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Species Diversity and Energy Flow of Phytoplankton and
Zooplankton in Okcheon Stream

KIM, Keon-Hee + Soon-Jin HWANG
Department of Environmental Science, Konkuk University

ABSTRACT

This study was conducted to understand the phytoplankton-zooplankton trophic linkage and species
diversity in Daecheong ecosystem(Okcheon stream) from August 2008 to July 2009. A total of 54
phytoplankton species were identified in the water column. Among them, Bacillariophycea dominated
the phytoplankton community, accounting for 35.2% of species number, followed by Chlorophycea
(33.3%), Cyanophycea (25.9%), Falgellate algae (5.6%). Phytoplankton density were ranged from
2x10% to 15x10° cell/ml during investigation and carbon biomass was similar with density. Dominant
species were 6 taxa, which were Microcystis sp., Oscillatoria sp., Aulacoseira sp., Cyclotella sp., Na-
vicular sp., Cryptomonas sp. in water column. A total of 31 Zooplankton species were identified in
the water column. Among them, Rotifer dominated the zooplankton community, accounting for 77.4%
of species number, followed by Cladocera(12.9%), Copepods(12.9%). Zooplankton density were
ranged from 47 inds./L to 688 inds./L during investigation and carbon biomass was the high value
in October in contrast with density. Dominant species were 4 taxa, which were Rotaria sp.,
Brachionus sp., Asplanchna sp., Diaptomus sp in water column. Macrozooplankton(MACZ: >200 x m)
clearance rate were relatively high in the winter however, amount of C-flux were relatively high in
the summer. Microzooplankton(MICZ: 20~60xm) clearance rate and amount of C-flux were
relatively high in the spring. Each zooplankton was relatively low in fall. Also, MICZ amount of
C-flux were similar than those of MACZ, while MICZ clearance rate were relatively higher than those
of MACZ.

Key words : Okcheon stream, plankton species diversity, C—flux
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5% QAN B EFAE 42 BFL 5 vE e oluiA) 389 Fod
5l a(Keckeis et al., 2003) & EHA=9] A F 70 B dFS vAe

a2 2ATHReynolds, 1984; Sommer et al., 1986; Sterner, 1989; Kagami et al., 2002). =& o3} &%
71 Daphnia sp.¢} £ e 5= EFAEY B TVl A A S =T a2 T 7
e WA A FHEE Z71A 7] 9 (Brook, 1985; Gawler et al., 1988), & 717t E<ke] AA| A< clear
water phaseE ZAJA]ZITHLampert et al., 1986; Sommer et al., 1986; Vanni and Temte, 1990; Kim et al.,
2003). T= ZEAE] Ae9A 2ol ogt A s ZEFA=9] T 74 WsKThys et al., 2003), 4| <]
2]8hA E4J(Keckeis et al., 2003), % < JEl(Heath et al., 2003), B o] g2 T4 2.4 E(Reynolds,
1994)el] whe} T SHA=L] g2 o7t vEh] wiitel Holw ¥ AT Ayte sE A
A A flal 282 o e Fag

A5E A
170900 ©)F ) thY S 3 - ok Piel 2HE OEA A% dh7s S AFEEE
& W R PP

I AR e] 2974 JA S 19 LFERo] Al 59 v et ) u)$- Atoldk Al - &
et BEAE Btk oE E9 1987 o] F 2AFE YA s ez st Yt o Ao
& 7ol deA, ejeha Mo g o3 ZYPaE 3 Fxo| WilE 7P gekKim et al., 1998;
Kim and Joo, 2000). =ruj¥ut olje} 53] Murray Darling River Al 28 oA = Q1 ol o]t
stdel eeta 2dd mE E¥EE Yol FHe WEe] yehd ub 3lti(shiel and walker,
1984). oA Q1 el oJaf = SN Hoa ZHIE THS 7t
o 7158 FAeE ] A AT B ZHAE g wH|E]olet AE &
FAE A4 AFHKim, et al., 2000, 2002; =HIA S, 2003), AUTAA & ZFAE ot

4

|

25 Zg3E 2] A Hwang et al., 2004) A =2 m-$- A3 ot} Za= ol oA =&
EFAEY 2w EHAEY A tg AT Y GIDARY oyA] AdE v Estd]
o 2 wglel 715 Wstel ik A WSE o Sotal AuiAlE delstet 8 Rt oyt
A7 AR AH =7k Brketet ¢ 8ot 288 Aok & d7= WS AR
Fred shdQl SHHAA Adel WE F - AE FEAE T O Mo - AE A=Y ©
2AGE(C-flux)ell thaliA] ARSI T

