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Abstract: The community structure of benthic macroinvertebrate respond sensitively to water environment. According to the com-
munity structure characteristics, the ecological condition of the watershed can be evaluated, and vice versa. At present, the re-

search on benthic macroinvertebrate community structure and water environment was mostly qualitatively studied, which could not
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accurately reflect their quantitative relationship. In order to quantify such relationship, we conducted three ecological surveys in the
Taizi River, and obtained ecological data from 136 stations. We obtained the habitat water environment driving factors through
screening, and used weighted average (WA ) and thresholds indicator taxa analysis ( TITAN) to analyze optimal values (OV) and
threshold of indicator species ( group) of driving factors for water environment in benthic macroinvertebrate (BM) community, dif-
ferent diversity levels and feeding function group. The results showed that the driving factors of the BM community were dissolved
oxygen, conductivity, and total nitrogen (TN). The sensitive BM community have high OV in dissolved oxygen, while the pollu-
tion-tolerance species has low OV. The sensitive BM community also have lower OV in conductivity and TN, while the pollution-
tolerance species has higher values. The lowest dissolved oxygen OV in the Shannon-Wiener index (0-1] interval, and the highest
dissolved oxygen OV in the (3-4] interval. The OV of conductivity and TN in each group were ranked as follows: (0-1] interval<
(1-2] interval<(2-3] interval<(3-4] interval. In the five functional feeding groups, the highest and the lowest dissolved oxygen
OV were the shredders and the gatherer-collectors, the highest and the lowest conductivity OV were the gatherer-collectors and the
filterer-collectors, and the highest and the lowest TN OV were the gatherer-collectors and the scrapers. The dissolved oxygen thresh-
old of BM sensitive species were higher than that of pollution-tolerant species and other species, while the sensitive species of con-
ductivity and TN threshold were lower than that of pollution-tolerant species and other species; The Shannon-Wiener index (0-1 ]
interval had a negative relationship with threshold of dissolved oxygen, and positively relationship with threshold of conductivity and
TN; while the Shannon-Wiener index intervals of (1-2], (2-3] and (3-4] had a positive relationship with the threshold of dis-
solved oxygen and a negative relationship with the conductivity and TN. The BM feeding function groups ( FFGs) indicated by dis-
solved oxygen was shredders, and had a positively relationship with the threshold of dissolved oxygen, while the feeding function
groups indicated by conductivity and TN include filterer-collectors, scrapers and shredders, and had a negative relationship. The
scrapers’ conductivity and TN threshold were the highest. The study showed that analyzing the optimum value and threshold value of
the aquatic environmental factors of the BM community, the relationship between the BM community and the aquatic environmental
factors of the river can be quantified, which had important guiding significance for the protection and restoration of the river ecologi-
cal environment.

Keywords; Taizi River; benthic macroinvertebrate ; feeding function groups(FFGs) ; optimal value; thresholds
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Fig.1 Distribution of sampling sites in the Taizi River Basin
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Tab.2 Optimal values of water environmental factors for benthic macroinvertebrate species in the Taizi River

A YFh A/ (mg/L) HRER/ (puS/em) BAE/ (mg/L)
B H 4 Insecta ZRITIF Ephemera orientalis 13.26 213.42 2.58
i w7 F Heptageniidea 13.79 260.62 4.40
PUTWEJE Baetis sp. 10.06 219.39 2.56
] G TR FHIE Epeorus herklotsi 9.20 189.26 1.91
HXPLENUEFE Cinygmina yixingensis 10.43 228.83 1.76
MEEFER) Leptophlebiidae 12.06 147.08 2.04
ez Ephemera nigroptera 10.29 294.62 0.57
oAk 8 Hydropsyche sp. 10.56 304.81 1.80
K RS 1)@ Cheumatopsyche sp. 10.71 272.48 2.95
£ A1l Stenopsychidae 9.65 178.32 1.57
S INGERE SC Micropsectra atrofasciata 9.89 352.67 0.89
=PI R PRI Cricotopus trifasciatus 10.94 343.80 1.05
i1 J& Tabanus sp. 12.44 290.22 2.94
L& Psychoda sp. 10.48 214.40 1.49
2488 & Lestes sp. 9.95 542.65 2.58
WA 5 WE Macromia clio 9.08 464.19 3.98
BLWEJE Aeschna sp. 12.76 233.56 3.14
244 Crustacea  F5 1N FAMF Exopalaemon modestus 9.49 413.54 2.61
THEARJE Mysis sp. 12.87 282.90 2.36
4R & Acanthomysis sp. 9.99 239.27 3.03
U JE Gammarus sp. 13.30 300.32 0.85
M 4N Gastropoda  KH- B NE Radix auricularia 9.79 316.81 2.89
BeH% NE Radix tagotis 9.65 305.51 3.02
HZH 3 M2 Radix clessini 13.73 321.68 3.93
KGR i B2 Hippeutis umibilicalis 11.44 195.85 2.94
S H2JE Bithynia sp. 9.40 436.36 4.17
B Oligochaeta 2 Hi7K 22 45| Limnodrilus hoffmeisteri 5.99 574.34 8.36
TLRIAAIK 2285| Limnodrilus claparedianus 10.66 404.96 3.93
I3 [C B Branchiura sowerbyi 9.74 574.77 2.79
1% 2K Hirudinea ZFKAUE Haemopis acranulata 10.31 474.63 1.43
E R Eh A 1E Barbronia weberi 9.73 314.17 2.46
NG i 4% Glossiphonia complanata 14.71 352.30 2.81

ISPy I SE AL 5 BT (9 147,08~ 574.77 wS/em, FA{H g 320.55 S/ em, A1 FEUE R
B 3RS (R 6 (147.08 S/em) , F FE FESRIBI B 1 5 A (LA (574,77 uS/em) 5 86 PR th o
S P S BEK , FR ARG/ MEAR 2 427.69 wS/em , Hooh 7 /K 22 5] 35 LG FE BRE) | 2 80 1) Pl 3¢
{E7E 500 WS/ cm LA I ; H1 5 3 HIE (L I A MR AT 07 25 FHIE U RY £ 0 O I o 2.

