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Benthic macroinvertebrate community characteristics and bioassessment of water quality
in the mainstem of upper Hanjiang River and its typical tributaries in the southern slope of
the Qinling Mountains *
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710048, P.R.China)

Abstract; The upper reaches of the Hanjiang River are the source-water area of the Danjiangkou Reservoir. Iis ecological status
plays an important role in ensuring the ecological security of the Hanjiang River Basin and the South-to-North Water Transfer Pro-
ject. In November 2017 and April 2018, we conducted a systematic survey in the upper reaches of the Hanjiang River and its five
typical tributaries, in order to find out the characteristics of benthic macroinvertebrate communities in the upper reaches of the Han-
jiang River and the typical tributaries of the southern slope of the Qinling Mountains, and to evaluate their bioassessment of water
quality. Altogether 240 species of macroinvertebrates were collected, including 209 species of aquatic insects, 13 species of mol-
lusks, 9 species of annelids and 9 species of other groups. Among them, Baetis sp. was the dominant species in all rivers. In addi-

tion, other species included Paraleptophlebia sp., Caenis sp., Heptagenia sp., Baetiella sp., Orthocladius sp., Hydropsyche sp.,
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Ephemera sp., Cincticostella sp., Epeorus sp., Sympotthastia sp. and Eukiefferiella sp. From the density of various groups, aquatic
insects had an absolute advantage in the Hanjiang River and its five tributaries, accounting for 90.8% —98.9% of the total density.
In terms of biomass, in addition to the absolute advantage of mollusks in the main stream of the Hanjiang River, aquatic insects had
an absolute advantage in each tributary, accounting for 47.0% —98.9% of the total biomass. In terms of the density of functional
feeding groups, direct collectors were the main functional feeding groups in the Hanjiang River and its tributaries, while there were
differences in terms of biomass. The predators were the main functional feeding groups in the Jinshui River and the Xun River. The
scrapers were the main functional feeding group of the Hanjiang River and the Yue River. The collector-gatherers were the main
functional feeding group in the Jingian River. The collector-filterers were the main functional feeding group in the Xushui River.
The redundancy analysis results showed that velocity, total phosphorus and conductivity were the key environmental factors affecting
the distribution of benthic macroinvertebrate in the Hanjiang River and its tributaries. The bioassessment of water quality was car-
ried out by using the biotic index ( BI) and the Shannon-Wiener index. The evaluation results showed that a few stream sections of
the Hanjiang River, the downstream of the Xushui River, the downstream of the Yue River and the mid-lower reaches of the Xun
River were slightly to moderately polluted, the other stream sites were in a clean state. The research results can provide basis for ec-
ological management and scientific protection in the upper reaches of the Hanjiang River.

Keywords: Upper Hanjiang River Basin; Danjiangkou Reservoir; benthic macroinvertebrate; community characteristics; bioas-

