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Tolerance values of macroinvertebrate taxa in Liao River basin
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Abstract: Tolerance represents the relative capacity of aquatic organisms to survive and reproduce under different levels of
environmental stress. Tolerance values (TVs) of macroinvertebrates are broadly used for calculating metrics applied in
bioassessment. Variability among TVs may be related to regional differences in macroinvertebrate sensitivity to pollution;
whether the calculations and amendments of TVs are appropriate for one region is the basis for accurate evaluation of river
health condition. Two methods, namely, expert opinion and statistical analysis, have been used to derive the TVs of
macroinvertebrate taxa. The TVs currently used in bioassessment of northern rivers in China were acquired from relevant
literature and expert opinion. The bioassessment results, however, will be more accurate if the TVs are derived from
statistical analysis. The objective of the current study was to derive the TVs appropriate for macroinvertebrate taxa in
northeastern rivers in China. Macroinvertebrate data from 308 samples were collected in spring and autumn in 2009 and
summer in 2010 in the Liao River basin. Using the revised Simpson index, we assigned the water quality into five categories

as: = 10, excellent; = 6, good; = 3, good-fair; = 2, fair; and < 2, poor. Different scores were marked to different
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water quality; excellent, 1; good, 2; good-fair, 3; fair, 4 and poor, 5. Macroinvertebrates were grouped and coded based
on abundance at each site; < 1 ind./sample = 0; 1—2 ind./sample = 1; 3—9 ind./sample = 3; and = 10 ind./sample
= 10. The average abundance values for each taxon were calculated for each of the five water quality classes. The average
abundance values were converted into a cumulative percentile: the 75" percentile value was used for a taxon that had > 10
records and the 50" percentile value was used for a taxon that had 5—10 records. This yielded preliminary tolerance values
of 0.0—4.5, which were transformed to final tolerance values on a 0—10 scale. A total of 195 macroinvertebrate taxa TVs
were calculated, including one genus in one family for each Megaloptera, Amphipoda, Decapoda, Basommatophora,
Unionoida, Tubificida, Hirudinea, Turbellaria, and Arachnida; one family of Collembola; two families (including one
taxon at genus-level) of Hemiptera; five genera in three families of Plecoptera; five genera in four families of Odonata; five
genera in four families of Mesogastropoda; six families (including five taxa at genus-level) of Coleoptera; 13 genera in 10
families of Trichoptera; 17 genera in eight families of Ephemeroptera; and 18 genera and three sub-families in 12 families of
Diptera. The other 71 TVs were derived from expert opinion and relevant literature. TVs were classified according to
sensitivity as; TV < 3, intolerant; 3 < TV < 7, intermediate; and TV = 7, tolerant. The dominant macroinvertebrate
families in the Liao River basin were divided into the three groups as follows: intolerant group, including Corydalidae
(2.1), Perlidae (1.3—2.1), Rhyacophilidae (0.6—3.0), and Leptophlebiidae (0.4—1.7); intermediate group,
including Hydropsychidae (3.7—5.3) , Baetidae (3.4—6.2) , and Planorbidae (3.7—5.5) ; and tolerant group, including
Tubificidae (5.0—9.9) and Erpobdellidae (7.8—8.6). The intolerant and intermediate groups comprised nearly 84% of
the total taxa, while the tolerant group comprised only 16% of the total taxa. We suggest that TVs can be used to assess the

water quality of streams and rivers in northern China.

Key Words: macroinvertebrates ; tolerance value; Liao River basin

Mt 15 0E (TV ) 248 4= YA i [a] R 23 (8] b X5 BREE R 07 BT 320 | S i T A W) 7E A58 ) T4 R HAE AR A
AR RE ST IR T A A 2 AR, 8 ¥ (5 SR VR Ryl S A 0 T s 1) A A A i
BT R R S W AN R 2R BT B AR BR U0 Hilsenhoff A8 (HBT) 1 At 2 kg A 45 5k
(NCBL) " UM/ V5 00 4 8 BELR A 4R 200 5, B TR TS (A T30 0 I R Wl g > ik o % R BLAS ]
Hb R X SRR A A S T 5 (AP 22 5 o X T2 BRI A (1 KBS Zh W) ok 106, 52 M | BRARAE S5 R 45 Y
S ) —Rh AL 1w R — i T A 75 1 o R R b IX ok ) A TS ()0 i 2 B i 2 ) — Rl
RO (E A& AR A8k, 38 [ E Z 3B )5) (USEPA | United States Environmental Protection Agency) HEE%E
by P DI 0 4 it b 23S ST T SR PEAGER R PG AR S L P e b A DV v R XS AN IX
B RAE RN S S R R

