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Abstract

Variation of Phytoplankton Community Structure by

the Environmental Characteristics in Lake Unmoon

by
Bo-Mi Tak

Department of Fisheries-Biology
Graduate School, Pukyong National University

Busan, Korea

This 'study is to clarify the structure and seasonal dynamics of
phytoplankton 'community and environmental factor, and its survey
was conducted from April to November 2009, April to November 2010
and Aprilito November 2011 in Lake Unmoon, Korea.

During the surveved- period, the water temperature was of the lake
was observed low during ~winter -and high 'during summer. Its
dissolved oxygen was high during summer and low during winter.
The pH ranged from 7.3 to 10.6. The Chlorophyll-a concentration was
high during the fall(September) and low during winter(October).
During the survey period, temperature ranged from 11.2C to 30.27TC,
pH from 73 to 106, DO from 59 mg/L to 124 mg/L and
chlorophyll-a from 3.1 mg/m® to 193.9 mg/m°, respectively.

A total of 99 species were identified from the samples. Among
them, the largest number of species were Bacillariophyceae with 45
species(45.5%), followed by Chlorophyceae with 35 species(35.4%),

Cryptophyceae with 11 species(11.1%) and Cyanophyceae with &

— VI -



species(8.1%), respectively.

Common phytoplankton were identified over seasons, such as
Microcystis wesenbergii, Microcystis aeruginosa, Microcystis
ichthyoblabe, Microcystis sp., Anabaena sp., Aulacoseira ambigua,
Fragilaria crotonensis, Pediastrum duplex var. gracitimum,
Coelastrum sp., Peridinium sp., and Dinobryon sp..

The standing crops ranged from 101 cellss/mL to 8,122 cellss/mL,
with a mean value of 1,516 cellss/mL during this study. The biomass
of phytoplankton increased in spring and summer. At Lake Unmoon,
maximun peaks were observed in June and July, 2011. The highest
cell density was ohserved in July, 2011 with 8122 cellss/mL. in which
dominant species was Fragilaria crotonensis.

The phytoplankton community was dominated by Bacillariophyceae.
Cyanophyceae was the second abundant group and Cryptophyceae
was the third abundant group. Other different species were found
occasionally. Bacillariophyceae was dominated in spring and
Cyanophyceae was dominated in summer along with the increase of
water temperature.

In order to, maintain the environment of the“lake and secure its
resources, a consistent effort should be made to improve the water
qualities. Also, the datefrom ILake Unmoon should be saved and
observed to find out the cause of Cyanobacteria water bloom in Lake

Unmoon.
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Table 1. Location of sampling station in Lake Unmoon
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Fig. 1. The map showing the sampling site’in Lake Unm
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Fig. 2. Annual monthly variations of air temperature in Taegu city.
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Table 2. Monthly variation of standing crops of phytoplankton in Lake
Unmoon(Chl:  Chlorophyceae, Bac: Bacillariophyceae, Cya: Cyanophyceae,
Etc: Crysophyta, Euglenophyta, Dinophyta and Cryptophyta)

Class  Apr. May. Jun. Jul. Aug. Sep. Oct. Nov.
49.2 117.1 184 131 106 779 19.0 1239

Chl.
(195)  (30.2) (5.0) (149 (34.0) (1.9) (18.8)  (41.7)

1354 95.1 73.4 286 46.9 102 69.7 148.7

b (637 (245  (20.0) (325 (15D (25) (68.8)  (50.0)
0 61.5 161.0 263.1 4457 0.0 952.5 0.0 0.0
ce (244)  (415) (71.7) (50.6) (0:0) (23.2) (0.0) (0.0)
6.1 14.6 12.2 17.1 1584 29712 127 24.8
He (24) (3.8) (3.3) (1.9) (509~ (724) » (125  (83)
180 75.0 75 137.8 8.2 155.6 1275 1495
“f (174) (11.2) (9.4) (1200  (650.0)0 (BL1) (32) (264)
435 109.5 165 110 75 16.7 60.7 118.4
2010 5y (419) (164). (20.8) 9.64) (137 (3.3) (18.2)  (20.9)
199 242.2 485.0 806.0 182.1 3222 78.9 199.4
cve (19:2) (36.2) - (61.0) (70.5) (333),+ (644) (236) (35.2)
224 242.2 70.0 89.6 16.1 5.56 66.8 99.7
He (216) (36.2) (8.8) (7.83) (2.9) (1.1 (2000  (17.6)
204 15.8 1774 259 198.1 2114 270 159
chl 272) @21 (2.6) (0.3) (21.2) (6.8) (34.8)  (14.7)
440 7246 65113 54621 2201 389.2 361 692
2011 pac (587 (945  (94.7) (673 (235 (124) (46.6) (64.0)
0 0.0 1878 25758 4623 24759 140 215
cva (0.0) (0.0) (2.7) (317 (494 (79.1) (18.0) (19.9)
Ete. 289 26.3 0.0 58.2 55.0 53.7 5 15

