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Abstract: The health of tributary rivers in Chongging substantially affects the ecological and environmental security of the Three Gorges
Reservoir Area and the Yangtze River watershed. We sampled benthic macroinvertebrates from 243 survey reaches of 46 Chongging
tributary rivers in April-May 2024 and 2025. We adopted the Benthic Index of Biotic Integrity (B-1BI) to evaluate river health conditions.

We compared variations in benthic biotic integrity across different regions and explored the effects and underlying mechanisms of
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environmental variables on B-IBI values. The results show that the B-IBI system for the studied tributary rivers consists of four core
indicators: total species richness at sampling sites, relative abundance of Ephemeroptera, Plecoptera and Trichoptera (EPT) species,
Hilsenhoff biotic index, and relative abundance of dominant taxa. The health status of the 46 tributary rivers is mainly fair (43.5%) and
good (36.9%). At the reach scale, poor-condition reaches account for the largest proportion (27.6%), followed by excellent (23.1%) and
fair (18.5%) reaches. B-1BI values present consistent spatial variations at both river and reach scales. The highest B-IBI values occur in
Northeast Chongging, followed by Southeast Chongging and the main urban area. Habitat Quality Assessment (HQA) scores show a
significant positive linear correlation with B-1BI (P<0.05). B-IBI values also differ significantly among reaches with different HQA grades
(P<0.05). Specifically, reaches with excellent and good HQA grades correspond to good and fair river health conditions, respectively,
while reaches with lower HQA grades are classified as poor. Near-natural reaches mostly have excellent B-IBI levels, whereas reservoir
reaches show significantly lower B-IBI values than reaches with other hydrological disturbance types (P<0.05). Shapley additive
explanations (SHAP) analysis identifies hydrological disturbance level as the primary environmental factor regulating B-IBI of Chongging
tributary rivers, followed by habitat quality, sulfate concentration, and chloride concentration. These environmental factors exert distinct
threshold effects on B-IBI. Random forest analysis indicates that hydrological factors contribute the most to B-IBI variation (57.9%),
followed by habitat factors (29.3%) and water quality factors (12.8%). Water quality factors present a higher relative contribution to B-
IBI in the main urban area than in Northeast and Southeast Chongqing. At the river scale, the proportion of reservoir reaches has a highly
significant negative linear correlation with B-IBI (P<0.001), while the proportion of near-natural reaches has a highly significant positive
linear correlation with B-IBI (P<0.001). This study confirms that hydrological disturbance is the dominant factor shaping benthic
macroinvertebrate biotic integrity of Chongging tributary rivers, and reservoir construction and operation substantially reduce river B-IBI
levels.
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Tab.1 General characteristics of surveyed tributary rivers in the study area
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Tab.2 Classification of hydrological disturbance level for river reach
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Fig.1 Results of B-IBI for tributary rivers in Chongqing
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T Bt(74.19, P<0.05), &3 THAl HQA 44 B (30.34~36.55, P<0.05).
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Fig.2 Spatial characteristics of B-IBI for tributary in Chonggqing at river scale
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Fig.3 Spatial characteristics of B-IBI for tributary in Chongqing at river reach scale
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Fig.4 Spearman correlation analysis of water quality variables with B-IBI of river reach and its key indexes
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Fig.7 Box plot and normal curve of B-IBI across hydrological disturbance levels
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FHTTRT I /K SCE SRR g R A, B P9 96 T /K SR 7% B-1B1 2 (A S AR e b, It 2 4R v
TAREZK SO BRI 1) B-1BI [F L 244, AR ST ARARIAT BOK SCRE 34 B2 NP8 R, R4 N
6 NMER . SHAP S i ai MKW, KCT- PR BB R TTIR AR B-1BI (£ 7K, HIHX B-IBI
(R 2 B S O A O o i BE BRI S 2 S I A B, TS5 3 K0 4 %6 R TR B-1BI (B AR SR i
XU M S — e B K SC T BB i 2 . A RO B (g 4), EMERERERT AR
TIRAKE, WIERERKIEG R, BREEDERE4ERE, #5 EPT BUBREIIREEIEI40, A X0
B KB KA E KRS, B-1Bl A RAEMRAMERIR . X —45 58— P EIE T 4ERFm 8 A RS
TR RFE B-1BI 7K T 5 B

