ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




- et N Jeps
«l‘ &E ﬁ § ENVIRONMENTAL SCIENCE HBH BT

( HUANJING KEXUE) 201247 H 15 H
H &
e R R T A M IX S K T R 1 ZE 2 JR L TR BEIIFGY v vveeeeersenmmemmmmmemneeesesn sttt e e 2 HE HEH(2145)
AR 2 0 SR DA WA ) TR R AE B LT v FRAg B R, REE WEY, B E(2151)
W 125 KRBT T ST v G SR P RS E W A (2158)
B M DX T 8 TR T B M I AL +ovevvveeevoeee oo e R OB, B B AL, KA, XU, B BB (2165)
B BUACZE T IR X A E o PAHs YR I B RO E BURIAR AT AT woeeererrreemmmmneeeetesennniiiiiicitteeee s sttt
......................................................... gﬁﬁ%,ﬁ%%,)@jgﬂﬁe,% /i Tﬂ‘?}k IR & R%,ﬂ@__i(znz)
TR RO TCHLE T AT AR -oeeeeeeeeeeeeeens KR %‘IU% s, B AR, B4 E(2180)
ST KA A R BE ) R T Y oo BHE, FEW, FHE, é?%fé LgE, WE, ETHAE(2191)
JETF WEPS 0BG JHEB K+ R A AR IX TR B A oo WA, BB, B T, B S, EAR(2197)
WP ) 5 A T R I FE R VR FE I D ZAMIFIY wo v vevrerermrrrensessmmnniiniinene e e s e st BE AR, T1E(2204)
TRV UT 10 a R FEACFRAE AP coeereerrrere e ?"—:ﬁ'—]‘(2210)
HSPF 7K 3K AT o7 FHRFFZELEAR - v vveeervveeersneeensesensiieesiite s et et e et é%"%,i] aE,FH(2217)
I T R T AR TR ) S BRI B PR AP HT e eee e AR MA, &ggg‘g(zzﬂ)
FIFH CDOM WZ U 250 AH A AK AR FZ IR DOG YR «+eeeeeerererrrmremmmmmmminiitiiiiiiiiiiiiiiiiieans %)" xg s Ae R (2235)
35 35 Ml K K PR B K TR S A T A0 AT B RS ZE ) 5E wvvvevvvemnnmnemmnmnninniinens WEE BB KE, I‘TT INEA [ (2244 )
TR BRI K BN 245 F1 S (R AT oo REF, EHB, MWW R AR R, K ME(2251)
R T SO T L TR FE RO IFTE - oevveeenesseeenssssne WA, A E, BRE, 28, & 1 4(2299)
T VIR 5 KRR T2 B AUMIFIY veeeeeremrrerrmrmreeeeesenn st ite e e e s e EM\ET téli IR E(2265)
S K U 525 ] 3 ) R R BRBE B AT v TH. K& ERA &R ARE, EH(272)
KA B DITEMFE R LB S I coveeerrrrere e }Uﬁﬁ—{% 7'%5]%;}* gﬁ 7 7]7]@%71* (2281)
T G 25 S A A B T R R AR B 25 A3 A v ee oo TH RS, IMEN KBS H ok, K (2288)
TR A K T2 B B T I B8 (LAFE oo oevvseeoseeeserosnenns %}sz ¥, EHE, KET, B4, EHE(2295)
FHAER 2 SR A R R R FRAL ovreeeoeeees e B EBE, R KE KAK FE8 KT, H(2303)
i((ﬁﬂﬂ%tﬂ/\/ﬁﬂl_i'ﬁﬁ@ﬁzﬁﬁﬁn ...................................................... N % %ﬁﬁ/\a}] ¥, x|, %;fgpqub(mog)
W TR ) T LA X B R ER L] e veerveemeeereesreenesnneeeesneeneas HE LT b %Jﬁﬂ H3E A (2315)
ﬁifgﬁ%\g}%’jﬂf VMR 25 [A] 30 22 SERETIFST +oevveererreereeereseeeeeereemmemttiteite ittt mﬂéﬁ if%ﬁ T (2322)
5 DK SR HLTS e B B AR YRS oo oevvveossensscncnnns FRL, AT, TR, DA, M8, 5 %(2330)
R A R LR SRS A S P AT LTS M AR o 8 7 31 AR BRI J AR L T (2335)
B IR 4 e 3y A7S 1 oy b Y PSS KB BEE R A R(234])
