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ARk, S AL RUBE A T T 43 oo — B BRI R k. 78 50% — 100% 38 45 J8E 31 Rl P i 24 O 12 15 ) S Dk 8047 8k Cheumato-
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Selection of indicator species of major environmental variables affecting macroinverte-
brate communities in the Xitiao Stream, Zhejiang, China

WU Donghao' , ZHANG Yong', YU Haiyan®, YANG Lianfang' & WANG Beixin'

(1: Lab of Aquatic Insects and Stream Ecology, Department of Entomology, Nanjing Agricultural University, Nanjing 210095 ,
P. R. China)
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Abstract: The land covering for 55 sampling sites in the Xitiao Stream were estimated as sub-basin, riparian-zone and local scales
using 2003 satellite image and a Digital Elevation Model. Redundancy analysis indicated that the minimum combination including
NH," , canopy, conductivity, percentage of sub-basin cropland and habitat complexity can significantly explain the variations of the
macroinvertebrate communities were screened. The result of variance partitioning showed that NH," was the most important varia-
bles affecting macroinvertebrate communities in the Xitiao Stream and sub-scale cropland% was also another important factor. Un-
der a species fit range between 50% and 100% , Cheumatopsyche sp. 1 and Cheumatopsyche sp.2 were finally selected as the indi-
cator species. The abundance of Cheumatopsyche increased as the NH," and the sub-scale cropland% increased. Cheumatopsyche
has advantages as follows: wide distribution, easy to be collected, moderately tolerance, ability to drift, relative large body size
with slower turnover rates and also ecological plasticity. Therefore, they exhibited to be very good indicators for the NH," and the
sub-basin scale cropland% of disturbed sites in the Xitiao Stream.
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EBYICA M (Redundancy Analysis, RDA) #8557 /K (R BIAL 280 A5 2 R0 L BOAS [R) RUBE - 3t R X 74
RV SUIRAT Sl WU RETR S, 4 D S T2 U SR AT 3 G0 A Y 2 R AR e O S oy R R R B
TR, VU 1R U o BRI A B IS S 4 s Bl A S AT LR BT 2 0 K AR ) 2 o e DL R A S R
GEAHEROUHEME S 25 WA B -3t Dy 08 5 182 IR0 3 ) 7K R S5 TR 55
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PHFE(30°23'=31°11'N, 119°14"~ 120°29"E ) {37 AL 9p s DX B4 87 P /K A 3 X, 8T K H il R
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Fig. 1 The distribution of 55 sampling sites in the Xitiao Stream
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1.3 THFIAEE A

FIFH 2003 4EVGFE T™M $cdfls Al DEM BERITHEE T 55 AL f B3 el (RE s B3 i dull) (Tl 2 (DA
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%% Barbour 205%™ AR LA R A5 B8 MR U IR (Bottom substrate ) 355 47 24 J¥ ( Habitat com-
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FERN B ST TE Excel o 58 J80, AH G HE 43 M S ST AR AS ¢ G 36 78 SPSS b 58 18, B e X 1z 43 A
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1 RDA I3 07 Z 1, AR YT 70 T X K AR R AL DR 1~ A58 800 R - b R P R A7 0 50 o a5 1E 5T
TR RGBS PR B B RDA S5 BB L AR 52 1+ 1 5, PRSI 47 DCA 43 LA
JEWG S Y BETE )8 T HA 06 R 434 (unimodal distribution ) #1182k 74 43 45 (linear distribution) . & T FEARFG 45 4 Fh
XF AR A R4, DCA J3 M Z BiHF sz b BRI T 5% WO R IR , SO 8 iR 10045 3 4h,
T BRI B X 43 284543 A S, X A AR BSR4 T X B 4. O FE#E AT RDA AT Z ETE
ST S M BRI AR S AHOC IR R (el =0.7) 28 &, R A HT 5 | Ak (forward selection ) Xt B B #R 5%
AR TE A T, TR 5 R B B K 56 ( Monte Carlo permutation test) ££ P < 0. 05 /K |3
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1 PR RAHIL S

