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Identification of Autumn Phytoplankton in the Lakes of Han River system
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Abstract : Han River is very important as a source of drinking water in metropolitan area. This study was

conducted to figure out diversity and dynamics of plankton community in the seven lakes (lakes Paro, Chunchon,
Soyang, Uiam, Chungpyung, Paldang, Chungju) of Han Riversystem. A total of 76 genera and 121 species were
investigated by taxonomic identification in November 2008. Cyclotella sp. and Microcystis sp. was a dominant
species in lake Paro and Chungju respectively. Aulacoseira granulata was dominant in lakes Chunchon, Paldang and
Chungpyung. And Fragilalia crotonesis was a dominant species in lake Soyang and Uiam. Our results can be useful
when compared to the results using molecular biological method to supplement taxonomic identification.

Keywords : Han river system, phytoplankton, dominant species, community
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AEE =24 gehE Wl gk, o]
Frol wlawA wh=A AejAe] WskE Fo 4
wslel A 4 WHsle] REQGsy] wiell(Yan et
al. 2007), 3499 Axdo] Hou Fe
09 AEE e AREEI Qo™ (Brook 1965),
FAge a&4E Wrleste AREE JA &
g 5 vk SHARE Fedgst o= 13l 2
FaEo] tiE WA 85 &9 olFm|(
WE AN AY 4
v Z2RFE "l A
HHarper 1992).
ol FE Fdske AEEEAES W
(cyanobacteria), T+ZF(diatoms), =ZF(green
algae)ol™, 1 ¢Jo]  SAZEF(gold brown
algae), AR ZF(dino flagellates), SHREZHF
(cryptomonads), A|F2+Z&F(synuro—phytes), -
=AU (euglenoids) Sol &% EdgHo]df
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3 AN 2APE AAEAG ZAAEE 9
o xste]l sl FFHE & Ae
Fom g E2 AdAstel AEHaglit AL
AZIE BYEEE 20089 114 11Y, 2459
SRS E 20089 1149 13Y, #H3, 9943,
HEe 20089 119 149, F535¢ 119 179
of 7 34 8 AAHE Al

ZA Sy

(TOK-DDK, JAPAN)Z &% AZo] 71538 5

=
500me> Feieta g 918l Lugol's §4&
1~2v/vpe] BlE= Hrlete] Alge] FAE A
T, 2407F o] Ak FAAIA AbelE (siphon)
< o] &ste] AT e HEa AR THE 54
ko] FEHIFE APA3E 3 20ml scintillation

vialel H.#a}qict.

B E3AEY A4S 559 NEE
A AL F F=lo s FHs)
Sedgwick—Rafter Chamberel] 23l 40~15004}
Fe du)4(0S-THP, LA3loe|A, 3h=r)3}ol|A]
A8t & 4L FrEREaY 9rER

AEE 5 olgaldltt (48 1993, MhE

2002, HFES A4 2004, EHOHBIHEA W
JekHE 2005). 2al Zf Zaee] ) sk Aol

=] - =
delAde Az waselt. 3%, T,

(e}
Simpson®] $Ax=  X4(0),
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and Wienere] UYI= X4(H),
Shannon®| A& °|-&3 #5743 AFDE A=
39t Shannon and Weaver 1949, Simpson
1949, Hutchinson 1975).

Shannon

A 2 AE5E AEZIFIES] Fy Yy &
ol o]FolHt. 7T T4 237 ZAMAAH R
o sl AEZFIES] G 0] o]FojHom
(Table 1), Zt 9] 9 S A Aol disixe= &
FEAT WY ArH(Table 2). F2FE= F 14
2 15%, FHIE 135 16%, 245 E 474 55

el tHTable 1). 77 &5l % 763 126%
o] sAHNeH JEFo 5277 FE F3ds)
Aok 7 I AHTS HE3e AS
Cyclotella 5, = ARG =

Aulacoseira granulata, =%z} oot M+=

g ©

sp. % e

)

o

Fragilalia crotonesis, =3+ Microcystis
sp.7} ¢33t Table 2). Aulacoseira &8 5-
Bt AxFow dHA  UrKEIEF
1995). o] ZAMIZF §¢F S5 HATE
14.8C Slom, 15T olelA Zdsh=

Al

slz B0l E8isls 71ed ABSUSEC| Ml HE 017

o A% FFEE A A Fo| B4
o 2ASAe U AdAS %S Ann
SHeAe AL FARY 2AHe 4
Zrol ApolZ wolA] ghgka, Agl W 5 P

