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Abstract

Although lakes are an important part of freshwater, research on biological methods for assessing ecological
integrity of Korean lakes 1is insufficient. Therefore, this study aimed to develop Lakes Benthic
Macroinvertebrates Multi-Metric Index (LBMMI) to assess the ecological integrity of lakes in Korea to
further understand Korean lake’s ecosystem. We used biological data from 388 sampling units of national
lake monitoring programs from 2022 to 2023 and water quality data from Water Environment Information
System (WEIS). As a result, firstly, reference points and disturbed points were selected through Principal
Component Analysis (PCA). Secondly, six core metric elements (Pielou’s Evenness index (J), Total number
of taxa (To.t), Percent of taxa in insecta (% It), Percent of individuals in Oligochaeta and
chironomidae(tuble) (% OIliCht.i), Percent of taxa in Predator (% Pe.t), and Percent of taxa in Clingers (%
CL.t) were selected through discriminant analysis and relationship-test. Lastly, LBMMI was calculated for
each sampling point by scoring using core metric elements and five grades were assigned for LBMMI scores
using a Beta probability distribution model, with the suitability of LBMMI reviewed by comparing it with
TSIko. LBMMI developed in this study is expected to appropriately assess ecological integrity of Korean
lakes and provide a basis for further research on lake environment conservation.

Key words : Benthic macroinvertebrates, Biological assessment, Lakes ecological integrity assessment, Multi-metric
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1. Introduction
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2. Materials and Methods

2.1 Data collection
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AESHA BHrtaiE YA (diversity), ZFE(richness), W
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3 T4 (composition), 715 (functional group) ¢ TFF
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2 AFNAME FHY AXY dIFHFEE 76e o
FAEASF 2 H=Y 4 FI7FAFP(National Lakes
Assessment, NLA)& 3alsto], &2 5 (biotic index), & &
- E(richness), ¥F T3] E(composition taxa), A L=
T+J H]&(composition 412] 7] 5+(Functional
Feeding Groups, FFGs), A]4]7]&w*(Habitat Orientation
Groups, HOGs)®] 67}A] ¥ F(category)oll t3t & 67714 &
¥ P7eAE HAFYTHEPA, 2022; Kim, 2019; Lee,
2023)(Table 1). B7F 24 E 7N A (individual)$} E(species) T
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individuals),

Table 1. List of candidate metric elements with categories for development of LBMMI

No. Category Metric elements Abbreviation
1 McNaughton’s Dominance index DI

2 Shannon’s diversity index H’

Biotic index

3 Margalefs’s species richness index RI

4 Pielou’s evenness index J

5 Total number of taxa To.t

6 Total number of individuals To.i

7 Number of taxa in Insecta Lt

8 Number of taxa in E.T.O ETO.t
9 Number of taxa in E.T ETt
10 ) Number of taxa in O.H.C OHC.t
11 Richness Number of taxa in Ephemeroptera Et