WA BN R D3 T AR S5 BT T 4 1F, R gERE R A A R L. KT R
AT L 157 R PR b T L0 X 5P R XA B-1BI B 32 SR 123, XS R 48 AT S b R R 2
WAALT B-IBI EEE K2 W, AL RS L4538 —8: HQA 5 B-1BI 2EFIEHIE, £MmH
B-IBI M EZFEF. XRIESM AR, SR EWA MRS, ERTIRGIMHRN B-1BI RoUMLF. 28
MM, SHAP FR{FEZ M/ HT (B 8) R, HQA MM E AN LI K SC IR ER M —F o X el th A= 5557 =%
B-1BI HIsZm 58 T /K SCEh, JUHAE/KPEE /KA B-1BI B .

II TR S 5 MR JEATS Bh ) B VA 4 5 2H AR 2 IR BE IR 18491, AR, AN Ak B PR T R R
HKEST B-1BI FIARS SRR AN 12.8%. B 7EV5 e i B m ) E X, HAHX DTk 3N 21.6%. iX—
S5 L T] e ST = K PR KSR R PR R A D% o EE R TT IR AT /K P SR A PR /K T K 3k T ik
I—I11 25, A B-IBI #IMHAEZE, MIMTE—EFRE LI T KR FEF A TTEk. fREgsh. S, ik
). CODwn F1 BODs & RN 5 P T IR Gl /K AEAS RN 5 TEZK T febR. HH, RIS @
B IBIE AR AR S K Eh-P, SR mT7E AR A NIE T A SR Ae s, B AR = A 25
PEEFIB0SU, GRS ) = B8 I 2 08 R ALSIR AT B 4 1 AR B 3E 152, # BR T IR T R R R R 5
A 0 2 TBE SR I T AR VS K B T B K HETSSY . A ) BERIR TS i ol gk, R A3

12



SRR H B PR R, R B KA T ) B PR AR 45S) ZK AR R AL T4 R R R AT
FH, ALY SR SR TE S5 1) e A 122, RF R IR R B AL T B-IBI BT .
4, RIRKARF CODMn Al BODs £ 2 R UK A FEEU M BIF . IEMRA N A THAERE 71 FR 4500, J
EE 2 SEUK RS, BRI E B, BT RS P B TE 1 e R

3.2 B-IBI #%/0MEHR

Hal, EHNRESZEB-IBICHET KEMHR, METENFEENLEAEE. MHifHEE RN EEEAR
PAFUAHDCSCHR G 3 TR W, B-IBUAZ OBAR I TRHE SR TE 3~7 N2 H], P38 5.5 M) BT KWz G e
FRATRIZ NS FIRE, QiR KT, RS MAR. THITRES) . ThEEIR XM 54, A2t
PEFER LA K I REAFIE . EHEGFRETE 1~2 MEOfr. EREIRRER L, FRFEEE. BIESH
RN 2 FEVETRBOX = F B F EUERLA 7 K 508, EPT AMA%L LU Shannon-Wiener £ #1445
BAE %O FeRR . Tii5 e SR BUFRFRNIE R BN ZHE . B HE BMWP $84. BImti5 a4, R
REANREE ., SEEE P EBUIRERE 25 . M2, DR aS5EER.
FFAEIX W b A HE b 1 AR DUATIR LA, I AT 2 R A0 IE H 1% O FB AR B — AN Rk
B ERARAR (a2 Iu ) . — AR S A R B R AR(BPT AMAEEUE 43 L) PANINYS BB 28 8 b
(PRAEBEANASE 50 b Hilsenhoff ZEWFa40). X 54 E P B-IBL AHICHF 7t -0 48 A B0 AZ CoFa Fm AU
Kik—,