2
oA pHZ} 8oldozm =kom, o]
chlorophyll-a &%=7} th& Z5E°] H|s|A]

|

=
v OIr oo o Mg X ot o K1 ooy B 3@

e tH e =84 A4, 2009). Al5g 2
ZHAEY] AEFE HHs, gt MY =
FAE 7128 HTable 3). 9 o A HA 7}
2 AEZHAE d5H cel/nD)S B 35
AES > Y5 > FF5 > 2D > AYS
°JotE > FHI £o 7 Yyttt

Table 2. Dominant species of Lake Paro,
Chunchon, Soyang, Uiam, Chungpyung, Paldang
and Chungju in November, 2008 (Samples from
site1 of each lake were analyzed)

Lake Dominant species

Paro Cyclotella sp.
Chunchon Aulacoseira granulate
Soyang Fragilalia crotonesis
Ulam Fragilalia crotonesis
Chungpyung Aulacoseira granulata
Paldang Aulacoseira granulata

Chungju Microcystis sp.

Table 1. Number of genus and species of phytoplankton in Lake Paro, Chunchon, Soyang, Uiam,
Chungpyung, Paldang and Chungju in November, 2008

i Cyanophyceae Bacillariophyceae Chlorophyceae Etc. Total
Genera Species  Genera Species  Genera Species Genera Species Genera Species

Paro 3 3 8 9 2 2 1 1 14 15
Chunchon - - 7 9 3 3 3 3 13 15
Soyang 6 7 11 17 23 23 7 8 47 55
Uiam 3 3 12 14 8 8 4 4 27 29
Chungpyung 5 5 9 11 5 5 2 2 21 23
Paldang 6 7 18 28 13 26 5 7 42 68
Chungju 5 5 11 15 15 16 6 8 37 44
Total 11 16 21 40 33 50 11 15 76 121
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Table 3. Diversity(H), Evenness(J), Dominance(C) index of phytoplankton in site 1 of 7 lakes in
Han River system in November 2008

Paro Chunchon Soyang Uiam Chungpyung  Paldang Chungju
Standing crops 931 183 467 263 25577 5878 1246
Diversity (H) index 0.9334 0.8081 0.7448 0.7452 0.8649 0.7048 0.8825
Evenness (J) index 0.7060 0.6111 0.5397 0.7156 0.7354 0.4430 0.7700
Dominance (C) index 0.1856 0.2824 0.3360 0.2874 0.1942 0.3733 0.1867
H'= -ZPilnPi(Shannon and Weaver,1949) J = H'/ InS(Shannon and Weaver, 1949)
C = =(ny/N)*(Simpson,1949) P= n/N
N= the total number of individuals n;= the number of individuals in the ith species
S= the total number of species
4. 1 & S Ao Fo] AdiAer B2 A &
A EhE RS Tt delxity, & vt
AT QA =9 97%= virtel]l dom 3%vte] F< v ol W Holrkaule] x4, ATt
Haoll @tk o] & SAYY] A3 AsrE A 2915 deltowA Joato] Hitstal
Aefebd Aol A o] & F U= B2 OgeHs vehdith deEe 7 T AT
HE AAL 0.6%01W o] T <IZto] o]ge n2A F¥EHE ARE e, $HEE 4 F
A= FAEe 50% AETF TAR oFoiA 3l ol HIEE Alwste] ARte ghow a5 Fol
o} olelgh s4e] wEjet WA mg Fashd L 2o Fol AUl o R we JAGTE ApA st
Sl AEstd s diFE Aolu s eR A AR A T ol
ojFolA Tt el i A= G- AYH 2e AMEe PCR-DGGE band SAH6A
oH4 ToAll e EtetaL kakEglen Ao 2012)9F FElH Eel o3 § AE Hlaei
2 Ag7h A58kl AF7HA AAAR ARt & W, Agse} UusoA F AolE Holi e
Hux] o2 ety & AT ofeldk 349 As & F ArkFig. 1. oJAL o] F+ a7 &
Aol ol 7P 7127 He AedEass] o OYEEs oy S5 =4 Yepd A o
A& AL ) 35l disl A8l o] 3= Aow AR, F 74 Fo] AT &
7t 3ol @ 4 ARl Fdshs AEERA Eshe 490l PCR-DGGE Ao}l Jej4 Azt
v s Uder 243 A T uYdEs 7b fAkeb Ao Fol v ek 49 ¥
0.71~0.98 W& UeplSithTable 3). ©l= 7} e T Adst @2 Aolg Holar vk
=4 Fabol] o] Folxl AIEHo] 7Hed dA o PCR-DGGE 9] 74 &3t oz 21714 2t
F AEEFAE T& sk k3 slow & o7k Sl A Hlal EAsk]ell= &old el
cheth B AelA M 2 $REE KBSl 2 Jey, =S4y Edde 5 At I
Foe 7P B2 § UgEE Yehlon vids Aoz Bty ey 4] 45 & celltt &
M ES F UIREE B fEIE P B st Foll 3 ARE PCR-DGGE 9
AEE etk de=rh 7P A deRd 5 ol W HEe] oy Zow dddd
35 TFEAHTable 3). & HdEs F9 upebA] JeEjshy 24 e EAA8EE U
o]d”(species heterogeneity)oletalt= &}, g & AR s Hesl ¢ 9le WhHoR, o
=3 el te] S50l Bt AR E3st ol Waluo] EAEth & v Agst &
W ORI 5, o9k WE Ao Fo] 1 A Ads =2 F S slow ddEnh
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Fig. 1.

