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Abstract: Ecological security network is an important framework for maintaining the structural integrity and functional
diversity of the urban ecosystem. The interconnected ecological elements are of great significance for balancing construction
and sustainable development of the urban ecosystem. Taking Yichang City, where the Three Gorges Dam is located, as the
object, the ecological security network was constructed based on the paradigm of “ecological source, ecological resistance,
ecological corridors, ecological pinch points, and ecological barriers”. We analyzed the spatio-temporal dynamics of
different ecological security network elements in 2000, 2010, and 2020 and explored the influencing mechanism. The
results showed that: (1) the ecological source was identified based on the MSPA ( Morphological spatial pattern analysis) ,

habitat quality aggregation analysis, landscape connectivity analysis, and natural reserve area analysis. In 2000, 2010, and
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2020, the area of the ecological source was 43.41x10*, 49.03x 10", and 47.76 X 10* hm*, respectively. They were
concentrated in the Three Gorges Dam water and soil conservation zone. The number, length, and area of the ecological
corridor decreased gradually from 2000 to 2020. The number and length of the ecological corridor were mainly concentrated
in the plain shallow mound ecological construction zone, while the area was mainly concentrated in the Three Gorges Dam
water and soil conservation zone. The number and area of the ecological pinch point first increased and then decreased from
2000 to 2020. They were concentrated in the Three Gorges Dam water and soil conservation zone. The number and area of
the ecological barrier were concentrated in the Three Gorges Dam water and soil conservation zone and the plain shallow
mound ecological construction zone. (2) The value of the ecological resistance was 38.90, 42.19, and 40.66, respectively.
They increased gradually from west to east. The resistance value of the plain shallow mound ecological construction zone was
significantly higher than that in other zones; (3) The influencing mechanism of the ecological source showed that the
precipitation had the strongest explanatory effect, while the soil type had the weakest effect. The interaction between
different influencing factors showed that the precipitation and other factors had more intense interaction. The systematic
discussion on the spatio-temporal heterogeneity of the ecological security network elements and its impact mechanism in
Yichang explained the development trend and the potential challenge of the current situation of ecological security network.
It could provide scientific support for the construction and management of related projects of ecological security network,

such as the Three Gorges Barrier Construction Project.
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Table 1 Assignment and weight of ecological resistance factor

B A

e maam . RE mpa 0L
factor Class value Weight factor Class value Weight
i DEM/m <300 90 0.30 ATt A5 5L NDVI <0.65 57 0.17
Digital elevation model 300—700 30 Normalized difference 0.65—0.75 90

700—1000 10 vegetation index 0.75—0.8 63

1000—1400 50 0.8—0.85 30

>1400 70 >0.85 10
Wi/ (°) <10 50 0.05 i L) B Bt 77 0.25
Slope 10—20 10 Land type it 5

20—30 30 i 30

30—40 70 A 120

>40 90 fi 50
HERREE TUD/(°) <15 90 0.23 Kk 30
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Fig.2 Extraction process of ecological source
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Table 2 Core area in different zones

2000 2010 2020
IrIX
Jore i L f T il T L f
Area/hm? Ratio/ % Area/hm? Ratio/ % Area/hm? Ratio/ %

R I X AESBREEX
Et@%‘m{:i 1% i . . 233049.87 69.38 232237.53 69.14 231507.9 68.92
Wuling mountain ecological conservation zone
R X FIX

ﬂy‘éﬂ‘ﬁ‘[:7kj:1%ﬁ‘[: . . 513425.16 71.39 512161.74 71.22 511844.31 71.17
Three Gorges Dam water and soil conservation zone

5 lj&’ o X

[J_liﬂfl:.lf;iéli &E%,: . 199851.57 76.08 196161.93 74.67 194023.53 73.86
Mountainous and hilly ecological development zone
S JE A AR S A X
q:)?& RS . . 120348.27 24.46 115057.08 23.38 114615 23.29
Plain shallow mound ecological construction zone
WLy B X
{n. (ﬁ.{lﬁz &}{%E 223167.87 71.63 219777.12 70.54 219340.62 70.40
Qingjiang ecological development zone
A1t Total 1289842.74 60.80 1275395.4 60.12 1271331.36 59.93