TR SIRE. SRR, BRmESEIERTMER, M B-IBIATF AR A MAZ O e Fs AT s
WK E R R). XA F—RBMRZ 8], 5 F— 40 A [F i H 7K 2R 25 s B MR v 1
FLBL A SR T BRI ME . filtn,  2023-2024 54 RS ROE VA BAIR I IR AR B ) S BE I, FESRI A 1
B 28K S, B S ASHA, kD 7 ME0HERR. 2023 FRERASPEKIT FRERB K 4
I (E BRI RN s s I F . HERE 36 ARFES, B 5 NSRS, TREH 5 MR
Bo PRI FLANAT 2 2B B0 — AR AR A F) o OHBZIR ]I T R A 3 4 52 B VAN 45 RATAE A
BER. WA VCONBEN TR R RN e o — 8, EE M gz s 2. SRS,
2D ARVRA R S R e E B2, 2 R BRI 4 RA— B EEE N . £ T KESRG TE
PV O I B R E R IBUK AR S B AR KRB, H BRI N R 2B @ 45— FEH B-IBIVT
MbriE, BIEZLIERR R R SR A, DL CRVP Al An O M — B0k, AT A /K A 2R 1 K3 s I 5
R PPAG TR A rT FE ORI
33 REARESER

PR T IR G 2 S B (58 R ST . K 2 B0 R B K B B L BIAR R . AR BOK R A 22
PR B-IBL, PR /K 2 Tl B LB ok v DA 4R S B0 Ak B-TBT /30 IR AIK o 5 312 25 R 32 30 X (M0 IR ]
W, HAKEER B LT3Rk 58%. A0 R IR FE T B LU 5] 5 )t B-IBT 35 ARG, 3 1 AR90T B LE 3
5 B-1BI 235 IEAH G 3 U5 HVAT 38 P 6 5 /K P 1) S B RE VAT B-1BI B LR 3, X MK AR R
Bisth. k. KESEBUAE, MELUOCHIBIRER. Bk, K Z BOR G I K R A B AR X B G A
B IR TS SR BRI RR AR HEE R K IR 103265 2035, LA B-IBLUNSRAE MK A 4 R G e BV v Be 73
g — 2K EHE NS . WAl 7R AR K PETh S IE W IS AT I RTIR T, A e /K B B I A 5 P
PRTFRBK A B R e Rk, 2 5 PR IR G A A58 50 THI I A9 2 KBRS RH i A5 A R () IR S i, 45
AR IRGER, EXTRGR ETEYRER KL, SR LUEE RS (1) ARR RS w5 KE
XS N TR ST R, B A B K TR A RO AR ) S R, 3
ZREME, N EPT RBHEMLEXERT. Q4B ERAERE: VSSHECE TlASRE, JfpmEidat
K MHRHT TR H AR K SO, KA AR AR TS SO Bo(ln: BRI, BRIRR g,
DKM, SEiE R B ki, DU SR R IA R A AR TR, (3) X ERAEE: XK
JEE AR R P A S AR P v 2R AR 38 T 00 2B R AP IA AT 1 SRVAT B, T V6 7 R R 0 X T 75 5 6 N ik 5 4R
BWHERATGA T VSRR E MAESRE, EIEKENTTRNTEME. A5 RSERRMEE
Bies, LT ABRKSOI BRI AESHE S, ARSI = P T YR G i 7K e ] BER G sl ) e 4

13



MR ZREME R L B AR
4 #Eip

1) ERH RGO B-1Bl A K e, EPT AMASCE 40 tb . Hilsenhoff 294840 R#H B K
B 5L 4 ML FR AR e

2) 46 2R G B-1BI fid R ZS DA R25(43.5%) 1 R 17(36.9%) N . TEWM BN E b, B Z IR R
BELU B 51 (27.6%),  HEF5(23.1%) R Z5(18.5%) IR BL IR 2« B-TBT ZEVA] S F0in] B AN R 1 3 B
ARSI ZR B> IR X R

3) KT GUR R B R TR B-1BI 3 SHBE 1, HIREZN HQA. BilR#h. &
S X SLFREER TR B-IBI B AT B 5 04 58 48 2R

4) FK LR X B R T IR AT B-1BI FRIAR X DT#R %6 5 1 (57.9%) » - R AL 53 R+ (29.3%) Fll 7K it X+
(12.8%). E 35X K5 B F R B-1B1 B9AHX Tk o T R I 455 .

5) 7K EE ] B LU S50 B-1B1 AR R 3 LR PE A SR R, I H AR B 5 2 AR R 2 IR IE A

5 &E 3Hk

[1] fargds, Zmkin, BILMEE. RS RGUE RN J VAR Jeilt ke, SR8 A, 2018, 31(6): 71-75.

