Journal of Korean Society on Water Environment, Vol. 35, No. 6, pp. 539-549 (November, 2019)
pISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2019.35.6.539

sI=9| MMSE SHMSHAX|BMSI) JHME 2t TRl EAM
Assl - 254

2317 I EH%I-J__JJ_ AHOH ﬂ}%l—ﬂ}

= Sotr=

Analysis of Water Quality Factors for Benthic Macroinvertebrates Streambed Index
(BMSI) Improvement in Korea

Dong hee Kim® » Dongsoo Kong®'

Department of Life Science, Kyonggi University
(Received 22 August 2019, Revised 12 November 2019, Accepted 13 November 2019)

Abstract

In 2016, Benthic Macroinvertebrates Streambed Index (BMSI) was proposed as an index to evaluate streams as
benthic macroinvertebrate depending on the substrate type of streambed. However, orignal BMSI were selected
without consideration of water quality. Analyzes without water quality do not constitute biological indices based
solely on the substrate type of streambed. Therefore, in this study, the indicator value was improvement in
consideration of water quality, and the distribution characteristics of benthic macroinvertebrates according to the
substrate type of streambed were analyzed under relatively equal water quality conditions. We surveyed 20,155
sampling units in Korea from 2008 to 2018, and we re-estimated each lithophility of 191 taxa. As a result of
estimating the streambed of each newly lithophilic value classification group considering the water quality, it was
different from the original lithophilic value. Representative integer lithophilic values were newly calculated from 126
taxa among the 191 index taxa used in the analysis. The correlation between new constructed BMSI and community
structure was compared and analyzed. It showed extreamely significance (p<0.001) in the dominance index, diversity
index, abundance index, and evenness index of the community structure. Diversity index, abundance index, and
evenness index showed positive correlation, and dominance index showed negative correlation. The correlation
coefficient (r) was the highest in the richness index of about 0.664.
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1. Introduction =250 g ARE wgoz 24 At 2435 3
% 71800 <% JFue dadeia @ 5 gk olo] we}
FAET g ANY dBRAFERS olgd ABsty € ATE VIAA G FA 2A4M &g 71d e 73
A5g Mo FPARAY $2S BN FohHawkes, N HE AME HFFAFTEN X SHS A3
BMSIE 2t &3 JEY A5 Adshed 55

1979; Hellawell, 1986; Thomas, 1972). FUAE A4
NFFHFETES °l&std 2 HME Ao
(Yoon et al., 1992a; Yoon et al., 1992b; Yoon et al., 1992c)
olo] gt B7F AFZE= Won et al. (2006)2] 52 FAE
A 4*(Korean Saprobic Index, KSI)¢} Kong et al. (2018a)<]
A A& A 4(Benthic Macroinvertebrates Index, BMI), Kong
et al. (2018b)%] AAAY NP FHF5E A5 (Ecological
Score of Benthic Macroinvertebrates, ESB)7} 1t} 3Fx] gt
IHdA E2HQ1 aQ1& 7Hte = 3 ESFH AF=
A 7} A x| vl Q77 F59 dFelth A8 ATFE
2 AEA st vls) 28A sHdellA HlaF oege A
A ABFIAFFEEFTTC] S A2 st
(Culp et al., 1983; Death, 2000; Gore et al., 2001; Duan et
al., 2008; Minshall, 1984). =3 34 7129 =42 AAY
WIFHFTEY S5 2 MAFe] 9FS vA= FH &
ez &#A Ao (Beisel et al, 1998; Erman and
Erman, 1984), &3 t&o AAY HIFIFE ¥
TZE d&ste M $2 JAAE e It Corkum,
1989; Yoon et al, 1992b). 319 &3 H A4x9 w
st AejA dFE PIX= T8 Q4o tHMalmqvist
and Rundle, 2002; Nilsson et al., 2005). L FolA %= 4
7149 ngo] HIHstH AXNY A FHF5E]
£0lE 4 ATHTownsend et al.,, 1997a, 1997b).