I WD) R R R (LS A s, R IR 22 0 8., J 4 0.57~8.36 me/L, P (i
%y 2.68 me/L, SR 0 08T (R 16 (0.57 me/L) | 75 /K 224816 ST 79 8.36 mg/ L) 5 A LT
(.08 P B o 0 <00 < P < JE 20 < 55 0 4
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oK AT K P D T 5 3 SRR 9 301490 B B AR 1 0 e, R 125 Bl 5
SRR (1195 S5 15 L 14 R 0V ST B , T 5 0 5 A 1 el 59 i U 1
{66 it A S O

TITAN SM07, G5 7% (W 4,46 3) R ARG AE TR L1 A, e 50 4 0 2 10 17 0 R
YR 7 A~ BRI 6 2 i SR 0 i 4, 45 19.99 /L 5 NI 36 OO RAT 4 A, LA )
SR LLI), 7,66 mg/Ls 3o AR 7 F 5 0 S BR 0E 5 O O ST O R LA 9 A LI £
14.89 meg/L, HIVE R 00K 3 5 T 14.89 mig/ L B, 7477 HE 40 0T 4 750 11 4T 15 99 04 0 5 7 0 1
S FURIL G, AR B (A 9.09 mey/L, IPHGBEV R SO 6 T+ 9.00 meg/L I, 5 (1 R AP R

% 3 KRR S5 - Py Rl K 3R 85 X 1 B (L

Tab.3 Threshold of water environmental factors for benthic macroinvertebrate indicator species in the Taizi River

KIS T YyFp 5 eSS MR ER  AHErE —Hk CIETX
WA/ (mg/L)  FRITEE 14.89 35 7+ 0.01 0.99 0.96
Jit IR 19.99 13 z+ 0.01 0.96 0.9
0] [ i PR 0 9.79 24 = 0.02 0.96 0.93
SR SRR 9.70 12 2+ 0.01 0.96 0.93
& 11.42 20 2+ 0.02 0.99 0.91
5T [ 4 9.09 34 7= 0.01 0.99 1
BEAF R 13.65 10 2+ 0.01 0.97 0.98
E B 11.72 25 7= 0.01 0.99 0.98
H4H® Mg 12.85 8 2+ 0.01 0.98 0.93
RIBF 15 fi 922 19.99 12 2+ 0.02 1 0.95
BT K 2215 7.66 7 7= 0.01 1 0.98
M3/ (pS/em)  RITE 240.45 35 7- 0.01 1 1
bR 125.90 13 = 0.01 0.97 0.96
DY 5 7 283.40 33 7= 0.01 1 0.98
AN IE R 94.70 13 - 0.01 1 0.99
yipayis 215.90 9 7= 0.01 1 0.99
EE 270.43 12 7= 0.01 1 0.95
T 5 2 203.50 12 7= 0.01 1 0.98
FETHT K 2215 645.00 7 2+ 0.01 0.99 0.97
I G il g 541.00 7 z+ 0.01 1 1
MAE/ (mg/L) SR 7 0.72 7 7= 0.01 1 1
IR R B 0.61 12 7= 0.01 0.97 1
75 10 FTHF 0.81 34 2+ 0.02 0.98 0.99
IR 0.73 16 = 0.02 1 0.97
BeH NI 1.48 25 2+ 0.02 1 0.96
FER K 2215 5.39 7 2+ 0.01 1 0.99

# K IR T8 7R (Rl 5 BRE (env.cp) :50% 2 SO P Az 45 B ; 4506 (freq) < it A 3308 5 WA 17 G 2R ( maxgrp )
Yy 5 FREE K M L G R 2+ IR R IR N 0GR, 2~ 7R FUIR N O 2R ; ANl 2 M (obsiv.prob) « H 28 TRl 43 BT 15 2 58 4% b 1)
MR — B0t (purity) « A2 TR ST -5 LR 0 2848 g i B 7 1] 1) — 380 5 AT 581 (reliability ) « {28 TE AR 0 AT 15 21 28
AR T S

LSRRI O A, Horh 15 v G2 B L SE0A I 56 2 B RIAT 2 A, B (LI s 1 Tl /K 2208
Iy 645.00 WS/ em SEHIARE SR EGPIRIA 7 A, B AR ANEIERY, Hy 94.70 S/ em; Horbi A Iy b7 51t &
R R ORI FR , FLAR LD , S BI (I N 240.45 uS/om , HIRGHS L SR8 T 240,45 uS/em Y, 7507
7 AR R

SRR 6 A, v 5 2 B U 1 5 R AR AT 3 A, B 5 0 2 7 1l K 2208,
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5.39 mg/L; RN SCRPFAE 3 4, BUERARI R =W R, 0.61 mg/L; Horb 7510 (1 R 5 AL U3
(EEENA IS WERTEST3=0 ) Iﬂﬁjﬂ 0.81 mg/L, RIS 427 F 0.81 me/L W, 75 15 (1 4R 235 BE A % T
Bif 5 A0 o8 5 A G {1 252 57 W i %%,Eﬂ?ﬁiﬁm, SA{E A 0.73 mg/L, AIEE S AR T 0.73 mg/L B, £
R T 2 AT R
2.3 KB RN B E A E SR MK FEAIREIRZ B FRHRIEENSE

R A T 4 A3l 5 KA AT 514 Shannon-Wiener $5 850 E(E 5 R T K AR AR HAT 1Y) 136 A3
43 4 D Z R T 45 X T B TSE K SR BE IR B R F WA 28T, 85 R (3R 4) « KRR sh T 2Rk
7K Shannon-Wiener #5844 ( 01 ] X [A] 9 i Sl @ (e AR, 4 1013 mg/ L, T HEL -2 R B SR il {BL e 5 , 43+ 41
3 375.56 wS/em Fll 3.49 mg/L; (34 ] X [A] ) 7 At S bt fELIR /=5, O 13.80 mg/ L, T L 3R LR U B i (A IR,
I35 155.23 pS/em A1 2.10 mg/Ts (1-2 ] XA (2-3 ] DX 8] {1 5 Ak 4 B2 0L B RO A 3 AL T e KB
Hldre/MEL ). %20 SRR RS (T - (0- 1] IXH] < (1-2] IX[H] < (2-3 ] X Rl < (3—4 ] X [H], 25 SR B 4.
T DA HY A — 2 S R PR e B A, Pl SRR R B A , R SES A Bh s 2B ) B R K P

