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Land Cover Dynamics and Driving Factors in the Habitat of Milu in Shishou
A Comparative Analysis Inside and Outside the Conservation Area
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Abstract : Milu ( Elaphurus davidianus ) is a representative wetland specialist and a first-class state-protected wildlife
species in China. Maintaining and restoring its water and wetland habitats is paramount for the restoration and development
of its wild populations. Based on Landsat remote sensing images from the growing seasons of 1993 to 2023, this study

investigated the main habitats of Milu in Shishou, Hubei Province. A comparative analysis was conducted between the
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Shishou Milu National Nature Reserve( CA)and the non-conservation area of Sanheyuan(NCA)to systematically assess the
dynamics of land cover types, dynamic degrees, transition matrices, and the Normalized Difference Vegetation Index
(NDVI). Integrated methodologies, including the Mann-Kendall trend test, Pearson correlation analysis, and geographic
detector were used to evaluate land cover dynamics and their driving factors. The results showed that, water , wetland , forest,
grassland ,and barren land were the dominant land cover types in both CA and NCA. Over the past 30 years, both regions
experienced a significant reduction in water and wetland areas, which were primarily converted to grassland. The forest
cover in CA initially increased and then decreased due to human intervention, while it exhibited a continuous increasing
trend in NCA. The integrated land-use dynamic degree was lower in CA(1.4%)than in NCA(1.8%). The single dynamic
degrees for water,wetland ,and grassland in CA(-2.5%,-1.9% ,and 0.8% ) were also lower than those in NCA (-2.9%,
~-2.1% ,and 4.5%) ,collectively indicating more rapid and intensive land cover changes in NCA. Regarding driving factors,
annual precipitation was identified as the dominant factor driving land cover changes in CA ,while extreme temperatures and
water levels were the primary drivers of changes in the NCA. Correlation analysis revealed that barren land changes in CA
were significantly and positively correlated with mean annual temperature. In NCA , forest and barren land changes were
significantly ,and positively associated with mean annual temperature ,while wetland changes exhibited a significant negative
correlation. Furthermore, forest land was significantly and negatively impacted by maximum water levels. This study
highlighted the pressure of water and wetland degradation in the habitats of Milu in Shishou, clarified the differentiated
driving mechanisms within and outside the conservation area,and emphasized the higher uncertainty of habitats in the non-
conservation area due to extreme temperatures and water levels. The results of this study could provide critical data support
for the habitat quality assessment of Milu, dynamic monitoring of the non-conservation area, and the formulation of
differentiated conservation strategies.

Key words : Elaphurus davidianus ,Shishou ,Sanheyuan ,land cover, geographic detector
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Fig.1 Geographical location of the conservation area( CA)and the non-conservation area( NCA)
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Table 1 Accuracy assessment table of land cover classification results

PR R WRIE/ %
1993 1998 2003 2008 2013 2018 2023
Kk PN 95.99 97.89 91.32 90.77 93.07 94.53 93.33
” FHPORG 96.93 99.03 99.87 99.19 100.00 96.64 99.29
W PN 97.71 90.75 93.29 94.93 99.55 95.00 94.33
- FHPRG 94.51 91.34 90.88 99.53 95.92 92.34 98.15
e LR A 94.06 91.82 92.65 96.95 99.80 96.97 93.85
FHP R 93.14 94.39 96.94 97.09 95.61 98.52 93.15
gy RS 94.78 98.83 96.93 99.23 94.20 98.42 92.83
FHP R 99.77 93.12 87.42 90.02 99.36 96.38 91.61
W RPN — 88.96 92.90 88.95 95.99 92.54 98.85
FHP K — 95.80 97.14 96.12 94.53 94.90 95.29
e P ERE — 91.78 94.98 97.29 97.30 97.27 97.72
= FHFORGRE — 100.00 100.00 100.00 100.00 100.00 100.00
SARNG BE 96.32 95.72 93.81 95.58 97.13 96.47 94.32
Kappa 2% 0.94 0.94 0.92 0.94 0.96 0.95 0.93

