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Abstract; Changes of land-use and land-cover strongly influence stream ecosystems. In the present study we evaluate the
effects of these changes on the biological condition of Upper Xitiaoxi watershed Zhejiang Province, China, using a benthic
index of biotic integrity ( B-IBI). Benthic macroinvertebrate assemblages were sampled from 62 sites in first- to fourth-order
streams in 2004 to 2005 to develop a B-IBI. The land covers for each site was estimated at sub-basin riparian-zone and local
scales using 2003 satellite image and a Digital Elevation Model. We showed that B-IBI was negatively correlated with the
percentages of croplands, bamboo forest, and the residential area. The percentage of croplands was strongly and negatively
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correlated with B-IBI at all three spatial scales, sub-basin (r= -0.527, p <0.001), riparian (r = — 0. 665, p <
0.001), and local scales (r= -0.696, p <0.001). The percentages of coniferous forests, broad-leaved forests, and
blend forests were positively correlated with the B-IBI. The percentage of the broad-leaved forests was strongly correlated
with B-IBI at the local (r=0.618, p <0.001) and riparian scales (r=0.589, p <0.001), and less so at the sub-basin
scale (r= 0.333, p <0.001). However, the percentage of coniferous forests was significantly correlated only at the sub-
basin scale (r =0.366, p <0.001). With croplands < 50% of the whole catachment, B-IBI declined linearly as the
percentage of the cropland increased , however, the index leveled off when cropland reached 27% of the sub-basin, 57% of
riparian zone, or 59% at the local scales. Furthermore, the linear correlation of the percentage of the cropland at local
scale with B-IBI was the strongest (r = —0.808, p <0.001, n =46). Our results suggested that a buffer with higher
percentage of forest land cover between stream watercourse and cropland should help to maintain or improve the biological

conditions of Upper Xitiaoxi watershed.

Key Words: benthic macroinvertebrate ; index of biotic integrity ;land use; catchment; Xitiaoxi
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1.3 REURAEITAHES Y B MBS

RERAG T HESh Y e B 4840 ( B-IBD) BE SEWER R BUK IR IR B . ASGEE R 30 B1MEWBH
0 , B E B-IBL $5 %kl 7 MEMB B (R 1) A HERE— S =SB ES 7o B-IBI f9{E
Bk EMAMBSE N A (R 1) IR E T B-1BL P4 P BRI, B : PR (Health) >6.02,
TR (Sub-health)4.52 ~6.02,3% 3 ( Good-fair)3.02 ~4.51,2 (Fair)2.52 ~3.01,#% 2 (Poor) <2.51,

F1 HHEEREH MIRHEENSY
Table 1 Biotic parameters of the studied stream segments in Xitiaoxi stream catchments

RS HE HEHEAR

Biotic parameters Range Calculational methods
B Total taxa 10 ~76 Ai/68

g + WA + BH B AR EPT taxa 2 ~45 Bi/31

B H Y743 Coleoptera taxa 0~15 Giv11

20UA R/ £330 H (% ) Hydropsychidae/Trichoptera( % ) 0 ~100% (100% -Di)/94.70%
IERE T Filteres% 0~52.41% (52.41%-Ei)/48.16%
i 3 {2 {kE#F Three dominant taxa% 32.95% ~94.20% (94.20% -Fi) /51.35%
HH1FE % BL 2.31~6.62 (6.62-Gi)/3.75

A..G, =FBBHEIE, (i =13 62F£K); A,..G, = values of biotic parameters, (i = samples of 1 to 62)

1.4 AR R LI

S0 Karr SR, 0T ERIRCRE R EWRRIER) (TR (OARE ST IR ISk , R I PR D 200 m SR Y]
Bl JRERE (BRI R E L | km, RFEE 200 m R ) ,3 MR RETHHHAHE2),
AP IR IR B T 2003 48 TM $3fE , 72 X9 B R BEAT U 21 1E (Ko 36 PO HE A AR vEAL RO SR |, 1%
FR—RE R FAn S H IR Y DA A 7 2K . AR5 BT RS R DEM (Digital Elevation Models)
ELHARBUA M AR KRR R, R0 TR, B2 b HAB SRR IR T 1:50000 P IE . &) FIAE Z B
THRERIET 6 f R ZH LA RRE . SRR ATE S Ak Mk GRSWTE 3 MIRETHE 2R,