B MR DX T T L) v 22 B e R TS G I T A FL KB v vvveeeeeeenenm ittt e e e s e sttt
.................................................................. i_],_ﬂ/ ?ﬁﬁiy%{ﬁj)ﬁﬁ%,:ﬂ\mag’%a}]é—_’@%J@%{g(2347)
B IR ik O L R E Oy N e R 11 R L o 1
........................................................................ R £ NPV 173 N-Eo S %;ﬁg 4 (2352)
{iﬂ/ﬂ:/‘%@%%ﬁkﬁﬁrmﬂﬂ(@%ﬁE’Jﬁfum --------------------------------- RIS AT ENE,KE,HE W H(2359)
SR M U TR 40 25 )3 A R AE B LTS YT oo SIS L B A 2368)
HFERKRESBERR &"Xﬁﬁi}’?ﬁ .................................... ?%ﬂ',ﬁi@i %ﬂk TR, FELE FEIE AR R (2376)
PP 2 B LB T SR BFAE vrrvereverenersnenrho J Bk BB, A4 R B B (2384
FATE K A MBI P B S AL e vvvereeeeesenmnmmmeeneeens XNk, R, B R, FE RAE, ZE K RTE, 1T (2394)
Cu(1T) VB2 M AZ ML 5 F BLIE AT SRR vveeeesseensen o KR, KB, B, AT (2403)
5 AL FRF NI AIBIFGY. wvvveeermermerm e éﬂ)ﬂf}” %Xﬁfk j[:;z ]37.’]:/52, ij:;%ﬁ(zéuo)
IR B -Fenton B FEEA: A TG PV HE B B AR PR RIS oo voeevveseessnssssss s B, KET A EE(2419)
A FHOBUSE B A A L b A SESEALL R A B 7 HLREPE A 5 o KA, F AW, A, T4, F R, A, E XX (2427)
Zn/Cr FIBY B T2t 001 2 FAE B TR HE REX -GN ZEBRREREIFSE +-ovevesoeeseeos oo BB, RTE(2432)
1‘%%ﬁﬁ1ﬁ§ﬁi§ﬂ“f§l§7kﬁﬁl‘ﬂ7k%ﬂ7E@?ﬁ%ﬂ@lﬁﬁ ............................................................ REE, hE(2438)
A+ OSA V5 IR T L HIC Z B U EALEIIITY  oveevereseneseeeennsssnnnas BB, KSR, T, B0 (2444 )
ZYIRABRIELE EBPR RS0 R AL TR P AU SEMARIEIY  ooverererrrrrreer e %%’%}%/’% b 1 (2451)
AR JEA AL IR AV, Paracoccus versutus TERE W1 TR ALEFPEIFIT -+ ++reererrerreremrmmmmemtiiiiiiiitiiiiie i
........................................................................ A, B EYL, %\nn%“ HglE B (2458)
1 BRE B8 T4 A A TR TB34 HUTHIE K PR GUAMIT  veeeeerrerrmermmnmrereeesesnnnnnineees x|t T Rk kA (2464)
SRR M S S TS UL S PEIL AL oeeveeee e M KRR Z KA SR HE(2470)
SUZERE ] CH, Al N, O HEBCEHAE BRI HEIFTE - eeveeeeeeeeeeeseonee s WA AR A ’gg—%( 2475 )
R L) R AR CH, TN, O HEROO S0 A BRI R oeeveeeeemeeeeeeeeeee BEd, XX E, A, HEE(2482)
a{igﬁﬁﬂﬁliu_wai&iﬁ%éﬁﬂ’]ﬁ 5 SR e - WRA BEE, BRA G H A R, (2490)
TRV T S T A2t YR VD B 5 i (7B AT v vvevmemmmmmeeieii %ﬂg,iiﬁg’ﬁﬁ}ﬁk,%ig_(z@m
IR B B A Y5 T AMRHRE AR IR - vve e 2B GUWH,KXH, R EE(2503)
S R Y R i) R oy Ly - TR
e JER IR K] R B AR LR RS, ERE, KE (2510)
NG S S e I = Ol 0 LR T TR P P b AL L (2516)
TS T T FIVE T AN LR AR Fe HLAIIIFGE v v v eenereeeeeesesae e e e e s e e e e e e e e e ee e te et BT, S (2522)
T [ 5 =P\ R TR AR HE R W B S B ML SEUE AR AIT  ooeeeeeeneerme e )Eﬁi/%, 2?(2528)

