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Health assessment based on a RIVPACS-type predictive model in Lijiang River
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Abstract: RIVPACS models were widely used for river health assessment. We used the data of 48 benthic assemblages and environ-
mental samples collected in February and September, 2008 at Lijiang River, Guiling, Guangxi Autonomous Region, and devel-
oped, validated and tested a RIVPACS model. From this dataset, 32 samples were indentified as reference, 27 of which were used
to calibrate the model, 5 remain reference samples, 10 slightly to moderately disturbed and 6 heavily disturbed samples were used
to validate and test the model. Firstly, 27 reference samples were clustered into 3 groups using Bray-Curtis coefficient. Then, 5
environmental variables( mean stream velocity, width/depth, water temperature, substrate size 1( <2mm) and 11(2 —8mm) )
were determined as the best discriminated variables among 3 sample groups through a stepwise discriminant function analysis. The
observed( 0) and expected( E) biota, and O/E ratio of all 48 samples were obtained by the model, The O/E values of 27 refer-
ence samples used in model development had no significant difference with 5 remain reference samples for validation, but had sig-
nificant difference with 10 slightly to moderately and 6 heavily disturbed samples, and 10 slightly to moderately disturbed samples
were also significantly different from 6 heavily disturbed samples. The validation and test results suggested that our model was ro-
bust and the potential for development and application of RIVPACS model and its role in the management and protection of water
quality and water resource in China.

Keywords: Macroinvertebrates; river health assessment; predictive model; RIVPACS; biological assessment; Lijiang River

w [EF HRRER AT H (40371047, 30871045 ) Fi PR T IS0 H (0632006 —3A) BEA ¥ ). 2010 —03 — 15 Ui
532010 —06 — 07 WCE MRS, 37, 55,1985 4EA: , iS5 AE ; E-mail ; dust_zj@ 126. com.
wx JHIHAE#H ; E-mail : wangbeixin@ njau. edu. cn.



74 J. Lake Sci. (#:8#3) ,2011,23(1)

A I A B S K BRI T A4 K 8 U T M P A BRI 7 1) A A R . 7 G 0 2 468, oA
F FETTA 27K R /K W A FHLSIC 8 v 199 6 R 2 B3 1) T SRS 3 40 0 T A e AN O A A
R TS5 12 FH 2 L 0 6 T 37 e S 1 R, A3 25 4 1 7 A 5 S R ek R R KHE 423 5 ( Waater
Framework Directive, WFD) JRCF M (e FESEAY -4 L 35 6 EPA ) EMAP 1510 LA K37 75 22 0 42 K 0 i
B E T K AR S R G HE RO 10 3 BN i

T T HE S RN 5 4326 2 45 (RIVPACS ) J2 05 [V /K A A5 S8 T Simpson 45 T+ 1984 4 2 1 A 57
[0, JE T RIVPACS 3R4509 O/E {8 (B2 BRARE 55 41 i 340 1X 28 78 W I 35 i S0 22 Hh BB (B) 15 52 B R 2R 8K
(0) Z B HLA], O : observed WUEAE, E: expected H1ZEAE ) J2 3T M 101 70 A= 25 {ak B 4 7 246 5. A BHLIE b 3,
O/ EH Wi T ke S B 13 X 2 (0) 5 RE S 2 TR R i W IX & (E) 418 6] i 2 8, B 32
TR G B IE WAL B BB T LA R TR SR W SR e e i R S DL Ry
HESE TR AE W IR 2R, 1994 ARSI 5% 7 15 (9 HER_E 28 J T 38 45 A ) 00K A I 3 7 e B A 6
Y (AUSRIVAS) ' SEAEA , Y] 3 fe HE TP 40 452 750 2 P 1 /K B B8 5 ok W AN 0 vk O RS 2 2 — 1 [l
UAE — e LRV SCEE A AR T RIVPACS KR B (0 B W58 S 418

TR P94 e AT 2 —. KLU I VTR AR 258 R G A 3 B Tk AR Bk 4 4 . A
TER T bW , 2B ASEREE (R B4, A 10 2 2l 57 T VR fe VT A T A 25 ) 2 R o A SCAY H A2 1) S
YUK Z L2 /IR 1 R A2 AR 53 1 JEC A S0 0 R 35 0 , T JR A7 T Tt () 90300 455 20 38
=t e

