RE ISR 2025,45(11): 6275~6284 China Environmental Science

NI T ML DU R BRI HEZ D AR SE SV PR [T]. v I EREERLE, 2025,45(11):6275-6284.
Wang J, Guo Y D, Sun F H, et al. Assessment of biological integrity of benthic macroinvertebrates in the middle and lower reaches of the Hanjiang River [J].
China Environmental Science, 2025,45(11):6275-6284.

DU T s KRB RAR T HE S E Y e BT

FORE T MR T R AR L T S RN T R B (LN A SRR T HE
4500015 2.7 [ PRER} 220 0 o, PR 5% FE U bR v 5 RS 579 4 [ T RS 36 %, 4k i 100012)

FE: LT 2023 SERITH RS KB4 F)REKIE FAKEZ BAESE MR AR EMEZ R, 56l . ShaktERE LA ikt

BT 54 AMERIEFR. 54 G0 A4 W 5 B IR R AR RL AT R B B 5 % 0,20 Bt 0T (AL A0 ) M HE S BT (U 23 1T T0 Ak 20 47 ) 7

TR LR R K b BRI A T 908 228 i 2, O SR P K2R I AV G 5 A 3 40 A 40 56 H P B (B-IBI) 55 25 2% $R bR (R AH G 1 43 BT 30 UE B-IBLAF 50 45 SR 2 W1, 7L

TP b DX 7K R AR T AV T A B 400 A 40 22 R e A K, A 0 5 AR B — B R K T — A T LR, 53.8%; K

3 BRI IR RURE o B L 53.8%. BB 55 B8 IR 7 8] 199 (0] U5 43 AT 2 T pHL{E . SVBE(TP) ZKIEL(WT) 235 M 56 i T K R e T A5 ME3h ) A=)
SEREPE AT AR GE M VEAG T BT b TR W b X R AR JEAVS TG A 5 4 AR A e M R B0 O 43 BT DGR BRI R R U4 AL RO DU R K AR S R S

1653 $ A LAl

KR DL KIURMOCI MBI AR se sk ASCE T IS0

FEDPES: X824 XHRFRIRAD: A XEHS: 1000-6923(2025)11-6275-10

Assessment of biological integrity of benthic macroinvertebrates in the middle and lower reaches of the Hanjiang River.
WANG Jie'?, GUO Yi-ding®, SUN Fu-hong®’, ZHAO Qian-yu’, HUANG Nan-nan’>, WANG Zi-teng’, ZENG Yang-bo’,
Feng-chang? (1.School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China; 2.State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China). China
Environmental Science, 2025,45(11): 6275~6284

Abstract: The Hanjiang River, the largest tributary of the Yangtze River, is crucial for sustaining socio-economic production and
human livelihoods in its basin due to its sound aquatic ecological conditions. This study analyzed aquatic ecological survey data from
the middle-lower reaches of the Hanjiang River during the dry season (April) and wet season (August) of 2023. Fifty-four candidate
metrics were calculated across multiple dimensions, including community composition, biodiversity, pollution tolerance, and
functional traits. Unlike traditional biotic integrity index methods, this study did not establish reference sites. Core metrics were
screened through statistical analyses (zero-value distribution) and correlation analyses (sensitivity and redundancy analyses),
significantly simplifying the screening process. The Index of Biotic Integrity of Benthic Macroinvertebrate (B-IBI) was validated via
correlation analysis with reference metrics. Results indicated higher macroinvertebrate biodiversity during the wet season compared
to the dry season, with an overall "fair" biotic integrity status. In the dry season, 53.8% of sampling sites were classified as "fair",
while 53.8% achieved "good" status during the wet season. Regression analysis identified pH, total phosphorus (TP), and water
temperature (WT) as significant factors influencing B-IBI. This systematic assessment provides foundational data for ecological
conservation and restoration in the Hanjiang River Basin.

Key words: Hanjiang River; benthic macroinvertebrates; biological integrity; correlation analysis; regression analysis
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Fig.1 Distribution of sampling points
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WL RS BT TR O S 75% SRR
WK ERE L /NI AR AT S S ) A S8 = Nl It i
T R0 Ml 15 R4 AT S 4 46 e R AT BB AR 1) 23
g Wl 4% S L 1.

pH fH. JKIEL(WT)FIH R S(DO) AL FH A 45 5
KRS HUL(HORIBA, U-S2)HL7 e M4k (/KA
JR A 43 B 7350 (S DU RO ST gt 0 e il iy ik,
A5 S0 I 8 5 R 2 15 £ (CODwn) « BV (TP)
HE(TN) R (NH;-N).

