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The ecological health assessment of Liao River Basin, China, based on biotic

integrity index of fish

PEI Xuejiao', NIU Cuijuan"* ,GAO Xin', XU Chen’

1 Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, College of Life Science, Beijing Normal University, Beijing
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Abstract; Fish samples were collected from 33 sampling sites (8 reference sites and 25 observed sites) in Liao River
Basin, China, during August, 2009. Twenty three candidate metrics including species richness, Shannon-Wiener diversity
index, % of water column species, % of Cobitidae species, % of Cypriniformes species, % of Perciformes species, % of
Cyprinidae species, % of benthic individuals, number of total individuals, % of omnivorous individuals, % of
insectivorous individuals, % of phytophagous individuals, % of carnivorous individuals, % of tolerant individuals, % of
intolerant individuals, % of viscid eggs spawning species, % of drift eggs spawning species, % of epipelagic eggs
spawning species, % of demersal eggs spawning species, % of special spawning mode species, % of nesting and guarding
eggs species, % abnormal individuals, were evaluated stepwise by distributing range analysis, discriminatory power analysis
and Pearson’s correlation analysis. Basing these analysis we obtained 9 metrics to produce IBI evaluation. The traditional
step method and ration scoring method were used separately to calculate the value of each metric and IBI. Based on the
25% percentile of IBI value in reference sites, the criteria of health ranking was determined. The distribution range below
25% percentile was divided into 3 quarters, forming 4 grades: health, fair, poor and very poor. In the follow, Pearson’s
correlation analysis was used to reveal the correlation between IBI scores and environment factors. Results were shown as
follows :

Ten metrics had the highest discriminatory power between reference sites and observed sites, which were species

richness, Shannon-Wiener diversity index, % of water column species, % of Cobitidae species, % of benthic individuals,
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number of total individuals, % of omnivorous individuals, % of tolerant individuals, % of intolerant individuals, % of
viscid ovum individuals.

Pearson’ s correlation analysis was performed on all data from 33 sites for the above ten metrics. If metrics that
measured the same criterion were correlated significantly ( |R1 >0.9), they should not be used together to determine
impairment. Therefore, the % of Cobitidae species index was rejected because of its distinct correlation with % of benthic
individuals index, considering the widely use of the latter in most references.

The results of the traditional step method showed 3 healthy sites, 10 fair sites, 15 poor sites and 4 very poor sites,
while, ration scoring method showed 6 healthy sites, 6 fair sites, 14 poor sites and 6 very poor sites. Though the results of
the two methods were not exactly the same, they were not in contradiction, and the ultimate trend was consistent. They
showed the condition of the water in most part of Liao River Basin was poor or very poor.

The Pearson’s correlation analysis showed that the IBI was significantly positive correlated with the elevation, habitat
value, and significantly negative correlated with COD. , chloride, total dissolved granule, sand contents, hardness. The
results indicate that that ecosystem health of Liao River Basin was strongly related to chemical pollution, water loss and soil

erosion and habitat destruction, which should be paid more attention.

Key Words: ecosystem health; index of biotic integrity (IBI) ; index of biotic integrity of fish community ( F-IBI) ; Liao

River Basin
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Fig.1 Distribution of 33 sampling sites in Liao River Basin

Table 1 List of IBI candidate metrics for the Liao River Basin

Rt % B BRI SHET R BB Rt P
Attribute Candidate metrics Abbreviation Attribute Candidate metrics Abbreviation
FhRAR G EBE (ESIERLES 4 M1 Boataduiw M13
Composition and Shannon-Wiener ZZFEP: 4551 M2 it 5% M
richness [EEacREEpidia Mi4
LI ASK: R SR M3 Tolerance BT I L M15
UGIASRHESUIES M4 BHILAT
PHERTE N 4 b M16
WERHfE RS M5 Reproductive guild PR N E 4 1 M17
R R 2R M6 PPN AT 4 L M18
ERERHE I M7 PRI AT 43 L M19
JRIEAFEE T M8 Rk BN A E 4 L M20
T RERHE I M9 FE AT AT I L M21
BIRGE HREMEAEET I M0 EOFELSEERE AR M22
Trophic guild It EH S Mi1 Quantity and health e BRI H 4t M23
HRMEAKE T M12
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Table 2 Categories for freshwater fishes caught in sampling sites in Liao River Basin

