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Abstract: Brackish lakes are characterized by salinities exceeding 5 psu but less than 15 psu. Unlike
typical freshwater lakes, they are subjected to pronounced environmental stress, including fluctuations
in salinity, and consequently tend to exhibit reduced species diversity across lower trophic-level
communities. In this study, water-quality and zooplankton community data were collected from seven
brackish lakes located along the east coast of Korea between 2022 and 2024. We applied the
zooplankton-based lake ecosystem health assessment framework to derive lake-specific scores, and
subsequently compared the results with those from freshwater lakes to examine the applicability of
the current assessment system, identify limitations, and suggest directions for improvement. Cluster
analysis and non-metric multidimensional scaling (NMDS) revealed that brackish lakes supported
zooplankton communities that were statistically distinct from those in freshwater lakes, resulting in
assessment score ranges that differed substantially between the two lake types. Salinity was identified
as the primary factor constructing zooplankton community composition in brackish lakes. With respect
to index performance, the RI (Rotifer Index), which is based on the abundance of rotifers and Balanidae
larvae, was confirmed to be suitable for brackish-lake assessment, whereas indices that strongly
depend on freshwater indicator taxa (i.e., the Daphnia Index and the Cladocera Richness Index) showed
limited applicability. Notably, the CI (Calanoida Index) was evaluated as an appropriate metric for
capturing brackish-lake community characteristics in systems where copepods are dominant.
However, because the CI currently receives a low weighting (10%) within the existing zooplankton
health assessment for lakes—largely designed around freshwater conditions—improvements such as
re-weighting the Cl are warranted when designing an assessment scheme applicable to brackish lakes.
Therefore, more accurate assessment of brackish-lake ecosystems will likely require the selection and
introduction of brackish-appropriate indicator taxa, recalibration of scoring classes, and adjustment
of weighting factors.

Keywords: Lake Ecosystem Health Assessment, Brackish lake, Lagoon, Biological Index, Calanoida
index, Lake Eutrophication
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<Table 1> Location and Hydrological Characteristics of the Study Sites (Brackish Lakes)
site| Gyeongpoho Maeho Songjiho Yeongrangho | Cheongchoho |  Hyangho Hwajinpoho
Parameter (GPH) (MH) (STH) (YRH) (CCH) (HH) (HIPH)
L?El;\l;)de 37°47'55.41" | 37°57'6.62" 38°2019.4" 38°13'17.9" | 38°11'30.37" | 37°54'49.3" | 38°28'23.16"
Lorgogét)ude 128°54'37.22" | 128°46'17.34" | 128°30'57.7" | 128°35'10.3" | 128°35'36.79" | 128°48'36.1" | 128°26'16.1"
Lake area
(km?) 41.5 9.6 5.4 8.8 27.0 8.2 19.9
Water depth 0.96 25 2.0-3.8 4 7 32 12-3.6
(m)
Salinity 21.68 55 9.5 18.7 13 43 123
(psu) 13.8~25.5" | 0.65~9.15% 8.17~14.09 | 0.5~31.95%9 1.6~279 0.9~6.7% 6.0~27.6>7

1) Han, 2023; 2) Lee et al., 2024; 3) Kwak et al., 2015; 4) Moon et al., 2015; 5) Choi et al., 2015; 6) Yoo et al., 2025; 7) Kim et al., 2023.
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<Table 2> Zooplankton index used in this study (Choi et al., 2025)

Index Formula Remarks
Targets medium-large cladocerans with
DI Large cladocera abundance sensitivity comparable to Daphnia magna;

(Daphnia index)

Total zooplankton abundance

abundance typically declines under
eutrophication.

In[1+{(Rotifer abundance + Copepod nauplius

Rotifers and larvae show rotifer-like

RI abundance + Balanidae nauplius abundance — . . .
I . . feeding/tolerance traits and often increase
(Rotifer index) (Asplanchidae abundance + Euchlanidae . .
with eutrophication.
abundance)}]
CI VCalanoida abundance Calanoids are important in oligotrophic-

(Calanoida index)

Total copepod abundance

mesotrophic systems.

CRI Habitat indicator species richness

Indicator taxa include attached/littoral species

(Cladocera Richness index)

Cladocera species richness

and Daphnia spp., which tend to increase with
macrophyte development.

e

T EEETAE Y 2 2% 1 A
AE 78571 21519 vegan 71X S E-8-5) F=
544} (CCA; Canonical Correspondence Analysis)
‘/\13},\;\‘:}- ojufl, 54 S-41F ot He 3t 7S A|
B A5k ol el o] Heke £017] Y3 sE=d A=
WA DI H ol Bl = log(x+1) = H2sto] FA4of 2§
SEATH ERF FE 52 the] A H R A7 A = E(EC
Electrical conductivity)o]] T2 -3 9] TL24 Z}o| & A|
Z}2 0 & 2FQI5}aLA} Cluster £-4 (Cluster analysis)Z}
X} A = B A (NMDS; Nonmetric Multidimensional
Scaling)S =35} Tt. 0] & 913l A= Tl o] E| = Hellinger
IS Sl A3t 25 AF oM, vegan D cluster
7| A& ol-g-oto] &S st
G2 7|eo o FEERAE AR AP
v £ )3} Wilcoxon testS 42395} 0., ZF Bmt
AL} & F 4 4714 187} A14=(DI~CRI) 9] &
2 FAFE A EF(box plot - T, AR B4,
S, 3402 Aol 2 Akl 5
B89} 7450 BEEYIE FY2H0] FE
61 —_rLTH £ 2915t314; Cluster 2 NMDS 542
27h2 A0, 2 18 1 BAH R 9I0]
3t 2}o] 2 2+915}7] 93] Pairwise ANOSIM testS A1
AlSHATt BE A A2 R TR I (v452)& ©]
5jo] Selaic.