Tab. 1 Statistical summary of environmental variables

A5 f/MAE SFYE S oN[i] Frifi 2z

IKIRIRAL AR bR pH 6.38 7.51 9.22 0.53
IREE(C) 13.50 20.09 28.00 3.23

W (m) 1.00 140.00 604 126.89

R4 (mg/L) 2.96 8.42 13.33 1.40

A1, 5% (mS/cm) 0 0.08 0.33 0.06

TN(mg/L) 0.06 2.60 5.48 1.57

TP(mg/L) 0 0.11 0.72 0.12

NH, (mg/L) 0 2.14 5.30 1.83

COD, (mg/L) 0.70 12.79 47.90 10.35

Wik S41 JEE BT 2H 8.00 15.24 20.00 2.90
TR 5.00 14.35 20.00 4.36

Wb A2 2% 5.00 13.60 18.00 3.40

SRR g 5.00 15.64 20.00 4.04

P RE 4.00 9.73 19.00 4.74

TelRk L 4.44 50.62 1000. 00 144. 80

+ 1 F H JRERE kM 0 0.21 0.72 0.17
S 0.01 0.74 1.00 0.21

b=t 4% H 0 0.31 0.99 0.28

b 0 0.59 1.00 0.34

Yk ] 0 0.10 0.30 0.09

b, 0.08 0.84 1.00 0.17

2.3 RDA & #r45 R

DCA M4 SR WIS — R 3K (gradient length) 8208, U FHFRIEEAERE B/, T L RDA HiEFP 20 Mrid AT T
AWETE. L SRR 2 A U0 fie A0 106 A 0 2 KT R R R B M R U 4 R U S R 3 4 4 A A
(S iR/ VE R A —2 R IBUE WIS E A AR I A LA B G AR (3R 2) 5 AN IRBEE
5 RDA S 1 INURHAYAHSE R BOLER 2. SRR 2GR A5 A WoR A HE il 24 4225 (P = 0. 002 ) , R WIAMTFE
BN AE R T AT SE . 18] 2 D P03 BRSO sh 4 5 PR fi i) —HEHR Y 1A 25— Rl A9 RFIE(E D 0. 18,
5 ANFRR AR AL RE T 31, 10% IR TR TS

2 2[RV ARG A B A PR IR AL B REAE

Tab. 2 Environmental variables obtained from the forward selection of RDA

WA Nk 57 TR (% ) F P | BT

HA 1.38 7.3 7.35 0.002 -0.65"  -0.38*
TAw 1.86 6.8 5.72 0.002 0.63*  -0.24

AR 1.45 4.6 1.93 0.018 0.26" 0.43*
IR A o e 1.65 3.1 2.24 0.004 -0.42*  -0.09
5% 52 A% B 1.38 3.1 2.90 0.002 -0.04 0.24

“P<0.05 F/RBFEMSE, ™ P <0.01 Fon mF K.

I TCAR ST, JFAESL UM o, AT LA S S BRIRE AL bk X AV Sl W V& G5 40 A S 10 g e B AT 5 22 00 i
(variance partitioning ) . £ 3 W G U5 R V4 75 5 R SO 3 ) 20 A 04 T2 2RI IR 7 i 17 7. 3% 194
il A S, AR PR3 S P IOR BEAR T P D RV 358 52 2% 2 70 5l i 17 6. 8% .4 6% .3, 1% 1 3. 1% 1Y
PoRhAs 5,5 AN ERIR AR i Z IS AR IRE T 6. 2% ROREVE R

TERZARNERT 55 A s s s U W i P2 (AL TRIALID) (B 2) , 5 BB R AR TR, 5 2 RUEAR S Y AL



Br (2R 1) FEAHAL TR I 0 b R i, 52 A
TR ICHY s (AL I ) AL TR A L Ui (&
1) X887 AR T e, M IR A7 AR
XFSEHE, BT LAZL T A i 07 s AR 5 0 e I
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TR R W TG 2 1R U A 3 ) 03 A

B EERE T, S 5 — Bl A A G s F
T0.65(P<0.01) (%2). fFEHFET R
7N1d G T BBl ( Species Fit Range) 78 50% —
100% ) ) Rl F 25 0 1 45 3] 4 bk 8047 186
( Cheumatopsyche sp. 1 FlI Cheumatopsyche sp.
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Flg. 2 Biplot of first and second RDA axes for
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Fig. 3 The abundance isolines of Cheumatopsyche sp.1(a) and Cheumatopsyche sp.2(b)

plot in the RDA ordination diagram
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YA L2 ok 0 B ot K AR S5 R ot AR BT AR 3 KA P Ik S R A B AR e s D — i A IR R
T U, 2005 AFSRAE BGRB8 2 B 3 = T 2004 4F (1 =20.19, P <0.01) , AT RE T 2005 4744 fik
SUA IR (90. 91% ) =5 F 2004 4 (59. 91% ) 5 55 41, Wallace 254§ H 45 ik S0 ik & UL F B2 7K M 1% it
(warm-water stream) "' | 2005 4F SRR 55 A (3R AL B2 F 2004 4F (1 =4.61, P<0.01) 53X Al REtL S8 T
2005 4R A A A0 48 kS0 ik s BT =5 F 2004 4.