sessment of water quality
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Fig.1 Hanjiang River Basin and the distribution of sampling sections
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17, 25 RIS O, 20 66 T A7 00 2 LR R 258 AR ) 3R 3 A < YD I U ( Sand and silt, <2
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AESRAE  BRANBTIET SR AE 5 A PATHE S A RE SR AU 0.3 m®. AT BF i AT K Y06 I e A 3t
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Tab.1 Biological index and water quality grade standard
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Tab.2 Environmental variables of the Hanjiang River and its five tributaries( Mean+SD)
24 PULT R (n=T) EKE(n=5) &K (n=5) HAi#(n=5) AW(n=5) £&I(n=5) F p
L) ki C 15.2+1.4% 12.70.7° 12.4£1.6° 18.9+1.8" 15.8+2.6" 17.9¢2.3"  8.99 <0.001
1% pH 8.23+0.24" 8.42+0.31° 8.57+0.11° 8.39+0.19¢ 8.63+0.16" 8.49+0.31° 329  0.02
B HSE/(pS/em)  303.7461.2°  164.6£438"  152.0:72.0°  289.7+15.8" 271.3x101.7% 295.6x66.0° 514 0.13
AME/ (mg/L)  9.070.50°  9.86+0.29°  9.94x0.15"  9.36x0.95  9.85+0.52"  8.96+0.45"  3.61 0.002
T/ (m/s) 0.210.18"  0.44+0.34>  0.94x0.31"  0.58+0.35>  0.29+0.46"  0.63:x0.46"  3.04 0.027
EE/NTU 65.62+82.13 13.38+6.35 5.29+4.28 58.24+48.33 16.21+7.40 31.82+35.15  1.50 0.225
{‘{j BA/ (mg/L) 2.850+0.481*  1.82+0.120°  1.385+0.286" 2.230+0.184"  1.915+0.004° 2.125+0.117" 28.40 <0.001
j; ZH/(mg/L)  0.615:0.060" 0.535+0.032" 0.625:0.095" 0.970+0.332*  0.640+0.219" 0.485:0.067" 7.48 <0.001
K WA/ (mg/L)  1775:0477°  1.255£0.005" 0.585:0.081° 1.085£0.173" 1.015:0308" 1.0500.262" 13.09 <0.001
TSR/ (mg/L)  0.330£0.156°  0.040£0.007°  0.035£0.011"  0.100+£0.028"  0.110+0.014"  0.145+0.004> 28.04 <0.001
BB/ (mg/L)  0.0610.007"  0.058+0.007"  0.039+0.002°  0.084+0.001*  0.055+0.000" 0.056+0.004> 24.11 <0.001
E5ES a/(pg/L) 3.960+1.563"  4.150£0.537°  2.185+0.499° 4.410£0.226* 5.095+1.715* 5.240+0.976* 7.23 <0.001
& KA/ % 4.29+9.32 4.30+2.80 10.90+9.97 1.90+4.24 4.70+3.55 1.60+1.56 1.35 0.275
g@; BIA1/% 36.21+20.00"  65.20+14.29°  71.80+8.02* 48.70+19.8*  50.30£26.82*  61.20+12.62* 2.97 0.030
17} INERAT/ % 14.43+5.70 16.40+5.75 11.00+8.37 19.14+5.76 18.40+10.55 24.40+9.32 1.81 0.146
/% 11.93£11.83 4.60+4.39 2.70+4.39 8.50£10.75 8.00£6.92 6.80+4.96 0.90 0.495
TR % 32.71£17.65*  9.30+12.30®  2.80+3.03"  22.66+22.93" 18.00+21.53" 16.23+18.34> 3.06 0.026
* [A 4T _EARARNG SRR IR 25 7 35 (P<0.05) .
= 3 EMishY H Bk FEYREET
Tab.3 Number of benthic macroinvertbrate species in order level
Il E] H BHEH mEHE  FMEE
HAshH17] Annelida FEEY Oligochaeta wiks| H Tubificida 2 6 6
B H Haplotaxida 1 1 1
1544 Hirudinea Wy H Rhynchobdellida 1 1 1
4% H Pharyngobdellida 1 1 1
BAKBH)] Mollusca M2 49 Gastropoda Littorinimorpha 2 2 2
Mesogastropoda 2 2 2
Architaenioglossa 2 1 2
Hygrophila 4 2 4
AefH 4y Lamellibranchia #4544 H Venerida 1 2 2
40 B Mytilida 1 1 1
T E¥I] Arthropoda .44 Insecta %1 H Ephemeroptera 10 22 22
I3 H Megaloptera 1 3 3
EMH Trichoptera 15 26 28
W% H Coleoptera 10 11 13
i5E H Odonata 6 13 13
&M H Plecoptera 7 14 14
X# H Diptera 8 76 112
2.3 H Hemiptera 4 4 4
H 5% 40 Crustacea 252 H Tsopoda 1 1 1
+ £ H Decapoda 1 3 3
i /2 H Amphipoda 1 1 1
WRIE M Arachnida HM% H Acariformes 1 1 1
JiJEsh#)1] Platyhelminthes W44 Turbellaria =@ H Tricladida 1 2 2
L3171 Nematomorpha 28 140 Nematoda — 1 1 1
&it 84 197 240
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Fig.3 Number of species with different tolerance levels in Hanjiang River and its tributaries
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161 ind./m* F10.796 g/m” ; 4 /K0T JFE A S 4 S 25 BE 0 S A 0 845531 A 346 ind./m’ F11 3.699 o/m’ ; F A JEE A
By SRR AE WISy 5k 325 ind./m* Rl 1748 o/m” s A 00 AVG 30 ) 25 8 R A= 4 k53031 59 ind./
m* il 0.306 g/m” ; 42 BRI JECAV 21 400 B0 B AL AE M 0t 43590y 481 ind./m’ Rl 1,634 g/m”. 7K /= BL LA % T A
DUT T3 o LEAE 90.8% ~98.9% Y5 N, BRDUT T 5 A T Ab, oA ¥y 48 FA ST b i) o5 e 243k 5]
87.1% A I-.

