5 39 %45 20 1 *E &~ 2 Eild Vol.39,No.20
2019 4F 10 A ACTA ECOLOGICA SINICA Oct.,2019

DOI: 10.5846/stxb201802060321

XM, 2540, EEFE, BRIKHE, ZEWes 5608 95 B T A A5 R G RSS9 SR M 125 - 0000 = N T ol DX ol A 25 32 3 P 3P A A 5 23k, 2019, 39
(20):

Liu Y B,Li BQ,Wang Y J,Chen L L,Li X W, Hou X Y.Evaluation of Ecological Connectivity in the Coastal Zone of Laizhou Bay-Yellow River Delta Based
on Ecosystem Service Value.Acta Ecologica Sinica,2019,39(20) :

BT A R G0 IR 25 40 0 60 N - 5 = S
B 35 4 75 25 1 M AR A

) E2R " EE R E 2D Mk Ewekk EHF
| P EBEBCN GRS, A 264003

2 REREBE R, JEa 100049

3 hEPBEBG R R S A S S E E AR, MG 264003

TE T 5/ BRI (MCR) flA 2 %W‘é%ﬁz(ECI) X SREPH 5 - B T = AR U I e DX 3 A 250 S R A T R A R
SER IR (1) M-S ] = ﬁu)ll{i;”—dﬁ?l“hki AP A O S P A A AT, DAV e A Bt g v 1) 9 00 5 2
SRR (2) 2000—2015 AEA TS ﬁ?‘éﬁt%ﬁiﬁﬂ%ﬁé@?ﬁ%ﬁ% , TR FE IR 12.69% ; T 16 1 52388 45 SRR it 1 1%

fﬁ':i"i)\—rFﬁiﬁ"{%%%’ﬂﬁﬂj’fgﬁiﬁ_%%ﬁ TR Bl Sk 2 257U A 0 A AL AN AR 5 Ak 3, NN - BUE S R G IR 55 D RER Ak B 7S

ér«@‘ﬂi& (3) SN S5 IT = A T 7 DX 3 e 25 3 2 A T A KK T AR AU 3 e AT a2 3 P 40 A T AR o B i R 4%
P Xl 2 ) YK — S R A5 0 A R A AR A A AN T) S A 2 T A3 AT X A AR A S e T AT B R A R

%ﬂﬁ%ﬁ?ﬁ%ﬂl SH SN R A S RGN R Y R RER B A BRI LA, BF 0K N S M -]

SHANAES RGBS SRR R S %

KRR SIS AN R AR S RS IRSS A ; AR AT

Evaluation of Ecological Connectivity in the Coastal Zone of Laizhou Bay-Yellow
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Abstract: The ecological connectivity in the Laizhou Bay-Yellow River Delta coastal zone was evaluated by using the
minimum cumulative resistance ( MCR) and ecological connectivity index ( ECI) methods. The results showed: (1)
obvious gradient variation in ecological connectivity in the Laizhou Bay-Yellow River Delta, with the coastal beach zone as
the centre and decreasing to both sides; (2) a significant overall downward trend of the connectivity index from 2000 to
2015, decreasing by 12.69%. Infrastructure construction, such as urbanization and transportation, has caused agglomeration
and expansion of artificial obstacles, aggravating the trend of fragmentation and islanding of the ecological landscape,
resulting in the degradation of ecosystem services and decreasing ecological connectivity; (3) generally low ecological

connectivity in the Laizhou Bay-Yellow River Delta, with the areas of extremely low connectivity and low connectivity
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accounting for the largest proportion while the area of higher connectivity showed a trend toward secondary or lower level
connectivity. The transfer and distribution of different levels of ecological connectivity areas reflect the change of ecosystem
pattern and material, energy, biology, and information flow in the Laizhou Bay-Yellow River Delta under the dual influence
of human activities and natural factors. These results provide relevant scientific reference for ecosystem protection and

integrated coastal zone management in Laizhou Bay-Yellow River Delta.

