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Abstract

Benthic Index of Biotic Integrity (B-IBI) index is one of the commonly used indexes for aquatic ecosystem
health evaluation. Macroinvertebrate assemblages were collected from 30 sites (among them, 9 were un-
impaired or minimally impaired sites and 21 were impaired sites) in Hulan Estury wetlands. Through the
discriminant power analysis by candidate biological parameters of, sensitivity analysis and Pearson’s cor-
relation analysis, as the result, the benthic index of biotic integrity (B-IBI) was composed by six metrics: To-
tal number of taxa, EPT (Ephemeropterodae, Plecoptera, Trichoptera) taxa, Ephemera%, Clingers%, Ga-
therers-collectors%, Intolerant taxa% and Biotic Index (BI). The establishment of health assessment 5 lever
criteria for aquatic ecosystem uses Ratio Method and Three Points Method. The former: > 3.56, health; 2.67 -
3.59, sub-health; 1.78 - 2.66, good-fair; 0.89 - 1.77, fair; < 0.88 poor; the latter: > health; 20 - 26, sub-health,
13 - 19, good-fair; 7 - 12, fair; < 6 poor. The correlation between two scoring methods and four scoring me-
thods was 0.891. Therefore, the two methods were suitable for water ecosystem health assessment in the
Hulan estuary wetland and the surrounding waters. The water ecosystem health was assessed based on the
establishment standard above-mentioned in the Hulan estuary wetland and the surrounding waters. The re-
sult indicated that there was no difference in the assessment result between Ratio Method and Three Points
Method. All references were healthy. Hulan Estuary Wetland was in the condition from good fair to sub-heath.
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1. 5|8

WERAES ARG R E R AIHFFEENERT, ERiE R IF ELBEI (8] (R R s 4E 5 2L B S AL, x4k 7y faa H
GIITI1, WA, ZRERRGRMER1]. Karr (1993)0 T AR T 7 AESRGEEK, A&
ARG AE LS SR E (2], IR E S O R LR T A e RS R AR o HAT, J5IEAEK
ARG RV LR PSR T AR JR RS R GE RO TR RS RGN RO BTG R RE R RSN PR KR IE
HARE, REGKMIERE R BRSOV TR #AE AR EVE . ARG BR DI RER DL 2L

ZRTEANG J3(3] ¥R A RGEAE HECFAT ) B R A2 T Y E AR R AN R 30 51 3R 2R 48 R BB AL 2
B, DASLR T, OV EE AR AR TR A B AMRYE, SR A L CREPANE PR 4]

AW e B FE (B A B O BRAEVE A1, SCATRAAR N 2 B A 14, Bs 5 B AR 1 45
HMINBEA KI, 5ABERERAEDN, 2T RMBURNZ DN E SO LS RGRAT RV e Bk
PPHT[S]. XA Karr £ 1981 $2HIK), A1 DAt SON W FO RIE NI, B @ HT 8 T KR B HEZh 4
BRSNS E AU A[6], TR AN B 58 B AR S (B-IBD) B CAE S BRAG BIiZ A o B 3 T 4045 e Ja
ZRIfEI] b3 AN 2 s 1L B XR AT B-IBL YEA[6] [7], ARAL DXL | He 33 S5 skt 47 B-1BI ¥F47 (8] [9].
IBI FJ LA S WA 275 G 6 A D R0 e NS s et e s i S5 W AR 520 T LA D 7K 9 YU e e A= ) B U
M TARHESE . T RE T 57 EMX RZERBOR, RV 5CBAEPFO 77 1L 75 R R SHIEVERT 7t TAE.
N, AR FUR PRI WP 2230 3Rt X S 30K Foxs e, 4l SERRAE T X iy B-IBI 3
WARER ShRAE,  JFRIE AR AL M DX AR 25 JR 4 e B PR 14 2R O ST AR AR
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2. MRXBEAFAR TS %
2.1. FARXEHS

