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Seasonal Variations of Water Environment Factors and Phytoplankton in Nammae
Reservoir. Kim, Mi-Kyung*, Jung-Won Park and Yung-Ok Lee?! (Marine Science Research
Center, Yeungnam University, Gyongsan 712-749, Korea, Department of Biology, Daegu
University, Gyongsan 712-714, Korea)

This study was evaluated about the seasonal variations of ecosystem in Nammae
Reservoir based on the interrelation of physico-chemical characteristics, nutrients,
chlorophyll a, b, ¢ and standing crops of phytoplanktons. The amounts of chloro-
phyll a, b, ¢ were respectively maximum (295 mg/l, 9.5 mg/l and 48 mg/l) at station 1 in
June and the standing crop of phytoplanktons was the highest (1.7 x 10° cells/l) at
stations 3 in July. The range of temperature was 7~37.4°C. The maxium of pH was
9.9~10.1 at all stations in August, the minimum was 7 in September. SS was maxi-
mum (308 mg/l) at station 1 in June, while it was minimum (4 mg/l) at the same sta-
tion in November. The maximal COD and DOC were 33 mg/l and 16 mg/l respectively
at station 1 in June. As for phytoplanktons, Microcystis aeruginosa, blue-green alga
in July~August, Scenedesmus acutus, green alga in March~May and November
~January and Cyclotella orientalis, Diatoms in October were dominant species. The
amounts of P and Si were generally high in summer, they were low in autumn and
winter. Nammae Reservoir assessed by trophic state index was eutrophicated and
overtrophicated. These results indicated that Nammae Reservoir was faced with
heavy water pollution. As preceding management for the basin of the Reservair, it
will have to be continually studied for an ecosystem reservation.

Key words : Nammae Reservoir, physico-chemical characteristics, phytoplanktons,
eutrophication
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Fig. 1. Map showing the sampling stations in Nammae
Reservoir.
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Table 1. Monthly variations of physico-chemical parameters and photosynthetic pigments in Nammae Reservoir.

Month Water temperature pH COD (mg/l) TC (mg/l) DOC (mg/l)
onhs St.1 St2 St.3 Stl St2 St3 St.1 St.2 St3 St.1 St.2 St3 St.l St.2 St.3
2000. 3 221 244 245 74 75 7.5 7.2 7.2 6.1 29.7 29.0 293 6.8 6.2 6.3
4 209 210 203 74 74 7.6 6.9 122 114 30.8 328 27.6 9.4 85 6.5
5 265 285 280 75 7.6 75 13.3 137 122 276 289 257 12.0 101 89
6 275 319 325 7.0 7.3 7.3 33.1 118 164 30.7 247 246 156 105 10.9
7 335 374 360 81 75 7.5 225 26.7 27.8 179 236 21.0 7.4 95 84
8 315 345 350 101 99 102 183 152 145 20.2 215 211 8.9 10.3 10.0
9 28.0 270 280 69 7.0 7.1 111 8.0 6.9 237 245 272 5.5 52 95
10 215 205 235 74 75 75 8.4 9.1 7.2 282 27.7 273 5.4 52 48
11 180 16.0 175 73 73 7.3 7.6 5.7 6.1 283 276 276 4.9 49 47
12 13.5 8.8 7.0 7.4 7.3 7.3 5.0 7.2 8.4 30.1 322 29.7 3.8 48 48
2001. 1 145 125 120 74 76 7.5 5.3 7.6 7.6 340 358 336 3.6 34 33
2 19.0 15.0 115 7.6 7.5 7.6 6.1 14.1 5.7 346 342 341 3.3 3.7 36

SS (mg/l) Chla(mg/ 1) Chl b (mg/ 1) Chl c(mg/ 1)
Months

St. 1 St. 2 St. 3 St.1 St. 2 St. 3 St.1 St. 2 St. 3 St.1 St. 2 St. 3
2000. 3 115 10.9 111 0.5 0.2 0.2 1.2 0.3 0.1 0.5 0.6 0.6
4 121 19.8 134 0.5 11.7 1.0 0.4 1.3 0.2 2.3 2.8 0.5
5 26.6 334 28.6 29 6.2 9.1 0.1 0.1 0.2 2.2 0.6 0.7
6 307.7 324 26.4 294.8 24.6 33.0 9.5 7.0 5.3 47.5 8.3 7.7
7 42.6 98.7 116.2 85.7 134.9 148.8 4.7 5.6 54 5.9 6.6 7.4
8 17.4 16.8 194 9.1 5.5 9.9 4.6 4.6 4.8 6.1 5.8 6.1
9 16.8 155 131 53 4.6 5.1 45 4.6 4.8 5.9 5.8 6.0
10 14.0 22.1 25.5 3.7 11.3 12.6 43 43 3.7 5.5 6.3 5.9
11 5.2 13.5 15.0 4.6 4.7 4.8 4.2 4.2 4.0 54 5.4 5.6
12 8.1 6.9 6.9 4.2 3.8 3.7 4.1 4.0 4.1 5.3 5.2 5.2
2001. 1 8.8 16.7 21.2 3.7 3.9 7.0 5.3 4.4 8.2 5.0 5.4 115
2 35 104 16.2 4.4 4.2 4.2 5.2 43 5.0 6.8 5.5 5.5

