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12585, Republic of Korea)

Abstract The clear-water phase (CWP) is a notable limnological phenomenon in freshwater systems
caused by predatory interactions between large filter-feeding zooplankton and phytoplankton. However, the
mechanisms and factors that influence the extent of CWP, particularly in complex water systems with both
fluvial and lacustrine characteristics, remain poorly understood. The present study evaluated CWP occurrence
patterns at different sites in a large reservoir located in a temperate monsoon region (Lake Paldang, Korea);
the relationships among factors associated with CWP occurrence, such as transparency, zooplankton diversity,
and chlorophyll a concentration were investigated. Transparency exhibited significant correlations with
precipitation and retention time, as well as the relative abundance of zooplankton (p<0.01), suggesting
that a change in the retention time due to precipitation can alter CWP. Data collected before and after CWP
occurrence were analyzed using paired t-test to determine variations in CWP occurrence based on the water
system characteristics. The results demonstrated that various factors were associated with CWP occurrence in
the fluvial-type and lacustrine-type sites. The correlation between zooplankton biomass and transparency was
stronger in the lacustrine-type sites than in the fluvial-type sites. The lacustrine-type sites, where cladoceran
emergence is common and is associated with long retention times, favored CWP occurrence. The results
suggest that lacustrine-type sites, which are conducive to zooplankton development and have relatively long
retention times, enhance CWP occurrence. Furthermore, CWP occurrence was notable in spring, and the
present study revealed that site-specific CWP could occur throughout the year, regardless of the season.
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o} (Fig. 1). 2AAAE HFd4H2 St 12 21.2mP e,
St.2+=9.5m, St.32 9.7m, St.4+= 9.1 m, St. 5= 9.3m, St.
2 5.9m, St. 72 3.4 mZ EHH A} (Fig. 1).
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Fig. 1. Map showing the location of Lake Paldang and the study sites including St. 1: Lake Paldang, St.2, 3: Namhan River, St.4, 5: Bukhan

River, and St. 6, 7: Gyeongan stream.

A
OoOTo X
e A ROl BET A ARE A
4591, 4UF PRF L 29 5 FEARE F7)

SR AT F A B A A H (Korea Water Management
Information System, WAMIS)2] A2 & ©]-&3% T} =3
g 712ARE AUEE 243 B oFAE A,

Azxon gold 42 B4

SAIERE Y 2

1) 0|2t5HH 29I

WF A} Alo] olsksta Relel S&, pH, $2AL
(DO), A7|A =% (EC), == A& £A=A7] (YSI-
EXO, YSI Inc., Yellow Springs, OH, USA)E ©o|-&3}o =

Aol oy, EHEE= A& 20cm? EHZ= T (Secchi disk
Limnological Standard, Wildco., Yulee, FL, USA)< ©]-83}

of BIH ST FARAS I3 EFSE A%
st} APUR SUF F AEFHL LT (BOD), 3

St AH4 2 79 (COD), RH-E2 (SS), $44 (TN), %4
(TP), &4 %24 (DTN), = Yot A4 (NHs-N), At
A4 (NOs-N), §EFA(DTP), AAARA (POL-P), ZE2E
Z-a (Chl-a) FE& $HALFFHAH7|E wet 243}

% thH(MOE, 2014).

2) M8 201
TESYIAEL UERE 60um)E o 83te] 1018

ofatstel AHAT, ANE ArE Eofo) 2T §7)
Hob FHTEAAGA 20%)2 ol§3te] AFEE
= w35y 174

gus

[e]

ol
%

B A2E 2447 o BAAZ F

of A& AAsL 2F AgY ¢ 10mLE HF

A7AsA} AEZHIEL B24E 425+ Lugol’s
solution (£ ¥ 2%)2 A7 & 1% 5’]’910‘1] AEE
counting chamber $Jo A 30& F<¢F QA & FA35
At T AEERAEY AF D BAAEALS Sedgwick-
Rafter counting chamberE |83} $JAa}&u] 7 (Nikon

eclipse, Nikon, Tokyo, Japan)ol|A] x 100~ x 1,000 2 7

Aetgon, TEEFIE NS de dEHE AMAS

(individuals L™)& 24391, A BEFIE NEs o

ol mLg AZ3(cells mLHZE FAstgich SEZFHT

E $54L A9 57+ Segers (1995a, b), 2t7E= &

(2005) AZAFE 4 (20142 Fx3IPon, AEEHIE
& John et al. (2002), Wehr et al. (2003)& =3} tt.

