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Abstract: The Naoli River Watershed is one of the important grain production bases in the Sanjiang Plain, northeast China.
After over 50 years of agricultural development, this region has not only tremendously contributed to China% grain production
but has also accumulated great wealth to this region. However, environmental degradation trends in the region have been
observed due to overemphasizing the pursuit of economic efficiency and ignoring natural environment protection. This paper
assesses the biotic integrity in the Naoli River Watershed using the Index of Biotic Integrity of the Benthic Invertebrates ( B-
IBI). The aquatic benthic invertebrate data were collected in July 2007 from 21 sample sites both in the main stream and 3
tributaries. After identification of these benthic invertebrates in the laboratory, B-IBI index were calculated using both the
three scoring method and the ratio scoring method. Both methods come with identical assessment results. Statistical analysis
shows a significant positive correlation between the scores of the stream B-IBI and the assessment results of the water quality
as well as the habitat quality. The overall score values of the B-IBI in this region are generally high with only a few
individual sample sites scoring poorly. Among the 21 sample sites, 15 of them can be classified as in good condition without

or with little human impact, covering 71.4% of the sample sites; 5 as in average condition with medium human impact,
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covering 23.8% of the sample sites; 1 as in poor condition with severe human impact, covering 4. 8% of the sample sites.
The study illustrated that the sample sites with high-scores are mostly located either in the tributaries or the upper reaches of
the main stream in the mountainous areas, covered by dense forest with little human activities; the sample sites with low-
scores are adjacent to human settlements and normally located in either the outlets of the tributaries or the middle reaches of
the main stream with low riparian vegetation coverage, poor water quality, intensive human activities, and intensive land
use. Therefore, it can be concluded that the land use and land cover (LULC) have had a significant impact on the stream

B-IBI of the Naoli River.

Key Words: Stream B-IBI; biological integrity; Naoli River Watershed; riparian LULC; China
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Fig. 1 Location of Naoli River Watershed and the 21 sampling sites
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IR AR R L0 E , FF 58 AR 4 FSURILRAE 21 A/ FUSARRS Tt 0 CRF ) BE RS A T AR R AR 20
FCRRAN AR E 2 et . A AR ERIDN s B A5

m D n D
LCI = ;xlosxi X w; X P, xdx/;xlosxj X w; X P; x da

KA, S, B S HIRARE ¢ I8 SO j Fh V0" SRR IS0 2% #h 42 B i B AR T AR w, B w0, 43 1| 3R
NG R CUR” FOMANEE j R IL SOWIANEE s P, (P, A BRI ES R IR SOMANES R IL” SOWAE B
TEFE 4 Esm A VR SOMISEIE, n AL SO RISL . AR BB S iR 21 4R A U R T =
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SN , Bk H B\ SIS T B o 1 K BN Fa b , M BB LR AR AR (R 2) 6

http ://www. ecologica. cn



12 #4 FEE F BRSFHRERRA B-1BI 4 6675

F1 21 MR IRIC SR YT L #8U{E ( Basin-LCT)
Table 1 Scores of Basin-LCI of the 21 sampling sites

BER Sites BO1 B02 B03 B4 BOS 801 802
Basin-LCI 0.0084 0.0226 0.1004 0.0473 0.1019 0.0000 0.0290
PBE, Sites 803 804 Qo1 Q02 Q03 Q04 Q05
Basin-LCI 0.0328 0.2137 0.0077 0. 0000 0.0000 0.0029 0.0089
BES, Sites NO1 NO2 NO3 NO4 NO5 NO6 NO7
Basin-LCI 0.0750 0.0948 0.1428 0.0884 0.0865 0.1514 0.1345

R2 4 MEEEMISRREN FHagng R 7]

Table 2 Description of 24 candidate metrics and metric response to increasing perturbation

bR Bt s TIONRRR
Category Metric Number increasing perturbation
HEEEE AR ITEED No. of taxa M1 I8/ Decrease
Richness measures ET 43258568 No. of ET taxa M2 I8/ Decrease
538 H 432885651 No. of Coleoptera taxa M3 I8/ Decrease
JK A B B 725 B G EL No. of aquatic insect taxa M4 I8/ Decrease
5% + 34K B I03X No. of Crustacea + Mollusca taxa M5 J8/) Decrease
OB (Y5 1E <3) 4325 B 555K No. of Intolerant( tolerance value<3) taxa M6 U/ Decrease
FEVEH R 4y 2 B0 H 43 % Dominant taxon M7 14K Increase
Composition measures  ET BIGH 43 H.% Ephemeroptera + Trichoptera M8 U8/ Decrease
R =BG H 4 %3 dominant taxa M9 14K Increase
2% B A 43 H% Ephemeroptera M10 U871\ Decrease
£ H A 4r H% Trichoptera Mi11 W/ Decrease
i IgE H 7 43 H.% Odonata M12 /)N Decrease
548 B A 4 kb % Coleoptera M13 J8/) Decrease
B H 43 % Hirudinea M14 14K Increase
5% + B4R B0 H 43 % Crustacea + Mollusca M15 I8/ Decrease
IR HE 5 49 L % Intolerant M16 I8/ Decrease
i 95 258 5 43 L% Tolerant M17 4K Increase
BFRLER F N B TR # A 4 % Filterers Mi18 I8/ Decrease
Trophic and Habitat 1 # A 4 % Predators M19 14K Increase
% A 43 b % Shredders M20 J8/) Decrease
HE # H 4 L% Piercers M21 I8/ Decrease
KB H 2 He % Clingers M22 I8/ Decrease
¥5 Y453 Pollution BASEA 145 %4(® Taxon Biotic index M23 4K Increase
Z kM Diversity Shannon-Wiener %% Shannon-Wiener index M24 I8/ Decrease