VRO

1. ZAFRIE A7
2 7o) 2 e Seke S0 AN hHB f9)

ol
o
[
o,

fo

2
(2
lo

ol
ol
=i
-
)
=2
o)
oft

ArhFig. 1). S F2 AL 20.0kmolw, fdo FHUAL 537.2 kmolrh SHHLe MR
Al IR olFE shlola, S siRE Ut A 7 PR SHas
A2 419943 59 ¢F)ol AAsa 913, 18.0x10°m*lday2] SFAEl RS wiESla Utk S
A A ge] ME AR SR 8~99l IRt 98] FEE T o] 5E/ A s 9 W



2218 - g=dl / SHEAML SCLAD KU 0IS 121

o mret sk 3 A 9] BlEo] 2AE = Holth A3t Al7dle el 3

o] Aot 44 e veplx, B3t B34 "R A2 o] gty

, = AT AR FEY AFE A7 J £ 2l gL

|l A viEE skl 28717 RE el ow ddo] EAsth AS5d AR
= o

5~6m Welo|glon, o Fdd sl 7

2 o

N
18
2o N

L %0 rlo rlo M -

L
oo
e
o
o
o
(o)
rf
-
(o,
offl
r o
>
>
O
ol

THAL 5, 1999; 413 £, 2000). & A= S FFA A A 2008
AT

Sampling site

Stream

- =

AgoNA 4 FHAFELS T, pH, A7IHEE, §E4 a0, ZF 52 YSI(6920 MDS, USA)

F2.89) B0l B A 2 Ade) B3olA Agalel 7L EeloLA 4710 Ho} WHn
(873, 199)°] w2} 2. 27719

i
o
i1k
ja}
it
fru
Mo
=
ol
8
vl g
%)
175
rr
4
Y,
to
ultA
ol
o
>,
jac}
i)



122 SHEAIEZEATA M7 K=

(PO4-P)2- ascrobic acid o2 3743} a1, <1(TP)-2 persulfate -8l 3ol ascrobic acidH 2.2 =%
sl R Y ol A A (NHa-N)$F oA 2 A A (NO,-N)E 212} phenate, colorimetricS o] &-ale] =
Zatdar, Ak AA(NOs-N )% cadmium reduction o2 23801, F(TN)S e dgoz
138k 2 cadmium reduction =74 319 THAPHA, 1995). 54 ¢ (Chl- 2 )& A 22 GFIC 97}
|2 73t 90% oMES 01*"“6}04 4R B Bt Btele] (54 E FE F F8%
AL o] &ste] S SohEHE -, 199).

>4

H1

2) DIM=Ho|Y FdAS2| SxY, T, =T MUY

1) AE EY3E

5 ZYIES A EE 100 mLE Lugol &9 0 2 11733}l Sedgwick-Rafter Al5=2-2
o] =H&n|7(Zeiss, Axiovert 40 CFL, x200~400)llA F2 AETHYE R 7R3l T4 -

A a2

] 3
o} o} & 2 F(Dinophyceae) ¢} = .2 F(Cryptophyceae) = EHF T Dr} Fo} F &
]_

T BFE HEZR(flagellate algae) 2 FF3IAth A& ZHIAE HEFLS 54 A FHFY
2 Az Zol2 2A3tod Keller et al.(1980)0] AAE 2A o2 ARV xm)S AN, FRAE
10 (—0.427 + 0 .784(log Vum®)) ,ngC ==z 9/]‘ ZE= 10 (—0.460 + 0 .866(log Vums))ﬂgC(Mu"m et al.,

1966) 12]3 WRZFE 200 fgC m *(Starthmann, 1967) F-2|3 g4 SAASS o] 83819 carbon
AEFS AlLkeitt

sE TPAES ZYIAE UEMWES A7) 64pm)Z 57 oQlE A8 5 ¥Y2dd(FHITse
5%)°.2 3173k &, Sedgwick-Rafter |Gl Ho Fedn|dstoll A &5, A4, L4FE EF
3lo] #H23}9] tiStemberger, 1979; Balcer et al., 1984; %, 1993). ¥z A| &3 o EH 5t 7=, A=
dolg BT Ao, Fdga AT Al ol &3ttt #5Fe AQE

