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Effect of Environmental Characteristics on the Zooplankton Community
of the Newly Created Wetlands in the Geum River, South Korea

Jong-Yun Choi

Department of Ecological Engineening, Pukyong University, Pusan 48513, Korea

Abstract

The newly created wetlands in the Geum River Basin have undergone various environmental changes since their
establishment in 2012. In this study, we evaluated the influence of environmental characteristics on zooplankton, which are
sensitive to environmental changes, and considered appropriate wetland management plans. The thirty-two wetlands were
divided into two groups based on the differences in their macrophyte cover. High species diversity and zooplankton density
were found in cluster 2, which had abundant macrophyte cover. In contrast, cluster 1, with low plant cover, had lower species
diversity and zooplankton density, primarily of pelagic zooplankton. To maintain species diversity and abundance of
zooplankton in wetlands, we recommend implementing a management strategy that encourages the development of various
plant communities through efficient water conveyance functions.
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A H AN S EEEIE 22 A48 §Et
of whet wgtsHA ¥Hg-ot= A w-dolti(Dallas and
Drake, 2014). 3 =23 3E 732 59 58l AT
Sto] o] 5 T F95 0] FHoluA| Eobr] whzell
27 o] FAR W= o] 59 AE 7HeAE WEIL N
A 7S Wofiske 82lo] 2 4 lth(Seuront et
al., 2004). £3|, A spol| A st Gt o
9l 37t TEEYAE TR I X0 #HA

n]x]= 821o]tHFlinn et al., 2005). T=3
OfAlo} 2|92 E<(monsoon) 7172 JTF
Jof] 271 A5 7] wizel o] Al7]el &4
St T =ERAE w9 U= F4H
tHChoi et al., 2011). -8y opfa} 5=20]
SEASL T2 o]gEA] 9]l B FEEHIAE
A Y Fxof| FFEE AT EE a2 T
FAE A0 2AUALE 7HEElsto] o] 52] WA
T 7R F7kel @S PR (Zhao et al., 2020),
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et ol AFE FAHAl SHITHScofield et al.,
2020). =itk Zo] =2-9] Al §st F21gt 219
A FEEYIE 42 BERE 7ok AT 4
F JAE 7T, A5dol gl Qe g Te
W, A $7H T EEIE e 22 7S RE I
A6tE FES BRItHChoi et al., 2020a). =4 4
Eh-g 7k B3 FEEFIEY A HAES 24
Sh= 8Rloz FEEHIE 1 FXo| 2yt 9
< U|XItHWojtal-Frankiewicz and Frankiewicz,
2011; Chen and Chen, 2017). 3 EZ%3E2 4
A Hol ollo A=EFIAESE AHlotH, olF<et
T2 48] =AY 9 Holglo 2 g8 r]y] nfjREef,
o|59] FZXAM - B LA Ho|rho] Lz
58 9 v 4= tkBunn and Boon, 1993).
waba], oheFet 87 §iste] tigt FEEEAE +HY
TR 2 F2E mpefele AL fA8EHA Y 7l
< olafsty] Sl o AR &8d 4 ik

ol g2 FQoAdoz g & = Tx
o gt A1L okd, T4, 281 &2 59| troFst o
AR Al A&H 02 S = et s EiA
FEEYIAE 42 58
e A7t $PENCH(Zhao et al., 2013;
Portinho et al., 2016), £4U FAA= SAAE
O MAIA 9 oA 2 A At Gt sl 2 A+
HtHManatunge et al., 2000; Horppila et al.,
2009). Foll= shdolv SAEAE F35k= |
o] AREIF FARIARRE AT TA(ZAIAF-1] AL A
S)E 35 YA EX(stable isotope analysis) 5
o] 3lehA BAS Fofl ste] ' AETtd e 7
et A& ] S of| A A7t et =
tHChoi et al., 2014:; Kattel et al., 2020;
Blechinger et al., 2024).

