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Abstract: [ Objective ] Regulating reservoir releases profoundly alters river hydrology and hydrodynamics. While intra-day peak
regulation by daily-regulating hydropower stations can re-regulate the flow processes generated by upstream regulating reservoir
releases, the impact of this re-regulation on fish habitats downstream of the dam remains unclear. [ Methods ] The Luding
Nangiao spawning reach was selected as the research object, and a two-dimensional planar hydrodynamic model was constructed.
Based on the hourly inflow and outflow hydrographs on typical days during the spawning season ( March and April) of
Schizothorax prenanti from 2018 to 2021, the hydrodynamic characteristics of the reach under various typical flow conditions and
intra-day hourly flow variations were simulated. Furthermore, the physical habitat simulation method was used to analyze the
spatial distribution patterns of suitable spawning habitats and assess the impact of intra-day peak regulation on the intra-day
variations of the weighted usable area (WUA). [ Results]Flow variations significantly altered the distribution of flow velocity and
water depth in Luding Nanqiao spawning ground reach. The WUA exhibited a unimodal response to increasing discharge, peaking
at 33 800 m” at 80 m’/s. Regarding overall habitat suitability, compared to inflow scenarios, the average values of WUA on most
typical days under outflow scenarios showed a slight decrease, with a reduction rate of 1.96% ~ 10.45% , while the intra-day
minimum WUA increased significantly, with an increase rate of 13.82% ~ 40.89%. In terms of habitat stability, both the
coefficient of variation for the habitat and the average intra-day WUA variation decreased on most typical days under outflow
scenarios, with increases observed only on certain days in 2020. Concerning the risk of short-term habitat degradation, the
maximum hourly WUA reduction effectively decreased by 903 ~ 11 747 m* on most days. However, the maximum hourly WUA
reduction increased during the typical days of March and April 2020 under outflow scenarios. [ Conclusion]The impact of intra-
day peak regulation at Luding hydropower station on spawning habitat suitability varies with the operational regime. For most
typical days, daily regulation has a limited influence on the overall habitat suitability of the Nanqiao spawning reach. However, it
improves habitat stability to some extent and reduces the risk of short-term habitat degradation. Nevertheless, under certain
operating scenarios, hydropower regulation may increase habitat fluctuations and exacerbate the risk of short-term habitat
degradation within the spawning reach.

Keywords : fish habitat; intra-day peak regulation; ecological operation; hydrodynamic simulation; Schizothorax prenanti; fish

spawning season; Luding hydropower station; middle reaches of Dadu River
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R, Hod 2019 45 3 H LA H A9 A 55748 5% R 5 0. 47
P28 0.28, 2021 4F 4 H MR H AL BT A8 7 R A
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AR 3 HMAIH | 2018 4 2019 4F J 2021 4Fi9 4 H
A H B H N WUA V2728 A5 B35 AR, TREE R
269~2 098 m*, FHAFEIXLLHLAY H Py, 3 5 7K HL 3 (1)

= 0.00~0.10
= 0.11~0.20
== 0.21~0.30
0.31~0.40
0.41~0.50
0.51~0.60
0.61~0.70
= 0.71~0.80
== (0.81~0.90

(c) 0=375 m/s = (0.91~1.00

et

(f) 0=800 m’/s (g) O=890 m’/s

E10 FHRBRETATHERHESMZESH
Fig. 10 Spatial distribution of suitable habitats under different typical flow conditions
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Hourly variations in WUA under inflow and outflow scenarios on typical spawning days

Table 3 Comparison of WUA characteristic indicators for Luding Nanqiao spawning ground reach under inflow and outflow scenarios

during spawning season

FEERIH-3 H
& Fr 2018 4 2019 4F 2020 4F 2021 4F
AP R AP R AP iR AP R
H N WUA EHME/m? 18 151 17 296 17 564 16 270 14 474 15 861 13 417 12 206
ERBRZRE CV 0.34 0.21 0.47 0.28 0.11 0.21 0.18 0.08
H P WUA 353540 /m® 1 358 732 3282 1184 1413 1144 826 837
WUA /NI R/ m? 11 350 5932 17 244 5497 4 805 5930 5114 2932
H N WUA A {E/m* 9362 13 012 9336 12 234 11432 13 012 8 991 10 929
FEHRH-4 H
& Hr 2018 4E 2019 4 2020 4E 2021 4F
A i A O A i A P
H N WUA 2418/ m? 15 940 14 275 12 636 11 590 11 180 12 846 16 395 16 117
AR R CV 0.54 0.40 0.14 0.16 0.21 0.36 0.37 0.16
H N WUA FH#5725 B/ m® 2 254 995 911 797 785 1 499 2788 1 904
WUA /N KA/ m? 12 226 11322 4 589 3103 2312 8 764 13 122 4612
H N WUA A% {8/ m? 8 720 8 720 9971 9971 8913 8 687 8 952 12 612