12 Number of taxa in Odonata Ot

13 Number of taxa in Hemiptera Hit
14 Number of taxa in Coleoptera Ct

15 Number of taxa in Diptera D.t
16 Number of taxa in Trichoptera Tt

17 Percent of taxa in Oligochaeta % Oli.t
18 Percent of taxa in Crustcea and Mollusca % CrMo.t
19 Composition Percent of taxa in Insecta % Lt
20 taxa Percent of taxa in E.T.O % ETO.t
21 Percent of taxa in E.T % ETt
22 Percent of taxa in O.H.C % OHC.t
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No. Category Metric elements Abbreviation
23 Percent of taxa in Ephemeroptera % E.t
24 Percent of taxa in Odonata % Ot
25 Percent of taxa in Hemiptera % H.t
26 Percent of taxa in Coleoptera % Ct
27 Percent of taxa in Diptera % D.t
28 Percent of taxa in Trichoptera % Tt
29 Percent of individuals in Oligochaeta and Chironomidae(tuble) % OliCht.i
30 Percent of individuals in Crustcea % Cr.i
31 Percent of individuals in Insecta % Li
32 Percent of individuals in E.T.O % ETO.i
33 Percent of individuals in E.T % ET.i
34 Percent of individuals in O.H.C % OHC.i
35 Composition Percent of individuals in Epheroptera % E.i
36 individuals Percent of individuals in Odonata % O.i
37 Percent of individuals in Hemiptera % H.i
38 Percent of individuals in Coleoptera % Cii
39 Percent of individuals in Diptera % D.i
40 Percent of individuals in Trichoptera % Ti
41 Percent of individuals in Chironomidaewith Non-tuble % Cnt.i
42 Percent of individuals in Chironomidae % Chi.i
43 Number of FFgs FFGs
44 Percent of taxa in Shredders % Sh.t
45 Percent of individuals in Shredders % Sh.i
46 Percent of taxa in Scrapers % Sc.t
47 Percent of individuals in Scrapers % Sc.i
48 FFGs Percent of taxa in Collector-Filterers % CF.t
49 Percent of individuals in Collector-Filterers % CF.
50 Percent of taxa in Collector-Gatherers % CG.t
51 Percent of individuals in Collector-Gatherers % CG.i
52 Percent of taxa in Predator % Pet
53 Percent of individuals in Predator % Pe.i
54 (Sh+Sc) / (CF+CQ) of taxa SdC.t
55 Number of HOGs HOGs
56 Percent of taxa in Clingers % CL.t
57 Percent of individuals in Clingers % CL.i
58 Percent of taxa in Burrowers % BU.t
59 Percent of individuals in Burrowers % BU.
60 Percent of taxa in Swimmer % SW.t
61 HOGs Percent of individuals in Swimmer % SW.i
62 Percent of taxa in Sprawler % SP.t
63 Percent of individuals in Sprawler % SP.i
64 Percent of taxa in Climber % CB.t
65 Percent of individuals in Climber % CB.i
66 Percent of individuals in Skater % SKt
67 Percent of individuals in Skater % SK.i

I SHFEEX| H40H HSE, 2024
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2.3.2 AN A E(relationship-test)

HAE AEE 2 A794 AS AASe 7IHLRA
Z - ud AF S 4 FE Friestd AFEAH,
)7 APATFY 543 dhtE e 2EFS BY B9
7k A7gdA AYsts oItk 547t FESs A
2 F42 E(emerged plant)o] LEate] Fxo F2 AA
4 NBFAFTEY AETFFol FokA7] wZoll(Kaenel
et al,, 1998), X H7}a 40 A7} o F= = TAH] oF
718 F AeBZ FAE AEE FY5td ol& HAigstn

i s

ofl, o Y

2.3.3 ZhE 2 M(discriminant analysis)
FEEN L2 BFIAA s 72 Wge B UYdsty
I b5 &3kE F zZhopd &= 9le thH P BV

= l
al, 2008). o1& o, FEAHG wAAHe WY QA
TSk 7t AsE A
SYusEl] e A
7h 7t gAEE FAFY de3dg e FATE A2 dAA
=2

H
=2

o
S
oo
_orlg
¥
2
B
o
1o
g

e (stepwise  selection e

Fds7] AalA e FHHTEC A PTREEFE F

8 F2oloof gtk 7Hgo] B2 3THMin et al., 2018).

old e}, FH Frtas F FMEE °o1FA &= FES
TR st EAMl o] &tArt

24 X535}
241 Y FIea HTE

4zt v SR EHE A de BreAE EH5k
shte] Ae2A AHEsH] fsliAe T ARy
Welo] B Q&lth(Jun et al, 2012; Karr, 1991; Kim, 2019).
HE e Prtasd - 59 HARkEs VAR 1
Atol9] H7t a4 Zhg ZIHgkel Uit B2 ot 9453 5
Fog2 FFgstsE A543 H43 AlA(continuous scoring
system) TS A 8319 tH(Lee, 2023).

2 AFNAE A de AFiLEs g8 4 157 2

percentile value)Z A7G3tA ) 3L, wHe] JE7F S5
Zko] Folx & H7} QA (positive)s 2] 28 F&sla, Fhol
AAE B7F2 & (negative)= 2 3& A &3t AMSATh
olF, Z+ Bt HF(SHE Fidstd TH 49 24
4 B7HE A AXE HBFAFEE oA FA T(Lakes
Benthic =~ Macroinvertebrate-based
LBMMI) z+< A2tk 4).