PN 3 ST E 0 g B AR B AT O 2553 BT W1 IR s 0 A 3 8 (F = 13728, P<0.001) Fl A9t
(F=8.503, P<0.001) k4B R EEERE (F=14.167, P<0.001) fiEYat( F=17.377, P<0.001) AR{Ksh#my
B (F=18.881, p<0.001) FIZE ik (F=9.459, P<0.001) L3R5 Sh¥ i 5 B (F =8.543, P<0.001) FIZk:
Yy (F=10.810, P<0.001) FESYL TSI A B AA7E ik 351 22 S, i G AL 2 T 110 %85 5 R 2B 4 B E DUVL T 320
(AN B e 22 5 (P 4) . G BRIAT /K To] AL VR v %) 8 B R K AR B M Y 9% B8 I 38 v UL LV KT R
AN, KRB T A SR e b 3 v T AL A SO AR Sl 4y % %5 132 3 0 A UL T i W T 75 T
A ST, TR 5T S 0 %% A ) B AE VAT T KT R A T 3 4% S AR X A e (1 4) . X AN [ it 52 2
YRR B AN W AT 25 40T, 2 SRR W T BE RS A 2 B o LU B SRR B A s o L e TS R R R
ARFERR(FEAL).

F 4 PULT SR [R) T 2 P2 B P Rh (10 435 BE AN AR i o L P2 AR S )
Tab.4 Density and biomass percentage of species with different tolerance levels
in the Hanjiang River and its tributaries( Mean+SD)

T EpSE) AR ERC Gkt Sk

s (n=17) (n=5) (n=5) (n=5) (n=5) (n=5)

B /% it 75l 12422179 4.48+2.06  5.52+5.50 10.02+13.48 29.11+32.15 2.01x1.49 1702  0.169
FRETHGF  56.49212.27 45.96+7.34"  53.7423.65" 50.79+12.06" 49.37£16.26" 69.36+10.15* 2.741  0.041
HUBFR 20.62+16.39  42.92+6.02  38.78+£5.56  29.78+20.70 21.67+13.40 23.75%10.61 2.566 0.051
AW /% fiit 15 1.63£2.58  2.40£226  1.96+1.93  6.024#5.50  3.34+3.63  8.44:8.41 1499 0.150
TERGH 43.68+28.79  20.17£14.05 33.32+10.81 45.04+27.84 43.01:24.28 32.18x12.84 1.016 0.428
TR 13.9617.75" 50.16+25.49" 42.78+20.74* 16.50+16.47" 18.33+23.63" 36.87+16.52*> 3.148  0.024

# [ A7 AR AR R/NG FREFIR 2253 8.3 (P<0.05).
DUT RS ST AL S R RAR X 2 B W3R S, FEDUVL T S H: 5 2% SCui i, DU Y5 Baetis sp. 1 A A0 3
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Fig.4 Density and biomass of benthic macroinvertebrate of different groups in the Hanjiang River and its

five tributaries( Mean+SE) ( Different letters indicate significant differences( P<0.05) )
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Tab.5 The dominant species and relative abundance of macroinvertebrates in the Hanjiang River and its tributaries

T PRFAFPFIAR AT 2 B2

T PUTTWE Baetis sp.(14.8% ) UAMEELE Paraleptophlebia sp.(9.5% ) EF Caenis sp.(6.9% ) .
Jit ¥ Heptagenia sp.(6.6% ) AEIEE Baetiella sp.(5.9% )
V& 7K A PU5IE Baetis sp.(24.5% ) \HRAEIL Orthocladius sp.(9.4% ) L ZhEE Cinygmina sp.(9.0% ) .
LAk Hydropsyche sp.(7.1% ) if0ig Ephemera sp.(6.5% )
47K ] PU-TTWE Baetis sp.(18.7% ) i WIUF Cincticostella sp.(10.8% ) &R Epeorus sp.(8.6% ) .
IBNEFE Cinygmina sp.(5.5% ) 80414k Hydropsyche sp.(5.7% )

Hiar PU5 % Baetis sp.(22.5% ) AL WFE Paraleptophlebia sp.(10.7% ) Jii % Heptagenia sp.(7.1% ) |
W BhIE Cinygmina sp.(7.1% ) AREE Caenis sp.(7.1% ) FWs Ephemera sp.(7.0% )
IR T HEE Cincticostella sp.(20.6% ) \PUF5EE Baetis sp.(13.3% ) | Ji I Heptagenia sp.(9.6% ) .