IRFKEBBA (FEEL)

B57% 2026 FFE9H



HFE, S/ KBHAREER & EAREE BRI

H PG 7E — 2 R BE L HI 55 1 7= 5P 37 n] B A48 b
HEEW S, H2020 43, 4 A H B EREE =T
A 87 S B, DA% 2020 4F 4 ) BB R I
T 5T H N WUA SF- 35728 4k B AT T i 1 o5
AFTT R, FRALEYTE K B R i H R T T,
AT RELS T W™= U it Jl— 2 i A= B e 8

MR A= BE AR A XU R B, A AT AR T 1
BOWMER BN R T 2018 4F ., 2019 4E K& 2021 4F
3, 4 JIRIH | WUA /N KRR AREIL, T
R#HE A 903 ~ 11 747 m*, M 11 " fig g W 22 5],
2021 4 AR H ) 12—13 h JE N, AFERE
S WUA S DRI BIPGE IG T REaL FE, WUA /N ek
W 13 122 m*, 15 B[R] S AR R 1 SR WUA
MG A F-Fa, {BAE 2020 4E 3, 4 HSLBIH | AEST A
e R, R = A WUA /NI R R i o
BT 1125 m*, 6 452 m’,

3 i i

TERHOK TR, LU K sl T 2t
FUMCAR AR KGR, 7T R IER H R K A
JEF T B W B T R i K
S PN R DA A T 3R D B of Tt it 1 ) P R 5
FE, IR a2 WG 8 M B P A R e A T E— 4
53HT,

FURT, P B e 2R ol B M DA 22 6 T i A
T, H Y e K ] RO AR R, R
LT R S ) AR A, HE LB R K R P 9 0
B /INI RUBE 1 (18 378 PR A A T 0 A A S e 1) 5
Wi, BRI, 7E 240 a0 P= O AL B B, £ R ]
PRIETR, HBb & & B RS K I3 5E, 5%
SRR T KR I A 2 15 0 2 R 14 TR
T L B B[R] 1 1300 P 0 38 B A R R A Rk S
Rt upiEak

PAER, GARTE . =ik HERES KR IET 2K
FERE T EE X P=h 0RO 28 (0 AR ST B S, kit
R S or & LR B =, s ) T 00 AT Y K A7
ARNE, AR UM 00 A 1E AL R A
FEE T B R INA A T 7E 7= D T A E b, BT FeAn
LT SR A A v Y R I S A 5
PEH P52, 25 SRR H s 1T 53
SR AT 2 M PR R, IR R AR RE R B B
WUA ) H NS K S, (H XAz B8 Fae v A% 20 i )
BNAR, S22, AU T H K WUA 1
B, EEAF R CV, HWN WUA FEH78 4k, WUA

128

INI R O B H Y WUA B AR 45 A48 b5, Mt
AR B AR | R R A B3 A XU = A
AR, SEATEM TV K EL s H NIRRT 55 1248 i
PO B S B R, A5, A K L
FEZBUA H i H R BERR  T Rl IR i AR B R
FEE, FRAR T AR A B R AR U, (HAE 2020 4F iy i
TR H R AT s B U0 A B e — e R R A,
T KA AR, PR IR X LR
R AT T30 e 4 i AR BRI RAOK O, R AL
G AE TR MR R A IS 22 5, W IR VK
SEMTE R B, ORI 2 I R i K
AL, AR TR AR E N, BAUE R BT R
FEIRUBG:

