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Abstract  The research was based on long-term studies on the major physico-chemical and hydrological factors
and zooplankton community dynamics in the Hwang River. We had 341 times survey and collected zooplankton
samples in the Hwang River of mid-Nakdong River from 1995 to 2013. We identified 97 zooplankton species,
including 77 rotifers, 16 cladocerans, and 4 copepods. The total zooplankton abundance and species diversity
were shown distinctive temporal variation (ANOVA, p<0.001). Annual average of zooplankton population
density was 58.4%3.2ind L™' (n=341) and the lowest was 17.0%3.8 ind L™ (1996, n=20), while the highest
was 151.5+32.3ind L™" (2010, n=22). For zooplankton, small rotifer groups (e.g., Keratella sp., Brachionus sp.,
Trichotria sp.) dominated the study site for 19 years survey. Statistical analysis revealed that there were positive
relationships with SiO2 (p =0.002) and water level (p <0.001) for the high abundance of rotifer community.
There were considerable variations both the total cladocerans population and the number of cladocerans’ species
concerning annual precipitation. Despite the appearance of various zooplankton in the Hwang River, the mean
population density remained low. Due to the lateral structures in the Nakdong River, the downstream basin of
the Hwang River is inevitably affected. The zooplankton community in our study site is considered to be mainly
influenced by external factors that can stably increase and maintain the volume of the water body and internal
factors that induce an increase in food sources through the inflow of nutrients into the water body.
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1A e 27 WA o] MAE (Lee et al., 2009), Eoj]
= Hud I ZArrt @2y, ol FEETIEY A4 &
ol ot Wtk A7E QAth(Kim et al., 1998; Kim and
Joo, 2000). TEEFILEZ 9 ZAAER AUAE st
€ 3 WAHARZA (Ko et al., 2019), 3574 257 H AF
A 278 FdE HsiAe SREE S Tl o
e A= S S 85t

oA TEEFIEY UE2 340 22 AR A
99 &S W=t (Brook and Rzoska, 1954; Saunders
and Lewis, 1989; Walks and Cyr, 2004). Y572 X|&F7}
wasto] 10719 w7kskdo] A or 2Rel AAEo0
poem, 2 57 Sy 7 22 SAE 9 5
459 & el 9 =2 BoF AR Ho, o] = dut
Hog Y7t 279 TEEYIE <4 FHl I9F= vl
2 4= Sl
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oH=e

94 o] A= U cHMOE, 2022).
L Aol tddol AE]ste] W W I T2
S8)4=25 8¢ A7t 22 A3t (Shin and Julien,

2011; Choi, 2014). $A A A72E BAF2 © o
S H7H(Lee and Kim, 1995), AHAHYRHZ5E 2

2 2121 (Kim et al., 2013), 328 o] EA B4 (Kang et al.,
2019) 283 o]FAF WSl (Jang and Bae, 2020)7} 53 F
ok 2y G5eA £43 9 e 2 A (Nakdong
River Basin Management Committee, 2009, 2012, 2015)&
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G572 digtel=tol A 71 71 PR Zoj= 525km
S AW A-L 23,717 km*o|tH(Ko et al., 2022). 2 I57%
O ANAF F HHE F7Iskd el g =™, Zdol= 111km
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Nakdong River

Hwang River

Survey site

Fig. 1. Map of study site in the Nakdong River (dot: study site;
square: dam).
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WU7MA] A HA L2 2AHE AA ST (Fig. 1).
AE AP +ESHL A AP, o]
A& st HEl ES(THLZEE 50cm
A &)9] 4= (water temperature (WT), °C), &EA4HATF 9
TEAAESIE (dissolved oxygen (DO), mg L™ or %, YSI
Incorporated, 550A), pH (Thermo Scientific, Orion Star
A221), A7| A= (electrical conductivity (EC), uS cm™",
YSI Incorporated, 30)= @& oA SAstct 240 2
2 £AFRE 98 A4 ARE ALEC olhE &
A5t APAR 2Rt A A A= Bk (turbidity
(TUR), NTU, HF Scientific, Micro 1000 Turbidmeter), &
Z+2) & (alkalinity (AK), mg L"), 22 29-a (chlorophyll-a
(CHL), pg L™"), %24 (total nitrogen (TN), mg L"), &¢I
(total phosphorus (TP), ug L™") 2123 o]AkS}t 4 (silica
(S1), mg L™HE ZA38gcH(Kim er al., 2020). $=23+8 @
ol & 9 (water level (WL), m)= Y57 T4-EA 49
FEEAAE (1995~2008)2 F7HpAHA SR HAIAE
(http://wamis.go.kr) A 2009 FE 20137129 7t
249 g9 SHARE ARSI TE 7= (precipitation
(PRE), mm)< 7]AF4 (http://weather.go.kr)&] TA (F) A
oA <] 19959 2013 d7HA] 9] YA7E &8t A
9 A ALts T

