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Abstract Long-term variation of zooplankton community and species composition was studied from 2003
to 2014 in a deep reservoir, Lake Soyang, in monsoon climate region, Korea. In addition, we examined the
correlation with environmental factors. Annual precipitation of watershed showed a large variation in the
705~1,779 mm yr~" and more than 70% of it was being concentrated from June to September. The water
quality of Lake Soyang was shown a clearly seasonal variations and particularly turbid water flowing into
the lake during rainy season was the most important environmental factors. Zooplankton community in Lake
Soyang showed a significant difference before and after 2006. Zooplankton biomass has shown a large increase
and also showed a change in the zooplankton community structure since 2006. The of zooplankton showed
positive correlation with temperature and BOD, Chl. a, TP concentration. These results are considered that
nutrient and organic matter contained in the turbid water influences the increase in zooplankton biomass and
species composition. However, water quality was limited to account for the increase in biomass of zooplankton.
For example, increase of small zooplankton density (rotifer; Keratella cochlearis, Polyarthra vulgaris) in
spring which is dominated by diatoms (large size; Melosira, Synedra etc.) is considered as a bottom-up effect
by the microbial loop. And increased density of crustaceans in autumn was considered a top-down effects by
the relationship between predator and prey of microzooplankton and mesozooplankton. In other words the
inflow of allochthonous organic matter during rainy season also affected to zooplankton food web in Lake
Soyang. In conclusion, biomass, diversity and long-term variations of zooplankton in Lake Soyang were
determined by physico-chemical factors but also it is considered that biological interactions is important.
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Park and Shin, 2007). ¥t A A FE2EFTILEY
A2 A9 284 E4 (Keckeis ef al., 2003) ¥ 9

S LAEH= @4 (Reynolds, 1994) 183 349 4
G (Heath ez al., 2003)°] wh2h theFstA Lepbdth, o]
= FEEYAE FHo] &t mi-¢ RIZSEL (Pace,
1986), 240 FFTA Lt 2 T 35kelAto| ¥hg-5}7]

o]tk (Canfield et al., 1996; Marcus, 2004). ©]¢} #ZH
sto] et 29 - 35k £ AESHH Wsket FEE
FAE T2 BA ) T A= the I E
A ok B2 AFEolAe A o3t o|3Eh g e
2l (Canfield et al., 1996), 72| 52413} A (Lampert et
al., 1986) @ Holo] 784 (Chang et al., 2014), T3 A
(Nogrady et al., 1993), 2] &} (Bunnell et al.,2012) Z12]3L
7343 (Nilssen, 1984; Sahu et al., 2013)3} 42|83 EF
(Keckeis et al., 2003; You et al., 2010) 5 thoFst g3 89l
1} FEZSHIELY] A o dete] HuE ot B35
AR 7 W3 AFoM = TEETIES AETH A
F2A Aest Aoz RSt vl QokJi et al., 2013). 0]
g3t 2E2 TEETIAEY +HFE 4 F2AEY Al
37 W37 AR AN A Ut ookt ddatehs
A Fast 48T A G4 ALY A&ZH QL Beo] D
AR ARE AFste AEAAYLE n| gt (Elé er

al., 2009).

B 2G5 SAEA MetelH bY 2 R
MR 2 GU] AT 2P

o

I AlskE 9] g B4a el
glow, o50] a9lEe 24k W YUY F712 olsfet

1992; Kim et al., 2007). 2435 9] &

e AFE AEHoR fPE W, AR A o B AT
T AEEEE 2H 2

4 ojFTy BEX 59 @Al ®ste] ZH Tk (Choe
et al., 1989; Sim and Ahn, 1992; Kim et al., 1999). £3] &
2R A A Fagt FESHA LA a40)R}; A REA o
&S @30t FEETIAE diE A71HQ MEy 2
ZAagle] et A= v vEE Aotk TAAHA
£ oldfiste © 3ol TESFIEY AUIHEe] Het &
T I AAZA 7= Yu7t & But oy, Fagt
BEE AFech AAZ TLAHAY Fa R &
7alol whgof gt osfet A s oziE o
o] A £Fo ™ (Fahnenstiel et al., 2010; Mida et al., 2010), &
Golx B2 - Sjokd deln AEE BY50] B3tal
238 ATAE Yol o glol S8 TeE
(Magnuson et al.,2004).

il

. MOFAl

"

3t

whA o] HtoAE 2003WRE 2014E7MA] A%S
TEZTHIE +3Y A7HQ HES TESt & aql

B4 AYAE olshshe B Qo] 487 ARE AT

A sheiet.