H e i 4 /R i RAKE
Order Family Species Latin name Number Food habit Water location
#% 5 R A Ea Salanx cuvier 5 Fea EE
% 5 R T A Zacco platypus 20 B L2
I 5 R % i Phoxinus lagowskii 256 B ak 2
I 5 R il 2o Leuciscus Waleckii 16 et 2
#I B R = m gy Pseudogobio uncirostris bidens 9 R kR
#I B R & Hemiculter leucisculus 143 KEMH =)
A R} b A7 Rhodeus lighti 581 M LA
[ISiAE AL Bl fh Paraleucogobio strigatus 1 HEH PR
A Rl pay Y] Pseudorasbora parva 88 B FLE
A R AR AR Squalidus argentatus 60 B HTE
A Rl Rl Pseudogobio vaillanti 2 B R
W% H s Fefbta Abbotina rivularis 50 Rt TR
[ISiAE AL LT R Abbottina liaoningensis 37 HEH PR
#I B R Kttty Saurogobio dumerili 32 HEH PR
#I B R fiifa, Carassius auratus 616 HEH TR
A #iRE by & Nemachilus nudus 55 B R
[ISiAE iR W ek ik Lefua Herzenstein 3 HEH 9=
S AE R Bl giaid Cobitis granoei 28 MRtk 2
A AL etk Misgurnus anguillicaudatus 48 B R
[ SiAE| iR EH Pelteobafrus fulvidraco 3 B R
oSIAE #RL i Silurus asotus 2 A 9=
SAE| 5 PRk Silurus soldatovi 3 PR 2
LIS BT VI Odontobutis obscura 26 A JEZE
A Rl wagh Hypseleotris swinhonis 1 KEMH 95
5% H fig pg ta Bl TR A Ctenogobius brunneus 5 REM RZ
20

<>C< 1.0 -

ﬁ $23

?;_‘]_ A 221

® [0 ) AN e e T wereer eeesesesseeeseesmesseseesseseenee e ——————

A § f 50 X S35 .
S0 557 oA o sis g3 >t
27549, 08 " g%%’zf A A
-10 | | 1
-2 0 2 4

H—HEP 4 Axis 1

B2 TSR CCA 44 R, L F %A Twinspan 4347 (PCORDS. 0)
Fig. 2 Result of CCA analysis for sampling sites of Liao River Basin,using Twinspan cluster analysis( PCORD5.0)
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Fig. 3 Box-plots of 10 candidate metrics which accepted by the discriminatory power analysis between reference sites and observed sites

3 10 MEEIEHRE Y Pearson 18X 1 RE
Table 3 The correlation coefficient between ten candidate biological metrics

M1 M2 M6 M7 M8 M11 M14 M15 M19 M22
M1 1
M2 0.783 1
M6 0. 680 0.568 1
M7 0. 600 0.407 0.202 1
M8 0.774 0.604 0.929 0.195 1
Mi11 -0.041 0.154 -0.174 -0.415 -0.099 1
Mi14 -0.269 -0.174 -0.486 -0.329 -0.361 0.793 1
M15 0.377 0.212 0.720 0.202 0. 647 -0.435 -0.535 1
M19 -0.014 0.142 -0.141 -0.231 -0.021 0.699 0.686 -0.311 1
M22 0.351 0.119 0. 064 0.679 0.032 -0.344 -0.275 0.113 -0.259 1

2.3 TR
& Ul IBL SBEEHR ILR S, I AR S KSR AT MR E LK 6, HKIER 5 sk 6 MBdRES R,
XPILIT IR 33 /ot i B R S B MRR B TN G5 SR AR 7 BT o

hitp : //www. ecologica. cn



5742 £S5 ¥ # 30 &
x4 9 NSBISIRRHT T H AN
Table 4 Nine metrics and their response to human disturbance

R SH R SPHE XTI PRI RO
Attribute Metrics Abbreviation Response to disturbances
FRARSFE 1 2 B EEL C1 N
Composition and richness 2 Shannon-Wiener Z 831 c2 TR

3H EEMAEE S c3 Fre

4 KB C4 TR
B FR45H Trophic guild 5RaEHaRELS T c5 k7t
i 31 6 Tt 2P H 4 b c6 £t
Tolerence 7 BRI E S Cc7 TR
EFHILAIRE Reproductive guild 8 PR MBI E A L c8 k7t
B0 5 PR YL Quantity and health 9 IR BB 9 TR

