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Effects of Acid Mine Drainage from Abandoned Coal Mines on Benthic Macroinvertebrate
Communities in the Upper Reaches of the Nakdong River. Lee, Hwang Goo, Sang Woo Jung’,
Dong Gun Kim' and Yeon Jae Bae'* (Department of Biological Science, College of Science
& Engineering, Sangji University, Wonju 220-702, Korea; 'College of Life Sciences and Biote-
chnology, Korea University, Seoul 136-701, Korea)

We investigated the effects of acid mine drainage (AMD) from abandoned coal mines
on benthic macroinvertebrate communities in the upper reaches of the Nakdong
River from May to October in 2009. Qualitative and quantitative sampling (Surber
sampler: 50 x 50 cm; mesh size, 0.2 mm) was conducted at 7 study sites and 3 control
sites in the study area. We thus sampled 117 species belonging to 53 families, 15 orders,
6 classes, and 5 phyla; the Ephemeroptera, Plecoptera, and Trichoptera group (EPT-
group) represented the majority of the benthic macroinvertebrate community (71
species; 64.5%). In the quantitative sampling, a total of 11,575 individuals belonging
to 58 species of benthic maroinvertebrates were sampled from the study sites (Sites
1-7), whereas 2,844 individuals belonging to 79 species were sampled from the con-
trol sites (Sites A-C). Tolerant species such as oligochaetes, Epeorus pellucidus,
Baetis fuscatus, Hydropsychidae species, and Chironomidae species were predomi-
nant in the study sites. The community indices for the study sites, such as MacNaugh-
ton’s dominance index (DI) (mean+SD, 0.52+0.21; range, 0.33-0.85) and the Shannon
diversity index (H) (2.06+0.60; 1.06-2.57), were different from those for the control
sites (DI: 0.29+0.07, 0.22-0.35; H”: 3.13+0.14; 3.03-3.30). In the study sites, shredders
and scrapers were scarce, whereas gathering-collectors (mainly Chironomidae spec-
ies) were relatively abundant, as were clingers and burrowers. The detrended corre-
spondence analysis (DCA) and similarity analyses showed that benthic macroinver-
tebrate communities in the study sites were clearly separated from those of the con-
trol sites, with the greatest dissimilarity being noted at the uppermost study site (Site
1), which is located close to an abandoned coal mine. The Korean saprobic index (KSI)
and the ecological score using benthic macroinvertebrates (ESB) showed that the
uppermost study site (Site 1) was a-mesosaprobic or heavily polluted, whereas other
study sites were in a fair or relatively good condition.
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Fig. 1. Study area indicating study sites (St. 1~7), control
sites (St. A~C), and an abandoned mine from the
Nakdong River in Korea.
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Table 1. Number of benthic macroinvertebrate taxa collected from the acid mine drainage stream (AMDS) and control
stream (CS) in the upper reaches of the Nakdong River.

Family Species
Phylum Class Order
Cs AMDS CS AMDS
Platyhelminthes Turbellaria Tricladida 1 1 1
Nematomorpha Gordioida Gordea
Annelida Oligochaeta Archioligochaeta 1 1
Hirudinea Rhynchobdellida 1 1
Arhynchobdellidae 1 1
Mollusca Gastropoda Mesogastropoda 1 1 1 1
Basommatophora 1 1
Arthropoda Insecta Ephemeroptera 7 6 26 18
Odonata 1 3 1 4
Plecoptera 6 2 12 2
Hemiptera 2 2
Megaloptera 1 1
Coleoptera 3 4 2 5
Diptera 10 7 21 14
Trichoptera 11 6 24 13
Total 42 37 90 65
(Detrended correspondence analysis) (Hill and Gauch, 40
1980) Aoz A =58 IF7He] oS ,
MRPP (Multiple responses permutation procedure) 7] £ 20 e
oz 7Zslglch w3 AMDSS CSe| EARAE A 5
e Baslazt 239 $AL= (Bray and Curtis, 1957) E ) =
FAE A 8 20
(5]
(8}
HAEFH 2 2 8743 F7} 2
o
AR NYTAFEEE o 43 AT} S4B 10
2EAFA H AmMEAE A4 I EAS
(KSI, Won et al., 2006) 2 o] £-3}3] 3, 3H4A 0] 7= 3t ok
73 X (Ministry of Environment, 2006)2] A4} o 353 0 St.A St.B St.C St.1 St.2 St.3 St4 St5 St.6 St.7
cs AMDS

