Korean J. Limnol. 40 (1) : 72~81(2007)

o YT HHB

(st A oen)

A Development of Multi-metric Approach for Ecological Health Assessments in Lentic
Ecosystems. An, Kwang-Guk* and Jung-Ho Han (School of Bioscience and Biotechnology,
Chungnam National University, Daejeon 305-764, Korea)

The purpose of this study was to develop a multi-metric Lentic Ecosystem Health
Assessment (LEHA) model and apply model to dataset sampled from Daechung Reser-
voir in September 2005. The metrics were composed of 11 parameters such as physi-
cal, chemical and biological variables. The metric attributes of M, ~ M; followed after
the model of biological integrity using fish assemblages that previously adapted in
lotic ecosystems, while the metrics of My~ M,, were added on the basis of literature.
The metric of M, reflected habitat conditions in the littoral zone and the metric of
M,, reflected chemical conditions of the reservoir. For the application of regression
analysis of long-transformed conductivity [Log,,(Cond)] against CODy;,,, based on 150
sampling sites at Korean reservoirs, showed that the variation of conductivity was
explained 77.4% [CODy,=4.42 x Log,,(Cond) — 5.43; R>=0.774, p<0.01, n=150] by the
variation of CODy,. The metric of M;; was based on Tropic State Index (TSI), based
on chlorophyll-a concentrations (Chl-a). Analysis of TSI (Chl-a) showed that above 50
was estimated “1”, 40~ 50 was estimated “3” and below 40% was estimated “5”,
Overall, velues of LEHA in the reservoir averaged 30.5, indicating a “fair~ poor
condition”, which is judged by the criteria of U.S. EPA (1993). More studies such as
metric numbers and attributes should be done for the application of the model.
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Fig. 1. The map showing the sampling site in Deacheong
Reservoir.
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Table 1. The Lentic Ecosystem Health Assessment Model (LEHA Model), based on the physical, chemical, and biological

metrics.
. Scorihg criteria
Category Metric component
5 3 1

M,;. Total # of native species >67% 33~67% <33%
Species composition M,. Number of sensitive species >67% 33~67% <33%
M;. % individuals as tolerant species < 5% 5~20% >20%
Trophic composition M,. % individuals as omnivores < 20% 20~45% >45%
P M;. % individuals as insectivores <20% 20~45% >45%
Fish abundance M. Total individual number >67% 33~67% <33%
& Individual health M;. % individuals as exotics 0% 0~1% >1%
Mg. % individuals with anomalies 0% 0~1% >1%
Physical habitat condition M,. % Vegetation coverage <33% 33~76% >T77%

. - M. Conductivity (s em™) <81 81~385 >385

Chemical t 10 Y
emical conditions M,;. Tropic State Index (Chlorophyll-a) <40 40~50 >50
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wsta, 23 2H2002), 7 (1997) 2 F (1987)01] o] Ast
of BB, B0 HUA % | A% 10% =
20 gio wAG F AP pulsle] BFIY
o}

AAIA] Abe] (% vegetation coverage): ul=- 3R
(U.S. EPA, 1994)9] A 34 ==z 335 34 mJEg
H H7b Z2aedA AAFHAR AAH RFLPAE
" =8 (Crowder and Painter, 1991)-2 =3l3}adon, A
22 9] A58 (% vegetation coverage)S &3 A= 3}
Aok

7|1 =% (Conductivity) 232 A7|A=E =74
(YSI model 33)0] AYE Y1 2% A E=z A
2~33] AolF T A B Fol A& ANA st A7)A
==E SR A4 2= oM AP A|A=
= $XE Y 252 &% HA @508 =23 Ax
2 3grt

Chlorophyll-a (Chl-a)9] 272 ogkg FZ4 (Sartory
and Grobbelaar, 1984)& ©]-8-3}9] o™, 2533 = 4] (Beck-
man Model DU-65)% o|&3te] FI=E AT 5
Chlorophyll-a9] %% &3]3}go}