F 4 KT KB AG sh P B4 2 6P /KF Shannon-Wiener H8 %1045 IX 18] 7K 3485 I F ol (B

Tab.4 Optimal value of water environment factors for the different Shannon-Wiener

index interval of benthic macroinvertebrate in the Taizi River

MK

R/ (mg/L) HL 3/ (uS/em) BE/ (mg/L)
( Shannon-Wiener $5 %5 [X [i] )
(0-1] X&) 10.13 375.56 3.49
(1-2] X&) 11.56 340.00 2.89
(2-3]X[a) 10.67 324.22 2.68
(3-4]X[q] 13.80 155.23 2.10

TITAN S3Hr2b R B (KR 5,3 5) « KEURHIsh 7% 2861 KF Shannon-Wiener $84((0-1] X [A] 55
RE B RN LR, TSR F RN B A RE S ERN I ER; (1-2] XA (2-3] XA, (3-4] XA 5%

5 KA RBYFEAT S P 3% Z 447K Shannon-Wiener 484545 X [] 7K P45 X+ [ (B
Tab.5 Threshold of water environmental factors for the different Shannon-Wiener

index interval of benthic macroinvertebrate in the Taizi River

pIe78 TR Z R
+ ( Shannon-Wiener 35 %% [X [&] )

B LIRS WARLRFR  AFEMNE —HuE ]

U 4R/ (me/L) (0-1] X ) * 10.06 43 - 0.02 0.96 0.93
(1-2] X [d] 11.51 53 - 0.01 0.93 0.98

(2-37 X[ 9.79 35 s 0.12 0.52 0.78

(3-4] X[ 11.14 5 o 0.03 0.97 0.74

SR/ (pS/em) (0-1] X[ * 272.00 43 2+ 0.02 0.99 0.94
(1-27 X [d] 252.50 53 - 0.11 0.73 0.74

(2-37 X[ 292.00 35 - 0.10 0.72 0.58

(3-4] X[ " 135.40 5 - 0.01 1.00 0.92

A/ (mg/L) (0-171X[d] 3.99 43 - 0.01 0.66 1.00
(1-27 X[ 2.34 53 - 0.16 0.73 0.55

(2-3] X[ 3.37 35 - 0.07 0.44 0.73

(3-4] X[ 0.70 5 - 0.12 0.83 0.47

# £ K IBER 48 73 19 Shannon-Wiener 48 £ X 1] ; [ {5 (env.cp) :50% 4311 £ Shannon-Wiener #§ i IX. [1] 4= 25 [ {4 ; 45 %
(freq) ; Shannon-Wiener %045 X [6] 1 B AG 3R 5 W b 5 2 ( maxgrp ) ; Shannon-Wiener 8§ 8045 [X [6] 5 #1345 K 70 [ 56 &R , 2+
FORIEM N SR , 2~ 7R H M 56 2R 5 AN 8 P (obsiv.prob) \—FH: (purity) (AT FEME (reliability) ; B & IRIR 3 8.
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AR BTS2 LS 25, T 5 5 S BB B 0 R HEr A L % 2 (0 1] X I, s 5 4
J (0= 1) IV (3-4] BT, FL(O- 1] DX 1A 5 o3 5 4B (8 2 T 7 96 38 , B9 272.00 uS/em, BV 58 1 5
HEET 272.00 S/ cm 1, KAV TSN FPERS ORI s (341 i) 5 o, 53 B (A 22 6000 7 06 3% L B (T
135.40 uS/cm, BRI 5 54T 135.40 uS/em I, KRG 370 B 22 REHEKOF 8 75.
2.4 KB ST AL R & 2 BOKTRBIR3H [ F 0 RS A A

HR A K TRL A 5 8 £ KT KT KRR S0 5 5 S AR HEEOKBE , th WA SM0T AT 1 (6) -
B ORI ST (HL ARG, 9 9.96 mg/ L, W5 2 (336 R (A i, 9 11,44 mg/Lg 23044 0 A
<L <UEUCE <l 08 <X R o S R (I I 5 43 2 o A 1 2 A
H L SEHIN 253.47 348,12 pS/em; B B H > 1 £ # > T # > W68 >0 I # R0 LFE. LR
SE LR ARG 43 ) 0 A ECHE AR 2, 4504 1.80 711 3.40 me/ L 52 B FLHEUCHE >4l 0 > e ule
e >WI AT > T ErH AL, BAK T KU S0 /R [ 0 RS £ SRS B J0 (42 52 01, 3 2 bl
S TR SR (HE 5 /A HE E A B P IR, TP 5 LA LT 0 55 05 £ 4 5 A2 R £ S
R AT 0 8 T P 5% A L AR e 1.