I, 3 B R A A Sl e 15 (8 A T 58 4l 224 b T rh B s X, i VTP I L 22 e A L X 2 YT A
KIT=ANAE i3 E ALy M X A SR 50 iedh  DIAE RIS (I TR L KA 8, 55 5
FA TR 5 (B A REAS B ol /D X L3R R JECAR Sl W i 35 (B AT 58 b B, A BIFSE R T 2009—2010 4F 10 70]
AR A Sh ) HE A BE W0 HE T 1 IR R B AN B ) 24 2R BRI S A, S A 1 s K
J A WA B BB SARHE FECE SR A T ) AR b X R P8 S AVG sl i 5000 T 1 e A 3 S 4

1 #RFTEE

1.1 BRIt

I T E AR A HB X B 30 (116°30'E—125°47'E, 38°43'N—45°00'N) , Tl i 4 1 1345 km, Ji 8 i
1y 22.0x10* km®, 1L M[HIAEFE K B 350—1000 mm , FEAK 5> A AR 3450, B K B 1 2R R 1) PG 628 s /D
HZEHT 6—9 A, A5 2EROKEI 70% , J8& iR IR 01 KR E T XS, (0Tl g il e
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DX AL 22, 7 35 R AE 30% LT K R 8 R KD TR E X, AR B X, RO AR TR
TR WP R AT A A 2R R DA B O T (38.29% ), B (23.65% ) FIAMKHE (24.3% ) IR Z, B3
(6.45%) , i1 b (4.43% ) FI7K H (4.4% ) BT o5 Lo A5 Fe 20 S e 5 b FTRR b 32 2 40 A A2 30 T 38 1) < pg L P
FA RN PG LA — G JAL X 33 4 D AR R 0 e A, VT it e S AR K IX 0 ) 7K B AR S5 0K 2 R 4, oh
TUFR B COD i BOD, & A, &% Tolk s Yesmie k!
1.2 RAURHE S SRS

2009 AT FKEH 2010 4R F FEID I 3L 35 B 308 ANRE A (& 1), T I8 RS 1 3l 40 S5 A il
FIHZRAAM (L 0.3 mx0.3 m,fLA% 0.5 mm) , LA A BT A RAEWT AR 3 A AR KRR S vk
FEH 60 BT AL IE , BCA 500 mL [ FU, I 75% W0AG PR AF . TESER = 44T, R AR =X B 3408% ( Olympus
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Fig.1 The sampling sites in Liaohe River basin

1.3 KRGl

TR EE A M 2R BOK T b R 8 BRI, AR AU FE T TR A X K R G
HES YT V5 (E T AR TS Lenat™ $2 HY B9 T %K 5 X040 n 4, %F 6 B9 Shannon-Wiener ZFEVEFE S (H') /K B il
IIARERERT TR R H =4 BOE T H =3 050 H =2, %0510 =1, 5,10 <1, 85, KUFRFAH 0 #
15K BRI 53 R BRE AR AR B SOMN A A 5] T AMETT i 19 Simpson Z2FEVEFEEL(D") 1) 73 (0 45 RALHS,
ARHFFER A DRI (K 1),

x1 KERZEANRKSIRAERES
Table 1 Water-quality rating and score

Iy KB i D TR B W4y

Water-quality rating Score Water-quality rating Score
=10 Bl i 1 =6 Tk 2
=3 ®i5 3 =2 s 4
<2 o5 5
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Table 2 The transformation between individual number and abundance value

EMER 12 2% 3% 4%
Biological parameters Type 1 Type 2 Type 3 Type 4
A Individual number <1 1—2 3—9 =10
F 5 B Abundance value 0 1 3 10

1.4.2 YHATTSE(PTV) #i%E 77k

PTV B e A1 5 LA R LA G IR

(1) F7K G IT , Bl i 1 73 5 Wi I 2 05 4295 0K 3 0 s h s 4 70 B {5 5 70 (36 1) 5

(2) LA Hydropsyche orientalis ], ¥ B3 2 07 Bl LA 4 HE s 9 A A £ 5 A

(3) 15 H. orientalis FEA /K BT P (04 3= 5 B [ ISP 31 B80AH 07 01 389 3 B L An A S /K A b 2
TR 144 FEAR 22 P F R EEE R 144/22=6.55(%£ 3) 5