ZFY ol A% Kong and Kim (2016)ell 2Jaf 3H4 7149 24
ol & AAH EFHFE 23S dH & 5 e AA
EE 31 3MdA(Benthic Macroinvertebrates Streambed
Index, BMSI)7} 7R g 024 o] & A EA Wsle] Al ¥
Ao &835t7] A% EHo2 AT BMSIY 782 T
AT EAE AF7MFAY Fo2 75349 sH3AT g
< 0~1008 22 AlFsle Fel2 FFHAJa, F4e 73
HE 53< U2 AtHKong and Kim, 2016).

a8y o] AFdAE ot 7129 {3 wE AAA
NEFHFETEY 28 SH4& 74 4, #4& 1A
Ittt SHAFC] Atk £2 T3 EFF 807 @A A
E F 9TE "X = Fa% alel7] we] FRol

FrEs}

o] ieh.
2. Materials and Methods

21. AIE2sE

AXE AP FHFEE skAsHEATY A ALER =
BEE 345 - THEEAGLY «FAHA A2 A 2
B7H08~"13\d)y" ¢t “otx FAEHA dF A 2 A7
B7H'14~'183)"9 AXE dIFHFF=F st 2 2
ZAMEATE o] &34t 3,0357] AFY A 28)(&E, 7HE) =
AHAT & AR AXY dEFHAFEEARE AME T 5
Qe FE G (sampling unit)= 20,15570 3}

T2 aQld 84Q1 A5E 47 AsiA AA =AAA
vy 53 ¢4 208 S AdES H48s
2 “E87H 7 BA| 2" (www.nier.go.kr)’d] dhH e &g
B71EAA F lFste FEE Ve £ALE SR
(Table 1). L3k 59 2= BODs (5-day biochemical
oxygen demand)$} T-P (total phosphorus)”} $1.2™, BODs 2
FE7F 2.0 mg/L olsto]EA T-P 9 HX7 0.04 mg/L )5k
A& AFsAE 23 Fste AF S 2,007 JeH
Z BEIAE 6,57171 G

Rt ofy

2
3

22, EAMHH

|od-

221. MM S= SHdAI+= M
atgel BEAB(@,: ¢=—Log)", D,=BB(mm), 337
A9 #33}, sH3A S A(lithophililic series value)2] 273 =
A dBFHFEEY S E3 E(combined relative
abundance)®] & # -2 Kong and Kim (2016)] £ 4+
< w5th Kong and Kim (2016)2] el wjel 28 31
st AEA AF9 6571719 AP oz FAF
X](Lithophilic valency)®} 3}gA]4~(Lithophilic value), A&
7}& A (Indicator weight value)E A 20| AHF st

sHd71d e 243 AXE ABFHAFFTE 23 TE Y
HAE BAS] A AR2o] F4E AXEE SHsHd

3

Table 1. Class of life environment of stream of Biological Oxygen Demand (BOD) and Total Phosphorus (T-P)

Class Biological Oxygen Demand (BOD) (mg/L) Total Phosphorus (T-P) (mg/L)
Extremely good la 1 < 0.02
Good b 1< 2 0.02< ~ < 0.04
Slightly good i 2< <3 0.04< ~ < 0.1
Normal 7 3< <5 0.1< ~ <02
Slightly bad VA% 5< <38 02< ~ <03
Bad 14 8< <10 03 < ~ <05
Extremely bad VI >10 >0.5
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A g ZH/AGFTE Husgeh £ o] &dH ZFATE
McNaughton (1967)2] $-3 =X<*(Dominant index; DI),
Shannon-Weaver (1949)2] T E=X]<=(Diversity index; H'),
Margalef (1958)2] &% =X 4*(Richness index; R), Pielou
(1975)9] o5 =X F(Evenness index; J) T}

3. Results and Discussion

31, SHMAZA & S|

MEA FEE 4 AR £72Y sHHASA= F 191A
AE BRT BT 719 AFH Aol& Byt olol wt &
Aol o] &d F 1917 AR BFT 5 1267] £FTAA &
EFTY U E A (Representative integer of lithophilic

value: 1)7F MEA A8 = ATHAppendix 1).

AXNZ AA FEAHNA SFETF =& AFEE=Y
(Hydropsyche valvata)®] SFgAIFXE B3t thFig. la,
1b). SHFAIE 0(2,,=-6)°] 03794 0342 TP oH,
AL 1(8,,=-5)°] 029914 03622 Z7} AL 2
(¢,=-47F 025014 02022 74, SHAIE 3(8,,=-3)°]
0.082 £, SH3AD 4, —1)7} 00114 0.022 273
Atk oldl EHIAF F2 0914 12 HAHIUTE ols
Z9 = Z(Hydropsychidae)7} B2 wWhE Fol] A48t

