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Spatio-temporal evolution of habitat quality in the East China Sea continental

coastal zone based on land use changes
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Abstract: The impact of human activities on the ecological environment is mainly manifested in the change of land use
patterns. The spatio-temporal pattern evolution of habitat quality under the influence of land use changes is of great
significance to optimize the regional land ecological layout. Using DEM data, meteorological data, socio-economic data and
land use data in 1980, 1990, 2000, 2010, 2018, the spatio-temporal evolution characteristics of habitat quality in the
continental coastal zone of the East China Sea were evaluated, described and analyzed through InVEST model, landscape
pattern index, and the geographical detector. The results indicate that; (1) the land area of the East China Sea continental
coastal zone increased from 1980 to 2018. The forest land accounted for the largest proportion of land use, while the area of

farmland and built-up land had the most obvious change. The most prominent land use conversion was in 2000—2010. The
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land use change in the northern was greater than that in the southern and the eastern was greater than that in the western.
(2) The average value of habitat quality from 1980 to 2018 was 0.75, and the overall habitat quality was relatively good,
but it showed a downward trend. The decline of habitat quality was the most obvious from 2000 to 2010, and the decline rate
slowed down after 2010. Habitat quality patches tend to be fragmented, diversified and uniform. (3) Habitat quality
generally declined from the coast to the inland. Affected by shoreline nature and reclamation, the habitat quality in the
northern degraded from land to sea, and in the southern degraded from coast to land. Areas with low habitat quality
presented a point-surface-zone expansion trend. (4) Bulid-up land index, elevation, night light index, soil type and slope
were the main factors affecting habitat quality distribution, and the dominant factors changed from elevation to bulid-up
index in 38 years. The natural factors determined the cascade distribution pattern of the habitat quality, and the location and

intensity of human activities promoted the evolution of habitat quality.

Key Words:; InVEST model ; habitat quality; landscape pattern; factor detection; East China Sea continental coastal zone

WA [ 2 TR R A ZAEPERE B ) (GBO- 5) i i 1 :2010—2020 4 20 DBRAEY ZAEIE H AR
PR BL T A 6 4> BEA 1A H bR e s B, A il FNEE 2 52 PR3P DX S EE IS b, (B AR X
Bt IR A AR, A BT IR AL O 2 O BRI G A R A AR B AR S R G A AR SR R R AR
PSS AR RE D T B B WA AR . BEAE BRI, A28 3 i v 5 5 A H OB
NFEF SRS IREE 1 T UK AR T A AR R W | A 3 S5 AR 11 9K SR T/ W 2 e
A SR B BN BRI R EE IR . AR BT BCRE P S IS AR T 5, (T R BLIB AL | A2 40 sl R 19 AR 25
R, e M5 X ARSI S B R SEA TP RS BT AN i AR S BRI B T 8 DX A 2 XU
Xt XA 25 | R AL $ BEBR S MRE

YRS U PP 32 2 T S M B ) AR SR bR DA A TR ) DX R U SR WS A T vk
SN bR R BTSN RS A K T Y R A R KRR A AR B A A
PO BATRGRE R BT X RS M) T IR FEROUAL AR A R (EURI PR T /N RURE A58 AR A IS, REAS B A2 R, Bt
ARIPURA L i, A TG T ARG A B BRI, 56 TR DX UROULAS SR 8 7 ik 25 1 I b RS R 4L
AR, BARTE/INE B AR BEAS AR SRS IEAN 125 | (H BB MR BE i 7 AR SR80 A9 2 MU AIE | AT 0 14 2 [ R 4L
PRCR Bl Z WOk ISAS AR AR . S LA 252 T 9 A B T 8 FP e 2 [ S B A Sy R I e B 25 5 5t
WL S AL s ADETEH 35 SEULAE M, BB Y S 1550 R LRSS oo P (el 2 e ) 1) 245 A4 B 45 07
T R R AR BRI NI S AH AR 0 4, b A 28 8 Y AL R AR S R ST S i
WAl BT ERAGS R AR U OC T SE ST R PR A R H R A 2 R R i A
BETHE AT R InVEST A7 REAS i 80 HERf (19 DA I URE DI ) AR 35 oo, R IS IR A S5 415 B30 2 1) 23 A1 A%
Jet7 InVEST AERIAE BT A5 UUAS Jay A8 A0S A= 158 A 1) 5 ) ) o A DXt 2 R oA A 1) A B AL
AR PP Lt )P £ 80t T R 4 42 ) A 25800 > A5 5 AR 2 T T2 A