Kappa ZEGEHRIE 0~ 1, R 1 3275 732545 R AR M.
— 64 —
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1993—2023 AEAFFY X - i 7 55 S 80 32 A0 45 K 0 b R R b A b R B (T 2) . R ARTT
CA I NCA 2452 B 5 0 i T B/ | B i 3 A B34 (26 2) . CA I NCA S BIK I8 i AU 144
WA 1998 AF THIFRIA B 5 A, 209 H 662.96 hm?(42.4% ) F11454.08 hm?(26.4% ). CA FI NCA {5 Hb fi
FRERZE T 4, CA JEH I FLTE 2003 4EF% 2 54K (100.36 hm?, (5 6.4% ) ,2008 4EJ5 28648 2% ; NCA 11 4 fi F2
TE 2023 4F [ R AR 400.68 hm*(23.3% ) , F TR A 52 BEAE I 3, CA REHb T ARTE 2018 4EIK e K
(826.12 hm?, Y 52.8%) ,NCA FHUTFU/E 2008 4EIR B A (741.74 hm?, (5 43.0%) . CA M i ARG 5
W, R AE Y BLAE 2013 4F (578.33 hm?, 15 37.0%) ; NCA AR 1 AR F5 42 48 hin, 2023 4E 3K 631.78 hm?
(36.7%). CA #fHbZIIE NS NCA B EH 508, H A7 FUAR 2T 5.0%. CA 8 I B R FFRE.
2.1.2 EWEBEEHSE TR

H3% 3 Al ,1993—2023 4F CA Z5G T M 55 518 (1.4% ) 8T NCA(1.8% ) , CA 7K I8, | 1% Hb 1 2 b,
Y — 1 M S5 B A (=2.5% .~ 1.9% F11 0.8% ) U fIL T NCA(-2.9% .-2.1%F1 4.5%) , % W] NCA +Hb 3
AL RIZN. 1993—1998 4, CA 7K EUFT NCA Fodth 4" 5K 5 1 3%, B — 1 M 7 56 S A8 B2 43 5] Ry 5.8% FiI
25.0%. 1998—2003 4, CA #HIFN NCA PRHY 5K E i Z0 , . — + b 55 S A BE 53 51 R 26.5%F11 19.1% ; CA
K SR S 2 | B — - B S B A E A 51 - 10.19% A1 14.0%. 2003—2008 4F, CA {EHH1 NCA #
iy ok B 5 BA— + A S5 S A A B 13.1% M1 152.1% ; CA F1 NCA 7K S8k B 5 45 s, 20— + i 78 76 sh 4%
JBE 3 R —12.3% F1-16.8%. 2008—2013 4, CA ML NCA KI5 5k fe bl 1, o — = o B 55 s A5 8 433l
4 9.3%F1 28.0%. 2013—2018 4, CA HHLHI NCA AKIRY ik fie il 51, B — 4 b B 35 sh A JE 43 N 18.5% 11
12.0%. 2018—2023 4, CA #Hid sk 2%, — LM BT T A8 B R 15.3% , NCA /K ZUmls /b | 51— 1 b
s AR H-10.9%.
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Fig. 2 Distribution of land cover types in the conservation area( CA)and the non-conservation area( NCA ) from 1993 to 2023
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Table 2 Land cover area change and its ratio in the conservation area( CA)and the non-conservation area( NCA)

THFFE X3, Ay i H 7K T HE Mt i}l R JH %
1993 THI R/ hm? 514.53 435.40 0 614.59 0 0
LBl % 32.89 27.83 0 39.28 0 0
1998 T AL/ hm? 662.96 333.58 0 492.94 54.45 20.59
H 1/ % 42.37 21.32 0 31.51 3.48 1.32
2003 THI R/ hm? 328.84 100.36 313.23 674.95 126.55 20.59
Lt/ % 21.02 6.41 20.02 43.14 8.09 1.32
CA 2008 T A/ hm? 126.99 165.93 394.25 696.98 159.80 20.59
He il % 8.12 10.61 25.20 44.55 10.21 1.32
2013 TR/ hm? 144.27 165.21 578.33 429.53 226.59 20.59
He5l/ % 9.22 10.56 36.97 27.45 14.48 1.32
2018 T AL/ hm? 98.02 151.37 346.44 826.12 121.98 20.60
He il % 6.27 9.67 22.14 52.80 7.80 1.32
2023 T A/ hm? 127.69 181.24 259.73 759.85 215.43 20.59
H 5/ % 8.16 11.58 16.60 48.57 13.77 1.32
1993 T/ hm? 305.29 1067.38 92.08 258.28 0 0
LA/ % 17.72 61.95 5.34 14.99 0 0
1998 T AL/ hm? 454.08 474.15 153.95 580.49 60.36 0
He il % 26.35 27.52 8.93 33.69 3.50 0
2003 T/ hm? 155.48 684.73 301.24 575.86 5.72 0
Hefil/ % 9.02 39.74 17.48 33.42 0.33 0
T AL/ hm? 24.51 491.42 416.17 741.74 49.19 0
nea 2008 Hefl/ % 1.42 28.50 24.15 43.05 2.86 0
2013 T/ hm? 58.84 549.43 455.1 587.29 72.37 0
Hefil/ % 3.41 31.89 26.41 34.09 4.20 0
2018 T ALY/ hm? 94.01 710.93 449.14 438.83 30.11 0
Lefil/ % 5.46 41.26 26.07 25.47 1.75 0
2023 T/ hm? 42.67 400.68 631.78 609.40 38.49 0
Lt/ % 2.48 23.25 36.67 35.37 2.23 0
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F£3 RIPX(CA)FIFERIPX (NCA) L HBENTE