S5 TAREE BI & SEEIERMITS TR

Table 5 IBI metric scoring criteria for Liao River Basin

] X 1 Rk RML oSG Sl
Max. Min. 95% median 5% median
C1 >7 5—17 <5 10 2 9 2
Cc2 >1.22 0.76—1.22 <0.76 1.67 0.304 1.54 0.388
C3 >3 2—3 <2 4 0 2 0
c4 >3 2—3 <2 5 0 4.4 0
C5 <38 38—69 >69 100 7.31 100 11.9
C6 <34 34—67 >67 100 1.57 99.4 0.944
Cc7 >57 28—57 <28 85 0 63.6 0
C8 <44 44—72 >72 100 16.1 100 20.2
c9 >222 112—222 <112 332 3 233 3.6

k6 IWRmEeLXTEEITMITE

Table 6 Assessment criteria for biological integrity of fish in Liao River Basin

{3 (H) Healthy —f§(F) Fair #:72 (P) Poor 22 (V) Very poor
1.3.5 J&fE ¥ Step method >27 >18—27 >9—18 <9
[ {E ¥ Ration scoring method >65.821 >43.881—65. 821 >21.940—43. 881 <21.940

F7 IAREENES BIFNER
Table 7 IBI results for each sampling sites in Liao River Basin

Ah HUR Z8/(°) 2/ (°) | S RS 1 TR S
Sites  Location Longtitude Latitude Health grade I ~ Health grade S
S18  FHAKE WEHRLE 123.521 43.522 8.624 9 \ A\

S19 LT EAKBTTEEE 123.9 43.224 15.587 13 \ P

20 HMEPIETIA FAE 124.709 43.438 44,257 19 P P

S21 EAKA TR B 124.421 43.326 16.827 11 \ P

S22 FHARE PR E 123.718 43.422 11.732 9 \ A\

23 LTAEBTTEEE 124.309 43.052 - - N N

S24  EMRAE DITITRL B 123.59 42.431 36.278 17 P p

25 WTEBILENLRITE 124.899 42.975 26.042 13 P P

26 LTHITENELTE 125.013 42.932 32.960 21 P F

27 ETEERTENX 124.085 42.59 54.335 27 F F

S28 LTS T kIS 123.836 42.33 33.782 11 P P

29 ETFEAEMHTALE R R 129.485 42,184 47.908 21 F F
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eSS

JUAN =t ZHE/(°) /() 1 S TGS RS S
Sites Location Longtitude Latitude Health grade I  Health grade S
S30 LT RIS T FLT 123.744 42.081 83.571 33 H H
$31 TTEWHTAFEE 123.016 42.169 34.493 17 P P
$33  ILTHWMHIMEL TR 123.191 42.146 14.169 9 v v
S34 TTPEBINTE 122.532 41.284 26.494 13 P P
S35 LA HETRE 122. 686 41.596 25.265 11 P P
S36 TTEWHTHRE 122. 88 41.911 27.453 11 P P
S37 LA B H 123.777 41.862 53.741 23 F F
S38 T 748 Ve ik 124.071 41.895 30.544 17 P p
S39 LA T &R 124. 461 41.993 66.894 27 H F
S40 L i B R A 1a H 125.018 42.15 66.252 27 H F
$41 LA e 125.18 41.696 86.453 37 H H
$42 TTFEENTHER 124.556 41.767 33.620 15 P p
$43 TTFEENTHER 124. 609 41.42 90. 162 37 H H
S44 TTEARBETARE 124.56 41.177 64.557 27 F F
$45 T TEAE T i 2 123.904 41.38 70.302 27 H F
$46 T TEARETHLE 123.726 41.195 54.566 27 F F
s47 T T T kg2 123. 408 41.131 28.942 15 P P
$48 TTPEBINTH A 122.683 41.12 40.833 15 P P
$49 TTPEBINTH A 122.679 40. 865 59.020 25 F F
S50 TTPEBINTH A 122.412 41.004 37.293 13 P P
T2 TTPEBINTE 122.588 41.323 11.368 9 A \4

T TFOR HEY: IBLE, S #R 1.3.5 940k BIE, - FoR BIHAERAL, N FR T iz

SERRE, F LR ZEID P ol s, 6 AR, 6 A — M, 14 82,6 Ntk A 1.3.5
WRAETE , T 3 AN 8RR, 10 A —M8 15 N5 4 ANl . J5 38 7 ik ELRl & 7 TR 7E e Ak 22 S b ik
SR PR TN E] T e 2 AN ER e IEE 6 MR ERAR.. BRWF A EERSRER TS
A, (B AR 2 — B, — AR — M DA b sl s B A AR ], 325 Rtk 227K - i sl st B A M TR . B R
LK RS2 B L7 22— B — B LA _E K, T AL AR L B R i, R 2 — R R R, =
o OSF-TH RE 28 AR 22, VTR DA B U Sk X 2 T i R S R B R 22 5 BT R K FINE & 5 1 R AL TRt R
REA B2 TR 2
2.4 IBI 53RBERF Z IR AE LA HT