H, sHAFA 19 AE <A pebble (D,=16 ~64mm)<]
st A5 shr] W&o thKim and Kong, 2018). 71& AT}
s 7Hg FEZX ZolE Bl ERFES VEAEEAF
(Lepidostoma) L TH(Fig. 1c, 1d). SHSAIE 0(9,=-6)° 71&
045914 0272 Z2stgen, sH3AE 1(,=5)°] 0.259]
A 01622 #a, sHEAL 2(0,=-4)7F 0.16914 0.192 &
7}, SIAE 3(2,,=-3)°] 0.12¢14 03322 Z7}, AL
4@, =1)7} 0.0291 4 0.052 Z7}atgith. oldl o EakdAF
T 004 3e2 A WAHAT ole MEHEEHF
%0l 130X 38 27]7+A4 sand (D,,=0.063 ~ 2mm)Z F
& TEI, 3 o]Fds URAS o8t g TE A
Z5tH (Hansell, 1976), f+&0] =7 2ol A x2]517] o &
(Finlay et al., 2002), Hla4 AIHZQ] shgS Adodeh o
e g d=diFe 71Sd vls] 2ol 7484
xS A g ghol 2F/ 54& 2t o FEe s
Uetd Aoz gdd

32. MMSE SIMSHMXIF=BMS)2E MMSEX|T
(BMN)2| H|w

FAE& I AHAAFT AA AH AXMBFEASF
(BMD %} 7€ BMSI, MZ°] T/44¥ BMSIE Hlus 2
F 7}A BMSI EF BMI¢ 2 434S BEdon 1x9

(@) Original (b) New
1.0 1.0
0.8 | Representative lithophilic value (1) = 0 0.8 | Representative lithophilic value (I) = 1
0.6 0.6
04 | 037 04 | 034 0.36
0.29 0.25
0.20
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0.01 —l 0.02
? 0.0 ; 0.0 y
K] 0 1 2 3 4 0 1 2 3 4
©
3 Hydropsyche valvata
E (c) Original (d) New
g 1.0 1.0
=
b
- 0.8 1 Representative lithophilic value (1) = 0 0.8 | Representative lithophilic value (I) = 3
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0.45
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Fig. 1. Original lithophilic valency and new lithophilic valency of Hydropsyche valvata and Lepidostoma according to

combined relative abundance lithophilic value.
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G 100 [Original BMSI = 1.24 BMI - 21.69
@ r=0.93, p < 0.001
< New BMSI = 1.13BMI - 18.04
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Benthic Macroinvertebrates Index (BMI)

Fig. 2. Correlation of original benthic macroinvertebrates streambed index (BMSI) and
new benthic macroinvertebrates strembed index (BMSI) according to benthic
macroinvertebrates index (BMI).
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Fig. 3. Relationship between Benthic macroinvertebrates streambed index (BMSI) and Community analysis (Dominance index;
DI, Diversity index; H’, Richness index; R, Evenness index; J').
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Table 2. Class of Benthic macroinvertebrates streambed index (BMSI) for evaluation of streambed substrate status

Lithophility class Benthic macroinvertebrates streambed index (BMSI) Lithophility
A 80< ~ 100 Lithophilous
B 60< ~ <80 Psephophilous
C 35< ~ <60 Moderate
D 25< ~ <35 Psammophilous
E 0 ~ <25 Pelophilous

Table 3. Classification of Benthic macroinvertebrates streambed index (BMSI) for evaluation of streambed substrate status

from Kong and Kim (2016)

Lithophility class Benthic macroinvertebrates streambed index (BMSI) Lithophility
A 85< ~ 100 Lithophilous
B 65< ~ <85 Psephophilous
C 30< ~ <65 Moderate
D 15< ~ <30 Psammophilous
E 0~ <15 Pelophilous

24 (p<0.001) EJTHFig. 2). BMSI® BMI &4+
(mE 7129 Aol <F 0.93, M=o F4° Aol 2F 0.909]
g EATHFig. 2). 7€ vla] A Ze] 44 BMSIY &
Ax7t o Ikth 7129 BMSI &3 A 20] TAE BMSI
22 BMI Zto] ¢F 33.18< 7oz gIdom #A4E 3}
o7 yHem & AFS EYTh

33. MM SE StdsHRIT=(BMS) 2 Z&IX|=2| ZHA
A Ro] 749 BMSIE TRAF(FHEAF, HFEAF,
EXF, FEEAF)G TEZ §93Kp <0.001) FHA
#AthFig. 3). BMSIE A=A T 29 4#TS B
H(r=-0.588), tF =T H FFEAF, #5EAT
FARE BIHZDZ r=0.631, r=0.664, r=0.229). Al
S A shdel & mdel o "t A
Aol Z+28lH(Duan et al., 2009), ool wal BgEX|
2 ZRECAS gho] Yol TtHDuan et al., 2008). =3
H2 LTS BMSI IAFE doXBR gFEx s}
FE=2 7 BMSI9H &9 Z#EE B o2 wdd
. AEA ST 2o gt TRYTE AE 23
o] thFdol ForAaL, ag Fol s FHEASF
o] Folx|7] wWZ] BMSI® SAEAFE 22 <
HolA Hrh