2.1.2 EEWER RS AR

2000—2020 4F B 2 T B AR A= B3 B 45500 01 4 0.761 ,0.770 F10.765 A= 55 I 2 14 23 18] 43 A7 7 [ 74 [
RBE/N(R 3) o IR RN A B T e £ RAE RN, A SO HHE AT Getis OrdGi # # 40HT , AR [RI I A4 5%
[t 4 R B 24 F8 H 5 R 0.793 .0.795 F10.799, H i F M (£ 4) o HAUHT s R R s X 58 X
BUET M, ji 8 28R ek A S #IE X, 53 R B T BRI oA S I X Z A0 H Al 73 X, 4
PRI AR B A ZE (] 2) 8 1 ORI, X AR 38 g D AR e R A (£ 5)

*3 HEREHRGH
Table 3 Habitat quality in different zones

43X Zone 2000 2010 2020
X AE 2545 F X Wuling mountain ecological conservation zone 0.853 0.865 0.863
SR K 24545 X Three Gorges Dam water and soil conservation zone 0.843 0.854 0.852
111 - Bg A= A5 & B IX. Mountainous and hilly ecological development zone 0.857 0.872 0.864
S B A 25 R IX Plain shallow mound ecological construction zone 0.477 0.473 0.461
WIETAES K RIX Qingjiang ecological development zone 0.842 0.858 0.856
A1t Total 0.761 0.770 0.765

F4 EEREZEAMBEXSN

Table 4 Spatial autocorrelation analysis of habitat quality

ZH Coefficients 2000 2010 2020
B2 F84L Global Moran's [ 0.793 0.795 0.799
VA 327.98 328.75 330.57
P 0 0 0

2.2 HEWEZGE I % s AL

2000—2020 4FB B 17 23 B S (843501 38.90 .42.19 F1 40.66 , BEL A {E 25 [6) 43457 E VP 18] A5 B W 36 0, AS Tl
A3 DX AR ZSBH 7 B o SR AR AR X R S T A X (R 6) o it — 20 20 im 53 IX B {8 A 25 )
SR AR SCEET A AR W SR AT B ) 43, FLAR G A s v A BE DX v B DX R R, SR AR {2 B
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e A 25 ke e DX R T VT A 25 R e DX AR BEL g DRI B X 2 TRIRR L R 909% , - It i A A e IX 58
SRR, BT X Hedss (81 3) .

£5 EBEREZTERFLHRIN
Table 5 Cold/hot spot analysis of spatial pattern of habitat quality
Homy 2000 2010 2020
Type [LiEA B TR B THI R L 41
Area/hm? Ratio/ % Area/hm? Ratio/ % Area/hm? Ratio/ %

N 2.3 Non-Significant 1209950 56.24 1222225 56.81 1224175 56.90
% 15.(99% 5 {5 BE ) Hot spots(99%) 343750 15.98 344875 16.03 346375 16.10
¥ 5.(95% B {5 ) Hot spots(95%) 64700 3.01 60625 2.82 60975 2.83
2 15 (90% {5 £ ) Hot spots(90% ) 37625 1.75 35025 1.63 33250 1.55
% 25 X BRI Total 446075 20.73 440525 20.48 440600 20.48
U (90% B {5 L) Cold spots(90% ) 211625 9.84 234800 10.91 233675 10.86
P(95% B A5 L) Cold spots(95%) 283800 13.19 253900 11.80 253000 11.76
U5 (99% B {5 FE ) Cold spots(99% ) 495425 23.03 488700 22.71 486675 22.62