IBNWF Cinygmina sp.(7.8% ) AR FEEL Sympotthastia sp.(5.6% )
4] PUH5EE Baetis sp.(20.7% ) H R FEWL Orthocladius sp. (18.3% ) \FLIF [CEEIL Eukiefferiella sp.(7.8% )

a AHX AR > 5% AR SO PEF A

24 AEYRBREHNBEMEYE

DU SOH 5 25 300h, HHERUE B W B 5 LR R, o LUAE 51.1% ~66.9% 5 [, Horh 4 ki 11
ol e, e A R A K (B 5) L e A it b, DU TR B 5 2 3T A DRI B 288 437 U e L s e R
125 5 AE A ARV AT oy S B 8 S L DR, 43001 o S BE 19 41.5% 1 44% AR T3 H a1 ig Cory-
dalus sp. & B Agnetina sp. F14[i4% Paragnetina sp. ; RS YT A Wl & 2 LU E ek, 4351 4 88.1% Al
61.7% ,AURY TG IR Bellamya sp. ;s TR BRI, EARWCEE K R, A8 40.5% , ARRY)FiA 1035 1%
Baetis sp. ; TEVEKIT P DB R 1915 LLROR 3K 39.2% , AR SFUE Lsonychia sp..
2.5 ElZhBEESHERERFHXR

Zb i , R PR | | SR R DUV T S TR IS B 43 4 DG B R B (R . B e 4 B
A REVE(P=0.001) , PLANT P HERRiUEAT B 251 (P<0.05) , B Al A9 RRAE(E S 0.817 A1 0.402, SL A T
18.7% (HFIE R*ME) MBE G581k, 45 TR T A RDA J3Hr BT K AR IR T 2601, 7 S8 1 W (10 A7 R o
AHXT L 1R

WA S Y REVE 3 A S IREE 1 Z IR SE R 19 RDA S35 2R T LR (3R 6) , it 5 55 —HE P Rl Do A
155 NGB 5 AR DGR , Lo G ANl DGR Bl RDA HEFy B R BT (18] 6) , -G H 7520 1 4 i
53 LT HEF B SME R, SR T AT XA r B PR 2 Al L w7, 365 — 1 A LE AL A ) g D 4
Baetis sp. ,'EZ BB K. BRI /K 2248| Limnodrilus hoffmeisteri /3 A7 75 S A1 HL S 2850 i O PR B A T 5542
WEJE Drunella sp. 5 ANERJEFN 1 Cincticostella sp.1 T HEEEF 2 Cincticostella sp.2 4711k Stenopsyche sp. . 57
% Epeorus sp. i % Heptagenia sp. 50 A TR RS 305 , BB AR SR B 19 G K T T T . TR 28 A4
KROAE Y FIA AI0F Caenis sp. WF87)E Ephemera sp. , 534 6 LB AR 155 A BT I6 v , Se 2R 8 18 v 3 43
HiA SENE Isonychia sp. JLARBEENE Paraleptophlebia sp. ./NEF Ephemerella sp. F1Z0f71 1% Hydropsyche sp..

& 6 RS A ST T Z [5G R (9 RDA 73
Tab.6 Summary statistics for the Redundancy Analysis (RDA) relating macroinverebrate

communities to environmental variables

HIEFRELIN T Sk AR IR TPSE Y LIRS ¢
HEEH T
F P RDAI RDA2 RDAI1 RDA2
ik 5.417 0.001 0.390 -0.025 1.559 -1.008
pet s 2.415 0.001 -0.160 -0.211 -4.379 -19.639
GG 1.808 0.033 0.204 -0.178 0.036 -0.660
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Fig.5 Density and biomass of different functional feeding groups in the Hanjiang River

and its five tributaries and their proportion in each river
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2.6 KREWITMN
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WIS 100 Fift, 5 3 25 T03L B AT Sl 0900 o 22 AR AR BE AT o8 T DL 30 0. AR TR I 5, 4% 32
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Fig.6 RDA plots of macroinvertebrate community structure and significant environmental variables
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Tab.7 Bioassessment of water quality in sampling sections of the Hanjiang River and its five tributaries

Wi BI IR G H' KB Wi BI KRS H TR B4
HJ-1 3.20 i i 3.21 Tk Js-5 2.68 i 3.89 Wik
HJ-2 541 REEHE 268 REER YH- 2.91 i 3.31 T i
HI-3 3.84 i 3.54 SERLe] YH-2 3.05 ik 3.42 T
HJ-4 2.62 I 3.24 ik YH-3 4.09 T 3.19 W ih
HJ-5 2.79 i 3.21 HiE YH-4 5.54 BREE Y 2.60 BTG Y
HJ-6 3.77 I 1.69 VS YHSS 4.80 TR S Y 3.51 ik
HJ-7 4.15 BREEEY 3.09 i XH-1 3.20 bRl 3.54 VB
XS-1 3.46 I 3.46 T XH-2 2.56 T 3.23 WHiE
XS-2 3.07 g 3.52 i XH-3 6.42 G Y 1.60 gy g
XS-3 3.16 I 3.41 i XH-4 3.13 I 1.75 v RS Yy
XS-4 2.69 MR 3.31 T XH-5 4.50 TRV YL 1.14 Ry Yy
XS-5 4.40 R Y 2.92 RS Y JQ-1 4.04 HiE 3.64 HIE
Js-1 2.71 i 4.40 i 1Q-2 3.39 AT 4.11 HiE
Js-2 2.82 T 4.19 T JQ-3 4.00 WG 3.57 s
Js-3 3.14 G 3.93 ik JQ-4 3.10 ik 3.74 Wik
JS-4 2.77 i 3.73 T JQ-5 3.47 T 3.10 i

