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Consideration on Application of Zooplankton Index for Wetland Ecosystem Evaluation. Hyun-Woo Kim* (0000-
0003-3898-5864) (Department of Environmental Education, Sunchon National University, Suncheon 57922, Republic of

Korea)

Abstract  This note summarizes the application of zooplankton indices for water quality management and
estimation based on main research topics of articles focusing on wetland ecosystems, topics that are remained
poorly investigated in S. Korea. The aquatic ecosystem-based consists of indices that respond to different target
environmental factors, including environmental disturbance. Among the major indicator species and biota,
we reviewed that management strategy for the wetland environment has to be focused more on small-sizes, in
terms of zooplankton ecology and indices. The ecology of zooplankton communities in freshwater ecosystem
has been the focus of an increasing number of studies since 2019, and considerable progress has been made
in understanding the major mechanisms involved in regulating their abundance, diversity and spatio-temporal
patterns. Even though studies on the freshwater ecosystem in Korea have a long history, a few of studies on
zooplankton biota were conducted at wetlands. We suggested the candidate zooplankton indices proposed by
the U.S. EPA and EU to suit Korean conditions. In the step of selecting metrics, the best available metrics are
species-related variables, such as composition and abundance, as well as richness and diversity. Overall, in spite
of several limitations, the development of a plankton-based multivariate assessment method in Korea wetlands is
possible using mostly field research data. Later, it could be improved based on qualitative metrics on zooplankton,
and with the emergence of further survey data. The present information can be used as basic information for
researchers who are dealing with aquatic environments and its interaction with organisms.
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(WFD: Water Framework Directive) & Ewu]of| A =3 F]o]
23 Qth(U.S. EPA, 1998). A ZH7} 3=9] AR Hop=
‘golstt sPHAEA 9] ol ErjolA 22| SAYH]
Ae FEAGA MR o2 agAio] w2 H7P7He
FAE]o] Yth(U.S. EPA, 1998; Barbour ef al., 1999). ©]¢]
v Ad oz 23 Q3 A4A| 2 SRR A gt
B4 W A4 Wl vE Hew AR PRI Bopx
Xﬂﬁpﬂ"‘ Aoz gotsy Qlok T B¢ 5U8 AeAl

3 A B4 8 BUE o] AAEA Sl vlE2 oF
20% olstolH, ] £2& FOE T =TIt 8 A&
AR} F Fr e tiet A&SA Q] BYEPEL nj&E A
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40 tigt T840l FoA|AL glom, 53] FEETUIAE
S Wsto] Al&sHA B-gshe st e 2
A= T WIS Yedo] g 4 AHE & diwst
NEXEZ 1HE o] gl (Christoferson et al., 1993). F
T Y A2 £33 9 EAo wt oddt FHY 5EE
FaE0] T o9 F83 == AHA W o
A A} Ho|g 7&—4 2+ = & 3tk (Baines and Pace,
1991). = &JoA= TEETIES A-AHA ”*OIAF—‘A
2 EAegY 7]”° 2ste 123 T o7
9] FFE THHoE Yt 5= Y= F8 HEYOE %}%
Aol o Aoz Hriwojd th(U.S. EPA, 2017). B4
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whEha, B Qs 2. of SidE AN SEEYaE B
W AT =8 0 2 A4 BAAE Yee AEsia

ol FAs] SAAYANN FEEFIES BEH A
FEEL £E37] 93t 712 ARE AXSLA Tt
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Web of Science (WOS) HA-& Z3l < oF 309 Azt
(1989~2023) =9 == Adoll AAE (2F 25 AY) F 7611
Ho FE2AE T W8S AT 23 A ==Y F
A, HE & 71¢E Nl HEYI #2445 FoiMe F 2
ﬁ(A B 1502 FEEAF. FAo dd FolMe &