(4) I3 H. orientalis 75 5 17K BRI 1341 4= FE ) 2R E 7301 80(4% 3)

1) 20 H. orientalis 1) 5 7K B -4 & BEAEAS S P25 BAE

6.55+5.05+2.61+1.40+0.73=16.34
2) T H. orientalis 5B 7K T H 1) REE 4300 4K

I T 6.55/16.34=40%

Hik (6.55+5.05)/16.34=45%

By5 (6.55+5.05+2.61)/16.34=87%

His (6.55+5.05+2.61+1.40)/16.34=96%
Hig (6.55+5.05+2.61+1.40+0.73) /16.34=100%

41t H. orientalis 16 A FE S BRI ECH 98,

£ 3 H. orientalis EREKRRHN THEHFEEEMRRAT MUY

Table 3 Average abundance and accumulative percentiles by water-quality ratings of H. orientalis

=] T T ®i5 g GG
Item Excellent Good Good—fair Fair Poor
S FE EH Total abundance 144 192 282 73 64
FEAEL Number of sample 22 38 108 52 88
FHFFE Average abundance 6.55 5.05 2.61 1.4 0.73
4 E B Accumulative percentiles 0.4 0.71 0.87 0.96 1

£ Lenat” W5k, WS H. orientalis R URTH 15 {8 1 EFUE 207 BCEAR TR N T . 02 B0 iR 4
I RECR T 10, LA 75% 0 N EEAE IR LR TS E ; 5—10 YK, LL 50% 435 BUE AW bR V5 E ;0 F 5 0, A
SIS, 456 SCHk PR R L S 0 ks e s (e, Ha A .
PTV =L, + (A=N,)/(N, =N,) x (L, - L,)
KL R EAIKIEBOMN A L, N A KBRS E N, A Ly, IO R E L8 N, R Ly, Ik g i
A, AN T5%88 50%
WA LA LR, H. orientalis () H BRIRECR 98, iR 75% 435 O N ABLAE 00 LG i 35 1, A& 3 T,
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75% 53 LA TR 1 (45% ) RS (87% ) Z 18] I 1 (6 R 2, 5805 I 50 E R 3,4 L, =2,L,=3,N, =45%,
N,=87% XA XTI HA AT {5 {H PTV 2l 2.3,
1.4.3  TH{SE(TV) B3 E

R IR TT IR R BRI AR TR S (B A S A VSR — e T 1—4.5, MRAEA TV =2x(1.43xPTV-1.43) ¥4
BT TS A 4 R P AR5 1 (oM A S R 0—10) , i B354R8 H. orientalis 1 TV J9 3.6,
1.5 TiysREAERY R 53

AR BT 5 (1 PRI, PR 40 0 3 26040 TV <3, U8 BF (Intolerant group ) ;3—7, — kT
1525 (Intermediate group) ; TV =7, it {528 ( Tolerant group) .

2 #R

2.1 RAEUEHWI SRR S5

L] 3 B R A SR AR R AR A 3 ) 236 J& (Fh) , H3 1403039 Sk, K@ T4 171 12 4931 H 102 B, Hop
T HEBYIT] (Arthropoda) 8 H 178 Fi, (5 JEEAT 2l #) B8 60% , ARSI 1] (Mollusca)5 H 32 1, (5 11%, 5
ST (Annelida)4 B 25 #, 15 8% , IE 8191 1( Platyhelminthes) 1 H 1 1, (% 2%,

2.2 KGR

FIFEIT i Simpson 8% ( D) XFILIANAI, 308 AFE A AT AT HON R 43, Forh oK R il s 15 Ye iz
BIRE R (R TR I AR 205 ) 5 54.5% , 15 Y BCE U (RS S ) FE A B 45.5% 4 R R B GE A TS
EAITHR (R 3) .