TR F I 4 5 11 248 0 35 4 K T M A 15
Frreopas, SR E AR AR
BRI ZE SRR, i m MR P R T B ) WUA 163 &
b 80 m’/s B IR BNWEA, 5 5% 11 24 0 ) AR O e 244
TRl A BERE T, 0 e /K L TR R A 5/ N R it
BN 184 m'/s, TEMHRERMT, BRI INE
HAS I AE W — S, (H7E7= P B A
B9 2.1 7 m® BSE B S, T REAR Bl L 5 1 2L £
B 7= I BB TR, AR A K Rt R ik A 2SR
Wi, e e a ISy BhRm BaeR, (H3F
AR A= I A A S EL M, MRS R B
PIRRR AT |, JaE, ZKTET S B A O, T] Bt T S A
AABRK, AWK, TR K, fitis %55
ROV DR AR 5T R 05 A R AT O b A A
FLRE B A 0 3 i 5 0 R KRl T i AR SR TR
Mo,

ARWFFABAEAE— SRR, &, KAy
RS AR T I IE /KR . IRBTIIE O, 2 BEH IR
ZFX LR R BRI A 5 BB I
FEAR A TR 400, MARRBIGIRIL . KIR%
WRWAT (&, (R b, KW iz 0248
10 P AR AL N AL A 4 dMY ) ARG s B T s A
H AR BRI AT 00T, RAEF B R FRLL 8 H Y1
e 3 R ) BRIV, AR BRI TAE P 57 25 53 N
PEFR BTN FR AR IR R, IS & K7 90 1 B HiE Je I 43
B, LA T4 1 IE A A K H Sl B e RS 7K R
XSG S A sZ ], A P A K H i A 25 B AR R
2R

4% B
ABIRFE B RS I T 57 57 11 SR £ 7 A ) A 85

KFKEBER(PHRL) E57%H 2026 FFE 9 H



TR, LAV R AT B0 T B o Xk, AL
T HAEAS R ARG R (7K 3 1 RRAIE 38 G R T
T IR E K Rl H PRI = B 718 A R 52
M HEAT 38, BT,

(1) Yt A8 A Sl 2 5 M S i A 7 B 373 B 1) 7K
TR, TSR RRIE . AR T RAROK | AR AR B
RE, FRWEBRIAUN; BEE RGN, AR
RN, A SRR R AR E T, 7E 85~890 m'/s
MR TEEN, JE AR 100 m*/s, 07 R I i
SEHAHE AN 0. 94 T m?,

(2) 955 i HF P2 DR 370 B 1) WUA Bl 38 i 22
PR 0 AR AL R B, 7 W 80 m’/s B A F i {H
3.38 5 m®, MU RFEN RET, i AT L M g B R
AT AR ME MRS R, 2 ) b R I
Ak

(3) U5 K HL U H P R XT3 S i 7 B A S
HOIE B R S m RER E  RR ARE, BVA L, JHIgE
A2 50 R H i WUA B(EMEE TR, Hia T
WUA 5 fiGfl; [RIBTREAR T AR5 AR S R4, H N WUA
AR AL K WUA /INB e K, 32 T g
A SRS MRS T A AR BEIR AL KRS . SR, AEER
SPUREE LT, WS AT AT Bk AR B0k 2l 1
S s AR SR A XU

S % 3k ( References) :

[1] DE CASTRO-CATALA N, DOLEDEC S, KALOGIANNI E, et al.

Unravelling the effects of multiple stressors on diatom and

macroinvertebrate communities in  European river basins using

structural and functional approaches [ J]. Science of the Total
Environment, 2020, 742. 140543.

[2] GUDMUNDSSON L, BRUNNER M I, DOLL P, et al. Past and
future change in global river flows [ J]. Nature Reviews Earth &
Environment, 2026, 7(1) ; 7-23.

(3] ERAEER. 2024 4F 77 7 A G I8 IF 932 47 5 2L [ EB/OL].
(12025-01-27 ) [ 2025-09-27 ].

0221/e10f363cabe3458aaf78ba4558970054/ ¢. html.

https: //www. nea. gov. ¢n/2025

National Energy Administration.  Grid-connected  operation  of
renewable energy in 2024[ EB/OL]. (2025-01-27) [ 2025-09-27].
https: //www. nea. gov. cn/20250221/e10£363cabe3458aaf78bad55
8970054/ c. html.

[4] WANG X M, DENG Y, AN R D, et al. Evaluating the impact of
power station regulation on the suitability of drifting spawning fish
habitat based on the fuzzy evaluation method[ J]. Science of the Total
Environment, 2023, 866 161327.

[5] LIERMANN C R, NILSSON C, ROBERTSON J, et al. Implications

of dam obstruction for global freshwater fish diversity[ J]. BioScience,

2012, 62(6) : 539-548.