Multi-metric Index,

-

S=k><ﬁ, S=0aV=V, S=kat V="V, 2)
95 5
Vos =V

S=kX——, S=0a V=V, S=kaV=V, 3)
Vos = Vs

LBMMI= S, +S,++ + ++S, 4)

S Z H7LQ Aol H<(the score for each metric)

k :Zt W EY 9] 7}+(the additional point for each metric)

V:Zr AR ulEY Zk(the metric value for each site)

v, 0 vel 5 MESS Fh(the 5" value of 1)

Vos = V9 95 WE-S5= Zh(the 95" value of V)

242 HSHER = S238

HE =59 LBMMI H9 AHE X8 99U &, 4
A3t 5343 E 938l Kong and Kang (2023)8] SEEER
FL o854tk Kong and Kang (2023)9] SEEIEIRF L
AXE dIFHFEY BE5Y 44 2 AESH B}
A9 g8l o]&" H 912™(Kong and Yeo, 2023), T
FAFATY HHSd 555 AP Ad FHEH 99
7F okal deETh

sF3EEE A3 A4 A¥E 2E" LBMMI J9 99 o

L
B9 percentile value)9t 1 WELSF(™M percentile
value)9] Aol S 570 FU7E 2719 F7te= FE
o olF AHAUNEE  FEZ FT(probability mass
function, PMF)Z 33l Kong and Kang (2023)9] 12749
GERERY 5 JHY HFEE Hole BIE& HPsA
o 2 A3 HHE B 24 S o8& FHETE
“(cumulative mass function, CMF)9¥} F&%
(cumulative density function, CDF)2] %%3} B AFZ
ZHnormalized root mean squared error, NRMSE)7} & 47}
He 2EE Adgaith £33 LBMMI A5 £E5 953
22 fMs7] 98l A" BP9 &L = (probability
density function, PDF)E E&st3th o], F73t 7H7k2
FTE 7ITLE Wl EA), “E5B)”, “E5(C), “Y
Dy, “mi HEHE)Y BrteES AY5Arh

3. Results and Discussion
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Table 2. Average of annual electrical conductivity for each lake and classified freshwater lakes

Electrical Electrical
Lakes name conductivity Freshwater Lakes name conductivity Freshwater
(4S/em) lake (4S/en) lake
Soyang 84 O Paldang 235 O
Whachon 121 (0} Chungpyong 109 (0}
Chuncheon 121 (0} Namyang 1,172 (0}
Tangeum 239 0] Ahsan 820 0]
Woncheon 384 0] Uiam 112 0]
Seo 523 0} Whajinpo 20,183 -
Gyongpo 36,948 - Songji 18,301 -
Goesan 164 (0] Hyang 14,806 -
Junam 331 (0] Mae 13,672 -
Heoya 358 0] Chungju 229 0]
Hoedong - (0} Jilnal - (0}
Sayeon 154 0] Nakdong 1,122 0]
Daeam 341 (0] Jinyang 102 0]
Seonam 351 (0] Bongsan 387 (0]
Gidong 181 0] Jangcheock 232 0]
Dukdong 116 (0) Gyongcheon 82 (0]
Bomun 178 (0} Youngchoen 179 (0}
Angye 172 0] Ohtae 134 0]
Yongyeon 240 0] Imha 208 0]
Yedang 224 (0} Boryong 130 (0}
Ganwol 1,858 (0} Tapjung 137 (0}
Chopyeong 147 (0) Sabgyo 530 (0]
Songak 224 (0} Seokmun 4319 -
Chungcheon 172 0] Deaho 3,037 -
Buan 71 (0} Dongbok 95 O
Jangsung 119 (0] Juam 89 (0]
Damyang 76 0] Sangsa 81 0]
Naju 115 0] Sueo 110 (0]
Daedong 220 (0} Hadong 40 (0}
Gwangju 121 (0) Okjeong 131 (0)
27 A EA 2, F 3 2FoE FRHATKFig. 2). 7 gom, 12 23 Hud AVHAEET 42 5
ANAEE BFL IF 3(22,560 pS/en) > TF 2(5,538 u 25T FARE o @55 XA
S/em) > L& 1(1,283 pS/em)d ¢AHZ YEHT 15 39
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Distance (Objective Function)
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I—l Group with electrical conductivity over 14,000 pS/cm |7

Fig. 1. Results of clustering analysis about 60 lakes based on Bray-Curtis similarity criteria.