SEE VR AR 7RI A T I AT 3 BB R U AN R U TR R B A5 A, X
R B0 0 11 96 PRI I PR, o e o SR S R B P



1150 J. Lake Sci. (#ia#%) ,2020,32(4)

T3P A S A i S B AR AR — B, T B BT RS HC, T i Ay
AT KT A LG A S . MBS, UL T WL B T B 2 i ik sl (16 4) |, IERIRTZE ) W]
DU R IR B T 2 AR . AR sh A A= s e o, AR 3 A W AR A ST = K. 4K
M Sh W) B B S TE W PR K X PR YD IR B A AL & o E &, 7R/K R BB 1 % K S R B v, LAk S
PERCRAE AR 2 . e A R b R B, AR SR 75, DUV 30 9 46 S AT it -, ¥ PR IR i 14
IRV, RS AR T & B AR B, S5 RAERR AT UV 3 T R Sh g 04 A /N T
HOR TR K . X AT RB S AEF ST AR A LR A ML R R I 2%, B A HLSE A R T
ERmEE.

RDA 4y Hr 2 B GRH  SLml | F 5 3R 2 S M DUV S R s B 40 A5 1) R ZEIRBE 7. S i sh
YIS B 32, R 2K B A R A BN, 1 A B AR S I B R, i 8 B
A SR A R IR S T R R IR IS S A R . ARG T S5 B A (r=0.688, P<0.01) A % B 3%
FRIRE A B A A T3 A 8 S5 S ) S R 4, R/ A B o T B R T  th RDLVTR A) S
JEAVI B 2o P 5 v ) T DR TR e TR R R PR, AR R R MR A, O RS N O AR SR G ) H R g
Corydalus sp. & H Agnetina sp. FIZi## Paragnetina sp. i & F #4IL TAEF IR & B oK h 1222
IIREBEERE , HOM IR L 32 /K FREE R R M 5K 0. A T3 4 A 450 % 9 T T (A DY 37 B ) T S i
B ) W E B AT T —LeSE B2 BRI, AT A8 T E AR, A T B 5% R R 8 AR R 1
AT HLARIURE ) T WA T 3 v A DT 0T 0 9 73T ) 3 B K VR FH AR B My i g R L TS
FREE R /K22 Limnodrilus hoffmeisteri )% 5 5 7K e SLpi vk J3 22 B IEAH G , I ¥ 5 2S5 2 % Drunella sp. 1
F A1k Stenopsyche sp. 55 W 5 /KA b i) BBV IO OCOC R, A BB VR 38 5 LA 8 77 R A S PR
=L A (r=0.407,P<0.05) A (r=0.438,P<0.01) , F WA E FRER (G A — 8 A2 5 ok s T W s i
PE 973 1) S35 s R, 1t 5 LARE B e — 30

IR A PPN A5 % 5 [T 32 78 B o IR o s IR 2 I R A AR — 30, R BRI /KT 5 A Rl
IK BT, I K B 325, KR4 3 /K BRI F DU A7, RDA 434715 3 BH 38 43 32 3 W 1 o V5 s
YIRS AR 22, UL S8 X SR FOR B0 R BEAh , & 450 K BRSO KB B B OE T R e a5, I
VLSS KR T 1L X, e L Y A2 sl s m /0N i 5 T 3 DA L 0 1) D a9, N2 Sl R, eyl 3 £
B A TR AT S SR AT, FESUYL R 3 A T U A )T T TR, BI 45 0 Shannon-Wiener
ZARHERR B K B PR S5 R R B — 8 M 22 M. X5 RS Bet K B A PR 7 A 56 , Shannon-Wiener
FEBO K B 43 HT 32 2 SR A Bh W TR IO 45 ), RS R RN TS B8 0 I X 30 5 1T BI ZE e Ak R i R
TR TR R . T UL KA A I R A T B MO LA T AT, T4 2 SR
HIE 2%, HARRNE. A< SCE i RS %] K B BEAF A, T Li 26 38 i /K BR8240 B\ 2645 3 T 40 7L
XoF T T A 7 R AT 4028, SEET A 4% S B 7 BT 205 SR 5 AR SO AR — B, {E % B B K IR BT S B R A
NZETE B TP 55 AU BRI A T K 5 A TF 0 T Sl P4, IR A R A7 3 400 0 R 50 S B A 458 20007 1) 2
B, AR T KK B BL. (BAEA IS KB AT b, o] OB KRS S8 N0 s TR 1 2% 18
ke, RITTAS 2 5 Ry B PEAN 25

