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Abstract

This study was conducted to develop a Benthic macroinvertebrates streambed index (BMSI) based on the response of the
community to the substrate type of streambed. Analyzing the seasonal (Spring and Fall) data (11,367 sampling units) surveyed
and collected during 2008~2014 at 960 sites in South Korea, we estimated the lithophility of 191 taxa. BMSI was composed of
the lithophilic value, indicator weight value and individual abundance frequency. It showed an extremely significant

correlation (7 = -0.8, p<0.001) with the mean grain size (in phi-value) of the streambed.
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1. Introduction

ABRES A 9 FFYHE EA 5= ol &5
O ™(Thomas, 1972; Zonneveld, 1983), AAY UPFAZF
EE& MEZUYE Y(Resh and Jackson, 1993) 2 A&
A BrIAEEA G o] &H o)k (Karr, 1999; Smith et
al, 1999), §35 Fdg7l] wj¢ Hggd ACR AFHIL
K Morse et al., 2007; Rosenberg et al., 1986; Shubert, 1984).
St AXY AIFHFEEY T2 digd AFZXNE A
Aot AFE M Fx9 AME Yoon et al. (1992a,
1992b, 1992c)ell &Jgt A AFECIAT °|F Won et al.
(2006)3 Kong et al. (2012) 5ol s AEFH +4 7}
£ 9 ARY A7 ASHAT sAT Y E8F
Edol st A E= Kong et al. (2013)°] AAIFH =24
A 4*(Korean Thermality Index, KTI)7} A 7FA] /L tch

83 A2AY g5t mE FAHAY FFS 59HF
EUHPe 2= ZAS7] o] WEd(udy et al,
1984) A 21x 9 &4 e i Brte a3 o
St 2FA H7E JHestA Stk(Sarver et al., 2000).
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o] 3]tz o]t Arunachalam et al., 1991; Reice, 1985).
V1A Y 37l =8E AAEEd =3T3 BA
g AYgsted /M 8% 290w (Evans and Norris,
1997), °ol& AX4 AIFAFF=Y &8 5% HAF
o & 9F& " Ak(Beisel et al., 1998; Erman and Erman,
1984). 729 AXE dZFHFs=S A2 tE 712
< A3 (Buss et al., 2004; Duan et al., 2009), 3 7]
29 717t gFdrE o g2 $E5°] A4 sH=(Minshall,
1984) ¥HH @228 shdelAe AEY o] 2l Gorman,
1988; Rankin, 1991). 53] A=o] X574 A& I
o] =0 &= AL (pebble: 40~64mm) sHaolA el B ET
Fgo] 7 w2 Aoz &EA AtiAlexander and Allan,
1984; Duan et al., 2008).

TS Y VIS TF A &) s HAe ¥
FS Yehlle 973 A EZA(MacDonald et al., 1991),
ARAY F7te AREFE FAEY F90] A=

Z7HeS 93 th(Dietrich et al, 1989). §F &9 FHx
_/]_\__

o AAL D #3EH(Ball, 1982; Platts et al.,
1983), Shatel sk 4B dEde BanE + 9

(Beschta and Platts, 1986). &Il F4¢, "= 52 AEL
W AEFAEA, A 7)Y 24 2 FFEFE O
55 T BSAFAFMulti Metric Index, MMDE &
&3to] FAYA Y 2448& Fristal A= olF A
P2 Hd71AY 244 7S #AE 7RIt
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2. Materials and Methods

21. AIETE
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221. BTUE ME, sIM7|Ee| 7EE, SHYHER 2F
1

SHg7124 9 1742 Cummins (1962)] w2} boulder (D, >
256mm, ¢<-8; D, :$7(mm), @Z*LogQ’”), cobble(D, =
64~256mm, &=-8~-6), pebble(D,,=16~64mm, P=-6~-4),

Gr-Cl

Pebbly cobble

Cobbly pebble Pebble

(a) Classification

gravel(D,,=2~16mm, ®=-4~-1), sand ©|3K D, <2mm, >
D)9 SHAR FESIL S EHY HAHHIE V|EeZ
BAYEE &R ().

&, =Y ,rd, (1
R EIE-E -

(the mean & value of grain size in streambed)
=709 AH g

m

ro 1Y
(the areal ratio of grain size 7 interval)
o, i YETRY FAYE @

(the median ¢ value of grain size ¢ interval)

std9 a2 F2 EF By 59 2HA YA 93
T Aoyt ol FFsSG AFAHEIE ZokE £ ¢
o 2 dFdAE AgE e 249 37Y 35 E
< Sand, Silt, Clay®] Tl wa} 2= E(triangle dia-
gram)Z P33 Shepard (1954)9 W& 83t 1A
9 4 FFE& 10HAZR FESIHAThFig. 1).

sH712 9 Fd met AA 2ARGS A YERE sH
HH9E 09 BHEAJ F -6, -5, 4, -3, -1& VLR
S E(lithophililic  series) STAIZ TFEIFHeH, Z
33 Al € A (lithophililic series value)x 0F-E 437 71x] F-of
319 TH(Table 1).