Distance (Objective Function)
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Daeho ©~ — |—\ :
Mae
i 73N\
)

25 . 0

Fig. 2. Results of clustering analysis about lakes with electrical conductivity over 700 ;S/cn based on Bray-Curtis similarity
criteria.

Table 3. Emergence of benthic macroinvertebrates in Nakdong river estuary

Scientific name Population density (individuals/»7*)
Semisulcospira forticosta 3.00
Semisulcospira gottschei 0.75

Radix auricularia 2.50
Gyraulus convexiusculus 0.50
Limnodrilus gotoi 3.50
Mysidae sp. 4.00

Cyathura (Cyathura) higoensis 0.75
Macrobrachium nipponense 0.50
Chironomidae spp.(non-red type) 1.75
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asin(Vfine-substrate %)

e o , Axis1(37%)

o ln?Chl a)y
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L ]
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L ]
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a2 L2

Fig. 3. Results of principal component analysis (PCA) between disturbed factors and 172 sampling points.
Table 4. Results of Pearson correlation analysis between Axis ] and disturbed factors

Disturbance factors Correlation coefficient (7) p-value
In(TOC) 0.843 0.000
| 7-pH | 0.582 0.000
In(T-N) 0.347 0.000
In(T-P) 0.895 0.000
In(SS) 0.909 0.000
In(Chl-a) 0.903 0.000
asin(y/ fine-substrate %) 0418 0.000
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we fste AdE grtasdt gle

A ey 234 g7kl A5 2oln Fasitil ¥
He 249 grtess et d5=()e Hlad
< A 74 =0069)e YRR OY, e ol &
gt 2 &85e 71240 AR T
&