(386)  (34) (0.0) (0.7) (5.9) (1.7) (0.6) (1.4)
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Fig. 13. Monthly variations of the relative abundance in algal classes in Lake
Unmoon from April to November, 2009 (Chl: Chlorophyceae, Bac: Bacillariophyceae,
Cya: Cyanophyceae, Etc: Crysophyta, Euglenophyta, Dinophyta and Cryptophyta)
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Fig. 14. Monthly variations of the relative abundance in algal classes in Lake
Unmoon from April to November, 2010 (Chl: Chlorophyceae, Bac: Bacillariophyceae,
Cya: Cyanophyceae, Etc: Crysophyta, Euglenophyta, Dinophyta and Cryptophyta)
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Fig. 15. Monthly wvariations of the relative abundance in algal classes in Lake
Unmoon from April to November, 2011 (Chl: Chlorophyceae, Bac: Bacillariophyceae,
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Table 3. Seasonal succession of dominant species phytoplankton in
Lake Unmoon

Month Dominant species Dominance (%)
Apr. Microcystis wesenbergii 24.4
May Microcystis wesenbergii 415
Jun Microcystis wesenbergii 71.7
Jul Microcystis wesenbergii 26.0
2009 Aug Peridinium sp. 50.9
Sep Peridinium sp. 724
Oct Aulacoseira ambigua 31.3
Nov Pediastrum duplex var. gracitimum 354
Apr. Microcystis-aeruginosa 21.6
May Microcystis sp. 36.2
Jun Anabaena sp. 27.0
2010 Jul Microcystis aeruginosa 31.3
Aug Microcystis aeruginosa 216
Sep Anabaena sp. 64.4
Oct Coelastrum sp. 2¥.3
Nov Anabaena sp. 35.2
Apr. ‘Dinobryon sp. 22.8
May Fragilaria crotonensis 445
Jun Fragilaria _crotonensis 94.3
o011 Jul Fragilaria crotonensis 64.8
Aug Microcystis aeruginosa 494
Sep Microcystis ichthyoblabe 33.3
Oct Anabaena planctonica 18.0
Nov Aulacoseira granulata 26.2
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Fig. 16. Monthly variations of dominant phytoplankton standing
crops(cellss/mL) in Lake Unmoon.
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Fig. 17. Monthly variations of phytoplankton diversity index (H’) and
dominance index (DI) in Lake Unmoon from April to November, 2009.
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Fig. 18. Monthly variations of phytoplankton diversity index (H’') and
dominance index (DI) in Lake Unmoon from April to November, 2010.
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Table 4. Pearson correlation between phytoplankton cell

environmental factors in Lake Unmoon(**; p<0.005)

density and

Total Chl. Bac. Cya. Etc.
R 0.329 0.227 0.202 0.383 0.116
Temperature P 0.117 0.287 0.344 0.065 0.59
N 24 24 24 24 24
R 0.534#x* -0.062 0.585#* 0.092 0.148
pH P 0.007 0.772 0.003 0.67 0.489
N 24 24 24 24 24
R -0.294 -0.125 -0.506 -0.068 0.468+*
DO P 0.163 0.561 0.012 0.751 0.021
N 24 24 24 24 24
R 0.369 -0.143 0.021 0.233 0.972#x*
Chl.a P 0.076 0.504 0.921 0.274 0.000
N 24 24 24 24 24.000
R 0.05 -0.355 0.066 -0.034 0.077
TN P 0.815 0.089 0.758 0.873 0.721
N 24 24 24 24 24
R -0.009 -0.123 ~0.015 0.007 0.016
TP P 0.966 0.568 0.945 0.974 0.939
N 24 24 24 24 24
R -0.159 =0.289 =0.101 -0.134 -0.082
TN/TP P 0.459 0.171 0.639 0.534 0.702
N 24 24 24 24 24
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Appendix 1. Physico—chemical factors measured the Lake Unmoon from April