1 ARXBREFTIE

Vi, 1.1 #RIgTE

SR "‘- i VTN BRI K R BOREIT. 1 U B, & U5 T 7 242 BT, & g

KT | LA L . ST G e B
¢ | B EERRTTSC BRI B 4K 229k, BB 6050k’
f, A VIR T P UL 2 R, 32 2 MU, AR K T B, 4343 - 8

ke H A9 A EHAE 2 R,

IF 2008 42 FREZE 3 A4 | UGBTIV IR, RAERE 4520 1. 9
JURE 10 FIHI5 2 YORBE, SRAERE S 28 A, Horr 15 ARE AL 558
— YA SRR 48 AREAS T, 6 A~ g A A (1) .22 5
ad NHTHEHTHMREL) 42 A0 B B4 EREAS (T REZ B K TR 8 T
Q. PRIIRE ) | A5 ERE A 405 T T 4% 32 B S 00 oL 0. R A A4y
\ A WA 1.

S5 A MR AR AT IR , R HEAT 5 L I LT S Mk
B H T BT 0 1R 0 R b e 5 0 L TR 4 SR T4
4328 B0 “ Operational Taxanomic Units (OTU) ™, DR % 58 45 B 1)
B AU AT i S 1 R AR A2k
1.2 EEYREMET

F A TR SR AT JE 45 A 3 0 00 R 4 07 1 < I D T 190 SR FH 55 0 3k
FIRE T LE 100m BOSRAETTBL P , 454 2070 F A 28/ VB ) 1LY
WEAYFL 10 A/INBE AR TN 0. 3m® (0.3m x 1m).

=z

0 32km|

P 1 LR S L o A
Fig. 1 Distribution of sampling sites

in Lijiang River

1.3 IMETE

IR e AR T Y 5 R PRI B U KR U A A L R pH R & A B R TR AR
HA R e BRI R R 5 LA, IR AR PR R /NI 43 5 A0 (T <2mm, T :2 — 8mm, I -8 -
64mm, [V :64 —256mm, V ; >256mm).



ko ORE. RN e B e RIVPACS Fm A5 A BT A 75

1.4 REE

LA BB S TSRS, 5 R Bray-Curtis S REATES IR, 7650 it 72
TR EE A YRS SRS RIS T X S B A AT A0 A I FRAE AR Primer 6.0 P58 L.

1.4.2 H B 447 BREEAR i B9 0 108 2 18 1 22 o0 % A5 H 543 # DFA (stepwise multiple discriminant function a-
nalysis ) 58 UK. A T DRAT D E A PIRE T 2 U SR A PR 5 7 o, SE i b I 2 1 BT A B R e 2 S e . B4
AERHES S ATRARAEAL . BT SASO. 1 gk

143 MAMWItE 56 Do IERITTE j HEAR NS PRI ) HEAJE T4 N RS ( 5325 58007E N
21 BRRE R A TR AN B

p - 2 0.4, (1)
K, N RS, Q R MEIEAE T N IR, g, i BIFTE N b & A . ¢ H 8 R
qy; = /Ny (2)

o, r YR AR AT BRI s 0, R A TP RS B
1.5 ERIGE

R AR R B T SRR AR S RAIEREAS O/ K HIY A A5 0L, LWECE AT 25% 55 75% 436 1 B B AR
{£ 1Q (interquartile ranges) PFUEE B, 20 HIR T ARRBE™ . BAES,1Q 5T 3,30 EE (04 A PO
{HARAEX T FIRIEE Z 51,10 7 25 R — A B E AR 8 ARTE 2 N, 10 57 1545 A th ALEUE AR AL X
TIFASEEZ N, 1Q 29 0. 1Q =0, 2268 71510 = 1, FI BB J1 25,510 =2, FI B BE I 88 &5 1Q =3, 1l fig
I

2 #R

2.1 Y EEHTE

X 27 A ERBREA AT 98 KBNS MES ) 70 J BT, B T 4 171 6 49 14 H 58 71 98 J&.
Forp, B e ie iy H 8 B 24 Jm, B H 11 RS, w0l H 3 B 1S & WE5EH 10 74 16 J&, XCHH 8 8 &,
JTEA TR R BRA 6 B 6 8, A 1R &, BEH F 3 B3 J8 s AR 3 B 6 &, A R 49 AT
SR FRT S 3 B 3 Jm s I IE S 1R 1. 6 A IR AC I A L AT R AL TR ME S ) 34 B 54
J& o, B A H 6 B 17 J8 B A 3R 3 8 KA 2 B4 )8 s H 3R 6 J8 XU HE T AT &, T
BH RS Jm S E S BES w1 R R BB E 1R R Fkshy | B3 R R si 3 B 3 R
IEEhY 1R JE.
2.2 METEHTE