F1 RERWELEHENYER
Table 1 List of benthic macroinvertebrates
1] EE H =t J& s b4
FEMN Bjils| H Bils| 7} Tubificidae 2 s g Branchiura sp.
A WiE H g Glossiphoniidae IR Glossiphonia sp.
" 1520 i VLIER Salifidae =t Barbronia weberi
) FIEE Erpodellidae 145 Erpobdella sp.
e L ) ;
FHH s Corixidae i )IUZIJ% Slg(.lm subsiriold
HEI] B — /J‘*ZJ%}%) Micronecta sp.
. St 7B Heptageniidae HEL2 it W) 7 Ecdyonurus yoshidae
I H — -
DY Baetidae Y15 & Baetis sp.
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HR1
I EE H Bt )& s A E
EMH LU R Hydropsychidae LUA R Hydopsyche sp.
it KO ER Macromiidae W KA i ) Epophthalmia sp.
SRR Platycnemididae eV Copera sp.
T R RR A Glyptotendipes tokunagai
Jafl S Glyptotendipes sp.
Z 2R Polypedilum sp.
U 705 Neozavrelia fengchengensis
SEAELUR Diamesa sp.
XA H FEASCR Chironomidae ﬁﬁﬂ“&%&)% Rheotanytarsus sp.
E DRI Robackia pilicauda
SRR Paracladopelma sp.
RS ARAUE Thienemannimyia sp.
BATE 2 R R Polypedilum scalaenum
NREISUE Microchironomus sp.
[SERRveE Cryptochironomus sp.
i /2 H IFR} Gammaridae Lt Gammaridea
JS U Anisogammarus sp.
HLAE AR Awyidac KUF )& A Caridina sp.
HPAEYEKIR Caridina denticulata sinensis
Sl R AT R Sesarmidae AT R Sesarmidae spp.
EESEED Macrobrachium nipponense
KRR Palaemonidae 75 o 1R Exopalaemon modestus
RN SET T Palaemonetes sinensis
i H e Caligidae e caligus sp.
UETR T A7 e Anodonta arcaeformis
i R} Unionidae H A TovibE Anodonta angula
TSR [53 T Bfe efe Unio douglasiae
g H IR Corbiculidae AT Corbicula fluminea
EPE| I LR Mpytilidae VR Limnopema lacustris
I SRR Planorbidae (53] 3% Hippeuyis sp.
HEIRH HESzR e Lymnacidae 5|j BN Radix ovata
AT ] - ‘&'J‘ LS Radix sp.
IER Bithyniidae IR Bithynia sp.
A Semisulcospira sp.
Tk R Semisulcospiridae J5 K i) s Semisulcospira cancellata
g fﬁ EEE?’Q I Semisulcospira gredleri
Ji TEIR B 18, Bellamya quadrata
] Viviparidae W @E Bellamya sp.
FUEH IR Bellamya purificata
AR IR Bellamya aeruginosa

K FHRTTR J5 (ESA) T 1% 2 45 (Sentinel -2)
ARG 10m RS 1 MR S 5, R H AreGIS
10.2 H (IR T R AR ICREAS s A7 S 1] 10km 4222
PR MO RS SR R gk e i @A, KR 7
AR AL o BT,

KRE ST AR EIAE AreGIS 102 Feihl; AR
FAE Excel 2019 il (E ARG 20 b AH DG
SRR /M Origin 2025 58K, H58 AR A
B2l 1 ZERZ I R 7434t VIF 76 R4.4.1 TRiEAT.

2 EYEEHINERGE

2.1 W lEikiabe

AR MNBEE AR AL RENE TS R8I R
AR Z AT I E T 54 Mk ke 2%
2), B AR Jy 23 25 F 5 B2 (BMI-BM13) . 70 54 B
(BM14-BM24). 432K Z ¥ (BM25-BM28). Lijfig
£ FEPE(BM29-BM33). V5441 21 (BM34-BM43).
HABZE5)(BM44-BM54).
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Table 2 B-IBI candidate index set and distribution range test