AN E¥oke SEETIAEE T
(species)ll Wt Aost= 74} Hold Fo] A
UERLE] mizol] AA% 0] F5F 9 EAC] met 24
3 3] 27} dolsith(Vincent et al., 2012). $H-2
Ard/go] Zstar Az o] Hol 5E] AA8ES
7 A7 AP Qs B 7HA7] wiizel] vheket
FEELIE Tol 2xT 4 (i et al,, 2022). &
5], F219] 7A-¢- Alo] L A H f=<o] A== A
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FEEYIAEC] F&StAY, 2ARE FlHsty] et
mdx 2 A &82 4 T Lomartire et al., 2021).
AR EO] BATE T4/ AR 9p A Eo] S
FAZ| FEEFIAE T Aol FF AFE
7H SEEZYIE Fo] BX ooy ol £AIXE
9] ZHghol| whet 2ot g = a9loltKim et

FH0E TRe] BRI FH TEE BATH: 2

2 w4 80 B3t 9 Al setaly] Sig A uE

==

=
o= wAUrtE Aol Al AR & HRE 7H
Zolth (992, 9,912.14 km?% Im et al., 2020). &
73 A ] A7 89, Skt A
9, J93, S5k el AIFR, 35E, 2y

3 B 550 R AR, {Fo]
A= i A71E ALl 2 AAE 9
FATHLee et al., 2020; Kim et al., 2022a). &%
2012W0] AAE SR uA 2 2 Q3 £X]
SH B S YstEglon, SR Q191H ¥
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Fig. 1. Map of the study area. Newly created wetlands are
indicated as solid circles(@®). The small map in the
left side indicates the Korean Peninsula.
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2 golet. B2 ARAGN FHFAGN 247} §
el vt AdEol & 550 Qlslgoz 2
A, sH Pl 2 deka 25 7te] 91xjstol v
7 oFagh shd B4E 71, o9t 2L BHEHO
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(Choi et al., 2020b; Kim et al., 2022). 272 ‘4
7 S RIAY o2 <l 20091 RE 201289714
St 9 =21 9] tithA 9l 7R Abg o] o] ol R e, o]
Aol A theFet st W Wi E5A] 7 A AL At}
Hrk, 2 Are] tiad=1?d 32709) 422352 (Fig. 1)
= 71&00 HAE dAISH] 93 BFHo2 2AH Aol
o} o] FAEL 2 A FY-FETE UAHsk, o
T E HEsHA 2ot o, efi A7t 5t T
7] grot f-9)-5-E7 9] 750l 4t AET =4
EHA FA2A 9] 2ef 715 Ak

| FEETIE 24 7200 WA E ¥ 491

74 a910l 24 9 FEELAE Y
o IAg 3271 Al 23EA0lA 5 Gl
= k. @%011*1 ol 52 ﬁ%% 7&%%: 5
FAEY Fx

o e J‘l‘?l‘”ﬂ =iy ‘3‘3%k pd i H A= _401
7V Asieh B8Rl ZF AN 4, 2,
pH, &4 (dissolved oxygen, DO), A7|H =,
g, F4 4 (total nitrate), F<I(total phosphorus),
HEL-a2 5 87N FES ARSI 23 8E4 A,
pH, A7 AE L= @A FA]| ZH51%0H, Bk,
FELa, T2, T F52 7 FA A A4 T A
Aol A EAsH A S22 m AHE o8-St
S =}, 423 G4 4= DO meter(YSI, Model
58)& ol-gsto] ZAs9loH, pHe} A7 AL e 747}
pH £7%71(Orion, Model 58)¢t A7 |HEE £747]
(Fisher Conductivity Meter, Model 152)& ©]%
sto] ZAHE AT Bae §EE547(Model 100B)E
olgste] ZSHEOH, FEAa, FTEL FTU2
Wetzel and Likens(2000)2] 8= ol &5t £4
= ek
FTEEDTAE S AT ¥ A Mol 2=
Abstgitt. A= ko tigt ZAFE 9
71 x 1 mE TSR AAstae
{% thA] 2570 B7H0.2 x 0.2 m)2.2
SHAE nE on= sjuto 2 7}
% el S84 ES T & 4
Z5 3, T WollA 8-10 Lol Al=7t A= Tt
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A& AU o]8oto] & 7] 27t ¥ 2 H
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Table 1. Ten environmental variables in 32 newly created wetlands located in the Geum River
Dep., water depth; WT, water temperature: DO, dissolved oxygen: Cond., conductivity; Tur. turbidity; TN, total
nitrogen: TP, total phosphorus; Chl.a, chlorophyll a; MC, macrophytes cover; SD, standard deviation; CV,
coefficient of variation