4. 7| L Tt

dgsoA AFERE H47] S ok 93 T
=, Chla, 333 FEF WS 243U
M 27L& Droscher et al. (2008)2] 7] oo &



318 Mol - WA - AT - REF - YBH - FaTl
§ 50
£
= 304
2
E 20
2
£ 104
&
B 0
& 5000 T T T T T T T TT ro
3 I ]1" | H ! "] |f |”|'IIF
= L 28
4000 o
_——— ow
Elevation 50 -
N Precip. L 26 ;’
=
7 3000 -WMWWW% E E
= = &
9 E Lo g
N | & £
g 24 3 g
E 2000 \ = =
I 3
I &
“ 2 10
1000 - i i
l
i
|
[Py "“’“\"\'""‘9/\\\’“']\‘/_/\“/“\'/,\"'/"\""\v,\,\,I‘MJ l/"“\\/vf-rA\\,z\.n—«mnvwm/“-/w"\H\,_n.
0 T T T T T 20 L 200
15-1-1 15-3-1 15-5-1 15-7-1 15-9-1 15-11-1
Date
Fig. 2. Seasonal changes in the inflow, elevation, precipitation, and HRT for Lake Paldang from January to December 2015.
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5. 8AIEA

TF2oA FeAA DAY ZolE £A5H] f8f A
AR Paired r-testE AAIBFA oM, FATH {42
p<0.052 }ich. E3F, @A DYA] o]3}e+A g 1t
AEa1Te BAE gotr7] 3 & A (Pearson’s
correlation test)2 AAFHRL, AAAQA B4 A=
SPSS 20 (IBM Corp., Armonk, NY, USA)E o]-&3}o] AA|
stR o, o4 p<0.052 ERIsH4T
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Atk (Fig. 2).
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on, BEF(3~59) 12.8¢Y, 953 (6~8Y) 16.1¢, 7+
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Table 1. Correlation matrix showing coefficients between factors affecting the clear water phase in Lake Paldang.

CL-RA CO-RA Chl-a TRAN TUR WTE TN TP HRT  Rainfall

RO-RA

RO-Ind CL-Ind CO-Ind

TO-Ind

Variables

1

TO-Ind

1

0.914%%*

RO-Ind

0.112 1

0.380%**

CL-Ind

1

0.404%
~0.380%% —0.306%*

0.196%**

0.492%*

CO-Ind

1

0.525%*
—0.334%

0.290%*

—0.149*

RO-RA
CL-RA

1

—0.732%*
—0.657**
0.081

0.033

0.553%%*
—0.008

1

0.126*
—-0.218*

0.024
—0.202%

0.428%%*

—0.251%% —0.397**

CO-RA
Chl-a

1

—0.466**

0.286%**
—0.120*

0.011

0.162%*
-0.102
—0.065

0.181%*
—0.054
—0.038

1

—0.522%*
—0.013

0.396%*
—0.084

—0.171%%

—0.042
—0.145%

0.1917%*
—0.085

TRAN
TUR

1

0.289%*

0.143%*
0.000
—0.044

0.146%*

1
—0.615%*

0.214%%*
0.132%

0.440%*
~0.135%

0.250%*
—0.303%*
—0.002

0.250%*
—0.059

0.388%%*
—0.191**

0.088

0.178%*

0.043
—0.028
—0.123*
—0.147*

WTE
TN
TP

ol

1

—0.233%*
—0.403**

0.221°%%*
—0.067

0.091
-0.059

—0.141*
—0.144%

o
fob

1

0.275%*
—0.687%* —0.377**

0.237**
0.104
0.131*

0.689%*

—0.209%**

0.253%**
—0.008
—0.084

0.102

0.099

0.055

1

—0.160%*

0.035 =0.195%*  0.154%* 0.173%* 0.185%*
—0.068 0.094 —0.217**

—0.085

0.030

HRT

N

1

0.116 0.578%*%*

0.606**

0.019

0.007

Rainfall

i
it

*p<0.05, **p <0.01. WTE: water temperature; TN: total nitrogen; TP: total phosphorus; Chl-a: chlorophyll-a; TRAN: transparency; TUR: turbidity; HRT: hydraulic retention time; RO: rotifera; CL: cladocera; CO:

