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Abstract

The purpose of this study was to apply a multi-metric model of Lentic Ecosystem Health
Assessments(LEHA) for environmental impact assessments of Cheongpyung Reservoir during
2005 - 2006 and assessed the ecological model values. The ecosystem model of LEHA was
composed of eleven metrics such as biological parameters(Bp), physical parameters(Pp), and
chemical parameters(Cp), and determined the rank of ecological health by the criteria. The
variables of Bp were metrics of % sensitive species(M,, NMS) and insectivore species(Ms, % I.,),
which decrease as the water quality degradates, and these metric values were low as 1.5% and
32.4%, respectively. In contrast, the proportions of tolerant species and omnivore species as the
other Bp parameters were 43% and 62%, respectively, which indicate a degradation and
disturbance of the ecosystem. Riparian vegetation coverage(My, % V) as a variable of P, were
higher in the 2nd than 1st survey, and decreased toward the dam site from the headwaters. This
was due to a habitat simplification(modifications) by frequent bottom dredging of sand and
rocks. The variables of C, were two metrics of specific conductivity(Mq, Cy) as an indicator of
ionic contents(cations and anions) and the Trophic State Index(TSI) based on chlorophyll-a(M;,
TSI ) as an indicator of trophic state. These metric values of C, had high temporal variations,
but low spatial variations on the main axis of the reservoir along with the ecological health of a
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good condition. The environmental impact assessments using the LEHA multi-metric model

indicated that the model values of LEHA averaged 30.7 in 1st survey(fair - poor condition) vs. 28

in 2nd survey(poor condition), indicating a temporal variation of the ecological health. The

model values of LEHA showed a minimum(28) in the lacustrine zone(S5) and ranged from 29 to

30 in the other locations sampled, indicating a low longitudinal variation. Overall,

environmental impact assessments, based on LEHA model, suggest that chemical water quality

conditions were in good, but biological conditions were disturbed due to habitat modifications

by frequent dredgings in the system.

Keywords : Environmental impact assessment, Lentic ecosystem health model, Chemical

water quality, Habitat health

LA E
eeeks 19709 old) A4 B, A7) WA
9 1 9lo] thodt BASS $jstel 5 - g
o QIEY B45o] AME] Y}, od FAEL
Sepfete] 20 4 o7 9 SESA) % - AR

X]Cf]."ﬂ HS AAsto] ThE 93-S (Reservoir) 2 4]
Sl 2 f8ollA &3] 9= A Z(Natural lake)
oz 2 9 750l SlofA FElgh AfolE Ko
AL Qlek, o ¥ QlFTE QI91A mAte] osf 4
4 o] gefr|7] wizel T4
2lof| lofA] TheRt EAIRE 7HAIAL itHMargalef,
1975; Ryder, 1978; Thornton, 1990; Wetzel, 1990),
ol Fej o] Lejutel R dF 5 A
o] BlwA i1, Aa-§fo] A, FAlF ARte] 2
T A9 HodoksHEutrophication) 71HsAd o]
Eoe FARE AL Qo] 24E L‘“/]°}~E1|
AolA ofFgor AAE o rHEs, 1992).
F 2ol e QlFTolA o] Fgekst d4
o] 743} 5]““1 FA L FFAY AT %
7toll Tk 87t AlEs] 85 AL Sl
=W dEsh= §—’Fgl 98% ool 7ol F - 4
oS o} FAH JFTERA A 2%3F, o

A%, ST HAEE T HlFﬁ AT /\lﬂ(WRT)
o

k
IO

AEF
- sl

i =1

o
o,

E
=

ot

<

2
™
N
)
i
e
o
6
@D
=}
[on
=
E
o
=
[}
n
@)
=
<
C.
=~
z
B f
2,
=

FRE 9}, 2 ;qu 1359 Y5 7

e 3

A5 B Facte AYeE Fatke Y
o] g akar KA A, 2005a). HE 3= )
AE QBT 542 7HAIAL §lof o= Qlsto] W
A== o] - 3fshy U EA 9 S - ESH o
= wo] $rov(RlEA 5 19955 AR

=
%, 2000), 249 A Al et A7 o}

iéﬁé o o] izt Aol maw, Y23 -

2003) =AW HaMN) 3 AP) 5=
H}% AlEA Z35E 9 —rﬂéﬂ/}}(Algal bloom),
we se) Wyl e EelslriE 5,

1998; Xé%‘% %, 1998; @%78‘ 2007) % eAE

—

Sy 3o O o

3 ok ol

HEZEAof| g A-H(2)7]4,
1971; ¥3kE 5, 1997; 9% 5 1997; A4
5, 2003)7F wol Ao} gkom o= A
A(20052)1} AAE 5(2005)2 AFol|A] ofFt