SEZHIE PP 60 pm T (Wildeo 48 C60)yS &
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tiste] Aol Zagt FEHe A7) 5= Felstdla, +
F Z ol gell ER3H52m Koste (1978),
Smirnov and Timms (1983), Einsle (1993)2] £&7]0] u}z}
AASHET

S A IS e o %%%‘%ﬂ%
75 9 a7tR 4 A7Ie 2
317] 3 Mann-Whitney u testE /\]*—8-0]—%\:]—. EAEALS
PAST version 4.055 ARE3}4.2™ (Hammer et al., 2001),
FEE (p) 0.05914 AA3FAT

ZA7 1
3413 &4t #%—8— Byt
o, 200949 1¥ol= ¥

(Table 1). B $29] 7P% w2
Eo A7E 8Yolqith SR

o)
ofx
4
i)
A
ox
rlo

@A W 104 mg L7'o]
Qom, B 29 Hu 9 HA A7)0 dHF §EAL
BH DO

% grol 7Mg WAL Egke Lm 3

L
PAESEL SR W

89 W DO: 7.7mg L™, 4 A 3t
9} Alo]dt ofalo] UENYTH 3H7F ®240] AbAE ST
= B4t 100.5%2 TZ3HFE} FIL(Table 1), 5 717H6YE

Z=7| - 28

2 Jehyth gZesl g4 327418 mg L7029
o G 7P w2 A7) 8l AL R oty g
ZE=d ¥ 11.4+20.6NTUZ, 0.3 NTU~145.1NTUS &
HY 495 E U7 A&EAH R BErt FTleke
S BT (Table 1). 222929 3 HF 40ug L™’
2 Uyeygth 487 S22 195 497x)9} 9
YEE 2Y7HA] A& o= Asdte AFS BT &
A40 AL BHF 20+0.1mg L7, 9L 76.5+4.1 g
L, o] Aksltat Bt 6.8+04mg L'l Aoz atopgct
(Table 1). 37 w0] Hi 49 0.6+£0.03 m= YEGL,
A B 5L 1320.1£302.8 mmE |4 767.0 mmo| 4]
2 1,862.7 mm7}A| 2] #Helel Ao 2 wtobgith(Table 1).
St WA 433 6 (1996~2001) 7+e] A7|4=2 ZA}L
9} Bl w(Choi ef al., 2003), 3} FHnEe 2-L
of FRl Fre ¥, SEEYaY FEe U 954

[‘

o°" il

lo o

Foteel 37 % A% BRI AIARUEY 24}
of MlZWE v FF L, BEALE, pHE SA1T 09
2 JEPGTH(Kim et al., 2011). 87 23 (DO (%), EC,
AK, TUR, CHL, TN, TP 18|11 SI)2 37} 3157} H-4
o= itk $43 A 954 ALARolH, o7
A FHSE FEHY AVSARYEY 2Ae} Bl
P2 (Ko et al., 2020), 742 & - A7|AEE - 290 -F
Ak FRRUal Won, §ENAY U pHE FARYC
7 WO 5] YA SAES 4R els] 4 WAL

ul

~98)E AAshd gt 100% o2 et pHE  d¥el 8l 10~3049 A Aol REgs A= wst
Yt 7.61045, A7 A==+ Hot 107.3+5.8uS em™'e Sh= Aoz &ElA 9oy (Yoon et al., 2000), 2 ZAF 2
Table 1. Water quality and hydrological factors during 1995 to 2013.
Category Factors N Minimum Maximum Mean+S.E.
WT 341 0.0 33.6 15.2+0.8
DO (mgL™) 341 3.6 16.4 10.4+0.6
DO (%) 341 39.0 150.4 100.5+5.4
pH 341 6.2 9.4 7.6+0.4
EC 341 524 410.7 107.3£5.8
Water quality AK 341 10.0 100.0 327118
TUR 341 0.3 145.1 11.4£0.6
CHL 341 0.0 55.2 4.0%0.2
TN 341 0.2 11.4 2.0+0.1
TP 341 0.0 741.8 76.5+4.1
SI 341 1.0 17.4 6.8+0.4
. WL 320 -0.3 5.6 0.6%+0.03
Hydrological factor
PRE (annual) 19 767.0 1,862.7 1,320.1+302.8