FEEE o83 A4 (ESB)E AFESAH

2 =

124

WA AN ARD AN dTErsEe
% 5% 67} 15% 533} 117ZF0]¢]t}. AR EEE (Arthro-
poda)ell A 110 (94.0%)0] &3 3te] thekide] 71 =3k
om, 33 =2 (Annelida) 3% (2.5%), QA 522 (Mol-
lusca) 2% (1.7%), 18]32 3 EEF (Platyhelminthes)
I 41355 (Nematomorpha)el| A} Z+2} 15 (0.9%) ©]

Z33lodch (Table 1). %7 (Insecta)®] 8 Z3F<

Fig. 2. Mean (£ SE) species number of benthic macroin-
vertebrates from the acid mine drainage stream
(AMDS: St. 1~7) and control stream (CS: St. A~C)
of the Nakdong River in Korea.

EPT-group (Ephemeroptera, Plecoptera, Trichoptera)-2-
7107 AA ZAE 64.5%2 2x]3}%].oH, AMDS
o] A 33%(30.0%), CSel|A] 62%(56.4%)°] &3 3}aict A
P A= AMDS (St. 1~7)ell A e & 4% 4% 12%
313} 58% 11,575/0A|gj o, HF 27F 1,65470A|7} &=
#5}9 ). CS(St. A~C)ol| A= & 5% 57} 10% 353} 79
% 2,8447MA e, FF 50%F 9487047} ZHs}
AMDS 9= F4= Bl /R A el A 2he] 7} 9lSdEt (Figs. 2, 3).
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sele] H%e.

AMDSe M= 2ol WAo] wlwH 73t A7}
(Oligochaeta), =7} (Gastropoda), Z#}2] & (Odonata)
3} Y7) 55 s w27) % (Hemiptera), 244 =
(Coleoptera) 5-¢] g7 o] AjHo =z wo] 283} uhd,
CsolM: aAe AR F2 AAsle ArAE
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Fig. 3. Mean (% SE) individual number of benthic macroin-
vertebrates from the acid mine drainage stream
(AMDS: St. 1~7) and control stream (CS: St. A~C)
of the Nakdong River in Korea.

(=] .
T

2 ZAA%

AR e A F2E oty At $A% H o}
S T on, $AHEA ) g aE £A5
9t} (Table 2). ¢ =2x]4= AMDSe||A] Zko] 0.33(St. 4,
7)~0.85(St. 1), FF 0.522 LJeRtom, AMAs}AN 42
AAA <l ke i St 1eM $AH=A]4 34(0.85)¢]
7V =7 vebds 857499 KUa (Antocha KUa) 7}
St. 13} St. 4 (M ZA A 3Ph)ellA 33k 3, 529
ZAA| Aol A Zm-o}} (Chironominae spp.) 2] o] -
Asledth CSe Al 0.22 (St. B)~0.35 (St. A), I 0.29
2 el on, 2kx38FAbo] (Baetis silvaticus), off 333}
F4to] (Baetiella tuberculata) 2 A1 X]2] o] (Limnodrilus
gotoi)7} A3kt (Fig. 4).

thofe )= AMDSO|A] Zho] 1.06(St. 1)~2.57 (St. 2),
HF 2.069]] ). CSellA= 3.03(St. C)~3.30 (St. B), 9
T 3.130|3le}. A FAk 2] o Fe] TPk A A o],
A7 A Eo] Heof gl AMDS®] St. 1|4 Hhof=A
I %k (L.06)e] 7FF Wgkowm, A sFAkl4=2] Wkl =] e
7WHEAM = A JHEe] Yo gl St 20 v
=X Zh(2.57)0] Aoz Fdr)

AMDSS$} CS2] 2t} S t- 74 S E3le] nlwst
I 24 9 gk AS4 BF CSollA Zho] f-2l8H =9k
o} (Fig. 5).

3.71%%

Fig. 4. The acid mine drainage stream (AMDS) and dominant aquatic insect species: (A) Study site 1 near an abandoned
mine in the upper reach of the Nakdong River; (B) Antocha KUa.
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Table 2. Dominant species, McNaughton’s dominance index (DI), and Shannon diversity index (H’) in the benthic
macroinvertebrate communities from the acid mine drainage stream (AMDS: St. 1~7) and control stream (CS:
St. A~ C) of the Nakdong River in Korea.