Key Words; Laizhou Bay-Yellow River Delta; Land use; Ecosystem services value; Ecological connectivity
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Fig.1 The location, scope and outline of Laizhou Bay-Yellow River Delta
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Table 1 Summary of monetary values for different land use of the Laizhou Bay-Yellow River Delta

Wik TR ik AT

- o N ; i : , A
S K L T e
Ecological service functions Farmland Forest Grassland Inland Coastal Shallow Human made

Unused

freshwaters saltwater water wetland

L . 559.79 2753.18 10975.88 296.69 10230.04 17316.74 37846.40 15.08
Food production
Bk
‘T')Mﬂ-d—:}t 218.32 1666.64 497.23 195.93 6160.12 213.2 0.00 0.00
Raw materials
AV

. 946.05 1399.61 368.32 1438.67 49870.29 4660.49 0.00 0.00
Gas regulation
JKSCH AT
KA . 431.04 1758.72 552.48 10507.29 11206.08 246.34 9010.57 45.62
Water regulation
; b ¥
et 778.11 64.46 690.60 8312.91 1492839.85 0.00 0.00 15.08
Waste treatment

4+ g
{%#‘?i * . . 822.90 902.38 405.15 229.51 36592.42 176939.08 0.00 30.41
Soil formation and conservation
W 2R Biodiversity 570.99 10101.13 11178.46 1920.08 157805.95 1148.40 0.00 517.41
1SR AL Recreation 95.17 9115.88 1777.14 2485.47 20193.05 7135.15 5070.21 15.08
B3t Total 4422.37 27762.00 26445.26 25386.55 1784897.80 207659.40 51927.18 638.68
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Table 2 Division of ecological functional zones of the Laizhou Bay-Yellow River Delta coastal zone

IR ]
AT PBIRHE g st o
X . . Discriminant i
Ecological functional area Land use type Coding
standard

KAZSIX Water ecological zone 100 hm? IR U WA K EESTYE T O KA R,
TV A 25 X Coastal wetland ecological zone 30 hm? W =AU MG R,
M A A X Forest ecological zone 40 hm? AR HL B HE BRI LA bR R,
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Table 3 The change of ecological service value in the Laizhou Bay-Yellow River Delta

R 2R 2000 4FHH i/ (10°78) 2015 AEA{E/ (10°58) A fkhb(/10%70) A/ %
Land use type 2000 value 2015 value Change Rate of change
Fr#th Farmland 63.26 62.16 -1.10 -1.74
FRHL Forest 17.99 16.84 -1.15 -6.39
b Grassland 55.82 39.19 -16.63 -29.79
AL b Built-up 0.00 0.00 0.00 0.00
P i 7K 44 Inland freshwaters 32.20 28.6 -3.60 -11.18
WM HL Coastal saltwater 3718.09 2013.34 -1704.75 -45.85
R IF/KIK Shallow water 738.16 722.33 -15.83 -2.14
N T 353 Human made 66.48 129.06 62.58 94.13
KA Unused 0.59 0.41 -0.18 -30.51
H3t Total 4692.59 3011.93 -1680.66 -35.82
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Fig.2 Spatial distribution of ecosystem services in the Laizhou bay-Yellow River Delta
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Fig.5 Ecological Connectivity Classification map of the Laizhou Bay-Yellow River Delta
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Fig.6 Change rate of ecological connectivity index in Laizhou Bay-Yellow River Delta

PES A THFR LU EE N 41.09% (43.78% ; HH A5 1 38 1 23 A TR o5 LUK, 43501128 9.13% 8.07 % 5 38 i 2 3 P 43 A T
TR o5 L EAR /S, ey i 8 M 4.58% (3.42% , W e i@ R 3.47% (1.35% , i iy i 38 M 2000 42K 2.37%, Tiii
2015 4FAU R 0.04% , 2015 AFEAR AR A - 322 38 44 o A7 T AR KRS, w45 3726 388 1 29 A1 1T FROK P22 R e B %
JIN B R A A A TR A e i A T ) T R A A A R AR A T AR KR DA [ P S
PRSI RT ,2000—2015 A1 AR 300 14 X 3ok 8 L Ay Wi A0 2 30 1, o 45 34 30 A DX A Ay 0 2 3 e
Te A DX S RS A A A S B 2%, AR B A Ry R A A o e DXk T ] v v A PR A A I e i
PE DX sl D i 3 ) 320 Ay v e S RO e A L A [R]E SE E  R S A S et N DRI Sl 1 SR PR R L
T3 T il A R A A AR S R e N e RE R AR ME B A AL

F4 2000—2015 F A A FEEUFRERXIBEREBLERE/hm®

Table 4 Area transfer matrix of different levels of ecological connectivity from 2000 to 2015