2.2 RLOIEPRI T
2.2.1 KBRS ST

ST 24 MBS A MHEARE S IR A P B AR VE RN (3R 3) , R BE M10 M1 M12 \M14 1 M20 f) 25% 531 %
HIFEARELES/NT 0. 05, Horp , M10 M1 M12 1 M20 4752 it 42 8 im0 ok B 938 o , HLAE By AT 28 30 9 BT R
G WX 5 32 TR L, T8 Tk M8 A1 M18 A8 5 KK, Ul HEAR B , B T5 18
2.2.2 HUBHESHT

URPE ST, BR AT A WA X 43 S IR MR BRI RE T o AR¥E Barbour 22 MIPHI L™, RS AR
AR S B P SEE (25% ~T75% s BGE R, BRI R E BRSO, R T AR 10 16, RE 10 [H=2
TEIRA T MR E o EILXT 2 A B BE I i e JE AR T B 17 A EWI8ndt AT BUB M AT , LU 17 MR ETES ]
REZHR IR (K 2) ,HA A M2 M4 M6 M7 M9 M15 M16 M19 M23 Fi M24 %% 10 MEFRH) 1Q
167E 2 VAL, %8 M1 BB M17 B9ACERYE , PIANERTE LAERY) IBL PR rp 3 g 2 (0, R T 3 LA AR
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R3 (REEVIEHEI M SRANFES B RE KRR
Table 3 Quartiles of candidate metrics in the 9 reference sites and reasons for rejections
a7k 25% 431 %K GREITR 75% 535K TR R
Metric 25th% ile Median 75th% ile Reasons for rejection
M1 13.50 15.00 19.00
M2 2.00 3.00 6.00
M3 3.00 5.00 5.00
M4 8.50 12.00 14.50
M5 2.00 4.00 5.00
M6 2.50 4.00 4.50
M7 0.19 0.26 0.33
M8 0.07 0.20 0.38 AR ARK Variable
M9 0.42 0.57 0.61
M10 0.04 0.10 0.24 (B KA Value low
Mi11 0.01 0.10 0.13 (AR AR K
M12 0.03 0.06 0.12 (AR
Mi13 0.07 0.09 0.34
M14 0.03 0.06 0.08 {EAAR
Mi15 0.15 0.35 0.63
M16 0.07 0.18 0.37
M17 0.06 0.09 0.14
Mi18 0.08 0.35 0.59 AFRARK
M19 0.13 0.26 0.43
M20 0.01 0.10 0.13 (AR AR K
M21 0.06 0.09 0.12
M22 0.38 0.48 0.66
M23 4.38 5.17 5.99
M24 3.01 3.33 3.45

2.2.3 RN

FARPED RN T HEIERE R E B EEBRE . AP MERE BE LMK, RUPI NSRRI E
BRFMOER, R B H A — R0 L & P EAR BB AR K, (B AR A SRl ph S AR 5C , A I N8R I 15
BRARSESR, FMEREEEE . 3 Rk ke 12 MEFRET ES SR B8R, — 2
PRAFF & IEZS 07 , R Spearman AES B R AT IR Z B BIAI SRR (£ 4) o 45R BIR, ML F1 M4 M 2 70
M6 M2 F1 M23 M6 A1 M23 M6 FI M24 M7 #{1 M9 M7 F1 M24 M9 Fi M15 M9 F1 M24 M16 Fil M23 4 6 Xt+5F5
2 BELMAMR, B IEAR R B — R AT o 81 % ZE AR AR E B9 H B RE D AR R 2 )5, B E R B ML MO
M17 M19 M23 \M24 4§ 6 M EPRA %O PP FEAR 4 o

F4 12 MEEEWISHRE Spearman X FHLE R (n =21)
Table 4 Correlation coefficient between the 12 candidate biometrics(n =21)