3. LEHA Model 244

2 QTN 44 - %¥ LEHA me) A4¢ 915}
o WEY 4 % 7w =2e] £4& Table 13 7k o)
=9 4o AYE sfod 540 YR, BelH, 2}
4 BQe welsled 2l A% Aol Ad A
(Table D). & SFAS AA4HA A4 H7he 9

sl 7)1E2] o] FHe fui4y mWlE o]&3 T (g,
2001yl 7] Fof Etil% Ndsigl o, WlEy 4
= A9 BEAS w3l AAFY

D o] FE o] 43 AETA 7] wET

B AFoA e AE3A 7} v EYL QF F(2001a,
byell ©J3te] St e EAo] 2A £4 - netgl
29& 7uko = slgdvh B A7 ASAAdAE de
2 8lg7] W, 3-8 MNFS vE"dE AA sk
I, $AA EEFR] Nl AEE 349 27 He
HAAst] 2l v =N A sl A4 W A
A=mE: AA 2 AAR] ded dgt B 39
& g YA AFE o)Ll A4 - Gl g (A
3} 1k 2002). 4 A ol 2=z ZD=o 93k 24
718 A¥A, FAH QeSS s 3] W&
ol (Karr et al., 1986), ZH|A de] QA4HE T oF
o] 28 2{ F A EAL 7€ =3 9 o /E
3 (], 1989; 71, 1993; F, 1994; 7], 1997)& ]85}y 11,
AR A3 F BAst F31E B v AAEe)
AAE 24 2L o7 AAE A7A4E A3k 9
3o v 7E-g A sl e, 98 FhEe v
A B (U.S. EPA, 1993)9] v4]-& w}gid}.

rJ|n 2



e MefA HZY "o 2 e 75

2 B4 447 37} =Y

340 B WeEA v 373 (US. EPA, 1994)
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E-5 SPSS (2004, Version 12.0 KO for Windows)& o]&
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Fig. 2. The correlation of CODy, to conductivity in vari-
ous Korean reservoirs.

(Cond)—5.43 (R?=0.774, p<0.01, n=150)2A] A =9]
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ol WA= B HASA WM R 224 o
9 MASTE A dehga, WAE 9 AAA %o
A ebtow (Fig. 4), =3 JlF9 MA57t A
el S19] Ae) 27348 W3 99lo] 4k (Table
2). o] Az F o S19) AeiA el mate] Yot
Hez Ata gl

S29 A Mg, Mg, My Z7h “579) wleg ke 1y
“FIAAE eI, My, M, My, M2 242t “37e2
“BEdEE vebllom, My, My, My, My 2H2t “172.4
“etspeE et Al 27 H571 3172 Jelle
(Table 2). ol RIZFE] AAG7E AA Ve, 344
4 %] AAS7Y B4 Jehdo (Fig 4), 9929
MAGE A deht A A7AE dE3e o] F

or, 9 Zolzh= EAo=2 Qldle & BEESI} A
A AR=HA7] W Fole} Azt

S3e) A Mg2- “572] W EZ & R “F3Afe"E v}
el 31, My, Mj, Mg, My, My 747} “870 2 “HBA e
£ Hehdom, My, Mg, My, Mg, My 242} “172A] “o}3}
A veld e 7274 ot <2572 el ol
W A4S vehtA] et ¥ A4E dh2 ¥ (Table
2), WA= 9 AAISA SdelA U0Ed 344 oF
o MAG7E AA e, A o1Fe] A Ve
on (Fig. 4), AHF2] AAS7 4 veht 32 AHe
E oA A AFANM A e AR S e
Aoz A8 ¥ (Table 2).

S40llA Mg, Mg, Mg, 747} <579] W28 g B
“}3 b7 S vtebi L, M, Ms, My, Mg, My, M2 242}
“or “BEAHE Yepjon, M, M2 2 ‘"2
A “etsAbe g veht Ae) A7 H7) <3572 A A
AellM 71} 2 Y 2174& Jehd o (Table 2). o]
 3EY AT AA vERged, ddEe A4S
7F #A AR EH @2 A5E el AL FAA oF
o AAG7E el vheba, WS ehiA) ehob
v Gag ne Aoz Auedt(Fig 4).