O 22 3] YR AR AR XA T S RV A W RV T P24 X B 3, Hb AR AT IR R 5, (R X A TETT AL &2,
ERVGHDIRE M, W23 AV H E KT, HHb PR ARFR Y N45°53'44"~46°54'04", E126°41'00"~127°15'00".
R4 X AP0 K 63.5 km, FFILTE 21.3 km, JEK 179.5 km, MEFAN 19262 hm?. #R¥E (e A\ RILFIE H R G4
(X 257 5 20 5 %1l 73 ARt (GB/T15629-93), P23 IR HAREY X B “HRES RS Fil “ ARG S
KIBAESRGRA” , J& DOKAFIFG A AR 9 Je AR B8 3L (R T I R e R KB AE & RGN RS R 1ZIE SR
FRERE. IR RIEER, EWEZFENEE, HInEl T AN TR RS, 22 0] 135 /K 38 i AR 1
K, BUERIA S ARG IEMBIE R AEZZAR, & RN Sh PR I 2R RN 45 7 R A s
2.2. HEmERESE

JRAESIIFEART 2011 FH B KT =TT KE. WIEUFFRIREEE: S, FERokA TARNES, FIHESR
ER R G I, B RE N A MR A R 25(1/16 m?);  [F]IRF%o 7K A BRA F6 b i3k AT I B A0 5
KR (WT) KB (Depth). pH. & #E(DO). =itk Eh 15 £ (CODwy)« ZA(NH;-N). iR % (NO; - N). H
SE(EC). KE(TN). EBE(TP).

2.3. SRANZHRANHE

R 8 BTG S AT S AR A A EE A A, ASATE S0 3L 8 L 30 AN KA A5, AR IR 24 70] 1 g b /K 2 BORYR B E 4 AN X .
ZI A O SEMTIAIRE S, AL RIETL B B 5 ASKRFEWTTHI(S1-S5); P47 L {gh /K I(HLEWR) % & 8 4
KAEWTTHI(S6-S13)5 2230 NI AT AL (HLH) BB 8 AN KAEWTIH (S14-S21); Bl A7l J& FAFE VT IR YT B )

B, S ARG Astin A E [101/07775, SRBEERTAHR 0 _E I —18 ) LILEIR 9 AN RFEERTTH (S14-S21) (£ 1),
ST et 4 A 5 37 SPSS13.0 F15E K

Table 1. Locations of the sampling sites in Hulan Estuary Wetland and surrounding waters

F 1L M OEM K BN A R S IR A E

Kb EFRENMRSR P EFREN R G Kb EFREN R G
Sampling sites GPS Sampling sites GPS Sampling sites GPS

S1 N45°46'20" S11 N45°59'46.6" S21 N45°55'33.1"

Fi % E126°30'57" WYk E126°54'44.9" AR TN E126°46'35.8"
S2 N45°45'29.2" S12 N45°59'46.6" S22 N45°24'59.5"

e it E126°32'30.3" KT Fi E126°54'04.9" 25108 E127°39'23.1"
S3 N45°48'48" S13 N46°60'30" S23 N45°25'27.3"
TRITHE E126°41'33.7" KT E126°55'53.3" EN | E127°38'32.1"
S4 N45°49'29.6" S14 N 45°58'15.9" S24 N45°24'9.7"
RATA30] 1 P4 E126°42'53" - 22 98] KA E126°3527.8" +S5 W E127°37'58.8"
S5 N45°54'11.2" S15 N45°57'04.4" S25 N45°23'52.1"

Rl A3 E126°45'10.4" ETED E126°40'03.3" =5 E127°37'35.5"
S6 N45°55'31.3" S16 N 45°56'53.2" S26 N45°21'0.9"

IR 22 Y] Y E126°46'30.5" BRI E126°40'19.4" LB E127°34'13.2"
S7 N45°56'41.3" S17 N 45°56'22.5" S27 N45°20'52.7"
22 R E126°47'30.5" x| E126°40'37.3" AL E127°34'14.4"
S8 N45°5726.6" S18 N45°56'32.6" S28 N45°19'4.9"
2 E126°48'17.0" MOR E126°41'35.3" =R E127°34'22.8"
S9 N45°58'16.1" S19 N45°56'12.9" S29 N45°17'16.5"
KE=T E126°49'07.2" R E126°42'12.2" ZF MY E127°31'13.7"
S10 N45°59'06.6" S20 N45°55'31.5" S30 N45°16'38.7"
e E126°49'57.0" g E126°44'10.0" i E127°3027.1"