1

o&mﬁ_@,[olﬁ

oo X 4y ool o2 2 o of

34. MM SE SHMsHMXIT=BMS)2 It S= 13-

Kong and Kim (2016)%] &4 @i wa A 2o F+44
AMEE AL AFBMSDE FA=E F7F 5538 ALF
stttk B7l 582 EFHUEERE ez AHEE
BMSI #9] sA4E 7122 sto] AFHAL, 755 S 4
3 5 G E VEoE WEH 5% thTable 2).

Kong and Kim (2016)2] BMSI #% #H7} 53 oldl¢t
2ol A3 H0o] tKTable 3). ARE E7A 5348 770
Z+zr 7129 Aol 15, 20, 35, 15, 1509 Aj=o] FAH A

o] 20, 20, 25, 10, 25 °]th. FFE TIFY Aol AR
A" A o] 71£9 A Bo ¢ 12A HriEo] Qth

4. Conclusion
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Appendix 1. Lithophilic valency( V), lithophilic value (I) and indicator weight value (g) of each indicator taxon.
lithophilic valency
NO. Indicator taxa " " " " " l g
o[y ] 4
Phylum Platyhelminthes (B85 &)
ClassTurbellaria(2}57)
1 |Dugesia | Zaye ol [ o3 o3 foz]o2]oo] o [ 2
Phylum Nematomorpha(#4138 5 &&)
Class Gordioida($ 7}FA174)
2 |Gordius aguaticus | A7} o202 o3 ]or o] 2 | 2
Phylum Mollusca( 3 &5& &)
Class Gastropoda(&Z74)
3 Cipangopaludina Yol F 0.1 0.1 0.0 0.1 0.7 4 3
4 Pomacea canaliculata FeHgo] 0.0 0.1 0.1 0.5 0.3 3 3
5 Gabbia misella H 3P ol 0.0 0.3 0.2 0.4 0.1 3 2
6 Parafossarulus manchouricus 2ol 00 | 00 | 03 04 | 03 3 2
7 Stenothyra glabrata S2Y71F+H ol 0.0 0.0 0.0 0.2 0.8 4 4
8 Koreanomelania dET R 0.4 0.3 0.1 0.2 0.0 0 2
9 Semisulcospira coreana Ho&7) 0.2 0.3 0.3 0.2 0.0 1 2
10 Semisulcospira forticosta FETEY] 0.1 0.3 0.2 0.3 0.1 1 2
11 Semisulcospira gottschei XA TE7] 0.3 0.1 0.2 0.3 0.1 0 1
12 Semisulcospira libertina og<&7] 0.3 0.3 0.2 0.2 0.1 0 2
13 Semisulcospira tegulata EFEOUEY] 0.4 0.1 0.1 0.2 0.2 0 2
14 Other Semisulcospira a9 9&7RF 0.1 00 | 02 | 05 0.2 3 3
15 Austropeplea ollula N7 & ol 0.0 0.0 0.1 0.1 0.8 4 4
16 | Radix auricularia =249 01 | o1 | 02 | 02 | 04 4 2
17 | Physa acuta AEolEE Pl 00 | 02 | 01 | 03 | 03 3 2
18 Gyraulus convexiusculus Tolg] g o] 0.1 0.1 0.2 0.3 0.3 4 1
19 Hippeutis cantori TR ol EEH o] 0.0 0.0 0.0 0.0 0.9 4 5
Class Bivalvia(©] = =)
20 Limnoperna forunei NEFA 0.8 0.0 0.1 0.0 0.1 0 4
21 Unionidae T2 0.1 0.3 0.2 0.2 0.3 1 1
22 Corbicula A3 0.1 0.2 0.2 0.3 0.2 3 1
23 Pisidium AZZNF 0.2 0.2 0.4 0.1 0.1 2 2
Class Oligochaeta( %l 2.7})
24 | Nereidae RA B o] 7 00 | 00 [ 00 | 01 | 09 4 5
25 Eisenia EXYolF 0.1 0.1 0.2 0.4 0.2 3 2
26 Chaetogaster limnaei EA o] 0.0 0.1 0.1 0.2 0.5 4 2
27 Branchiura sowerbyi o}7tu] =] o] 0.1 0.1 0.1 0.2 0.5 4 3
28 Limnodrilus gotoi ARG o] 0.2 0.2 0.1 0.2 0.3 4 1
Class Hirudinea(A ™2 7Z)
29 | Alboglossiphonia ZNGAAHE F 03 | 02 | 02 | 02 | 02 0 1
30 Batracobdella paludosa AFEH A 0.0 0.4 0.0 0.3 0.2 1 2
31 Glossiphonia ZAGAH A F 0.1 0.3 0.2 0.3 0.2 1 1
32 Helobdella stagnalis NEGH AR 0.0 0.0 0.0 0.3 0.6 4 3
33 Hemiclepsis japonica Z59H AR 0.5 0.3 0.1 0.1 0.0 0 2
34 Hemiclepsis marginata SAGH AR 0.1 0.1 0.1 0.3 0.5 4 2
35 | Toryx tagoi AT-2d A A 01 | 02 | 00 | 05 | 02 3 2