2.3 RAUEH ) T 253 FE BT itis

ARBFGEAAT T ALK 195 A KBRS 73 2Tt is (8 (B 1) s R Ry 3 H 1 #H 18, i
WEH 4RSS B M E 3RS IR, BE 10R 13 )8, it E 8 B 17 )8 i E 6 Bl 5 B,k HE 2 B 1 8, W
WH A3 TR I8 E, MEH 1A wmEH 1R LE, TEH 1R E, RRB 1R 3E, PIEEH 4RSS E,
BEH LR R, B H 3 R4 8 W3R S B B L BB RN LB R, SRR M A
T 71 B BTG E,

L TAT S 35 1 2 s Y SRR AT BRI R} Tubificidae (5—9.9) #1443 188k Erpobdellidae (7.8—8.6) . USSR
H5H B Corydalidae (2. 1), 18 B} Perlidae (1.3—2. 1), J& £7 8 B} Rhyacophilidae (0. 6—3) , 4il % % #}
Leptophlebiidae (0.4—1.7) & , — it V5 2B A7 80A R Hydropsychidae (3.7—>5.3) , U7 B2 £} Baetidae (3.4—
6.2) , Fit ME MR A} Planorbidae (3.7—5.5) 5%, KA AN 204 LABUR A AN b BE TR V5 Aok 32 W3 o 81 840 2K ot
ALY 8490 T 15 ZEHEAE AL ALY 16%

3 Wig

VEIGE 4 H 7 W R RT R 25 7K T G B0 A7 30 20 v 3 K R R Sh W Tt 5 (L A T4 . Lenat™ SR
EPT 4328 S 080 Rk g B R4 r e, Hofs EPT 4028 BCROR T 41 W K BRI o i i, AT
G2 AL UG RE 1 EPT (EAX R, B K 5 A RS IR 0 5 B (4 46, L EPT 43 28 it AN
it 27, EAHE S TR [ A ST R RGA -E FHI R 2 B EPT (B35 18 14 A1 17 4%
WFFTAAE) PELL K BT EPT (B4 16 (AR & FE W) . PRIk, AHEEN 3¢ [F 5 B A EPT #FhF
R 25 52 5 Lenat (7K TG00 43 AR A TS B T ABF 58 X0 SR R =2 — . A, 58 BEIK S 2 5 K143 A
YT AR TR 7 AR 25 X3 R 6, 3k 75 B2 A R AR KIS , EL T 4 e 52 B B AR B0l A9 3R B, R EPT 1A
TR 53 T /ANEAS BRI ANE . PR, 7 b R B g 7Kk A A 0 W0 T B A e b T R K 5 AR T
W, 5 E PR E A T SRR T H AR A R

Xt T 2R S Tl e A Sh 5 (B A 5 v, 4 0 25 ) BT 2 PR M8 B A T K R R 4y, IR DA
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M) 4 AR 5 9, UME T 5 R B KRS B T b, [FAE A F50K Simpson ZFEMEFEEL 4 20X
OYBRAERCR 5 9, R s R AT K SR BNR 43 B S 350 e K AR A s A T 3 (8 H v T A, (EAHIESY
BT R B 5 BAIAFAEA L, 10 HoRH Simpson 22 P48 B 47 RE 550 7K 2 5 K1 4, i B2 2 B8 B3 3 A
AEFE RN 22 50, H— B AR 005k X5 R X K BT SR AR A B, 36 EIXT IR 4% FUK A S XN
SRl TR R AR A X TR K S R bR o DR, o R AR A S 3 T K A S X YA A AR
HETTEE ST A PRI LT A 12 03T i 2K B R Rl o3 B e

T 5 (LA Sk S AR i 22 S A T30 —Fp A JE M A — 8 RS e 1, B 5N IR AR AR K I A
TAEFHRIEE R F A 050 & BUAR 15 A6 A [R) B0 XA [l — 2 2t IR U RS ARAF 22 R K, & 38
L5 & A AR A, Lenat 76X 38 EIAUAR MR BUCA Sh Py it 15 (6 A 55 v, 25 JE B T A 8] 28 BT 37t rh oK AU
WS AE 532 BT A I R 1 1 T 9 25 5 0 ST 5 1 S TR) 2 A 3 R AL IS A sl 4 (b i e 3t
fili b, S5 EPA HES, T 5 AL X 9 KRR 314 /3 FE B Teiiti5 (EIAR R L Bressler 451 FEXT 2 PH 4 L
] KIS S S (A 5 P A 81 T i DX 2 S %) [ A8, P o A G, 7K S 4S5 8 0T B2 5| A KR RS A7
YT TS EZSA I BRI 2R AN, =R o i s BRAE YD B RS 03] 3t LA B3z N R 45 28 S v i T, I
AR T, R B AR FER OO A T T B, P Rhif 52 58 1 AH X T, R 0 b 26 i3 A s (st & I F
G o AW T A TS (A 5 R AR X () A A — 7 25 57, X S g AL Jr s g S K SCAR A DI G
Eb AN 26y K PR, 7R 5 A A AR e LR DX ey M IX A3 AR T, DT 6 B0 Tid 52 M AR X i, 131
B 3R WO R R 250y Fl @ v ke ) FEID IR TV 2 6.9, M 7E 8 [ 4530 X TV & 4.0, JEWISh# (1)
O AAT —E ML | R —BH @ BT B R SEAN ], R A i5 Y 1S 32 g 1A [R) , S BOR R X R —F s
Py R TTIS (EAFAE 25 5 5 BIVAE 2 AN [7] b 2 X3 g [) — 0 b | FLTin 35 68 ) mT BB Bl R B AN [ i & 2B A8 4k, DAL it
i 35 (1 4180 RI R, P LA DX A e 500 AR 5 v TR TS G 3 4 A it 35 (2 AR IR 2009 4F AT 2010
AE AR AEIL T 38R AR T T SO TR AR e b DX fef