222. NMSE
2.2.2.1. MMY UIEFHFSE9| &=
=d W A F9 kAL %i%@%
2) AFaMAT 3) %
FAEXIHEANE)

P
B

@ BFMNA4(mean number of individuals)
BT b AQAA 28 @ TY F AMAST

mlm

Gr-Cl

17% ¥ 03%
/

Pebble

Pebbly cobble Cobbly pebble Pebble

(b) Composition

Fig. 1. Textural classification (a) and composition (b) of stream substrates in 11,367 sampling units.
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Table 1. Number of sampling units, average of mean grain size diameter and scheme of lithophilic series according to substrate types

No. Substrate. type Number of? Avc?rage.of mean grain Lithophilic series and value
sampling units size diameter (&,,) (L)

1 Bouldery cobble 333 -7.1 | 0
2 Pebbly cobble 1,342 -6.1

3 Gravelly cobble 514 -5.4 II )
4 Cobbly pebble 191 -5.2

5 Copegra 1,775 -4.7

6 Pebble 29 4.5 I 2
7 Gravelly pebble 250 4.1

8 Cobbly gravel 1,445 35 v 3
9 Pebbly gravel 1,965 -3.0

10 Gravelly clay 3,523 -0.9 v 4

k : Symbol of lithophilic series

ALY F ZAFERFE Ui olth(d (2). ©le °l&4
o2 shgolele] &g 8Qlo] ZARSERE Aoz} gl o
T e T2 AYHRE Aot §le Bl o8
g 5t ole 54 Fol duste sHETEE R =
ArlEt AR e 2dsd g HF Fol A4
71 gAY MG T BRI Aoz I 3l
BFe B FdMAF7E Zobd = 7] ol

-

rr

oy,

a, by @k

i=1
ik Ny n ( )

vy kAL Wi B9 BEAAS
(the mean number of individuals of species %
across sampling units of series k)

ap kAR Wi B AR
(the total number of individuals of species ¢
across sampling units of series k)

n, :kAE W F ZAEY F

(the total number of sampling units in series k)
kAL W =AY 0 FY AAS

(the number of individuals of species 7 in

ik
sampling unit j in series k)

@ A F/NA4(actual mean number of individuals)

ARFNATE b AQANA 249 ¢ T T AATE k

AGAA i Fo] 2T ZAIEAFE Yw Felthd (3).

& =
oA o& fFaddd A 9F Ee A4 229 +

el o eRE HAxAT + AW, 59 2AUE}
Pas

el BES] Bojd + qlnh

Yir = 3)

L, : Lithophilic value according to series &

kAR W B0 B ZAR) Az FEAAA S
(the mean number of individuals of species ¢
across sampling units where species ¢ is present in
series k)

g sk AD W i Fo] EAF RARY &

(the number of sampling units in series k where

species % is present)

@ &8 Z(relative frequency of occurrence)

FHEIAVNEE EFANATE 2HA F EA FY
A RFHE AT FOoEA k AN iFo] AT
AT E b ALY F ZAGAFE e gholthd
4). ol 54 ExAd g FEF BHFH HS=
€ W 5 oy Sl AFEs vrdsA Eenh
= @

s kAR W Y AgEaNE
(the relative frequency of occurrence of species %

in series k)

@ E3d3dEdE(combined relative abundance; relative
mean abundance with relative frequency of occurrency)
Dufrene and Legendre(1997)= &k F (group, cluster)$
BaMAT FHA R, (A 5)E Foldol did AFA
(measure of specificity), JNEIANE 2,5 2T Z(fidelity)
= EAeA o] F £ F@ A (6)& AEA 243
o &&% H Atk ole 5F F EdMAFL &dW
o

52 747 5gFog B Egste] sy g o
" Fol 54 ALl ta FHEdNEE 28 BAET
MAFE goAe 44 AgAL dd kol AXNA =
o ES o] 49 I k Y F AL F
oo FelAr] el tE 8959 9F¥ £ F

X A2 Tl mE o] o A2 F Uk
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4 35T - 4dTg
v — Tip respectively)
ik i ) L, : k AGY A EA(the lithophilic series value of
Ty .
i=1 ’ series k; 0, 1, 2, 3, 4)
m : Al89] & < (the total number of series); 5 L (z.y,2:¢), = Lemax Vz,y,2.¢), )

i, = By, X 2y, (6)

cp 2k AE W i T BEFEIE (the combined

relative abundance of species i in series k)

2.2.2.2. SHAAIZX|(lithophilic valency)2} 5FHAHX|4=(lithophilic
value) AHY

SHIAEE AXE W3
SAHL@EE 2dMAT,

2AFERY HPAFAE 7

Ag4 SAAF, &I

5 BggdEande 4 ()% 2ol vedadt
(2,,2,¢) 1 (z,y,2,¢),
W@,y,2,¢) = — = = (7)
E(xvyvzvc)zk Z (x Ys 2, c)
k=1 k=
V(z,y,2,¢)y, - k AQ W i £ sH3AIFA (the lithophilic
valency of species ¢ in series k)
V(l'),k, V(y)lk, V(Z)Zk, V(C)M : ZJl-ZJ'- jéiﬁ %@ﬂ]iﬂ‘/l:,

AFd EFNAF, SV E. EFFHESIAE
71&9] sH3AF A (the lithophilic valency based on
the mean number of individuals, the actual mean
number of individuals, the relative frequency of
occurrence, and the combined relative abundance

respectively)

2

Z F9 sHEATE &1
o 7+ Algel st 5
27v 7t5d sHdA ]4
= Voz,7b 7

T o= @_7& %}%E‘r.

dEE 4 ALY sHEAF
Oé A

QL
=
A
_O|L

T

7'4@31 P“Z]

1,(zy,2,¢) ZLkV(.I‘ Ys2,C) it ®

i &9 FdstdAF

(the average lithophilic value of species ¢)

1(2);, 1,(y);s 1,(2);, 1, (c); : 47 B SNAS, 284
EANAF, ATV E, SFLNEAE 7€YY
H5MIA S (the average lithophilic value based on

the mean number of individuals, the actual mean

la(x,y,z,c)i :

number of individuals, the relative frequency of

occurrence, and the combined relative abundance

1, (zy.2,¢); + i 59 WESFAS (the representative

lithophilic value of species ¢)

2.2.2.3. XI;.J}gxl(mdlcator weight value) MA
Zt £ ARIEAE AGE EAFHY ZTFHA

ru[ru

71Eo 2 2FsR 1;].(/0 (10)).