=
Hu

ol HieH
X od

1. ZAX| 712 W g0l

243 E 19739 o] AHHH
L4542 Zo|7k oF 60 km, Zo] ¢ 0.
(dendritic type)S 3} QUth. A%T o] PP
83~186 mEA] 100 me| =4S 7HAH, F A7 29
m'o|th, FHHIL AT} FAHRZ o] Fo|A glon, &
22 2 675km’ 0|t}

L2 EX BOD, TP, Chl. a 59 37382 ZA= &
ds W o AoA 2003ARE 2014W7HA] =4 0
m,2m % SmZ ¥ 13] AAEHTh(Fig. 1). 22 @F
ol A 2=AE AHEste] S5t o, e B
Z 7| (Turbidity meter)2 &7 3} th. BOD (Biochemical
Oxygen Demand)= 20°C BiF7|oflA 5U7F vk & &=
AbA 9] Zpol2 =A3}S . Total phosphorus (TP)&= A|&
£ persulfate £3} 9| ascorbic acid 22 A3} T},
Chl. a’= GF/C galss filter2 T3t & XS YEH
o AT 253 oJUiol] 90% acetone .2 =3} tissue
homogenizer2 &3t & EFF=AE o|-&sto] £45}
ot (Lorenzen, 1967). o]¢lo] &7 Qo g 7}k 4ok
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Fig. 1. Map showing the sampling site in Lake Soyang.
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2. SEEY3IE

NERHE 2%3 Bk A 20039 69EEH 2014
W 129714 F 1363] AASHGITh(Fig. 1). $EEHIE
9] A]Z¥& 65 um plankton netE ©]&3}o] EZo|A 20m
7HA] =2 ARlstith AP E AEee STdEd Yo &
o} sucrose-formalin®. 2 & H%7} 4%7} =& 1 A3}
Aot 1A FESHIE AEE Sedgwick-Rafter Al
Toll a1 @n|7 stofl A Auj& (60~1508) = A2+,
75, 855 2 YASERE FEstL 74 FEHE A 55t
28 ()T NA¢== A T (Mizuno, 1991).

TEETIAEY 9o ABE Y8 AR a4F
9] AL Culver er al. (1985) ¥ Kawabata and Urabe
(1998)7} AAIFH Lol A TA A (W=aL"& A3
t}. &% 7+ Ruttner-Kolisko (1977) ¥ Telesh et al. (1998)
o AAIgH A4tAlS AMEsIlon, AT EL A
Foissner and Berger (1996)7} A A| 3t A4 & o] &3} T},
TESHIEY FTF2 HIT 10255 25 AEsto] 4
AFSFSL L (Hall et al., 1976), A5 55%9] 10%3 A
52 7143}t (Pace and Orcutt, 1981). d|&]A o072 §&

=9l Asplanchna, Synchaeta%2] 52 2 $HT} ¢
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31

Ao HuEgong AZFefe Lxer
4%9 Ao g2 7443+ T (Dumont er al., 1975). B4
< A5FY 8%= 7Hgsto] AT (Andersen and

Hessen, 1991).
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Fig. 2. Rainfall-driven yearly variation of water level in the Lake Soyang (upper) and turbidity of effluence water (lower).
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3 £ drdEE Z HEo gle AeE yE
W dide| AEAH o2 = ZfolE H Ytk (Table 1). B+
BOD 55= 10mgL™ o|3l2 dxd & ¥zl glgle
L, 7~99oll= 1.0mgL™" oJAR HAh TP H =& 7.0~
18.1 pgL7'e] Y2 vehton, 20079 7Y &2 &
TE HQl ol Fasts AYFE At A7IE 2= 4~6
ol 7P I F=E BYon, 4R Al7]eA= 100
pgL™' $FE02 ¥]Rd BEE YE T Chl. a9 &
= PBiEEE 232~5.17pgllo|glen, A7EEE
1.19~751 pgL7'e] HYS Ho] dxd o|Rri= AFE
of & ¥WEol ¥ & AL=E Uyt A ow 4o
59 £AL VIR E I 945E I YR 2
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Fig. 3. Turbidity and TP concentration according to the depth when
monsoon season in Lake Soyang (2006.7).
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20039 6YRE 20143 12971 9] 2450 FEZTY
AEZ 4EFE O5STOR ALF 4%, 847/ 1%, £3F
52%, YRFE 32%0] 239} & & *TF
7} 547%5 AP o AYEE 33.7%, 7
A Z+3 42%2 e