"
7 v
n%,% ’%/

TR Sub-basin #J54RUE Riparian Jr SR JE Local
R E Bk K B B 1200 m R A3 kel 13200 m
Entire drainage upstream from sample point 200 m buffer on each side of sample 200 m buffer on each side
point extending length of the drainage of sample point extending 1 km

B2 3F=ERET GIS 57 - Al FHE (4 Morley & Karr,2002)
Fig.2 Diagrams of three spatial scales used in the GIS-based analysis of land cover (referred from Morley and Karr, 2002)
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2 BRESH
2.1 REURWILHHESIY)

PIERFIR 62 -HF s R B AR RWICHHE SIY) 232 DK BTG (taxa) , P EPT(iFMF H B #H
W E) NS E &SR RITH 60% &4 , WREM B-IBl EESH(EK 1), HBBE KT 20% i 56 FH
RIEREAEY R 2, HRREH 76 3R BIL, SR 10 4>, KEURWILHHE S Y58 B M5 80 (B-IBD) Bk
1.3, 55 6.8(5% 3) ,{UA 13% Ky 5UR T IR (B-IBL > 6. 02) ,69% K+ s AEFRAR B2 2 T #1 % (B-IBI <
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4.51) , KA B FHIH A 53] 18% (B-IBI<2.51),
xR2 EAREEYaAS HIREE
Table 2 List of common species of macrobenthos, their frequency of occurrence in sampling sites
Y4 Species $RE Frequency(% )  4#h45 Species $5 & Frequency( % )
TR UE/E Choroterpes spl 90. 63 B3 Ceratopogonidae 29. 69
Po 5 52R} Baetidae 87.50 WHIERR Cincticostella sp2 28.13
BB e J& Stenelmis sp 85.94 BB Protohermes sp2 28.13
TR UEE Choroterpes sp2 84.38 HE 2 P8 Radix swinhoei 28.13
4P} Simuliidae 76. 56 AR Goera spl 28.13
B8 Antocha spl 75.00 KA B Setodes spl 28.13
TR VY WelE Semisulcospira Libertina 68.75 V¥ 42JR Helobdella spl 26. 56
H ek IR Caenis sinensis 67.19 SR 4 Caenis rivulorum 26. 56
B3| $} Tubificidae 64. 06 HHIERR Cincticostella spl 26. 56
AT M2 B0 W Ceratopsyche spl 60.94 JE AR Rhyacophila spl 26. 56
LB KA W Cheumatopsyche spl 60. 94 A28 Isonychia sp 25.00
BB AU Hexatoma spl 56.25 F ¥R Gomphidae 25.00
1B 45 Bk 7 Mk J8 Cheumatopsyche sp2 54. 69 HHWP Caridina sinensis 23.44
FE& M 4E Ephemera wuchowensis 53.13 HRIEF J§ Nomuraelmis sp 20. 31
LI PRERIBHUE Cinygmina rubromaculata 53.13 1BUEJE Iron spl 20. 31
SEB SN 8 Cheumatopsyche sp3 53.13 FHUEIE Habrophlebiodes spl 20. 31
TR Corbicula fluminea 51.56 fa )R Stenopsyche spl 20. 31
SRIEUEIR Serratella spl 50. 00 4RIEUR)R Serratella sp3 40. 63
KB R IEFF JB Psephenoides spl 48.44 FIiEl8 Gyraulus albus 39. 06
BB KB Hexatoma sp2 48.44 K44 Caenis longispina 37.50
BB Cinygmina obliquistrita 48. 44 YBZ Ephemera serica 35.94
4T R A% Uracanthella rufa 46. 88 JRiE R J& Psephenus sp 34.38
QOulimnius spl 45.31 Gonielous sp 32.81
KIT 4R, Sinopotamon yangtsekiense 45.31 iR} Tabanidae 32.81
K U2 Caenis nigropunctata 45.31 He K UE Ephemera shengmi 32.81
R 8 Turbellaria spl 45.31 SRIEUR)R Serratella sp2 31.25
LT B W, Ceratopsyche sp2 45.31 W8 Parachauliodes spl 42.19
RIshiEfE Cinygmina sp3 42.19 TR BABS| Branchiura sowerbyi 40. 63
*3 HERKESB-BLIEH
Table 3 B-IBI of Xitiaoxi in sample sites
FE £ Site B-IBI FE X Site B-IBI FE £ Site B-IBI FE £ Site B-IBI
1 5.83 17 3.85 33 2.52 49 1.79
2 5.61 18 3.93 34 2.08 50 3.01
3 5.49 19 4.19 35 2.00 51 2.52
4 6.48 20 4.82 36 3.20 52 2.77
5 4.80 21 3.14 37 3.45 53 1.50
6 3.91 22 5.70 38 2.00 54 1.31
7 4.26 23 2.99 39 2.14 55 3.94
8 4.61 24 4.03 40 3.30 56 2.32
9 4.45 25 4.71 41 3.09 57 3.43
10 5.42 26 5.47 42 3.62 58 2.69
11 4.45 27 2.80 43 2.93 59 2.53
12 3.34 28 6.78 44 3.04 60 2.27
13 5.51 29 3.14 45 2.48 61 3.10
14 6.18 30 3.42 46 2.58 62 1.79
15 4.33 31 6.27 47 2.20
16 4.99 32 6.04 48 3.37