*Jﬂ]

TE EE

Zo] 3 Aol %if‘% q(EF AG 1, U 470
Ad BF 0) Hdi7t =59 78 ALY B 1 #F2
0457} Hth 2 AFoA e o] 5 5322 EFSY 1F

o]
B 5744 Zl:‘ﬂ}wﬂ Fo 5} TH(Table 2).

223. MME= sHdstdxlse 74

AMESE sHstgATE AAF 2= Ax7tsA9
o2 Jteddd sHIAT ghe 0~1008 o= AFstet
FEHZ TISHATHA (11)).

Zl

BMSI=|4———| X 25 (11)
Ehigi
i=1
BMSI : AME& stAsHEA T
(Benthic Macroinvertebrates Streambed Index)
i:A38 AEAESY dUus

(the number ass1gned to the species)

n @ 28 AZNESTY F5 (the number of species)

[, : 1 &9 AT (the hthophilic value of the species %)

hy i &9 MAGF £DE (the abundance frequency of
the species %)

g; + ¢ &Y AFZFEA (the indicator weight value of the

species %)

Table 2. Scheme of indicator weight values (g;) based on standard deviation (STD) of lithophilic valency

STD <0.09 0.09<~ <0.18

0.18<~ <0.27 0.27<~ <0.36 >0.36

9; 1 2

3 4 5
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Table 3. Scheme of abundance frequency (h;) according to rank percentage of abundance (F;)

Rank
(R) <20% 20%<~ <40% 40%<~ <60% 60%<~ <80% >80%
Frequency
5 4 3 2 1
(h;)
NAF 285 B 4 29 23MAF €95 HE9 Bttt AAH o2 2@ E7F W Chironomidae sp. &
TR HM&SAY (12), ol 5 sFLE TESIY 17H 2 & 4 d¥WATE Ve R AHEE 0}"}21]17‘]4 A

5742 F-of 55 tH(Table 4).

R N 100
=
N

R, ;i AFYE

(12)

%Y EMAT &9 HEE (the rank

percentage of species ¢ based on abundance)

species ¢

N, i ABAEFS EA/MAS £9 (the rank of

based on abundance)

N : ¥ 2935 (the total number of species)

3. Results and Discussion
3.1. S}AHAH S| (Lithophilic valency)
SHAIFR Y SHIAIEE EXe EASHEE tdEA U
1.0
0.8 - Average lithophilic value (I) =
’ Representative lithophilic value (1) =
0.6
0.4 -
0.30
0.23
> 0.0
§ 0 1 2 3 4
E (@) Mean number of individuals
2
g 1.0
o
S
] 08 - Average lithophilic value (1) =
: Representative lithophilic value (1) =
0.6
0.4
0.23 0.26
0.2 0.16 0.17 0.18
0.0
0 1 2 3 4

(c) Relative frequency of occurrence

e

7+ Zpol7} 7HE AStHFig. 2(b)). BEEANAFE 71&
o7 Agd ovwﬂxu EX(Fig. 2(2)e *Hﬂl%itﬂE
= 7]¢_ st ®(Fig. 2(c))oll HIE| Izt 2 FFo|ATh
JNEIATE 7E22 2FE SPAFAY Ad 2
£ AA E354 Tl 7 A YJEFSTHEFig. 2(d)).
" Fo] £F AES Hsse A JUEANEE

=os

B gaEdNATE 2okl F JeBE oF F9¢
4 EFFHEI= 3 gAFAE AT ALolA
g S AXE AoE oldHrh

R JH rlr

3.2. MMEEZ 5}MEHLRS(BMS)
3.2.1. HH5HAX|==(Average lithophilic value)2| &
vl 7HA] 2dE59EE FASIAFE JveE AgE
BMSI 33 5ol iU =(P,)9e BA = Fig. 33 2tk
¥ I FPALEE Huse FLAEE AT F2

1.0
0.8 - Average lithophilic value (1) =
) Representative lithophilic value (1) =
0.6 -
0.4
0.24
0.19 0.19 0.20
0.2 0.18
0.0
0 1 2 3 4

(b) Actual mean number of individuals

1.0
08 - Average lithophilic value (1) =
’ Representative lithophilic value (1) = 4
0.6
0.4 0.36
0.25
0.2 0.1 0.13 0.14
0.0 |
0 1 p) 3 4

(d) Combined relative abundance

Lithophilic series value

Fig. 2. Lithophilic valency of Chironomidae sp. (red type) according to each lithophilic series value.
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(c) Relative frequency of occurrence

6 355+ -4y
100 BMSI = -4.960,, + 36.46 100 4 BMSI = -1.330,, + 46.19
r=-0.790, p<0.001 r=-0.671, p<0.001

80 80 -
=
g 60 60 -
o0
N’
5 40 - 40
T
=
< 20 20 -
@
e
S 0 : ‘ : 0 -
P 8 6 4 2 0 8 6 4 2 0
—
a (@) Mean number of individuals (b) Actual mean number of individuals
]
+—
_g 100 BMSI = -4.13®,, + 39.83 100 BMSI = -6.890,, + 29.67
2 7=-0.791, p<0.001 r=-0.795, p<0.001
S
o 80 -
>
£
g 60 -
©
=
L 40 -
<
L
3
2 20

0 - T T T 0 T

-8 6 4 2 0 3 6 4 2 0

(d) Combined relative abundance

Mean diameter (& value) of streambed substrate

m

Fig. 3. Relationship between mean diameter (¥, value) of streambed substrate and Benthic macroinvertebrates streambed

index (BMSI) using average lithophilic values.