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

[7]

[8]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

HFE, %//KA5EANIEES &S B RN

ZHOU H B, YU C X, XU Z H, et al. Spatial suitability evaluation of
spawning reach revealing the location preference for fish producing
drifting eggs[ J]. Frontiers in Marine Science, 2022, 9. 947908.
CHENQ W, LIQY, LINY Q, et al. River damming impacts on fish
habitat and associated conservation measures [ J ]. Reviews of
Geophysics, 2023, 61(4) : €2023RG000819.

HOGWE, BB T, A5 WK EEEPERTE R U XK -
VP SIE R [ D], ARFREIER, 2026, 37(1) : 43-53.
HUANG HL, MAYF, LIUY L, et al. Water balance evaluation of
downstream areas before and after the construction of the Three Gorges
Reservoir and adaptive regulation[ J]. Advances in Water Science,
2026, 37(1) . 43-53.

ALONSO C, ROMAN A, BEJARANO M D, et al. A graphical
approach to characterize sub-daily flow regimes and evaluate its
alterations due to hydropeaking [ J ]. Science of the Total
Environment, 2017, 574 . 532-543.

AHMAD BHAT I, RATHER M A, AHMAD I, et al. Impact of
aquaculture on fish breeding and
reproduction; A review[J]. Blue Biotechnology, 2025, 2(1): 3.
FEORH, R, RN, A I e S T 2RI £ BEAE N ] B
FHEEEWRE R [T]. RAEYFM, 2025, 49(3) : 49-56.
YAN T M, GAO K, LIU X S, et al. Reproduction time and main

shifting abiotic factors in

influencing factors of Schizothorax prenanti in the middle reaches of
the Dadu river[ J]. Acta Hydrobiologica Sinica, 2025, 49(3) . 49-
56.

YOUNG P S, CECH J J, THOMPSON L C. Hydropower-related
pulsed-flow impacts on stream fishes: A brief review, conceptual
model, knowledge gaps, and research needs[ J]. Reviews in Fish
Biology and Fisheries, 2011, 21(4) . 713-731.

BOZEMAN B B, PRACHEIL B M, MATSON P G. The
environmental impact of hydropower: A systematic review of the
ecological effects of sub-daily flow variability on riverine fish [ J].
Reviews in Fish Biology and Fisheries, 2025, 35(1) . 45-76.

LIB, HU F X, LI W J, et al. Study on the reproductive group
behavior of Schizothorax wangchiachii based on acoustic telemetry
[J]. Fishes, 2025, 10(7) : 362.

XRS5 K 2 A Bt > I K IR B T[], K
TLIARPEIR 55T, 2025, 34(4) ; 813-823.

LIU M Y. Research on hydraulic microhabitat restoration of habitat
spawning ground of Schizothorax prenanti [ J ]. Resources and
Environment in the Yangtze Basin, 2025, 34(4) . 813-823.

B, BME, A, SF. SIRTEK LB H ORI iR A
A BB [ )], KA LA, 2024, 45(1) ¢ 87-95.

CAO J, CHEN X J, LU J Y, et al. Effects of daily peak-shaving on
Schizothoracine fish habitat downstream of wudongde hydropower
station[ J |. Journal of Hydroecology, 2024, 45(1) ; 87-95.

WANG L, HUANG B Y, YANG J, et al. Evaluating the ecological
effects of daily hydropeaking on lithophilous fish spawning habitat in a
large mountainous river[ J]. Journal of Environmental Management,
2026, 400. 128678.

JELOVICA B, MARTTILA H, BIN ASHRAF F, et al. A probability-

based model to quantify the impact of hydropeaking on habitat

129



ST, &/ KBHERBEN SR EMEE TN

[19]

[21]

[22]

[23]

[24]

[25]

[26]

130

suitability in rivers[ J]. River Research and Applications, 2023, 39
(3) : 490-500.

BOAVIDA I, CAETANO L, PINHEIRO A N. E-flows to reduce the
hydropeaking impacts on the Iberian barbel ( Luciobarbus bocagei )
habitat. An effectiveness assessment based on the COSH Tool
application [ J ]. Science of the Total Environment, 2020, 699.
134209.

Bk, B, DR, A A KR IT RS K BT R AR
TPARLI]. ARAK ARG, 2023, 43(1) : 71-80.

LUO H, JU L, LUO M S, et al. Hydropower development degree
evaluation of Sichuan hydropower development base[ J]. Advances in
Science and Technology of Water Resources, 2023, 43(1): 71-80.