Sites 1st dominant species 2nd dominant species Dl H’
St. A Baetis silvaticus Ecdyonurus Kibunensis 0.35 3.08
CS St.B Baetiella tuberculata Paraleptophlebia chocorata 0.22 3.30
St.C Limnodrilus gotoi Simulium sp. 0.29 3.03
St.1 Antocha KUa Chironominae sp. 4 0.85 1.06
St. 2 Chironominae sp. 2 Chironominae sp. 3 0.36 2.57
St. 3 Limnodrilus gotoi Chironominae sp. 3 0.77 1.35
AMDS St. 4 Antocha KUa Chironominae sp. 3 0.33 2.44
St.5 Chironominae sp. 2 Baetiella tuberculata 0.54 2.14
St. 6 Baetis fuscatus Chironominae sp. 2 0.49 2.38
St. 7 Chironominae sp. 2 Cheumatopsyche brevilineata 0.33 2.47
60 3.5 25007
t=4.49 - t=4.44 1 Shredders
50 e Lo p=0.003 p=0.003 1 3.0 Scrapers
7] & % Gathering-Collectors
g 4 25 ‘E 2000+ E=59 Filtering-Collectors
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= 30 I 3
2 L5 & 1500
3 20 @
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05 = 10001
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o
) o o S 5001 @@
Fig. 5. Species richness and Shannon diversity index (H’) z 3'
between the acid mine drainage stream (AMDS: 7 :
St. 1~3) and control stream (CS: St. A~C). 0 ; e -
St.A St.B St.C St.1 St.2 St.3 St.4 St.5 St.6 St.7

e Flsze] REPbE B Ask 4Alsze) 4
<2 AMDSe||A] 7Z'u}F-5-(Chironominae spp.)7} X317
%% 3}e] gathering-collectors7} %gtom, &4z &
(Hydropsychidae spp.)ell )3} filtering-collectors2] ®]&
o] &0 =2 =7 Yels) CSo|A]E= gathering-collec-
tors7} W) RE-& 2}x|slg] o™, scrapers, filtering-collec-
tors, predators”} v A 1274 Z&33}9]c}. shredders
2] 739, Csefl nj3te] AMDSeIXME 719 E3e] gAY
St. 20j|A] wlj-¢- wlofalA| 23k glgl.en, 53], St 1~
4= St.5~7 = CSo]| v]&}e] scraperse] =3-go] At
Q- oz ket (Fig. 6).

A7) 522 AMDSS] St. 1, 4, 794 clingers, St. 2, 3,
5|4 burrowers7} AdjH o2 7 £33ttt CSellA
= clingers7} 35S x5t e, swimmers$} bur-

rowers?} &0 2 =7 Jelto} (Fig. 7).

4.DCA Y A%

AMDSS} CSS| HMA B 7HE5Ee] F2A Aol

Cs AMDS

Fig. 6. Composition of functional feeding groups (FFGs) of
benthic macroinvertebrates from the acid mine dra-
inage stream (AMDS: St. 1~7) and control stream
(CS: st. A~C) of the Nakdong River in Korea.

£ DCA A YYo=z FXM3 Z 7 (Fig. 8), Axis 13} Axis I
9] 4= 747} 0.623 W 0.247°]%] 01, AMDSE Axis
12] QHelA] F7h, Axis 112] 3}3o| A 2E] Aliel| Hx
319 aL, CSE Axis 19] F7 oA @23, Axis 119] AFE-
o] B3} AMDSE} CS Alolol] x}o]7} 9l%ich AMDS
9} CSE Blw 1§02 3 MRPP 34 A £ 182
2z glolA] &3t x}o] (A=0.167, p=0.002)7} <]
o weba AR sFAb4e] o sFE WAl 9l AMDS$}
Cse MM dyPFAFTE LA 53T £249
zfo)7} 9l Aoz EAMEH.

AR fALE RN A =4 2719 25 (AMDS,
CS)oz u¥elxlom (Fig. 9), AMDSE AMA Al 4=
2 A # b Aoz 1T A A (St. 2, 4)3 L ]9
o] AH (St. 5~7)o7 R =] vrehdtt A FAk 4
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Fig. 7. Composition of habitat oriented groups (HOGSs) of
benthic macroinvertebrates from the acid mine dra-
inage stream (AMDS: St. 1~7) and control stream
(CS: st. A~C) of the Nakdong River in Korea.

o) wRIAel A F7te] S1AE St 1& e BE AF
3 Vg $AhErh e Aoz BAEgow, s st
63} St.7 Aol Ak b Be Aoz BAEgE.