(1984)7} A|A g Aol et AL, B FHAEY BT L0562 7HYst] 5, §5%
9 10%E A Ho 2 ALt thHall et al., 1976). A1 2 7<2F 8.2b72] 74532 Lengh-Dry weight
AAS Ab-g-atod (Culver et al., 1985), 55 ZetaE0] MEEH 1gC - L ) HFeko] 48%S ik
© 2 mellod(Anderson and Hessen, 1991) AF=31%]

il

Tl g E oA B %—%ﬂ% 7+ /}3*4&74] 9 gadd %(C -flux) 7% Lehman and Sand-
gren(1985)° HIEH of] = %% ZergEo] Ao
=2 °1<>H aHe e EFAEY 2eE S5t At = EF3=E A9 =271 w
2} &8 F &S E(Microzooplankton: MICZ, £%F<F Nauplii, 60~200/,/,m)JJr N =E Zetg
=(Macrozooplankton: MACZ, 87157 9 =|Z+F A A, >200/zm)9_£ TR A8S A et

AR B8 SFAES 200«me} 604m YEE 5202 BYAA 58 ZHAE 7|2
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AAd=9] oufj(control, BE ZHIE AAT. F 60pm HER A3 A7), 2, 4, 8u]= 7} £7]
o A7ksta A% oJZ<(<60 L m: MICZ 4224, <200 £ m:MACZ gﬂgtﬂ)i 2L S s 5
Shaol| Al 2441 7F Bk A4S F18slSITh AR L 23] Wi o R eyl on, 2447t £ 50 mL
o] subsampleS A 3] Lugol fdog ANE THAES 1T T YA /‘] = 60 «me} 200 # m
HERZ AL & &7] U 2389 & FFAEY AFE ATt 479 55 F93E 4=
ZATFONA 2483 BoF e AE ZYAE YRS =3 slo] 443 E(exponential growth rate:
S9l=day )< AAaich

r=(In Ni—In No)/t
= 2% A%E (day )
Nt = tA]7F o] %7 W% (cell mL Y
No = OA]ZF o]% %7 W% (cell mL ™Y
]_

t =42 3¢ A3t (day)

o] Z-E&(clearance rate)> A Wo] 58 ZHIE AEFH A EIS] AXIH HAE T
8 712712 Hrketdth ga AGwHC-flux) 2 o 41S B8l Brtsksith

ACF=CRxAxZ

ACF=2%2 ZZI LA $8 ZaECR ADEE Cfux (gC-L *-hr )
CR =oz}& (mL - pgdw '-hr Y

A =2% Z==E carbon biomass (xgC - L Y

Z  =zooplankton biomass @FL % (rgdw - L %)

7} =4 3=7ke] 4B = Pearson's correlation analysisZ ©] 8131 01, #-2]4FS p<0.052 7]
2 one way ANOVAS} Duncan testE o]-8-afo] B] w2 &} tHSPSS
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1. SHH MEjA 2tE0] Hal

ZAPZ1ZE FRE & 37T 268TCE UERH Aol B, o Eoll =2 AFAQ AdA e v
Bl om, &&4k40] MO 0.84mg L 'olA] 21.13mg L 1O o Bof] B3, AL =L ATFS
Hol 3} g AHAS BIrHn=12, p<0.05, r=—0.616)(Table 1). A7 AEEE 86 x5 cm "ol 4]
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248 1s cm 'S UERo] =& Box] 2B /M =& 3 HYlom(Table 1), o]& o Eq
HAEE 2 old] wAeteE v eglo] dele g FAutHth 53] TN, TP, NHs-N, NO»-N9} =&
ko] AdAdS HTHTN: n=12, p<0.01, r=0.736, TP: n=12, p<0.01, r=0.885, NH;-N: n=12, p<0.05,
r=0.619, NO»N: n=12, p<0.01, r=0.925).

B8EA(SS) % WYE 24mg L oA 18mg L "= BH wAste & Qe 499 7 =
2 FEE YeEpfglem, TN, TP 2 424 a9t £& A4S HITHTN: n=12, p<0.01, r=0.881, TP:
n=12, p<0.05, r=0.656). =4 @ (Chl-a )= 2.26 £g L oA 5203 ug L '& B3} of S0 2A H&
FEES JERIoH, 7123 Aol 1049 L ©]3E ¢ B FEE YERHITHTable 1). ©]
= 52N AAEH TUke QR RE QlE 59 d5ATF S A oR AETA, 2004).