dutd o oF AL 24 &L 5 A7) WEel
Az 7te8add HATE ALY & SEA(0
EE 40 © aAY FA deido 55 AgdAs
g 7L AEHE HasdATE H&3 BMSI @2 st
A Q

2l BMSI %t
w2 wghgo] gt SMYYEY F F
o Zk(100

SEED

aY

7Ifte = g€ BMSI g
e Bad=el Wt =9 Fo4(p<0.00)S H
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(Fig. 4(d)), °1& 7122 AMY WFFAFEE & 191
2R SHHAFA(VE AHFsa, 2 AgEE g 2
SAAFAE B AR (N EIFA )Y A B7HS
A(g)E 2R HAppendix 1). BMSI k9] AAe & &
F& 7oz 3 RAolBE, A NENFHI) &

(genus) FF °lFe FAEFE HFHE Fede 4 9

FIASG AFAFAL AY P9 VT gL Gl
ek
33. MASE SIHGHXISBUS)2} 5HRH(Stream

order)2| ZtA|
dutxo g
E9 24,
AGAZ o]FoHth EFIUEIAES
SHA SR FBMSD = sHE A
thFig. 5).
sHAAE 19149 BMSI ghol ddiFoz &2 AL 3
Zo] Fil FAlo] EAT FFo] Ho| F&o] =g7| WF
ojgta M 4 Ut FAAFIF 2ETH AXHA BMSI
kol FopA =
Fo] F7tste dWHAR] Fs

ot 28y skAXS 59 BMSI Ftol skAxts 49 ghrch
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100 BMSI =-11.010,, + 21.75
. r=-0.785, p<0.001
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)
N
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T
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- 20 | . . IR L £
] NI RIS X L s
Q NI L
€ YU
s 0 ; ;
o 8 6 4 2 0
& (@) Mean number of individuals
]
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[}
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S
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>
£
o
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©
=
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-
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(c) Relative frequency of occurrence

=L BMSI = -5.840,, + 27.53
r=-0.717, p<0.001
80
60
40
20
0 T T
8 6 -4 2 0

(b) Actual mean number of individuals

100 - BMSI =-11.700,, + 16.17
. r=-0.791, p<0.001
80 | ° g
60
40 |
04, . a;
. ot oo .‘o“ 4.“'.‘-
. o Vet oot
" . L ."‘z!
-8 6 -4 -2 0

(d) Combined relative abundance

Mean diameter (& value) of streambed substrate

m

Fig. 4. Relationship between mean diameter (&, value) of streambed substrate and Benthic macroinvertebrates streambed
index (BMSI) using representative integer lithophilic values.

%2 olfel HaAdE +5 AR Basth
100

E Quartile
® Mean
30 A 95%

60

40 A

Benthic macroinvertebrates
streambed index(BMSI)

1 2 3 4 5
Stream order

Fig. 5. Variation of Benthic macroinvertebrates streambed
index (BMSI) according to each stream order.

34. SHHMsIAMXI=(BMS)2 It S
BMSI 87} 559 782 FRdU=Ed
AA g w2 BMSI @I 49 BHHE
(Fig. 4(d))°ll 71=319 k. Cummins (1962)9] 7
pebble, very coarse sand, coarse sand®l o] gk

T 7% dxst
AE(2,)d B/A
159l w2} cobble,
YFTFe o

9 Al gste @ KE@A -6, -4, -1, 0) Fig. 4d)9] 3
100
Lithophilous

80
Psephophilous

60

BMSI

Moderate
40

20 | Psammophilous
Pelophilous

0 T T T T T T
-8 -7 -6 -5 -4 -3 -2 -1 0 1

Fig. 6. Regression line shown in Fig. 4d and the classification
of lithophility based on BMSI.

Aol H&stAE o, ol APt EFHHNEIAE 7]
o] BMSI %<9 FAl= Fig. 63 Zth

AA 11,367 ZAFEANA Yebd sHAE 19 sHEAIE
Vel oigk BMSI g9 il =+= Fig. 73 2th

AL 19 g BMSIS Hi¥lEst HAXE Hole
BMSI & Z&4 34 (Lithophilous)¥ =24 54 (Psepho-

HN
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philous)®] ZAA aFsta, stdAL 19 AL Vel
0.5
Lithophildus Moderate Pelophilous
Psephophilaus .
> 0.4
°
&
o . - . K
> 03 Lithophilic series I Y
2 2
- ’
7’
.g ,I'
E 0.2 o"
& Lithophilic series VQ’/”g
0.1 —o "
LPemmTG
e .
0.0 L .
100 920 80 70 60 50 40 30 20 10 0

BMSI

Fig. 7. Relative frequency of BMSI and lithophility according
to lithophilituc series 1 and II.

dg JEd =7t vid ghe Hols BMSI g} & A2
3434 314 (Moderate)-J AA A sN@seh w=I =7+
3 =) (Psammophilous)?] ZA, Z#AT AEFA(Pelo-

philous)®] ZACl a|Fsh= BMSI @2 sHAIE Ve &
WH=rt 37 B F439] 7tste 7l dgetth
7120 g AMEE sHASHIATY AFE H7t &
F& Fig. 49 AN debd s 712ez 3,
NHERS st 5 B wed ZAZ & 3t 69 A
st 349 BMSI g 862 85, & 3k -4l sFsle= 3
A2l BMSI 3 632 65 S22 FE381% tHTable 4).