WT: water temperature, °C; DO: dissolved oxygen; EC: electric conductivity, uS cm™'; AK: alkalinity, mg L™'; TUR: turbidity, NTU; CHL: chlorophyll-a, ug
L™": TN: total nitrogen, mg L' TP: total phosphorus, pg L’]; SI: silica, mg L’l; WL: water level, m; PRE: precipitation, mm; S.E.: standard error
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ol A R G5 %Er
AU 71&9 A = AL AoJAE
BOD 7|&2 2 3742 £2 A (Ib; 2879 = dd
H3, 357 279 2SN E 98 st Ao
2 Ut (Lim ef al., 1999). o] A& 0z Br|7} |
1 Q= G A5E RERF Microcystis aeruginosa)
U ALH F2F (Stephanodiscus hantzschii) 94 228
At | B A7l 2Fol 9lo] (Jeong er al., 2006), 45
o] 9|3t o] YEFoE 9QE= oS 2F
= =3

2R AR 422

O
N
1

S 48L ¥ 4 U Aol
2. 58 5 + U hul st
199e] A FolA] FlE FREYAES F 97

o2 JFTFH 7E ALF 1 75 4% Aoz v
ofgith. A 39Ut +E STa2A} BRSO
(Nakdong River Basin Management Committee, 2009, 2012,
2015), 37 59 FEEHAE ZUE ALFU 84F
o e 39 9 B HlFe] Wolth ol YEAIA
= B A4 ol A5A3} o] RolA Zget 445
H]Zo] ol AT FARITH(Ko et al., 2022). 37| B¢
Az} e E54E AAWste Yo FEEFIAE
ol AHHIUL, oo wet FFH ATl Exst= 5, W
3 sEEFIEC] H2FHEHUS 4 7] d2el F7H
o7 A g 7k Afolg 1T BT S Aot F

BEAAEL §A0 EBS wet o] 55tm (Pachepsky ef
al., 2005), 37-& £ 314 Wl q THW AL 8] U
B 77k AR A) ZASIAG 3 Yo s s} whaky
ARAARY SRR FEEYAEL 2W AANS U
d 4= 3lo] (Malazarte et al., 2017), AT} 7m0 ZAHA]
A 7ol 24} HPEE FUATHE Bopdl F 4 L YEo|
ol HYHOR Tt 4 9IS Aolt.

2|7 Y G B FEEYAE YEL 584
ind L™ (n=341)¢] Ao woleglon, Fg BgFog
L 837 456ind L™ xPPE 8.9ind L™', 82} 3.9ind

L'o2 eyt 37} 8L 199 Eo EEEZgIE 1
T 3 1,165.7ind L7 (2007 @)0]H], ERLHEEE 93
2 686.4ind L' (20109), A2+ 1,062.8 ind L™ (20079),
Q7+ 132.5ind L7 (2013) 2. 2 VpEpyiTh.

Bt =7t 7P =& $HFLE Keratella valgaZ &
1143) £335t921, 10.1ind L9 =& Ve it A7)
22 U UEY SR GRS 25km 47 AHR
B AR HE AR Tkm A Abo]9] 67 A1) +-3F
o] Polyarthra vulgaris (13] B4 &3 U=: 76.5ind L™)¢l
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AL 1T 9 (Ko et al., 2022), 7oA Y= 8 ¢
Az I eyl By i UE7}) HEo ERIZgE
S W3l 9IS vA A= EE AL E AlRHY.

il

R FESHIES Y4t ¢ Au It FL %
F2 A" FE 18IS lIH oA dAlEo] =2 Zl }
9 9 7k57F Edshe 717 AlYEtd 37 4
Fo AEEHIE 23 WA v ol ‘;&%
o] &=t} (Lampert and Sommer, 1993). 284 Y%
NN +YE FESHIE EFTE 4B Higt 7
3ol W2 (Kim et al., 2000), 55729 =2 &=
Y ERTLERET HAgo| F i 7] 2 A2
M= AA ¥ ERE 21 9=7F §F A
Axct A E S F83 24712 5 L Aol
ZI‘Jr 199 F¢F 7 379 SESFAE 1S w5
AT AR FRIE o], 7]E] FHolA 3 &
T FEISYIE B A7 Z2HEF FABFACHKim and
Joo, 2000; Kim er al., 2018; Ko et al., 2021). 7}l &
=E9AE0 8T 302§H 27 F 9359 A
ZHw7l 50% ulgkel 34l & 4532, X|24HE = 37L
%’7} o ursE HYd Al7lE I 577 4
gtz Al7]0) FEEH 2 s BH SAFPEL oist
2%9°™ (p=0.002), %= FuHA E3kTH(p <0.001).
Q1 Abgo] YT A FHQ FTAO A= o] W
AZ1el FF 77 F9Ashe 9% A4S UEHT
(Ko et al., 2020). &7 257 WA= A7 AADe=
9280 H|Fo| Zolx= Aoz otglA ¢loH (Kim and
Joo, 2000), °]= $E77} TE SEZFIE F3 9 vl
QA Widol 73t Fol Wi Holo gt FFS FA
U= EXo] vk E Aog WhETh(Lim, 1992; Vandysh,
2004).
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2a). 200299 A7 F 49 s 139 549 Ad o
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Fig. 2. Annual variation of precipitation and zooplankton community with standard error (a: the number of species in zooplankton with pre-

cipitation; b: population density of zooplankton with precipitation).