T FEIEFR bR FiZK 1 Q1 =FIKH Q1 iy ik ety FiZK3 Q1 7K Q1
BMI JEAREN )L 2.00 4.00 BM28 Margalef F & B R 4L 0.15 0.34
BM2 ReD 2k ME LR B 0.00 2.00 BM29 LhfE 5 B Fric 0.35 0.52
BM3 BARBHY) 1R EL 1.00 2.00 BM30 LIS Feve 0.24 0.42
BM4 B2 FrIL//IMEY PR B 0.00 0.00 BM31 e s HUE Fdiv 0.67 0.56
BM35 EPT #JFR5L 0.00 0.00 BM32 Lyhe = HUE Fdis 0.40 1.16
BM6 JEA B 6.00 63.89 BM33 RaoQ 0.74 1.60
BM7 RO R 2 0.00 2.78 BM34 R )RR AL 0.00 0.00
BMS G 0.00 5.56 BM35 i y5 A A R AL 1.00 2.00
BM9 L o 0.00 0.00 BM36 Yo i 0.00 0.00
BM10 R SO 0.00 5.56 BM37 ol v i 2% B 0.04 0.49
BMI1 R 0.00 0.00 BM38 iy A AU R H 1.00 1.77
BM12 SEBNEE 0.00 0.00 BM39 BMWP $5%( 12.00 26.00
BM13 JEAREN ) ) 1.22 11.20 BM40 ASPT 455 533 4.62
BM14 %19 B 1 1R 0.00 0.33 BM41 BPI 0.20 0.09
BMI5 SRS 1R EL 0.50 0.40 BM42 FBI {H 5.00 6.06
BM16 LSRRI/ IMEY/ A 0.00 0.00 BM43 BI {8 4.71 6.01
BM17 %EPT Y%L 0.00 0.00 BM44 Yok T H W 0.00 0.08
BM18 Yol S8 0.00 0.08 BM45 Yol B E W 0.00 0.04
BM19 Yol FE N 0.00 0.08 BM46 Yol T S 0.00 0.08
BM20 %X H % 5 0.00 0.00 BM47 Yot frH 0.00 0.00
BM21 %EPT %% 0.00 0.00 BM48 VA Ste iy 0.00 0.00
BM22 % R oA % 0.00 0.01 BM49 Yol S 0.00 0.00
BM23 YolFE L 0.00 0.00 BM50 Y% % 0.00 0.02
BM24 %3k BN 5 0.00 0.00 BM51 %) ) 0.00 0.00
BM25 Shannon £ FEPEFREL 0.32 1.11 BM52 Yol A B S 0.06 0.13
BM26 Pielou 45 BEHR %L 0.27 0.75 BM53 YollfF Uk S 0.00 0.00
BM27 Simpson LI FEEL 0.36 0.19 BM54 Yol AT H S 0.00 0.00

VEQUA MU
22 JiiEkz bR

HI DT AR 37 M DA R 55 1R N 2R3 30, B
A HAS % 5 AT AR ) E 2% 1L
GEH AT (A AU A 2 B (U 20 s O
AREIIHT) T8 AR b A PR 8 B AR BR AN R
221 FH4 A FEMEE SAA KRR
AT U0 BB R AN B A A% D AR bR UV e 4R
PRI K o, KT 25%, 007 BLEBR.
222 MURIESSHT DR AR DL )
TRV 1) AN [R] J22 T, T m] DL B R IA G 2% A (X1 A2 Ak AE A
GE e AR BRE R FIIRE T 7 M (R R IR R
THRARAE S 2 R A R AR AE, S e T 4R bR
Xt 57 i N2 A0 R SR A 1 22 5 (R i 2 K 2B 2R )
HEVR BTSRRI OC R AR B R 0%, 0 1 38 Y i 2
S R I AN R LA TR A 5 b 5 34
S5 IR 1) 1) 2 A O AR AR I 5 X P4 35 4 1 1)
Wi 37, O3 B -5 PR DR 1 S 35 AT DR (P<0.05) i i i b
BENN 2Dk,

223 JURMESHT N T ORI O FRAR AT,
AHFFCLAr|>0.60 150 AR BIE, AR 3 AN )k
1Tk O B 5B 2 Fa bR TUR e bR, iT LR
Z [MFabr; @R B R 8RB 15 B 2 I Fa b, A4
Y2 FEMEFREL 5 AR5, vl DL RE 22 B2 1 e /K A=
g FRUGEORE 3~6 MNabr, bR D ok
IBI [ i 22 25 hnam e bs oA BRI VPAN 45 SR 1
HERf .
2.3 R KR

7% OKAEFBRME AT WKLY R
WSV (HI 1295-2023)2 T LG ARVEZE— K%L
FRbR . B T-PUHE o 4 K Fa ks O 1E a8 AR, 1
S X () B 7 ; B H0 8 0 gk /N B FE AR A B e 4
Fr, i E A =R Q).