6 KT JE A S D RE SR £ S PR Y 1 il
Tab.6 Optimal values of water environmental factors for benthic macroinvertebrate

feeding functional groups in the Taizi River

IRESE T M (FFGs) AR/ (mg/L) HL A/ (pS/em) BAE/ (mg/L)
HHE S (GC) 9.96 348.12 3.40
U (FC) 10.46 253.47 1.90
il (SC) 10.31 285.52 1.80
e (SH) 11.44 258.45 1.89
fifr#% (PR) 10.55 310.37 2.36

RELEAGSNY) 5 A>T RESE B S RENIEE K PR IR S PR 7~ TITAN JpAr 45 R Wos (MEsk 6,38 7) (i i SA 67
REVER S D RESE I M B B, 5 T S B (S TR 3 5C R0 O 37, B (R 10.14 mgy/Ls B E 9%
fift SR T 1014 may/ L i, KR JFEATS S 1) B0 £ 25 R 4 B8 R A RS S AR R

LSRR KB A S D RS B R D g s RIS MR E R E, S R R
R R 5% 28, SR 435120 60 .91 .37 .84, I{E 4351l 253.00,446.03 ,253.00,222.00 WS/ em;; B4 45 H, 5 R A
T 253.00 WS/ em M, i PRSI EL A SR AR X AR 5 MR L R AR T 446.03 wS/em I, F 2K
TR B AIXIRSE s W MR T 222.00 S/ em I, il B A L AR RS AE

R R R S W) D RES B R D g R IR e, B B A B R AN R,
WRG5 60.91 37, BI{E S5 2.19.2.96 2.20 mg/L; RIS B AUE T 2.19 mg/L, i B8 & i 2
AR AR s 5T AU T 2.96 mg/L, Tl £ 2 JERE 3 BE AN RS E s W8 8L UMK T 2.20 me/L, 0 5 S HE 2
MR E -

3 g

3.1 ABUEMETMBEE B AAE RIS E T

KIS AR BT S 120 8 (Fi) |, 15 A AL BFSE M — 20 B2, KR e W ah
Pl BRI T MR 002 5 , M ELAT ROm A0 B BRI s K T 10 % R 0, B3RS BB R
W, N BRI kA 7k E I, 9 R E W I, 2 5 2 R ME I 6 3 ARG 7 7% , LU
(EPT) 38 41K T L Tt 5 el R WE50 A H e

CCA 25 ), 648 P 5 R R K G 50 5 0.5 1 K B 98 30 A 7 2 B
P B, B0 KRG 9 MR 28 1 K PR R [RT Jerb S S R I ™ 5 i B A
S B9 T, T K ER BB T A ORI A5 A B, P 5 B W K



1646 J. Lake Sci.(#38#3) ,2019,31(6)

SHYIREVE LM K FRBEBR B R 77 5 A, B MG 5 TR TR R AT Sl T v K R85 0K 5 DY 7 14 A S F 5t
AR R, ATV R A | P R R A R R (R (LA T AR A L
T KA KB S ) e b B 2R K AR R [
Tab.7 Threshold of water environmental factors for benthic macroinvertebrate

feeding functional groups in the Taizi River

TR RSB T VIRER 2R (FFGs) I e WARRER AEEME —Bk FHEE

BRE/ (mg/L)  EHRWEEH (GC) 8.52 113 7= 0.10 0.81 0.61
TR EE (FC) 7.85 60 7+ 0.04 0.86 0.83

W E#H(SC) 8.62 91 7+ 0.01 0.74 1.00

W& (SH) * 10.14 37 z+ 0.01 1.00 0.96

HEE(PR) 9.00 84 7+ 0.03 0.60 0.87

PR/ (nS/em)  HIEWEH(GC) 398.30 113 7= 0.24 0.76 0.62
WElES (FC) * 253.00 60 z— 0.01 1.00 1.00

W& (SC) * 446.03 91 7= 0.01 0.99 1.00

Wi (SH) * 253.00 37 7= 0.01 1.00 1.00

WEHE(PR) * 222.00 84 7= 0.02 0.97 0.95

B/ (mg/L) HEWEE(GC) 0.72 113 7= 0.03 0.84 0.83
AR EE (FC) * 2.19 60 7= 0.01 0.97 0.99

T E#(SC) * 2.96 91 7= 0.01 1.00 1.00

Wit (SH) 2.20 37 z— 0.01 0.99 0.96

HE#E(PR) 3.33 84 7= 0.01 0.65 1.00

* A KRB T8 7R 1 DI RESR B JSHE s (B (env.cp) :50% 430 B D) RESE B 2 MF A S B S (freq) - & DI RESR B2 HE
BRI 5 W 7 0GR (maxgrp) « DIRESR B ZSHE 5 FAEE R 70 B OC R, 2+ R IE MR 56 5, 2— 3R B0 B OC R 5 AN € M
(obsiv.prob) \—Ht (purity) AT 5 (reliability ) : HAKRE L IR5R 3 FERE.
3.2 WA B A B BB E R A TR B T RSB 43 4

R 20K R BV A L P 5 01 R (2% S5 o L (L (.0 L7
HIK 2280, 49 5.99 e/ L, et LT (AL 151 LT S, 4 14,71 g/ L FL SR (A 0 2 AN B
K 147.08 /e, Hy 555 S (805 0 1 J2 05 LG FR A, 9 ST4.77 /e 38 AU (L0 1 1) 2 L 6.,
0.57 mey/L, 3 RURGE L7 20 1 SRR T K 22001,y 8.36 me/L. BF5 261, UM 504 0 S0 5 10 6k EPT 2%
R AT, P R R e SR ), 0T AR A 5 B U 8 T S
T PSR B R IR PR P AR S B Duan % DRI R A VS S0 I B
ORI AR 2 R G RIS, ELATTOTS SRR ) A R 5T A 533 B 2 0 R A K
I A A T, B L 5 LR LR P D ST 05 5 e .

RIS Y RET 2 REPE K- Shannon-Wiener H5 (0- 1] X [l HO LR LA ERLAT 10,13 me/L.,
Fi, LR L (6 86 42310 375.56 /e 1 3,49 mg/ L ( 3-4 [ [ (0 3 5L o 05 5 % 13.80
/1., T4 5 3G SL IR (LR 904 155.23 wS/em 112,10 me/ L (1-2 B (2-3 ] 1] 07 4
Hh 55 LRI L4390 3T B L /ML P ] 45 SR, 72— 9 A3 SRV B, ol S5
ROV FE AT | LS4 674 Shanmon-Wiener 56 5OHEERS | HEVA 22 REME KT 5. RS 3 60 BEVE 40 7
R 0 20 R B U A 0 L BV AT DL Y B T, Rk 3 2 A %
K% BRI P 2 SRR R S M2 0125 R O™ 15 VA S0 I 0 B 2 B 2
VIR G MO | B R R RAE .