43T IBLE (F ELfE A5 2 5 IBL M) 5 & /K R B8 A BT S b IF4 O AH 56 56 5, AR /KBRS
G 5, b 5T B PR A R A AR B o YUK T AR IE AR 4 A K AR B AL FE A5 , SR A Pearson #H2C 43 #7 IBL fH 5
19 FhKARBEALTE AR B AT B Hb T3 2 [ FIAHSEME (R 8) o 455K W, IBI 5184k (P =0.01) 2 BE FAHR, 51
BHPESF (P =0.002) 24Kk B #EFAHX, 5 COD,, (P <0.001) EPWE&E(P=0.001) FWE(P=0.001),
WERE(P =0.005) HLFF(P <0.001) | RIAMFRY) (P <0.001) 24 BEFAHK, W5 BOD DO PH S5 H Al

12 MERHEREAR B E
3 g

3.1 SERPEOIIT R XIS

Harris it MR T3 R BUR + MO 8T T KRB I fa 2 Se B v 5 ™) L AE A BT AT LA R RUBE
HEMZAENE SR A S X T BT IR R o AS BT ST B T 35 2 A48 1 10T T -5 ¥ I BT R K
R AU BRSSO R U, BAR TR Bk, (R PI  4 25 X AR, A 5825 R A8/ , A S
Hi T TR — S BERTTE , BAES IR A A RE B, aRB T 2 Fh AR AR &R, LAB/NAS Rl K & % IBI BF5E
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Piid BRI RN, 3458 T IBI BT AT IR 35t . AN R Z AL AR UCR AR o R R B AT 8D 7245 BB
FEHP, B HEINRAE SR, BT KIS IR IREE , (% ik IBL 5 45 SR SEHER o

*8 IBI SkGEAFESIRRZ BREXES T

Table 8 Correlation coefficient between IBI and physical-chemical parameters

EmRE AT OWR RB RE BE MR mmB o mmm oo
COD BOD DO Chloride Ammonia TN TP Sulphates Nitrates '8
suspended matter
-0.625*" -0.248 -0.127 -0.535** -0.335 -0.233 -0.132 0.104 0.341 -0.274
BRI o
norganic  BHBISEY AL . i ST wex wR o ME WA
suspended TDPM Phosphate P Hardness rent Conductivity Altitude Alkalinity Habitat grade
matter conten
-0.254 -0.633 %" -0.086 -0.178 -0.479**  -0.538**  -0.656** 0.441* 0.091 0.515**

* % /N P<0.01, * /R P<0.05

3.2 ZRAMMEE

2[R RUAL A BRSO A F 0 S 5 , B e B0 A ST U BT i B B T B AR 2 R AL, B AT 80
T BGE— I 5 B S L AR > B RAEA R A h R L A K R E R RBREMNZEIA Y
T, B FRBUGTB AL, HEAEZE R LEE . Hik g Emz T/ e hZ ]
Mo [FIZRAEBLTE R PAMBTSE H L LB 3 , Southerland SEARHE T B 22 JH 2500 MR WAL S BIEEE , € T2
SR SR 1 3t R PR 2 B 5 BE VR TR SR AL AR UE ™ ; Peter 25 I ZE M 5 2 BR AU AR MR 3B A0 A
TAAEE" . Malik 7E%¢ ELREHEI I 28 S5 BERFIT SO T RIS5HHT S NMDS HEJF 4341 7 ik
TB AL ERE ) . Didier % Meuse ,Belgium Jf 3 JiL 48 IBI A R FEBFZE H il , ZEHAT IS SR B R K
Yy R B e B R RS M A SRR B LR BIF I . MG AF B AXTSET
CCA HEFF73H7 B Twinspan 7328455 JKARERAGTE 1R B 8 b5, [ A R BRI 4% 7K 28 045 A2 358, {HL s T 24K
PEBORHBR A, T ARIE Bl — B R G E BAnE, B ATOUE H TAYORZE Ml i, 545 MPTFE+, i 4L
B T R T R AR AR B AR AR AR S G N 1 B A AR A 5, DA B3 IS PR AL 2 8
SFRGEHEME AR TR, HlE 078 S5 102 I Bn e, T8 = 2 IR AR e B 1
3.3 ZHERIRIER