Score ., =100x (Xys — X)+(X,s - X;) (1)
L =100 (X —X)+(Xps - X))  (2)
A Xos s FRFR I 95% 7 AL X A FRPR I 5% )
&8

Score “
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Fig.2 Distribution of benthic macroinvertebrates in the middle and lower reaches of the Hanjiang River
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Table 3 Correlation coefficients between biodiversity indices

and environmental factors

5 Prph Shannon

SR Pearson’s Pearson’s P Pearson’sr Pearson’s P
CODwn 0.454 P<0.05 0.434 P<0.05

TP -0.158 -0.311

TN -0.393 P<0.05 -0.408 P<0.05
NH;-N 0.184 0.005
pH 1 -0.139 0.056

WT 0.326 0.414 P<0.05

DO -0.557 P<0.01 -0.466 P<0.05

MR a] 7, A2 K S A A2 22 P e 1 K,
35V 2 AR I AF 5 4 SREARAAE 2L 481 V] 43
SR N K WA S (K R B A
PEZ U R CRTE e Y SRR TR S ]

KAV FI & B LY RE . ZRFTESR
R TFHIKIER 3 45 5 BRI i X R
AT HES D AW Z K1 CODpnn WT 2 IEAH
2,5 TN A1 DO 52 FAH 5,2 B F= /K A i (1 A LA
TR FERNZKUR W] BRARE T A BN P A K TN IR B3 M
N 1.45mg/L, W] RE 52 W G B 1) A7 Al /K DO ik
FEBIRT 10mg/LEMZHEVE DO U R R &R
A g e AR R 5 L . LA, 9T 3R I, 0 Fh =
B A R RS R A0 48 0 i 1 07, 2 K e s
(90 388 T LA 4 ol 47 1550 B0 388 i 1 P A A% % T g
LI IWREETY/E 77 & o o NGl 1 o < e a9 = 92"&7 LI A 1]
BRI 2540 22 R B A1, T B TR DR 12 X I H o
B (I 0.69, HoAth X IRIZE A 0.41), £V THIJETS
Yen] fe i N ™ TR P FH A E 5 A T T R
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R 45 %

R BEFNRGE . RA N Z TSR RR TS
AT AR, A5 5 e e DAt DX R AE DU .

3.2 UL B-IBL WA &R

321 KLIEARIIE T AT HT54 Mk
FERRGTH AT R R (GR 4), B 4R bR 05—

A QU A1 0BT & i 25%,BM29.
BM30. BM31 fA{EHRAL, X LEHRAR L5 AR5 B

BB A3 B30 23 $R AR S5 IR B DR 7 () B 3
(11 AH 6 % 2 (P<0.05, ] 3(a) 1Kl 3(b)), T LA .

#* 4 B-IBI #%iL¥gkR
Table 4 Core indicators of B-IBI

F i Lo fabr ) W B P YA

7K BMI JEAR S EL TR 100x(X-1)/(5.4-1)
BM33 RaoQ TR 100x(X-0)/(7.0-0)
BM43 BI 7t 100x(7.2-X)/(7.2-2.7)
BM52 Yo A % s 100x(X-0)/0.97-0)

FKM BMI8 Yo YNHBEN 2 S5 TR 100x(X-0)/(0.54-0)
BM26 Pielou ¥4 BE 551 TR 100x(X-0.40)/(0.93-0.40)
BM42 FBI 1} 7t 100x(8.2-X)/(8.2-5.7)
BM46 Yol BT % TR 100x(X-0)/(0.78-0)

() MR ARBUE L

BMI[Tn . ommome |l
BMS3 1 | . .
BM6 E & ] ‘
BMI3 S
BM1S [+ | L | o0
BM25 - ] -
BM26 [ |
BM27
BM28 [ . o
BM32 (I T ,
BM33 [l [+ |
BM35 ] B [ o
BM37 E3 ’
BM:| DNEEEIEN EEEm . o
BM39 )
BM40 ([ [ [ | e
BM41 [ S e [ '
BM2| 0 EXEE e | s
BM43 | I EEEE . '
BMS2 Bl e .
%®@@@%’§%®§w& &@f LD

BMI | B 1
BM6 -0.61-0. 61 0.8
GViEy | e 0.6
BMI5 0.76( | L o.4
BM33 -
BM35

BM37 . 0.86 0.86 !
BM38 0.64 .2
BM41 0. 65 0.4
BM42 | | RS o6
BM43 BM43 o8
BMS2 . BM52

R I S T TN T A S
N NI I I R A IR
D e e e

* P<0.05 ** P<0.01 *** P<0.001

(b) FAMFR bR GUEAL AT

BMI | 1
BM2 — _— — 1 1
BM3 1
BM6 e 1 I — 0.8
Sm - — I I —
gmg T — — 0.6
BMI14 | |
BMIS | EX | 0.4
BMI8 ] 1k 1 1
BMI9 | — [ ]
BM22 [ [ 0.2
BM25 |
BM26 [ % | _— I — —
BM27 ] ] 0
BM28 |
BM32
BM33 | .
BM35 1 1 | 0.2
BM37 _— I —
BM38 — — — |
BM39 —] — 0.4
BM40
BM4I
BM42 | EZE - — 0.6
BM43 | | | |
BM44 — | I T I I
BM45 | e 0.8
BM46 | [ EX ’
BM50 _—
BM52 — | EN | 4

