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Abstract: [ Objective | To effectively address the issues of damaged river habitat structure and functional degradation.
[ Methods ] The Lingshou section of the Hutuo River Basin was selected as the study area. Based on field surveys, ecological
monitoring, literature research, and numerical simulations, the concept of hydraulic units was introduced. Target fish species
were scientifically selected, and their hydrological and geomorphic habitat requirements were systematically summarized. The
spatial distribution of habitats for different fish species during key stages under hydrological variations was quantitatively
analyzed. [ Results ] The result revealed significant differences in the spatial distribution of hydraulic units at different flow
rates. The hydraulic unit diversity index reached its maximum value at a flow rate of 200 m>/s. When the flow rate was
120 m*/s, the area of deep pools reached a maximum of 796 956 m*>. At a flow rate of 240 m*/s, the area of rapids reached
a maximum of 1 005 619 m>. Based on the habitat requirements of four target fish species, the ecological flow process in the
study area was determined. During the concentrated spawning period from May to June, the ecological flow ranged from 200 to
240 m’/s. During the overwintering period, it ranged from 80 to 120 m’/s, and during the foraging period, it ranged from 120
to 200 m’/s. [ Conclusion ] Through quantitative analysis of the spatiotemporal distribution of hydraulic units and
comprehensive consideration of the needs of key species at different stages of life cycle, the ecological flow process of the
damaged river was dynamically determined in stages. The findings provide theoretical support for the ecological restoration of
regional rivers and lakes.
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Fig. 1 Overview of the study area
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Table 1  Statistics of fish species in Lingshou Section of
Hutuo River
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Table 2 Selection criteria for target fish species in

Lingshou section of Hutuo River
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Fig.2 Ranking weights for selection of target fish

species in Lingshou section of Hutuo River
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Table 3  Evaluation matrix for target fish species in Lingshou section of Hutuo River
oK | P B | B M | REEER | EREM | M) M | B M | BF fm | BT fn | DO | fa | MPM | & @ | 5 fif
S 3 1. 00 3.00 1. 00 1.00 0.33 0.25 0.33 0.25 0.50 0.20 0.50 0.25 0.33
fi% g 0.33 1. 00 0.33 0.33 0.25 0.25 0.25 0.25 0.33 0.25 0.25 0.20 0.20
AREEER | 1.00 3.00 1.00 1.00 0.33 0.25 0.33 0.25 0. 50 0.20 0. 50 0.25 0.33
AR 1.00 3.00 1.00 1.00 0.33 0.25 0.33 0.25 0.50 0.20 0.50 0.25 0.33
iy 3.00 4.00 3.00 3.00 1. 00 1. 00 0.50 0.50 3.00 1. 00 2.00 2.00 2.00
fi o 4.00 4.00 4.00 4.00 0.50 1. 00 0.50 1. 00 1. 00 2.00 1. 00 0.25 0.33
fif 3.00 4.00 3.00 3.00 2.00 2.00 1. 00 3.00 4.00 5.00 3.00 2.00 2.00
HoAh 4.00 4.00 4.00 4.00 0.50 1. 00 0.33 1. 00 4.00 2.00 3.00 0.50 0.50
o 2.00 3.00 2.00 2.00 0.33 1. 00 0.25 0.25 1.00 1. 00 0.50 0.25 0.33
H o 5.00 4.00 5.00 5.00 1. 00 0.50 0.20 0.50 1. 00 1. 00 0.50 0.33 0.33
B 2.00 4.00 2.00 2.00 0.50 1.00 0.33 0.33 2.00 2.00 1.00 0.33 0.33
fif 4.00 5.00 4.00 4.00 0. 50 4.00 0.50 2.00 4.00 3.00 3.00 1.00 1.00
L il 3.00 5.00 3.00 3.00 0.50 3.00 0.50 2.00 3.00 3.00 3.00 1. 00 1. 00
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Fig. 4 Water depth distribution at different flow rates