" : Lithophilic series value
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Appendix 1. Continued.
NO. Indicator taxa lithophilic valency , g
0 1 2 3 4
36 Whitmania sp. SALAWY F 0.1 0.0 0.0 0.7 0.2 3 4
37 Hirudo nipponia FAHY 0.1 0.0 0.2 0.6 0.0 3 3
38 Erpobdella lineata EAHE 0.1 0.1 0.2 0.5 0.1 3 2
39 Barbronia weberi (FEuH) 0.0 0.0 0.0 0.2 0.8 4 4
Phylum Arthropoda(Z A5 E&)
Class Crustacea(Z2+4)
40 Asellus = F 0.1 0.3 0.3 0.2 0.1 1 2
41 Gammarus QA7 0.2 0.4 0.1 0.3 0.0 1 2
42 | Atyidae A8 o] 7 00 | 01 | 0.1 | 02 | 06 4 3
43 Macrobrachium AR -7 0.0 0.0 0.0 0.1 0.9 4 5
Class Entognatha(W] 7-7)
Order Collembola(ZE7] &)
44 Collembola sp. EEE 0.2 0.2 0.3 0.2 0.1 2 2
Class Insecta(ZZ7)
Order Ephemeroptera(SH2t°] &)
45 Siphlonurus chankae A 5§40 0.0 0.0 0.1 0.1 0.8 4 4
46 | Ameletus zj ) o Aol 7 05 | 00 [ 01 | 01 | 02 0 3
47 Acentrella gnom 7 &shF4tol 0.2 0.2 0.2 0.3 0.0 3 2
48 Acentrella sibirica FLEFo| 04 0.3 0.2 0.1 0.0 0 2
49 Alanites muticus Azt 0.2 0.7 0.0 0.0 0.0 1 4
50 Baetiella tuberculata o & FsF4to] 0.4 0.3 0.2 0.1 0.0 0 2
51 Baetis fuscatus & 5FF4to] 0.2 0.2 0.2 0.2 0.1 0 1
52 | Baetis silvaticus zshE ol 04 | 04 | 02 | 01 | 00 0 3
53 | Other Baetis 9] mwpstFAel R 03 | 04 [ 02 | 01 | 00 1 2
54 Cloeon dipterum AR o] 0.0 0.2 0.1 0.2 0.6 4 3
55 Labiobaetis atrebatinus Y&EsHFAO| 0.1 0.1 0.1 0.2 0.6 4 3
56 | Nigrobaetis 735Ol 04 | 02 | 02 | 02 | 00 0 2
57 Procloeon maritimum Ao 5FFAo] 0.2 0.0 0.1 0.2 0.4 4 2
58 Procloeon pennulatum Zag] 5§ 4o] 0.2 0.3 0.2 0.2 0.2 1 1
59 Isonychia H A} 252 A o) F 0.1 0.1 0.6 0.1 0.0 2 3
60 | Cinygmula AR 7 03 | 05 | 01 | 01 | 00 1 3
61 Ecdyonurus bajkovae BgeFEAo| 0.3 0.2 0.1 0.3 0.0 0 2
62 Ecdyonurus dracon Ag2slFao] 0.3 0.3 0.1 0.2 0.0 0 2
63 Ecdyonurus joernensis e ) & 3} F4ko] 0.2 0.2 0.3 0.3 0.1 3 2
64 Ecdyonurus kibunensis FRAFA 0.4 0.2 0.1 0.2 0.0 0 2
65 Ecdyonurus levis v A kAol 04 | 02 | 02 | 02 | 00 0 2
66 Epeorus nipponicus B A Bh4ko] 0.2 0.4 0.3 0.1 0.0 1 2
67 | Epeorus latifolium Huto] F-x4 5174k o] 01 | 00 | 07 | 03 | 0.0 2 4
68 Epeorus pellucidus BA) 5FF4o) 03 0.2 0.2 0.2 0.0 0 2
69 | Heptagenia S-SR Ao 7 05 | 03 | 01 | 01 | 00 0 3
70 | Epeorus sp. FHA Aol F 09 | 00 | 00 | 00 | 00 0 5
71 Rhithrogena na Ag2EHE4] na 0.5 0.4 0.1 0.0 0.0 0 3
72 Choroterpes altioculus Al 22 sk Aol 0.4 0.3 0.2 0.1 0.0 0 2
73 Paraleptophlebia japonica FZY Ao 0.3 0.5 02 | 00 | 00 1 3
74 | Potamanthus A2 ol 02 | 02 | 03 | 03 | 01 2 2
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Appendix 1. Continued.