COD: chemical oxygen demand; TC: total carbon; DOC: dissolved organic carbon; SS: suspended solids; Chl: chlorophyill.
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el om (A 1=10.1; AA 2=9.9; AA 3=10.2) &
ZE)AS B9 (Table 1). o] 8Ye]| F=7F Microcys-
tis aeruginosa?] FHHHB (Table 4)ol] 2Jst gutst 33hA
o] JFeoz B & st

SSE= AA 144- A 2, 30| 29l A7+ 3.5 mgll,
6.9mg/I24 FH A4S Beloh ubdel A 14 6Yel
F 31gke] 307.7mglle| AL, FY 717hel B 29} 3
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7]ql¥lt}x £} (Table 1 and 4).

oA 124 5.0mg/le]iaL, A4 29} 3L 116l 74zt
5.7mg/l¢} 6.1 mg/le.g 717 Jelt} (Table 1).

SER7Is A AA 1,29 394 64 #7156
mg/l, 10.5 mg/l3} 10.9 mg/l2A] =9k, A4 13} 32 2
Yol 27+ 3.3mgll, 3.6 mg/lEZA] 7R F& =52 e}
Wout A 2= 1Y 3.4mgl= 7} 9k} (Table
1).
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s A 13} 304 796l Z2H7k 19.8 g/l e} 49.7 ug/l
o], A 2% 64l 220pg/lE HAAE et
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Table 2. Monthly variations of nutrients and trophic state index (TSI) in Nammae Reservoir.

Month NHs-N(ug/l) NO3z-N(ug/l) NO2-N(ug/l) DIN(ug/l)
ontns St.1 St.2 St.3 St.1 St. 2 St. 3 St.1 St.2 St.3 St. 1 St.2 St. 3
2000. 3 1,373 1,612.1 1,181.6 5,321.3 5,346.8 5,353.5 62.4 315 235 6,760.0 6,990.4 6,558.5
4 1596 5,493.2 838.5 5,266.7 3,765.2 5,279.5 34.7 6.9 323 6,897.5 09,2653 6,150.3
5 * * * 3,5698.9 3,112.0 3,157.1 331.8 293.7 3735 3,654.1 3,102.1 3,276.1
6 * * 726.0 321.1 220.0 194.9 171.2 250.1 277.0 175.7 1535 1,197.9
7 3,153 5,485.7 15,4849 19.8 382.1 49.7 4.1 4.9 9.7 3,177.0 5,872.7 5,544.3
8 3,804 11,9359 3,763.9 52484 5,332.7 5,274.4 70.0 153 349 9,122.7 7,283.9 09,073.3
9 114 72.6 82.8 5,402.6 5,387.9 5,208.7 23.8 319 158.0 5,540.3 5,492.4 5,449.6
10 743 1,779.8 530.5 3,625.5 3,539.4 4,998.6 1,263.9 1,3153 243.3 5,632.2 6,6345 57724
11 109 97.6 1216 5,361.6 5,250.4 5,349.9 33.9 1079 374 5504.1 5,4559 5,508.9
12 68 3,506.1 3,372.4 53242 4,613.1 4,663.1 52.0 4645 409.9 54439 8,583.6 8,4454
2001. 1 3,220 1,734.0 571.2 5,150.7 5,248.9 5,371.9 52.2 86.8 16.3 8,423.0 7,069.7 5,959.4
2 2,417 2,162.0 2,249.0 5,200.5 5,090.0 5,079.7 49.3 132.7 146.8 7,666.5 7,384.7 7,475.5
SiO2-Si (ug/) PO4-P (ng/l) TSI (Chl-a)
Months
St. 1 St. 2 St. 3 St.1 St. 2 St.3 st.1l St. 2 St.3
2000. 3 * * * 21.3 12.7 24.2 23.0 16.6 16.6
4 * * * 397.6 2,063.6 54.3 23.2 54.7 30.1
5 108.9 129.7 130.8 551.7 514.7 1,089.1 40.9 48.5 52.3
6 505.1 491.5 264.8 485.5 377.3 6,225.2 86.4 62.0 64.9
7 903.8 660.7 902.3 792.8 2,913.0 2,170.5 74.2 78.7 79.6
8 1,082.2 1,160.5 986.0 135.6 26.4 284.1 52.2 47.4 53.0
9 901.7 1,149.2 1,147.0 646.6 143.4 91.5 46.8 45.5 46.6
10 * * * 27.5 21.2 115 43.3 54.4 55.4
11 * * * 36.7 53.9 21 45.6 457 459
12 * * * 40.6 484.2 85.3 44.6 43.7 43.5
2001. 1 7.7 59.8 35.8 8.0 42.0 450.2 43.4 43.8 49.7
2 116.8 111.2 65.6 138.4 9.5 77.4 45.2 44.6 445