AR AT F 3t T 3t A 28 00 T R LR S 0 ) IS S A T8 R A 40T K AR 0 % &5 5 R A 1 A S B
L, R DI A 25 IR 1 DL L 8 I« 1 ISR R BT WA BE, sl et AR G (9 A T3, 4R 1 D 2D i
T B ISR A SR S PR N ZETE Bl 52 ISR LT 307 90 3ol 05 VR Y5 % B3R T, WU Sk A1 ok 7K IR i 1)
P93 3 AR T K T A, K B T 2 T 0 b X 22 55 114 2, 4 TEL s A0 ) i /0 o (X 3 A 25 1 R
FIFE00 54 s DX KA AR S A A WIS 9T, S8 KRB BRI IR R | o X B 5 O R 4 1 H 8 A
WEgEHLmt , WA TR AR B %

4 S 3Tk

[ 1] XinJF. Study on watershed water ecological carrying capacity of upper reaches of Hanjiang River ( Shaanxi Section) [ Dis-
sertation ] . Xi'an: Xi'an University of Technology, 2017. [ 3= W. BT b 37 ( BV B ) bk A 25 7R 88 WF 78 [ 244



5 5 B4 UL 0T i A v vl S S A 3R 04 JRA B M B DA AR KR A R 1151

(2]

[3]

[4]

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]

WIC]. P HEBTR, 2017, ]

Liu ZX. Water quality status and governance enhancement path in the upper reaches of Hanjiang River. Water Resources
and Development Research, 2016, 16(8) ; 75-77. [ Xl 5% . BUVL 1 3if 7K B BIR B ih BRam Ak B A2, KR & B 5E,
2016, 16(8) : 75-77.]

Wu WJ. Forecast of the impact of Xunyang hydropower station to Ankang’s water source and the water quality in the overall
reservoir in the upper reaches of Hanjiang River [ Dissertation]. Xi’an: Xi’an University of Technology, 2009. [ % 3C{8.
DU 3 1) H K R s X6 2 B K A ) 532 ) B J2E DX R (AR BT BB 5 [ 2 i 3C ] P22 . P2 TR %, 2009. ]
Li TY, Yin JX, Zhang LL e al. Analysis on runoff evolution trend of upper Hanjiang River and its influential factors. Yan-
gtze River, 2011, 42(9) : 19-22. [ 2Pk, BRIRE , TKRINENSE. DU B WA RS B H S5 m R R . AR,
2011, 42(9): 19-22.]

Zhang WC. Study on health evaluation and water ecological restoration of Pingchuan section in Han River|[ Dissertation ].
Xi’an: Xi’an University of Technology, 2018. [ SiAFiE. ST - )1 BEIRf it (B PN Kok A= S A B W98 [ 200k
. V6 PEEELT R, 2018.]

Chen L, Wang DB, Jun S. Macroinvertebrate community structure and relationships with environmental factors in the Lhasa
River Basin. Acta Ecologica Sinica, 2019, 39(3) : 4-16. [ BEREH, AU, . HLE=0 G IR R W sh 4 e 7 45 4
FIHHBEHEFIRR. EEF, 2019, 39(3) : 4-16.]

Liang YL, Wang HZ. Benthic Animals ( Chapter 10). In: Liu JK ed. Advanced aquatic biology. Beijing: Science Press,
1999 241-259. [ RLEW, EHLEE. MY (5 75) . W XIEEREd. S PokA LY. dbat: Blagdiit, 1999.
241-259. ]

Morley SA, Duda JJ, Coe HJ et al. Benthic invertebrates and periphyton in the elwha River Basin: Current conditions and
predicted response to dam removal. Northwest Science, 2008, 82(1) : 59-72.

Li ZF, Wang J, Liu ZY et al. Different responses of taxonomic and functional structures of stream macroinvertebrate com-
munities to local stressors and regional factors in a subtropical biodiversity hotspot. Science of the Total Environment, 2019,
655 1288-1300.

Wang XZ, Tan X. Macroinvertebrate community in relation to water quality and riparian land use in a substropical moun-
tain stream, China. Environmental Science and Pollution Research, 2017, 24(17) : 14682-14689.

Ministry of Environmental Protection of the People’s Republic of China, Editorial Board of Water and Wastewater Monito-
ring and Analysis Methods eds. Water and Wastewater Monitoring and Analysis Methods : 4th edition. Beijing: China Envi-
ronmental Science Press, 2002. [ [HZFRGE A BUR CORAUR AN S3 477718 ) S 23, AR BUR AN A3 4777 8« 26
4R JE: PEERERLE W R, 2002. ]

Brinkhurst RO ed. Guide to the freshwater aquatic microdrile oligochaetes of North America. Canada: Spec. Publ. Fish.
Aquat. Sci. 84, 1986.