R_Lu

mlm rLllo A

[e)

P

ZF 5 A 9 ZAF AT ECE F] A 11,5208 /cmO]|
A] Z| ol 48,296pS/cm(77] A B 27,723 + 15,170uS/cm)
O HAE Ye o, G459 49, 4 353uS/cm

ol A |t 3,211uS/cm(8371 A B4t 344.5+ 536.5uS/cm)
271407} g8o] Sl 459 e A8 V1%
Ak 22 ERIE 75T 77Hi«1 R e

AL, A 4.3psucl| A Hdff 21.7psu(7704 Bt 12.1+
5.9psu) 2] S UEFH O H(Table 1), 0= 7|2 2t
SHEI 2t o< -4 sliQtate] A2 Ao wath Ad
29l ¢ 57} 2 Ao] 5 Mol o2 HerHrt
(Choi et al., 2015; Kwak et al., 2015; Moon et al., 2015;
Han, 2023; Kim et al., 2023; Lee et al., 2024; Yoo et al.,
2025).

71435.9] Chl-a 3= Z4 1.5mg/m’of| 4] Zdjf 20
mg/m*(77]4 H4t 8.145.7mg/m*) 2] HYE YEFH
o, F350 AL 4 0.8mg/m’of| A T 135.2
mg/m*(837] 4 B4t 18.9423.8mg/m*)Z 7|45 H]
o oA 2 14 A S BT 7450 £9

71¥t4 FE(TOC)= &4 1.2mg/Lo A Fdf 3.6mg/L
(7704 B4t 2.6+0.7mg/L) 2] HYE HeErH o, &=
3.9 739 |4 1.0mg/LA| A Z| T 10mg/L(837] 4 Hat
34419mg/)E 7|55 ou] BEH o ELzhe U
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<Table 3> Water Quality and Zooplankton Community Structure of the Study Sites (Brackish Lakes)

W WT Chl.a TOC TN TP EC Dominant and subdominat
site (°C) (mg/m?) (mg/L) (mg/L) (mg/L) (uS/em) zooplankton species
Gyeongpoho 16.1 9.1 1.2 0.7 0.07 38,032 Pseudodiaptomus koreanus (1.15%)
(GPH) 12.2~18.6 | 2.1~18.1 | 1.1~1.4 | 03~1.1 | 0.04~0.09 | 28,028~51,688 | Bosmina longirostris (3.14%)
Maceho 18.8 42 3.0 1.0 0.08 11,520 Sinocalanus tenellus (67.59%)
(MH) 8.1~27.6 | 2.1~6.9 2.3~44 0.7~1.4 | 0.05~0.12 | 4,701~21,279 | Philodina sp. (23.88%)
Songjiho 19.0 20.3 3.0 0.6 0.05 17,112 Sinocalanus tenellus (20.22%)
(STH) 4.0~269 | 3.8~49.9 | 2.0~5.0 0.5~0.8 | 0.03~0.08 | 12,576~22,970 | Barnacle larvae (69.81%)
Yeongrangho 17.8 1.5 2.7 0.3 0.02 48,296 Oithona sp. (15.12%)
(YRH) 24~299 | 0.0~3.9 2.0~3.1 0.1~0.4 | 0.01~0.03 |40,997~54,410 | Synchaeta sp. (38.59%)
Cheongchoho 17.3 4.0 2.4 0.4 0.05 47,884 Acartia hudsonica (0.41%)
(CCH) 2.9~29.0 | 1.0~9.3 1.9~3.1 0.3~0.6 | 0.03~0.08 |41,667~53,399 | Philodina sp. (40.34%)
Hyangho 19.1 7.6 3.6 0.8 0.09 13,823 Sinocalanus tenellus (97.37%)
(HH) 7.0~28.1 | 2.8~20.7 | 1.9~6.1 0.6~1.1 | 0.07~0.11 | 7,634~20,647 | Barnacle larvae (0.78%)
Hwajinpoho 17.6 10.2 2.6 0.8 0.06 17,396 Sinocalanus tenellus (69.09%)
(HJPH) 2.2~26.0 | 2.2~29.0 | 1.6~4.0 0.5~1.0 | 0.02~0.09 | 10,416~26,794 | Barnacle larvae (17.80%)

EHlT S84 B E(IN)E 755004 24 03mg/L
ol A | 1.omg/L(77N4 B 0.620.2mg/L)2] 1 9]
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REREEEE
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Figure 1. Seasonal variation of zooplankton indices across sites. GPH, Gyeongpoho; MH, Maeho; SJH, Songjiho; YRH,
Yeongrangho; CCH, Cheongchoho; HH, Hyangho; HJPH, Hwajinpoho; DI, Daphnia index; RI, Rotifer index; Cl,
Calanoida index; CRI, Cladocera richness index.
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<Figure 2> (A) The results of Canonical Correspondence Analysis (CCA) based on zooplankton abundance and their relationship
with environmental factors, and (B) NMDS ordination with Cluster analysis to visualize the relationship with Electrical
Conductivity (EC). Points are labeled by site and sampling period.
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<Figure 3> Comparison of zooplankton abundance, species richness, and ecosystem health indices between brackish and
freshwater lakes; DI, Daphnia index; RI, Rotifer index; Cl, Calanoida index; CRI, Cladocera richness index.
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<Figure 4> Differences in zooplankton community composition
between brackish and freshwater lakes. Sampling
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freshwater lakes are shown without site labels.
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