H BTG A Jr ik H #5835, BR Lenat ™) (3185 58, Bressler! " i8R T PCA Xof % P4 74 He o] A Al
JEME SIS (AT TAFSE , 3 5 2 AL RN Lenat B3 E5 AT T HER , e ZAETT T 3 W Rl 0 TR (8
A, 56 [E EPA 3 T HETE Fr_F3X i 0 A PCAY EPT GAMM') DL R Fimi s 4 170 46y 92 iy e | 42
HE X S 7k B i A R B Y P B AR ) B E U Oy il B RE %8 R AR M DX ) TR ER . Ak,
PCA GAM FIFHMASE R v e 353 A R S AV Sl 0 it 75 (1 Pk v P T | R b sk 6 05 32 7 Tk 60 A ke KRS sl )
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AREXBRBLEENY S LATHSESE —SLXATEPFEFRBBX EE 5 MEXTSEMELER( LR, EC, FEA

X NG, LRI WL g e 2 M 5 O, 2 M 5 DI, Zih fif M s MACS , R P I Al B I T A4

Appendix I Tolerance values of macroinvertebrate taxa in Liao River, and the value of the same taxon in the Eastern area of China and NC

(North Carolina, Southeast, WI ( Wisconsin, Upper Midwest), OH ( Ohio, Midwest), ID (Idaho DEP, Northwest), and MACS ( Mid-Atlantic

Coastal Streams

Y HIE Taxa LR EC NC Wi D OH MACS
BT Arthropoda

A Insecta

J"# H Megaloptera

YRl Corydalidae 2.1 3.8 0
AL Protohermes grandis 2.1

SV )& Protohermes spp. 2.1 3.8

JIE R Sialidae 45" 4

PRSI Sialis spp. 45"

IEIE H Odonata

AR} Coenagrionidae 7.4 9 9 6.1 9
RS AN Cercion sexlineatum 7.5*

Enllagma civile 5*

FIER} Gomphidae 1.5 2.7 1
Jiti R E R Sieboldius spp. 35"

INH-F5WE B Gomphidia spp. 52

B A WARYE Davidius lunatus 2.2

VI HEE Stylurus spp. 1

KB AR YE Anisogomphus maacki 0.7

- WE & Ictinogomphus spp. 35"

5%} Libellulidae 9.4 8.5

lEAL Claopterygidae 0.7 2.4

H AW Calopteryx japonica 0.7

FA AR} Platicnymidae 45" 9

A SR platycnemis spp. 45"
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3P BIE Taxa LR EC NC Wi D OH MACS
¥ H Plecoptera

HiFL Perlidae 1.8 1.2 1 1
1 WJE Neoperla spp. 2.1 1.6 1 3.1

KINEME Oyamia spp. 1.3

%4 F} Perlodidae 1.4 2

1l JE Tsoperla spp. 0

Megreys ochracea 1.9

Eccoptura spp. 3.5%

244 F} Chloroperlidae 2 1 1

F AR Suwallia spp. 2 0 1

E#H Trichoptera

S AR Hydropsychidae 5 3.7 4 4
RS 1 E Cheumatopsyche spp. 4.5 3.8 6.5 5 5 2.9 5
ZRITMKE B A7 18 Hydropsyche orientalis 3.3