Table 3 Land cover dynamics in the conservation area( CA)and the non-conservation area( NCA)

W— A %

[lEpES: g Y Lifr LM SR ST/ %
K3k i o M o HH
1993-1998 5.8 -4.7 0.0 -4.0 0.0 2.7
1998-2003 -10.1 -14.0 0.0 7.4 26.5 7.3
2003-2008 -123 13.1 5.2 0.7 5.3 2.6
CA 2008-2013 2.7 -0.1 9.3 -7.7 8.4 3.4
2013-2018 -6.4 -1.7 -8.0 18.5 -9.2 5.1
2018-2023 6.1 4.0 -5.0 -1.6 15.3 2.0
1993-2023 -25 -1.9 0.0 0.8 0.0 1.4
1993-1998 9.7 -11.1 13.4 25.0 0.0 6.9
1998-2003 -13.2 8.9 19.1 -0.2 -18.1 4.2
2003-2008 -16.8 -5.6 7.6 5.8 152.1 3.8
NCA 2008-2013 28.0 2.4 1.9 -4.2 9.4 1.8
2013-2018 12.0 5.9 -03 -5.1 -11.7 2.3
2018-2023 -10.9 -8.7 8.1 7.8 5.6 4.2
1993-2023 -2.9 -2.1 19.5 4.5 0.0 1.8
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Fig.3 Sankey map of land cover type transformation in the conservation area( CA,a)and
the non-conservation area( NCA ,b) from 1993 to 2003
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> EEE R R (22911 hm?) A5 B HIBE fN. CA BRHLIG N 3= 2k 7 R (184.53 hm®). NCA 7K 3k />
F B b (302.50 hm?) | {5 759 Hb 39 B0 NCA ARHb 3G fn 32 8ty B b %% A (117.50 hm?*). 2003—2008
AECA LIKIs JB L0 35 NCA DIkt JB AR A s st 3% Ak o 32, CA 7K el 2> 35 4% S 98 1l Al 7
H1(159.79 hm® 1 74.16 hm®) , ¥ Hb34 fin 3 22 g /K 380 5% A (159.79 hm?). NCA 7K 3k /b 3 B4 g % b
(103.54 hm?) ; ¥ HB U /0, 32 B Jy 5 Hb (386.90 hm?) |, {2 HE B HE AR i1, NCA RIS i 3225k [ 18 Hh % A
(100.51 hm?*). 2008—2023 4, CA LIARHL A FEHb 36 {0 A 32 NCA DI b A G 4k ok 3. 2008—2013 45
CA HRHb 3% hn 3232 fh B A (188.11 hm?) ;2013—2018 4EF1 2018—2023 4F CA Ml i /1> = B4 g 9 |
4331 255.61 hm® 1 215.95 hm?® | ARHb Fl 5 b AH B A0 02 CA R AR fb i) = 22 R K. 2008—2013 4F Al
2013—2018 4F- NCA { b3 i 3= 22 fh B Hb A% A 43518 368.47 hm® F1 183.69 hm?;2018—2023 4 NCA 1
b8 ) S Ry R (233.65 hm®) A4 BN Be NCA R AR (b ) EEORIA.
22 AKX NDVIZUHAERESTHBENXR
2.2.1 NDVI # 8 5 T AL4F 42

1993—2023 4=, CA Al NCA f) NDVI ¥ & B g & 10r

LIHEEM-K K5 R Z, 251 2.550 F12.074) , sk
{H NCA [ NDVI Z{& 7T CA. CA ) NDVI M 1998 4
A0 (0.036) 1T+ 28 2023 4E A RLTG(.(0.704). =
NCA ) NDVI I ] 1993 4F i e I {8 ( -0.051) # K = é 04
2023 4 {H(0.811) (&l 4). 0.2
222 E3EE XA NDVI 8930k of