Table 4. Classification of Benthic macroinvertebrates streambed
index (BMSI) for evaluation of streambed substrate

status
Lithophility Benthic macroinvertebrates . o
Lithophil
class streambed index (BMSI) ithophility
A 85< ~100 Lithophilous
B 65< ~<85 Psephophilous
C 30< ~<65 Moderate
D 15< ~<30 Psammophilous
E 0~<I15 Pelophilous
4. Conclusion

A
i)
2
R
X
ox,

HERAZEE £ 191 £FEe 4]
=
=

2ol dg A2=E 246ty sHALE SHEAFAE =

oI, ol Hge® 74 ERTY Al 2 ARt

SAE AAslen, 4 F9 AxAG} JHEIA=R T4

g AMEE tAEAFBMSDE Adetr 1 HEYS

HAEZ 23 dojl 282 vad 2o

) AXY dIFHAFEsE 2P JHSIAATE S
SPNES M 1 EFLRNEI=TE JHHe=
37129 gHE grtetedl #&3tH, ALt s
AEA S BHCEAsHEAF)EAdE HIAFATE 7HE
E2 SPIALA(REF AT E 7oz HgE ok
sHIAF7E sHd7Id] dg grhe WEEs =2 ¢
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Appendix 1. Lithophilic valency( V), lithophilic value (/) and indicator weight value (g) of each indicator taxon

lithophilic valency

NO. Indicator taxa l g
o | orx | ox | o3 | oa
Phylum Platyhelminthes (A8 5 2&)
ClassTurbellaria (2}374)
1 [ Dugesia | e b 03 [ 02 o202 00 ] o 2
Phylum Nematomorpha (F+3 38 & &%)
Class Gordioida (71217
2 [ Gordius aguaticus EER 04 [ 02 o2 o200 ] o 2
Phylum Mollusca (AA & 2&)
Class Gastropoda (&%)
3 Cipangopaludina sp. PolF 0.1 0.0 0.0 0.1 0.8 4 4
4 Pomacea canaliculata 9ol 0.0 0.0 0.1 0.5 0.4 3 3
5 Gabbia misella AT -5-F ol 0.0 0.1 0.1 0.1 0.8 4 4
6 Parafossarulus manchouricus 2ol 0.1 0.0 0.1 0.3 0.4 4 2
7 Stenothyra glabra S2Y7IFH ol 0.0 0.0 0.0 0.0 0.9 4 5
8 Koreanomelania Sl 0.3 0.1 0.2 0.4 0.0 3 2
9 Semisulcospira coreana A&7 0.3 0.4 0.2 0.1 0.0 1 2
10 | Semisulcospira forticosta FETOEY] 0.3 0.4 0.2 0.2 0.0 1 2
11 Semisulcospira gottschei XA E7] 0.2 0.2 0.3 0.2 0.0 2 2
12 | Semisulcospira libertina == 0.3 0.3 0.2 0.2 0.0 1 2
13 | Semisulcospira tegulata EFEGUEY] 0.4 0.3 0.1 0.2 0.1 0 2
14 | Other Semisulcospira a9 g&rF 0.6 0.0 0.0 0.0 0.3 0 3
15 | Austropeplea ollula 71 ELEH ol 0.2 0.1 0.5 0.1 0.2 2 2
16 | Radix auricularia =93¢l 00 | 00 | 02 | 03 | 05 4 3
17 | Physa acuta Aol 5GPl 0.1 00 | 01 03 | 04 4 2
18 | Gyraulus convexiusculus Tolg| EE Yol 0.1 0.1 0.1 0.2 0.5 4 3
19 | Hippeutis cantori FA Tl FEH | 0.0 0.0 0.0 0.1 0.9 4 5
Class Bivalvia (©]= 9} 7)
20 | Limnoperna forunei HEHA 0.1 0.9 0.0 0.1 0.0 1 5
21 Unio T2 F 0.2 0.3 0.1 0.4 0.1 3 2
22 | Corbicula AR 7 02 | 02 | 03 | 02 | 0l 2 2
23 | Sphaeriidae 22z 0.2 0.0 0.6 0.1 0.1 2 3
Class Oligochaeta (F1 2.7
24 | Nereidae AA ol 00 | 02 | 03 | 01 | 04 4 2
25 | Eisenia sp. EAF ol 0.0 0.1 0.1 0.1 0.7 4 4
26 | Chaetogaster limnaei EAF 0] 0.0 0.2 0.1 0.1 0.6 4 3
27 | Branchiura sowerbyi o}7Fu] =] F o] 0.2 0.0 0.1 0.4 0.2 3 2
28 | Limnodrilus gotoi ARG ol 0.1 0.2 0.1 0.2 0.4 4 2
Class Hirudinea (A ™2 7))
29 | Alboglossiphonia 2GR AR 7 0.2 0.1 0.2 0.3 0.2 3 1
30 | Batracobdella paludosa AFEH A 0.1 0.0 0.1 0.4 0.5 4 3
31 | Glossiphonia 2GR A F 01 | 01 | 01 | 04 | 03 3 2
32 | Helobdella stagnalis NE9H A 00 | 00 | 01 | 05 | 04 3 3
33 | Hemiclepsis japonica 839 AHE 0.3 04 0.2 0.1 0.1 1 2
34 | Hemiclepsis marginata G H AR 0.0 0.0 0.0 0.3 0.6 4 4
35 | Toryx tagoi NG H A 0.2 0.1 0.0 0.5 0.1 3 3
36 Whitmania SADAW 7 0.1 0.0 0.2 0.5 0.2 3 2
37 | Hirudo nipponia FAHE 0.0 0.1 0.2 0.5 0.2 3 3
38 Erpobdella lineata =AY 0.2 0.1 0.2 0.3 0.1 3 2
39 | Barbronia weberi (F3873) 0.0 0.0 0.1 0.3 0.6 4 3

* ¢ Lithophilic series value
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Appendix 1. Continued.