A17I7E 5 TEESFIAE A%F MAsE 133~
2187Ind. L9} 9IS Blon, 37k AT E] A
&0l 4zt 47.7%,432% 2 7V A YEHY. 5 ES
FIEO &AL 219~3229 ugCL ™' WS HYe
o, AZtF7et Q2477 & @Y 247 37.7% 9 47.6%
£ A5 (Table 2). £2¥T oA TEETIE AEF
2 AE¥E o5 HYom 2006 oM} o]|F 2 F7
Al YrEbgth(Fig. 4). 2006 79 880 mme] HE7-$ o]
To] BEEFAES A7t 6803 Ind. LR FH3| F
7¥sto] A AMAS7F 200497 2005 o] B S 4~111)
zolE Bt o] g oqF JFAE ol Fol| FEETF
ALY AEFFo] A F7HIe AFE EHeH, 20099
of 218.7Ind.L™'2 7+ Ho} AA+E BATE AR
S7HET ol et &55F 9 AT EN 22 2% 5ES
FAE 28T B3 TV AoE YEET 5 EE
FIE 4TS 20079 3229 ugCL™'E 7HF =4 U
Ettem, o] Al7|oli= A 271 Daphnia galeataZt % T
270 443%F AHA|SFTE 20143 9] A9 o sfiof H
3 Fo-sFol oF 2vf AW AV|R FEZIIEY A&
g oF 50% AAE HYrh 201590E o & HEo] 7
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Table 1. The results of several limnological parameters in Lake Soyang. The value of each parameters is yearly average from 2003 to 2014 (0,

2,5 m depth)

v Water temp. (°C) Turbidity (NTU) BOD (mgL™") TP(ugL™) Chl.a(ugL™)

. Range Aver. Range Aver. Range Aver. Range Aver. Range Aver.
2003 47~257 155 0.77~1.97 1.27 0.13~1.73 0.84 4.75~14.00 8.57 1.13~9.53 2.32
2004 47~263 155 0.88~1.89 1.28 0.15~1.72 0.90 4.17~13.33 10.01 143~13.53 3.51
2005 40~26.8 149 0.83~4.98 1.67 0.25~1.23 0.80 4.67~15.33 8.33 0.90~11.38 3.12
2006 4.1~275 14.7 0.75~35.93 7.50 0.10~1.37 0.69 3.00~36.51 13.78 0.74~19.67 5.17
2007 5.5~26.8 15.7 0.83~44.63 9.78 0.28~1.31 0.77 6.00~49.89 18.08 0.67~4.82 2.71
2008 5.0~26.5 152 0.77~3.27 1.67 0.40~1.01 0.75 6.31~14.79 9.17 1.29~6.93 2.79
2009 5.5~27.1 15.8 048~2.22 1.16 0.27~2.25 0.92 4.99~14.99 8.79 0.73~18.70 392
2010 4.8~2738 153 0.61~3.29 1.34 041~0.96 0.69 1.66~12.24 7.89 0.86~6.05 2.64
2011 47~252 14.7 0.03~4.47 1.83 0.29~1.84 0.99 3.50~14.29 8.70 1.19~11.60 3.85
2012 5.9~26.3 16.1 0.78~1.65 1.21 0.27~1.76 0.87 447~1494 7.90 1.17~7.88 353
2013 43~284 153 0.89~5.15 2.07 0.36~1.62 0.94 5.81~8.62 7.00 0.79~9.17 2.96
2014 6.0~26.5 16.6 0.83~2.39 145 046~1.47 0.88 425~12.03 7.94 0.97~8.60 358
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Table 2. The yearly average abundance of zooplankton in Lake Soyang (to 20 m depth, 2004~2014)

Individuals (Ind.L™") Biomass (ugCL™)
Year
Total Cl. Co. Ro. Pr. Total Cl. Co. Ro. Pr.