2009 to November 2011

Factors
Month W.T DO pH Chl.a TN TP
() (mg/L) (mg/m®)  (mg/L)  (mg/L)
Apr. 145 11.8 8.1 7.0 0.893 0.009
May. 21.0 10.7 8.5 7.3 0.577 0.018
Jun. 25.2 9.3 8.6 7.3 2.712 0.004
5000 Jul. 25.2 9.9 8.8 97 1.336 0.005
Aug. 26.8 9.9 8.9 41.0 1.192 0.021
Sep. 25.6 12.4 9.1 193.9 1.142 0.021
Oct. 19.3 7.3 8.0 4.3 0.751 0.003
Now. 175 8.3 3.0 3.5 0.692 0.009
Apr. 135 11.3 A 16.3 1.862 0.012
May. 172 11.7 7.3 152 1.392 0.310
Jun. 25.5 9.0 8.7 11.7 0.735 0.052
2010 Jul. 24.3 9.9 9.0 23.1 0.921 0.032
Aug. 30.2 9.3 9.4 6.8 0.634 0.034
Sep. 25.8 812 8.4 49 0.559 0.028
Oct. 215 6.9 15 3.1 0.734 0.014
Nov. 18.3 7.9 7.5 5.7 0.723 0.015
Apr. 11.2 9.2 7.9 4.2 1.753 0.011
May. 18.6 8.8 9.1 7.7 1.203 0.011
Jun. 24.6 5.9 10.6 19.0 1.153 0.016
2011 Jul. 26.9 7.1 9.1 29.5 1.137 0.052
Aug. 24.9 8.1 7.4 7.0 0.901 0.017
Sep. 23.8 9.1 7.7 9.8 0.909 0.014
Oct. 185 8.4 7.8 3.8 0.997 0.009
Nov. 17.0 9.1 7.8 7.1 1.028 0.009




Appendix 2. Species distribution and abundance(cellss/L) of phytoplankton the
Lake Unmoon from April to November 2009

Apr. May. Jun. Jul. Aug. Sep. Oct.  Nov.

Pediastrum duplex var. gracitimum 36 15
Pediastrum simplex 33

Coelastrum microporum 65

Crucigenia crucifera 25 34

Ankistrodesmus bibraianus 23

Closteriopsis longissima 12
Chlamydomonas sp. 12

Tetraedron minimum 6
Monoraphidium arcuatum 12 6 6 6
Monoraphidium contortum 6 15 6 6
QOocystis sp. 24
Scenedesmus brasiliensis 24

Closterium aciculare 6 12

Closterium cornu 6
FElakatothrix gelatinosa 15 6

Staurastrum sp. 12 13 6

Aulacoseira ambigua 4 44 24 23 24 32 37
Aulacoseira distans 12 15 12 23 12 4
Aulacoseira granulata 49 15 12 149 35 36 20 4
Aulacoseira sp. 11

Asterionella formosa 63 6

Synedra acus 6 6
Cocconeis sp. 7

Cymbella sp. 6

Gomphonema sp. 12

Navicula cryptocephala 7

Navicula cryptotenella 6

Navicula sp. 6 7 12

Pinnularia sp. 6

Nitzschia palea 6 6




Appendix 2. Continued

Apr. May.

Jun.  Jul.  Aug. Sep. Oct.  Nov.

Microcystis wesenbergii 62 17 264 229 875
Anabaena sp. 217 78
Peridinium cunnigtonii 6
Peridinium sp. 15 6 158 2,971 6 19
Cryptomonas ovata 6
Trachelomonas sp. 6 6 6 6 6

Total 207 244 361 863 311 4,086 96 104




Appendix 3. Species distribution and abundance(cellss/L) of phytoplankton the
Lake Unmoon from April to November 2010

Apr. May. Jun. Jul. Aug. Sep. Oct. Nov.

Golenkinia radiata 5 6

Pediastrum simplex 33

Pediastrum tetras 2

Coelastrum cambricum 82
Coelastrum microporum 8 78

Coelastrum sp. 92
Crucigenia crucifera 86 56

Crucigenia sp. 24 43

Ankistrodesmus bibraianus 7
Closteriopsis longissima 7
Chlamydomonas Sp. 25 17 28 19
Schroederia robusta

Schroederia setigera 1 2

Schroederia sp. 19

Tetraedron minimum 7
Monoraphidium arcuatum 12 15 2 12
Monoraphidium contortum 19 12 14 11 7 12
Scenedesmus ecornis 50 24 21 25
Scenedesmus quadricauda 25

Scenedesmus sp. 2

Closterium aciculare 6

Closterium acutum

Closterium sp. 5

Cosmarium sp. 12

FElakatothrix gelatinosa 1 2

Staurastrum sp. 12 14 6 12
Aulacoseira ambigua 50 4 19
Aulacoseira distans 32 12 3 25
Aulacoseira granulata 75 6 55 17 24 37
Cyclotella sp. 15 21 17 12 31




Appendix 3. Continued

Apr.