3.7)%l LEHA 299 23 Ae 3743 37}

5 %51 = LEHAI — 1% SEvel el A 24 - ALR YA 2734
<% 3 gg v Chlorophyll-a vl 0 7} 714l LEHA 298 o] 43 i s.0] AefA71A
5% T 321 60 = Bt o3, 2AMAF A AR HF 30024 “REA
idw £ 33 [ ] 50 if e ~ 213} A4 e)” (Fair ~Poor)2 VeERGe AAE 2704
T M 3 A4 SdolA 35R o 1A 31, S364) 25 oz 7}
;:fj ol [ S A Wl delen, 12 204, S 3192 ehd
B8 2| 2 0 F AR Uy Aol RynHTable).
ok N T 20 FE 14T AERH H} A3} £ 215 1650743

Lozl L : : —~—L10 7t ARHRem, ol sUEe A8E 9%, 19%, 27%,

> ssazmpung sf > 14%2 Z383te] A A HF 16%2 ey} 814

Fig. 3. The lentic ecological health assessments (LEHA)
and chlorophyll-a values in Daecheong Reservoir.

A= 112 504704, S26) 4= 92 56074, S3e A= 10
Z 183714, S4ollHE 14%F 40370317} vhelge) o) 3
S27} 84R} 24 Hed "gld AX 5= =4 o

Table 2. The Lentic Ecosystem Health Assessments (LEHA), based on biological, physical and chemical parameters the 11

metric models.

E
Site €M, M, M, M, M, M, M, M, M, M, M, L(C%eifgfe
SI 93 2(1) 1523 846(1) 126(1) 4605 9.6(1) 0(5) 35(3) 124(3) 46(3)  29(P)

S2 T 0() 83  52(1) 44.3(3) 452(5) 23.9(1) 0() 0() 1208) 43@3) 31(F~P)
S3 83 0(1) 218(1) 654(1) 33.1(3) 133(1) 37.6(1) 0() 65@3) 108(3) 47(3) 25(P)

S4  12(3) 4(1) 152(3) 253(3) 73.9(5) 348(5) 158(1) 0() 75(3) 126(3) 49(3)  35(F)

Biological parameters=M;~M; (M,~Mj: Species composition, M, M;: Trophic composition, M;~Ms: Fish abundance and individual
health) Physical habitat parameter=M,, Chemical parameters=M,,, M,
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Fig. 4. The relations of mean LEHA (Lentic Ecological Health Assessment) values to relative proportions of tolerance
guilds and trophie guilds.

Table 3. Tolerance guild, trophic guild, and habitat guild in Deacheong reservoir. The species list was rearranged by the
sequence of sensitive (S), intermediate (I), and tolerant species (T).

Species Tolorance  Trope  Habit s sz s3  s4
1 Plecoglossus altivelis S H 3
2 Siniperca scherzeri S C RB 1
3 Hamibarbus longirostris S I 2
4 Rhynchocypris oxycephalus S 0 1
5  Acheilognathus lanceolatus S (0] 3
6  Iksookimia koreensis S | RB 1
7  Rhinogobius brunneus I O RB 58 200 44 250
8  Tridentiger brevispinis I 0 RB 327 200 60 35
9  Opsariichthys uncirostris amurensis I C 1 16 3
10  Misgurnus mizolepis T H 8 1
11  Carassius auratus T (0] 1 1 1
12 Zacco platypus T (0] 35 21 12 3
13  Hemiculter eigenmanni T (6] 26 13 10 44
14  Rhodeus uyekii T (0] 1
15 Squalidus japonicus coreanus T 0 2
16  Channa argus T C 1
17  Cyprinus carpio T O 3
18  Misgurnus anguillicaudatus T H 1
19  Squalidus gracilis majimae T 1 4
20  Lepomis macrochirus T 1 35 98 16 31
21  Micropterus salmoides T C 9 10 34 24
Total number of species 11 9 10 14
Total number of individual 504 560 183 403