NO. Indicator taxa lithophilic valency , g
0 1 2 3 4
75 Rhoenanthus coreanus ZetFAto] 0.2 0.2 0.3 0.3 0.0 2 2
76 Ephoron shigae g 512tk 0.3 0.1 0.2 0.3 0.0 0 2
77 Ephemera orientalis BTl 0.2 0.1 0.2 0.3 0.1 3 1
78 | Ephemera separigata ZteFHatFAtol 0.1 0.3 02 | 02 | 01 1 1
79 | Ephemera sachalinensis Argtd shAto] 06 | 03 0.1 00 | 00 0 3
80 Ephemera strigata FY5F4o] 0.4 0.3 0.2 0.1 0.0 0 2
81 | Ephemera sp. FYatFAolF 02 | 07 | 01 | 00 | 00 1 4
82 | Cincticostella Rl sh#ao 03 | 03 | 03 | 01 | 00 2 2
83 | Drunella 2ot F 05 | 04 | 01 | 00 | 00 0 3
84 Ephemerella et aol # 0.3 0.1 0.2 0.3 0.0 0 2
85 Serratella W 2 shAkol # 0.4 0.3 0.2 0.1 0.0 0 2
86 Teloganopsis SESHFAIF 0.3 0.3 02 | 02 | 00 0 2
87 Potamanthellus chinensis W) shFAo) 0.2 0.2 0.5 0.1 0.0 2 3
88 | Caenis S A Aol 02 | 02 | 02 | 03 | 01 3 2
Order Odonata(&AF2] &)
89 Paracercion SASARAEF 0.0 0.0 0.1 0.1 0.8 4 4
90 Ischnura asiatica OFA| o} =12 0.0 0.0 0.0 0.1 0.8 4 5
91 Copera annulata A F A= 0.6 0.0 0.0 0.1 0.2 0 3
92 Platycnemis phillopoda A 32E 0.0 0.2 0.0 0.1 0.6 4 3
93 | Calopteryx EAAY 7 01 | 01 | 02 | 01 | 04 4 2
94 Gomphidae SR A R 0.0 0.0 0.1 0.6 0.3 3 3
95 Davidius lunatus 2 EHZAAE 0.3 0.4 0.2 0.1 0.1 1 2
96 Shaogomphus postacularis olg| =H AR 0.0 0.1 0.0 0.4 0.5 4 3
97 Nihonogomphus 1HSHZAE F 0.0 0.0 0.1 0.8 0.0 3 4
98 Lamelligomphus ringens =ASHIAE 0.1 0.2 0.3 0.4 0.0 3 2
99 Ophiogomphus obscura S A= 0.0 0.2 0.5 0.3 0.0 2 3
100 | Sieboldius albardae oA g+ AE 0.2 0.4 0.2 0.2 0.0 1 2
101 | Macromia ZHERAE] & 0.2 0.1 0.2 0.2 0.4 4 2
102 | Orthetrum LA 7 00 | 01 | 01 | 02 | 06 4 3
103 | Sympetrum SR R 01 | 03 | 01 | 03 | 03 4 2
Order Plecoptera(d =2 )
104 | Taenionema L AR B 0.9 0.0 0.0 0.1 0.0 0 5
105 | Amphinemura TANZ=HF 05 | 03 | 01 | 00 | 00 0 3
106 | Nemoura AR R 0.3 0.3 0.2 0.1 0.0 0 2
107 | Protonemura KUa AN A= KUa 0.3 0.7 0.0 0.0 0.0 1 4
108 | Paracapnia KUa WA S KUa 0.0 0.0 1.0 0.0 0.0 2 5
109 | Paracapnia recta NE= 0.1 0.7 0.2 0.0 0.0 1 4
110 | Rhopalopsole mahunkai AR AR 0.2 0.4 0.4 0.0 0.0 1 3
111 Yoraperla KUa H27tE4 %Y KUa 1.0 0.0 0.0 0.0 0.0 0 5
112 | Pteronarcys sachalina E2I1EAEY 0.1 0.0 0.9 0.0 0.0 2 5
113 | Archynopteryx KUa Z51EXEH KUa 03 | 04 | 04 | 00 | 00 2 3
114 | Isoperla ELEHF 0.6 0.2 0.1 0.0 0.0 0 3
115 Megarcys ochracea IEZ=Y 0.0 0.0 0.6 0.3 0.0 2 4
116 | Kamimuria coreana AR 0.2 0.1 0.0 0.0 0.7 4 3
117 | Kiotina decorata FUA= 0.6 0.2 0.1 0.0 0.0 0 3
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Appendix 1. Continued.
NO. Indicator taxa lithophilic valency , g