Comparison between number of morphologically identified

phytoplankton and number of PCR-DGGE bands in November 2008.
Samples were collected from 5 lakes of North Han River system
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Morphologically identified Cyanophyceae in November 2008(P, Paro; C, Chunchon; S,

Soyang;U, Uiam; CP, Chunpyung ; P, Paldang: CJ, Chungju)

Cyanophyceae identified

P1 P2 P3 C1 C2 C3 S1 Sz S&

S4 U1 U2 U3 CP1 CP2 CP3 P1 P2 P3 P4CJ1 CJ2 CI3

Anabaena sp. + + +
Aphanizomenon flos-aquae

Aphanizomenon sp.

Aphanocapsa sp. +
Chroococcus minutus &

Chroococcus Sp. +
Coelosphaerium sp.

Merismopedia sp.

Microcystis ichthyoblabe

Microcystis sp. + b
Microcystis aeruginosa +
Microsystis wesenbergii

Nodularia spumigena

Oscillatoria sp.

Spirulina sp.

Synechocystis sp.

Total

16 species in 11 genera.

+ + + o+ o+ o+

+ o+ +

+ o+ o+ +

+ o+ o+ o+ +
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Table 2. Morphologically identified Bacillariophyceae in November 2008 (P, Paro; C, Chunchon; S,
Soyang;U, Uiam; CP, Chunpyung ; P, Paldang; CJ, Chungju)

Bacillariophyceae identified P1 P2 P3 C1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 CJ1 CJ2 CJ3

Acanthoceras sp. + o+ 4 4 +
Acanthoceras zachariasi + +

Achnanthes sp. + + +

Asterionella formosa + + + + + + + + + + o+ + o+ -

Asterionella gracillima o+ o+ 4

Aulacoseira ambigua + o+ + o+ + o+ o+ + o+ o+ o+ o+ + o+
Aulacoseira granulata + + + + o+ + + + + 4+ o+ o+ o+ o+ o+ o+ o+ o+ 4+
Aulacosira distans + o+ + 4+ o+ o+ + + + +
Cocconeis placentula +

Cyclotella sp. + + + o+ o+ o+ o+ o+ o+
Cyclotella meneghiniana + + o+

Cyclotella nano +

Cymbella sp. +
Cymbella spl. o+ o+ o+

Cymbella sp2. + o+

Table 3. Morphologically identified Bacillariophyceae in November 2008 II(P, Paro; C, Chunchon; S,
Soyang;U, Uiam; CP, Chunpyung ; P, Paldang; CJ, Chungju)

Bacillariophyceae identified P1 P2 P3 C1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 CJ1 CJ2 CJ3

Diatoma vulgare + + +

Flagilaria capucina +

Fragilalia crotonesis + + + o+ + + o+ o+ o+ + o+ o+

Gomphonema sp. + o+ o+ +
Gyrosigma sp. + o+ + o+
Gyrosigma parkerii +

Melosira varians + + 4 +

Navicula sp. + + + - + o+ o+
Navicula pupula +

Navicula spl. + 4+

Navicula sp2. + 4+

Nitzschia sp. + o+ o+ o+ o+ o+ o+ o+

Nitzchia acicularis + + + + + F oA +
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Table 4. Morphologically identified Bacillariophyceae in November 2008 III(P, Paro; C, Chunchon:;
S, Soyang:;U, Uiam; CP, Chunpyung : P, Paldang; CJ, Chungju)

