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Abstract: Based on the survey data of invertebrates and environmental factors at 28 sampling sites in Ulungur Lake from
2019 to 2021, the ecological health of Ulungur Lake was assessed using the benthic-macroinvertebrates-index of biotic
integrity ( B-IBI) and the comprehensive biological index (CBI), and the key environmental factors affecting these two
biological indexes were identified. Through the gradual screening of 34 candidate indicators, M23 ( Family Biotic Index,
FBI index) , M24 ( Biological Monitoring Working Party, BMWP index), M26 (relative abundance of individual gather
collectors) , M30 ( Shannon-Wiener index) , and M34 (relative abundance of individual Clingers) were finally determined
to constitute the spring core indicators. M14 (the relative abundance of midges) , M21 ( the relative abundance of pollution-
tolerant groups) , M24, M30 and M34 constitute the core indicators in summer. M14, M24, M30 and M34 constitute the
core indicators in autumn. The ratio method was used to unify the index dimension, and the 25% quantile value of the B-IBI
index distribution was used as the health evaluation standard. The entropy weight method determined the objective weights of
seven biological indices, including Margalef, Shannon-Wiener, Pielou, Simpson, FBI, BI, and BMWP. The CBI index
was constructed with cumulative weights, and 95% of the quantile values of all samples were used as the health evaluation
criteria. The results showed that both the B-IBI and CBI indexes considered that the ecological environment of Zhonghaizi
Lake was relatively healthy, the 73km Xiaohaizi Lake fluctuated from healthy to average, the Luotuobozi Lake was in sub-
healthy to poor state, and the entire western part of Jili Lake and Buluntuohai Lake was in average to poor level. From the
time point of view, the health status of Ulungur Lake in spring and summer is better than that in autumn. Spearman
correlation analysis showed that CBI, B-IBI index and 7 biological indexes were well correlated. Path analysis showed that
permanganate index and nitrite nitrogen were the key environmental factors affecting the B-IBI index, while salinity and
dissolved oxygen were the key environmental factors affecting the CBI index. Redundancy analysis showed that salinity and
inorganic nitrogen were important environmental variables affecting CBI and B-IBI index in different seasons. The
combination of the integrity index and the comprehensive biological index has a high reference value for the ecological health
assessment of Ulungur Lake. In the future, measures should be taken to improve the ecological environment quality of
Ulungur Lake by controlling exogenous pollution, limiting the import of nutrient-rich substances and inorganic pollutants,

and reducing the salinity of the water body.

Key Words: macroinvertebrates; entropy weight method; biological integrity; environmental factor; Ulungur Lake
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Fig.1 Distribution of sampling sites in Ulungur Lake
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Fig.2 The family level classification map of the macroinvertebrates in Ulungur Lake
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Table 2 Weights of seven biological indices for three seasons in Ulungur Lake

. FBI 52 " ZREMESR Y . " e
4 g B pywpen PP npen pammn wommen
Season Biotic index . Y BMWP index . Simpson Margalef Pielou

index Wiener
# 2 Spring 0.23 0.15 0.16 0.10 0.06 0.12 0.17
X 7% Summer 0.09 0.31 0.12 0.10 0.06 0.16 0.17
2 Autumn 0.20 0.07 0.13 0.21 0.07 0.19 0.13
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Fig. 3 Data distribution of candidate indicators of reference points and interference points in spring, summer and autumn
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B-IBI: M8l 56 23 PEFE 4L Benthic-macroinvertebrates-index of biotic integrity; CBI; ZE& L #3584 Comprehensive biological index