SEUIS U3t LEHA T4 DY N8 3 MEZiZs B9t 485

A ol e dhpE W 1 ele] Ay A}
BUET gk PRI ST AT BYE

L pud Ao 45YoRA £8 BES 9%
of oM W S sha Yot 2 A
o BEATF IS WA Tt gk ol BY
5 50 U ARR AT Y5 4R T
Aefoll g 9l A4 F1ek Bk S4F 371
508 qldfe] %1 2¢o] HskEla 97] uhiol
chasld, 2000), olefat FAoG AL

o}afol z}@aai S v AHEAAT -

2
%

01313} T2 eglo] LA A v A= ZAINE

aedor Grishy] flaire 719 of - 3ot
Ax oo AMESHA AZA H7P) HEEA] o]
FOAof gt} e o8t A F7PHE ofu]
n]ZH(US. EPA, 1998)% B|E38te] 7HuthLyons
et al., 1995), 9=+(Oberdorff and Hughes, 1992),
SHHarris, 1995), ¥ (Koizumi and Matsumiya,
1997), £Y(Huguency et al, 1996), Z&(Didier
et al., 1996)¢} 7 314 AR to| A w=sto] =
7HAQ AU EY R -5 9 A9 2 F

GB7tel 2 7lofstar ik, BES ] §3 1
WY Held, s el Lksid vsp

ok oyl EFEHUTY] EEeS Y o] &
55 A o2 vt (Karr, 1981, Karr et
al., 1986; Karr and Dionne, 1991), ZA} A H|-&
A7F 53KOhio EPA, 1989), =gt 2 Atk 9l @
dE 227 59 A 7R o] &Erh= A

A EHA A B de Ql

21
SIc olof vfek Ta»}a}cﬂuﬂ& A
2 =B3

=
‘l"‘

QP - AR, 2005), F5 @R 5
2005), ZHENHE - Hg=, 2006), B3
= &, 2001b), F+AQFEE= - A1, 2005;
o]2J3Y, 2006), 27F(QFg= - A&, 2006)
5 =W ofe] shdof A& - Brlste] FAEiA 9
27873 7t HEE AR QlTh
Ty AeAEA A ol B7E 7S ml=
374 2(US. EPA)Q EMEP(Environmental
Monitoring, Evaluation, and Protection) 7|'{
= Aot oE UekEolA= F3] mju)gk A
o] FAo|t}t L US. EPA1998)= #AHls A ol
529 BEH7t 9 BE7|E%HLake & Reservoir
Bioassessment and Biocriteria)= utHslo] A
TR A A7 S Bkt ok, A4 A
£ B7hke 7IHeRE AFeaZR Y SR
UEE 9 H7F 2283 ARESte] 1o Bl ot
W AeAEA Brheds sk, ofF o
’5H §-’-\—*§EH741 FTAA & Brlsto] 549 #he
O 7 olgstaL qlrt, oy HAYeA Bt 7]
2 571 ofl Karr(1981)ell s il Ay
-,—(Blologlcal Integrity)7fdell 718K FiL 9le
o TPH4(Multi-parameten) S ©|-835Fo] AY&EsH
2 247435 B7rstaL ok, ey SjollAle ol
AE AEs o83 tse ZqE“]'”‘(l\/lultl—
metric approach)< ©|-§sto] 54> AefA 17+

2 20 WSty AV 4 Yt e

> off

=58

?let] LEHA(Lentic Ecosystem Health Assessments)
2ES sarela, A o o] 9HA 44 - Hekel
of e A74S WS, B dro] 44w

r
rﬂl

nde 7|20 gy slehd £ARd Fe4 A
A (MAA] EA)EY 52 HEHY Hdl(o]Fs
e ol8)el JiEA HrP7t obd RE HaE TA
Hog o8l FTHA Hrt REEA SFAYU A
A7 B7HIntegrative Health Assessment)



N
(0]
(o))
ro
0..\i
%
[ol=]
-l
2
N
)
X
w
fo

; B4 gaErke Ak, £
AnE vz 5849 S4uE 9T 7]

