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Abstract: [ Objective] This study aims to investigate the response status, regional differences, and influencing
factors of habitat quality and landscape patterns in the Huaihe River basin and the Haihe River basin, providing
theoretical support and a scientific basis for decision-making in the development of differentiated ecological
protection strategies for the river basins. [ Methods] Land use data from five periods between 2003 and 2023 were
selected. The INVEST model was used to evaluate habitat quality in the river basins, and landscape pattern indices

were calculated. The bivariate spatial autocorrelation method was employed to analyze the response relationship
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and inter-basin differences between the two. Furthermore, the explanatory power of physical geographical factors
on the spatial differentiation of habitat quality was explored. [Results] 1) Cultivated land area decreased
significantly in the Huaihe River basin ( —20 394.68 km?) and the Haihe River basin ( —13 783.16 km?), while
the areas of forest land, water bodies, and construction land all increased. Habitat quality was predominantly at
low levels and declined over time, with decreases of 6.48% and 6.55% , respectively. 2) Habitat fragmentation
gradually intensified in both river basins, while patch shape complexity remained stable (FRAC_MN
fluctuation << 0.003). Habitat quality in the Huaihe River basin showed a positive correlation with contagion
(CONTAG) and prominent negative responses to patch shape complexity and land distribution uniformity. In
contrast, habitat quality in the Haihe River basin was mainly negatively affected by the intensification of
fragmentation. 3) Topographic factors were the core driving factors of habitat quality changes in the Huaihe River
basin (¢ = 0.295) and the Haihe River basin (¢ = 0.467), followed by atmospheric pollution stress (PM,5, O,),
exhibiting spatiotemporal dynamics. The explanatory power of the interactions among natural environmental
factors was stronger than that of single factors. [ Conclusion] The evolution of habitat quality in the Huaihe River
basin and the Haihe River basin exhibits differentiated characteristics. The heterogeneity of the response
mechanisms between habitat quality and landscape patterns in the river basins requires the implementation of zonal
governance and targeted restoration strategies to enhance the stability and service functions of regional ecosystems.

Keywords: Huaihe River basin and Haihe River basin; habitat quality; landscape pattern; InVEST model; spatial

correlation analysis
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Table 5 Area of land use types in the Huaihe River basin and the Haihe River basin km’
+ b ] T T i 5 THEYAT 3 Ja
Py 20034F 20084 20134F  20184F  20234F  20034F 20084 20134F  20184F  20234F

BEHL 151 015.96 144 486.45 139 191.59 136 770.21 137 232.80 243 668.22 237 692.35 230 658.64 226 195.40 223 273.54

M 72840.77
L 64 638.91
K Ik 6913.50
A 21 231.92
A FH 217.37

74 487.18
66 245.85
7331.34
24 129.97
176.78

76 888.32
64 444.23
7 843.69
28 337.93
151.61

79 029.69
61 535.90
8 142.45
31 232.20
142.93

80 774.59
56 870.76
8404.63
33 530.64
39.03

30 059.98
10 495.17
16 104.92
22 809.30

396.84

30916.47
10 580.21
17 340.52
26 640.17

360.26

32 333.30
11 113.63
17 415.25
31733.24
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33 014.83
11176.17
17 557.79
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33 533.72
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17 000.38
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Fig.4 Habitat quality distribution in the Huaihe River basin and the Haihe River basin
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Table 6 Changes in habitat quality levels in the Huaihe River basin and the Haihe River basin km*
A S5 B T 3 3 Y VT 7 B
& 2003 4F 2008 4F 2013 4F 2018 4F 2023 4F 2003 4F 2008 4F 2013 4F 2018 4F 2023 4F

flk[0~0.2) 27 817.61 31212.03 36223.53 39675.72 42 347.07 33 845.89 38393.58 44 664.85 49 008.89 52 644.38
AL [0.2~0.4) 165 809.12 160 516.69 158 075.71 157 890.43 158 809.43 259 064.96 253 850.42 247 631.51 243 492.85 240 095.02
4 [0.4~0.6) 82314.96 83574.94 83781.41 84 288.57 83586.02 22944.06 23523.91 23890.83 24 469.98 24 487.89