g A S MR A F R S Sy | JE PR v BUBM & 2 B IX . N DA R UE IR S B T Aok FE 4K
Ko AR DX Rl e i o ] e Ak T Py 22— Rl RO TR, VR O FR B PR 22 B B AT P b, 2
LR el TR, TR ST PR T 58 O R AN W o 9 R P Y U S R 2 TR R W VB
DA S EREE A ) A < SRk LB 4 LR LU (4R 1 S 3 2, AR S IREE D A0 A B B . M S RN
A B S A B A A RUOR AP Y e ZE R, X DA ] 2 ) A Jmy HEShER (0 4 S, et AR S B nl 2 B oA
HE SRS, AN ST o iR IS AR T DX Rl e e 2R 5 oA A TIN5, o W A [ 45 40 A 5 o BB )
ARSI AL, I AR5 AR S 2 B DN 3R T T e S AR 48 D00 582 W) £ 355 I 2 (1) 73 e 5 BF [ 35 72 O 3R 2l PR 3R
X T DX A A 35 A AT — R B e S B S

1 REHR
TG IX ARl 2 1 T 23°36'N—31°30'N, 116953’ E—122°08'E 2 Ji] , FiFRZY 1.17x10° km? , AL I 158

http ; //www.ecologica.cn



34 SRV A T A P B AT DX Rl 2 417 A 5 o I 2 A T S 939

Vg DN E R L I (AN RN N T

z 117°00’ 118°30’ 120°00’ 121°30'E i
T RIT = MM IX 7R R 5. J?—%%EHEI?}?\@{%%Z g F[ : ‘ 5
WAL N WA NI R SR e, B
DU T (1), X PUBAT IR TR AL, e K e \
WA, A SRR AR, Sl g
ZVE Sk T R 2018 AEEL A B M T | &7 e
=T GDP T IE, KB I RN KIE S »« _
RO —, DB ATHSE  2F ame L .
MRS X P S FELBETATT | W S b P
W, S .
2 WRSFE o - % i
(') N T N

21 Hefiki [ S NE

19801990 ,2000 2010 2018 4 5 HH 4 Hb F1] F #54f al ié‘?g’% «
DEM %4fi (SRTM ) SR T ey [ B2 B B YR PRI R 2 5% - jgfi%
ot LHRUIBR S FAA 30 m SSAIBBRAY 5|1 ok 1E
A SRS IE, B BT X G & InVEST | 7 S e “
BRSO LT R 90 m, #E AR T 0700 18300 120°00E
GRS R RIER R T R B SR, SiR LT N

A2 ﬁﬁﬂmﬁ SOPHT, B—R H 2018 AR 2k, A 4G Fig.1 Location and terrain of the study area

B TR AT, R T RATEGL S, TR

TR ARG DRI ST R BIER R . LR RSO R BT fs FL Sk T Rl A bR AP M | bk
by AR, |2 7 e R b, | PR e R b, (IR R R R, IR W K PEDTIE LR MR BT L AT R
B HAB B R 3 K 19 R

22 BRIk

2.2.1 InVEST #&#!

InVEST ( Integrated Valuation of Ecosystem Services and Tradeoffs ) 5.7 J& 32 [ [ SR WX AT H 4 & 19 FHT
TGRS R GRS e LA B S E S REEHMPOR B RS T 20 24 E ZAh X
2 )RR A 2R XU A8 B A5 AR A e S rp A5 2 732 27 Hidh Habitat Quality #5332 25 H]
T S BRI AROS 2 g e A B SIS RN o g A X RURR A | A S A% 5 B U =2 TR B o - b 7
A= ) 22 R P U DR 28 1155 I8 2 WA 5 T e P 2 SR AR A 5 (L v 1) DX I R A% B At S 4 A ) %2
REVE B A TR | A 358 STt (R IR A DX U 27 2R ) AR R 0 T 5 e P | K A2 RE 0 AR AT, BRIV AR 358 o o
(BB, AR S IR 55 R T B