2.3.2 CBI{REOFM S5 R

T Kruskal-Wallis K5 (& 5) & BAEZETT B-1BI $850 T2 M85 5 2 315 (8] S 4% & 22 5% (P < 0.01) ,
HZHE B-IBI #8508 5 5 TS (10 = 2) ,iXF W B-IBI iFM A R BA BRI IX 00k, EAZETHE
BB, Spearman FHIEES T (K] 6) B 7~ B-IBI 35 (5 1E 7] 5 £ BMWP 45 %4 . Shannon-Wiener ( H') $§ %1
Simpson ( D) 1% Margalef(d) #§ B2 H B IEA (P < 0.01) , Pielou(J) 6505 BE IEAHKE (P < 0.05) , 5
a6 Hr FBI F5 40 S 8 35 AR (P < 0.01) , YA B-IBI 5S¢ B PEFEE O A R T 2481 1 BoA R4 Y&
P, CBIL45%05 B-IBI 88U W3 IEAI R (P < 0.01) , H-5HAWA Y88 n A G 55 B-IBL 58008 421,
IEAh CBI 4840 B-1BI 506 At i i B RPN B — @ s R EE (K 4) X85 1 — PR T
PUEAGE A TR ZR 5 PPN A T AT
2.4 B-IBI CBI 880 5 ¥R H 1 &R

FFZInB AL, DLJE A 1 E]) B-1BL, CBI 48 %0k A8 &, 13 AN IEE A 7 A A48 i 1730 42 5 Bt
(% 3), THrABREE 1 H 335k 1 NO,-N SAL COD,,, .DO 4 4~ K SAL DO 2 %} B-IBI #5 %% CBI $5%k
MR E N ER T (P<0.05), £ 5P 7% B-IBI 8 5 & # 1 9 K /N . coD,, (-0.358) >
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Fig.5 Kruskal-Wallis test for the B-IBI index of Ulungur Lake in spring, summer and autumn
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Fig.6 Heat map of Spearman’s correlation analysis between CBI, B-IBI index and seven biological indices

# % FRAE 0.01 K- (RUM) LB A, * FIARTE 0.05 KB - B

SAL(-0.291)>D0(0.279) >NO,-N(-0.206) , %} CBI 8%k B #:AEH K /N . SAL(-0.286) >D0O(0.226) , H:rp
COD,, .SAL 1 NO,-N X B-IBI $54% J¢ SAL Xt CBI #5435 B 457 A M0 /E FH , DO X B-IBI 48 4{CF1 CBI #5844 &
PR ., AN TR VE ISR &, & R 55 7 X% B-IBI 45 1% 18] #:4E FH 43 %1 9 NO,-N (- 0.246) . DO
(-0.087) \SAL(-0.070) .COD,, (-0.012) , %} CBI $5 %[ #4E > DO (0.008) \SAL(-0.006) , H [ #4EH
PR/ ING FAAE 2 0 A R 3 AL DO X CBI 480 (B2 FH R 1E 1800, Fe A BREE R -2 [B) 2 77 AR 4
H7ER

ANFFREE R 5% B-IBI CBI F85 Y P RECR ] (3R 4) | o3R58 7 vh Hotk g REN IO MR 5 B3
YEFIATR . PIEREE N THBE AR R, COD,, il NO,-N XF B-IBI 585 %) 3 [l phe 2 FE e K (0.032) , i i
A e 1) (B B2 S R (B, RLE COD,,, FiT NO,-N JE[RI/E B % B-IBI 48 550 A= 90 /E H . XF CBI #8400 75,
X SAL 1 DO A= 3 [a] e £%1(0.002) , H ZFHBRAVEHI T X CBI f880™ A e VR H]

RDA 73 M LW S A 15 CBI L B-IBI 4850 S HAZ OHE PRASC R B 25 HL 3 Feifiik th & m (P <
0.05) MBI T AR (K 7)., FZRT 2 SR T 98.37% HHFh—IREE )y 2248 5 Horp B-IBI $5 %0 . BMWP
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FEHOA Margalef (d) $5 5045 RAFIREE RAFAY A D8RS CON 2 838 UG, FBI 850 M26 45 6 [a 35 4n ) 5
CON & A E, K&/ E A Y8805 pH Al WD 2 B EFAMSE (P < 0.05) ; E &0 2 HhfiE B T 99.50%
PR —IREE Oy 2548 S5 Jrf CBI 4545 B-1BI #8850 S KR4 1E m A= W48 505 NO,-N SAL 2 R EFHAHK, 5
DO WT 5 i 2 IEAHSC, $E AT T FE B2 (M14) W] 5 NO,-N SAL £ 3 A (P < 0.05) ; Bk 2 %l
BT 99.50% RIAt—3RkE 7 2278 5 b NH,-N (NO;-N | SAL 5 B-IBI #5840 \M34 55 IF [ 45 br 2 . 2 TR G,
T 53R MAAR XS 2B (M14) B B ETEAE(P < 0.05) ,