ARG AR o] 2]3) o3k mlotslr] $)3he] A ES)
712 KsI¢} ESBE 77t A 85}
3 7}5}9c} (Table 3). AMDSS] KSI= ¥ 0.85 (St. 6)~
2.48 (St. 1)& FH7}=E|glew, HbHel, CSE= 0.27 (St. A)~
0.88 (St. C)= Ao Al ASFo=z e 7]
el A HrE A AETA AT QoA
AMDS:= CSe} ZA| zfel7t wrow, eiAdoz Z4
5 7174 o] HAF olAlE Aoz BAHH.

AMDS®] ESB A4 ko] 6(St. 1)~52 (St. 3)=
A7} o s ~mje Raksl Aoz HrlEglo
], CSE 82 (St. C)~106 (St. B)o.= 37 A el 7} uwl-&- oF
33 IS P EAGR Vel AMDSS =
zko] 7} lsdet.
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L

o #

A Al o] A Ml oJgHoele ¥ & e
AMDS (St. 1~3)2] 2FR w2 tjz3}xql CS2 3747
A (St A~C), 133 {27} Akt A Fol &
3= A7)= 7193 AbR(Lee and Bae, unpublished

=9} 2AF A7), A A, 2AF 3] " A

data)®] FF5-

200 ®

@
150

100

AXIS 11 (6.9%)

a1
o

QD

o. @cs @
O AMDS

0 100 200 400

AXIS 1(33.2%)

300

Fig. 8. DCA ordination for the analysis of benthic macroin-
vertebrate communities from the acid mine drain-
age stream (AMDS: St. 1~7) and control stream
(CS: st. A~C) of the Nakdong River in Korea.
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Fig. 9. Bray-Curtis similarity for the analysis of benthic
macroinvertebrate communities from the acid mine
drainage stream (AMDS: St. 1~7) and control stre-
am (CS: St. A~ C) of the Nakdong River in Korea.
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Table 3. Korean saprobic index (KSI) and the ecological
score using benthic macroinvertebrates (ESB)
for the evaluation of environmental conditions
from the acid mine drainage stream (AMDS: St.
1~7) and control stream (CS: St. A~C) of the
Nakdong River in Korea.

KSlI ESB
Sites Value .. Value .
(Mean) Condition (Mean) Saprobity
St.A 027 High 85 Oligosaprobic
CS St.B 029 High 106  Oligosaprobic
St.C 0.88 High 82 Oligosaprobic
St.1 248 Fair 6 Polysaprobic
St.2 116 Good 40  B-mesosaprobic
St.3 310 Fair 52 Oligosaprobic
AMDS St.4 1.30 Good 42 B-mesosaprobic
St.5 104 Good 37  B-mesosaprobic
St.6 0.85 High 48 B-mesosaprobic
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= A2 373 35 A ¢ ¢35k v (Rosemond et al.,
9l 2% (algae)?] AAe Astslw, 5

S XA (Hoehn and Sizemore, 1977)
A AELE 23 AT Aoz dElA ok 3,

Ay;wunw} 5457 WEes Awiid, AMDSE)
FEelME 350 diFe] AlX]3 o] (Limnodrilus
gotoi), 7 Ea}-FAko| (Baetis fuscatus), -3 8} F4ko]
(Epeorus pellucidus), ZZt}5 (Chionomidae spp.), &2
= F (Hydropsychidae spp.) 5 £ WAo] v|wH
Ao, 47129 e F2 el £E2 7AH0
el SR LYBBAL AR dpacs
FelolA U8 fledEsl Gael dg 2 Aes
FA =} AMDSOﬂH% X2 & (Hemiptera)Z} =HAd
&5 (Coleoptera)?] £5o] AH oz ylo] Z233}9E
9, ol F& Ay Y EEE el 34 B o
o] Fhsshma AAAIS B 7] 050 dgke 4
How A7 e Aoz YR,
FAASO1L H)Z B ), st 19] 2ATFEIF A 2
Fage ol BAsAtEe) YRz

l

F=SE =¥l oixl= A 79
AShe AT A4 31
lwasaki et al. (2009)¢]] 2]&bH At Akl o] o) =2
%o AL AMAY AP FHFEES] GRS FaA
71 9 3l Aoz duix gluh st 29] pue
= ANE g3 glglen, ol dFulEpaEEe] A
ol o3k ez o] A FAAFTE e Aoz oy
sglont vk 4rl Aoz Foieh ot st 27}
F2r} 2 d~— A felo] FoUHE FRAM 9128
7 Q7] WEel Aew Andh & 2ARe] v
B o, ARelA vehbs Ae] BAspastE 3
o] Ae] FFnlpsatats A% we A4 o
HyAFsRel o 2 odgre vA How FHHAY,
o Aol I3 RAFo] Wesh,