. lithophilic valency
NO. Indicator taxa 0 ‘ N ‘ > ‘ 3 ‘ 2 l g
Phylum Arthropoda (22 5 &%)

Class Crustacea (27
40 | Asellus EddF 03 | 01 | 02 | 02 | 01 0 1
41 Gammarus FA+F 0.2 0.3 0.1 0.4 0.1 3 2
42 | Atyidae A a8 o] 7 00 | 00 | 01 | 01 | 08 4 4
43 | Macrobrachium AN S-F 0.0 0.0 0.0 0.0 0.9 4 5

Class Entognatha (W] 77)

Order Collembola (5 E7] %)

44 | Collembola sp. \ EEIE o7 o1 o200 oo o | 4

Class Insecta (2% 74)

Order Ephemeroptera (SH74H0] &)

45 | Siphlonurus chankae A 5FFAto] 0.1 0.1 0.1 0.1 0.6 4 3
46 | Ameletus 7] Zu] shFAkol & 0.3 0.6 0.1 0.0 0.0 1 3
47 | Acentrella gnom 7| &sF4tol 0.4 0.2 0.3 0.2 0.0 0 2
48 | Acentrella sibirica F&5FAo] 0.5 0.3 0.2 0.1 0.0 0 2
49 | Alanites muticus A3 Ao 0.5 0.1 0.1 0.3 0.0 0 3
50 | Baetiella tuberculata o & F5F4ko] 0.4 0.3 0.2 0.1 0.0 0 2
51 | Baetis fuscatus & T4 02 | 03 02 | 02 | 0.1 1 1
52 Baetis silvaticus ZxeF4o] 0.4 0.4 0.1 0.0 0.0 0 3
53 | Other Baetis 19| mupshEAolF 03 | 03 | 03 | 02 | 00 1 2
54 | Cloeon dipterum A XA o] 0.0 0.0 0.0 0.1 0.9 4 5
55 | Labiobaetis atrebatinus Y& stFAo] 0.0 0.0 0.1 0.2 0.7 4 4
56 | Nigrobaetis 28Ol 5 0.5 0.2 0.2 0.1 0.0 0 2
57 | Procloeon maritimum 223 Aol 02 | 00 | 02 | 04 | 02 3 2
58 Procloeon pennulatum Zag] &FF Ao 0.1 0.5 0.1 0.2 0.1 1 2
59 | Isonychia WAL 757 Ao 0.3 0.0 0.7 0.1 0.0 2 4
60 | Cinygmula FAY Aol F 0.7 0.2 0.1 0.0 0.0 0 4
61 | Ecdyonurus bajkovae B goFAol 0.3 04 | 02 | 01 0.0 1 2
62 Ecdyonurus dracon A5l o) 0.6 0.2 0.1 0.1 0.0 0 3
63 | Ecdyonurus joernensis g 2] & 5} F4ko] 0.2 0.4 0.2 0.2 0.0 1 2
64 | Ecdyonurus kibunensis FA A0 0.4 0.3 0.2 0.1 0.0 0 2
65 | Ecdyonurus levis H A S F4ko] 0.4 0.2 0.2 0.2 0.0 0 2
66 | Epeorus nipponicus A7 shF4tol 0.4 0.4 0.2 0.0 0.0 0 3
67 | Epeorus latifolium Huto] 3] 51 F4ko] 02 | 01 | 07 | 00 | 00 2 4
68 Epeorus pellucidus B 51 F4o] 0.4 0.3 0.2 0.1 0.0 0 2
69 | Heptagenia SN ASHF Ao 7 07 | 01 | 01 | 01 | 0.0 0 4
70 | Iron SHA AT 08 | 01 | 01 | 00 | 00 0 4
71 Rhithrogena na A ZeHE o] na 0.5 04 0.1 0.0 0.0 0 3
72 | Choroterpes altioculus Nz shEAto) 0.4 0.3 0.2 0.2 0.0 0 2
73 Paraleptophlebia japonica T2 sFAo] 0.4 0.4 0.2 0.0 0.0 0 3
74 | Potamanthus 2Bt A7 01 | 02 | 03 | 03 | 00 3 2
75 | Rhoenanthus coreanus ARS R A 0.3 0.1 0.3 0.2 0.0 0 2
76 | Ephoron shigae 254l 0.5 0.0 0.2 0.2 0.0 0 3
77 | Ephemera orientalis ST 0.2 0.2 0.2 0.3 0.1 3 1
78 | Ephemera separigata 7HeFH et R4l 05 | 02 | 02 | 01 | 00 0 2
79 | Ephemera sachalinensis AV & o] 0.2 0.7 0.1 0.0 0.0 1 4
80 | Ephemera strigata o514t 04 | 03 02 | 0.1 0.0 0 2
81 | Ephemera sp. FHs AR/ 08 | 00 | 02 | 00 | 00 0 4
82 Cincticostella T 5HEAkol 7 0.4 0.3 0.2 0.0 0.0 0 3
83 | Drunella Bt Aol F 0.5 0.3 0.2 0.0 0.0 0 3
84 | Ephemerella &etahFatol 7 04 | 02 | 02 | 02 | 00 0 2
85 | Serratella Haug Aol F 01 | 08 | 01 | 00 | 00 1 4
86 Uracanthella &3 FAolF 0.3 0.3 0.2 0.2 0.0 0 2
87 | Potamanthellus chinensis W}uf] 3} F4ko] 0.2 0.0 0.8 0.0 0.0 2 4
88 | Caenis SHASEAEF 02 | 01 | 02 | 04 | 0.1 3 2
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Appendix 1. Continued.