hitp : //www. ecologica. cn



3 KRB WVITE B LA R R KRR T A Sy s2 B Atk ) R 1187

2.2 ﬁ%ﬁﬁif&ﬂﬁﬁ%% O #k#h Cropland EJE Residential area
3 Ny — 47 @ Bamboo forests & &Mk Broad-leaved forest:
TASRIBASA R B (I 3)  BREA P JEA6H Blond forests D EHHHE Coniforous forests
E19% b, 2 5 Bk E A E o ek, 43.92%, @ HAth Others

HYONSCHIE 1, 38.73% o £ ST AR M T AR EL 2y
£ 50% LA b, SRR 7 8K, 74. 81% o F AT R
ARFIRSSAR L Bl 8K, £ AR AE 0. 90% ~5.60% Z
], BJE A LA A T ARE BT I P 8 A
2.5%,

2.3 +HFAFS B-IBI

T A A
Land use (%)

$hH, BB 55 B-IBI A%, $HHx$ B-IBI PR

FEKR, 73 MEBRE TR (r= -0.527,p < 3 R L

0.001), i f3 (r = - 0.665, p <0.001) Mk (r = Fig.3 Distribution of lal.nd-use categories within each branch basin
-0.696, p <0.001) #Ex} B-IBI =4 B & &0, (B ER

REMMEREERTERBRE., RRVRE(ERBERE r=-0.503,p <0.001,F/FERE r= -0.400,
p<0.05,FERRE r= -0.402,p <0.05) , M4 5 B-IBI #XEABZE (p >0.1) , {H B-IBI JIEpEE LA
5y B T2t T 1, ZEB L B 73 ik B —E WA G GER — Rl & E, WIREBRE ,27% ; WERE,
57% ; R R BE,59% ,) (3K 4) , $i i mz % (B 4), #5498 B-IBL 59 7 S $ A e
(Spearman R¥H) 731 RH,3 HERIRE T &S HNE MBI BERRBE (FRS5) . S50 8%,
EPT Yy#p B0 EE B R B MG, Yikh BECEHE R m oK, HOKGR 853 B A EPT, #5980 B80%
M, R RE (r= -0.635) MURFRE(r = -0.592) Fl B3R T W IR (r = —0.395) , WiHf 5 EPT
YIRP BB B YRR A O TR 3 R s B RE LA EAR, B 3 MEE R A (% ) , B3 B 80A 58H
(% ) BB H BI(% ) # Bl 52 IEA S, Ko #ih 5 B MR, HUCHBRREF WHI(%) , &
¥ B H8CA A EI(% ) FIET 3 MALER EI(% ) o BILERE PECa A A(% ) Mg & Hl(% ) &
JRERFIR R RE LM R EA R, BB R T ERBRE, MAf 3 MAEEF (%) ERERE (r =
0.422) k2R T RE (r =0.263) I RRRE (r =0.275) ,

a r=-0.527

!
0 10 20 30 40 50

1 Il 1 1 ]
80 100 0 20 40 60 80 100
it Cropland (%) it Cropland (%)

B4 #ESLS B-BIZEHBRER
Fig.4 Relationship between cropland % and B-IBI

a W R JE Sub-basin b JiJE R & Riparian c¢ FERE Local
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F4 3MZEARETHEES LS B-IBL 2 B HEHE
Table 4 Curve estimation between cropland % and B-IBI in three spatial scales