copepoda; TO: total; Ind: individuals; RA: relative abundance.
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™ (Keckeis et al., 2003), A5 o] W72 Q) AFAZ
o] Z28tA ol FEEZIEC| flush-outE o] FETF
of &S nAE= Aoz FohEch(Baranyi er al., 2002;
Muylaert and Vyverman, 2006). & H|FA| 7k Gk
A5 (TN, TP)2] B v)$ §oja7) Lheht ARAI7ko]

48 EAL 7R A7) B¢ 9YE 5 288
HSLEL S S S0 WA e 5 4
2 X4 9 (conservative) EAAS 7HA AR
ASF A §slol st Aol 59

ARAZT folg ABUAS tehy
AZre] WsPt AeddE FRAE
(Fig. 2, Table 2).
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7t T =2A Yt %‘?ﬂ AN == 4ol e AH
of B3| 22 WY AHQ St. 1S 2F o] 83|, 3F o]AF
13], 40 Ao 73t Fet7 92l St.2& 25 o] 7
3], St. 3 2F o|A} 53], 3 AFo] A3t B 9
9l St. 4= 23 o)At 33], St. 5= 53], £Alo] H|mA &

AFAIZEO] 71 A =921 St. 62 25 o4 43, 3F 9]
& 18], St.7& 25 o4} 83| = UERth(Fig. 3).

A57] WAL St 1,2, 7914 73] ol o= AAH
= 7H Ao A F2 BSAT BrTle T2 &
Zo 5 7Ho st e, 04%%1011% Ago

ALE Uyt ol 9FHd F
7} el wet AZREo *ﬂﬂlﬂ‘ﬂJOl

AstiA A4 dS A7) Aoz dbEnh(Iskin
et al., 2020).

A7) YN BEREs @, St 304 Hi
1.3m 3712 7 &=9kom, St. 6(0.8), St. 5, 7(0.6), St. 1
(0.5), St.2(0.4), St. 4(0.3) = 2 Yehgth A te] £
= Z7H= St 7914 18.0%, St.6(13.3), St. 3 (13.6) &+2.&
fr&ol =9 BAFAoA =A Uehidth

Chl-a= St. 304 B4 28 7mgm™ AR 7P =9to
o, St.6(18.6), St. 2 (15.4), St. 7 (11.6), St. 1 (7.7), St. 5 (4.8),
St.4(2.1) &2z BYE a9 FASH Uelgen, &
P9} Chl-a= AABA BN A r=—0.466 (p<0.01)Z
)9 995t APl S B ¢t} (Fig. 3, Table 2).
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Table 2. Data for paired #-test on variable factors before and after the clear water phase in lake Paldang.

Parameters (unit) Site Before After t P
St. 1 2.1%+1.0 26%+13 —5.287 0.00114*
St.2 1.1+0.3 1.5+0.3 -5.014 0.00242*
St.3 1.7+1.4 30+19 —3.535 0.02411*
Transparency (m) St. 4 29+1.2 32+%1.1 —3.780 0.06341
St.5 1.6+0.4 22+0.3 —8.485 0.00106*
St.6 09+0.3 1.7£0.8 =2.720 0.04178*
St.7 1.2+0.4 1.8+0.6 —3.300 0.01311*
St. 1 132.6+62.3 246.9+129.0 —4.005 0.00515*
St.2 240.7+208.4 492.4+357.4 —-3.527 0.01242*
St.3 265.7+275.7 546.6+415.1 —4.062 0.01532*
Total zooplankton (Ind. L™") St.4 139.4+142.0 356.8+449.9 —-1.220 0.34677
St.5 407.1+£282.9 838.0+758.1 -1.794 0.14722
St.6 267.3+279.7 801.6+582.9 —-20916 0.03317*
St.7 195.8+177.0 466.4+£345.2 —2.995 0.02007*
St. 1 18.2+12.9 10.5+8.1 3.652 0.00816*
St.2 31.9+17.0 16.4+6.9 2.576 0.04200*
St.3 39.0+28.7 10.3+9.9 2.863 0.04578*
Chlorophyll-a (mg m™) St.4 9.1+£3.5 7.0+3.2 2.097 0.17098
St.5 18.8+12.3 14.0+13.2 1.934 0.12528
St.6 36.0+19.0 17.4+17.1 3.662 0.01456*
St.7 22.8+20.2 11.2+7.6 2.548 0.03820*
St. 1 17.5+3.5 18.6+3.4 —1.643 0.14440
St.2 16.9+4.1 18.1+£3.7 —1.180 0.28278
St.3 14535 159+2.8 -1.329 0.25455
Hydraulic retention time (d) St.4 15445 17.3+34 —2.274 0.15079
St.5 12.9+4.5 16.0+5.2 —3.389 0.02755*
St.6 1491438 15.6+3.8 -1.075 0.33169
St.7 15.6+4.7 16.5+4.5 -1.228 0.25898