o #5481 F e FHol v ddd

T2l

o X

HAl HI12 2M(core metric elements)
Jo] 235 B3 AFHAE FPAT, A

L

[e]
2+ Yo 3

AF 42 ¥
FAA 47k 1719 Brtadrt A E A tK(Table 6).
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Table 5. Relationship-test and Normality test results of candidate metric elements
Category Metric elements Reference Disturbed Relatiqnship Normality test
median(average) median(average) -test rejection
DI 0.86(0.85) 0.78(0.77) (0]
H 0.89(0.88) 1.20(1.17) (0]
Biotic index RI 0.67(0.82) 1.17(1.32) )
J 0.76(0.70) 0.66(0.63) asin (Vz )
To.t 4.00(4.06) 6.50(7.24) (¢}
To.i 43.00(93.15) 150.00(225.55) (0]
Lt 2.50(2.41) 3.00(3.44) 0
ETO.t 0.50(0.84) 1.00(1.15) (¢}
ETt 0.50(0.52) 0.50(0.60) -
OHC.t 0.00(0.48) 0.50(1.05) 0
Richness
E.t 0.00(0.35) 0.50(0.49) (¢}
Ot 0.00(0.31) 0.50(0.55) (0]
Hit 0.00(0.15) 0.00(0.35) not possible
Ct 0.00(0.01) 0.00(0.15) not possible
Dt 1.50(1.38) 1.50(1.78) not possible
Tt 0.000.17) 0.00(0.12) not possible
% Oli.t 12.50(13.25) 18.06(19.70) -
% CrMo.t 18.06(20.06) 23.81(27.20) -
% Lt 58.33(60.07) 47.73(47.59) -
% ETO.t 10.00(14.31) 11.76(14.56) 0
% ET.t 7.14(9.11) 5.56(8.69) asin (vz/100)
Composition taxa % OHC.t 0.00(8.02) 8.33(10.79) (0]
% Ed 0.00(6.48) 455(7.13) 0
% O.t 0.00(5.20) 6.25(5.88) (0]
% H.t 0.00(2.65) 0.00(3.67) not possible
% C.t 0.000.17) 0.00(1.24) not possible
% Dt 41.67(42.39) 27.14(28.03) ()
% Tt 0.00(2.63) 0.00(1.55) not possible
% OliCht.i 9.26(12.23) 31.36(32.60) asin (vz/100)
% Cri 5.00(12.20) 2.60(6.96) 0
% Li 73.91(73.34) 59.16(60.58) asin (vz/100)
% ETO.i 2.45(6.74) 3.20(6.31) (o)
% ET. 0.65(4.73) 1.30(4.35) 0
% OHC.i 0.00(5.20) 1.92(4.16) 0
Composition individuals % Ei 0.0063.57) 093(3.88) 0
% O.i 0.00(2.02) 1.00(1.96) 0
% H.i 0.00(3.16) 0.00(1.92) not possible
% Cii 0.00(0.03) 0.00(0.28) not possible
% Dii 63.33(63.09) 49.24(52.03) 0
% T.i 0.00(1.16) 0.00(0.47) not possible
% Cnt.i 61.08(57.41) 39.60(41.98) (o)
% Chi.i 61.90(61.63) 46.98(50.37) 0
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Category Metric elements mec};:izevtcrjlge) me(iit(u:j:ige) -ti:iatrl;re]z}t]ifn Normality test
FFGs 1.50(1.79) 2.50(2.55) 0
% Sht 0.00(2.15) 0.00(1.90) not possible
% Shi 0.00(0.86) 0.00(0.36) not possible
% Sc.t 0.00(4.55) 10.80(13.04) 0
% Sc.i 0.00(2.26) 3.52(5.95) 0
% CF.t 0.00(4.63) 0.00(4.29) asin (vz/100)
FFGs % CF.i 0.00(1.73) 0.00(1.71) asin (vVz/100)
% CG.t 75.00(73.64) 61.11(64.05) 0
% CG.i 88.02(85.78) 89.14(84.75) asin(v/z/100)
% Pe.t 0.00(8.04) 13.64(14.61) -
% Pe.i 0.00(5.21) 2.86(5.33) asin(v/z/100)
SdC.t 0.00(14.11) 20.00(30.68) 0
HOGs 2.00(2.22) 3.00(3.02) 0
% CL.t 0.00(5.86) 19.84(19.71) asin(v/z/100)
% CL.i 0.00(2.50) 5.56(8.19) asin (vVz/100)
% BUt 57.50(58.88) 45.83(47.35) 0
% BU.I 72.68(72.25) 83.31(75.24) asin (vV/100)
% SW.t 0.00(7.16) 6.25(8.26) not possible
HOGs % SW.i 0.00(5.60) 0.76(4.92) not possible
% SP.t 16.67(18.17) 16.67(18.01) not possible
% SP.i 9.09(14.25) 5.18(8.23) asin(v/z/100)
% CBt 0.00(3.32) 3.85(4.47) not possible
% CB.i 0.00(1.43) 0.52(1.62) not possible
% SK.t 0.00(0.29) 0.00(0.00) not possible
% SK.i 0.00(0.04) 0.00(0.00) not possible

Table 6. Metric elements for each category selected through discriminant analysis

Step ‘ Metric elements Tolerance limit Wilks” lambda p-value
Biotic index
Richness
Composition taxa
L % It | 1.000 | 0.881 \ 0.001
Composition individuals
| \ % OliCht.i \ 1.000 \ 0.733 \ 0.000
FFGs
L % Pedt | 1.000 | 0.917 \ 0.007
HOGs
L % CLt | 1.000 | 0.742 \ 0.000
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Table 7. Core metric elements of LBMMI

Ceiling Bottom

No. Catergory Core metric elements Direction k
Vs Vs
1 Biotic index Pielou’s evenness index Positive(+) 20 0.94 0.23
2 Richness Number of Total taxa Positive(+) 20 13.00 2.00
3 | Composition taxa v Percent of taxa in insecta Positive(+) 20 10.00 471
¢ | il Ot i Crromomiituo Negatve) S
5 FFGs YV Percent of taxa in Predator Negative(-) 10 6.49 0.00
6 HOGs V Percent of taxa in Clingers Negative(-) 10 6.69 0.00

Blocksom et al., 2002; Lee, 2010; Pielou, 1975). & E&F-
F(Tot)ye FAY HEANA ALHIoU, JEHIEE Y
Bl 7FE tiEF ol Fagh F7FA B ol H(Lawton, 1994,
Thukral, 2017; Wright et al., 1984), L gto] AZFE 435
S A 214E 2R & 5 Ao FEFE positive(+)
2 Agste A4 Frrado] EIstgh