M1 M2 M4 M6 M7 M9 M15 M16 M17 M19 M23 M24
M1 1
M2 0.521 1
M4 0.931* 0.697* 1
M6 0.615* 0.836"* 0.748* 1
M7 -0.242 -0.461 -0.296 -0.598* 1
M9 -0.264 -0.567* -0.342 -0.659* 0.850* 1
M15 -0.012 -0.626* -0.235 -0.594* 0.744* 0.808* 1
M16 0.374 0.785* 0.581* 0.862* -0.584* -0.726* -0.761* 1
M17 -0.627* -0.105 -0.48 -0.053 -0.335 -0.175 -0.401 0.165 1
M19 0.276 0.154  0.304 0.343  -0.574** -0.557* -0.473 0.318 -0.076 1
M23 -0.393 -0.750* -0.550* -0.732* 0.408 0.657* 0.666* -0.770* 0.125 -0.233 1
M24 0.555* 0.672* 0.633* 0.841* -0.853* -0.875*%* -0.720* 0.792* 0.044 0.501 -0.708* 1

* P<0.01 i EL&M:AHE Significance
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Fig.2 Boxplots of candidate metrics between reference and impaired sites

B EAEAR B-IBLBR(KT) .

2.3.2 RAH{EXITH B-IBI
2 B AR W S SA MD FE AR AE SRR RE AU I 95% B 5% AHBUE (3 6) o X FRET4
R ELIB/INEHERR , LA 95% S BRI HEvME D B EE I B, R 38 AR 7 = SCINE S R 26 X T RE T4

http ://www. ecologica. cn

0.9
0.8
0.7

S 06|
0.5+
04+

03

M23




6678 E oA ¥ W 29 %

HER B K HIHEAR , W LA 5% J3 L 8T8 bE D e R BB 4L, 38 4n 0 = (BRoRfE - SEMIMED) / (oK ME - &%
HERBE) , FJaks 6 MELIETRME R N, 15 A A B-IBL BME(KRT) o

£5 RBMERES RS 15 RITH R

Table 5 Descriptive statistics and score criteria for the core metrics in the reference sites

B 3ehn Fi% /4 Frequency distribution (n=9) P43 HRUE Score Criteria
Coe g %A ORI TSAGE Rk
Metrics Min the 25% ile  the 50% ile  the 75% ile Max > 3 !

M1 10. 00 13.50 15.00 19.00 21.00 >14 8 ~14 <8
M9 0.35 0.485 0.57 0.61 0.75 <0.61 0.61 ~0.81 >0.81
M17 0.04 0.06 0.09 0.14 0.20 <0.14 0.62 ~0.81 >0.57
M19 0.11 0.13 0.26 0.42 0.54 >0.07 0.07 ~0.13 <0.13
M23 4.07 4.38 5.17 5.99 6.43 <6 6~8 >8
M24 2.68 3.01 3.33 3.45 3.83 >3 2~3 <2

F6 BOERESBEINTINSH
Table 6 Descriptive statistics for the core metrics in all the sites

#5845 Core Metrics M1 M9 M17 M19 M23 M24
5% 43 % the 5% ile 8.00 0.36 0.04 0.02 4.09 1.91
95% 43 i %Y the 95% ile 20.90 0.87 0.32 0.53 7.16 3.79
i K{E Max 21.00 0.87 0.33 0.54 7.18 3.83

®T BAFRE 21 1M RE B-IBLIEM 4R
Table 7 B-IBI values for the 21 sampling sites in the Naoli River Watershed

B Sites BO1 B02 BO3 BO4 BO5 801 802
3 5y PAe s 26 26 24 22 20 30 16
LR TFH TFH BREETH BREETH BT FTF e RE T4
A AR 4y 3.99 3.72 3.82 3.03 2.64 4.51 2.04
LR TFH BETH TFH BREETH BT FTF e RE T4
B Sites 803 804 Qo1 Q02 Q03 Q04 Q05

3 ArEARS) 14 24 26 26 30 30 26
LR HEETH BETH TFH T Tk FTF FTF
HAE B4 1.62 3.35 3.81 4.55 5.41 4.46 3.29
LR HEETH BETH TFH T Tk FTF BREETH
B Sites NO1 NO2 NO3 NO4 NO5 NO6 NO7

3 Sy ke 22 18 20 18 22 24 22
LR BETH o RE T o RE T o RE T BEETH BEETH BREETH
R 3.30 2.12 2.69 2.33 3.17 3.50 3.17
TSR BETH o RE T o RE T o RE T BREETH BREETH BRI

3 /%459 Scores of 3 scoring method ; L {E %1543 Scores of ratio scoring method ; FEHM45 2R Assessment results ; JG T3 Non-Impaired ; 42 T4
Slight Impaired; T4 Moderate Impaired; T4f Severe Impaired