DOI: 10.12677/jwrr.2019.82016

138

IK BRI T


https://doi.org/10.12677/jwrr.2019.82016

SEF MBI A ) 5 B PE PR AU (B-IBI) KT I 22 7] 1R HbAE 25 R Gt BE VA

3. ZRE S
3.1, RIEEMSHHFIREEN S

AT 9 MBI A TRREE T 20 MEMSHE, JF0 BT TP e 2). Hb, BEE%
(T FEB P+ ARSI %, O BUEH Y 0.04, ALK RZTEEEAERE 2, A MERIX 2 TR, BikA
EHZ 5 B-IBL fEb R RIVAEWSHL . [FIFE, Shannon-Wiener ZAEHEFREL. M@ & % ZEH%. HlEHE %,
WaE%, SIEWEE%, FARATEE. RN 2 NMEMSH, St — 2R,

3.2. HRMSHR

BRI 2 BT i ) Sl i A AR M B HOR X 7 S I8 S RS2 45 55 1 B F7 . H3E Barbour er al. [11]HIPFHI 5%,
8 1Q ME T J7 VA SR U], PRI % X H % 1Q /T 2, AEHEANT 0. B, KER
diy e, BUBCSEER T, EPT(E B2 H, P H, T BRE)»S% 0. 8l 3 I 2K IT% M
AEWIFRB BT 235 10 NS00 1Q #UOK T8k T 2, v DUMREE F/ESE— B 10011 1).
3.3. Pearson 1947

—MNMEMSHEEE RO B-1Bl MRAEMSH e —, —REEAFRFWRE L, EWSETHINT & S
&, HR PRGN —REXMNMEMSHIRBNEEREGSH eSS EEL[12]. AWM _RATH
RZPANE RESEYE. BEWANSHEBFRMEMAL, KPR TR REE B ES, (REHP—
ANFEATLL; AP EAR R E A, (EAFER A CE MR AR DG, VPN IE R R MO ES, WAER
HEAREA[11] [13]o XIS BUBRMED TR T 10 NSEGHAT Pearson AHI /T,  LAKTES & 24007 [ B (5 2 1) 4k
S, AE S B AR bR A RV SR D IRE-NHERE, MAREEFER.

KH Maxted et al. [13] (2000)fIFR#E, DAr| > 0.75 3£~ 2 NSHR R EEAHDS, WS ARS8, Wt —
ANE AT AR AH O 250 0] A0 35 IR R (o AT 5T 1 M) B B 7 56 B 1 48 4 B-IBI fH A S 73 KL TT
. BPT K Hocl. i70 H%. HEETHE%. 5K H%. VIR BI & 6 MSH(E 3).

Table 2. Distribution of values for 20 metrics within 9 reference sites

2 2. 20 NMEMBSHIE O N RIS
fabrAy M bRz /ME IEPNE] 25%5 1 HHhLEL 75%5 15
Category Average SD Min. Max. 25%ile Median 75%ile
i 22.4 428 13 37 17 20 25
KA B Uy 2R e 2 20.2 3.13 10 33 14 19 25
BURSER T, 13 4.47 6 18 10 14 17
EPT /32y * 13 228 11 17 11 12 14
Shannon-Wiener #5%% ° 2.88 0.91 1.32 4.17 1.91 2.16 3.71
PRI % 0.13 0.16 0.01 0.43 0.03 0.10 0.17
(HSEsh P+ R )%’ 0.06 0.11 0 0.33 0.02 0.04 0.08
Al 3 LA 0% 0.77 0.20 0.42 1 0.67 0.83 0.91
X H %’ 0.21 027 0.04 0.73 0.09 0.10 0.44
HEH%" 0.21 0.08 0.12 0.26 0.07 0.17 0.25
FEE%" 0.11 0.05 0.03 0.21 0.04 0.06 0.10
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Continued
HEERE%" 0.32 0.14 0.12 0.51 0.19 0.38 0.41
R %" 0.25 0.27 0.10 0.56 0.20 0.27 0.33
FEr# %" 0.06 0.03 0.03 0.10 0.04 0.05 0.08
Wifr#H%" 0.07 0.03 0.05 0.10 0.02 0.04 0.07
U7 E %' 0.56 0.09 0.44 0.68 0.48 0.57 0.62
EHH%" 0.09 0.13 0.01 0.53 0.03 0.04 0.09
RUBR B (Y5 (H<3)%" 0.63 0.07 0.52 0.72 0.58 0.63 0.69
i V5 253 % " 0.16 0.09 0.05 0.26 0.08 0.15 0.25
AWt B 3.54 0.36 2.90 3.86 3.4 3.74 3.79