A ARG S mer ohde el elxiglel
2 Ao = o3& u| X0, shredderse} herbivores
o] HWo|FEL A H‘]——‘E oz oz ¢lt}k(Nelson
and Roline, 1996). ¥ dFo| A= AMDS®] ALiA]3-2 Al
B2 AAEE st} nold 515 Fo

o]zl W3 YA -H-7] &> (Coarse particulate organic
matter)2] FF3 3 WellA412] conditioninge] &3}t
Al ol A 2] Feahar, 7H8Ad FExRe] el A=
= 7lo] shredders$} scraperse] 7WA|57} w]-$- vl eFs}A
vebd 32 dglez Am sy

DCA2} frAt= EMe] At AMA A F5EL
Al glelA AMDS$} CS7tel] A7 2ol 5 Mgl
o, AEIA A7 A A7 A R4
E= AMDS®] AHFA| S CcSe} vlwste] ARA 9l 4
73 A7 AA3) G Aoz EA A AMDSe] 3t
2 ZAes o8 ARt el dFEe] fakel FHHA
a2, A Akl o] A dekS ey wj el A4
A AFFHFEES] Ao TFH= TP Sl
A o] 3 FEE Zlow Btk T8y B FAbA
Eld AMDS®| AAA A3 FA 358 bekde A
o] =, AH BE AR o 87 Fol AR FAk
o] ol oh& A9 Al ZHEA 5o AXA AT
HFEE oA vlas] B o of Ak A= T3y
=9} ZrjekAl S eI} (Bae et al., 2003a, b). ¢]= d
Asba o] g7t A Al el A ol FA AR A
o] oJgE gt A|7] 7hrke] Wrel AE WEI AlR
olw, 3 EF 3ol Folsl= Bm FERE)] =X ]
A1) B AFEE g8 dwste] Fagl

kil

ndd Az FAE,
}\ ‘V

2

SERS) A
Aol Gejel AL A A B



80 ol Ab

o

olok

+ -

0z

AR ARG ol 139 ARl AAA o)
PRATEE 2L A HAT0E vnRE o
Fo= weks vepton, #4
3] S A g Aol o 4ed e
2 dZgh 2 A7E Fela] A gow AR
RO EES PR NP EEEE SR e
t e 200 Jow 479 ooe e & 3k

 d7E 20099 5YFE] 1047kA] iAol £1=]3}
2 gle %%7& Aol siekdo 2 uE] fo)s: AR
Abalj 4= (Acid mine drainage)7} A4 A o 874 3582
A A 0321— spetataia) AlAshelc. swgel
JFe W GAse) ) A dzsde] 3 A
Aol A AF3 A kA" (Surber sampler 50 X 50 cm, T+
2 02mm)E Abeste] MRS st Thoral u 4
NARNN AN st 24 A A2}
Aol F 53 67F 155 533} 117%0] &33}lg]om,
A e o BF<l EPT-groupe] 71%(64.5%) 0.5 A
A 2972 2 e AR dgedoln 9z
A A (St A0 AN AAFAFTEE F T9%
284017} 2T W, AL G L A
Al 42814 (Acid mine drainage stream, AMDS) #]
A (St 1~7elME F 58%F 11,57570A7F 833
AMDSSI A= 29dol WAe] 7 Alx ), HAls AL
ol NEshatel, Edwef, AHTF Fol $Hsoleh
=3, AMDS®] 23114 (MacNaughton $8 x4 7
+EZFHA} 05240.21, *H| 0.33~0.85; Shannon o}
%4 2.06+0.60, 1.06~257)7} thxskde] 2R 4
($-A=X]4 0.29+0.07, 0.22~0.35; T} =x]4 3.13+
0.14, 3.03~3.30)¢] ®]&] & x}o]7} 9ok AMDS?] A
A1 71572 shredders®} scrapers®] v|&o] Wglow] 7+
u} -5 (Chironomidae spp.)7} %o] &3 3}e] gathering-
collector7} AFA o 7 ZF X a)git} Al 7] %2 clingers
2} burrowers7} AMDSoA] AldjH o=z v FR3}H.
DCA A3 b= ¥4 Az AMDSS} ) zshAo
ARE7 "] A7 FAA F AL I1goz FEEdeH,
FHebgol] AT HA4F AA (St ) G APE 1
frAL=ZE 71 Al vebge A B AR ‘)rE}
e oA EA G (KSD)S}F XA o 372558
o] 43k AP A4 (ESB) = HH-E2 Ao nE
Fso] AdE vehdl o 4R A4 (St 1) WS-