WRFESL, . MBI E PR KA RT]. KRR
5T, 2022, 22(6): 95-101.

XU Zili, JI Rui. International experience and enlightenment on

fishpassage construction [ J ].  Water Resources Development
Research, 2022, 22(6): 95-101.

PRABEI BT RE. U1 A T 3 A2 K Rl R S W i
PBIR]. BB MHRENI B TBESERE , 2006.

PowerChina Chengdu Engineering Corporation Limited. Environmental
impact assessment report of Luding Hydropower Station on the Dadu
River, Sichuan Province [ R ]. Chengdu: Chengdu Engineering
Corporation Limited, 2006.

T, PONESEEIM]. R PUIRREEOR R, 1994
DING R H. The Fishes of Sichuan, China[ M]. Chengdu: Sichuan
Scientific & Technical Publishers, 1994.

296, KT, BT, 4. 50 248 a7 00 3 A BT RN IR T
B EORBIFELI]. TWINEREE, 2024, 43(4) : 84-93.

LI Q, ZHANG T Y, FENG ] J, et al. Study on habitat simulation and
substrate  rehabilitation
Schizothorax prenanti[ J]. Sichuan Environment, 2024, 43(4) . 84-
93.

VUK BB IR | D148 51 U IR T AR 3R 58 52
MR FLR]. BB DU A BB RS FRAA R, 2024,

Sichuan Water Development Investigation, Design & Research Co,

techniques for spawning grounds of

Ltd, Environmental impact report of the Yindajimin project in Sichuan
Province[ R]. Chengdu: Sichuan Water Development Investigation,
Design& Research Co, Ltd, 2024.

R, B, ERUE, S H IR K I X K SR S A Y 1
FABRIE . LUJRHR—HIvG Lo B[], FRIXBHR S8, 2024, 38

[27]

[28]

[29]

[30]

[31]

[32]

(9): 115-124.

LI S, YANG X, LI F N, et al. Additional influence of daily
regulatable hydroplant on hydrological regime: An example of Nina-
Laxiwa[ J]. Journal of Arid Land Resources and Environment, 2024,
38(9): 115-124.

WANG Y F, WANG X X, VIRGUEZ E, et al. The effect of down-
cascade re-regulation on alleviating the flow regime alteration induced
by an up-cascade reservoir[ J]. Water, 2023, 15(12) ; 2166.
KT g, BRGK G #E 7 R 0P B £ 28 B0 AR 25 4 U0 1
A g 81 [ EB/OL]. (2026-03-13 ) [ 2026-05-07 ]. https: //
www. cype. com. en/ cype/ zxgg99/ xwzx29/ssxw/20260313150112108
82/index. html.

China Yangtze Power. The ecological regulation experiment of cascade
reservoirs promoting the reproduction of fish producing adhesive
demersal eggs officially launched[ EB/OL]. (2026-03-13) [ 2026-05-
07]. https: //www. cype. com. en/cype/ zxgg99/ xwzx29/ ssxw/ 2026
031315011210882/index. html.

LUO W G, ZHAO J X, HAN Y C, et al. A unified ecological flow
indicator reveals long-term regime shifts and connectivity changes in a
regulated river-lake system [ J]. Ecological Indicators, 2026, 186:
114839.

e N RILFN KRR, AR K L R A 20 B 5 s
FRE: SL/T 820—2023 [ S]. dbat: ot B AR A K o AR A,
2023.

Ministry of Water Resources of the People’ s Republic of China.
Specifications on Ecological Flow Computation and Discharge Design
for Water and Hydropower Projects: SL/T 820—2023[S]. Beijing:
China Water & Power Press, 2023.

BB, R, M. e AT S WeBh oK 2 AR 75 ik i
B 5o 1], moKAEIE 5K R B (R 3ES0), 2024, 22
(3): 473-481.
ZHAO Xinlei, LI Shulei, SHANG Wenxiu. Ecological flow
assessment and guarantee of Longyangxia and Liujiaxia Cascade
Reservoirs[ J]. South-to-North Water Transfers and Water Science &
Technology, 2024, 22(3). 473-481.

PEETERS A, HOUBRECHTS G, DE LE COURT B, et al

Suitability and sustainability of spawning gravel placement in degraded

river reaches, Belgium[ J]. Catena, 2021, 201 105217.

(BfEHRE IH%)

KFKEBER(PHRL) E57%H 2026 FFE 9 H