Num. Dep. WT oH DO Cond. Tur. N TP Chl.a MC
(m) (©) %) WS/em)  (NTU)  (mg/l)  (mg/L)  (ug/L) %)
1 1.5 22.5 7.6 97.5 160.1 27.9 3.15 0.14 31.1 5
2 1.5 21.5 7.1 113.5 216.5 24.2 3.22 0.14 21.2 5
3 0.4 18.6 7.8 35 349.3 8.55 1.16 0.07 6.3 65
4 1.6 23.3 8.1 137.2 380.5 22.8 3.34 0.14 34.1 10
5 0.3 20.7 8.1 15.6 4471 5.85 1.26 0.06 43 85
6 0.7 22.3 8.4 114 314.7 3.2 1.08 0.07 5.1 95
7 1.6 21.6 8.1 128.7 323.5 303 3.49 0.26 39.2 5
8 1.3 22.9 8.2 99.7 336.5 20.8 3.12 0.32 22.1 10
9 0.6 20.7 7.9 20.3 298.7 6.9 2.95 0.09 13.6 65
10 1.8 22.4 8.1 89.2 2242 312 3.43 0.29 21.2 15
11 0.6 24.8 8.4 20.2 256.5 15.1 2.64 0.08 11.7 60
12 0.4 21.2 8.2 10.6 254.6 15.4 1.22 0.03 4.6 90
13 1.4 22.1 8.6 86.4 315.7 25.6 3.41 0.32 29.2 25
14 1.6 23.8 8.1 100.2 277.0 247 4.67 0.23 37.2 10
15 0.5 24.1 7.9 14.5 339.5 35 1.11 0.08 3.5 90
16 0.4 16.5 7.8 40 154.7 122 1.43 0.06 11.1 60
17 0.2 15.6 8.2 13.4 2315 3.4 1.17 0.05 8.4 85
18 0.5 16.7 8.2 46.5 214.5 43 1.25 0.04 15.4 65
19 1.3 23.4 8.1 88.3 243.7 21.5 4.24 0.17 28.7 30
20 1.4 20.6 7.7 101.2 344.0 31.7 3.96 0.25 323 10
21 1.5 19.4 7.8 84.7 65.75 26.7 2.75 0.23 32.1 25
22 1.7 19 7.8 102.3 4385 29.9 5.49 0.39 46.3 5
23 0.5 18.6 7.6 114 336.0 6.9 1.20 0.05 4.6 95
24 0.2 19.1 7.8 17.8 347.0 5.6 1.20 0.01 3.1 85
25 1.7 20.4 8.2 83.2 346.3 14.5 3.38 0.26 23.3 30
26 0.5 213 8.6 124 320.7 3.2 1.40 0.08 4.4 90
27 0.6 21.9 8.4 14.6 312.7 7.9 1.29 0.08 6.8 90
28 1.5 214 7.9 87.9 297.7 312 4.98 0.19 32.4 15
29 1.4 21.6 7.9 89.9 356.5 22.3 3.74 0.19 329 25
30 0.2 20.7 8.1 16.4 200.7 43 0.53 0.03 5.9 95
31 0.5 19.7 7.8 23.2 271.5 7.6 1.26 0.07 17.1 75
32 0.4 16.5 7.7 38.5 331.2 5.1 1.51 0.01 12.5 65
Mean 0.94 20.78 8.03 57.87 290.85 15.77 2.49 0.14 18.82 49.4
SD 0.5 2.27 0.29 41.17 79.42 10.22 1.34 0.10 12.68 34.1