BB 5 IR 80U Wk Hydropsyche kozhantschikovi 4.6

S Hydropsyche yaeyamensis 3.1

SR Hydropsyche spp. 4.3 4 4

WAL L A7 48, Hydropsyche nevae 3.7

Arctopsyche spp. 4 1

£ 47 8k} Stenopsychidae 1.7 4.7

S8 414 Stenopsyche marmorata 1.7

£ 40 Wk J& Stenopsyche spp. 1.7 4.7

JFUf7 AR Rhyacophilidae 1.8 1 0

JEAT T Rhyacophila spp. 1.8 0

Rhyacophila sibirica 3* 0

L JEUf 4% Rhyacophila nigrocephala 3

Rhyacophila kawamurae 1.1

Rhyacophila nakagamwai 4%

Rhyacophila brevicephala 0.8

Z A} Polycentropodidae 2.5 1.9

LM A1) Neureclipsis spp. 2.5 2.8 4.4 7 2.7 7
WEATIRAL Psychomyiidae 2.5 2

AT k)8 Psychomyia spp. 2.5 2

VA4 B} Liminephilidae 3.0" 3

Hydatophylax festivus 3.0*

Wi A7 3 BE Hydroptilidae 3.4 4 4

Wi A7 W% )& Hydroptila spp. 3.5 6.2 6 6 3.2 6
B /NA Wk & Agraylea spp. 1.0* 8 5.7

T A B Glossosomatidae 1.7 0 0

T A MKJE Glossosoma spp. 1.3 0 1.5 0

Glossosoma altaicum 1.9

JAAIREL Goeridae 1.6 0 1

H A8 i, Goera japonica 1.6

KA H IR Leptoceridae 4.1 4 0.9 2 4

Wi A A8k Setodes turbatus 3.6 2

Mystacides spp. 5.3 4 4

15 A1 B Odontoceridae 2.2 0
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3P BIE Taxa LR EC NC Wi D OH MACS
Psilotreta kisoensis 2.2 0 0 0
A IEE Ecnomidae 6.0" 6
AT Ecnonumus spp. 6.0%

L%} Phyrganeidae 55" 4

Hagenella spp. 557

2B A7 88} Philopotamidae 35" 3 3 3
Z KB Dolophilodes spp. 35" 1 1

74z H Ephemeroptera

U5 IER} Baetidae 6.2 4.5 4 4
POKPUATF Baetis thermicus 6.2

VU5 4% Baetis spp. 6.2 2.5 3.1 5 6
FEAA R /INIREE Acentrella sibirica 3.4 4 4
JINERIE JE Acentrella spp. 3.8

H AL IF Baetiella japonica 4.8 2.2

R —3W4Z)E Procloeon spp. 6"

Baetis bicaudatus 2"

FE IR Palingeniidae 55" 4

B ILIFIR Anagenesia spp. 55"

Ji IR} Heptageniidae 3.8 3.6 4

T M- B Epeorus latifolium 2.6 2.4

EHIEE Epeorus spp. 25° 2.4 1.2 0 0

IR Cinygma spp. 4.4 4

VRIWEJE Rhithorogena spp. 3.2

Jit IR IR Ecdyonurus spp. 2.5

WEZE i M % Ecdyonurus tobiironis 2.8

S WWE Ecdyonurus viridis 2.4

Ecdyonurus bajkovae 0.9

25 M F. Ecdyonurus kibunensis 1.2

BN Cinygmula spp. 7* 3.3 4

%8R} Leptophlebiidae 1.2 4 2

Z5 0 55 FWF Choroterpes altioculus 0.4 4

AN FEWE)E Paraleptophlebia spp. 2 2 1.2 1 1 2.8 1
H A AN 5 % Paraleptophlebia japonica 1.7 2

VAT AEIER} Potamanthidae 1.3

WA AESE Potamanthus huoshanensis 1.3 4 1.6 4

BZRER} Ephemeridae 2.8 2.4 4

ZR )7 W Ephemera orientalis 3.2

2%80% Ephemera strigata 2.3

W4 & Ephemera spp. 2.8 2.1 1 3.1 1 4
JNIERL Ephemerellidae 4.7 4.2 1

L4RTENE Serratella rufa 3.8

TRECHRTUNTE Serratella setigera 5.6

HRILWR)E Serratella spp. 4.6 4.3 2 0.6 2
HIZSYREE Drunella trispina 35"