2.4 B-IBI P45 R

HR¥E 3 LR B-IBL S50 ES IR AU 25% 3 (i BUE N 26, 2FFAE U8 5% 7R BUE 9 o 14,10%
B 16 ,25% S3-(rEUE A 20,50% s3-(r B(E6 0 24, L, B 3 4335 B-IBL i¥MAREDy 25 DA B (A
25) BT T;520 ~25 HEBETHL, 15 ~20 N EETH;15 LUF ORE 15) WEE T RYE a8 B-
IBI B MEAES IR 25% S 88 9 3. 76 , 1 %€ LU T B-IBL 58U ARvEN :3.76 DL (A 3.76) K
T 52.82 ~3.76 JREETHE,1.88 ~2.82 JyrpEETHE;1. 88 LUF (R 1.88) WEE T, B HEES
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TR I B-IBI P45 (£ 7) o
3 itig
3.1 B-IBI i 45504017

HRAE 3 AR, BTN 21 AR S TR B-IBL $8BUEAN T 14 ~ 30 Z (8] ARYE LLIEE TR, &30
U B-IBLIEEUEANF 1.62 ~5.41 Z i, REFF G EGEKMERF, EERHEE B WIEardE, ZIEM
SERFLA—Z, B B I T P A ) e B MR AR R AT, IR Sk 2% . TR TR TR E T
FIRER A 71.4% ,HhEETHRRIFE R 5 23. 8% , FE THRMAL Y 4. 8% ; 13403 M S 240 F X s T b
{i%, 4n BO1.,801.,Q01.,Q02,Q03 1 Q04 Z5EA¥ s, T4 S it i LU X, NS T B b, 1o i Ja) ) 2y 15 %5 4 BR A
B 5 A EBAR BOAE £, 20 BOS 802,803 \NO2 \NO3 Fl NO4 , =B { T3 i F I sk T o e, HL I e RS,
IKARE IR B A B Rk, VAT e A ETE B2 4 MO 3 B, 3T & R R SR B SR ARAE
3.2 H5WyKEMARRERRR

ES IR A RIIAFFE IEAZ 0, K Spearman 35 S50k 36 7347 W0 F 7 1245 H BT S A= 9
SERMERRBCZ ], LA BT SR K BRI S PR 45 R Z B A SR B M R Z AR R R 4
RER, AN RAY B B A AR BEHRXR X REPCEES] 0.94(P <0.01) s BN FAEY 58
SRS K RS TN G5 R AR L REAE 0.77 ETF (P <0.01) ; H/ANA PR A Wy 52 B M 40 5 Tk
A B TR AR B AH O E A B B /KT, MR R EE 0.83 24 (P <0.01) (R 8) o XKW, WK BBk AT,
B-IBI B 5 5 ) 3 A= 5% o BB 4T, B-IBI {E#R R o

%8 Wik B-IBI 5K RMER REMNEXXR
Table 8 Correlativity relationship between values of stream B-IBI, water quality, and habitat quality of streams
B-IBI 43{H Scores of B-IBI

3 ik e ffiok A ESE ILISHO
IBI 43{& Scores of B-IBI 3 1
H BT 0.941 ** 1
JK & FSE 0.776 ** 0.765** 1
A5 ISHQ 0.832** 0.828** 0.710** 1

* P<0.05, % x P<0.01, n=21; 3 4}¥k 3 scoring method; L. fH ¥ Ratio scoring method; FSE: Fuzzy Synthetic Evaluation of water quality;
ISHQ: Index of Stream Habitat Quality

3.3 B-IBI WM 500iE AT

FRIMHEE X e S KAEHAEARNSYIX R, BN RN — R B X s A A X
FEHATIR B AGSRI Sy o 40, WA FI i ISC $550H BT 1999 4E,2004 4347 T — L6k, Hoip— Tk
EIN T RIS X 5 36 E R AE Y SRR TN, B R RS R B R AR —ASKRERX, #
PEEAARZE fyh B AR KR, B MRS T =TT E R, - B X, B AAIE TR SR B T —
AR, ERIEATIG A5, B T BT ST B i AMERBAR , 7645 BOBFE o L% in PABCE

ABFEH R FTA RS IR B R — RS, B T EAE AUk B R R A 25 XA M4 AR 1 S TR
W B FASHISE N AT T — MEG  — N V2 SRR, 5 1 S 3 A B i W ) A AR B, B0
BRI R, SE R X B8 J A AR B-IBL 3 H b5 RARMEREAT IR R TT ST ; BAR MW 45 %1,
B-IBI 5] i /K J3 0900 3 A 35 3R 2 S A 6 , AR RS ST A 25 R G I fE RREIR 0, (EL 4 I 47 EA T K 380
OB RCRUNIE
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