SEFIEL AESSYAE, °oIF F°l 78 Tolz 244
Aot (Fig. 1). AAA FPEEE oA FEEFIE &
T7F 7P BEs] AYPEN e SIS o AL ol
H3) 74 SAEA B FAlol AN Yol 913
atof @ulgo] AT We Ao BAHI A IFL
ZEIZggE ,] A TR, AEEE WA, A BE, 2H
T2, Ho, & FRE 50| Aol Y=Y HhAZAAe]
e 24 FA0l2 LAHGT, b I8E 5 ABEYE
193 oRE o Rogos) 7 sk BY2E WA,
B4, T, BHS, volw, Hol W, HEXY S| AF
FAIR P45} o WAFAEe 4BEyaED
ol5e} 22 Aol EL FoE BrhHUrk(Fig. 1).
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Fig. 1. The results of title, contents, and keyword frequency analysis of zooplankton research papers in 25 international journals (7611 pa-

pers) over past 30 years (1989~2023).
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Fig. 2. The changes in trends of zooplankton research papers in
major domestic three journals (A) and in Korean Journal of Ecolo-
gy and Environment (B) over the past 50 years.
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Table 1. The major biological indicators used for aquatic ecosystems health assessments in EU, USA, and S. Korea.

Biological
indicators

Examples of main parameters and multi-metric index

Ecosystem

River Lake Coastal Wetland

Phytoplankton assemblage, Algal toxin, Microcystin,

Phytoplankton
the 259 plankton taxa

Plankton O/E (Observed over Expected) indices based on [ e.¢ [ *

Zooplankton Abundance, Taxonomic richness, Trophic guild,

Three taxonimic (cladoceran, copepod, and rotifer)

Variety and abundance of fish species, Taxonomic richness,

Fish

the percent of taxa that are native

Taxonomic composition, Pollution tolerance, Habitat and feeding groups,
Spawning habits, The number and percent of taxa that are migratory and

,$,.0 o0

Two Rapid Bioassessment: Species composition and/or biomass,
Periphyton biomass and coarse-level taxonomic composition

Periphyton

(e.g., diatoms, filamentous green, blue-green algae),

Metrics of Biotic Integrity (e.g., Species richeness, Total number of genera,

Total number of divisions, Shannon diversity etc.)

Taxonmic richness, Taxonomic composition, Taxonomic diversity,

Benthic

macorinvertebrates Habits/habitats, Pollution tolerance,

Feeding groups (e.g., filtering, scraping, grazing or predation),

[ R @) *

Macroinvertebrate Observed/Expected (O/E) Ratio of Taxa loss

Species composition (species identity, presence, and abundance),

Vegetation Vegetation structure (horizontal and vertical),

@) o ¢ © .

Vegetation Multi-Metric Index (VMMI), Floristic Quality (FQ) indices

®: EU (Water Frame Directive), ®: USA (National Aquatic Survey), ©: KOREA (Ministry of Environment), Modified data by Choi et al. (2023), U.S. EPA

(2006, 2008~2009, 2011, 2012, 2015), Barbour et al. (1999).
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KARSEE stojof gt} A TFoA e FTFE
2 A 5 & AR S St BrHEAk
£ AA 3P=|ojof FHH(U.S. EPA, 1998). 27} € T 4]
AFE AR EE A #7F Adolshal, thefRt 2o 2 gaegh
7 B7}ol| -g-Eth(Table 2). U.S. EPA (2002)2} EU (WFD)
oA EgAgo]l E2 A& HEoR T2, U=, FHAE,
el 71, 1A, 5dE 223 WA Sl disiA
gt v qloh waEbA], o] & HIE o2 FUjoAE A
HAE ez 8822 B 93 474 B7Rtel o
gk 187t B asitt BRI E g gt 243 (H4=3h
7} g =l ojok gt} I - 9 T AlolA BESE A
43 e ARE FHREE 553358 ~1058)5H
AZA B7E 3tk (Nichols er al., 2000; Rothrock et al.,
2008; Ministry of Environment, 2009). =]l &= AJAkx}
EReS ez SANHA 7348 B7HE sk 9l
O} (Table 1), TESHIES 12t AeiAE A4 ¥
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7he obF] mlEet Aotk Sl SAHANAN 2T
3E }as T43 AR FhE YA tekst g2
dhat Aol Wastch o) 98] FREYAE e 4%
W PR ol et 7HENE TS mAAS (el A
37, 57, B SR 5 B8 Piol 1eE 4 g
(Gernes and Helgen, 1999; Lopez and Fennessy, 2002). o}
29, thHEFA|4= (MMIs: Multimetric indices) ol ojgt
284 5 THA A7) gt HE Fo] HPFofof
& Aoz AHET(Choi er al., 2023).