HAYRIF Drunella basalis 1.3

RIZIE Drunella spp. 1.3 0.5 0

ZBE/NIF Ephemerella atagosana 3.0" 2 1 2.9
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3P BIE Taxa LR EC NC Wi D OH MACS
Cincticostella orientalis 0.8
B IRl Neoephemeridae 5.0° 0
/N[ EF Potamanthellus chinensis 5.0°
AEFERL Caenidae 6.9 472( ({E(ﬁg:;) 7
Y7 )E Caenis spp. 6.9 7 7.6 7 7 3.6 7
25 0% A} Tsonychiidae 0.9 1.5
H AR 4E0% Isonychia japonica 0.9 1.5 3.8 2 1.9 2
#5# H Coleoptera
K fa L Hydrophilidae 2.2 8 5
Hydrobius spp. 2.2 5
BBl Elmidae 6.6 3.7 4
BIEH B Ampumixis spp. 7 4
Macronychus spp. 5°
Je BB Dytiscidae 0.5" 9 5
Neonectes natrix 4
Copelatus spp. 0* 9.1 5
R FE Laccophilus spp. 2 10 5 7.9 5
AR Rl Haliplidae 6.7 8 7
Hemerodromia spp. 6.7
JHHEL Scirtidae 1.7 5
Hydrocyphon spp. 1.7
J Ve HBL Psephenidae 1.1 1.5 4
Eubrianax spp. 1.1 4
P2 H B} Dryopidae 5.0 9 5
Helichus spp. 5.0" 5.4 5 34 5
A H Rl Carabidae 7.6 9
212 H Hemiptera
TR Belostomatidae 0.3
E[) FH %5 1% Lethocerus indicus 1"

Blepharicera spp. 1.5

K58} Corixidae 7.7 9 10 5
Callicorixa vulnerata 7.5 7.2

X458 Callicorixa spp. 7.7

W# H Diptera

FEIR} Chironomidae 7.4 6

HI A% IU® Procladius spp. 4.7 9 9.3 9 9 6.5 9
K LRI A} Tanypodiinae 4.2 5.9

P AL Chironominae 7.2 5.7 6

BRI A} Orthocladinae 6.9 4

158} Ceratopogonidae 2.8 6.2 6

15 )& Bezzia spp. 0.8 6 6
Palpomyia pruinescens 5

Palpomyia spp. 5 6

KGR Tipulidae 4.8 1.5 3

WIKIUR Antocha spp. 4.3 0.1 4.6 3 3 2.2

Antocha saxicola 4% 0.1
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3P BIE Taxa LR EC NC Wi D OH MACS
KR Tipula spp. 7.2 2.2
Prionocera spp. 5" 4
IR Hexatoma spp. 2.3 2.1 4.7 2 2 2.3 2
Ormosia spp. 5.7 6.5 3
WAL Simullidae 2.7 3
W) Simulium spp. 2.4 2.4 4.4 4.8 6 6
Simulium yonagoense 0
H 2 Simulium japonicum 5.3
Simulium venustum 2.8 7.4 5 6
JEAJE Prosimulium spp. 6.5 3
Prosimulium daisetsense 5.2
##} Tabanidae 5.9 7 8
119g it Hybomitra montana 5.9
W& Tabanus spp. 5% 9.7 5 5 5
KL AR} Dolichopodidae 9 4 9.7 4 4
s 4% )& Rhamphomyia spp. 8.9 6
Dolichopus spp. 9.5
K& Hydrophorus spp. 5
Rhyphium spp. 9.1
IR Psychodidae 2.6 10 10
%@ Psychoda spp. 2.6 9.9 10 3.7
KR} Ephydridae 3" 7 6
Discocerina spp. 3"

Scatella spp. 2"

iR} Empididae 5.3 6 8.1 6 6 3.5
Clinocera spp. 56" 6

Hemerodromia spp. 6.7 6

Oreogeton spp. 6.3" 5

Ephydra spp. 7"

PR iRl Athericidae 4.6 2

ThTSHTJ& Atherix spp. 4.6

KA} Stratiomyidae 2.4 6 8

Odontomyia spp. 2.1 7
Protoplasa fitchii 5* 5

Protoplasa spp. 5% 5

ANISF} Dixidae 9.8 3 1 1
YNIE Dixella spp. 9.8

HAICRE Chaoboridae 9" 6

Chaoborus americanus 9" 8.5

Chaoborus spp. 9*

ICRL Culicidae 6.9 6 8

JiE5# H Hymenoptera

WK IERE Agriotypidae 5

WK ¥ Jm Agriotypus spp. 5%

#FEH Collembola

£ A (4 JK) B Entomobryidae 9.7

Tomocerus spp. 9.4*
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3P BIE Taxa LR EC NC Wi D OH MACS
AT Mollusca
5240 Crustacea
4t & H Amphipoda
FIFRL Gammaridae 7.4
FUR)E Gammarus spp. 7.4 2.5 4
+ &£ H Decapoda
KA AR Palaemonidae 6"