FAL(TN) == 1.87Tmg/LellA] 4.04mg/LE 523 AlLfet UA] 73t iAo =2 2mg/lL
o] =5 H3lon, oFHde A= g v o R el 7MY 52 =S UEhAT(Table
1). E‘&*é H2(NOsN)o] Tt ZAPIRE F<F 1.2mg/LellA] 1.9mg/L & Z2AL Al7]o] w2 2 2ol &
H eoktHTable 1). 9= oHNHs-N)+= detection 5 ©]8H0.0001 g L MellA] 1.68 «g L *= A

o
A
52

bR ol AEE A @gron), Boi 92 HAdA §EE v edeR Qs by =
SEE5 UERSITKTable 1).
FQNTP)S 1856 g L "ol A 21873 g L ' E-o] w$- =& =2 Yepfgon], 71

rlo mg
W
ﬁ

Table 1. Temporal change of water quality parameter in Okcheon stream(February ~October, 2008)

Sampling month

Water quality parameter Feb. Apr. Jul, Oct.
(29 249) 49 209) (79 219) (104 159)
Temp. (C) 3.72 18.64 26.8 22.69
EC (uscm ') 86.00 248.00 196.0 146.00
0(mgL?Y 18.90 2113 08 12.98
pH 9.47 9.13 9.2 8.80
N (mg LY 229 403 2.33 1.87
NHa-N (g LY detection 23=0]3} 0.39 0.01 40.44
NOz-N (mg L") 1.90 181 251 1.38
NO»N (xg LY 14.05 72.61 31.48 35.79
P(ugLh 24.60 218.73 97.91 1856
POP (g L7 11.92 1113 16.86 454
SS (mg LY 2.40 18.00 6.00 3.92
Chl-a (g LY 3.39 52.02 50.68 2.89

* Temp.: temperature, EC: electronic conductivity, DO: dissolved oxygen, TN: total nitrogen, NHs-N: ammonia, NO3: nitrite,
NO.: nitrate, TP: total phosphorus, PO4-P: soluble reactive phosphorus(PO4-P), SS: suspended solid, Chl-a: chlorophyll-a
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7P e FEE UERa(Table 1), §EF7191(PO-P)2 453 29 L "ol 1686 g L "2 52

o Vg B FEE VD, HSEAE TP PRV R b Be FEE ehiglon, §
Fo) M g ehdx] keHn=12, po0.05)(Table 1)

Aoz S S ale F2 BEY - /M =2 s JEhen, o

]

3} 058 92 Q8 WASE MY oG FR RGN FYuE Foddo
=

ZAPZIZE B S A UEhd s SHAES A 54F0] AHUCH, dE2F 14T, ARE
217} 3

4(49) 23F, AEH(TY) 295 F 47] BT =x571 7}
FBS T TTEE BAov HHFe dEEA] &t 7FE10Y)d e 250 E R 3R
2o F FHEE HoH, AL %(Z%Mh BFoR I2FI 12F
244 7} kst = FREE 1y

2 © 63.10+39.16 £ gC L 'S UrEMJMD} 2
Hdoll 7HF A2 dxot YEFS Yeplilon, 444 7MY w2 2ok =S YERIATHFg.
2). ‘FZHCyanophyceae)= EE A 7]0lA 2] 9] 2 Microcystis aeruginosa<} Oscillatoria limne-
tica, Merismopedium glaucume] =8 $HdF o2 FAFITE Microcystis aeruginosars 424 109
B3k 2,000~2,060 cell mL 9] W=E epfo] tiEAQ Fx2F TR elslon, 24 3
g Hri= ddAE et FE SEEA

TF2F(Bacillaphyceae) = F2FF vB7IAI 2 RE ZAPIZE Bk g o) 10 ~2¢9 Bt
P =& 2=E YeRATE Navicular sp., Nitzschia sp., Melosira varians$} Cyclotella sp.7} 8. %
AFo g FolEda, £3] Navicular sp.e BE ZAPIZE SoF BaElon 290 71 2o Ww
£ Yehjdh 52 (Chlorophyceae)L Scenedesmus quadricauda., Actinastrum hantzschii, Chlamydo-
monas sp. 50| F8 $HFo = FolLglom 490 4120 cell mL 'E 7Y =& =S JeR)S
ok SRR 9 109 7 2ol = AR FAY, v @ EEE YERATHFIg. 2). AR 2R (Flagellate
algae)= 5= Cryptomonas ovata2} Rhodomonas sp.7} WeFk o™, 490) 6,120 cell mL ‘& 7} =&
D=2 VJeERQl o™, Cryptomonas ovata: 36.5gC L "2 7P = MBS Bt} aAvk 49
2 A3 AP B9 AREFE 527 oA R BREA] @AY, S e UES 1)
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ZAPZIZE B SHH ARG T EFAES AA 46F0] IAHAL, A EFF 39F
=
2