[2] Zhang XX, Han M, Ni J et al. Progress and prospect of research on river ecological health assessment based on bibliometric and visual analysis. Journal
of Xi’an University of Technology, 2024, 40(1): 1-14. DOI: 10.19322/j.cnki.issn.1006-4710.2024.01.001. [k 145, #635, {44, 26T ki S A AT 41
A3 A (RO A A5 A RV AN W T 5 i B 1 2 B R4k, 2024, 40(1): 1-14.]

[3

Belletti B, Garcia de Leaniz C, Jones J et al. More than one million barriers fragment Europe’s rivers. Nature, 2020, 588(7838): 436-441. DOI:
10.1038/541586-020-3005-2.

[4

Pekel JF, Cottam A, Gorelick N et al. High-resolution mapping of global surface water and its long-term changes. Nature, 2016, 540(7633): 418-422.
DOI: 10.1038/nature20584.

[5

Karr JR. Assessment of biotic integrity using fish communities. Fisheries, 1981, 6(6): 21-27. DOI: 10.1577/1548-8446(1981)0060021: aobiuf>2.0.co;2.
[6

de-la-Ossa-Carretero JA, Lane MF, Llans6RJ et al. Classification efficiency of the B-1BI comparing water body size classes in Chesapeake Bay. Ecological
Indicators, 2016, 63: 144-153. DOI: 10.1016/j.ecolind.2015.12.010.
[7

Masese F, Raburu P, Muchiri M. A preliminary benthic macroinvertebrate index of biotic integrity (B-1BI) for monitoring the Moiben River, Lake Victoria
Basin, Kenya. African Journal of Aquatic Science, 2009, 34(1): 1-14. DOI: 10.2989/AJAS.2009.34.1.1.726.
[8

Wu NC, Schmalz B, Fohrer N. Development and testing of a phytoplankton index of biotic integrity (P-IBI) for a German lowland river. Ecological
Indicators, 2012, 13(1): 158-167. DOI: 10.1016/j.ecolind.2011.05.022.
[9

Kane DD, Gordon SI, Munawar M et al. The Planktonic Index of Biotic Integrity (P-1BI): An approach for assessing lake ecosystem health. Ecological

Indicators, 2009, 9(6): 1234-1247. DOI: 10.1016/j.ecolind.2009.03.014.

[10] Hill BH, Herlihy AT, Kaufmann PR et al. Assessment of streams of the eastern United States using a periphyton index of biotic integrity. Ecological
Indicators, 2003, 2(4): 325-338. DOI: 10.1016/S1470-160X(02)00062-6.

[11] Griffith MB, Hill BH, McCormick FH et al. Comparative application of indices of biotic integrity based on periphyton, macroinvertebrates, and fish to
southern Rocky Mountain streams. Ecological Indicators, 2005, 5(2): 117-136. DOI: 10.1016/j.ecolind.2004.11.001.

[12] Birk S, Bonne W, Borja A et al. Three hundred ways to assess Europe’s surface waters: An almost complete overview of biological methods to implement
the Water Framework Directive. Ecological Indicators, 2012, 18: 31-41. DOI: 10.1016/j.ecolind.2011.10.009.

[13)EA&Hr. KARMTCHHES P A AN BIF FE [ A0 18 3] B 5t #E atRokok 2, 2003,

[14] Lu DQ, Zhang Y, Cai DS et al. Choice of macroinvertebrate metrics for constructing a benthic-index of biotic integrity based on the disturbance gradients

in the Qinjiang River Basin. Environmental Science, 2013, 34(1): 137-144. DOI: 10.13227/j.hjkx.2013.01.001. [/5 %8, 5K 5, S48 A4, I T THhE6

VRIS E W 2 0 56 S M Fa Bk e 2 500 . FREERL, 2013, 34(1): 137-144]

14



[15] Liu SL, Wang S, Cui YD et al. Ecological assessment of a subtropical urban river based on the Benthic-Index of Biotic Integrity—Liuxi River. Acta
Ecologica Sinica, 2018, 38(1): 342-357. DOI: 10.5846/stxb201612242660. [XI|)ili 7, T3¢, £ A fE4E, SE R T ] AR Zh 4 56 B M DR —— BAIR
RO A AR, 2018, 38(1): 342-357.]