CABTRFEVIERG TN (2431)  (FBERFA)VETTIA F (2532) W B.(2157,2271,2367,2418)



5533 B 7 7 1% Bl 2 Vol. 313 ’%)'1;
20124E7 A ENVIRONMENTAL SCIENCE Jul,

KRB E TN IEHE RSN A

BRI RIDEAR?  5kam® ™ A 7!

(1. WL T R2FAE Y S8 TGS UM 310032; 2. HEFREERL A 5% g PR 5% 56 i 5 XUBS P4 [ R B S S0 96 ==, ik
RSP HORMFEE  Jbat 100012)

TE . RAAFRAYFEEOTN I il 25 AL 2 5, Wl YU 25 Fh A W0 2000 OC 22 RN AT ) e A e Ay [ . 561
RS AYEAR S REE TS, LW T 5 R RBRM S AE D BTN G5 R 22 5. G5 R KW 5 Fhds B EA % 12 35 1Y AH
ot A R TR AF A S hr v 22 5, 1 AN R HE B0 (i R AT AN SE AR A — 8 22 5. [RIBZ0 BT T R [l BO6 AN [ 2By 1
By 9 SEURRE I LA T e f A v A . 25 SR AR A R T s, BI 46 2505 1 R 28 28 s 4L LA B0
IR FR WX P2 TR A B P8 R E A s FBL 3R EOMTR 5 Y R A5 Y LA BGRIWHERVER ;. ASPT $85k SHEAAH
B/K BT AR A B M A5G B-IBL 48405 B WE M AHICR R, il BrHe /m &35 ¢, 10 H. B-IBI #5405 A2 B A T
POIG B3 52 W WA OCOC R X - b A R AIK BT 35 et B B i 4 s AR AL &5 BT i, KBLRAR 34 BL 45 B0 ASPT F8 4K
LAY STE TP I R AR A 2R bR AR S R S 2 T B-IBL 0] PG RSB TP 3.
SERR . KAURHWIZH Y ; BMWP 4550, ASPT 4840 BIFE%; FBIAREL; B-IBI 4540, Tl it fd

RESES: X826 HEKHRIRAD: A X EHS: 0250-3301(2012)07-2281-07

Comparison and Application of Biological Indices of Macroinvertebrates in River

Health Assessment

GENG Shi-wei', QU Xiao-dong®, ZHANG Yuan®, LIN Kun-de'
(1. College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China; 2. State Key

Laboratory of Environmental Criteria and Risk Assessment, Laboratory of Riverine Ecological Conservation & Technology, Chinese
Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: The different biological indices usually result in different results in the river health assessment. It is imperative and valuable
to identify the correlation among different indices and their applicability for assessing stream health. In this study, totally five biological
indices were selected and compared in the investigation of macroinvertebrate communities in the Taizi river. The results showed
significant correlations among the five indices. However, due to the difference in health rating criteria for each biological index,
different results of health ratings were obtained when different indices were used. The responding sensitivities to disturbance caused by
different types of human activities were studied for each index to determine their applicability in assessment of river health. The data
indicated that the BI index had significant correlations with land use and dissolved oxygen and was a good indicator for these two types
of disturbance. The FBI index could well reflect the acid and ammonia contamination of the investigated stream. Strong negative
correlation was found between the ASPT index and several water quality parameters concerning oxygen consumption. The B-IBI index
had a significant negative correlation with the total nitrogen concentration, being a good indicator for nitrogen contamination. Besides,
the B-IBI index was also significantly correlated to disturbance caused by other types of human activities and can be used as an indicator
for both land use and aquatic pollution. To be concluded, the Bl index and ASPT index can be individually used to assess the land use
of a riverine and the impact of hydrochemical index on the ecosystems, whereas the B-IBI index could be a suitable indicator for
evaluating the stream health correlated with various human activities.