%3 INEEFI B-IBI,CBI {58 HiB R 54

Table 3 Path analysis of environmental factors on B-IBI and CBI indices

[R5 B WA P [B]#Z/E ] Indirect effect

Dependent Environmental Correlation D%jithffit
variable factor coefficient NO,-N SAL CODy, DO b
B-IBI NO,-N -0.452 -0.206 -0.092 -0.153 -0.001 -0.246
SAL -0.362 -0.291 -0.065 0.002 -0.007 -0.070
CODy,, -0.370 -0.358 -0.088 0.001 0.074 -0.012
DO 0.192 0.279 0.001 0.008 -0.095 -0.087
CBI SAL DO P
SAL -0.292 -0.286 -0.006 -0.006
DO 0.234 0.226 0.008 0.008

B-IBI; JEMI 24 5¢ B PEHE L Benthic-macroinvertebrates-index of biotic integrity; CBI: ZE& A= ##8 %X Comprehensive biological index; NO,-N: iF.
A& Nitrite nitrogen; SAL: 3L Salinity; CODy,, : FifH R 541 Permanganate index; DO & fi# % Dissolved oxygen

* 4 IREEFR B-IBI,CBI #5HHRE B

Table 4 Determinants of environmental factors on B-IBI and CBI indices

St SRHLAT A 1 BHREAE e s
Index Environmental factor NO,-N SAL CODy, DO
B-IBI NO,-N 0.042 0.019 0.032 0.000 0.359
SAL 0.085 -0.001 0.002
CODy, 0.128 -0.027
DO 0.078
CBI SAL DO >
SAL 0.082 0.002 0.135
DO 0.051
3 iTig

3.1 B-IBI.CBI K& ftE 3

SIS A2 WS T E A EE B-IBI /R R A E EIRY, 0l E B PPN R R I i R B85 1 SRR %5
Al Az 7 B AR AR A IS SR IR, K R 2 N A s e R R HED LI TR K R S B Y
BEBRE S VT R AR A AR R, TR A R B-IBI PEAA R 1 2 B85 0 2 £ 3% Barbour 25 AR L, £
IR G R N R IR R K R PR A, 22 R0 T 0 XA SR B A, Bk e
MR FHZSAIBE 36 E A L, PR A I 95 B 25 BB N TG Bl B2 IR AR B 51T (WQI) 7K A= 25 IR 858 i i 25 A HR 40
WQI Z55 75 1T /K 51 SRR A s 4 (8 A 048 450, — e WQI >3 Ik A= 25 PR5E i o R4, {EL R A5 0 ] 1
AR & B 3 ZE AR L WQI >3 AYSRAR A, AR S BE A5 A 3 40 il S AR T AR SR BE AR (WQI >2)
M24( BMWP $5%%) .M30( Shannon-Wiener $5%0) F1 M34 ( B0 & AMAFI N £ ) 25 3 4 B-IBI B840 T4 .
B MBI ES, XRAZB S WFh R R B R 5 i 5 2 RS E R K E S, bk
HHARZETHEMFEM
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Fig.7 Redundancy analysis of B-IBI, CBI index and its core indicators with environmental factors
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SV TR R B FE L TR 5 2 R R b R R S A 2 SR R BRI R R R D BT 358 FBI 45
BRI Shannon-Wiener 80T A [R] 25 %f CBI ?E%ﬂlﬁ@?:ﬁﬂﬁﬂiﬁ'i%,ﬁ%%%m TR ) I R AR 2 A VTN
A & B — PRG3R B Wl 2 1 5 T35 (L R 255 2% 1 1T AR v /K A A A R VAN I v 1
3.2 IR T4 B-IBI, CBI 1A & Ay 5200