A IR 3R A B A2 U PR 5 ) s R AR i PR %o A S O A 0 o 2 R SR BURR |
HHRA 2,

.
do,

Iy = (1)
2.99
exp| = | - xd,

ij:z;zj'(

wr
2” ] X ry X irxy Xﬂx X S/r (2)
w
r=1 r

http ; //www.ecologica.cn



940 xR 43 %

A, i, S y SRR R XERIE x SR d SRR « Ry Z BRI ZRPERE RS s d R R r B B R AR
FEEES; D, o LR FHSERL j thiA « B9 AESERILIE 5 o, AR EUP R 7 ROACER 5 r D BB RT3 5 5 B, DA
UK 5 S, AR AESEER AN TR U R 7 OB B2 2R SR IBAR A T 0—1 Z 1], (B R IR fL e JiE
IR

A 358 T R DX A 5 B ) T B AN (R, TH A OR

D,
ij:ijX|:1 _(Dz.-'l-kz\]:| (3)

S, Q. L MR b o AR s 1, ORI b (R BOE R s b IR L,
A BB E 2 O— 1 22 ], (R 25 B PR B A

FRARBFIC X BRI, 5 M1 S0k ) ok I T SRBUH b AR R 5 A 2 R
TR PR B B DR T, 50 8 2 BRI T 0 R A B KSR B 25 W00 (56 1) B Ha2K it U 7
B R R (% 2)

®1 HMWEFREMEREE

Table 1 Threat factors and their stress intensity

R T A RIS FEIRAA
Threat factors Weight Maximum impact distance/km Decay type
JKH Paddy field 0.8 1 2t
B b Non-irrigated arable land 0.6 1 2tk
WA A ML Urban land 0.8 3 8y
4K 8 B A5 Rural settlements 0.7 5 %y
HAts @B HIHL Other built-up land 0.7 2 o3
A FHHL Bare land 0.5 1 £

F2 AELHF FAHRB R EF RS E
Table 2 Sensitivity of different land use types to threat factors

TR F- Threat factors
AR ALIES é%i K "™ fbppry b
Land use type Habitat Paddy Nun-qij'rigated IRAE T b Rural . &Fﬁlﬂl R F FH
suitability field arable land Urban land cettlements Other built- Bare land
up land
7K H Paddy land 0.5 0 1 0.8 0.6 0.7 0.4
b Non-irrigated arable land 0.5 1 0 0.8 0.7 0.8 0.4
H M Forest 1 0.6 0.7 0.9 0.8 0.8 0.5
HEAM S Shrub 1 0.6 0.8 0.8 0.6 0.7 0.4
BiAkHEL Woods 0.8 0.7 0.7 0.8 0.7 0.8 0.5
HAth At Other woodland 0.7 0.7 0.7 0.8 0.7 0.8 0.4
BV 35 5 B Dense grass 0.9 0.7 0.6 0.8 0.8 0.7 0.6
7 55 B RO Moderate grass 0.8 0.7 0.6 0.7 0.7 0.7 0.6
IR 7 35 S HE M, Spare grass 0.5 0.7 0.6 0.8 0.8 0.7 0.7
4 Stream and rivers 0.8 0.3 0.2 0.4 0.3 0.1 0.1
W1 Lakes 0.7 0.4 0.3 0.4 0.3 0.2 0.1
JKZEYTIE Reservoir and ponds 0.7 0.3 0.3 0.5 0.3 0.2 0.2
W% Beach and shore 0.8 0.5 0.1 0.1 0.1 0.1 0.2
WEHL Bottomland 0.7 0.5 0.2 0.2 0.3 0.2 0.3
IRELA M Urban land 0 0 0 0 0 0.1 0
AT 5 B 5, Rural settlements 0 0 0 0 0 0.4 0
HABFEBEHIHL Other built-up land 0 0 0 0.6 0.5 0 0
AF| I Bare land 0.3 0.4 0.3 0.5 0.4 0.4 0
EK Sea 0.8 0.1 0 0 0.1 0.1 0.2
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PR HF D S P L K 2010 4E RS T LUK TR