*: less than 0.1 pg/l.

DIN: dissolved inorganic nitrogen; TSI calculated by the amounts of chlorophyll a (Carlson, 1977).
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sl AR opdagles AgE Aoz A
ot

HREH (NHi-N)-2 A4 2604 4l 5,493 pg/l, A
7 32 794 54859/l H1 == el (Table
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or} R4 29 30 WH FEsh WA WU, ol 6
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=7k 78] 172E -

Ak (POs-P)2 A 29} 3ol 747 74 (2,913
ng/l)3 64 (6,225 pg/)ell H 1 F=5 ek, A 1
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3 4538 22 =T HAA T=E AA 1A 14
o] 7.99 ug/l, AA 26| A 29l 9.49 pg/le] x|,
A7 32 11Ye) 2.07 pg/le]git} (Table 2).
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o)) Fart m2R Aoz AlmEn.

At 2S AAREE 954 axs A 1edA 649l
294.8mg/l2 7H E3kan, A 29} 3ol 7L Z
7} 134.9mg/le} 148.8mg/l2 71 2 H=E el
o} (Table 2). 54 b} cx=x A 1A 6L 3
X7} 42 9.5mg/le}t 47.5mgllo|gla, A 2= Zh7t
7.0mg/1z}+ 8.3 mg/l, A 32 7Yd =4 by} 5.4
mg/l, 54 ¢ 649 7.7mgNzH g w9k A
1M 454 o7t 2 AFERY 453 B2 olft
o] Al7]ell FFA cE ANHoR o7 i3 FE2F
o] HEgFo]l Frhe A9} dAsIA T (Fig. 2). ¥b el
Foll vlmA G540 w=rt @A velL 354 a
T EE AR 3o 7P} v =W $](0.2~05
mg/l)E YRl 3L, 554 be} e AA 1A 5o 7+
ZF 0.1 mg/l3F 2.2mg/lo)glx, A 2= 54U P24 b
7F 0.1 mg/l, F=4 c= 390l 0.6 mg/lEA FHAZE Y}
Rl 50 AEEFIE dEF vlE 4529

If

¢

1" 12 S g

harithes

Fig. 2. Seasonal variations of phytoplankton species composition from each station in Nammae Reservoir. CHL.:
Chlorophyceae; EUG.: Euglenophyceae; CYA.: Cyanophyceae; DIN.: Dinophyceae; CHR.: Chrysophyceae; CRY.:

Cryptophyceae; BAC.: Bacillariophyceae.
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Fig. 3. Seasonal variations of mean standing crops of
phytoplanktons according to stations in Nammae

Reservoir.
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7F AAAZ vehd &, Al =2 8Ye] AF 29-(7]
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H
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NegamEe 98 8% 4% B-csd A3
AL, 7k~ A=l wste (Fig. 2). 2 A
3% 7t 39~4150= UM %—‘?—‘Hii, A 20]
A 8ol 3% 07 Wl