,ﬂm

]

e W

2
o
ol
r>~
>,
=9
==
4
to
2
odk
s
=2
%

s
o
2

A EE

pEsl 272 152e 24 9 487 A94E 1
.Z_X

Sl EAel QoA dlzate] 2R 2 Aol
ehie.
A AL
QT FRPAATA] D70 A9 (200996l 9]
sho] S gigieh
ol g 2 ¢

Bae, Y.J., D.H. Won, D.H. Hoang, Y.H. Jin and J.M. Hwang.
2003a. Community composition and functional feeding
groups of aquatic insects according to stream order from
the Gapyeong creek in Gyeonggi-do, Korea. Korean
Journal of Limnology 36: 21-28.

Bae, Y.J., S.Y. Park and J.M. Hwang. 1998. Description of
larval Nigrobaetis bacillus (Kluge) (Ephemeroptera: Bae-
tidae) with a key to the larvae of the Baetidae in Korea.
Korean Journal of Limnology 31: 282-286.

Bae, Y.J.,, Y.H. Jin, J.M. Hwang, V.V. Nguyen, D.H. Hoang
and T.K.T. Cao. 2003b. Distribution, habitat environ-
ment, and conservation of aquatic insects from the Ga-
pyeong creek in Gyeonggi-do, Korea. Nature Conserva-
tion Research of Korea 1: 1-25.

Battaglia, M., G.C. Hose, E. Turak and B. Warden. 2005. De-
pauperate macroinvertebrates in a mine affected stream:
Clean water may be the key to recovery. Environmental
Pollution 138: 132-141.

Bray, J.R. and J.T. Curtis. 1957. An ordination of the upland
forest communities of Southern Wisconsin. Ecolological
Monograph 27: 325-349.

DeNicola, D.M. and M.G. Stapleton. 2002. Impact of acid
mine drainage on benthic communities in streams: The
relative roles of substratum vs. aqueous effects. Environ-
mental Pollution 119: 303-315.

Hill, M.O. and H.G. Gauch. 1980. Detrended correspondence
analysis: An improved ordination technique. Vegetat 42:
47-58.

Hoehn, R.C. and D.R. Sizemore. 1977. Acid mine drainage
(AMD) and its impact on a small Virginia stream. Jour-
nal of the American Water Resources Association 13:



A B AT HMA BT

153-160.

lwasaki, Y., T. Kagaya, K. Miyamoto and H. Matsuda. 2009.
Effects of heavy metals on riverine benthic macroinver-
tebrate assemblages with reference to potential food
availability for drift-feeding fishes. Environmental Toxi-
cology and Chemistry 28: 354-363.

Jeong, Y.J. 2001. Environmental geochemistry of the stream
system in the vicinity of the abandoned coal mine of the
Sangdong-Taebaek area. Ph. D. Thesis, University of
Chosun, Gwangju, Korea, 189 pp.

Kawai, T. and K. Tanida. 2005. Aquatic Insects of Japan:
Manual with Keys and Illustrations. Tokai University
Press, Tokyo, 1342 pp.

Kim, H.J., J.E. Yang, Y.S. Ok, J.Y. Lee, B.K. Park, S.H.
Kong and S.H. Jun. 2005. Assessment of water pollution
by discharge of abandoned mines. Journal of KoSSGE
10: 25-36.

Kim, J.J. and S.J. Kim. 2002. Variations in geochemical
characteristics of the acid mine drainages due to mineral-
water interactions in Donghae mine area in Taebaek,
Korea. Journal of Economic and Environmental Geology
35: 55-66.