2015

2000 WMt t:  EE s PEEEY EEEt et Rt &t i b/ %

Extremely low Low Medium High Very high Highest Total Proportion

M A0 1 Extremely low 1072872.65  51370.51 0.00 0.00 0.00 0.00 1124243.16 39.35
Rz @ P Low 165199.43  995615.28  10366.74 1627.74 1156.68 0.00 1173965.87 41.09
A M Medium 152.91  138112.73 112782.86 5948.71 3964.86 0.00 260962.07 9.13
EEYE High 3.06  36974.52 64198.58 27211.57 2482.72 93.47 130963.92 4.58
B 5 EE Very high 0.00  24186.96 27020.25 46961.91 1026.99 65.61 99261.72 3.47
R YE Highest 0.00  4590.54 16216.29 16053.66  29849.22 1083.34 67793.05 2.37
At Total 1238228.05 1250850.54 230584.72  97803.59 38480.47 1242.42 2857189.79
i [t Proportion/% 43.34 43.78 8.07 3.42 1.35 0.04 100
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SIS Y] = A N Sy XA [ = b R P PR 8 A 2 3l MR 45 4 BT s (35, AN TRIAR O A [ b+
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50% LA L, 5 FH iR ARG %6 8 1 be S A K, I S R IR 2, B AR S PR 1Y 509% LA L (R SE PRI 1 35% L L
o A DX Sl T LA, VR VA T DX ek, T v T R M L AR, 5 2000 AFEAH L, 2015 A
TV b 3 S R T AR B, 2000 AP A R HE P iR K, R 45.36% 1R I i AR IR 22, 430 o B 21.55% ,32.
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Table 5 Different land use types of different ecological connectivity grade area ratio in 2000 and 2015

— AR 3423 I 3 rh%‘i?iﬁﬁ %}ﬁé@@ ff&%}iiﬁiéﬁ E’a%i@ﬁﬁ
Land use type Extremely low Low Medium High Very high Highest
2000 2015 2000 2015 2000 2015 2000 2015 2000 2015 2000 2015
HiHl Farmland 60.46 6499  36.72 33.61  2.47 133 034 007 001 0.00  0.00 0.00
P Forest 19.53  19.47 719  72.83 408 432 3095 3.00 051 036  0.03 0.02
HiHh Grassland 2176 3047 548 5526 1596 10.38  6.88 382 058 007  0.02 0.00
UM Built-up 56.57 5475 38.95 39.11  3.31 5.61 1.14 052 003  0.01 0.00 0.00
MFEKAK Inland freshwaters — 28.11  36.58  47.28  49.71  14.13 9.61 9.67 4.08 0.79 0.02 0.02 0.00
TEHFIRHL Coastal saltwater 000 000 002 085  0.64 1135 21.55 5335 4536 33.39 32.43 1.06
HHEK B Shallow water 0.62 202 62.82 7072 28.08 2288 8.0l 425 045 012 0.02 0.01
AT % H Human made 0.13 1.09 516 7316 36.97 2325 1123 249 007 0.0l 0.00 0.00
FH I HL Unused 2049 3356 47.17 43.64 16.22  20.03 6.81 2.76 0.28 0.01 0.03 0.00

A [R) A= AR R AR BUE AR (2 6) , H AR SO RSV S/ | N T30 AR S i, e A
TR E A i 2, IR S U FH R T 3030 bR 2, TR R B AR AR P b T AR e D 3 A
by VRV AR T FRUS A 2D AN [ b AR P 26 78 37 3 M S ) TR RRAR AN ] A b AN AT 32 3 1k T RS i e 22
rp AV A e AR D B S PR I A e T AR I 22 s b A T T RO D B s R (I
T P TN AV 3252 308 P A5 TR A MR o e SR A3 38 A DX T R o g Ay b 3 5 Vg Y b I 5 e ey A 12 T
FRBEMR R, Hpr | e 8 300 M T AR P 8on 3  3 b E 0 30 e AR O 322 30 e e R o v 32 30 e v AR
WD s AR HBAE T A 4 2 30 1 T AR A | AP 3 P T AR e 22 2015 A AR AT 372 30 P AR AR 2 3 2 T AR
HER A 2, AH EE 2000 A5 G4 8 P DX AR i R, 80 1139848 7hm , A4 i PR BT 1S 76884.67hm” ; Hh 4%
T 38 PR X B /D 30377.35hm? i VE PR /D 33160.34hm? i 5 i 38 1 X 3l 16 AR 2D 60781.25hm? , ik () 14 3
WD 2 Ik 66550.6hm?