Key words : macroinvertebrates ; biological monitoring working party (BMWP) ; average score per taxon ( ASPT) ; biotic index (BI) ;
family biotic index (FBI) ; benthic index of biological integrity (B-IBI) ; stream health

FIFKA A W S TG AR BRI 22, ek A2 AR A (T 15 T M K R 2 37
REURBEDEO PRI B R 2, BRTC A 086, AR # 8 h TR AR 7755 @
FO3ERRIE SO 0 REAE IR AR AITFA SRR ST U5 R0 B0 5 M g i, S
R 5 A ORI TR (R R S ——————

A W PSR A AR K X KRNI S e A I o by P e 1 (2008707526
A St R TR G BB 5 5 I, Sk BN ) 2 R 00 e 28 AR HERLOR B DAL AR B 55

(2010KYYWO06)

BT R Wt S T RS e T VLA b (BB A IKREFR(1985 ~) |50 BLRFSEE S AR50 1 Kk
. ) — N = o HY2E 5 AE A2, E-mail ; shuiboqingtian@ 163. com
= )25 5 , I B ORI 3] e T 15 B a3 # JHIREEER A, E-mail ; zhangyuan@ crase. org. cn



2282 2N 5%

B 33 %

fFE 41 BMWP ( Biological Monitoring Working Party )
PR QTR i (A A e s h g R
PEA 5 , LA ZR AN FBI( family biotic index )
BAC . A BT T A i A R VA R A AR
Z BT AER [P FE B ] Y BRI ST, U AN
[F)PEA I AR T A R DA ob 038 PP H
AR 2

Hellawell ' J* 1978 4F 4 35 [5 Jil i Hr A A
G s ) R A AA EE BMWP 855, 85 )32 T30 3t
FHRREPEA . 2 R RS R S A Tt 75 52 B4 ol
BRI 5 1, Armitage aplal g i O ASPT ( average
score per taxon ) TE ¥, IFAGH] )z R S T
Y B S S (A R PR FE bR Y LA
BI( biotic index ) #6%4%. Chutter' "' F- 1972 4E R k%
THERFAR AN A BL AR, I AT i
AT PP, 1982 4F , 6 [E %% 3 Hilsenhoff' " 3T i
JREE M1 000 22 2% 1] It 1) ERC 0 X1 PR R B ISV 20 )
M5 AT T A AETT, B A & 1 Bl 48 87EL
M XA AR 27 1. Ay R AR o 6 1) e B 5 I
(], {88 S BT I 4 B 1 B P, Hilsenhoff 7£ BI
TR AR b 4R A TR E KR AR W A
Fabr FBI 84K e H R X —F8 B0 T T 5B
FHES. BT, LA E 4 FhIFHrhs B s i g R A
i FH AL R A i 1)

FET LA L 4 T it g BT+ bn FH R 7R ICAT 3
Yy i Wy 5 e ( B-IBI) 7652 b B A7 A A FH
LN R B i s I B 35 52 Wil 1) SR e [) it | S 4F
FEEHL 2009 4K -1 LA TR JESATG 20 47 el 5 i
JFJ BMWP  ASPT FBI, BI 1 B-IBI 34/ & £ 11 X}
Ra g IR Y8 ibe W NS RO ST A /S DS =
R (D5 Bl 48 BOCZE TR Ui A R P40 v 1) 552 B 7
ROR B HARE I F 5 QR [FHE B0 A [/ 2 8 1 N Ky
T B me L R A

1 HREHE

1.1 WX

KFW A TRELTE AT (KA
122°18" ~124°47" ,Jt.4h 40°37" ~41°36") , & KiL ]
KEWRFEE TR Z —. W2 K 413 km, Ji sk f
FU1.39 x 10* km*. K FIA 37t 3 A ki A 28 XL Ak
HERREW A FEK HE FREWEY, 24
SEHIEIK B 655 ~954 mm, RAPBiE ,E%ME//M]QJ.