L7, St.3& 280.8Ind L™, St. 7= 270.7Ind L' &£22 &
2% EAS 7H AR A A F7kske
of. AT A sho] FeAAT BT Ao e AL
2 43R 2z E£3F St 6914 238.6Ind LT 72 7}
A =9Fom St.3% 86.3Ind L7, St. 72 83.8Ind L™ 4=&
2 UeEt 479 F$ dEF@=0.388)7 A&
(r=0.250) 2% 23 Fo3t 9] AATA (p<0.0)E

Byon, oz B 429 Aol A

Ao vept

259 27] WAy

4 FUST TARY FANIE W ZrEY 2
Bl JFE F 5 AAS AR BLEUTHAMR er al,

2019)

A B2 A Gt EYE, Chlg, 32ZT
e ﬁ‘d—é%*ﬂ Hohs Ao (St6, DI dbdd

=13

(St. 2, 3)°l A F7Het

Bee Hi

oz WA g s
oAl 24712 45

Houg BN FREe #7400 % 4B 29

el A shet

3}7] €3} Pearson’s correlation test
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Fig. 3. Environmental variables showing significant differences among the sites in Lake Paldang (St. 1), Namhan River (St. 2, 3), Bukhan
River (St.4, 5) and Gyeongan stream (St. 6, 7) from March to November 2015.

£ AASATh B3 A HE Fer] A 2ol E el
7] 130l Paired r-testE AAISIAT BFIAA P47

A B ad FYE, Chl-a, sEESTIAE FEF2 2
ol o3t ARBAE Hion, =g EY¥EE
A (r=—-0.522, p<0.0D)E UEFHT. EJE, A7)
A% vuo] e EYES Chl-ax BE3749 4 (St
4,502 A A AYAA {7 2o] (p<0.05)F UE
Wow, FEEETIE AEFY ALE 5RY Ss4
(p=0.122), St. 5 (p=0.147)8 At AXHA|A F2gt
2o (p<0.05)2 Bk St.4, 5 (APL B3} 902
A5 Y sE2E 9 F&5 ol 2A dFS T
L XA o)™ (Park et al., 2004), A FAZH EFF F47] A
o &gt o] (p<0.05)E Uehdol whet 5H3 9

=
E
Ho] FE2TIEY &P 9F< € Je= ¢

T rlo
fo ro mZ o

T} (Tables 1, 2).
FEEZYIE AEFS FYEY foe AAH
A (r=—0.054, p>0.05F YeEIHA Fkon, o]
7 A9en Y= fog 9 AHAA (=
=0.171, p<0.0)7} BE ¥F 7 Chl-ad F7het A3
A (r=0.162, p<0.0D)E Bl AY 22 A7z Bod
t}. o] FIFS A You er al. (2012)$} Sim et al. (2018)
o] 827 AEF 2719} Chl-a 3719 BHAT 2o 2
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Fig. 4. Relationship between phytoplankton taxa and Cladocera among the sites in Lake Paldang (St. 1), Namhan River (St. 2, 3), Bukhan
River (St. 4, 5) and Gyeongan stream (St. 6, 7) from March to November 2015.

23t 42l (Elser and Goldman, 1990; Jeppesen et al., 2003;
Matsuzaki et al., 2020)0]2t= A+ 22 AA=E AtRdH
T} (Tables 1, 2).
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