% 6709 A BrLa4(J, Tot, % Lt, % OliCht.i, % Pet,
% CLHE A9 om, F7tasrt vl&%)=E 7488 73
T ZF ol AlgEs At FFg 7k gl ) -
4G A FES AT A W AAME EFEEF
59 M4 2 Ar)edel #I AF7F Merritt and
Cummins (1996)9] AAE 7|Hlez2 & FFO7 FEI}S
AP H3 20)(Chun and Ro, 2004; Kim et al., 2017), &
(species) F=7HA B4 (identification)d AFEE &3 £
AFelA dF FEgE 7te/dol vkl FEHTHChun
and Ro, 2004). ole] wel, 42 2 X275 85 37t
84+ 74 108E, WA 47 @39 Frtedes 420389
715 R (k)E F9 R THTable 7).

3.3 CHSH &R JH

Zh AN AE LBMMIS d F2S AdWsher A7
ERIRYLS 9AFE X 4204 wlElEE(Beta
distribution) A &.H, o] & o] &3t X|FE LBMMIY &&EZ
=S EAEATHFig. 4). 78 A AR £ 5

)

b

0.05
0.045 n=177 [ PMF
. NRMSE (CDF)=0.8% —— PDF
0.04
(x + 537)‘”‘( _x+ 5.37)”5

80.38 80.38
80.38B(11.81,4.55)

0.035 | rw=
0.03
0.025
0.02
0.015

Probability density function

0.01

L LN

0 10 20 30 40 50 60 70 80 90 100
LBMMI

Fig. 4. Probability density function of the best-fit model
(Beta model) and LBMMI score of each sampling point.

N SFAE AH5AHTable 8). £ &818 1777
AR S8 2% A, B 559 HlFol °F 36%%A 2 W(Fig.
5), =l 8371 F8& T4 o 60%7F MG~ EY JH
de st A SFAAT At wddsA
(Lee et al., 2022).

>

34 CHESHEA T M8M HAE

341 HEH HE

LBMMIS} FAHEEAS Ag"E  77HA m#agl
Pearson A@EA] A3 RE w& QoA 93 AP
7} JEFSTHTable 9). 53], & A4 2 AlgA &0l
A e JAFE e ols FAA
WY FAFEEY AZ FFEAHA TS v AE =

"?I_
(algae)d] AFFFLZE ALETE Qlo] F2 Z&3haL, o

Table 8. Classification of LBMMI for evaluating lake’s status

Class LBMMI Environmental status
A 63<~100 very good
B 56< ~<63 good
C 48< ~<56 moderate
D 40< ~<48 bad
E 0~<48 very bad
70
n=177 61
60 |Class LBMMI
A >63
z 50| B >56 48
= C >48
= D >40
; S <40 36
é 35%
5 30
z 27%
20 16 20% 16
10 9% 9%
0
A B c D E

Fig. 5. Number of sampling points per set LBMMI level.
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Table 9. Results of Pearson correlation analysis between
LBMMI scores and disturbed factors

Table 10. Results of Pearson correlation analysis between
LBMMI score and TSlko score

Disturbance factors co(e::?fl';rc eil;t;o?r) p-value Type of TSlko coi;)i;figle?;o?r) p-value
In(TOC) -0.474 0.000 TSlIko -0.441 0.000
[ 7-pH | -0.423 0.000 TSIko(COD) -0.416 0.000
In(T-N) -0.218 0.004 TSIko(Chl-a) -0.366 0.000
In(T-P) -0.464 0.000 TSIko(T-P) -0.459 0.000
In(SS) -0.368 0.000
In(Chl-a) 20416 0.000 34.2 8H=8 2F 3|l X|5(Korean Trophic State Index,
asin(v/ fine-substrate %) -0.205 0.007 TSlco)2te] Hlil
FIgst e 549 Ay 2 o|shety 54& YERY
H, AXE dIFHFEES TP AEY P 9F
100 < 71A7] w&e LBMMIS] A& AEC die HHIA=
Median: — 2 AMgs7] AFsiohal #aEti(Kim, 2019; Lee et al.,
ol Auerage: = 2022). oo wWal, si9 HYYst JES PWrha= NIER
. (2006)9] TSIko$t LBMMIY] Pearson H#EAS 83814
S el — . th LBMMIE & 4714 §3 9 TSkt &9 488AE
& I B2 P(Table 10), H2E A ZATE FEIs2 A
% ol & 9T BIT & Yot wvHEch
-
0l : 343 =29 MMM HEFMFSE 7|8t CISHZK T2
9| Hlu
, | . =99 AMY P FHFF= 71 OSAFAT AL A
Reference Disturbed T-%1 EPA (2022)%] Multi-Metric Index (MMI) 2 Nitislidou

Fig. 6. Comparison of LBMMI score for reference and
disturbed points using box-plots.