1980—2018 4F[1] 4 it F P 28 28 Ak 1) s AR K 2.30%10* km?, (5 AR X AR Y 19.58% , i b 1t AR
AR 7177.83 km® WK 1102.17 km® | BEHEAHE DR 683.90 km® , E i F i 19 K 8658.68 km® , A [
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Table 3 The transfer matrix of land use area from 1980 to 2018

A By i sy S if KAk it

Land use type Farmland ~ Woodland  Grassland Water Jand Bare land Sea Total

#H Farmland 24276.24 2756.52 376.74 618.67 7259.21 3.75 18.71 35309.83
it Woodland 2163.15  57077.85 1929.02 204.99 997.23 12.98 26.93 62412.16
HiHh Grassland 393.42 2529.03 6995.36 34.48 279.72 14.27 12.96 10259.24
K3, Water 607.65 144.56 72.52 2470.14 527.77 11.45 24.66 3858.74
BT Build—up land 525.48 100.14 24.21 88.17 3286.60 0.17 3.62 4028.41
KA FHHL Bare land 1.97 25.40 3.66 0.85 3.25 21.23 0.15 56.52
57K Sea 164.08 26.81 173.83 455.28 333.30 35.90 309.60 1498.80
J3 Total 28132.00  62660.31 9575.34 3872.57 12687.09 99.75 396.63 117423.69

R (3PN R 3a i e 518 A R A iR = a1 Ay B g 3 i 7 3 B A sy N s | 21 N 1 O R
G i 1 1 2 3 1 e oy v 2 g 2 B I 1 DTN R3S G A R 218 1 e
Atse R BT P SH ) MR S B T st R B A 1 A5, R - st A AR Al B b TR I, A2 L S A s
VR A RE I, - R AE AR A/ s KT A UV I UMV A 2 | 6 M DR S 5 1 X 52 D8 V18 Sk 1A 2 D 0 5 [P B A
M) =2 R I Ry K Sl B b K K, i S o R BT L R A DR AE (1 2)

3.2 ARifgDXORRE R A B B A
Jui H] Habitat Quality BEAITHE ] 1980—2018 4P 7 1 DX A il Vg o Ay b DX A 58 o o, 4 A= 455 Jo k5 ) BEL 93
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Fig.2 Land use change in the continental coastal zone of the East China Sea
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BN, A BE T /R T R, 2000 2 2010 AR5 & J kT b it R AN Wt | AR B B T MR i I e, Bl
[ 50T R B A A4 T ) oI U 2 0 AR S PR B DR 4P 15 it 1 A Jmy 5 S, 2010 2 2018 AF A= B o i T e i
2%

32 4 T H1IX PN i 2 25 B A 5 | a8, 2000—2010 4EBE KR 22, 208 i T Ol i3k i Ak S 804 45
Fr i BEP R i S B R, OB ARTE £ (LSI) HRRAEBEHI R Ar A5, XN LSL SR i, A BE B
FROUFREEHE K, 2000 28 2010 4EFF LR LA K, LSI HE K B 22, AR SR B BN R DU P2 B e R, & B 4R B A i
SR FP BRI 1 P SRR R S Rk A, v e A 15 I S O v 1 R R S B e R A B T R R i
MR WSO A Z R B R % A8 R, SO AR AL RR FE R . 1980—2018 AF &5 4 B 5 BUR A B AR I 1%
RPN, S X AE B i O R . R AR B B 3 5 B R EIORT DA S A ] s B S L 22
PEAR AR, AN [FIAFAR A Uk S A M B0 TR U8 W BRE B IS A3 in a3 25 BESR 2S RUAE 5o v 32 B4 1k 3 A, iF 9 IX A vk
YIS AR EOEIE T 1 FoR R B RAR, UL A B S A BB A AR S5 H A R B A sl i TS
I3A

*4 AEEMEERESWNIER
Table 4 Habitat quality landscape indicators in different years