g0, 2% 1% g0 3% 1% 59% 2% 1% gv, 3%2%
13%
16% 16% 15%
11%
7% 65%
0, 0
72% 72% 68%
(a) O=20 m’/s (b) O=40 m’/s (c) O=80m’/s (d) O=120m¥/s
g0 228 2 s% 28 6% 2% % %
12% )
15% 13% 14%
12% . .
7% 65% 62% 1% 60%  10% 60%
5% 4% 4%
(e) O=160 m%/s (f) 0=200 m%/s (g) 0=240 m’/s (h) 0=260 m’/s
7% 0.00
7%
00.00~0.25
14%
00.25~0.50
00.50~0.75
; 59% %
9% 00.75~1.00
4% B>1.00

(i) 0=280 m¥/s (j) O=300 m’/s
5 AERETRES

Fig. 5 Velocity distribution at different flow rates

KFPKEBEAR(PEX) #5575 2026 FE1H 123



B I, H/ETEXMMERBRNESREBLEHRE

=3 I & I STV el 1517 70 NN 2 = e A S I %
YER, dZ 80 shid B i 2438 BAE s, SEF
BOERGET A O R T /K spoe i AL LA AR
CWE 7)), PTROWEER], AEMURERAFT, ZiX
WAL e, IF 4R 3 S AL, Rl T Y
hn, e HGR Y R F] 300 mP/s IF, WK X8 )
BUN B, RN ER XL, X—# R
T AR K T BT (B AR TR ZI ), R T
IK ISR ShAS AR I R, Bl T A (AN T3 22
DX RN BB Ja e 3, FLAE TR AN 40 m’/s B35 5
B R 5 VR TEL X AR 0 3 TR Ay S 1 A s N B R
HAp e R 120 m’/s B R S0 X 1 A A

FE LA KR W, e R Hh B AE I
240 m*/s Bf 5 MW /K X AR N RS K, FE RN
300 m’/s Bf A BN R (WK 5) . AFEMALE A
i JELHH B 25 A B B 7K g B0 B R R AR AE T 2
So B, WA R A R K D) BT g AR
fetads, XFF Y 2 Rk A AR
SEY,
2.3 ARAKETKNEATESEGE

PHRAS R 25 A T 457K T PR E i 52 i) B i
o7 b, SR A5 A L 0 UK ) BT 2 R MR B (L
K 8), Mok, MiERENIM, KOHxmnmL
FEPER I —E AR ftass . BURMS, K1 Z2ME

N
W@E
S

ONNER=
i

970

=
m%Z
Jes]

970 1940
km|

(a) O=20m’/s

(b) O=40 m'/s

=
UJ%Z
™

&

KX

0 B X

-}%7]'('2 0 970 1 9ﬁ9n =4 0 970 19ﬁ?n
(c) O=80m’/s (d) O=120 m%/s

970

(e) O=160 m/s

124

(f) O0=200 m’/s

KFKEBER(PHRL) E57%5 2026 FFE1H



B IE, H/ETEIAEFROESRELEN

Ik

970 1940
———— K]

0 970

(g) 0=240 m%/s

(h) 0=260 m%/s

WEDE

K
]
]
[ BT
- G 0 970 1940
[ ] —— KT
(i) 0=280 m%s (j) 0=300m%/s
E6 ARRETKNETZTESf
Fig. 6 Spatial distribution of hydraulic units at different flow rates
®5 AEREBTKANETER
Table 5  Area of hydraulic units at different flow rates
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40 1626 426 339 613 358 371 0 2 324 410
80 1410 618 634 028 678 869 49 307 2772 821
120 1077 615 796 956 875 741 262 436 3012 747
160 923 083 742 825 936 660 560 067 3162 634
200 760 869 682 620 960 242 858 769 3262 500
240 756 148 618 842 1 005 619 1 130 495 3511 104
260 745 148 626 524 993 471 1245 903 3 611 045
280 743 006 590 797 977 753 1369 354 3680911
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