FE shdo] AlgARZ F5] o et AYA S
Hlgol tiet o] ¥wd YA veEbd Aoz #gdHn
(Kim et al., 2007). &3 #x - A& H 2 LBMMI XS
AAIE S 3l vad 2% F 259 AHE "AEY A
H s A& st thFig. 6).

A}

et al. (2018)2] Greek Lake Benthic macroinvertebrate Index
(GLBiD%¢] HILE &3 &8-S AESIHTHTable 11).
2 ATFdME 54 WY olgdtd Fevte® gl e
o SFads udegler AFsoy, 399 F¢ E
Aolg 73, ATEE T & ¥ FFeNs v X
ety AAFstAth MMIE AGEHED) et 73
T2t A H LR A AFHoR FARE A9E
4l Frrass AP B, GLBile 349 ofdgh
o (sublittoral zone) = 4 ¥-th(profundal zones) & TFEFFF
JomRe ANY NILAEEES AQaTh o9 vl

KeX
=

Table 11. Comparison of MMI and GLBil and LBMMI characteristics

MMI GLBil
LBMMI
EPA (2022) Ntislidou et al. (2018)
Nation Korea United States of America Greece
L lake area, altitude, depth, DO,
TOC, pH, T-N, T-P, T-N, Cl, SO4, Turbidity, conductivity, alkalinity, water

Disturbed factors T-P, SS, Chl.a, %fine-substrate,

physical habitat disturbance,
Types of land use

temperature, T-P, population density,
non-natural land cover

Biotic index, Richness,
Composition taxa, Composition
individuals, FFGs, HOGs

Types of category

Richness, Diversity, Composition,
FFGs, HOGs, Tolerance

Richness, Taxonomic composition,
Sensitivity, Functional group,
Preference for a certain current
velocity, Preference for a certain
microhabitat, FFGs, HOGs

Distinction between freshwater

Characteristic .
and brackish water lakes

Lakes are divided into
6 types by eco-region

Sampling at
various depths
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stel, LBMMI= EU& B7F24 S ol &s) =ule BE &
B9 FFEE /ML £ Y ZARYe] vlaA ghdst]

izl &84ge] wria #ddEn

4. Conclusion
2 AdEe AME dIFAFEES o] &5t 549 24
AE H71E F Qe dSAFAFY M Y5t P
Aok FARRAE $Psto] F2AYY LBAYE TR
H, #AE 248 9 $ERY S FP5o 549 FHS
S

TS A A (Lake
ulti-metric Index, LBMMDE 7}

)
o
=
e.
=
<
el
=
[¢]
o
I
=4
Q
(on
o
173
o
o, 0O

S "X
(TOC, pH, T-N, T-P, SS, Chl-a, @3 4 ¥ &) o]
&9 Fx - a3 AH TR 2 gried AP
A AFRE 85t AJHoE A4 FrrasE
Sttt ol me, HEE A4 Brred e Fu
39 484 FAER 242 F v Bl

2) /PEE LBMMIE 529 #4438 A5 TSkkot
o] FFHAE Uit AFF S5 g 1770
AR AT, U 830 F8 549 FYELS
3 vlaste] ARG HUbEE #
we}, LBMMI= 37t Sul S4:0]

S UMY F e usAZA TS agE

3) & ATE AR FEoE QlEY 7Fsdd o

IV )
> o A

o

=
o

o = N PN do

& 3
7} Ee Agsgon, Fxdt gt FEe TF
52 A7 33 B BEYS deried FA7
2 # gt BF 8 A9 2AAT% HHe
Bol /552 TPF BE 5o B8F 5 Qe o
FAGAFE BAAIE Aol HFHG Aot
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