7 [0.6~0.8) 35204.27 35528.51 33430.97 30805.10 28599.74
3506.93

1 [0.8~D) 5709.58 6020.69 5342.16 4189.00

5362.82
2 306.49

5520.19
2234.46

5347.01
1986.13

4992.30
1559.89

4 856.71
1438.02
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Fig.5 Spatial distribution of landscape pattern indices
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Table 7 Changes in landscape pattern indices in the Huaihe River basin and the Haihe River basin

S RGN E IR 3 3
EiEE 7D 20034F  20084F  20134F  20184F  20234F  20034F  20084F  20134F  20184F 2023 4F
PD 0.641 0.647 0.664 0.679 0.686 0.656 0.679 0.710 0.731 0.736
FRAC_MN 1.023 1.023 1.023 1.023 1.023 1.016 1.017 1.017 1.017 1.018
CONTAG 42146  42.010  41.377  40.864  40.635 52.583  51.222  49.413  48.092 47.616
SHEI 0.593 0.593 0.599 0.605 0.608 0.486 0.500 0.519 0.534 0.539

®8 HEARBSBARESEERESESUEBIEIRE Moran's [E L

Table 8 Changesin Moran's/of habitat quality and landscape pattern indices in the Huaihe River basin and the Haihe River basin

FEOULA% SR T3] 7 38 TR i 5
HRAR 20034F  20084F  20134F  20184F  20234F  20034F  20084F  20134F  20184F  20234F
PD —0.381 —0.431 —0.469 —0478 —0470 —0.406 —0.436 —0.454 —0.445 —0.438
FRAC_MN 0.362 0.349 0.189 0.158 0.164 —0.214 —0.211 —0.150 —0.152 —0.155
CONTAG —0.254 —0.203 —0.137 —0.105 —0.083 0.078 0.139 0.207 0.199 0.195
SHEI 0.220 0.166 0.097 0.067 0.047  —0.206 —0.258 —0.290 —0.280 —0.270

1 & 6 AT T, X F PD 5 A 55 e 45 BB, i T
LI G AR R A e R R & K- AR R 5 KK
B2 TR A3 A A6 S b IXC e - o A R R A 43 A A AR T
DX 5 VA Y] g 3 By IR R WP ALl — A Ay
L A-RERFM S AR . X FFRAC MN 5
A 5% I ) B SRR Y Tl 9 SR 1 A - v 5 AR AR R

T AT F X, - S IR R E A A
L300 5 X T Y 3 1) 1R - v 5 A - I 2R 4 B 4y
A E PG 3 Ml DX 5 A X, AR 0 A S B A T A 4
1) CONTAG {5 48 5 o it 19 42 BRI 2 m b o 5+
15 - fe A e PR 2R 32 B0 A7 E T A b X, IR -(IRAR 2R 2
Loy A AE AL AR M X s PV At 8k, CONTAG fH 5 2E 5%
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Fig.6 LISA clustering of different landscape pattern indices
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Table 9 Single-factor detection results (g values) in the Huaihe River basin and the Haihe River basin

W T i ] 7 AT i 5

2003 4 2008 4 20134 20184 2023 4 2003 4 2008 4F: 20134 2018 4 2023 4

DEM 0.453 0.467 0.451 0.439 0.422 0.295 0.275 0.258 0.237 0.232
NDVI 0.224 0.128 0.161 0.183 0.117 0.039 0.038 0.060 0.080 0.069
0O, 0.106 0.090 0.063 0.267 0.229 0.014 0.012 0.017 0.061 0.110
PM,; 0.399 0.402 0.365 0.306 0.164 0.154 0.063 0.065 0.037 0.011
PRE 0.047 0.035 0.046 0.026 0.043 0.029 0.070 0.029 0.020 0.027
TMP 0.319 0.338 0.254 0.268 0.270 0.029 0.020 0.031 0.032 0.036

VE < 5D TR 4 S0 p<20. 01,
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F g N 2003 411 0.675 2 i T %k 2023 4219 0.615,
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Fig.7 Interaction detection results of the Huaihe River basin and the Haihe River basin
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