23 [a] R J& Spatial scale TR RIS 2 Curve estimation of quadratic

W R B Sub-basin y= 0.004x% - 0. 218 + 5. 6443 (R? =0.4461,p <0. 001)
JAIE R Riparian y=0.001x* - 0. 1133x + 5. 5772 (R? =0. 6414, p <0. 001)
JHFRRE Local ¥ =0. 000822 —0. 0948« + 5. 498 (R? =0.6119,p <0.001)

Frotak, RIS S B-IBLIEAE S, B-IBI B ZRAKE A A 43 LB 0T £ 7. WU B 4Tt
#K5 B-IBL A6 H:B38 (r =0.366,p <0.001) , FH#REWK (r =0. 333 ,p <0.001) , B3SHk5 B-IBI A1 LR B
F(p >0.1) . HRWARE MRS B-IBI BEMX (R RE r=0.589 ,p <0.001, HERE r=0.618,
p <0.001) £ M AHYK, IR 3H S B-IBI #HE M5 55

®5 AN B-BINT S8E3 HEERETS#M MR A% ) B9 P ( Spearman X REL)
Table 5 Spearman rank correlation between the 7 metrics of the B-IBI and cropland land use (% ) in three spatial scales
T H#FI F ($4#% ) Land use ( Cropland % )

£ (n =62) Sample size(n =62)

TEF 3, Sub-basin {7 /£ Riparian JA#E Local
BB Total taxa -0.395> -0.635° -0.592°
2 E + B E + B EPT taxa -0.263" -0.330° -0.271°
B39 B #7#3L Coleoptera taxa -0.393b -0.383" -0.367"
;T‘ysﬂmiiﬁfeﬁﬁﬁﬁéz; ) +0. 359> +0. 469° +0.514°
R FH (% ) Filterers( % ) +0.438° +0.502° +0.562°
B = AL4REFh H (% ) Three dominant taxa( % ) +0.275° +0.422° +0.263"
A% BI +0.612° +0.741° +0.736°

a; p<0.001, b p<0.05

2.4 ZFERE

HEH A 4 texd B-IBL (2 5 5 B RS UM . TR 5 (7 MR A F1 6 (10 AR ZE IR E
BIBEHE 4t B R 2. 88% ~43.92% 1 5.57% ~21.74% R E F 3.78% ~ 88.32% 1 19.37% ~
48.38% ,JHEREE 4 3.82% ~83.53% F112.04% ~66.61% ., XRS5 WINPT St 3 Fhssim RE
F5BIBI ¥ BEMHE(ERIR r= -0.824, p <0.05; 7 r=-0.913,p<0.05, FIF; r= -0.927,p <
0.05) , SR LI 6 I Fhb 43 HARAE IR B (r = —0.808,p <0.05) FRARR B (r = -0.685,p <
0.05) 5 B-IBI &%, 71 5 RE L5 B-IBI fHM A BE (p >0.1) . XIWIMIRS 72 RFRFAW 2 RE_L#
HUE 43 Xt B-IBT B 2mase T 0 i EUR B, T S IR 6 78 Wik R B E3b T 43 b B 52 i T3 B F0 3] 1
RE. AERBAZRERE LWEMAEEZS, B-IBI 32 3| /N REE B CR 23 H 2L [FH #m , B—i 25 [/ R
JE T B84 TUvh VR OB A AR AL B AR A A B M (AN TR IR 6 T R o
3 itig
3.1 ol A 3R A X AT Bl 4 S B M ) R ma b A