U O AT (1 T, 5 9.96 mg/ L, MR £ 3 (03 LTI (LR 95 11,44 me/L; i 5 56 I
S 1 R AR, 5 B O BT, 5 1y 253,47 348,12 S/ em ;1480 IS 1 5 G Ut
SR £ RV EL SO A1 180 3,40 miy/ L B PR TR AT 3010 ) S e 8 €5 SR i 1
2 SR 5 o B TR LR (A 5 1 A £ 0 o G, T L 5% A B 0 0 5 7 5
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AT REAR B ST P B 2 00 VA A S SR (LA 0, T PR 5 2R R G a8 (A . ARTE IR i, B
RN EREA 64.7% 5 1 T4 W0 17K 22 951 8 105 B e S0 M1 L Pl S 3R B e A s P 3R BT A
BRI K PR BRI 7 AR B A R 5 T L R A LUK B WL OB R B, VS A e B IR B A B
FIFA ML R B e AN AR 3 B BRI A A MR e M PR B S B vl s 2 T
F B R R R 0 T B O S B , EEE A E) 100% fgfa s i i 4
e K AR B U 3 VA A SRR B A v L S SRR RO B AR G P A
3.3 BB R BEE IR K INEE FRES T

TG S P T5 25 WP 55 7K PR3 D 11 {1 o G 2R LA B i o Rt B A [ 5 0 e A ) 97 A 4 1
von TR A S LA B A R 5 VA S 8 /s P v, 2 T 37 56 2R L 901 50 P02 e 7 AR R I TR v R,
K1 19.99 me/L; 5 G i b7 56 2 L (B (R B 2 B Hi 7K 22851, 49 7.66 me/Ls HL S 3R A /R Wb o | 2 10 W) [ ¢
F H B = R E K220,y 645.00 uS/cm;; 5247100 [ 56 R H A RAR R0 EIZRL, 2Ry 94.70 pS/em;
SRR PR S E AR OGRS R e 0 R R AT K 22081, O 5.39 mg/ L S B R 0GR LI (E EAR Y
FEIEE S 0.72 mg/L. WFFTR, IR K FRBDIR A ez KR S eV 10 = B B AN A Ak S SRRl
JEREAE ELAE /K TR DU, VA vk A0 5 2 o (W /K IR S5E vln , TRV A X G 5 1) i 22 8 1 8 s , 7 8 8 R Ak ELA
RN OE AN (R R V) i EO R 24 | N A= L GIRUEN YA ¥ SRS 5 N 1 e L

At A G R IR R B Bh W 7% 22 FE 1 7K F- Shannon-Wiener 54§ (0~ 1] X [8] ; HiL 5 F 48 7R 1 2 (0-
L] DX JE) AN (3—4 ] DX J], H(0—1 ] D[] 45 L 5 30 1 52 LB R W G R, 9 {8y 272.00 pS/em, (3—4 ] X [H] 5 L 5
A AR TR, BIEN 135.40 nS/ cm; KA HESh P HETE AR KT I5c = 1 (3—4 ] X170 ¥ it 42 9 (ELAR
X, B RS A B E R AR, B2 ARG R 45 R R i M A R R R R B AR R
FRAWERE Th R B R I8 Z R KO3 . BFFR R, AR AR UK K SR EE v K BB it B & 1Y
W AL BT D LA B L IR 2 B AR A B R SRS S A B A AR AR R R
TR KBS RIS Z R KT (BB B A HE W S5 M E, Kb 7 20K 7 5 & 1 Shannon-Wiener
BH(3-4] X ], B B AR , EL2 S i AH DG, B 5 R0 B (Y BRI, RIS s v A ) 2 Rk
Fh s — Ml &, B SRR R AR KR, 5 S FRAT E, RAEURW s 2RO Sk s S B 2
TR GARBE TS R — K.

R AR DI RE B 2 B, S I A AU (52 E MR Y G 2R BBl 10,14 mg/L; ¥ i S8l 558 1Y)
PRI T IR FS 7 R R B A A e, D T B I R R U — R B TR e
LSRR R R B S D D R 2 o e e R WA E e E, B S S REEY 2R
Wi 107 56 2 , B (R B ARR G2 1, 09 222.00 S/ em s AIFSE R W , 1 S 3R K BRBEIN 11— N T EHE 5™, R
KR AR B TR B i R G A TR S IE AR SE R Y R BRI 3h My V5 45 M B AL i
B MERAE R SRR BN R 2 — KR IR A2 ORI AN 3 1 V5 45 A T R
R AR SS9 o B 5 T A RO S R G 0 £ 2 A0 T 1 X P st b B RURR, B AR
At pE B TR 3235 0 5 RS R M T BEHR E 25E h d u IS ¥ B M, LS AR R 2
BN CR , BE A R iR
3.4 R AREAIMAERFEEEHEX S THRZNE

T AE SRS AR RFLRE EJeE T K A A AT S MR 0 5 O [R] Ay 2y o s K T I W R 352 0
FRRINE I 56 28 R0 SO R B AR [R] 2 5 DR i, AR I 930 et 3 A TR TR A sl 0 B 7 7 A 535 DR 9 B (0 R £, 4
FE R G BN P FE T K PR BRI B A5 3, T A 2 4 R A ISV 3h ) 1 v S5 P R e MK IR BRIR S, S K]
TIESEE T YR SR SR R YR, FRATIEAG IR R i 028 5 A IR I s A S KA R
W7 FRIE R ) DK ) B 325 (AN B (L RO IS , 8 6 45 K A A e ol B /K A B8 B9 7 SR K, B T L PPA
3 K IS5 IR 3 B 7 Bl &, LAFE SR 05 e B B i il DA AR BB . 3T OK AR AR RIS R 9T K
A A R TR K IR BT DR 1) B 5 (BN B (L, 3 A7 7 2 A ) B A 2 b s B 1 vk 0 RJRI R, i flk A= A=
HEVE EAE D R RS A ) 2 REPE R D) BE RV I8 /K BRBE 0 75 SR AK T, 449 T 30035 ey i i s h A 3R, 8 i f e
AT AL S BRI R AR I A A IR BB A (10 DG R



1648 J. Lake Sci.(#38#3) ,2019,31(6)

4 Bftx

ot 57 I H F- R ( DOT: 10.18307/2019.0604 ) .