54 B A SEREE RN O BFST , SHEE R e P EE R IE T Kare™ ¥ 48t (9 — RFI 645, DR & 15
Ext45 B IOBFSTRE B TIE X 0P AT IR 5 K (R XM SRR AR I R IE G — I o, 7
— iRl R FE AR IR Gt —E IR o A SO B % T Barbour ML I T —E MBEFR
X ARZ MBI ARHEAT T 08 , BESHdE IRl 23 ST 9 Ao G5 RR I XA I 25 77 1518 2 I S HUEE

[ R SE B PR PSR I B ERR I S %
3.4 VERITEREE

A3t IBUEMTHEE R T PRI, 1.3.5 BEE SHERE . WEMMINESRINRASR L, A
R3S P 3 SRR S — B XA, 2 SRR KA, A1 A — B S B E M XA, il s
BB AS R 4 J R T RE B 1.3 .5 WR{E Y IBI SME N &S50 1.3.5 e 9 R0, - fEZE SR B0 , 18]
B, ot B v A RSP 0 0 ) DX 43P B A 8, T A 3k S 0 2 62 A ) T 2 /N o (BRI 7 35
b R SRR DU R R B S — B , 1 DU 0 55 22 I s UBE AR A ], BE0IA D 3 Rl T T B 408 S R
H TR A RO , BRI AT &, BARBER I i e B, A — 2B B9, uAh , el 7 ikt AT
PR S BT X AR O A K
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3.5 S F-IBL WM I s A 25 R G fa R

AR IPFF AR B , I SIS A R BEE M B S5 A B B . A BB R B WIS A B R X R,
TR S AU 5, 00 TR Sk B rh ERIX 3 2 (X 38k )RS SR S U B 0 8, i B B PR B s ( Bk
F 80 43) , A B4R B i AR 2D, B LTS Je i (COD SE3EARER/DN ) 5 g R SE AR i, 2L T 1L
T B AT T X, X S X SRR R TRV & B (B HEE 100% ) WS P84, JE LA Ml B 3R v P b
BB, AR . X 5 E AN — SR8 T S SR — Sk o oAb, B A o R TR AR 3 o AL TR
BT I R, ZEEL 25 REES P, A 9 AR, 8 MMM R, 2 AN — M, 3 AR, 3 AR,
fE R A3 200 T I 3T 32 WAV AT b, 22 100 A A 2 40 A A T VA Pl . SAW a5
PEPPA S5 SR L, AR B R S LB, — R B SR (BB AU 22 s LA A B B KB L
IR R FH #6295 SE R M8 B0 L) PR B AR VA 45 SR 2 LU AT AT H B —E W EA I R 4 B . [R5
2005 4E AT S SEBIETEN G5 R AR, 76— B U T A0 IR Bk O 2 T RS, ik fa
RFTEMTEN 5N Sh Y TR AMETEN BAR AP G (H A 58 2 AH R, 33X 7] 68 -5 A 28X A5 3R B I 7 B M ek
AH*,

AR WHFFEANAE 1 AZE AT IDM G T 1 Y2, BN A5 2 A 55008 A B8 S WAL T 345215 B o
S23 S s AEAS YCRAE R R To AR S, A 1T YR SRAE 0 3 R REAAG A L 5 TC BRSO 38 . FE LA T TR
TR A 2R SE R T v, B0 24BN TR ZE75 R [R) AR B SR PR R YR B, DTS04 58 I 1) L 2840 R 4 i
4 ZEig

(1) a8 SRRV 5 6 T SR AT (R A0 T AT PR 18, ZE R 9 o, X S B 2 8, 1T A3z F 4 A T
B I B8 1 FIARSCHE T 3 A TR ISR R R AT , AT SHONE T Ak kb , (45 2 M S 5508 B 51 7 HLgiob
BEHE, EFH R R ,1.3.5 RIE%S A AR AR U R BRAL , 3t H —F RIH AR h%E,

(2) IL AT 3K AR A A B BR L KR Ak T — P B — M LA R 7K S, Y KT R 3k 45 K SF . 5 IBI AR
Wi B EMABEREFEEA COD . FUE R ALY SR FEE BEMEY SRS, XU K
RE R F B 5K L FRA% R RBIR R &R KR F B A BT R R
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