FEF KA S A Y B A S RS HEA T PPN B, 17 A 2 R R 1 5 PPN 5 SR A 5 R, DT 4 7o DA
EREREE . ARSI RDA 43735300, B-1BL CBI K 2 52 3155 P4 71 | 2 5% ( P<0.05) , HLE#E
$9 1) e AN ) 24 ] 7 A i 2 R R PR R R[], A 3 1E] , COD,,, Xt B-IBT F840 i) f71 ) 8% 7 B B4 A kG
Pe5E R NO,-N Xt B-TBT 45 5 I M1 PR, BEAh 8 BEA A/ F R X B-TBT 550084 67 1) 5% mi i i
Ko CODy, SERAEKARSZ AT Tl 28HE F A HLTE Y 038 F2 BE 1 SC B B, NO,-N DU Al £ S i it
14 H R P IR A K AT YR B B SR R A W A A SRR BR 2 A WL Y S R
FRY B W A8 iR 52 35 O I a /E ], B 2% RDA Z5 SR IE 13X — XS, 55 AR R Bk CBI,
B-IBL, K &R IE 1m) A 48405 DO 2 B 1IEME, ARSI DO XF B-1BL, CBI #5409 B 4/E H 0 1E )
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B-IBI CBI 5 £ 345 B L 48 1t ) A A= (@ B B0 B A B S i g 25 22 e, HL 2 TP 44 3 0 A S5 8 A i 35
PYARAAAE S SRR 78 2 — 30, X AT RER GIS 23 [l i (B 5 A £5 it /D 5o A R AE e e 3, BV A7 7
2 M EVFRIEARN S — P, WA TR AT, 5 IR BOIR BB AR b T — M e K7 Horp bR
FERL(C23) FREE BT IR 24 45 Tl XN HABRAE A5, 75 0 W A A PR HL A ARG 2 Sy e, AR 2 T i L) 4 oy
FHEATFAIMFRIA T, CA A ICHGE FRFH N AT N THEK 3 ) i K AR A LT & i i3 e, ) X
JEC ST LAV 2 I 1 SR B HE AT R T A, S AR T T S AR A X, BK IR SS e R A
JIT B S AT 1 b3l At 2 R AR R R R A A B (181 1) R v 0 N 10 4 R H TR A 2 T/ I A 1 et VR T
R AN TR TS B WA HLTS YA 5 TR o RS 0T 75 0 1807 A AR A1, A8 W] gk 5 48 vy )y 38
MR O ARSI RIS W8 R R AR S T A XY AR A R, W TR E SR
IR AR 28 2R (R BB LATT S0 A o He e ', B-IBT I GBI #5500 B R IR BE i+ T H Ak F ik T —
FBC7 A A2 RS HOA A A FEIE S X RR R I DR S BRI RS EWI X KA B, S E R R S T
ZIKBIE HERR 48 75 10 & 5 55 A0 B9 P 58 B ( Chironomus plumosus ) WLAXFE 7 77 11 F13% B i+ /R
73km /NEETIREDIROC T (R 22— e gl , — 5 VAR R S ST 54 IR K S K B T8 4, 55— 5 T
T P AT G AR T ANIR TS Y TRl T S A DT BRI A AT A K A W 2 A X,
KA T — 7 F 22 7R X AT RE S A 25 KoK 8l g S0 OGS4 7l 8 D 3 AT Y PN YA, i 2R 1) 7
ST AR K S AR T/ , 0% 5 T A S AT el AR A, KA 5 P SR LTS G W s R o
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FlZK AR AT B R, MR AR TS AR AR TR 1Y 15.9% , /K TRANG Z BN BRI, 191 X [ 33 ie T B, A L5
LY IR R e v A S IR A2 B U
4 i

a) AU SR R A & 3 = = AT AR S g Y R e B, A4S = R 4R 0 ( Chironomus salinarius ) FEB
J& ( Chironomus sp. ) FITT REELUE ( Procladius sp.) , 15 e 18R PRI L E TS s Wb o5 3 S 17, 4k
RSN K3 it 7K A B B S A8y 180 1 G0 2 el 2 o U DR ) DB, 0 G A 28 B3 I3 o ) G i
— sk,
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