Dudgeon D ed. Tropical Asian Streams: Zoobenthos, ecology and conservation. vol. 1. Hong Kong: Hong Kong University
Press, 1999.

Epler JH. Quality NCDoW. Identification Manual for the Larval Chironomidae ( Diptera) of North and South Carolina: A
Guide to the Taxonomy of the Midges of the Southeastern United States, Including Florida. St. Johns River Water Manage-
ment District, 2001.

Liu YY, Zhang WZ, Wang YX et al eds. Freshwater Molluscs of Chinese Economic Fauna. Beijing: Science Press, 1979.
Morse JC, Yang L, Tian L eds. Aquatic insects of China useful for monitoring water quality. Nanjing: Hohai University
Press, 1994.

Barbour MT, Gerritsen J, Snyder BD et al. Rapid bioassessement protocols for use in streams and Wadeable River; Per-
iphyton, benthic macroinvertebrates and fish (2nd edition). Washington, DC; US EPA, Office of Water, 1999 B1-B50.
Wetzel RG, Likens GE. Limnological analyses. The Quarterly Review of Biology. Springer, 2000 101.

Leps J, Smilauer P. Multivariate analysis of ecological data using CANOCO. London: University of Cambridge
Press, 2003.

Karr JR. Assessment of biotic integrity using fish communities. Fisheries, 1981, 6(6) : 21-27.

Wang BX. Water quality bioassessment using benthic macroinvertebrates[ Dissertation ]. Nanjing: Nanjing Agricultural U-

niversity, 2003. [ FA&HT. KEEIIICAHESI YK B PN IF 58 [ 220830 ] . miat: Batl R, 2003.]



1152

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[39]

J. Lake Sei. (#a#F%),2020,32(4)

Zhao R, Gao X, Ding S et al. Tolerance values of macroinvertebrate taxa in Liao River basin. Acta Ecologica Sinica, 2015,
35(14) : 4797-4809. [, Wik, T AR, IR BCRBURMZ Y5 (H. A&, 35(14) . 4797-4809. ]
Wang JG, Huang HB, Yang MX et al. Tolerance values of benthic macroinvertebrates and bioassessment of water quality in
the Lushan Nature Reserve. Chinese Journal of Applied & Environmental Biology, 2003, 9(3) : 279-284. [ F#[H , &Kk
HEL, A% W B A5 7 L 3 DX VAT A T84 I 5 A 30 00 45 5 /K B A 0 24 TP . o S BR AR A 2 i, 2003, 9(3)
279-284.]

Huang YY, Teng DX. Application of large invertebrate community structure characteristics and its diversity index to moni-
tor the pollution of the canal. Sinozoologia, 1982, (2): 133-146. [ #& EF%, B4, N FH R TG EHESh My i s 45 F 4%
TE R HZ AR PERS B I i iz 0 75 S 2E ), 1982, (2) @ 133-146.]

Shumway CA, Hofmann HA, Dobberfuhl AP. Quantifying habitat complexity in aquatic ecosystems. Freshwater Biology,
2007, 52(6) : 1065-1076.

Zhao N, Wang ZY, Pan BZ et al. Ecological functions of riverbed structures with different strengths in the Xiaojiang River
basin. Journal of Tsinghua University ; Science and Technology, 2014, 54(5) : 584-589. [ &4, EIKEN, WRARFELSE. /N
VLIRS ] 38 BT PRAG A ) A2 A2 AR . TR FARBIE AR, 2014, 54(5) « 584-589.]

Pan BZ, Wang ZY, Yu GA. Assemblage characteristics of macrozoobenthos in the source region of the Yangtze River and
the source region of the Yellow River. Resources and Environment in the Yangtze Basin, 2012, 21(3); 369-374. [ %1%
HE, EIRED, A2 T ISR B Y DR R S B E I R IE AT Y. KD B U S AR, 2012, 21(3)
369-374.]

Duan XH, Wang ZY, Cheng DS. Benthic macroinvertebrates communities and biodiversity in various stream substrata. Acta
Ecologica Sinica, 2007, 27(4) : 1664-1672. [ Be2dk, FIREN, FEARTh. ML AN PRIC STk PRt sh i eI S 2 0
P AR, 2007, 27(4) : 1664-1672.]