SXIMElA SSELTE

b

B X|s(2h)

FSAEH A= Aol & A F shiolw, theket
XA el 5 AE 1o AaA SHoA Fa%
Al2"lo]tt (Joo and Francko, 1995). $X|+= E]—%h?} dHe
Qlo] B3tsHA g5k A, A 5 5 A=A ¢t
Z‘]k] U] )\ﬂ‘:']:l—ok/ﬁ ZX] e} _r]b‘]- H]—Ol— %]oﬂ %E»‘__.:Eo]-i%
Ame WS Fasty &AH] A47F asitt FEEE
AE A HIE FASte de ASEH LR HgE o
A QLo A& gt FFol Ao, Y FF, FEET
2E 54, 54 BRE 5 901 W7t Aol Al
FUA e Bt A 4 o wE Utk o
G4, 2 hgol] ATE SN FEEFLE B o
q. M A B 5L 2T 2 SA A B L A
o7 Al A le) 2 719 ARZN A U
Ao o FHrTh

o7t sAHAC &8st= 7MY & 2RTLeR

rdl

o
e

WA} B Bste] FAI W 4 glo] A
3lot= SOA & A-S5h] wiiol SAAYEA A Y A
E3td 2 E2A AAFEE 7HR 2 Yoh(U.S. EPA, 2002;
Ejsmont-Karabin, 2012). G¥FAAE 9 2G| Hrof
AR EE Bl 22 457 22 SAAHA A
A 7k A4 2o AFsE 2 o|th(Sgrensen, 2002;
May and O’Hare, 2005; Oh et al., 2017). %57 &4 A=
L SR ATl g BAGL Tkt B

Sp7 91 A A% FROR SHAEfoL & AOR W
e,

2. HE/EQN SSEUIE |

FEEYAE FHE A4 Feol met B 244
o= FusloAu, FANHAY F$ QuHoz puy
71do] NG ANZACE RN FEEYAES 4F

o] Agslt}(Table 3; Balayla and Moss, 2003; Taniguchi
et al., 2003). olell ¥Is} §4:2) Thapgol FAT S0
Ao Ao Hox xo] 245t AFS 7FRXTH(Table 3;
Lair, 2006). A41#] o]&/d3} e SALEHA S 5=
EFAE T 0 fA0 Fa9de= dHEHA R ik
(Manatunge et al., 2000). WetA, AAF o]AA o] & &
A AN = 7129 il e RY/ERAE 55
EFAE T3 L AT HlEY W3t tigt A= oA
<8 9 oy W3t A=E sl o 8% 4F A4

Z+2 H| € (cyclopoid/calanoid)

A5 2L Aol B HoldoR SAHA 3
Pt 4 Aokl FAT AL 3w, 57 B4 BA

Table 3. Classification of species with relatively high frequency of occurrence by inhabit type.

Inhabit type

Taxa
River Wetland (including Dumbeong)

Brachionus angularis, Brachionus calyciflorus, Brachionus angularis, Brachionus calyciflorus,
Keratella cochlearis, Keratella valga, Keratella cochlearis, Keratella valga,

Rotifers Keratella quadrata, Asplanchna priodonta, Polyarthra vulgaris, Trichocerca capucina,
Polyarthra vulgaris, Colurella spp., Mytilina trigona, Lepadella oblonga,
Trichocerca spp. Euchlanis dilatata, Testudinella patina
Bosmina longirostris, Bosminopsis deitersi, . . .