£ 6 2000—2015 EALE LA AXRBARERESEBESHERHENL /b’
Table 6 Changes of distribution area of ecological connectivity for different types of land use types from 2000 to 2015

EREER R T T A T &t
Land use type Extremely low Low Medium High Very high Highest Total
b Farmland 48726.08 -52816.47 -16580.10 -3895.13 -182.49 -18.37 -24766.48
PRI Forest -842.22 -2421.49 -21.23 -739.24 -115.07 -5.97 -4145.22
FiHb Grassland -771.04 —33788.50 -18303.94 -8859.22 -1125.12 -47.24 -62895.06
L Built—up 59617.38 46120.91 12056.78 —-869.89 -45.73 -2.60 116876.85
i 7K 4 Inland freshwaters 5565.31 -3961.41 -7090.70 -7677.99 -982.90 -28.59 -14176.28
T EHL Coastal saltwater 0.00 910.50 11460.24 15302.86 -56824.39 -66358.93 -95509.72
At 7K 38, Shallow water 4837.13 22694.31 -20229.63 -13689.22 -1180.18 -56.43 -7624.02
A T35 Human made 2548.04 115767.53 10453.91 -8190.00 -72.43 -4.31 120502.74
AFHH Unused -5695.81 -15620.71 -2122.68 -4542.51 -252.94 -28.16 -28262.81
A1 Total 113984.87 76884.67 -30377.35 -33160.34 -60781.25 -66550.6 0

3 g

SR T -8 T — A YN AT DI 2 e M 2 18] A 12 B — s A LR, A ) A P Bl T B 8 7 AR
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SN VS - B TAT = AR YN IR 707 DX A 2853 3 e AR Ak~ 3 I /K S A0 A 325 38 4 AR AV, o2 308 2 A TR ) o L
K, 2000—2015 4F[i] , A Al PR HE O R S BB i T B R 5 BRI AR 12.69% 5 BRAICFIAR K - 728 38 7 X
B LA BT RSN, v A 3 A T RS AR IR B /I, A e T 3 T AT TR B 0 5 DA [ o7 3 M A
FRERRS AR AT T T, A0 e 2 30 P DX 3 ) v {32 3 M A8t e A 720 A0 3 82 1) WK — Sl O AR A 0 37 3 P I
AR S [ P e A A S e N ZISTE Bl AT [ SR PR 2R TR (10 316 M 725 - B YT = A IR 2 st R AR Ak
KA e AR R B R AR LA

4 itig

AT AR A R G FLIRIRBER A ST oM B I B o 15 BR A 7, 1 D AR 28 P 23 15 2l i B 4
B DXFN TRl S e 1 A2 HL X, AR BR RS AL M N ZIH SR 095 55 & 1 1 A AR BT 1 e 1 22 T IR Bk e
HEZSESS PRI | 2l R R S PRI 2 At 2 B AT R R AR T s TR TR ) o SRS - BT — A N 2 TR
(e 7 DSBS R A M) H LA R 22 B At 2 R Jre ) B RN A 52 | RO R SEL T 7 i e PRt il i A it R AN 52
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AR I, 85 ST e DX A A il P ]t SO « G 2 3R N S - BT =y U 2 P At e A A 3 5 ) P
VAR, TN BRI 5 B A W B UL, el S R A A R ORI IR S R B R 5 i iz X i e 2
T8 A S A ZS PR AP B A 0™ 2 B0 i 5 IR A 25l PRI O 22 i 28 RUBE A 85 1) 2R 25 K R IS
AR 50 0 P S I PR T 5 A B ELAT B B0 A A PR DX I 2% R AR 2 il P AR T A A R G BT S0 5
SO0 DX Il A A SRR T PEA M A TR AR R SR IBUE & B A5

AR T A 25 I 55 BV A 3R S T = A IO 5l DXl A 2 3 e AP, By T g o i 7 A 2 R 554
(6, —E R Ll A AR T Az BT UGS i i i, 7% P e o /K S, G330 A A 25 2l PR 1R 2, T
AU A 25 M (B IRE X, SR AE LR B W% X I 35 P ) B R 15 L AT X 2 AR, L A
JE R XA A A, ol T R XA TR 2 s Bk 2z i W R R AR (s B A L i R
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