5 &k

[ 1] Frissell CA, Liss WJ, Warren CE et al. A hierarchical framework for stream habitat classification: Viewing streams in a
watershed context. Environmental Management, 1986, 10(2) : 199-214. DOI. 10.1007/BF01867358.

[ 2] Zheng BH, Zhang Y, Li YB. Study of indicators and methods for river habitat assessment of Liao River Basin. Acta Scienti-
ae Circumstantiae, 2007, 27(6) : 928-936. [ FRPIME, SKuL, ZRICHH. TN S im) in A B Hb P4 16 4 5 0 4 7 T B
98, BBk, 2007, 27(6) : 928-936.]

[ 3] Zhao JY, Dong ZR, Sun DY. State of the art in the field of river habitat assessment. Science & Technology Review, 2008,
26(17): 82-88. [XiFH, #H(, MR, WU A VNG B VA B o kg Bl F:4E, 2008, 26(17) : 82-88.]

[ 4] Geist J. Integrative freshwater ecology and biodiversity conservation. Ecological Indicators, 2011, 11(6) . 1507-1516.
DOI: 10.1016/].ecolind.2011.04.002.

[ 5] LiLJ, Zhang J, Wu D et al. Relationships between structure and diversity of fish functional groups and land use in the Tai-
zi River. Acta Ecologica Sinica, 2017, (20) : 221-232. DOI; 10.5846/stxb201608181693. [ ZEWitH, k&, = 5. K
TR T RERE S5 A 5 2 REIEXT E R IR A . A= 2SR, 2017, (20) ¢ 221-232.]

[ 6] LilJ, Jin W, Wang BH et al. Relationship between land use types within riparian zones and community structure of diatom
in Taizi River, China. Research of Environmental Sciences, 2015, 28(11) : 1662-1669. [ ZEWNE, 43¢, LM%, K
T A A MR S S RE R R A A Y OC R FREERL ST, 2015, 28(11) : 1662-1669. ]

[ 7] Yin XW, Xu ZX, Gao X et al. Macrobenthos community structure and its relationships with environmental factors in Weihe
River basin, Northwest China. Chinese Journal of Applied Ecology, 2013, 24(1) ; 218-226. [ BRJBRE, #5535, WK%,
TENAT SRR B AT S P 251 B L S AR R 9 G R AR S 240, 2013, 24(1) : 218-226. ]

[ 8] Zhang Y, Dudgeon D, Cheng D et al. Impacts of land use and water quality on macroinvertebrate communities in the Pearl
River drainage basin, China. Hydrobiologia, 2010, 652(1) ; 71-88. DOI; 10.1007/s10750-010-0320-x.

[ 9] Chapin FS, Schulze ED, Mooney HA. Biodiversity and ecosystem processes. Trends in Ecology & Evolution, 1997, 26
(8): 571-577. DOI; 10.1016/0169-5347(92)90141-W.

[10]  Donohue I, Jackson AL, Trvine PK. Nutrient enrichment homogenizes lake benthic assemblages at local and regional
scales. Ecology, 2009, 90(12) . 3470-3477. DOI. 10.2307/25660992.

[11] Duan XH, Wang ZY, Xu MZ. Effects of fluvial processes and human activities on stream macro-invertebrates. International
Journal of Sediment Research, 2011, 26(4) . 416-430. DOI; 10.1016/51001-6279( 12) 60002-x.

[12] Zhang Y, Ding S, Zhao Q et al. Exploring the feasibility of establishing conductivity criteria for macroinvertebrate based on
the field investigations. Asian Journal of Ecotoxicology, 2015, 10 (1). 204-214. DOI. 10.7524/AJE. 1673-5897.
20140531002. [ 5Kkiz, T2k, BXPEEE. H T RSN At 3 KA 21 d S 3K B BE e (0 AT PR ). AR R F e
1R, 2015, 10(1) : 204-214. ]

[13] Gong ZJ, Xie P, Tang HJ et al. The influence of eutrophycation upon community structure and biodiversity of macrozoob-
enthos. Acta Hydrobiologica Sinica, 2001, 25(3) : 210-216. [ 327, #-F, FHLIBSE. AR E S IR KBEA 3
YRR S5 R Ve RS2 JKAE AR5k, 2001, 25(3) ; 210-216. ]

[14]  Braak CJFT, Prentice C, Ter Braak CJF. A theory of gradient analysis. Advances in Ecological Research, 1988, 18
(2004) : 271-317. DOIL; 10.1016/S0065-2504(08) 60183-X.

[15] Zheng WH, QU XD, Zhang Y et al. Habitat suitability of macroinvertebrates in the Taizi River Basin, Northeast China.
Research of Environmental Sciences, 2011, (12); 1355-1363. [ #B3C3%, WHEA, SR, K7 i KBRS
FEEAE B IR RLEESY, 2011, (12): 1355-1363.]

[16] Konrad CP. Simulating the recovery of suspended sediment transport and river-bed stability in response to dam removal on
the Elwha River, Washington. Ecological Engineering, 2009, 35(7) ; 1104-1115. DOI; 10.1016/j.ecoleng.2009.03.018.

[17] WuDH, Yu HY, Wu HY et al. Estimation of river nutrients thresholds based on benthic macroinvertebrate assemblages: A
case study in the upper reaches of Xitiao Stream in Zhejiang, China. Chinese Journal of Applied Ecology, 2010, 21(2) .
483-488. [ RARMY, TiEHE, SRMFHET. FET IRAYAN JCH HESh P 0 18 i & 7R Eh e BE B ——PAPE HR LRI



A CHF LT RBK T T KB RAG S A E 5 KRS E F R B F AL T 1649

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

AL S A ZS AR, 2010, 21(2) ¢ 483-488. ]

Tang T, Ren Z, Tang T et al. Total nitrogen and total phosphorus thresholds for epilithic diatom assemblages in inflow trib-
utaries of the Three Gorges Reservoir, China. Chinese Journal of Applied Ecology, 2016, 27(8) : 2670-2678. DOI. 10.
13287/j.1001-9332.201608.010. [ ¥k, AL, FEWAE. BT A7 i i) =Wk PE A PE ST 0 B B AR 2o
1R, 2016, 27(8) : 2670-2678.]