2004 34.8 0.7 2.8 16.8 14.5 6.65 1.19 4.54 0.90 0.03
2005 13.3 04 0.7 6.7 5.5 2.19 1.17 0.76 0.25 0.01
2006 150.2 1.8 2.0 70.7 75.8 10.56 7.08 1.02 2.33 0.14
2007 128.3 3.1 7.6 619 557 32.29 15.50 13.05 3.66 0.08
2008 155.3 6.5 14.5 434 90.8 27.16 15.37 10.17 142 0.21
2009 218.7 59 9.6 54.5 148.6 18.59 6.66 9.08 2.59 0.26
2010 175.9 6.1 11.2 69.4 89.3 20.72 5.07 12.03 3.50 0.11
2011 109.0 5.6 84 612 338 25.53 5.97 16.68 2.82 0.06
2012 217.8 92 5.6 139.8 63.2 2497 9.94 10.18 4.60 0.25
2013 139.9 4.6 7.8 99.1 284 24.05 7.25 13.36 334 0.10
2014 78.2 3.6 4.7 334 36.5 11.88 2.20 7.65 1.98 0.06

Cl.: Cladocernas, Co.: Copepoda, Ro.: Rotifers, Pr.: Protozoans
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Fig. 4. Monthly Variations of biomass and number of individuals zooplankton by vertical tow (0~20 m) at the dam site in Lake Soyang
from 2003.6 to 2014.12.
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= A G7A 50.0% oA AA|EATH B, 20009 HE = 2

THE JolE EYlth(Fig. 5).2004W oA 201482 Zr4= ZFR7}F 50.0% o3 AA st Ae® UEyth 8 &

& SEEYIAEY MAles 98 E AN &3F & BT SE AZF{+= Bosmina longirostris, D. galeata, 8.7}

HoZ vt At. 20108 7H A= LRAFE9] 40.0~70.0% F+ Mesocyclops leuckarti, Thermocyclops hyalinus2

2 71 =2 H&E A B, 2011~201349 9= &% EbtT.

F7F550% o1& AAFAT. F8 2FFOR QAFE

2 Tintinnidium cylindrata, %5+ Keratella cochlearis,

Polyarthra vulgaris2 YEFY 2™, 2011 o]&o= P. n =t
vulgaris®) AL 27 F751A0) Brage x|zkRo
A a7tz Polgglon], gage] AU Nge = 7|7 5 435 FEEFAE 23 BEFL
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FESHIEY FA% d=2FF U AYFEESHIAE
S83FY 7t o5 T Al YRoA Fd=EE
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I il A8 279l o geade 2Y%
o] a3t FAHJAARZA 8] - £EAQ] HEF R ofY
2} (Kim et al., 2004; Jun et al., 2010), & E theFe] S
Eole 2 559 ¢S fUIES EFHL 9o, o
35ty Ao ® IS vX = AR BIAIETH(Choi
et al., 2001; Jung, 2012). E<7F$-0f 28t o]g}eha] =7
A7 FEEFIE vAe FFS gotR7] f8 A
HHAE A48T (Table 3). 2FZ NN FE2EFTIE
HAEFLS £2 BOD ¥ Chl.a 5= 4o ATAS EA
om, TP %+ NZ4F U 8717t 9 JHds 23
ot ApF o2 o|glety FH 8L Ao W JgF}
W FEZFIAEY AEF St 9FS & A2 U
EfTh ol A9 Al FUE 2 5E9 A fUE S
7Pt FEEFAE AR dFS vHACR dddn

EEHIEY HEFS 2H%= o Ao 2 AE
F == (Wang ez al., 2007), BFH (Jose er al., 2015),
7] (Yoshida er al., 2001) 5& 83+ 93 = Ao
2 &A QUoh "H3u BAde fUE "2t 237
FFS vAA] 2 AT FE 20064 o] Foll= B
o] 37tz 37 FFE VA= Aoz v #ut
ot} rnoverAl7]ols F5o AREH JE ALsE
gt #5082 FaEo] dd=ol v TP Chl.a 5
T2k of 2 A yebgon, FE2TAE UE £ oF
SHlE 7Tt oA FYEE f71E Fol +AH
A F SHE A ZHAFRY HI FFE nAt=
TF23E £ uj (Muzaffar and Ahmed, 2007), A3 o) A =
ol f ARG AatE BTt
2T oA FESFIE 2 HES dAH R o