[16] Li XY, Yu LJ, Lv XY et al. Health assessment of aquatic ecosystem in Huai River Basin (Henan section) based on B-IBI. Chinese Journal of Ecology,
2018, 37(7): 2213-2220. DOI: 10.13292/j.1000-4890.201807.018. [HE R, T3, 15 B4, ST B-1BI PRI s (] vg B it A A . 2k 2
229K, 2018, 37(7): 2213-2220.]

[17] Cui WY, Meng XZ, Zhang SL et al. Application of benthic index of biotic integrity for aquatic ecological assessment in the upper reaches of Zhanghe
River. Journal of Biology, 2019, 36(5): 73-77. [8:3C 2, duses, TR ArSE. KA R )4 56 B ML Fe BrE i b K AR S VRN o B R AR 2 2 7
2019, 36(5): 73-77.]

[18] Tian P, Qian C, Lin JN et al. Study of river health assessment based on the benthic index of biological integrity in the Luanhe River Basin. Environmental
Monitoring in China, 2019, 35(4): 50-58. DOI: 10.19316/j.issn.1002-6002.2019.04.06. [ FHJE, £&KH, Mhfd 4. Myl sk oK Y R W sh 4 2k 4 o2 4 1k g
el BEE 4. o E PRI, 2019, 35(4): 50-58.]

[19] AEASFRIE . WIALK AR AP B I 5 PPN BB (TESR B AR). JE 3 ARSI, 2020.

[20] Hhdfe N RSN E KA. o 38 e BVl 1R 5 0 SLIT 793—2020. Ak 5t A 7K 7K e i fiekt:, 2020.

[21] Sun FH, Guo YD, Wang YC et al. Significance, current situation, challenges and future direction and development of research on freshwater ecological
integrity in China. Research of Environmental Sciences, 2022, 35(12): 2748-2757. DOI: 10.13198/j.issn.1001-6929.2022.08.11. [#M@4L, 55— 1, £M
FE REKAESRG S BEEDT A M E R E S DR, BhiRS 2T 5. BRI 5T, 2022, 35(12): 2748-2757.]

[22] Jiang YW, Ding ZJ, Yuan JB et al. Study on benthic macroinvertebrates community structure and water quality evaluation in main rivers of Liaoning
Province. Ecology and Environmental Sciences, 2023, 32(5): 969-979. DOI: 10.16258/j.cnki.1674-5906.2023.05.014. [k ff5, THR%, #Auss. T 5
B E BB V) REVE G5 BOK VPR 7. AR AR AR, 2023, 32(5): 969-979.]

[23] Zhang YH, Yan X, Jiang BQ et al. Water ecosystem quality assessment on rivers in Beijing City using benthic index of biotic integrity. J Lake Sci, 2023,
35(6): 2010-2022. DOI: 10.18307/2023.0628. [k 5=Hii, I, 22 a5, 7 AN )4 76 8 M Fa O AL 5 Tl T IR K AR A5 PR BRI & AR, 2023,
35(6): 2010-2022.]

[24] Zhao JN, Gao YN, Zhang JX et al. Community characteristics of macrobenthos and ecosystem health assessment in ten reservoirs of Henan Province,
China. Scientific Reports, 2024, 14: 31531. DOI: 10.1038/s41598-024-83236-3.

[25] Zheng B, Gao X, Li Z et al. Evaluation of water ecological health of urban rivers in Tianjin based on macroinvertebrate biological integrity index. Acta
Ecologica Sinica, 2025, 45(4): 1723-1735. DOI: 10.20103/j.stxb.202401040035. [ %, ik, 2= 2855, JEF KA RS04 4 56 B M4 B0 R HEE T I
ALK AR S RN AR 2554 4R, 2025, 45(4): 1723-1735.]

[26] PR K. # PR B — LT ATI 18 4 . SRR E BT K R, 2018.

[27) FPRHTRA R, HE PR A —HEIRT i it 42 . K EPKTTKFI S, 2020

[28] Zhang FH, Huang HQ, Li XF et al. Assessment for ecosystem health based on benthic index of biotic integrity (B-IBI): A case study of liangtan river and
Laixi River. Environmental Impact Assessment, 2019, 41(6): 79-85. [3k /7 ¥, 3IiE, 255 ©&. TR 2h P 52 B M8 50 (B- 1B ) I /K A2 A5 (g BEVFAN
—— DAZREME AR 8. RS AT, 2019, 41(6): 79-85.]