1. ZAZ| H ZAKIE

o AAlek 7]H(US. EPA, 1998 2819
W, B AR iUt 10 o] S4mAL) g
02 IR GIkEFAARE, 2007). & Aol A
AN ol ZA A7l R ofge] A

o o

oﬁ_ur

o] ) Q7o) UL Holutx] SO (Funk,
1957, Gerking, 1959; Cairns and Kaesler,
1971; Hill and Grossman, 1987), 7Heolu} 34

of /gagle] 108 FeF eHgAQl o7ty AR

L oA A (Ross et al, 1985; Matthews,

1986)E HHgoR slo], o] Fo] AApo] o]Foj A=
6 — 109 717t & 4=A4) weto] AhjFog A vt
AEE A7191 20059 99T 20064 6€of 2+ of
F 2AE AAISST, AR 9 A SS9
o A AETY EAS T 4 Qe
6709 A™S AAstgen, ZF A Age 3
km o4 Zfo]& Folom AIFAQl AR HE 2

[
Cheongpycong Gap}'uggsiream
Reservoir 4 7 |
L ==
H !
S1e
=
AT .
o :
l/ S2e
\
V)
e )
:;, ®ss
( . 'I_Iong(he;n‘
o " s 54 ._‘;- “River
] Dam e Wl
S6 .
(&) S5
25
. sos1 1 3

Fig. 1. Map showing the sampling sites in Cheongpyeong Reservoir
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Table 1. Fish fauna and compositions based on trophic guilds and tolerance guilds in Cheongpyeong Reservoir during 2005-2006

Species Tol.G[Tro.G Ist Survey 2nd Survey TNI
S1 | S2 | S3 | S4 | S5 | S6 | S1|S2|8S3|S4]S5 | S6

Acipenseridae
Anguilla japonica IS | C 1 1
Cyprinidae
CQyprinus carpio | O 1 1
Carassius auratus S| 0 1 2 3
Acheilognathinae
Rbodeus pseudosericeus* S| O 25| 63 14| 24| 126
Rbodeus wyekii* S| O 1 55 7 5 8| 76
Acheilognathus lanceolatus S| O 6 5 11
Acheilognathus yamatsutae* IS | O 45 9 6| 60
Acanthorbodeus gracilis* S| O 2 2
Gobioninae
Pseudorasbora parva S| O 1 3 4
Pungtungia herzi IS I 8 1 2 9 1 1| 10| 37| 69
Sarcocheilichthys variegatus wakiyae* | SS I 2 2
Sarcocheilichthys nigripinnis morii* | 1S I 3 1 4
Squalidus japonicus coreanus* | O 55 1 21 58
Hemibarbus labeo S| 1 1 1 4 2 1 1] 10
Hemibarbus longirostris IS I 11 1) 21 5 1 3 0 48
Pseutdogobio esocinus IS I 3 5 1 1| 21| 25| 56
Abbottina rivularis | O 1 1
Abbottina springeri* S | O 5 5
Microphysogobio yaluensis* S| O 24 18 8 2] 52
Leuciscinae
Rhynchocypris oxycephalus SS I 1 1
Danioninae
Zacco lemminckii SS I 12 12
Zacco platypus TS | O | 1000 30| 80| 22| 23| 15| 165 71 10| 27| 11 7| 497
Opsarichthys uncirostris amurensis | TS | C 10 1 1 4 1 1 2 1) 21
Cobitidae
Misgurnus anguillicaudatus S| O 1 1 4 1 7
Misgurnus mizolepis | O 2 1 2 1 1 7
Koreocobitis rotundicaudata* S| O 3 3
Tksookimia koreensis* IS I 2 1 4 7
Cobitis pacifica* IS I 1 1
Siluridae
Silurus asotus S| C 1 1
Amblycipitidae
Liobagrus andersoni* SS |1 1 1 2 4
Centrarchidae
Micropterus salmoides S| C 1 4 11 10 1 17
Odontobutidae
Odontobultis interrupta* 5\ C 18 2 9 3 10] 42




Table 1. Continued

. 1st Survey 2nd Survey
Species Tol.G|Tro.G TNI
S1 | S2 | S3 | S4 | S5 | S6 | S1|S2|8S3| S48 |S6

Gobiidae
Gymmogobius urolaenia IS [ 4 5 15| 24
Rhinogobius brunneus IS I 35| 20 51| 23 8| 18| 12| 10| 19 5/ 16| 217
Tridentiger brevispinis IS I 5 4] 14 23
Total Number of Species 8l 5| 70 6| 5| 12| 13| 10| 10| 9| 20| 22| 35
Total Number of Individuals 186 62| 156| 60| 152| 113| 298| 50| 36| 73| 114| 173|1473

Tol.G: Tolerance guild, Tro.G: Trophic guild, SS: Sensitive species, IS: Intermediate species, TS: Tolerant species, O: Omnivores, I:
Insectivores, TNI: Total number of individuals, *: Endemic species, T : Exotic species.