3 AEFS ALUEE LS | slol WA 92
th d g 50, 2Y2oA &FF= 59T 8 o
AA F7V8H, Keratella, Polyathra®} 22 2522
AEo] $HE& o|Eth. 599 A% Chl.a F=7F R5ol
T Esta §55F A7 2A 718k, o] A7)

e FZ Melosira, Aulacoseira, Synedra, Fragilaria 2
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Table 3. Pearson correlation between physicochemical variables and biomass of zooplankton major groups from Lake Soyang
Cladocerans Copepod Rotifer Protozoa Temp. Turb. BOD TP Chl. a
Crustacean 1
Copepod ST75%* 1
Rotifer 657%* S12%* 1
Protozoa 361%* 154 247%* 1
Temp. S580%* 609%%* 601%* 234%%* 1
Turb. 002 077 - 074 -.167 —.056 1
BOD 208%%* 273%% A02%% 052 A24%% 020 1
TP 222% 267 130 -.087 158 692%% 120 1
Chl. a 0.290%* A56%* 360%* 044 594 037 AT2%* 228%* 1
3 3
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Fig. 6. Correlation analysis of phytoplankton taxon and zooplankton (from June 2003 to Dec. 2009).
Asterionella®y S22 37|17} 50~350um?l F5°l T A o A FFE FA ge AR FSHUGY. ojek &
B0 0% O OB 9L olBTh o] FEL Z AL slo] £gBolH BA FEEYAEY WAL FEF &
B8 fREol ZAE FASY] BEe] FBEFAE]  Ho] Flolo] of 2~374Y o] Uehh, F2FI FREY
HAs7Iol Golaha g AoR FA glov Knisely  ZE WAl HWH JFS wA A Rk Ao M
and Geller, 1986), 3223 E°] Yooz AT 35} = v} QloH(Kim er al., 1999). AE3t gl gt 78
=T (Urabe ez al., 1996). 2% T ol A= 20038 7] 2009  oAFAIT, 24T oA & A7|o 2FFESTILE FEF
WA SEEFAED HREFAEY F 2T AT FHe HEEFAEC I YA YyRtE 4BS
24 Aol A F2FE 29 AVUAS RAGFig. 6).  FREA WETE EOC—bacteria—HNF— 45
olg 2FET ojgez A —-{FFY YA #E Aoz AHn gD

aEo] 2 A7)y F2RE
F3HA) gtk o] 2AY ),
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to} 1 B 08}t (Ahn ef al., 1995). E3F, 7}

2 dddn o F 2% Al
o

S

& o

o) AAAS7I2T o, e SO JokEdo] EitEol
A A=1

=

[e)

oItk (Park ef al., 2011). Bk ofa} 749 A]
o] e AZA7] turnover2 QI & A|7]7HA]
nAE ALE YEbdTh §3] 2007900 48714
9 TP =7t Ade YT A71 o) 38 o] =4 U
STk o] Al7lols AEEY MAT 58S FHE
Rom, o] F5F AEF F7I6t= AL R YEyith o
718 Fwol =& gtelgor S o] Jlrtx
t £ EF3E0] APHLR o] T
T = DOCE ol&sto] A9 FLTAR °ol5EH &
Ao 7] # ofet YT E D RAA AR
A A" HolZ A|FEch(Fukami et al., 1991). Z3}& S
2 B A7 (5~69)°] F2 Chl. a 5=} A4 £o]31A]
A F2FY $HE EFstL 273 &5FY MA
7t= 279 AY wiER71E (EOC: excreted organic
carbon) ¥ QHES7|E TF o2 u|AEHo|T (microbial
loop)oll &3t bottom-up &2 FHHE T} bottom-up 2
> HEF Holggo| T/t wf A, S7H= s &
A=W, 2FZ oA ZFE Al F71E°] F5H olF =5
FAEY dEFo| F7HsH3A. ©]+= bottom-up A7} Bl
FLToNA oA dehdte A AR (Conty er al.,
2007; Galbraith and Burns, 2010).

ASAI7] &FFY 7= AEEHIET IA AH
tet Zo] YRE{71E 5ol W nEHo e 9
aETh 2T oA e olF 8Yd &5
F7HETE ofet AEEHIEY Uk ®
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Fig. 7. The variations of monthly mean of biomass rotifers and co-
pepods in Lake Soyang from 2003 to 2014.

4= Mesozooplankton®] &J3}t top-down & o] Z3}A Y
Eldth= AS $93% v 912 ™, Diodato and Hoffmeyer
(2008)= Mesozooplankton (X 2V, §ZFF)0] Ho|¢o =z
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