SPFFEder $ S e

(d) FAIFRBRITCARIEI T

BM6 | Br6 ~0.93

BM10 BM10 0.8
BM14 . BMI4-0.93  -0.75 0.66 ~0.76-0. 7§ 0.6
BMI5 P BMIS  0.76 ~0.67 0.76 0.78 o
0.69 0.9

1.00 0. 95 0-2

BM26 -0.63 0
. BM37 0. 67-0.690. 73 s

0.61 0.6

.4
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~ ANELEEOEEE- |-
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B
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Fig.3 Sensitivity and redundancy analyses of candidate indicators
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TLAPE A M Ao 3 AN 3% R U, kil K A 1)
BM43 F1342 /K31 BM42 58 2 48k 704 (K 3(c) M
B 3(d)), HI T DL WK A4 52 75 Gtk i R e ¢
AR BM1 IRZI70 4. BM33RaoQ.
BM43BI fi . BM52% M35 % F, 3= /K - B BM18
%I HE AN 55 B . BM26Pielou $44) [E 1540, BM42FBI
fH. BM46%il| B8 %, e AR Ak B2
FEPE V5 G4 52 44 A T e PR s i 7K AR 254 HE TR Tl
(F 4).F7KI 4 MERR VIF B2 502 1.3 1.7,
1.3 A1 1.5, 737K 4 N EbRI VIF {25002 2.3.1.5.
3.5 FH 2.2, uF BIOR B 5 b () AH Bk
3.2.2 B-IBI M &4 BIIE 500 ARyE (M
KXQ)G— O Fatr N, 1T H B-IBL NN S % fakx
5 B-IBI (A5 2 WK 4(a)fizn, i B-IBI 5 BMI
JEM S YY) R % . BM25 Shannon % kEMEFE %,
BM26 Pielou 3)5] 5 541 BM28 Margalef =& J¥ 15
4. BM39 BMWP f5 4 2 IFA4H %, 5 BM27 Simpson
DL BEFRE . BM37%IN 75 Fiis 5 . BM43BI {H 5 1
FH G, 75 A B A0 7K AR 25 4 BEOIR B0 VP4 P BMIT
BM25. BM26. BM28. BM39 itk 5, BM43 ik, %
B A 2B 2SN BM27 5 BM26 BIAR R BE 45 1,
{H 5 SCH & .BM37 %l 5 7% )% 5 BM43BI {5 H M
JR WALV 525 ek Y,

(a) B-IBIZ&IE

BIBI | BIBI 0.61 0.56 —-0.63 0.43 0. 42
BM1 . BM1 0.81 -0.67 0.98 0.91
BM25 .- BM25 0.78 —0.97 0.88 0.71
BM26 ... BM26 -0.90 0. 48
BM27 | skk  kkk  sokk  kkx BM27 -0.76 -0.57
BM28 .--. skx  BM28 0.88

BM37

HEE N
EE=EE - B
HEE BHEN--

BIBI BM1 BM25BM26 BM27 BM28 BM37 BM39 BM43
*P<0.05 ** P<0.01 *** P<0.001

0.89

BM39

BM43

B-1BI

W2 B-IBL VRN S5 Rl 4(b) B, Al 7K 3
B-IBI 4 0~61.04, 318y 42.34,“ R4, «“— 7, “ig
ZE7 “ARZEHI AL A EE 7.7% 53.8%- 30.8%-
7.7%. 47K 3] B-IBI 4 0.08~78.03,341H 4 53.40,“ K
U o P A 27 AR 22 IR AN 20l i EE 53.8%
23.1%- 15.4%- 7.7% DL i X R L A G
HHESh B e A AR O < e, AL PR
KA T — 5

NI ]E 5, 327K AT 2h ) 56 2V T A K
W, AT e B T T AR AR Zh 4 () A=) 22 R B v,
AHATKESRGRE BT S1. S3. S11. S12,
FoAR AU B-IBT A7 B 2 12815 2 e AR 2 /K
S1. S3. S11 HA S &t LM 2 FF I AE 5 By
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Table 5 The results of regression analysis between B-IBI and

environmental factors were statistically analyzed
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Fig.5 Regression analysis of B-IBI and environmental factors
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