0 1 2 3 4

118 | Neoperla coreensis FEATY 0.5 0.4 0.0 0.0 0.0 0 3
119 | Oyamia nigribasis AZ=EH 03 0.2 0.3 0.2 0.0 2 2
120 | Paragnetina flavotincta A= Eol 0.7 0.2 0.1 0.0 0.0 0 4
121 | Alloperla IR RS AR B 06 | 00 | 03 | 01 | 00 0 3
122 | Sweltsa AR B 01 | 08 | 00 | 00 | 00 1 5
Order Hemiptera (:=8 4] &)
123 | Micronecta bR F 0.0 0.0 0.0 0.0 0.9 4 5
124 Muljarus japonicus =72t 0.0 0.1 0.2 0.2 0.5 4 3
Order Megaloptera (¥ &=l2] &)
125 Parachauliodes asahinai w2zl E-o) 0.4 0.2 0.2 0.2 0.0 0 2
126 Protohermes xanthodes E e 0.4 0.2 0.3 0.2 0.0 0
Order Coleoptera (%73 &%)
127 | Berosus Egdo|F 00 | 02 | 01 | 03 | 05 4 3
128 | Helochares FE9golF 01 | 00 | 01 | 02 | 07 4 3
129 | Laccobius AEGgolF 01 | 00 | 02 | 01 | 06 4 3
130 | Optioservus FHo2EEF 04 | 00 | 04 | 02 | 00 2 3
131 | Stenelmis Aoy edd R 04 | 03 | 02 | 01 | 00 0 2
132 | Other Elmidae a8 AdHF 03 | 02 | 02 | 02 | 00 0 2
133 | Eubrianax KUa SEEAZEH KUa 04 | 02 | 02 | 02 | 00 0 2
134 | Mataeopsephus KUa EAAEE KUa 0.4 0.2 0.2 0.2 0.0 0 2
135 | Psephenoides KUa EARHE F KUa 04 | 03 | 02 | 00 | 00 0 3
Order Diptera (3}2] &)
136 | Antocha KUa BF4TA KUa 03 | 03 | 03 | 01 | 00 1 2
137 | Dicranomyia KUa FH}714 7 KUa 0.4 0.5 0.0 0.0 0.0 1 3
138 | Dicranota KUa 714 HA KUa 01 | 05 | 03 | 01 | 00 1 2
139 | Hexatoma AZINTGAF 03 0.4 0.2 0.1 0.0 1 2
140 | Tipula oA F 01 | 02 | 02 | 03 | 02 3 2
141 | Psychoda v ohE] & 01 | 00 | 00 | 06 | 02 3 3
142 | Dixidae E R 01 | 04 | 00 | 01 | 03 1 2
143 | Culicidae 2% 00 | 00 | 00 | 00 | 09 4 5
144 | Simulium 3 2] F 03 | 03 | 03 | 01 | 00 1 2
145 Ceratopogonidae sp. SR F 0.2 0.4 0.1 0.2 0.1 1 2
146 | Chironomidae sp. (red type) 2% (red type) 02 | 02 | 02 | 02 | 02 2 1
147 | Other Chironomidae sp. a8 ZAui 02 | 02 | 01 | 02 | 03 4 1
148 | Bibiocephala KUa EYREY] KUa 07 | 00 | 03 | 00 | 00 0 4
149 | Philorus KUa ol 27] KUa 08 | 02 | 00 | 00 | 00 0 4
150 | Atherix KUa M&5ol KUa 06 | 00 | 04 | 00 | 00 0 3
151 | Suragina AN/ 04 | 05 | 01 | 00 | 00 1 3
152 | Stratiomyia KUa Sl 5ol KUa 02 | 01 | 03 | 01 | 02 2 2
153 | Empididae sp. o R 01 | 00 | 03 | 0.1 | 05 4 3
154 | Dolichopodidae sp. g g F 02 | 02 | 02 | 02 | 02 4 1
155 Tabanus kinoshitai o8 &350l 0.0 0.2 0.2 0.6 0.1 3 3
156 | Syrphidae sp. 2597 00 | 00 | 00 | 06 | 04 3 4
157 | Ephydridae sp. =7t 01 | 01 | 02 | 01 | 06 4 3
158 | Muscidae sp. Aoy &7 02 | 01 | 01 | 01 | 05 4 3
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Appendix 1. Continued.
lithophilic valency
NO. Indicator taxa [ g
o | 1 [ 2] 3] 4