[29] Zhao YM, Liu ZC, Liu XY et al. Health assessment of Pengxi River Basin in Three Gorges Reservoir area based on the biological integrity index of
macrobenthos. Research of Environmental Sciences, 2025, 38(7): 1440-1449. DOI: 10.13198/j.issn.1001-6929.2025.05.16. [#4#4 [, XI5, X4k LE,
SR X R AR A B ) e B AR B R 5 PO, IRBTRIATT AL, 2025, 38(7): 1440-1449.]

[30] Kang MJ, Zhao YJ, Wu JY et al. Assessment of the ecological health in the Chongging section of the Yangtze River mainstream and its major tributaries
using the benthic macroinvertebrate index of biotic integrity. Environmental Monitoring in China, 2025, 41(6): 1-13. DOI: 10.19316/j.issn.1002-
6002.2025.06.01. [ da A%, 7K iy, SR 65, J6 TR B M0 A 1 7 B PR AR BOPAR K VT I B PRIB M R S A AR R . v BIPRS00, 2025,
41(6): 1-13.]

[31] Cummins KW. Structure and function of stream ecosystems. BioScience, 1974, 24(11): 631-641. DOI: 10.2307/1296676.

[32] Barbour MT, Gerritsen J, Snyder BD et al. Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish. 2nd ed. Washington: US Environmental Protection Agency, 1999: B5-B50.

[33] B2 46, KV A B I A 35 S AT FE [0 18 5C]. ALt 354K, 2009.

15



[34] Environment Agency. River Habitat Survey in Britain and Ireland: Field Survey Guidance Manual (2003 Version). London: Environment Agency, 2003.

[35] Wang Q, Yuan XZ, Liu H et al. Stream habitat assessment of Dong River, China, using River Habitat Survey method. Acta Ecologica Sinica, 2014, 34(6):
1548-1558. DOI: 10.5846/stxb201210201458. [ 5, &M%, XIZLAE, B -FITi AR SR 25 (1 ARTT i) A AR BT 4. AR5 2441k, 2014, 34(6): 1548-1558.]

[36] Rodil IF, Lohrer AM, Hewitt JE et al. Tracking environmental stress gradients using three biotic integrity indices: Advantages of a locally-developed
traits-based approach. Ecological Indicators, 2013, 34: 560-570. DOI: 10.1016/j.ecolind.2013.06.023.

[37] Zhu H, Zhang YZ, Peng YC et al. Assessing the ecological health of the Qingyi River Basin using multi-community indices of biotic integrity. Ecological
Indicators, 2023, 156: 111160. DOI: 10.1016/j.ecolind.2023.111160.

[38] Wang BX, Yang LF, Hu BJ et al. A preliminary study on the assessment of stream ecosystem health in south of Anhui Province using Benthic-Index of
Biotic Integrity. Acta Ecologica Sinica, 2005, 25(6): 1481-1490. DOI: 10.3321/j.issn: 1000-0933.2005.06.037. [ F &7, ¥3 75, HAHE S, N A 5
PrTe BEES RS B-1IBI MR AR, 4225544, 2005, 25(6): 1481-1490.]

[39] Li BQ, Li XZ, Wang HF et al. Characters of a macrobenthic community off the Changjiang River Estuary. Current Zoology, 2007, 53(1): 76-82. [
SR, ZEHTIE, ERNESE. UL T MO R R SRR R AIE. Sh42ER, 2007, 53(1): 76-82.]

[40] Lehner B, Grill G. Global river hydrography and network routing: Baseline data and new approaches to study the world’s large river systems. Hydrological
Processes, 2013, 27(15): 2171-2186. DOI: 10.1002/hyp.9740.

[41] Lim SH, Do Y. Macroinvertebrate conservation in river ecosystems: Challenges, restoration strategies, and integrated management approaches.
Entomological Research, 2023, 53(8): 271-290. DOI: 10.1111/1748-5967.12665.

