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Analysis of the Evolution and Influencing Factors of the
Huachang Bay Mangrove Wetland under Pond-to-Wetland

Restoration
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Abstract

To reveal the spatiotemporal evolution characteristics and driving factors of the landscape
pattern in the Huachang Bay mangrove wetland of Hainan, this study conducted
quantitative analyses at both patch-type and landscape scales based on three periods of
Sentinel-2 satellite imagery from 2015, 2020, and 2025, employing methods including land
use dynamic analysis, landscape pattern indices, and Pearson correlation analysis. The
results indicate that: Land use in the study area exhibits a trend of a decrease in water area,
an increase in mangrove cover, and conversion of some ponds to cropland; the mangrove
area shows an accelerating growth rate over time, with continuous reduction in water
bodies, and expansion of cultivated land and built-up areas. The restoration area exhibits
a dual evolutionary pattern of internal integration and edge exposure, with the overall
landscape showing concurrent intensification of fragmentation and increase in diversity.
GDP and urban population show strong trend consistency with mangrove expansion
and built-up land growth, respectively, while climate variables were also associated with
changes in woodland and marsh vegetation, suggesting that multiple factors may be
associated with the observed changes. Accordingly, recommendations for contiguous
restoration, construction of forest-edge ecological buffer zones, and restoration of
hydrological connectivity are proposed.
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TR RN (R 226 1637 T LT AR AT b 55 A = 28 b ) s M A
&, EALRZTFRTH, GDP 558 =7 V8 nfE X £0R bA,
Bt K K AR TE AR IS i Bk 25 N IR 70 @ S A b
fiE R S dom, WA DA 7 RE R R? HIXE] 1.000, RAA
WHEL K S @AY sk AR mGES 5, 1t
Ah, BN S AT A S MR RS (A R TR R 53
R* {5514 0.990 1 0.976, 1ESMEEH T, 5 EM
FRH) R? {HIXF] 1.000, ERKEXTAREN R? EEiE
0.998, 4F I HH X 8 ) 2 SF I HURO AR HE A R2 B 23 51124 0.994
F10.942, VLBASUG R 0 it 7 A IS o SR W)
M B EENERERIER. 56K E, EERENEY
=K, GDP. HF=r=UIERANOSHSEFREZS

2 FWUK eSS E)E 1 ANOVA K Kruskal-Wallis #3645 5

Tab.2 Results of moving-window ANOVA and Kruskal-Wallis tests for landscape-level indices

i<t 2015 F39{E 2020 F9fE 2025 FHE  FE ANOVAP{E HfE K-WP1{&E BEN
PD/ (A /100 hm?) 57.160 55.520 59.930 1.266 0.282 3.576 0.167 ns
CONTAG /% 72.040 72.240 67.310 18.292 <0.001 29.822 <0.001 Hok
All% 93.800 94.150 93.750 2.975 0.051 5.510 0.064 ns
1J1/% 62.110 59.740 58.580 2.279 0.103 2.250 0.325 ns
SHDI 0.804 0.744 0.801 3.114 0.045 5.074 0.079 *
SHEI 0.461 0.467 0.548 20.126 <0.001 33.068 <0.001 Hook

TE: #6:P<0.001, FREFMEH; *P<0.05, FREREE,;, nsTREFATH,
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Tab.3 Correlation analysis among influencing factors, land use types and

landscape-level indices

SEEZ HREFERE
sa o E =0
FEKE FHR R SA0 WEAO RFMAO GDP -
KAk 0168 0742  -0548 0663 -0473 -0619 -0980 -0.969
SIHK -0286 -0817 0644 -0749 0576 0709 0997  0.992
#ito -0269 -0807 0631 -0737 0562 0697 0995 0.989
T geurmsn 0946 -0944 0997 -0975 1000 0986 0643  0.682
2?; ity 0793 1000  -0970 0995 -0946 -0988 -0.853 -0.879
ity 0811 0275  -0510 0379 -0582 -0432 0255 0.204
By 0164  -0480 0243 -0381 0158 0328 0861 0.834
SEEMEE 0999 0756 -0.897 0.824 -0932 -0855 -0316 -0.365
PD -0.844 -0995 0988 -1000 0971 0998  0.804 0834
CONTAG 0847 0994  -0989 1000 -0972 -0998 -0.801 -0.831
Rl 0682 0988  -0917 0965 -0.880 -0949 -0927 -0946
f;;? 11 -0657 -0983 0904 -0956 0863 0938 094 0956
SHDI -0699 -0992 0926 -0971 0890 0956 0919 0938
SHEI ~0673 -0986 0912 -0962 0874 0945 0932 0950

T ZEARRE 0=3), BURIMERARUNT R B FpEasT I, ARSI EEERRE

X, AMERFERE,

22 4 U PSRN TR RN B R E ) R?

Tab.4 Summary of R*values from single-factor regression of land use types and

driving factors

HAEFET =BET
LRI

s BAQ WHEAD  READ GDP Eigﬂ FRkE  FHSE igg
N 0.44 - - 0.961 0.939 - 0.550 -

EAR 5PV 0.56 - 0.503 0.994 0.983 - 0.667 0.415
o 0.543 - 0.486 0.991 0.979 - 0.651 -
B 0.950  1.000 0.972 0414  0.465 0.894 0.892 0.994
py S 0.990 0.895 0.976 0.728 0.773 0.629 1.000 0.942
BEE 0.679 0.869 0.731 - - 0.998 0.572 0.805

TE: —FORR?<0.4, ZKFAZ LR AR ERE AR, R*=1.000 8 SR 2 51 REATI L& 3

g, MUEEERIREMRE, EssE,
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Fig.7 Framework of associated factors related to landscape pattern evolution in
the Huachang Bay mangrove wetland
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