ORI ALt A 3 77 EE Y Tl ™ X, sy
3 A A T3 T AN AR 30 FH A LT [

TR i L T A B A A X I Al
Az PR EE KR, A2 N T ARl S IR AR S
EEP AN 2 NS R T SN 137 R R S 1

o FEA
i
0 ke

0 30 km

E1 KFAKRREXBEHEDMESTE
Fig. 1 Sketch map of Taizi River system and specific

location of the sampling sites
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Table 1 ~ Calculation methods, principles, and related developing processes for various biological indices of macroinvertebrates
A1 e N
. BMWP $5% B [ K TR B AE ST, B
) TSI TE L W R TR, B

BMWP = >4, BB 7 ik s A g T PIIEAT AR RRA 2 g
BMWP 454 R BMWP IS b e R (i S AR R i )

LL AR U 5 T AR A BRHE (3 1 ‘ M X )32 A (AR R M X 7 B BMWP

R ST AT

ASPT = > 1,/n FET BMWP 85, BEAR S R BT BMWP $55045 5% FitRm 5], Hit& oy
ASPT $8%1 1, BB EUSAY , n S 2 BUPME IR I B PR AR SR B, HLECAE BMWP 8 B0l A X

R4 20 TR A ASPT .45 312 ]

BL= SN SR K B R X o D)
— v ks oy PRI IUREL BEZU TRE  BLISHUR Sl 05 KRR JU 15
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i TS, NV 2 AN A CE S HIUESN
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Table 2 Classification standards for various biological indices

SR ) . — . )
A SR fd R4 ke B Bezz
BMWP 5%k =81 51 ~80 25 ~50 10 ~24 0~9
ASPT f5 41 =4.1 3.6~4.0 3.1~3.5 2.1~3.0 0.0~2.0
BI #8544 0.00 ~3.50 3.51 ~5.50 5.51 ~6.50 6.51 ~8.50 8.51 ~10. 00
FBI 5%k 0.00 ~3.75 3.51 ~5.00 5.01 ~5.75 5.76 ~7.25 7.26 ~10.00
B-1BI >6.18 4.64 ~6.18 3.10 ~4. 64 1.57 ~3.10 <1.57
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Fig. 2 Distribution of evaluation results for the biological

index of macroinvertebrates
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RO ZR. ASPT F5 505K T BMWP $5 %52 &
PIRNEL S, 3 IR A R A — Bk ZE TN L
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Table 3 Spearman rank correlation coefficients among
various assessment indices
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FBI 5% B-IBI

ASPT 5% 0.864**  1.000

BI 5%k -0.748** -0.601** 1.000

FBI $5%% -0.356** -0.340** 0.501** 1.000

B-IBI 0.837"*  0.697** -0.814** -0.179  1.000

1) * % FsR P<0.01, *F/R P<0.05
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S (P <0.05) , Hod B-IBI4E %05 /K M i FR Y £
PEAR M SR (R = 0. 158) 5 /N sk A1 7K 22 1Y T
FUE, o] DAAE SR AR R B I R AE /N 38k 9 7K SCoK 3
FIRFAE 32 K52 ) B2 R, AU AT 3h 9 45 Boh
BMWP $5 %k . BI 45 % 1 B-IBI$S %0 6 30 %t H B
AR R R BT B £ A G M i
(R*=0.172) (% 4).

FET R RUBE 15l R 7R JECATG 3l 4 7 ¢ 46 4
S AR [ B AT W AR EOC R (P <0.01),
o BI AR B 2 M AH G M d5e i (R? = 0. 465) , [R]A
BI $5805 52 M A9 A e Mt de & (R =0.176, P <
0.01) {HFEM 47 RUE | ASPT Al FBI #5505 2 H
(R T AR BB R SCPE (WL 4) 5 5 AR E S K
A T AR AT B AP 48 /R VE (P < 0.05) , Jor FBI