i) 98 AEsgmEe] Aol PP e~ %
o T ) e A
Fob FEF7E A sk (Figs. 2, 3).
LGS F Soh W2 ol Bl 793} 8o Hv
Wes mold 44 13 3& 796 AAGT 27
144,400 cells/ml 2} 169,300 cells/mle] i, AA 2= 8Y
o]l 169,300 cells/mlo]gltl. A4 164 2<de)| 4,400 cells/
ml, A 29} 3 3ol 747} 4,200 cells/ml, 3,760 cells/
mleza "xrt 747 ket (Fig. 3). £ 42 &2
vhE #AE A EZHFES thekx (Shannon-Wea-
ver, 1963)¢} 94 % (Simpson, 1949)7k2] <34 9} U]
sheh.
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Fig. 4. Seasonal changes of the amounts of chlorophyll a
concentration and trophic state index (TSI) in
Nammae Reservoir.
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R4 1604 69el 744 A dehdet o] Al7]e]
A Fgom FERY PRl FANGL 2T
o] I 13hr (7)AA, 2000, 2001)2A] A 45%] FH E
Fa &7} wdet ol o9, CODe} DOCx SSe}
Zro]l A4 1A 6dell 7MY E9ka, A 294 32 7Y
of okt o] A7l AEEFIFIES] FUPF 79 A
oz zhgslyict.

HE54 ad] FEE o] 43 Carlson (1977)9] o of3}
Z| 4= (TSI: Trophic state index)el] 2]s}4H, 64 ~74=} 8
Yol TSIZ} v|wA o} (F I 86.4; F|A]: 47.4) Kojef
AE Uelle, 4~590] A 29} 3004 A7 547,
53.30.2 ] =9t} (Fig. 4). 3] 69olA] 9¥7tx] ¥=
5 Microcystis aeruginosaZ} $-4%&& o] &9+, 134
422 AHAQl e w Ats

6. Spearman rankel] 2] 37 291 2] A

Al
Spearman rank (rs) (Table 3)ol] &]s}H ZArd =} FAE

Jo] w R, ofAALAI} QAlE R} AlBEZEFEQ]
d54 agke] FoA el R A vebdd S AAkg
< 952 ast o] ARAAL At Hhel Ak
© epo] ABBAZL Gdsich GH4 ax 4, COD,

DOC, SS9} “of'e] Akt o glJ_ TCS} “e79) Az
HA= FelAdol s

AzHoz 7 eqlz} TSI 7|Fel] oJahd, Fejr|=
LS AYstn A A o] Fojokshr] z}oieks) Ab
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Table 3. Coefficients of Spearman rank (rs) and probabilities among physico-chemical elements in Nammae Reservoir.

NTemp. pH COD TC DOC SS Chla Chlb Chlc NHs~N NOs-N NO;-N PO4~P SiO,-Si

Temp. 0.217 0.793 -0.932 0.862 0.743 0.725 0.158 0.247 0.032 -0.287 -0.259 0.396 0.715
pH N.S. 0.406 —0.056 0.077 0.172 0.133 -0.014 0.126 0.615 -0.217 -0.378 -0.014 0.297
COD ** N.S. -0.677 0.801 0.727 0.698 0.286 0.401 0.275 -0.642 -0.166 0.713 0.724
TC ** N.S. * —0.783 —-0.656 —0.755 —0.140 -0.228 0.035 0.252 0.126 -0.364 -0.689
DOC ** N.S. ** ** 0.719 0.601 -0.070 0.042 -0.091 -0.434 -0.077 0.587 0.537
SS ** NS, ** * ** 0916 0.319 0476 -0.088 —-0.653 0.028 0.533 0.517
Chla ** N.S. ** ** * w* 0.469 0.620 -0.021 -0.615 0.084 0.476 0.609
Chl b N.S. NS. NS. NS NS NS NS 0956 0.175 -0.175 -0.133 0.315 0.508
Chlc N.S. NS. NS. NS. NS. NS * ** 0.249 -0.305 -0.067 0.329 0.559
NHs-N N.S. * N.S. NS. NS NS. NS N.S. N.S. -0.175 -0.594 0.105 0.058
NOs-N  N.S. N.S. * N.S. N.S. * * N.S. N.S. N.S. -0.224 -0.657 -0.131
NO-N N.S. NS. NS. NS. NS NS NS N.S. N.S. * N.S. -0.112 -0.131
POs-P N.S. N.S. ** N.S. * N.S. N.S. N.S. N.S. N.S. * N.S. 0.464

SiO.-Si ** N.S. ** * N.S. N.S. * N.S. N.S. N.S. N.S. N.S. N.S.

**: p<0.01; *: p<0.05; N=12;
N.S.: non significance; rs: Spearman rank correlation coefficienct;
N. of St.: number of standing crops

Table 4. Species and standing crops of phytoplanktons observed in Nammae Reservoir. Numeric numbers: sampling
months; o: Individual number of 1,000~ 10,000 cells/ml; ©: indivisual number of 10,001~ 35,000 cells/ml; ®:
Individual number of 50,001 ~ 200,000 cells/ml.