lithophilic valency

NO. Indicator taxa l g
o [ 1 [ 2] 3] 4
Order Odonata (FA}2] &)
89 | Paracercion SH2AAAE F 0.0 0.0 0.0 0.1 0.9 4 5
90 | Ischnura asiatica ofA] o} 72} 0.0 0.0 0.0 0.1 0.9 4 5
91 | Copera annulata A A= 0.0 0.1 0.1 0.2 0.6 4 3
92 | Platycnemis phillopoda it ! 0.0 0.0 0.0 0.3 0.6 4 3
93 | Calopteryx EZAE R 0.0 0.0 0.1 0.2 0.6 4 3
94 | Anisogomphus SHAAE 7 0.1 04 | 01 0.3 0.1 1 2
95 | Davidius lunatus HESHZAAE 0.3 0.4 0.2 0.2 0.0 1 2
96 | Gomphus postacularis oz ZH AR 0.0 0.2 0.2 0.2 0.3 4 2
97 | Nihonogomphus AHSHZAE F 00 | 00 | 0.1 | 08 | 00 3 4
98 | Lamelligomphus ringens EASHZAAE 0.2 0.1 0.4 0.3 0.0 2 2
99 | Ophiogomphus obscura SRR 0.1 0.1 0.3 0.3 0.1 2 2
100 | Sieboldius albardae oA g AE 0.3 0.3 0.3 0.1 0.0 2 2
101 | Macromia A 7 00 | 00 | 02 | 03 | 05 4 3
102 | Orthetrum DA 0.0 0.0 0.0 0.3 0.7 4 4
103 | Sympetrum SR AE 7+ 00 | 00 | 00 | 04 | 06 4 4
Order Plecoptera(d =2 &)
104 | Taenionema R A=t B 0.6 0.3 0.0 0.1 0.0 0 3
105 | Amphinemura TANA=HF 0.4 0.5 0.1 0.0 0.0 1 3
106 | Nemoura RIRARSEI RS 0.3 0.3 0.4 0.0 0.0 2 2
107 | Protonemura KUa AN ZEE KUa 0.3 0.7 0.0 0.0 0.0 1 4
108 | Capnia KUa N Z=Y KUa 0.1 0.5 0.4 0.0 0.0 1 3
109 | Paracapnia recta A= 0.7 0.0 0.3 0.0 0.0 0 4
110 | Rhopalopsole mahunkai AR AT 0.9 0.1 0.0 0.0 0.0 0 5
111 | Yoraperla KUa W27tEd = KUa 02 | 08 | 00 | 00 | 00 1 5
112 | Pteronarcys sachalina 2354 E 0.9 0.0 0.1 0.0 0.0 0 5
113 | Archynopteryx KUa Z251EZ=H KUa 0.4 0.3 0.4 0.0 0.0 0 3
114 | Isoperla EX=YF 0.5 0.4 0.2 0.0 0.0 0 3
115 | Megarcys ochracea IEZEE 0.4 0.3 0.3 0.0 0.0 0 3
116 | Kamimuria coreana AR 0.1 0.0 0.3 0.1 0.5 4 3
117 | Kiotina decorata FUZEY 0.3 0.5 0.1 0.0 0.0 1 3
118 | Neoperla coreensis FEAEY 04 0.4 0.2 0.0 0.0 1 3
119 | Oyamia nigribasis ZARAR 0.5 0.1 0.3 0.1 0.0 0 3
120 | Paragnetina flavotincta ARSEI R 0.6 0.2 0.1 0.0 0.0 0 3
121 | Alloperla RS AR R S 0.4 0.0 0.5 0.1 0.0 2 3
122 | Sweltsa AR B 0.6 0.3 0.0 0.0 0.0 0 4
Order Hemiptera (=71 &)
123 | Micronecta el EEE F 00 | 00 | 00 | 0.1 0.9 4 5
124 | Appasus japonicus A2 0.0 0.0 0.0 0.1 0.8 4 4
Order Megaloptera (¥ 7A}2] &)
125 | Parachauliodes asahinai Wl 2212 2o 0.3 0.3 0.3 0.2 0.0 1 2
126 | Protohermes xanthodes =R 0.4 0.1 0.4 0.1 0.0 0 2
Order Coleoptera (=72 &)
127 | Berosus EdgolF 0.0 0.0 0.0 0.1 0.9 4 5
128 | Helochares F=d9olw 00 | 00 | 00 | 08 | 02 3 4
129 | Laccobius Heddolw 00 | 00 | 01 | 01 | 08 4 4
130 | Optioservus variabilis T o2 0.5 0.2 0.3 0.0 0.0 0 3
131 | Stenelmis A AeddF 03 | 01 | 03 | 03 | 00 2 2
132 | Other Elmidae a9 J2HEF 0.4 0.1 0.3 0.2 0.0 0 2
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Appendix 1. Continued.

. lithophilic valency
NO. Indicator taxa l g
0 1 2 3 4

133 | Eubrianax KUa SZEEE KUa 04 | 02 | 02 | 01 | 00 2
134 | Mataeopsephus KUa W2E4Z0dE KUa 0.4 0.2 0.2 0.2 0.0 2
135 | Psephenoides KUa EA7bE 8 7 KUa 05 | 02 | 02 | 01 | 00 3
Order Diptera (2] &)

