-¢]
, TSI (CHL)3} TSI (TP):= ZFtA7]7} uka) o] &
o4 2 vbd, TSI(SD): Hi = oFzF yiglon,
5 o] 43 349 JFF A LTSIE 2784
|7bo] WA ol Zr T} oF 20% o] ¥/ urehudth A=
S. costatum] tjJ o=z Qlsle] F49] TSI (CHL)9}
LSTIE= ¥lwd 4 Z7Isk vbd, TSI(TP)<} TSI (SD)

Aol 5} = Aolg wolA] eheleh g AlEE

N

;,\__ fus
Hhed g Azke vehlled =27Edre AEd=et ¢
ow, B2 #5=e}t Fods Aee
=8]&lA 7}l T} (Table 1).

S. costatum LAY FlE B dE oMz A
Aofl fAGlo] vIaA ot 9lom, A F7HA= 1L
7] AEERAAAA HAsE Aoz dEiy gu
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