th(Fig. 2b). 200792 P H ZaFo] Thdzt
Z+29] W7t Z7bag A gk, 2008W 7ARA Y-S 7HEo|| 9

o WEE FAStAc AL S8 ANl G
n A, E oo dabie]l 48402 fYHE ¥ Fa

3t 98hS 3}7] wlZo|th(Havens ef al., 2016). 2010 ] &

K. valga7} £33tk 39 A== 20099 v&) 7
FFE IA 51 A W A8+ L E FUY =7
Efafjof ulaf w9 WA Ueht, 2ARH Y FEE F=7t
AEEFIENAN FESTIELE oA 3 F719
FFE v Aoz HQlth £Eo] Mg et Bt E
=71 333] A% 235749 A9 (Ko et al., 2020), B A
A o|lF FAZE A G SO sEEHAE B
W= 0] 27} AR (Ko et al., 2022), T429F Zro] AA|= 1
FLEEF7H B2 FRAHANA sEEFIEY AT 2
HAo] T 2 A0 R HAZIt

=2
o=

4. 82 siRol SEEYIE 3 S
2 ot Sl 78 geAEANA +3E 5T
Ia= T 1“;‘_‘ ]ﬂﬂ% IIH §°]-7]— o]._"?l'—_ x]%—]_‘] E,-O]Ago] Qj'—

A 23 £ S v|edtg o), sk 24 STk A glo)
(2010~2012 37, Table 2; Ko et al., 2020) B+ &A
3] ot dAH2 FESFIEC] A Hdd A
REA D= S5t 5579] Y=ot 2 AolE HE
o 7 SHRE BREE 457 2R F9F AWEL
BAATEE, SR AR Fdloln) 74/@)( ul
A glol % 5 % Wk E9kh ol PAY BR| 2A|
dak MR = FAsAck Sl 9 S0
2 AGA 24 AT, B4 FESYAE 39 FL

22} AT 305 (FEA), 205 (% HALA) S
2 PR A AR S Uelow, UEE @48 &

TE AR Xﬂﬂ&"l o= ZHL?H—% &49&‘ e E
(Ko et al., 2020). =8 0] 3}eA(FE7, 2007~2010),
BAE 92 (4574 S, 2012~201g) 2:20] Mg
AU (FEZ, 2012~2015) 2 A2 o]A A7| (9457
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Table 2. Structure of zooplankton communities in major freshwater ecosystems in the South Korea.

Category

Accumulated number Mean population

of species density (ind L™")

Hwang R. 1995 to 2013 97 58
Hapchon dam* 2009, 2012 and 2015 42 224

Entire period 85 1,061
Geumho R.** 2007 to 2010 58 2,130
(Ko et al., 2020) 2010 to 2012 35 83

2012 to 2015 68 501
6  Middl K s Entire period 164 751

sites of Mid-low Nakdong R.**

(Ko et al., 2022) 2002 to 2008 137 288

2012 to 2018 104 1,226

Seungchon Juksan Seungchon Juksan
Seungchon and Juksan weirs in Yeongsan R.#**%* 2010 to 2019
115 113 912 1,011

30 reservoirs in Nakdong R. basin***%*%* 2008 to 2020 39 398
20 reservoirs in Yeongsan and Seomjin R. Basing* % 2008 to 2020 20 . 319

(data of 9 reservoirs)

*Nakdong River Basin Management Committee, 2009, 2012, 2015; ** Ko et al., 2020; *** Ko et al., 2022; **** Yeongsan and Seomjin River Systems Management
Committee, 2018, 2019a; ***** Nakdong River Basin Management Committee 2008, 2010, 2011, 2012, 2014, 2015; Daegu Competent River Basin Environmental
Office, 2019, 2020; ****** Yeongsan and Seomjin River Systems Management Committee, 2019b, 2020; Yeongsan River Basin Environmental Office, 2020

o1& 4= Qlt}(Table 2; Ko et al., 2020, 2022). A 71
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gz2a.wt I54 55 9 35740 W8 4dHes
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°Et1 Soe AR Yo i A
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(n=341)0]9lem, ] 17.0+3.8ind L' (1997, n= O),
2 151.5+£32.3ind L™ (2010, n=22)2.& 31 =]
o] At B¢t FEERAE 44 § 277 A2 :?_r
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