BRI PEA MR (R =0.263) ,5 FhHEL S K
FESIAAFAE T2 A M (P >0.05) .
SV B 5 AR B SIIEI HE B0 K Ak bR
BA BT 45 78 ME R FBI 35500 BR 15 Gt il 45 /- AF
B EE (R =0.183,P <0.01),BMWP Al ASPT 1§
R R VE TR XS 55 T HoAth 3 5%, XF DO 5
FEAAMH G Y 2B ML 5 %A B (BOD; ) b2 # FE A &
(COD) DL K i PR Eh 48 %5, ASPT FR ¥R I B &
PIZEPEAR S, BRXT DO I AH G155 F BI A1 FBI 45
EHh 5 H A K BT T8 Ar i A S B h iem (R
0.254 ~0.429,P <0.01).5 Fi R AR Sh Y5505
EBEREE (PO ) WA B EMNMHLLR, H
BMWP ASPT FI B-IBI #5845 S8 (TP) HAT &1
FHOGME , Hor ASPT 845000 AH S& P fe i (R = 0. 223,
P<0.01).5 g5 B & (TN) FI& A (NH, -N)
FOAE et s P BAIBL 6405 TN O£k M AH 6
P E (R =0.364,P <0.01) ,FBI 550 5 2 A4
PR SEE AR (R =0. 371 ,P <0.01).

R4 EMITRERSHREE FELERES T R £R"

Table 4 Linear regression analysis between biological indices and environmental variables, and the corresponding R? data

WiH WEEH T BMWP $5%4 ASPT $5%¢ BI 454 FBI #5844 B-IBI
LS 0.206* (=)  0.287**( =)  0.402°"(+) 0.308°*(+) 0.279** (=)
R ) K H 0.108*f(—) 0.072* ( -) 0.124**(+)  0.064* (+) 0.158** ( -)
W 0.321**( =) 0.336"* (=) 0.452** (+) 0.375** (+) 0.411**( =)
K 0.058* ( -) 0.016( -) 0.172°*(+)  0.006( +) 0.161%* ( -)
LS 0.103**( -=)  0.048( -) 0.167**(+)  0.020( +) 0.142%* (=)
R R R K H 0.085*.(—) 0.096* ( -) 0.230**(+)  0.263*"(+) 0.179** (=)
W 0.295** (=) 0.291"*(-) 0.465"*(+) 0.387""(+) 0.404 %" ( =)
IR R 0.000( -) 0.006( -) 0.004( +) 0.000( +) 0.002( -)
pH 0.078" ( +) 0.061* ( +) 0.123** (=)  0.183*"(-) 0.100** ( +)
EC 0.445%* (=)  0.401"*(-) 0.584""(+)  0.403"*(+) 0.551**(-)
DO 0.214** (+)  0.300**(+) 0.342"" (=) 0.306°*(-) 0.226** ( +)
BOD, 0.116%* (=)  0.254** (=) 0.144""(+) 0.141"*(+) 0.135** (=)
KALFE bR CcoD 0.252%* (=)  0.321** (=) 0.281""(+) 0.226"*(+) 0.274** ( -)
R R FR AL 0.202%* (=)  0.429"*(-) 0.297"*(+) 0.223"*(+) 0.299** ( -)
TP 0.130** (=)  0.223**(-)  0.048( +) 0.055( +) 0.081*( =)
TN 0.320°* (=)  0.305**(-) 0.325°"(+) 0.284"*(+) 0.364** (=)
NH, -N 0.242** (=)  0.299**(-) 0.350""(+) 0.371"*(+) 0.352** ( -)

1) * % 3R P<0.01, *FR P<0.05

3 g
3.1 KEUSHISh -5 5L g

RN S AR S il v 32 28 i AR e,
TETA 2 MY S WA S0 A o ) 45 SR B R 3 B 2
KBRS 4 O 5 T 0 S A
I, BARAE YRR O A7 e 22 57 (AR R PR 4 2
Z IR HAT B A AR U, AR T4 R — 2, YO e
AN TRIVEAN 48 BOF A FE I, BR FBI 5 ZCRT

B-IBI 5451 (1) 22 55 b 25 A, oAl A8 B m) A B 1
— (WK 3).

{EARTR] ) R B AT S 0 A= 8 BTN 45 R 7 —
ERERE FAFAE SRS | 1 s 45 SR 25 S vk T
REZHLUN 3. B, FEHH KA

B0 R v T8 AU RN TR V5 (S % bR A A —
SERYHLIX 22 5. BMWP  ASPT F1 FBI $& %5 4 {di FH 4
SR B BURAE RN 15, LA AN ] DX kA A 2
A AR A 22 Sk T L[R]3 1
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