Stations Stations
Species names Species names
1 2 3 1 2 3
Chlorophyceae Pediastrum boryanum
Actinastrum hantzschii P. boryanum var. longicorne
Carteria cordiformis P. duplex
Chlamydomonas globosa P. simplex
Chlorella vulgalis 44+0 440 P. simplex var. echinularum
Closteriopsis longissima P. simplex var. sturmii
Coelastrum astroideum P. tetras
C. microporum 6+ 0 6+ 0 Planktosphaeria gelatinosa
C. reticulatum var. cubanum Scenedesmus acuminatus
Cosmarium formosulum 440 4+ o0 S. acutus 440 4+ 0
var. mesochondrium 5+0 5+ 0 S. bicaudatus
C. laeve S. denticulatus var. linearis
Crucigeniella apiculata 6+0 6+0 6+0O S. dispar
Dictyosphaerium pulchellum S. ecornis
Elakatothrix gelatinosa S. ovalternus 11+o0 11+o0
Eudorina unicocca S. quadricauda 440
Franceia ovalis S. spinosus 3+o0
Lagerheimia ciliata 6+o0 6+ 0 4+ 0 440
Monoraphidium arcuatum 5+ 0
M. contortum 11+ o0 11+ 0
M. griffithi 2+o0 12+0 12+0 12+o0
M. indicum 1+o0 1+o 1+o
M. komarkovae Schroederia setigera
Oocystis lacustris 4+0 Sphaerocystis schroeteri
5+o Staurastrum gracilis f. kriegeri
6+0 6+0 6+0O S. margaritaceum
O. parva S. paradoxum

Pandorina morum S. paradoxum var. parvum
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Stations Stations
Species hames Species hames
1 2 3 1 2 3
Chlorophyceae C. meneghiniana
Tetraedron caudatum C. orientalis 9+ o0 9+ 0O 9+0O
T. constrictum 10+ e 10+e 10+ e
T. minimum 114+ o0 11+© 1140
T. triangulare 12+ o0 12+ o0
T. staurogeniaeforme 1+ 0 140
Wstella botryoides 24+ 0 2+ 0
Euglenophyceae C. radiosa
Euglena proxima C. stelligera _ 10+ o 10+ o0
Trachelomonas robusta Cyclostephanos dubius 440
T. volvocina 4+ 0 10+o
T. sp. 1+o
2+0
Cyanophyceae Cymatopleura solea
Anbaena variabilis 10+ o0 Cymbella affinis
Microcystis aeruginosa 4+ 0 C. leptoceros
5+ 0 5+ 0 C. minuta
6+ @ 6+0O 6+ 0O C. silesiaca
7+ e 7+ e 7+ e Eunotia binularis
8+ e 8+ e 8+ e Fragilaria capucina var. capitellata
9+ e 9+0©O 9+ e F. capucina var. gracilis
10+0 10+© 104+© F. capucina var. vaucheliae
Microcystis wesenbergii 8+o0 8+o0 8+ 0 F. crotonensis
9+© 9+o0 9+ o0 Gomphonema gracile
10+ o0 G. parvulum
Oscillatoria agardhii G. quadripunctatum
Phormidium tenue G. sahchclavatum
Dinophyceae G. tru_ncatum )
. . . Gyrosigma acuminatum
Ceratium hirundinella G. obscurum
Chrysophyceae Hantzschia amphioxys
Mallomonas sp. Melosira varians
Navicula bacillum
Cryptophyceae N. capitatoradiata
Cryptomonas erosa N. cryptocephala
C. marssonii N. gregaria
C. ovata N. peregrina
Bacillariophyceae N. protacta
Achnanthes convergens N. pupul.a
A. minutissima N. subminuscula
A. japonica N. te_ne_ra_
Amphora libyca N. tr.|Y|aI|s
A ovalis N. V|r|dulla. var. rostellata
A. veneta N. amphibia
Aulacoseira ambigua 9+ 0 N. frustul_um
A. granulata 9+ 0 N. graculls .
1040 1040 N. intermedia
A. granulata var. angusitissima 9+ o0 N. pjallea .
10+ 0 10+ 0 N. smuata.var. t.abe.II.ana
11+ 0 Stephanodiscus invisitatus
. S. sp. 3+o0 3+0 3+o0
Cocconeis placentula
Synedra acus
Cyclotella atomus 1+o0 S ulra

C. comta
C. kuetzingiana

Surirella minuta
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