elgdr} (Table 3). A 22 S13} S4er ZHzh 8w
(Zacco platypus)?} 14%%} 16 %7} AAHY A4 =
Aol AME A olFe] 81, 82, 83, S47) 77+ 85%,
51%, 65%, 25%= S1¢] 74 A vehton, 224
o]Z2 81, 82, 83, S47} A7} 13%, 44%, 33%, T4% 2 %

Wale] 47k 7 B dehen], WAE SHAE
S1, S4o| A7t uwiZtEel 47 22%, 33% % Jehg, T
3] AReIME WA dkeH(Fig. 4.

B8 AAA AR5 AT S StolA 75%
2 W% ol o Aoz Jehiw, s2elAE 0%z
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A A HrALe A7AERE 108~126 us
cm ™8] WolE Bl ow 834 108us cm 12 AR
2+ $A2 eI, O 9)9) Ko A= 120 us em ™! o)
A9 422 et Redoks}l A5 (TSD: 43~492
HE st S20M 43 e Mg Be 235 vy
o, Sdell M= 495 02 FH A Vel

a &

E A7) dad, 35 gy ARAS o
AR Adets, B AR A4 A@s] 1k
Aoz Al Fig 3). 349 HA4H S39 A
7432 25 <ot ez AA 2ARAA s okEE A
Hoz velch 832 A7|A=wr}t 7B A Vel
Ak, WA Sy WAZol AR oF 2292
AABI glom, SR wE ol FY £ AAS=
A AQH P2 AeE vl g2 xR v)sle
S32] e Aol AAF) A vehdr). o) ukA
o2 A AFAL ozehr $Alo) gkg wiA|ul o)
sl A MAA| mEket QB wit = gE o
Aol &Jgt = =A 2bg8ly) PjRow AlgFCH (e},
2001Db).

S49] el 7732 35 “RE Az A 2AXAH S
7 e AS4E BT S4x 92 xHrY EalA
MAR] 2 pela] e Aes Jehh)ul 2 Zgo) A
12F0= 71 Wo] sl AABEAA 224
olFe] 74%= veht A el ARARF )
A el ol S47} diA 3] Aoz Rk
3 7AgE BN B EHoME Y H4E Ny
o}, FokA 9 FAEANAN B HRE JEY)
HEA A AHAAM 7P 22 H4E Ul Aoz A
=R 18

S19] el A7 2924 “of3} Ae"z S3nrT) &
AA & SHAN 2 H5LE yeldAal, S2¢ v
2|8 AAA A Fe g Uehit) ook 2
A £ o, A AH el A Fo| 57%F A5} )
Al o 3te] A HIEE vwste B o, g s
27 W) oA BFo oM F2A 2L
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22 (Micropterus salmoides)} E-37 (Lepomis macrochi-
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rus)o] AF o] o] A YA 5] AefA Y e
doA A ARAE FAaAT|E Z Y] etk v
AL A Al A8 AAEA Y3ke} (Table 3).
A7) 1170 s mde ol 4sted PRz A ARA
7} Aol w=d, s VAR FFHEL “30”
o= A, “BEAE) ~ }3HAe)” (Fair~ Poor) 2 Vehytch.

B d3E x5 47 - tE Q97 7He eehle
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A At AR HrlE e &3 mulnAd
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B4, 33, A2 ois WEY griede A
ek, A Bl o] 4-8te] 20054 9ol WA 59
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Y 54 e Mx) B4E Wodehed T, M,d)
EYe 3a9 Badel SAAYE wess =
M®] ZA3}el] mE 374> CODy,=4.42 X Logyg (Cond)
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kAL Qlok My, 9] W EYL 549 dFL-a0) 77 B
oj o3l X]4=(Tropic State Index, TSD)E o|&3}gth
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