F5 W FAUF Leander modestus 6" 2

FEUFEL Atyidae 4.5

Syncaris spp. 4.5

HEAR H Mysidacea

BEIFRL Mysidae 5%

JUBEER Acanthomysis spp. 5%

Ji /£ 40 Gastropoda

fili 2 3IV. 24 Pulmonata

JEMR H Basommatophora

Jii #5428} Planorbidae 3.7 5 7
Y42 Gyraulus convexiusculus 43

i BEMR Gyraulus compressus 5.3 8
Ji WEMRIE Gyraulus spp. 4.5

3R Wk Polypylis hemisphaerula 5.5

KIF IR 42 Hippentis umbilicalis 5

Hippeutis spp. 5

"5 /& H Mesogastropoda

FEIZE} Melaniidae 1 5

Assiminea lutea 1

HESIRAL Lymnaeidae 6.2 8 6 6.9 6
Radix spp. 6.1

Wil 3 N2 Radiv swinhoei 6.8

B MEZ Radix lagotis 52

8% MEZ Radix plicatula 3

KEE M Radix auracularis 3.7

SI% NI Radix ovate 4.1

H# MNEZ Radix auricularia 0

HIHEV 24 Prosobranchia
"FiE £ H Mesogastropoda

AL Hydrobiidae 7.9 7 7
IR Bithynia fuchsianus 8.1

Stenothyra glabra 4.5% 4

FHIZE} Viviparidae 8.4 5 6
HFEIABIR Bellamya aeruginosa 9.8 6

FUE HEE Bellamya urificata 6.1 6

HWIRJE Bellamya spp. 6

AR MR Cipangopaludina cahayensis 1

[ [5 FHR Cipangopaludina chinensis 4.6

L5 LB 2 Cipangopaludina ussuriensis 1

[ [ I8 J& Cipangopaludina spp. 3.2
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3P BIE Taxa LR EC NC Wi D OH MACS
XFEL Bivalvia
I H Unionoida
BRIERL Unionidae 5.2 5 8
B TEk I Unio douglasiae 1.6
Anodonta euscaphys 5°
FURHS A Eulamellibranchia
BRIAEL Sphaeriidae 7" 8 8 8
BRI Sphaerium lacustre 7*

HA5SHIT Annelida

LB Oligochaeta

Bl H Tubificida

WikE| Rl Tubificidae 9.2 10

I BHLIE| Branchiura sowerbyi 9.9 8.5 8.4

IK 22831 J8 Limnodrilus spp. 8.6 9.6

BRI KLLI Limnodrilus hoffmeister 8.5 9.4 9.8

SRR K 2288 Limnodrilus. claparedianus 9.9 9.6

FPAEERIE| Tubifex sinicus 5 5.9

2285 B} Lumbriculidae 10 8

Lumbricu.variegatum 8.6 9.6

1EEF} Lumbricidae 8" 10
Bimastus Parvus 8"

1244 Hirudinea

FIER} Erpobdellidae 8.6 6

Nephelopsis spp. 8.6

J\H A& Herpobdella octoculata 7.8

%1% H Gnathobdellida

H#IERl Haemopidae 5.7 6

75 N # W% Haemopis gracilis 5.5°

ARG LR IT Whitmania pigra 6.1

1% H Rhynchobdellida

Ji#ER} Glossiphoniidae 5.9 10 8
Placobdella spp. 6.7 6
WA K 4 1% Hemiclepsis kasmiana 6"

K T 18 Glossiphonia complanata 5.5%

Y 5 WE Glossiphonia lata 6"

T % )& Glossiphonia spp. 1.5

IEEIHIT Platyhelminthes

WRFEAN Arachnida

Argyronetidae 2.6

IK B Argyroneta aquatica 2.6

4 HL 44 Turbellaria

B i HURE Planariidae 2.6 4 1
RIK =S Dugesia spp. 2.6 4

# . BRGFALERITITGE; B 1P REURA S AL 28 BOTTT TS (ER 2 T 8 TR C R E WFr (840 11153
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