136 | Antocha KUa T4 KUa 03 | 03 | 03 | 02 | 00 1 2
137 | Dicranomyia KUa FHol 717tk KUa 06 | 01 | 0.1 | 02 | 00 0 3
138 | Dicranota KUa 4714 KUa 05 | 03 | 02 | 01 | 00 0 3
139 | Hexatoma AdeNdaAR 0.3 0.4 0.2 0.0 0.0 1 2
140 | Tipula oA F 01 | 03 | 01 | 03 | 02 3 2
141 | Psychoda i oE] 7 00 | 01 | 02 | 02 | 04 4 2
142 | Dixidae E-RsS4 R 0.3 0.0 0.1 0.0 0.5 4 3
143 | Culicidae =275 0.0 0.0 0.0 0.0 1.0 4 5
144 | Simulium = 3] 03 | 03 | 02 | 01 | 00 0 2
145 | Ceratopogonidae sp. AR F 0.1 0.1 0.2 0.5 0.1 3 3
146 | Chironomidae sp. (red type) 275 (red type) 02 | 02 | 02 | 02 | 02 3 1
147 | Other Chironomidae sp. a9 ZAug-F 01 | 01 | 01 | 03 | 04 4 2
148 | Bibiocephala KUa E8l27] KUa 02 | 03 | 05 | 00 | 00 2 3
149 | Philorus KUa Bl 2 7] KUa 0.4 0.4 0.1 0.0 0.0 1 3
150 | Atherix KUa M5l KUa 1.0 0.0 0.0 0.0 0.0 0 5
151 | Suragina AN &5+ 05 | 04 | 01 | 00 | 00 0 3
152 | Stratiomyia KUa Bl 59 KUa 0.1 0.0 0.1 0.5 0.3 3 3
153 | Empididae sp. Fo 7 0.3 0.2 0.2 0.1 0.3 4 1
154 | Dolichopodidae sp. o =8 & 02 | 02 | 03 | 02 | 0.1 2 1
155 | Tabanus kinoshitai od &5l 00 | 00 | 03 | 06 | 0.1 3 3
156 | Syrphidae sp. L5 F 00 | 00 | 00 | 01 | 08 4 4
157 | Ephydridae sp. 79 7 0.0 0.0 0.0 0.2 0.7 4 4
158 | Mucidae sp. A 9= F 00 | 01 | 00 | 02 | 07 4 4
Order Trichoptera (‘2= &)

159 | Rhyacophila KUb Ed % KUb 06 | 02 | 02 | 00 | 00 0 3
160 | Rhyacophila nigrocephala Aer Ed= 0.3 0.4 0.2 0.1 0.0 1 2
161 | Rhyacophila yamanakensis ZeEEEY 0.5 0.3 0.2 0.0 0.0 0 3
162 | Other Rhyacophila a9 BYEH 03 | 04 | 02 | 00 | 00 1 3
163 | Hydroptila KUa o dEe] KUa 02 | 02 | 03 | 03 | 00 3 2
164 | Apsilochorema KUa EFELGEY KUa 07 | 02 | 01 00 | 00 0 3
165 | Agapetus KUa 399z KUa 07 | 02 | 01 | 00 | 00 0 3
166 | Glossosoma KUa Fe G KUa 0.4 0.5 0.1 0.0 0.0 1 3
167 | Dolophilodes KUa 2Y& 2= KUa 0.0 0.2 0.6 0.2 0.0 2 3
168 | Wormaldia KUa Y&<d= KUa 0.6 0.1 0.1 0.2 0.0 0 3
169 | Stenopsyche bergeri Al A A = 06 | 03 | 02 | 00 | 00 0 3
170 | Stenopsyche marmorata FERI A=Y 0.4 0.4 0.2 0.0 0.0 0 3
171 | Arctopsyche ladogensis TSIy 0.3 0.5 0.2 0.0 0.0 1 3
172 | Cheumatopsyche brevilineata wetE G 0.3 0.2 0.2 0.2 0.0 0 2
173 | Other Cheumatopsyche a9 mnEdsd i 0.3 0.3 0.2 0.2 0.0 0 2
174 | Hydropsyche kozhantschikovi E4=Y 0.3 0.3 0.3 0.2 0.0 1 2
175 | Hydropsyche orientalis FEEI=Y 0.3 04 0.2 0.0 0.0 1 3
176 | Hydropsyche valvata APEed=Y 0.3 0.3 0.3 0.1 0.0 0 2
177 | Hydropsyche KD 9= KD 0.5 0.1 0.3 0.1 0.0 0 3
178 | Macrostemum radiatum ZE4=d 0.0 0.0 0.7 0.1 0.1 2 4
179 | Plectrocnemia KUa A& KUa 04 0.2 0.3 0.2 0.0 0 2
180 | Ecnomus tenellus He=d 04 | 03 | 02 | 01 | 00 0 2
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Appendix 1. Continued.

lithophilic valency

NO. Indicator taxa l g
0 1 2 3 4
181 | Psychomyia KUa 2= KUa 0.3 0.1 0.1 0.2 0.3 0 2
182 | Limnephilidae SEGEHF 03 | 02 | 03 | 02 | 00 0 2
183 | Goera japonica GEIIA G =Y 0.4 0.4 0.2 0.0 0.0 0 3
184 | Neophylax ussuriensis T SEE=Y 0.3 0.5 0.2 0.1 0.0 1 3
185 | Apatania N eEIEHF 05 | 03 | 02 | 00 | 00 0 3
186 | Lepidostoma HEREd =g &7 05 | 02 | 0.1 | 01 | 00 0 3
187 | Gumaga KUa dg ke KUa 04 | 02 | 01 | 02 | 00 0 2
188 | Molanna moesta gz 0.2 0.7 0.1 0.0 0.0 1 4
189 | Psilotreta FAXEF=YF 00 | 09 | 01 | 00 | 00 1 5
190 | Ceraclea BLlEa=t 06 | 03 | 02 | 00 | 00 0 3
191 | Mystacides KUa AU gx 8 KUa 03 | 02 | 03 | 02 | 00 0 2
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