Table 2. The Lentic Ecosystem Health Assessments(LEHA), based on the 11 metric models, of Cheongpyeong Reservoir. The
values of parenthesis indicate model metric values of 1, 3, and 5, respectively

. Sampling Sites

Category Corhﬁgilﬁem s1 2 3 4 $5 s6
18t an 18t an 18t an 18t an 18 an 18t an
M;: TNNS 1nG | 26| s 196 6| 8| 7| 99| 50| 9D| 8| 133
M,: NSS | | 1| B3] 20| 3D 20| 4| 1D 3®| 20| 3D
Ms: % T 77.7(1) | 27.2(1) | 978(1) | 29.2(1) | 383(D) | 44.4(D) | 51.9(D) | 28.6(1) | 0.5(1) | 28.3(1) | 548(1) | 74.5(D)
LBiological | Mg%0,, | 795D | 34.13) | 974D | 53,11 | 3673) | 4293) | 519D | 31.403) | 48.4(D) | 17.465) | 699(1) | 86.6(1)
Condition Ms: %1, 179D | 49765) | 0D | 425B3) | 0.605) | 41.3(3) | 47.45) | 48.6(5) | 33.9(3) | 32.6(3) | 29(3) | 11.1(D)
Mg: TIN 1120 | 30| 1520 | 1130 | 6| Bm| 56| M| 20| 460 ] 1861 | 2983)
My % E, 0013) | 05| 03)]0013) | 065)|1371)| 05)]003D)| 06)[008D| 05| 05
Mg: % A, 0510021 06G)|002D| 05| 03| 03| 05| 03| 05| 005)|0.0103)
pe e 4650 | 09| 4670)| 00| 410|059 97| 06| 436 05| 753)| o)
1L Chemical | My G 943(3) | 85.5(3) | 79(5) | 84.1(3) | 77.5(5) [157.63) | 80.8(5) [104.4(3) | 79.1(5) | 122(3) | 80.6(5) [129.6(3)
Condiion | My:TSlqy | 403)| 33)| 105 2000 306)| 03| 56| 46| 55| 8| 105)] 56

) 5 ) yi

LEHA Score (Criterz) (Hi;v) (113-;11> (?1?) (113-1111) (113-;11) (fli) (113-1311) (ﬁ?) (113-1111) (?1?) (115-1111) (H%I]H)

TNNS: Total number of native species(M;), NSS: Number of sensitive species(M,), % Ts: Percent individuals as tolerant
species(M3), % Op,: Percent individuals as omnivores(M,), % I,: Percent individuals as insectivores(Ms), TIN: Total
individual numbers(My), % E,: Percent individuals as exotics species(M-), % A: Percent individuals with
anomalies(Mg), % V¢: Percent vegetation coverage(My), Cp: Conductivity index(M;g), TSI¢yy: Trophic State Index
using Chlorophyll-a(M; ).

9, shrfole FEHORE Ssf o]F9 o]so] A Hrp ol vrop Jg o oflA] viA AT ol F A
SrEfol A Qlo] tpeFgt ofFo] YA olFolt ¢ Aol QlojA] oFAZIA| = F S FL YA P2
E AAEEE s)ole Bee 3 2dS Y Ao At T F Ao A% Al A H
Pl Qlck, Wi Q-2 wiA(Micropterus A7 ET B F2 AR = A ¢SktHTable 2).
salmoides)¥t &8t om, 11 3 Hl&S 1.2%

2 dl¢ vjujd Ao vepit 1970 de) s 2. HEE X ERH ZE 24

FH A7|= 7 IolA] QffH R BEst 7|5 YA = (Tolerance guilds)ZE EAjo] uf2wH,

o] Y= HiAe AT TIFZAY HR-E(20.6%) 117+ (Sensitive species, SS)L 5% 22704



492  EAFEEI} 213 M3

(1.5%), $7+%(Intermediate species, IS)= 17%
81970A1(55.9%), W/d%(Tolerence species, TS)
© 63270A|(42.9%)E Ueht B4 SHAAML Y]
BE, Ml SHME FE0] $AIR A=
HeItHTable 2). FBE 7 A HoA &3 vzt
T 1 - FWAREe] Edste] W2 HES Holu
U=t (Fig. 30), o= B9 S7t= A48 9
eske} QT eAOA AAEILL Qs 2 =
AFE Qg AMAR Y] shFFER WA FFL
AREUHHAZ 5, 2005). 28T TS 1
£ 024 9&hu|(Zacco platypus), =/ (Squalidus
japonicus coreanus), 112](Opsarichthys
, °1% |
7FA9TAA R A WES] 78.6%F HA|SHL Q)
o}, E3F WAEY HlE ARARS SeollA He
2 48 sl Ao g2 BAESQIEY (Fig. 3d),
o= AR Aol YAeE IFA] A A
of oJste] WAE= L HE 1+ B X g4 &
s A YH= QB agto] o] 7k

o
& o=

uncirostris amurensis)|=o°] .2

4x5}m | oo} ﬂﬁoi WA ANl oA 2
k= A 02 ekt US. EPA(1993) % Barbour
et al.(1999)7F AAIgE vie} Zro] of - a}ahA] 424
Aol 9 24l F7tol wek WEe] Bleo] IRt
Ch= Aebe Ux|sh= 2o 2 YeldthTable 2).