Pearson AH5C 14 4 Hr 38 B, AN [A] £ Hb 25 55 28 U %) —02 S S S S S
NDVI B‘J?ﬁﬂﬁﬁ CA %u NCA ;;Pﬁi{%jl%( lz] 6) . CA E(J 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
AKEAIE M 5 NDVI 2 5 % 6UHI % (P = 0,017, P = o
0.037) HiHL5 NDVI i B HEHIX (P=0.024). Nco B4 P gfgﬂ'f;:jf‘**ﬂ B(NCA)
B/‘JMIH'{_?,5 NDVI %%I%ULHE%IE*E%%% ( p= 0'019) ’ ’H‘: Fig. 4 Interannual variation ofoDVI value in the
fth - b 78 252570 5 NDVI TG B EAH G, conservation area( CA)and the non-conservation
23 THBEZETHAIRNEF5H area( NCA ) from 1993 to 2023
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1993—2023 4, i 53 IX Y AEF- 20 i TR AR IR At 3 LT3 (M-K K256 R Z, 4051 A
3.705.2.758 1 1.991) (&l 5). 4E 158 Fe A IRFE 1993 4F (16.57 C) , i 8 BLTE 2023 4F
(18.78 C ) s My = it HH BLAE 2022 4F(38.9 °C) , M IRk HH FAE 2018 4F(-8.0 °C ). ‘FRE/KE I B K,
ELAAG: 0 1) 8 3 M 34 (7, = —0.782) , fie i {EL AR AR AL 40 501 1 BRAE 2002 4F (1 920.9 mm ) Fl 2019 4F
(827.5 mm). 1999—2023 4 | A= -2 KAV Fllde i /K o2 52 @ 35 R A3 (Z, = -2.571,-2.499) , Feflk /K 7 52
TREE S (Z, = 0.584) ; 4 - ¥ K A6 S5 5 (RN B AIG(E 43 0l B AE 2020 4 (31.53 m) Al 2023 4F
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Fig.5 Interannual variation of temperature, precipitation and water level in the conservation area( CA) ,

and the non-conservation area( NCA ) from 1993 to 2023
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(28.40 m). H 3 = KA BLAE 1999 4F (40.78 m) Al 2020 4F (39.58 m) , M dm A /K A7 H BLAE 1999 4F
(25.37 m) 12023 4E(25.52 m).
232 AFAeKIERFHE—LWE L LR TGP

SEMUKALHFXT CA I NCA M3 S5 AR (L s i 77 22 53 (B 6) |, AR P35 IR AP /KA Al e
IKAEXT NCA B—+ M 5 AR AL U2 AL CA BB 3. 76 CA 1 AR 3R AN 5 AR b A Ak 52 i 38 1E A1 G
(P=0.037). 7E NCA 1 AR-FH0R Sk #RIDAS (b 2 2 IEAHC (P=0.045,P=0.032) , 51 b AR fL 52
W b 2 ARG (P =0.007) 5 5 /KA S5 AR AR {6 52 B 2 A5G (P =0.007).
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Fig. 6 Heat maps of correlation between meteorological factors, hydrological factors,single land cover and NDVI changes

in the conservation area( CA,a)and the non-conservation area( NCA ,b)from 1993 to 2023
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TR X 7a). 51 ATKAL I FJ5,1999—2023 AEARE[EK & (¢=0.725) {502 CA T3 55 A8 iy £ 25
Wil PRI~ 11T NCA 1 55 7458 £k 1) 3 2532 i) DR~ 728 Ay A o 7K A8 AR oty L, LA g 1Bk e v T = Sie (IR TR
(0.697) >HARKAZ (0.652) >H KA (0.492) (K 7h).
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Fig.7 Single factor detection results of land cover change in the conservation area( CA)

and the non-conservation area( NCA)
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AR PR SR | I S AERR K A A AR R (¢=0.558) . NCA 4R35 R S AERE K 5t ] g A2 pE 1o |
ZHAE R (g=0.796) . GIAIKALH T ,1999—2023 4E | iR S5 1 ARy 7K A7 % i 7K A Al AR
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Fig. 8 Interactive factors detection results of land cover change in the conservation area( CA,a.c)
and the non-conservation area(NCA ,b.d)
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1993—2023 4EAfF 5T IX - b7 75 4 A T 8 25 A0k, 35 B Bk K sl R i e v AR A B /D e R
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