SRR B R NGEE U2INE R E 2 S e U I TR AL

JENN 2 91E iR
) Average habitat Edge density/ Landscape shape XL&_*E%( Shannon's diversity Shannon’s evenness
Year ¢ ) X Contagion index . .
quality value (m/hm”) index index index
1980 0.7671 26.1296 230.1417 51.3416 1.1153 0.6930
1990 0.7630 26.5674 233.8934 50.7507 1.1278 0.7007
2000 0.7622 25.7047 226.5008 50.8750 1.1346 0.7050
2010 0.7400 27.8868 245.1994 47.6874 1.2011 0.7463
2018 0.7270 27.6506 243.1757 46.9948 1.2231 0.7600
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Fig.3 Habitat quality distribution
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WS P H HAE ERRATARE R 1.5, WIEIRE 1980 = 2018 4ERRMRAE BT A E I MAh , A S
BITFE, B RS AES R R, FOR L A SSIE S A 5/, 8RS 918 F8 500T LAFE— e RE I 1

SOWZRA RTR A FRIE , (HAK R 2R oL )3 U T | BT 2R BB TR0 F8 BT K R AN R 4
A SR A2 ] LB A oA B T AR A SR , R AR (R 5) .

R5 1980—2018 FARERERRERUEFISHR
Table 5 Landscape pattern indicators of different classes of habitat quality from 1980 to 2018
T AINAL -2

L . " R F , o 5I315048%
o \ ) T B L a1 e O LU Rk
i AR HR . PR IRAE 5L . Interspersion
a Y Avea/hm? Patch density/ Largest patch A ohted Area-weighted | uxt .
ass ear rea/hm (A/ha?) index/% rea-weig| .e mean mean patch and ]u'x aposition
shape index ) . . index
fractal dimension
{% Extremely low 1980 403075.44 0.2029 0.1293 2.2150 1.1045 40.4752
y
1990 477227.70 0.2025 0.3186 3.1597 1.1241 40.9616
2000 586820.70 0.1998 0.4629 3.4821 1.1332 41.8093
2010 1021934.07 0.2094 0.9437 6.1810 1.1719 54.0384
2018 1269056.97 0.2029 1.2030 5.2028 1.1618 59.7620
BAK Low 1980 5659.47 0.0022 0.0094 2.7520 1.1256 78.0116
1990 5898.42 0.0023 0.0094 2.7281 1.1250 76.8963
2000 5243.94 0.0017 0.0028 2.4565 1.1222 82.0089
2010 5497.47 0.0019 0.0026 2.3909 1.1177 85.1201
2018 9990.54 0.0020 0.0110 2.5122 1.1177 88.8488
FP4E Medium 1980 3670350.57 0.1944 7.0453 34.5218 1.2951 74.2142
1990 3633052.50 0.1973 6.7707 35.5818 1.2960 74.5719
2000 3471289.83 0.1876 6.3030 35.9845 1.2959 74.8789
2010 3080820.42 0.2077 4.5060 28.1681 1.2783 76.3974
2018 2916803.52 0.2077 3.9711 22.8235 1.2656 76.0529
7% High 1980 1784979.99 0.2502 0.9209 6.5205 1.1799 60.0082
1990 1759899.15 0.2561 0.5366 6.1524 1.1772 60.3507
2000 1681957.71 0.2160 0.4794 6.2225 1.1778 62.0402
2010 1793715.03 0.2399 0.6754 6.4030 1.1779 65.8803
2018 1739714.76 0.2379 0.6833 6.5488 1.1774 67.1963
5 Extremely high 1980 5887822.77 0.0683 22.4285 80.2297 1.3444 55.1401
1990 5875810.47 0.0682 22.4180 80.3241 1.3451 55.5830
2000 6006576.06 0.0596 23.2914 77.8231 1.3409 55.2429
2010 5849921.25 0.0661 21.0055 74.9848 1.3382 61.6854
2018 5816322.45 0.0652 20.7997 75.7020 1.3389 63.8241

3.3 WHFIH
N F RS g (KT (& 4) , 1990 AF R0 DR - X A= 35 [ ek 0 A B R 8 vl o > - S S0 > 15 PR i 4
B> SR 652 >CDP> A 85 B >SS MK > 28 1o . v] UL s RS 52 MR 1990 47 358 o it 43 A7 11 2
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