7E: 1. No. of total taxa, 2. No. of aquatic insects taxa, 3. No. of intolerant taxa, 4. EPT taxa, 5. Shannon-Wiener index, 6. Chironomidae%, 7. (Crusta-
ceatMollusca)%, 8. 3 dominant taxa%, 9. Dipter%, 10. Predators%, 11. Omnivores%, 12. Gatherers%, 13. Filterers%, 14. Scraper%, 15. Shredder%, 16.
Ephemeroptera%, 17. Trichoptera%, 18. Intolerant taxa% (tolerance value < 3), 19. Tolerant taxa%, 20. BI.

Table 3. Pearson correlation matrix of 10 candidate metrics (n = 10)

Fz 3. 10 MEEE YIS HBIAY Pearson FHX 53 (n = 10)

M1 M2 M3 M4 M5 M6 M7 M8 M9 MI10
M1 1
M2 0.907* 1
M3 0.933* 0.844 1
M4 0.595 0.491 0.519 1
M5 0.937* 0.882* 0.87 0.819 1
M6 0.889% 0.829 0.891* 0.838 0.979%** 1
M7 0.617 0.452 0.818 0.075 0.441 0.514 1
M8 0.919* 0.880* 0.984** 0.39 0.818 0.825 0.82 1
M9 0.883* 0.827 0.818 0.887* 0.991%** 0.982%* 0.369 0.749 1
M10 0..218 -0.103 0.445 0.089 0.118 0.239 0.784 0.364 0.105 1

7 M1 2 Z5 5504 Total number of taxa, M2 7KAERHUMFEHIGHL No. of aquatic insects taxa, M3 BUBISHEH 764U No. of intolerant taxa, M4 EPT
7y T4 EPT taxa, MS 3 IMEHHIC% 3 dominant taxa%, M6 ELHESE T Gatherers%, M7 k4 H % Ephemeroptera%, M8 HUKZEH{% Intolerant
taxa%, M9 528 % Tolerant taxa%, MI10 A4484 Bl; *P < 0.01 WELPEFHC Significance.

3.4. B-IBI {HEI+E

FHR = A3E[7] [10], BRI EA AL B-IBLAR) 6 NSE(R /3 K8 a3, EPT /K. Il H % Hi%
ERE%. M5 HEM%. VIR BDES R MG A, 08 KPR s M briE (R 4). 38R
I ZH ) PPANE SEME 73 AT VR4, S8R5 6 NS EUR /i AT 8N, 519 B AN SR B-IBI & 148
ELAEIE[7] [12], W 2eit 5 eS8 23R AR I 95%E 5% A 3B (% 5). TRk i 6 NS
HEATEM,  BEIASH SR S B-IBI B 7ME

3.5. B-IBI ¥EN &R
i 3 syl AN R VT R T 5 8 B-IBIEE S IR S AT A RE S )40 A, B 2 I8 S B AT E R B 80E,
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Figure 1. Box-plots of candidate metrics between reference and impaired sites

K S8 5 B-IBI 15 201 () 25% 50 B KM T A KE 5 B-IBI 5 20 (0 95% 70 hrkiid:, g 2 Fhic o 7 ik g 22
W EHEH KA RS RGUERRIbR . SR B bRdE, XS A (S IR SRSZ 000 TR Y, 85 RRW, =ik
RN RARAE S : SIRAURT 27 AR, AEREAURT 26 i@ HUEVER B @R IARME N : SR
T 3.64 AfERE, AERERKT 3.56 NIEER(E 6).
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Table 4. Descriptive statistics and scores for 6 metrics