May.

Jun.

Jul.

Aug.

Sep.  Oct.

Nov.

Acanthoceras zachariasii
Asterionella formosa
Fragilaria capucina
Fragilaria crotonensis
Synedra acus

Synedra ulna
Achnanthes sp.
Cymbella turgidula
Cymbella sp.
Gomphonema sp.
Navicula cryptocephala
Navicula cryptotenella
Navicula pupula
Navicula sp.

Nitzschia palea
Nitzschia sp.

Surirella sp.

Microcystis aeruginosa
Microcystis wesenbergii
Microcystis sp.
Anabaena planctonica

Anabaena sp.

Peridinium sp.
Cryptomonas sp.
Trachelomonas sp.
Dinobryon cylindrica
Dinobryon sp.

Total

218

Do O D

8%

224

175

50
1,066

69
12

12

242

185

58

670

16
11

215

35

337

14

358
227

22

55
946

17

118

64

17

449

12

79
322

67
500 338

199

82

12

568




Appendix 4. Species distribution and abundance(cellss/L) of phytoplankton the Lake

Unmoon from April to November 2011

Apr. May. Jun. Jul. Aug. Sep. Oct. Nov.

Paulschulzia tenera 31

Golenkinia radiata 5 6

Pediastrum tetras 42

Chodatella citriformis 3
Coelastrum astroideum 18
Coelastrum sp. 34 15
Crucigenia crucifera 44 19
FEutrtramorus globosus 77
Ankistrodesmes gracilis 19
Chlamydomonas umbonata 5
Chlamydomonas sp. 4 13 28 107 39 23
Dictyosphaerium ehrenbergianum 54

Schroederia setigera 4 11 17 5
Tetraedron minimum 5
Westella botryoides 19
Monoraphidium arcuatum 4 5 17 5 3
Monoraphidium, contortum 4 3 5
Nephrocytium [unatum 43
QOocystis sp. 21 13 10
Scenedesmus ecornis 22 19 20
Scenedesmus quadricauda 21

Scenedesmus sp. 52

Closterium aciculare 5
Closterium acutum 10 3
Closterium sp. 4 5 6

Cosmarium sp. 5
Fuastrum sp. 10
FElakatothrix gelatinosa 14
Staurastrum sp. 13 61 14 8
Aulacoseira ambigua 45 84 84 22 44 10 124
Aulacoseira distans 8 11 27 125 134




Appendix 4. Continued

Apr.

May. Jun.

Jul.

Aug.

Sep.  Oct.

Nov.

Aulacoseira granulata
Aulacoseira granulata

var. angustissima
Cyclotella stelligera

Cyclotella sp.
Acanthoceras zachariasii
Asterionella formosa
Fragilaria capucina
Fragilaria crotonensis
Fragilaria tenera
Synedra acus

Synedra ulna

Achnanthes minutissima

Cymbella minuta var. silesiaca

Cymbella turgidula
Cymbella silesiaca
Cymbella sp.
Gomphonema sp.
Navicula cryptocephala
Navicula cryptotenella
Navicula decussis
Navicula pupula
Navicula sp.
Rhizosolenia eriensis

Nitzschia sp.

Microcystis aeruginosa
Microcystis ichthyoblabe
Anabaena planctonica
Anabaena sp.

Aphsnizomenon  sp.

Peridinium cunnigtonii

49

171
110

I AN N N

26

32

11
173 10

341 6,485

11

11

188

32

5,262
65

550
278

220
1,527

39

88

61
22

17

462

10 29

275 82

39

30 48

10

231
1,043
140
983
218

283

83

40

20

111




Appendix 4. Continued

Apr. May. Jun. Jul. Aug. Sep. Oct. Nov.

Peridinium sp. 4 6 3
Cryptomonas sp. 11 13 11 54 10
Synura sp. 3
Trachelomonas sp. 6 5
Mallomonas sp. 11 39

Total 464 761 6,877 8,122 936 3,130 776 968
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