Baker ME, King RS. A new method for detecting and interpreting biodiversity and ecological community thresholds. Meth-
ods in Ecology & Evolution, 2010, 1(1) : 25-37. DOI; 10.1111/j.2041-210X.2009.00007..x.

Groffman PM, Baron JS, Blett T et al. Ecological thresholds: The key to successful environmental management or an im-
portant concept with no practical application? Ecosystems, 2006, 9(1) : 1-13. DOI; 10.1007/s10021-003-0142-z.

Zou W, Li TM, Liu L et al. Macrozoobenthic community structure and water quality assessment of Lake Luoma, Jiangsu
Province, China. J Lake Sci, 2017, 29(5) : 1177-1187. DOI; 10.18307/2017.0515. [ 4Bfh, ZZ KR, XIFIZE. Hhdvig
LRI A Zh R o A BOK B, AR, 2017, 29(5) : 1177-1187.]

Jiang WX, Cai QH, Tang T et al. The functional feeding group ecology of macroinvertebrate in Xiangxi River system. Acta
Ecologica Sinica, 2009, 29(10) : 5207-5218. [ # 74, ZEPCHE, RiESE. TR K 2 RBURWSh Yol e e 25
A A2, 2009, 29(10) : 5207-5218.]

Min WW, Han J, Yin XW et al. Quantitative relationships among the diatom community and driving factors in Taizi River
Basin, China. Research of Environmental Sciences, 2016, 29(5) : 672-679. [ [XISCE;, i, BOBRESE. K77 i a6
BEHER SUKB N T BEOC R IRRERHEDET, 2016, 29(5) : 672-679. ]

Liu YY, Zhang WZ, Wang YX eds. Economic Fauna of China: Freshwater Mollusca. Beijing: Science Press, 1979. [ Xl
H¥E, 3%, FEOESE. TRATIWE - WokEAY. Jbat: Brasmist, 1979.]

Morse JC, Yang LF, Tian LX eds. Aquatic insects of china useful for monitoring water quality. Nanjing: Hohai University
Press, 1994.

Wang JC, Wang XH eds. Northern China Chironomus larva. Beijing; Yanshi Press in China, 2011. [ £&4, FH1E. &
el 4 gl . Rt PR S AL, 2011,

“Monitoring and analysis method of water and wastewater” editorial board of State Environmental Protection Administration
of China ed. Monitoring and analysis method of water and wastewater; Fourth Edition. Beijing: China Environmental Sci-
ence Press, 2002. [ & KPR (AP SR KR A AK M I 387 77 126 ) e 2. JK R K W A3 77 ok - 5% 4 L. bt
H PR AL, 2002.]

Cummins KW. Structure and function of stream ecosystems. Bioscience, 1974, 24 (11). 631-641. DOI. 10.
2307/1296676.

Deng PY, Zhang W, Wang XT et al. The effects of water quality on epilithic diatoms communities of Dongjiang river basin.
Acta Ecologica Sinica, 2015, 35(6) : 1852-1861. [ XSIEME, TKIE, TALEAE. 7K BT AR VL S B A ik e 9 00 520
A 25204, 2015, 35(6) : 1852-1861. ]

Qu XD, Zhang Y, Ma SQ et al. Spatial distribution characteristics of macroinvertebrate communities in Taizi River Basin.
Research of Environmental Sciences, 2013, 26(5) ; 509-515. [ JEB¥EA, KL, D55, KT i KRR sh ) i
TRASHIZE (] SR AL BRI SE, 2013, 26(5) « 509-515. ]

Pedersen ML, Friberg N, Skriver J et al. Restoration of Skjern River and its valley—Short-term effects on river habitats,
macrophytes and macroinvertebrates. Ecological Engineering, 2007, 30(2) . 145-156. DOI. 10.1016/]. ecoleng.2006.
08.009.

Wang YT, Zhang Y, Gao X et al. Analysis of fish community distribution and its relationship with environmental factors in
different freshwater eco-regions of Taizi River Basin. Research of Environmental Sciences, 2016, 29(2) : 192-201. [ £ =
W, AKIE, RREE. KT AR A 25 X f SRR o0 A SR I T B SRk, BRIGERL 25T, 2016, 29(2) -
192-201.]

Zhang Y, Cheng L, Yin HB et al. Benthic macroinvertebrate community structure and environmental determinants in river
systems of Chaohu Basin. J Lake Sci, 2017, 29(1) : 200-215. DOI: 10.18307/2017.0122. [ 5k X, F&Jp, Frubuatds. #
WAL ARAN R 7K 8 KT AT S TS 4k B [ 22 A Rk4, 2017, 29(1) : 200-215. ]

Wang CM, Zhang Y, Shi HH et al. Macrozoobenthic community structure and bioassessment of water quality in Lake
Dongting, China. J Lake Sci, 2016, 28(2) : 395-404. DOI. 10.18307/2016.0220. [ T HHA, ki, £ E 4455, i B2
S SR G UK T, WIAFLE , 2016, 28(2) ; 395-404. ]



1650

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

J. Lake Sci. (#ia#F3),2019,31(6)

Xu H, Cai YJ, Tang XM et al. Community structure of macrozoobenthos and the evaluation of water environment in Lake
Taihu. J Lake Sci, 2015, 27(5) : 840-852. DOI; 10.18307/2015.0510.[ VF#, 28K A, 1 4FWI4E. KK AR )
PIREE S5 KRR I WINRLE, 2015, 27(5) « 840-852. ]

Kimmel WG, Argent DG. Community concordance between fishes and benthic macroinvertebrates among adventitious and
ordinate tributaries of a major river system. Ecological Indicators, 2016, 70 15-22. DOI. 10.1016/j.ecolind.2016.05.037.
Hill MJ, Death RG, Mathers KL et al. Macroinvertebrate community composition and diversity in ephemeral and perennial
ponds on unregulated floodplain meadows in the UK. Hydrobiologia, 2017, 793(1) ; 95-108. DOI 10.1007/s10750-016-
2856-x.