, E29 Z=(Trophic guilds) 4ol w2
F4]E(Omnivores, 0)°] 165 9137041(62%),
Z(Insectivores, 1)°] 14% 47871A(32.4%),
(Carnivores, 0)°] 5% 8270A(5.6%)2 +
Hof AF0 33 HolthTable 1,
Fig. 3e, f). FAZo\A H2}u](Zacco platypus)?}
54.4%, FA1Fol|A Uol(Rhinogobius brunneus)”t
45.4%, AFANN= 455 (Odontobutis
interrupta)7} 51.2%% AA|5te] ZFzko] tfRE o
2 YEtHTable 1), Ad¥ e Exg A& Z4
of @29, WAEE9 Hl&& S1 S5olA 7z
77.1%, 78.2%= =7 Yebd §FH, S40lA4] 38.3%

o v
3t

I‘h

N

i oﬁ oN E

oXx, _tio O{Nv rE

=

2 7 w2 Hl%% Bk $4F v golA=
S3, S4°lA ZFz} 50.5%, 46.6%% =7 Urehd bt
W S1 S5ollA ZH2 22.7%, 18%= W HleS
B hFig. 3f). S1zt ShellAl WA 1452
7S RO (Fig. 3d, o), ol S1 A
| AP = wFdAFA 9 A2 AgE

2HTAR AT AN DA B =] fY3}

=2

I

-+ o
o

o 552 r‘lN
pa)
|o
U
>
U
ri,
Ko
wn
t
H1

I o
4
-z
[¢]
O}O|v
a
)

g IE -3— o2 o

o Hu Hu mo o
do
i
>
13
mi
rIo
rO
)
1o
-0,
4o
a2
-0,
m (0
Oiﬂ
o,

Ohio EPA(1989)¢] A Q}E dx|el= Aoz
ERith AHY $4F 2@ Nwr A B2 A
< S382 50.5%9] ¥ HlEE Elen, AH
Siat S5eflMe S41F<] vlEo] 30%UHe R 1
ERg=tl(Fig. 31), & A olide s A4 A4
2rfo] #7140 dojuar glof, e B3 &
o o3 AAA Tt 9 &, A2 5ol A s

of Aeija ghae] Z]elat Qo2 e
S 5, 2009).
3. 018 9= U kM A2

AE o7 5 RS A FUHE F T+
L 34% 145670124 HH 3= A2 A7]9 H]
TSH 22 A2 Udegth(Table, 1). 3E59} &5
*741011 AAE Q1FT F FHI | A ¢
I 1} 385 (D= 5, 1997), shol
AT IS = 113 42FFAA 5, 2003)0] B
18 fl vlste] FPDO ol FA At AYIY
BFsol vlaf AAlehs 015 7F A2 FoR
Uebdtt, ol FBWE7F 34 A7) % 25 #ntkof
et fER= s 7F A, el AHE=
olof ofgh fol Y& fAlo] Qlrka T
SAF2007)9] 71z AT 63} 519 E4= 7|



L

SHEE - ORR [ S RETREVIE fiet LEHA O 23 ME 3 MEfAZE E7F 493

3 1% Survey
1'“‘ Survey

=
N
;3
2

DR

200 4

100 4

Total individual numbers (#)

Total number of native species (#)

M Sy

7
1
7 %ﬂ% 1 |

S5 56 Sl 52

3 13 Survey
20 Gurvey

100 4 — — st Survey
200 Gyryey
809

60

Number of sensitive species (¥)

% individuals as tolerant species

40 ;»’/7
/
z 7 7 / 77
dinune
2 W ' 8
-E 801 — % g 80 |

20 %

(e ®
P  Survey v ] '
s
5 & E 0.04
. E 0.03 1
El - S w1
R é Z oo g é
¢ ES
= o 7z % , . 0.00 . . . . . 174
s1 2 4 85 86 s1 82 83 4 85 $6
@ (h)

Fig. 3. Spatial variations in the model metrics of Lentic Ecosystem Health Assessments(LEHA) during the 1st and 2nd surveys
of 2005 - 2006
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