Zhu PH, Pan BZ, Li ZW et al. Macroinvertebrate communities characteristics and their responses to fluvial geomorphologi-
cal feature of typical debris flow gullies in the Xiaojiang River Basin, Yunnan Province. J Lake Sci, 2019, 31(3) ; 869-
880. DOI: 10.18307/2019.0325. [ JRADKE, HEOREL, ZEaimlas. = mg /ML IR A Yo 47 A A S RE VR AR K
HOXTIT A AR R . BTIE RS, 2019, 31(3) : 869-880. ]

Usseglio-Polatera P, Bournaud M, Richoux P et al. Biomonitoring through biological traits of benthic macroinvertebrates ;
how to use species trait databases? Assessing the Ecological Integrity of Running Waters, 2000, 422/423. 153-162.
Dolédec S, Statzner B. Invertebrate traits for the biomonitoring of large European rivers: an assessment of specific types of
human impact. Freshwater Biology, 2008, 53 617-634.

Sharma CM, Sharma S, Borgstrom R et al. Impacts of a small dam on macroinvertebrates: A case study in the Tinau River,
Nepal. Aquatic Ecosystem Health & Management, 2005, 8(3) . 267-275.

Erftemeijer PLA, Lewis RRR. Environmental impacts of dredging on seagrasses: a review. Marine Pollution Bulletin,
2006, 52(12) . 1553-1572.

Nairn R, Michel J. A biological and physical monitoring program to evaluate long-term impacts from sand dredging opera-
tions in the United States outer continental shelf. Journal of Coastal Research, 2009, 20; 126-137.

Chi SY, Cheng S, Wang HJ et al. Zoobenthos communities in the middle and lower reaches of the Hanjiang River. Journal
of Hydroecology, 2014, 35(5) : 82-90. [ WbALiZ , Wi, TELT T BT FWERANEN M B A MR B9t /25
7k, 2014, 35(5) : 82-90. ]

Liu J. Biodiversity of Mollusca in the Xiang River [ Dissertation |. Changsha; Hunan Normal University, 2006. [ XI|{&. i
LIRS ZAEMERT R [ 220830 ] . Kb BIRImE R, 2006.]

Vannote RL, Minshall GW, Cummins KW et al. The river continuum concept. Canadian Journal of Fisheries and Acquatic
Sciences, 1980, 37 130-137.

Ren QH, Yuan XZ, Liu H et al. The effects of environment factors on community structure of benthic invertebrate in rivers.
Acta Ecologica Sinica, 2015, 35(10) : 3148-3156. [ {LIfG Pk, 324, XULT 5. FREE PR 1 XHn] J IS 0 6 e sh i %
CERIN SR, A S, 2015, 35(10) ; 3148-3156. ]

Chen HM, Qu XD, Wang F. Research progress of river dynamic influences on the distribution of macroinvertebrates. Re-
search of Environmental Sciences, 2019, 32(5) ; 758-765. [ WE 28, 7R, T35, WMIF/K 3N 1 &% KRB EWish )
ARSI . FREERHEIEST, 2019, 32(5) : 758-765. ]



5 5 B4 UL 0T i A v vl S S A 3R 04 JRA B M B DA AR KR A R 1153

[40]

[41]

[42]

[43]

[44]

[45]

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. [ #JTHE, M, Bk, FRMKFKEURTIZ Y I Reft 25
A SRR, 2009, 29(10) ¢ 5207-5218. ]

Fu XC, Tang T, Jiang WX et al. Impacts of small hydropower plants on macroinvertebrate communities. Acta Ecologica
Sinica, 2008, 28(1) : 45-52. [ {8/, FEWF, FITHEAE. 51K B XTI A ST S A RO R A2 254
2008, 28(1): 45-52.]

Wu DH, 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. [ AR, TN, SUGMESE. HET ORI R IO A Sl W i S T U IR RV B (E—— DAV R R
W) NS EAR, 2010, 21(2) - 483-488. ]

Xiao SC, Xiao HL. Advances in the study of the water regime process and driving mechanism in the Heihe River Basin.
Advances in Earth Science, 2008, 23(7) : 748-755. [ HA: 3, M UbiR. MU Bk BRI 8 K IR Sl L il F 5 ok e
HERBL 2R, 2008, 23(7) : 748-755.]

Moya N, Hughes RM, Eduardo D e al. Macroinvertebrate-based multimetric predictive models for evaluating the human
impact on biotic condition of Bolivian streams. Ecological Indicators, 2011, 11(3) . 840-847.

Jiang XM, Cheng JL, Xiong J et al. Macroinvertebrate community structure and bioassessment of water quality in pohe
stream, one of the headwater streams of Huanggai lake water network. Resources and Environment in the Yangize Basin,
2011, 20(9) : 1040-1046. [35/NBH, B, AR NHAE. B3 WK R I5 IX —— B ) SRR JCEHE S V8 S5 /K BT
Hir KILHRBBEIR SR, 2011, 20(9) : 1040-1046. ]