ZHEREACR AL R T VLA SO b B0, R VA AR AT AR G O ol M AR A SRR 5 T T 0
o SR AT B3, 1R 2 A SIS SR MR, 2 MR AR S M R A K (R B S b n] B i M
DIREA SR RVA R R R ER TR B VAR 4 TS WA pH X 5 T 2 IRAEAS ; IEIRE AR A 20 0 5 B A
BPIAE ; S AR AS HL SR A S AR A 4 £ (3R 1)

K 1 SIRHEA S A AL B

Tab. 1 The environmental variables of reference sites and monitoring sites

ek RER T BA "R WML RSR WmE b K I
(mg/L)  (mg/L)  (mg/L) 5% (mg/L) (mS/em)  (mg/L) (C) (m/s)
ZMEFEAR 0.03 0.47 0.04 0.78 0.021 9.66 8.51 19.07 0.43
0.01-0.14 0.03-1.44 0.03-0.14 0.5-1.3 0.004-0.068 10.9-7.86 10.36-7.3 12.1-26.4 0.12-1.3
Wik 0.032 0.55 0.075 1.08 0.082 10.35 9.49 25.15 0.58

0.01-0.06 0.05-1.21 0-0.1 0.5-2.0 0.001-0.1457.09-12.5 8.67-9.94 22-27.8 0.21-1.06
BB 9 - S (B B R fH L de/IMEL
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Fig. 2 The clustering results of reference sites based on the species similarity
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Tab. 2 Example of expected OTU output and observed OTU with more than 50%
of test sample 42 calibrated from the model

OTU WEE(E) WMEE(0) O0TU WEE(E) WMEME(O)
Baetidae 1.805 2 Leptophlebiidae 0.807 1
Chironomidae 0.810 1 Neucoridae 0.573 1
Elmidae 1.000 1 Nemouridae 1.527 0
Ephemerellidae 1.399 1 Neoneuromus 0.626 1
Euphaeidae 0.626 1 Orthocladiidae 1.000 1
Gomphidae 0.614 0 Philopotamidae 0.991 1
Gyrinidae 0.957 0 Protohermes 1. 000 1
Helodidae 0.603 0 Simuliidae 1.000 0
Heptageniidae 1.634 1 Tanypodinae 1.000 1
Hydrobiosidae 0.816 1 Tipulidae 1.000 1
Hydropsychidae 1.000 1
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Tab. 3 The expected(E) , observed( O) values and O/E ratios of all the 48 samples

71

BEA 0 E 0/E BEA 0 E 0/E
"1 25 26.016 0.961 *25 26 26.471 0.982
*2 28 25.501 1.098 *26 27 25.462 1.060
*3 31 28.176 1.100 27 22 25.723 0.855
*4 24 30.603 0.784 *28 22 20.812 1.057
*5 29 27.561 1.052 *29 22 20. 861 1.055
*6 28 24.419 1.147 *30 23 20. 807 1.105
*7 21 24.783 0. 847 *31 22 23.057 0.954
*8 31 28.889 1.073 *32 25 27.697 0.903
*9 27 25.018 1.079 A33 15 20.785 0.722
*10 22 21.139 1.041 A3y 19 20.261 0.938
*11 26 25.820 1.007 A3s5 23 24.601 0.935
12 32 28.979 1.104 436 19 22.499 0.844
*13 29 27.906 1.039 A37 22 25.474 0.864
*14 22 22.624 0.972 A3g 18 20.792 0. 866
*15 22 25.588 0.860 A39 23 23.972 0.959
*16 20 20.903 0.957 440 23 24.684 0.932
17 27 25.360 1.065 A4 18 28.622 0.629
18 24 25.692 0.934 A 17 20.788 0.818
*19 26 24.534 1.060 43 13 25.766 0.505
*20 23 27.805 0.827 44 18 25.815 0.697
*21 19 20. 804 0.913 45 12 25.698 0.467
*22 18 24.292 0.741 46 18 20. 180 0.892
*23 22 20. 800 1.058 47 16 25.709 0.622
*24 20 20. 838 0.960 48 14 25.687 0.545
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Fig. 3 Box plots of reference and

validation samlpes
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Fig. 4 O/E values of samples in a same
site collected in March and October
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