821R 1%, A4 1502 At
A7 BE EHEEY] Wske BEH(EY) 4T, A5H(7Y) 3BE, 7FE(10Y) 20, ALH(2Y)
BFoZ BE AV &3F M B B FRES Blw, AL 1Y B F FrES
Hglo vj$ e West gas
P B2 THAE Ut 1041210 inds. L 'S JERARIon, Wi B 745246145 49C L 'S
et Uee 79 7P B9k, MBS 109 78 E9kth 22 RE 10€9] 148 inds. L
16 100
EE Cyanophyceae Em Cyanophyceae ’_T
- Bacillophyceae Bacillophyceae =
= B Flagellate algae B Flagellate algae | 80 (@)
= 121 [ Chlorophyceae 3 Chlorophyceae 2
f<b) N—r
© F 60 a
o 5+
— 8 e
= L 2
> 4o =
ey [
2] ]
s ¢ =
a =
O
0- ‘ -0
Feb. Apr. Jul. Oct. Feb. Apr. Jul. Oct.
Fig. 2. Temporal change of density and biomass of phytoplankton in Okcheon stream
(February ~October, 2008).
800 _ 600
Rofifer Egs:f):)de 550 g
Py f chlozfdegcoet I Cladocera (@)
3600 | 50 2
£ a0 B
~— 400
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§ — 9% QCJ
a 200 A 60
130 ©
7 (@]
0 \ \ \ \ ‘ ‘ ‘ ‘ 0
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Fig. 3. Temporal change of density and biomass of zooplankton in Okcheon stream from February to October.
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0l

o] Wwg $435t%l o, Diaptomus sp.<F Naupliie 2Hz} 96 inds. L '3} 47 inds. L 'e] W& A
TE EEAE FAA P w2 @ JEATE SRR A58 Al UmA] AR Bt
Diaptomus sp.¢} Nauplii 52 82tfF= HEEHA] AV vl§ @& Y=g Jedlth £5F< &

B ZAPIRE B9 40 inds. L T 0]/3e] WS JERglon, 790l 443 inds. L E ZAPIZE FollA]
7V =S UEE B3tk 53] Asplanchna herriciki<} Lecane sp., Polyathra euryptera= Z}2t 101 mds
L %, 110 inds. L ', 140 inds. L ‘9] &2 A2 94 siglen, §57 e T3 51 pgC L

B 740l B=Fol 7P =3t AR U B *3%%?—3— AA & FFAEAA 7P F2 vl
S AA st Yo, 108 AN A7) BEHFE 7776 £gC L o2 #5579 HEFHT =
& 7kS H.9loH, Diaphanosoma birgei¢} Daphnia galeata”} 242} 43 gC L %, 34 ugC L '8 =&
& YERISITHFig. 3). sHAIRE e2bRel nRZIA R, 1082 A9l g YAl 2APIRE Fet A4
= EEHA A o Ee 2=E H3IvkFig. 3).