4. 6 MEREESRAFHNS T RS ETHERE

41t /344 Statistics PF4) Scores
W) S K Metrics
25% 50% 75% 6 3 0
BT EL No. of total taxa 17 20 25 >17 10~17 <10
EPT 725808 EPT taxa 11 12 14 >11 6~11 <6
5747 H % Ephemeroptera% 0.17 0.48 0.79 >0.16 0.09~0.16 <0.09
HH:4E 835 % Gatherers% 0.19 0.38 0.41 <41 0.42~0.48 >0.48
i 152 #£% Tolerant taxa% 0.08 0.15 0.25 <0.25 0.25~0.72 >0.72
EWIFEE BI 3.4 3.74 3.79 <3.79 3.80~7.80 >7.80
Table 5. Descriptive statistics of 6 metrics within all sites
=5 6 NEVMSBETEFREHESTHEIT S
LB H/ME 5% EL B IVA 95% i SN
Metrics Min. 5ile% Median 95%ile Max.
B EITE No. of total taxa 3 8 26 35 57
EPT 7355040 EPT taxa 1 3 8 16 17
U547 H % Ephemeroptera% 0.01 0.25 0.30 0.53 0.68
HIEEAHY% Gatherers¥% 0.15 0.20 0.32 0.39 0.45
i 5 258 % Tolerant taxa% 0.05 0.23 0.45 0.76 0.94
A WIFE%L BT 3.8 3.96 4.13 5.52 6.21
Table 6. Criteria of health assessment of B-IBI
% 6. B-1Bl iBfRIA RIERIEMNIRE
fi B WV f — % %= Wz
Health Sub-health Good-fair Fair Poor
=43V 3 point system >26 20~26 13~19 7~12 <6
Lt A& ¥ ratio system >3.56 2.67~3.59 1.78~2.66 0.89~1.77 <0.88
3.6. BETM
I 3 G N7 RS SR VPATY I 22 0] 1198 1 % ] 30 7K 25 i AR AR RER O, 45 SRR (R 7), —4miEF A

PAF BN R AR 3 I RN ST, PR TR B S5 A R A (e = 0.891). TERTIMA 30 A
FEAR, AT ERRRGUIRE S 9 AN, A7 ASH /KB, 2 AR RIS A 6 MEA NI RRE, TFNS
RN 10 NFES, ZRIN 44, BZER— NS4 RLF A 1) o 2230 FHEHIEE s, R =ikt
H B-IBI {6, W48 HN, S6. S7. S10. S11. S12 A—k, S13 MR N E, FHMEZE S12 1 S13

FESTPIN G B T =200, BI: S12 NW{#kE, S13 K.
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Table 7. Statues of health in sites

7. BERBRER

Ff 1 Sites = e FEAR AL LBV B e FEARLL

Sites Score for 3 point system State of health Score for ratio system State for health
S1 22 T fi# B Sub-health 2.69 TEAg )R Sub-health
S2 19 — % Good-fair 2.46 — % Good-fair
S3 11 2 Fair 1.25 2 Fair

S4 5 W Z Poor 0.45 W Z Poor

S5 10 7 Fair 1.75 7 Fair

S6 18 — % Good-fair 1.79 —f#% Good-fair
S7 17 — % Good-fair 1.2 — % Good-fair
S8 24 TEAgHE Sub-health 2.89 TEAg ) Sub-health
S9 25 WP @ 5 Sub-health 2.86 WP @ 5 Sub-health
S10 19 — % Good-fair 2.65 — % Good-fair
S11 18 — % Good-fair 2.6 — % Good-fair
S12 14 — % Good-fair 2.7 W& Sub-health
S13 12 Z# Fair 2.65 — % Good-fair
S14 11 72 Fair 1.56 72 Fair

S15 15 — % Good-fair 2.25 — % Good-fair
S16 17 — % Good-fair 2.46 — % Good-fair
S17 17 — % Good-fair 243 — % Good-fair
S18 19 — % Good-fair 2.58 — % Good-fair
S19 22 P f# B Sub-health 2.68 P f# B Sub-health
$20 22 T Ag B Sub-health 2.7 TAgFE Sub-health
S21 22 T Ag B Sub-health 2.69 T Ag B Sub-health
S22 28 {f# B Health 3.68 {# 5 Health
$23 29 {f# B Health 3.71 {#FF Health
S24 29 {# B Health 3.7 {# ¥ Health
S25 30 {# B Health 3.73 {# B Health
$26 29 {# B Health 3.72 {# B Health
S27 27 {# B Health 3.69 {f B Health
S28 27 {f# B Health 3.59 {## ¥ Health
$29 28 {8 K¢ Health 3.7 {# B Health
S$30 28 {8 B¢ Health 3.57 {# B Health

7: S22-S30: £ A5 Reference sites R; S1-S21: 224514 Impaired sites.