Cv 0.58 0.10 0.03 0.71 0.27 0.64 0.53 0.72 0.67 0.69
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Fig. 2. Clusplot (a) and dendrogram (b) for the hierarchical cluster analysis based on environmental variables investigated
at 32 newly created wetlands located in the Geum River.
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2= vegan packages AFHESISTHOksanen et
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analysis of variance, ANOVA)S 3517 3l
SPSS EAZ 2 13(v.24)E &35t
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ARl YAt 3270 AR AdG5A A FARE
Q0T AEA2 ZF FA71) AolFTHTable 1)
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Eol=t, A F=RHE BERY 72387 48
Ao o Il EEBR tf7] Fol ATt EQteR &
=71 o139 DO #kel
1 qq-oﬂ E]-E 2_11/\
S 2HE FYEEE ‘jﬂ of <]
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Fig. 3. The mean and SD (standard deviation) of environmental variables between two clusters separated by the
hierarchical cluster analysis. DO, dissolved oxygen; TN, total nitrogen; TP, total phosphorus; Mac., macrophytes.
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(Fig. 3 and Table 2). A HA] At $4 LA
E]—E 24 29 GEA-T A, AE O =

7\]7]'3—0130“:]' T A A2 4, 34
E}E FA4, FR, G547t =11, AlE 0 2

-1, o 1,

¢/

N

&A1 5olth olo} 2e 24 BAlo] ks 27 ol
A AFEAEAE0] 87 EAo] 27 7R 7
Rtk 218 ofnjsin], ol 7t £7|9] F4 o]
w715 Folz Attt

275 69wt ol et ke 7 el SIXe Al
A REe 24 DA, 47 HEo) 98 5
4 7591 S Gl 51 G 3 el 24t
O 0]

Tl’?:l:ll—(?‘]' -ITE:rLE 7\/“0]'
2o EAPL B E =1 A= 3’—*}%]7} AgotHA &
452171 vhe 2e9] 7]5o] HYEATHChoi et
al., 2018; Son and Choi, 2021). 557150 2otz
o] FAE2 HR714E f718°] SHol A5 #]
£2 F9 oo FFA(ELS} 9 5) TETF =0t
2w A Hojokst Wl oo] FlastE|glon] JEA-,

o 42 w7t F7hEG o] FASE KY-HET
o )52 AL, Ei o]o thE e Bl 2
FAoke] A4 £5E GANE el o] I

[t}
Y, EARS AE YA 7 696 E 2t o]
2} HA] Yol SH wHA FAETh 7} 2F 4

D=7 A =AY w;Lum QA HA 594
Z32 NSt L B7)59] stH Tt A6 32

1

7V ERF EA °}E}(Ch01 et al., 2018). WatA], &
PFETE Z FAWF] AAAQ 7E e

Tl 570 e Rjsie 0 48 U B
a7t gleh oot EHOR, Yo HE A1Z T
T} e A 2SS 24 DA ALE 896
270] 71%50] $AE, he A2 B 547} @
oA gtEE FAFo|
Table 2. One-way ANOVA comparing the ten