Kim, J.J., S.J. Kim and Y.Y. Kim. 2003. Mineralogy of eva-
pration residues and geochemistry of acid mine drainage
in the Donghae mine area. Journal of Economic and
Environmental Geology 36: 103-109.

Kim, Y.K., Y.J. Bae, G.S. Ryu, D.H. Yeom, S.K. Lee, S.H.
Lee, J.H. Lee and K.J. Jo. 2005. Invertebrate Bioindica-
tor and Environment Risk Assessment. Jeonghaengsa,
Seoul, 211 pp.

Lee, H.G. and Y.J. Bae. 2011. Recovery of aquatic insect com-
munities after a catastrophic flood in a Korean stream.
Animal Cells and Systems 15: 169-177.

Lee, J.H., S.H. Lee, Y.J. Bae, K.J. Cho, K.S. Ryoo, Y. Kim
and M.P. Jung. 2009. Freshwater health assessment
techniques. pp. 25-34 In: Assessment techniques for
ecological effects on heavy metal pollution using inverte-
brate biomarkers (Kim, Y., Y.J. Bae, K.S. Ryoo et al.,
eds.). Jeonghaengsa, Seoul.

McCune, B. and M.J. Mefford. 1999. Multivariate Analysis
of Ecological Data (Version 4.25). MjM Software, Glene-
den Beach, OR, USA.

McNaughton, S.J. 1967. Relationship among functional pro-
perties of Califonia grassland. Nature 216: 168-169
Merrit, R.W., K.\W. Cummins and M.B. Berg. 2008. An Intro-

duction to the Aquatic Insects of North America. 4h Ed.
Kendall/Hunt Publish. Co. Dubuque, lowa, 1158 pp.
Michaud, L.H. 1995. Recent technology related to the treat-

FSE T oix= I 81

ment of acid drainage. Earth and Mineral Science 63:
53-55.

Ministry of Environment. 2006. The 3rd National Ecosystem
Survey Guide. NIER, 298 pp.

Nelson, S.M. and R.A. Roline. 1996. Recovery of a stream
macroinvertebrate community from mine drainage dis-
turbance. Hydrobiologia 339: 73-84.

Pond, G.J., M.E. Passmore, F.A. Borsuk, L. Reynolds and
C.J. Rose. 2008. Downstream effects of mountaintop coal
mining: Comparing biological conditions using family-
and genus-level macroinvertebrate bioassessment tools.
Journal of the North American Benthological Society 27:
717-737.

Ro, T.H. and D.J. Chun. 2004. Functional Feeding Group
Categorization of Korean Immature aquatic Insects and
Community Stability Analysis. Korean Journal of Lim-
nology 37: 137-148.

Rosemond, A.D., S.R. Reice, J.W. Elwood and P.J. Mulhol-
land. 1992. The effects of stream acidity on benthic in-
vertebrate communities in the south-eastern United
States. Freshwater Ecolcogy 27: 193-209.

Shannon, C.E. and W. Weaver. 1949. The Mathematical
Theory of Communication. University of Illinois Press,
Urbana, 233 pp.

Wiederholm, T. (Ed.) 1983. Chironomidae of the Holarctic
Region. Keys and diagnoses. Part 1-Larvae. Ent. Scand.
Suppl. 19, pp. 457.

Won, D.H., Y.C. Jun, S.J. Kwon, S.J. Hwang, K.G. Ahn and
J.K. Lee. 2006. Development of Korean saprobic index
using benthic macroinvertebrates and its application to
biological stream environment assessment. Journal of
Korean Society on Water Quality 22: 768-783.

Yoon, 1.B. 1988. lllustrated Encyclopedia of Fauna & Flora
of Korea Vol. 30 Aquatic Insect. Ministry of Education
Republic of Korea, 840 pp.

Yoon, 1.B. 1995. Aquatic Insects of Korea. Junghaengsa,
262 pp.

Yoon, I.B., D.S. Kim and J.W. Byeon. 1981. A Study on the
aquatic insect community in the upper stream of Nak-
dong River. Korean Journal of Limnology 14: 27-49.

Yoon, 1.B., D.S. Kong and J.K. Ryu. 1992. Studies on the
biological evaluation of water quality by benthic macro-
invertebrates. Korean Journal of Environmental Biology
10: 24-39.

(Manuscript received 18 January 2012,
Revised 13 March 2012,
Revision accepted 15 March 2012)