20004E

ARSI ESS I AREOD X [ X R X

3 AESHENEERFEMZES T

Fig.3 Spatial distribution of ecological resistance surface classification

F6 ESHEIEERLEMIRGIT
Table 6 Classification of ecological resistance surface in different zones
A o 2000 2010 2020
Jone Class [LiEAl L fi) TR Lt 4l [ L 41
Area/hm?  Ratio/%  Area/hm®> Ratio/%  Area/hm®  Ratio/%
REIXAESREX IRBH 3 X 176211.36  52.46  173781.27  51.73  171930.69 51.18
Wuling mountain ecological conservation zone FRE X 147929.13 44.04 148587.21 44.23 151414.2 45.08
mFH I IX 11768.22 3.50 13540.23 4.03 12563.82 3.74
SRR S 30.85 34.16 32.49
SR IX K A REEX IRBE 31X 368336.97  51.22  358751.16  49.89  386738.82 53.78
Three Gorges Dam water and soil conservation zone FRRE T X 305434.44  42.47 316733.85 44.04 291582.99 40.55
B IX 45366.93 6.31 43653.33 6.07 40816.53 5.68
SR E 32.74 35.36 32.64
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S o 2000 2010 2020
Zone Class g LL i LL T LL 4
Area/hm?  Ratio/%  Area/hm®  Ratio/%  Area/hm®>  Ratio/%
Wi B A A R R X ICBE T X 127688.04  48.61  119423.07 4546  130122.36 49.53
Mountainous and hilly ecological development zone FrRHL X 107801.73  41.04  109838.7 41.81  100185.39 38.14
e BHT X 27198.9 10.35 31873.86  12.13 30827.88 11.74
IR E 34.22 36.84 34.54
IR AR A X fIGBH Ay X 16448.94 3.34 14587.65 2.96 17583.21 3.57
Plain shallow mound ecological construction zone rhRH 7 X 106596.63  21.66 84387.33  17.15 92972.52 18.89
e BEL ) X 369060.12  75.00  393130.71  79.89  381549.96 77.53
PRI I 59.38 63.55 64.80
IR LAER R RIX BT X 146894.22  47.15  132276.69  42.46  142177.77 45.63
Qingjiang ecological development zone FrRH X 142101.54  45.61  152114.31  48.82  145867.5 46.82
e BHL 7 X 22568.58 7.24 27173.34 8.72 23519.07 7.55
SRR E 33.28 37.27 34.99
AT Total RBH I X 835579.53  39.39  798819.84  37.66  848552.85 40.00
P X 809863.47  38.18  811661.4 38.26  782022.6 36.86
7o BEL A7 X 475962.75  22.44  506400.93  23.87  486306.72 22.92
IR IE 38.90 42.19 40.66
2.3 ELE T AR AR - JRR T - o - A R D £ R I S B AR Ak

2000—2020 4EH BT i&%?)ﬁﬂﬁﬁfﬁ%ﬁ%ﬁﬁ%ﬂ% 43.41 .49.03 J3 hm* 147.76 J7 hm® | BEBEHEE 2051 34 26
Fi126, FLAEF AT T =B XK R HF X (B 4) o AS[R]Bs3 AR 2508 8 2500 3 5310 ok 78 .59 il 56, JAR 1B BLAR Ry
552.27 .486.32 km 1 473.75km , 3T linkage mapper BT 14 A IE 5 B 0] IARBGH A 85 (7 B IR AR S iE
T 5 TR AN s 300 A 25 B S T AR oA 8.42 .7.56 J7 hm® A1 7.37 J7 hm® | JEGAE AR LR AR P AR T S R

I 5 A R P e AR AR X (L JRR T 7 i T AR A TR o im0, T D i DX SRR 1 A 58 7 e v
(] S I, A ] s B0 B T A 25 e i

R AR A e i R T A 2R L R R T S SRR 120,155 1 109, 7

SETH R 9A 1,62 .2.03 J7 hm? F11.71

J7 hm*  #JPL =

e X K PR X 28

8] 3 Af B R B P AN R 3] A 2 B

MR AR AASERE Ay ISR R
B4 EXFEM-BE-RS-BEANEEEZTESH

Fig.4
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Fig.5 Ecological corridors-ecological pinchpoints-ecological barriers in different zones
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