Kalogianni E, Vourka A, Karaouzas I et al. Combined effects of water stress and pollution on macroinvertebrate and fish
assemblages in a Mediterranean intermittent river. Science of the Total Environment, 2017, 603/604. 639-650. DOI. 10.
1016/j.scitotenv.2017.06.078.

Zhang Y, Cheng L, Tolonen KE et al. Substrate degradation and nutrient enrichment structuring macroinvertebrate assem-
blages in agriculturally dominated Lake Chaohu Basins, China. Science of the Total Environment, 2018, 627(15) ; 57-66.
DOI: 10.1016/j.scitotenv.2018.01.232.

Camargo JA. Macrobenthic surveys as a valuable tool for assessing freshwater quality in the Iberian Peninsula. Environmen-
tal Monitoring & Assessment, 1993, 24(1) . 71-90. DOI. 10.1007/BF00568800.

De Jonge M, Dreesen F, De Paepe J et al. Do acid volatile sulfides (AVS) influence the accumulation of sediment-bound
metals to benthic invertebrates under natural field conditions? Environmental Science & Technology, 2009, 43(12) . 4510-
4516. DOI; 10.1021/es8034945.

Zhang Y, Ding S, Zhang Y et al. Effects of land use on macroinvertebrate functional feeding groups in Taizi River Basin.
Research of Environmental Sciences, 2018, 31(9) : 1527-1536.[ 5k, T &%, sKiIC&E. AT g ek 4 b A X K A i
WIS D RESR 2R RE RS, BREERL =I5, 2018, 31(9) : 1527-1536.]

Meérigoux S, Dolédec S. Hydraulic requirements of stream communities: A case study on invertebrates. Freshwater Biology ,
2004, 49(5) : 600-613. DOI; 10.1111/j.1365-2427.2004.01214.x.

Xu M, Wang Z, Duan X et al. Effects of pollution on macroinvertebrates and water quality bio-assessment. Hydrobiologia
2014, 729(1) : 247-259. DOI. 10.1007/s10750-013-1504-y.

Riens JR, Schwarz MS, Mustafa F et al. Aquatic macroinvertebrate communities and water quality at buffered and non-
buffered wetland siteson federal waterfowl production areas in the rainwater basin, Nebraska. Wetlands, 2013, 33(6) .
1025-1036. DOI; 10.1007/s13157-013-0460-7.

Miserendino ML, Archangelsky M, Brand C et al. Environmental changes and macroinvertebrate responses in Patagonian
streams ( Argentina) to ashfall from the Chaitén Volcano (May 2008) . Science of the Total Environment, 2012, 424 . 202-
212. DOI: 10.1016/j.scitotenv.2012.02.054.

Miserendino ML, Masi CI. The effects of land use on environmental features and functional organization of macroinverte-
brate communities in Patagonian low order streams. Ecological Indicators, 2010, 10(2) . 310-319. DOI. 10.1016/].
ecolind.2009.06.008.

Liu ZG. Impacts of rubber dan on water quality and macroinvertebrate[ Dissertation |. Tangshan; Hebei United University,
2011, [ XM AQBE IR AL K BT B K BRREAT S (52 e [ 2 Anie s ] Ll s e & k4%, 2011.]

Geng SW. Scale effect of landuse on the macroinvertebrate within river corridor| Dissertation ]. Hangzhou; Zhejiang Univer-
sity of Technology, 2012. [ Bk A, 3 BRIE )EE RO X R ALFAN SR S 5T [ A 008 3. i s $iL ol
K2, 2012 ]

Turley MD, Bilotta GS, Chadd RP et al. A sediment-specific family-level biomonitoring tool to identify the impacts of fine
sediment in temperate rivers and streams. Ecological Indicators, 2016, 70. 151-165. DOI. 10.1016/]. ecolind. 2016.
05.040.

Nicola GG, Almodévar A, Elvira B. Effects of environmental factors and predation on benthic communities in headwater
streams. Aquatic Sciences, 2010, 72(4) ; 419-429. 10.1007/s00027-010-0145-8.

Johnson RK, Furse MT, Hering D et al. Ecological relationships between stream communities and spatial scale: implica-
tions for designing catchment-level monitoring programmes. Freshwater Biology, 2007, 52(5) : 939-958. DOI; 10.1111/j.
1365-2427.2006.01692.x.



1.0

COD,,, TP

NH,-N
N DO<\
F & TP

pH
WT

COND
<
n
-1.0 2 1.0

Bhf 53 1 ORI K BRE IR 5 32 L7320 B (PCA)
(WT-7K il s pH-FR B3 s COND-HL -5 5 DO 4 ; COD - Bl R A 3 48 K505 NH -N- 2205 TN- AL TP- )

Appendix 1 Principal component analysis (PCA) of water environment factors in the Taizi River
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Appendix 2 Partial correlation tests (PCT) among water environment factors in the Taizi River
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Appendix 3 Results of CCA analysis of macroinvertebrate FFGs—water environmental factors in the Taizi River
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Appendix 4 TITAN analysis of positive response (z—) and negative response (z+) to mutation points

of candidate water environmental driving factors by macroinvertebrate species
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Appendix 5 TITAN analysis of positive response (z+) and negative response (z—) to

mutation points of candidate water environmental driving factors in the macroinvertebrate
Shannon-Wiener diversity index classification group
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Appendix 6 TITAN analysis of positive response (z+) and negative response (z—) curves of

mutation points of candidate water environmental driving factors by macroinvertebrate FFGS