environmental variables between Cluster
1 and 2
Variables df F p

Depth 1,30 80.550 <0.001
Water temperature 1,30 11.217 <0.005
pH 1,30 0.581 0.452
Dissolved oxygen 1,30 71.471 <0.001
Conductivity 1, 30 1.089 0.305
Turbidity 1,30 42.984 <0.001
Total nitrogen 1, 30 53.558 0.001
Total phosphorus 1, 30 45.386 0.001
Chlorophyll a 1, 30 39.598 0.001
Macrophytes cover 1,30 63.679 0.110
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Z}Z} 2023} 19329] FR] oA ST, ol 459
FEEYIES FAAEY 9t 7] FH FE A
A5 B2k HHepiphytic)S 7H ER7o 7 X9
AT E A2 E9] TETt B2 F3]E 7|Hte=s
WEET AASHHTHCelewicz-Go 1 dyn  and
Kuczynska-Kippen, 2017; Liang et al., 2024). &
3 R FEEEIAES AEY 4 E7]0 R
7S Hol2H4 AHlsh] wjZol| f44=o] F
Fet 219 22 EEJIHde Faria et al., 2017). ©]
efjxAo g EWNLI} X2 Daphniac= NE=ET
AEolu gHe|gjotE o7t HAlsHr] L8 A& &
21Q)& 7AW, o] F o= Qlef o] Fof T2 A AL
Al A FAE7] ol w2 WE2A BA5E] oY
tHPreciado et al., 2008; Choi et al., 2015). 5+
Q1 Anuraeopsis, Ploesoma, Synchaeta?t 5*o1A
A 9] TEE| 2] b= A T3 Daphnia®) 78-9-} vl5=$t
olgoltt, H|F, 7|& AFES F2Hd Bt ofg 7
T4 EFAER A=) = T5E AHoA =
A121e] 'HA §-g&-do] Yobr AH|E 7HsAdo] Wk
A5t AT (Manatunge et al., 2000; Horppila et
al., 2009), g=r9] FA oA -5 ot= EFA-2 544
20| 9o} EFsHA 249 e B £33
=2 8&40= 4HT 4 dtKShoup et al., 2012).
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ool FEELIAE AUt TSI o] 1771 A
NME F74d s=Ed et R3] S EEHAE
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Aol A B2 F=EFIES] k= 1,000 ind/L
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2] FEEGIEC] 5= S4B off Ayt
olofe] Wi f=FolQlek, KA TEEFAES U=

mmmm Pelagic species
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Wetland number

lgs]
=

ig. 4. Abundance (ind/L) of zooplankton in 32 created
wetland located Geum River. The zooplankton
species were divided as pelagic species and
epiphytic species.
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Mesocyclops 59 S E2EHIAE &2 SHR] &t
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74217 w ol A= Tt 2 T A o]
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AR Hetel] &3 FAS0lA F2HA sEEFIAE
(Lecane, Monostlyla, Testudinella, Graptoleveris)
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Taxa I I Taxa I I
Ascomorpa - ++++ Trichocerca - ++++
Asplanchna + ++++ Trichotria - ++++
Anuraeopsis ++ - Acroperus* - +++
Brachionus +++ + Alona* + ++++
Colurella - ++ Bosmina ++ -
Keratella ++ - Camptocercus™ ++ -
Lepadella* + +H++ Ceriodaphnia - +H++
Euchlanis ++ - Chydorus* + ++++
Monostyla* - ++++ Diaphanosoma + +4+++
Mpytilina ++ - Daphnia + -
Pomplholyx ++ - Graptoleveris* - ++
Filinia ++ - lrocryprus™ + +++
Lecane™ - ++++ Macothrix* + +++
Monostlyla* - +H++ Pleuxus® + 4+
Philodina - +H++ Simocephalus™ + ++++
Ploesoma ++ - Scapholeberis + +++
Polyarthra ++ - Nauplii +++ +
Synchaeta + - Cyclops - +4+++
Testudinella* - ++++ Eucyclops - ++++

Mesocyclops ++ -
Thermocyclops - +4+++

Table 3. Genera list of zooplankton community in created wetlands divided by cluster analysis
The genera with * mark were considered as epiphytic cladoceran species, in accordance with Sakuma et al. (2000)
and Gyllstrom et al. (2005). +, observation in less than four wetlands; ++, observation at five to eight wetlands;
+++, observation at nine to twelve wetlands; ++++, observation at thirteen to sixteen wetlands
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