Cladocerans Moina macrocopa, Daphnia sp., Alona rectangula, Bosmina longirostris,

Diaphanosoma brachyurum

Bosminopsis deitersi, Chydorus sphaericus

*Bold strokes were epiphytic zooplankton, Modified data by Kim ef al. (2005, 2010), Kim and Lee (2007), Kim ef al. (2012), Pace et al. (1992), Lair (2006),

Thorp et al. (1994)
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2 ojuishe 4RO R Fastt N24F 219 A-37
4 BE 3% 5 AEE ARE 48D A%F A% FHS

= 5
Q7o) Blold F Fa WS oS AUHOR SAse
Ue AREHN FEA4o] =5 Aoz e (Brooks
and Dodson, 1965). AZR H|& 9 EXF (e.g., Alona,
Chydorus)®| &8 - F= SAHAY o] &7 Zpol&
Z gj¥ste A& FEO 2 HriECH(Table 3). 181 87F
5 39 cyclpoid/calanoid ¥ &3} HEF AR5 E R|4H7}
FEoF VHFOJA Lt(Gannon and Stemberger, 1978).
SANEHA A4y nt 9 R T ¥} 52 WY
St 8715 AEe 2830 A FEY ASE AlsdH0
(Van Egeren et al., 2011).

T

4. MAIK -7} W mat

AFAEAY TESHZE 2HE A3 244 =t
oheFet 3 25 YERATH(Oh er al., 2021). A7FE 48
E]7) (e.g., Dumbeong)E EZgHst ThoFst SAAE A= A4
A 4lo] &l EEJE A3 Q1S TR BE 3 W
glof] NIzt FEEHAE A Sl Adolst(Kim er al.,
2011; Kim et al., 2012). A AA1A Abelof wha)} 1%
gk AEAO] e £ AE9 A8 G Wttt
(Norris and Thomas, 1999; Burks et al., 2002). Wa}A], A 4]
A wgk 2%l 3ol gt TEEFIE S8 4 HE B
A #Ao] oo} gt} FEEFIAEY AE &
g AAA B4 9 witol it A4 W HE = SAAYH
A EY 4 e Fof gt Fa5t 72X 1 E8A4d0] &
< AC & woE

5 Ho|Z 24

A A Hold Yol SEEFTIAES AEEHIE
7} g gjo} RIS Ak Ao TRtolH, x|oje] ¥
o] I EN A 75H} Mol & FFS WA
€ A AEAoIth(Romare er al., 1999). = Y4E|A 2 5

g oA BARERE AvRI2 Y] ' 352 3
fRlof e} thFst, & AEEFAEY AU | A4
Hl&of w2t A v|&o] 24 5~30% B= Zo|7} drh
(Lacroix, 1999; Gladyshev et al., 2011; Feniova et al., 2021).
SAHAY A Holw FAUA 5 HF AGFAU
Daphnia galeatai= "¢~ 323t Ho|R oz ZJojof FH
e B 55 Sto] 8 Hrlo] A FEAYCRE o
AR AL It} (Feniova et al., 2021). SA|AYE)Al= Daphnia®l
vl3)| 5 A% X239 Alona rectangula, Bosmina longirost-

ris, Chydorus sphaericus 5°] AN HoE =2 FHEE 1}

o]

ERiTH(Table 3). waba], Ho|g BrEx|$o A [H34 F7]
& — WP A 2R (e.g., Daphnia) — Z|°]]2 o]ojX]= 4
Hotes (R4 B 288 18— 328 AdF g,
Alona, Chydorus) — X012 HZAEE A4 Heto] 1=
ojof g Aoz HoEch Yol LA F-AF N4F
£ Z33 A5 ohFst A Aol digt $3H

FHIE Bl Brlske Fa% AR R oA
MAFEE Q8= g7

X710 E HEA8A: HW. Kim, 23 2 24 HW.
Kim, 2224: HW. Kim, 912% 9 XZ2AE: H.W.
Kim, ZA1 %2 @ 74 $3: HW. Kim. & =&22] Az}
£ UES Uds] AESHYL, MH o FoFyct

Ol 2 =RlHE ol 2| ojx7l Wal 9
U,

HTH| o] =EL 20239 A et aATH TR
2 A5 92(2023-0282).

A} & =2 ANl ARetA FEs) T4 o)
AR AENA ZAEY e,
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