THA A BN RERRERAWEERERY . Rl A A3 EGRE R AEYRCEZ) B
e K BUERAL BV U A SR 2R AR T R R FUK IR B 284k, R BRI e TR £
FHRZ—, FEES LRSS, TR A = FER, BRIEZSREL REAFKEL, B
BRI ARTE R, A AR, BB WA S IR 22 58/, K SCR RN A 52 A5 B i 28 3 U P B 3 SR A A L
R 5 U, 18 BRI AE Y R AR SR>, AR AR B, TR BRI s L E i
HEHCARE AT AE IR 2 BRI . EAMOBIE b B2l Fi e He 55 B-IBI & —Fhdegk A >6, B RS
ARSCHIBEFT G AR, B0l F ML HLBIE 30% ~50% BB IRAA MR FRR B B9 A M e B MR S0 B PR 3R, 48k
HLAE IR L X — JE I A A TR B e DR o g AR R B T A R IR R 2
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¢ Sub-basin ¢ Riparian ® Local ¢ Sub-basin o Riparian B Local
7 a 5 b
64 r=-0.927 e m © r= 70..808
5 Localn=17 4 . Sub-basin n="7
o
o 4 = 3 . 0, gfo N ]
n 3 ¢ @ I o L]
@M . . s 5 o Q2 . o =
2 B | [
1 1
0 I | L L J 0 ! ! ! L |
0 20 40 60 80 100 0 20 40 60 80 100
b Cropland (%) b Cropland (%)

B5 ARFSEHHE TS B-BI Z KRR
Fig.5 Relationship of cropland % and B-IBI in different basins

a. Y H I 5Branch basin 5 b. X i1, 6 Branch basin 6

FHIR W, v LUMR SRR W e B A SR IR & , THER AL FE R e, X st AR T P 3 B AN B R
HH AR B RE G TR BB AR I R I AR M s B MR S SR B (181 3) . TH B W B-IBI 48§03 # s &
ma B S, B L R B 30% ~ S0% B JRABAE YIRS MY & RSB TRE R A Y e i
¥ (B-IBI) AR FFERR B KT (BRE 3a iR H MR 4510 R7E TR R E i Bl /N T 45% Hohl 173
H, — BRI R E b I gkee 3 , AR 58 AN BUA M T RO, IR A M S 8 P48 41 ( B-IBI) ¥ & 4k 52
ZFF , X AR B R A YRR S O R R
3.2 WM SRR

BHAE L SO A E M RIR P REERASH FEZMER, RESWMEMWZmMAEL, EF-ENTHRSE
A EZFARZ T RT7ERE R B —H 001 X, a0l B 7 RS 8 T BB AU R
BEEYMEREDRSE. EYTESHERER M IBERESRZRENREUZENN AL TR E
RE™ 4R B-1BI B4 1B 8 A& T B RIKE AR BRD . BB EBENLIER,
S5 LA AZ X R BT LU 2B S A Y RO T PR IR B 2 45R 224K 3

AICKBAE 3 Fhas 1A REE b3k #% A B REZ 8T (LR IBRE,27% ;1 7 RE,57% ; KB RE,59% )
5 B-IBI pi& 4 TRER R, 3 H B-IBI 72 Ry #F R L Xd Bkb % 36 i 50t A 8. (r = - 0. 808, p <0.001,
n=46) BAEREZ G, b E RS, B-IBI TRMEHZHBE, X—FEROHBUERNZIHEE
TR P B AR AR R A R B 1 2, $2 T R S ( R AR, 4 AR AT AR TR A 4K ) S5 HAth 1 3 )
FAZSEL [ I FFTERRER R 2R (trade off) , #f b eI B — R ELUS , i Lh B 4k 23 inxd B-IBI fr =4 19
B4 2RI RRH (7 N R IEAM RS 60% £4) . Bk, #iHixd B-IBI st LR A —
BE, WP LB £, T RE R R AR E B A YR B U BRLZ LT MHREEN - EFETF. 55,
AR RE L3k EmAR R 280 5 @A P e B M B R Stk 22 AR, I F IR S Bt E s W RERRRES
B-IBI #4036, 7 6 BAR7E 3 N RE L#tH A 4 b5 B-IBL A5 FEAHE, (BRF R E L& e
(r=-0.927,p<0.05), HHERAEYEBEENESRABRYBE, W TELILUUT FEFRE, (1) #H
RHETER, (2) WP, (3) AR E R EE, (4) BERE AR ERYEN, (5) &rKklS
B Z IR LLARHL A BT R o
3.3 SEMSE A

BRI RIS LA AR RS AR RE S S ARE S M E RS R BRG
PRRE TAETREE . RATMATSAUGRR T — G, AR REA s, 5+ 0 f ik R g
Ml B-IBI 3K ShpL I , B A A AR A A A T Rt - s ) F A& SR B 17, 38 B B 3k T AL 6 AR P R IR & R T
RAFAFGRY, AR F LA Z BB X R SR RAE Y SRS TIRIRTE,
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