3 itit

R RDA 387 , A9 SCHEHL 20 A FREEAS 54N s vt B A5 B AT B (0 35 A P 2R SR AT 3
AR SRR VS R A OB A TR S N W S 4045 19 R B BRI . A R B A S 4 A 1
BEPREE R T, T 178 LU (K PR A5 B b AT L LG RS 5 2 20T PR 8 fak 5 A B [ A
SR e IR A ™ RDA 7B BRSO B R A ek i B LT S,

T 170 A R B E A o R 30 400 9 32 0 i 22 b A /N 0 R, B 85 7 TR, ot T R sl A
TR AR 7 2200 TR B 28 18] RLBE R B8 A8 5 AV . DR [ 25 )R8 437 B335 72 F) F 3R AT 4554 LS 41
X JREATE S BRI, 452 ) S A BRI A bk, 3R T A 4 T 4 00 RS 3l X 3 B BRI  F 30 2
Roth 1 Allan 25 (A5 45 S0 28 WA R 37 88N JBE 110 - b ) ) TR WG 3 490 1 56 W) 3K T8 /NI F 4 b )
F207 Black S5t AR R JEE (0 3 B R FEE ) 14 4 FE ) R 200 PR 2 0 90 0 55 5% 0 35 0 45 3 3k ( Puget
Sound Basin) FJFEA B 4370 . AR SCHIFSE 45 S W1 S Wi L3 e FH T 4 LU 0 35 S ) G 24428 0 4 ) JEG G 30
W53 AG , S BREAHT T TG 3R MR [R) 25 ] R BE T R s Ut - b A0 XS U0 A 28R A G 5 M 0 0 1) S
48 R Sh ) /1 1) 76 B 5 51 ( Benthic Index of Biotic Integrity, B-IBI) 7E 3 #t XJEE F 5 -+ 4 1] 4k 35 671
FASEIP 2R B A VG 24 R B M T L 5 22 i KPS OE B TR L4 5 4R R i KO R
FE S0 B PG 2415 A PR B80T R A5 3R 0 3R K W2, 33 M 73 — 7 THT A1 358 T 32 M X o S 4
A A P A BRS040 5 38 A USUT X P 2 YR MR 2 i MG 690 25 1) RLBE b 6 2 5 MRS G 30 400 4 A )
R B, SRR AL G — R R,

325 T AT 4 A U o [ SR R O] LA g 7 Y KA s A T P o e — LA PR 4 A R A
PEHE ST HERFREIBE AT L. 7E 50% — 100% FITE 2 2 105 Bl PN AR SRR BR 1 S K 80 £ i J 3 A~y . s ik
BT RSO R} (Hydropsychidae ) th i —A K@, 2075 )12 27 H 58000 18k ( Hydropsyche ) 2% i h B 8
F B B i ELAE A ALT5 S ™ 3 A3 0 P R AR SR R A Ik 801 k. Bk S0 ik B AR
AR A B E A B AR T, A BB A LIRS i N — B R b e B T A kS e LA R
HEAFRE ST 5 Ross T BIFE & B kS0 ik 08 005 107 A R S80IV /I Ak v 8 3o A e B ARARG ,
BKECET i B AT AR ) 5 M — Pl SE S Cactive drift) SRS, 6 Ik S0 10 kL 45 32 5 T B 25 ) 3
JER T 9 A K A T R 9 e 111 Sancher 45 (TS 45 S5 W J K S0 1 ik LA — 5 9 AR 75 T 9B, G
SRR AP IR A AL IR A A T S R G 2 5 YA SRRSO R A 4 AN R R K R R A T s
KARERS AR BT S, IR AR B3 H 19307 Sk, Horh A IkSofik 11816 3k, 5 ik
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