o

olsh o] LARG 57 BT} A4 Hla] FTHOR FE ol fE FL0] FE Ay
5 ! 5

3. AlE EYI=0 thet S EH3IA=2 o & B MEYE
25 ZYAE U3 55 EYAEY ABEL Ho|dll A& THAE] AF JFEY 444
TE TYAES] biomassite] A3 BAE Bl 71712 HUVeIATHFig. 4). ZAPIE B
ot A& ZHAE Y3 48 FE ZHAE] o2 0.00ImL gdw ‘hr tellA] 1.260mL s gdw
hr'2 593, 55 S35 o482 0.002mL 2 gdw thr "ol 4] 0.90mL sz gdw *hr o]
d E ZHAES UY 5 ZHAE 47 427 20 7P =2 @S BT
). A ZFAE U3 FF AL 28 FE SFAE(04402£0.59mL s gdw hr H)o]
5 Z2k55(0.3005£0.41mL 2 gdw thr Y ET EA] et
Z ek 428 B8 Za%<] Cfluxi 0.0002 £9C L 'hr tol|A] 0.0492 £gC L *hr !,
5 Z23%2 00008 .9C L 'hr o4 00731 £gC L 'hr 'o] HYE BT 48 S8 =
490l 7P w8 #E Belon, Uiy B8 SIYAES 790 MY =2 @S Bolth Wi
Cluxe oJ#&3 teA e 58 ZPAE(00235:00249C L 'hr )2 &8 8 ZFAE
(0.0226% 0.03 £gC L ‘hr o] & o] 2 Koz &Sk
3 S e ze AFATH(Y, 2007; Kim et al., 2000)9} ¥l wa] i A}, SN A&
ZYAE U TE ZTFAEY o7& AU E 2 Uehon, ole S A dAYs=
FTE ZHIAEY 0% o] £ BE EHAE(GETHE A Hol PoﬂH A2y T8 2932
ol ofgt 4 E&E mfF 22 FoR AFETKY, 2007). S 7Hell= 54F 7] Microcystis
o] d Fel2] Oscillatoria sp.7} —°r Jel o, ol &
EYAES] ARES AaAT]E 9o AdETE SHHAA C-luxs S Aol vet
A gskom, 429 B8 SFPAE0.00029C L hr )2 tiE & Z%E(0.0008 £9C L hr )

%y [e]
R 109 el M W2 g Hloh
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Fig. 4. Relationship of negative phytoplankton growth rate and zooplankton biomass in the Okcheon stream.
(A),(E): February, (B),(F): April, (C),(G): July, (D),(H): October
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Table 2. Zooplankton clearance rate(ml zgdw 'hr~ ') and carbon flux(2gC L 'hr™') on phytoplankton at
Okcheon stream

Okcheon stream

Clearance rate n R2 C-flux
Feb. 0.470 8 0.85** 0.0066
Apr. 1.260 8 0.98** 0.0492
MICZ Jul. 0.030 8 0.19 0.0379
Oct 0.001 8 0.00 0.0002
Average 0.4402+0.59 0.0235£0.02
Feb. 0.900 8 0.76** 0.0143
Apr. 0.200 8 0.61** 0.0020
MACZ
Jul 0.100 8 0.93** 0.0731
Oct 0.002 8 0.90** 0.0008
Average 0.30050.41 0.0226+0.03
Feb. 1.37 16 0.84** 0.0209
Apr. 1.46 16 0.72** 0.0512
Total
Jul 0.13 16 0.66** 0.1110
Oct 0.003 16 0.86** 0.0010
Average 0.7408+0.78 0.0460+0.05
*p<0.05, **p<0.01
4

2AL A3, SHA9) ol5ed B acle BAT BRG] JUDe FYo] M won, A2
5 o= vobd 9 97 Wstel ABAe] Fsbl Ueksick

de @i F9 dddel ddHew
SN A8 AT T BRTS 4Tl RIHGlon, O dxF 14T, dREF 3
T TTEF 19, 27 1850 B

19tk A7 A8 ZFaES] visle BE4Y) 23F, A524(T
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FE olalsr] st FAER e, 2008 10~11L0] ZA 28] 2ALE AAIEEh 2AF 713
s AEEFIAE 77 ERT2 19%0] ERI= e, 747

7, FEF 4TE AU 1087 119 Aol s3] 5 g

(Microcystis sp.)ell A TFZF(Aulacoseira sp.) = Ho|7} @At o 119 AL A] Al EZataEe] |
Tof AEFE 1099 Hlal Hasinh FEEEAES A 1580 IRIHAL, A7 &5 7 9%,
8747 3%, A 3FoE 9l HAlrk 2AF 713 ot M w2 9eE UEh SEEEEAE &
Ae 227 ol9len, 7 A4S $-1F& 10990+ Diaptomus sp., 11 ¢l Daphnia galeata®
UERSETE 23] ZAelA] Daphnia galeata™ A& 22| F7H5 ¥.91. 21} Diaphanosoma birgei®] &2
Aotk S AeEFaEd FEEFAEIY AUA dES A A3 AA AE
EFAE dS FEZHAE ATEH Cfluxe NI FEZHIAEC] LYFEZITIAELY =%
3, FEF Uik A& Cfluxe AA AEEHAE] Hole A3 fARE 2e Bk

Zuof : SHd

E

gIE oy, olHA| ols