3.7. B-IBI 5K ERFZENER
FIH B-IBI 57K Ak £ E R EE K 1147 Pearson AHRME M. 255K, B-IBI H5/KIR(WT). & #E(DO).
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ZANH;-N). FHER R Z(NO; — N)FIHL TR (EC) R EFMIK(P < 0.01). FIH =441 3 B-IBI 5 8B(TP) (%)
Z A A R BN 0.657, BIEZEARK(P < 0.01). FIH ELEIEAE R B-IBI ()R 17 KEZ 4, SHEHREH T
Z IR RFEMIRP < 0.01). [Ht, W23 R HRK 2R 50 3& &R F R34 B-IBI B X /K A2 78 RGEHEAT R VT -
B-IBI /& X} AR BN P #EVE 2 FE R B R AR I 255 I, 24 B-IBT R AESUR G, dlid 0 A A AR bR, s n] LA
FIWT 51k B-IBI KA FBE I, A £ PR BT 6 5 i, DA 58 4 b (R 47 R 5 52 30453 55 (/K AR
BRG.
4. ¥W1ig

I W 7 2 S B 24 o] b AV 2l P e B P FE 4 B-IBI AE SR VPN K AE S RGO RER G ARYE =
AR, AT 30 MRS B-IBI FEEUE N T 5~30 0], HR¥E HEZAT R, ARRE S B-IBI fREUE AN
T 1.45~3.73 I8, MO E TR B R PR 25 REEA—F B e TRBERGLIIFE R 9 4, 2T ASH,
BORATE TR S pis 6 MERUCHTEAERE, VPN R N—Mrh 10 MEAL ZRN 44, WER 1A

TR RE BRE BT AW 01 ASH 7K A, 3 2 R A B[ A3 S I8 05 v 7 T M ) L Ll B AR K 7 Ll AR — AR 7V
ARMRAE 78 T, 1 B A 2R B A R A RO I R AR IR A SRR R SR 2 Rl ), Al R R I
BKIHRLE . Toy5 s, — BEAEME )L LRI A o 8 B B KRR . BT AT B R ) PR R 2 R BT
TS SR PE SRR T pa L, WA TE . B, M/RIE =TS, TERRIETT AR ZBE NFATETL, ik i
RANAEFE X, FERANE SRIE X IR AR VTS /KR D5 /K 75 Jeie &, AT ARSI 45 O RE, TV NTT
WERE ST “C— I R AL

S6-S13 AW == FIHRH F AR GRS DXCRFE i, VPSS RN A e . — oM 2. ik AR B IR 223 iR
H AR X3 AR AL 37 AR TR AR A FE (R TR 95 G0 o bR AR ATV 22 3] R, U4 &5
SN A R — MR R R o DA B2 b AR 15 B R 24 ) S0 52 B A AR B BN T RS20 . 89 (REF)AL
TP 22 90] LR R R U, BF SE I R I K AR TR AP 30 0 A A7 1A B8 R SR D RO AT LR B S5 iR AR ) 22, TR B 4
B b DA A W15 G PR 4 MK I B2 A . S13 KT SRAEWT I i T R, SRR EEZ) 1 m
MRVRIRTT, HEANIER £E, RIRFONKEBR N AEAOE TR AR, FATEH SR N E.

5. &t

1) B-IBI Z 4 . i wH g ik A M S HCH N RE TR b BUBIE /3BTy Pearson AHICTHE 70T, 1R M1k
B-IBI S HILE 6 A, Wl: SIS, EPT /2o, 190 Ho%. BEEETH % M5 KB% MLy
6% BI,

2) FIH AR AN = 0BT TH 545 3 B-IBLAH, 57 7P KR BERER 5 Sebnite . HUAET N >3.56 {@HE,
2.67~3.59 WAEHE, 1.78~2.66 —f%, 0.89~1.77 %, <0.88 Mi%; =/pFN: >26 {@EE, 20~26 WA#HE, 13~19 —
W, 7~12 2, <6 %,

3) FIH B-IBI A IR 2230] R e T (@ RV . 25 SRR W], =B M EES RIS A . A2l
RPN G B B, WP IAT b AL T R T R R R
ELmAB
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