[42] Wang Q, Yuan XZ, Liu H et al. Impacts of small diversion type hydropower station on benthic macroinvertebrates biodiversity in Dong River in Chongging.
Freshwater Fisheries, 2014, 44(4): 48-56. DOI: 10.13721/j.cnki.dsyy.2014.04.008. [ T3, 7%, XILT %%, 51K 2/ K E st 5 R A3 3) K 28U I A sh 4 %2
FEPERIFENE. %Kil 2014, 44(4): 48-56.]

[43] Cobb DG, Galloway TD, Flannagan JF. Effects of discharge and substrate stability on density and species composition of stream insects. Canadian Journal
of Fisheries and Aquatic Sciences, 1992, 49(9): 1788-1795. DOI: 10.1139/f92-198.

[44]3K T 2R VIR SRR S A 7 R AE S K AR 2SR RE VAR [0 18 5. #6216 2238 K%, 2025,

[45] Walters AW, Post DM. How low can you go Impacts of a low-flow disturbance on aquatic insect communities. Ecological Applications, 2011, 21(1):
163-174. DOI: 10.1890/09-2323.1.

[46] Wang LH, Wang SY, Ran Y et al. Effect of ecological flow releases on benthic macroinvertebrate community in reaches downstream dams of small
hydropower plants. Acta Ecologica Sinica, 2024, 44(15): 6457-6472. DOI: 10.20103/j.stxb.202306161293. [ A%, A%k, FHHALE. A= 25 T HO
IR R RT LR A S HEVS (1 52 252441, 2024, 44(15): 6457-6472.]

[A7D0, sk, RIBEARSE. ARV SRR B AL 1) 7 B F BRI It (R VA L o [ KR 27 2, BRI KR 2 G e . v [ KR 22 2% 2020 2%
RELWTARE — 0 bt PEKF22, 20200 173-184.

[48] Kim DK, Jo H, Park K et al. Assessing spatial distribution of benthic macroinvertebrate communities associated with surrounding land cover and water
quality. Applied Sciences, 2019, 9(23): 5162. DOI: 10.3390/app9235162.

[49] Hall LW Jr, Killen WD. Historical assessments and comparisons of benthic communities and physical habitat in two agricultural streams in California’s
San Joaquin watershed. Journal of Environmental Science and Health, Part A, 2006, 41(11): 2635-2664. DOI: 10.1080/10934520600928094.

[50] Wang FY, Chapman PM. Biological implications of sulfide in sediment—a review focusing on sediment toxicity. Environmental Toxicology and
Chemistry, 1999, 18(11): 2526-2532. DOI: 10.1002/etc.5620181120.

[51] Soucek DJ. Sodium sulfate impacts feeding, specific dynamic action, and growth rate in the freshwater bivalve Corbicula fluminea. Aquatic Toxicology,
2007, 83(4): 315-322. DOI: 10.1016/j.aquatox.2007.05.006.

[52] Tyree M, Clay N, Polaskey S et al. Salt in our streams: Even small sodium additions can have negative effects on detritivores. Hydrobiologia, 2016,
775(1): 109-122. DOI: 10.1007/s10750-016-2718-6.

[53] Liu Y, Lei SL, Zhao JY et al. Hydrochemical characteristics and formation mechanism of river water in rapidly urbanized areas. Acta Scientiae
Circumstantiae, 2023, 43(7): 70-80. DOI: 10.13671/j.hjkxxb.2023.0025. [XII1A, THH 2, BX 5K 5255, 3 7 P DRk 2R Jeg DX ] 2K K A SRS HE B FL T e L.
IRERL 4R, 2023, 43(7): 70-80.]

[54] Parker SP, Wilkes AE, Long GR et al. Development of fluoride protective values for aquatic life using empirical bioavailability models. Environmental

Toxicology and Chemistry, 2022, 41(2): 396-409. DOI: 10.1002/etc.5259.

16



[55] Camargo JA, Ward JV, Martin KL. The relative sensitivity of competing hydropsychid species to fluoride toxicity in the Cache la Poudre River (Colorado).
Archives of Environmental Contamination and Toxicology, 1992, 22(1): 107-113. DOI: 10.1007/BF00213308.

[56] Du J, Yang X, Xu P et al. Linking water quality indicators in stable reservoir ecosystems: Correlation analysis and ecohydrological implications. Water,
2024, 16(24): 3600. DOI: 10.3390/w16243600.

[57]5K = & . R AR 2\ BE. Abst: o B KFRIK L R, 2025,

17