Bacillariophyceae identified P1 P2 P3 C1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 CJ1 CJ2 CJ3

Pinnularia karelica +

Pinnularia spl +

Pinnularia sp2 +
Stephanodiscus sp. + o+ o+ o+ o+ o+ + + +
Stephanodiscus suzukii + o+ o+ o+

Surirella Robusta + + 4
Synedra sp. + + + o+ o+ + o+ 4+ + + + +
Synedra acus + + + + 4+ + 4+ o+ o+ +
Synedra ulna + + + o+ + o+ +
Tabellaria fenestrata + o+ + o+ + +
Urosolenia longisteta + o+ +

Vaucheria sessilis +

Total

40 species in 21 genera

Table 5. Morphologically identified Chlorophyceae in November 2008 I(P, Paro; C, Chunchon; S,
Soyang;U, Uiam; CP, Chunpyung ; P, Paldang; CJ, Chungju)

Chlorophyceae identified P1 P2 P3 C1 C2C3S1S2 S3 5S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 CJ1 CJ2 CJ3

Actinastrum hantzshii 4+ + + o+
Ankistrodesmus falcatus 4 + o+ + + o+ o+ o+ o+ o+ 44
characium pringsheimii + +

Chlamydomonas angulosa

Chlamydomonas sp. 4+ + + + o+ o+
Closteriopsis longissima +

Closterium sp. 4 + +

Closterium venus +

Coelastrum sp. + +
Coelastrum cambricum SHI + +

Cosmarium botrytis +

Cosmarium sp. + + o+

Crucigenia sp 4 + +
Dictyosphaerium sp. + + +

Eudorina elegans + +

Gloeocystis sp. 4 + o+

Golenkinia sp 4 + +
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Table 6. Morphologically identified chlorophyceae in November 2008 II(P, Paro; C, Chunchon; S,
Soyang;U, Uiam; CP, Chunpyung ; P, Paldang; CJ, Chungju)

Chlorophyceae identified P1 P2 P3 C1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 CJ1 CJ2 CJ3
Nephrochlamys sp. +

Oedogonium sp. +

QOocystis sp. + + +F
Pediastrum biwae + +

Pediastrum boryanum +

Pediastrum duplex +

Pediastrum simplex + +F
Pediastrum sp. + + P

Penium sp. + +
Pleurotaenium sp. + +
Polyedriopsis spinulosa + o+ + o+ +F
Planktosphaeria gelatinosa + +
Quadrigula lacustris + +
Secnedesmus sp. + o+ + 4+ + + +
Scenedesmus opoliensis +

Scenedesmus pecsensis +

Table 7. Morphologically identified Chlorophyceae in November 2008 III(P, Paro; C, Chunchon; S,
Soyang;U, Uiam; CP, Chunpyung ; P, Paldang; CJ, Chungju)

Chlorophyceae identified P1 P2 P3 C1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CP1 CP2 CP3 P1 P2 P3 P4 Ci1 CJ2 CJ3

Scenedesmus quadricauda + +

Scenedesmus sool +
Scenedesmus spl + + o+

Scenedesmus sp2 + + o+

Scenedesmus sp3 +

Scenedesmus sp4 +

Schroederia robusta +

Sphaerocystis sp. +

Spirogyra sp. + + + o+

Spondylosium moniliforme +

Staurastrum sp. + + + +

Staurastrum leptodermum +

Tetraédron sp. + + +
Tetraspora lacustris + + + +

Tetrastrum punctatum +

Treubria sp +

Ulothrix zonata +

Total
50 species in 33genera
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Table 8. Morphologically identified other phytoplankton in November 2008 [II(P, Paro; C, Chunchon;
S, Soyang:U, Uiam; CP, Chunpyung : P, Paldang; CJ, Chungju)

etc Pl P2 P3 Cl1 C2 C3 S1 S2 S3 S4 Ul U2 U3 CPl CP2 CP3 P1 P2 P3
Ceratium hirundinella + o+ + + +
Chromulina rosanoffir +

Cryptomonas sp. + o+ o+ o+ + + o+
Cryptomonas sp. (nano) + o+ + 4
Dinobryron sp. + o+

Dinobryron divergens

Euglena proxima + + o+

Gymnodinium sp. + +

Pandorona sp.

Peridinium sp. + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Synura sp. + o+ +
Trachelominas similis +

Volvox aureus +

Total

13 species in 11 genera

Unidentified pennate + + +

Unidentified centrales
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