Order Trichoptera (‘&= &)

159 | Rhyacophila KUb EY = KUb 04 0.1 0.5 0.0 0.0 2 3
160 | Rhyacophila nigrocephala ALY L= 0.2 0.3 0.3 0.2 0.0 1 2
161 Rhyacophila yamanakensis ZEEEEY 0.3 0.4 0.2 0.0 0.0 1 2
162 | Other Rhyacophila 19 EEEHF 0.2 0.2 0.3 0.2 0.1 2 1
163 | Hydroptila KUa o g =2 KUa 0.3 0.2 0.3 0.2 0.1 0 2
164 | Apsilochorema KUa AEEFELEH KUa 09 | 00 | 00 | 00 | 00 0 5
165 | Agapetus KUa Z39d= KUa 05 | 01 | 01 | 02 | 00 0 3
166 | Glossosoma KUa Feld= KUa 0.3 0.3 0.3 0.1 0.0 1 2
167 Dolophilodes KUa HW2Y&Ed=d KUa 0.4 0.1 0.2 0.3 0.0 0 2
168 Wormaldia KUa ded= KUa 0.7 0.2 0.1 0.0 0.0 0 4
169 | Stenopsyche bergeri Al HAAE=d | 04 | 04 | 02 | 00 | 00 0 3
170 | Stenopsyche marmorata (FEv8) 0.5 04 | 0.1 00 | 00 0 3
171 | Arctopsyche ladogensis Eaaast 0.8 0.0 0.1 0.0 0.0 0 4
172 Cheumatopsyche brevilineata nuEdEd 0.3 0.3 0.2 0.2 0.0 0 2
173 | Other Cheumatopsyche a8 mntEg=dF 0.3 0.3 0.2 0.2 0.0 0 2
174 | Hydropsyche kozhantschikovi EdEY 0.3 0.3 0.3 0.1 0.0 1 2
175 | Hydropsyche orientalis FEEE=Y 0.4 0.3 0.2 0.1 0.0 0 2
176 | Hydropsyche valvata AdEEd= 0.3 0.4 0.2 0.1 0.0 1 2
177 | Hydropsyche KD =<9=d KD 0.5 0.1 0.4 0.1 0.0 0 3
178 | Macrostemum radiatum ZE2=Y 0.0 0.0 0.0 0.0 0.9 4 5
179 | Plectrocnemia KUa A= KUa 0.2 0.3 0.3 0.2 0.0 1 2
180 | Ecnomus tenellus Ha e 0.4 0.3 0.2 0.1 0.0 0 2
181 | Psychomyia KUa FYE KUa 04 | 02 | 02 | 01 | 02 0 2
182 | Limnephilidae SEETHF 02 | 03 | 03 | 01 | 00 1 2
183 Goera japonica YETM G = 0.3 0.2 0.3 0.2 0.1 0 1
184 | Neophylax ussuriensis THASEE=E 0.2 0.3 0.3 0.2 0.0 2 2
185 | Apatania Ae-EE=d 7 09 | 00 | 01 00 | 00 0 5
186 | Lepidostoma VRIS 7 0.3 0.4 0.1 0.1 0.0 1 2
187 | Gumaga KUa g2y =g KUa 0.3 0.2 0.2 0.3 0.1 3 2
188 Molanna moesta EE 0.3 0.6 0.1 0.0 0.0 1 3
189 | Psilotreta TEAAE=HF 02 | 02 | 02 | 01 | 02 2 1
190 | Ceraclea vl g = R 04 | 04 | 01 | 00 | 00 0

191 | Mystacides KUa FAYug=a KUa 04 | 03 | 02 | 01 | 00 0 2
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