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Evaluation of ecological connectivity in the coastal zone of Laizhou Bay-Yellow

River Delta based on ecosystem service value
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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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Table 1 Summary of monetary values for different land use of the Laizhou Bay-Yellow River Delta
17 18 18 17 18 16 18-19 20
21
Ecological service functions Farmland Forest Grassland Inland Coastal Shallow Human made Unused
freshwaters saltwater waler wetland flusec
. 559.79 2753.18 10975.88 296.69 10230.04 17316.74 37846.40 15.08
Food production
. 218.32 1666.64 497.23 195.93 6160.12 213.2 0.00 0.00
Raw materials
. 946.05 1399.61 368.32 1438.67 49870.29 4660.49 0.00 0.00
Gas regulation
. . 431.04 1758.72 552.48 10507.29 11206.08 246.34 9010.57 45.62
Water regulation
778.11 64.46 690.60 8312.91 1492839.85 0.00 0.00 15.08
Waste treatment
. . . 822.90 902.38 405.15 229.51 36592.42 176939.08 0.00 30.41
Soil formation and conservation
Biodiversity 570.99 10101.13 11178.46 1920.08 157805.95 1148.40 0.00 517.41
Recreation 95.17 9115.88 1777.14 2485.47 20193.05 7135.15 5070.21 15.08
Total 4422.37 27762.00 26445.26  25386.55 1784897.80  207659.40 51927.18 638.68
0
1.3.2
( MCR) “ ”»
15
Knaapen N
MCR :fmin Z Dy X Ri ( 2)
j=m
: MCR S
: Dij Jj 7 R, i o
[ ”»
« »”
23-25 2 .
2 -
Table 2 Division of ecological functional zones of the Laizhou Bay-Yellow River Delta coastal zone
. . Discriminant X
Ecological functional area Land use type Coding
standard
Water ecological zone 100 hm? N N N N R,
Coastal wetland ecological zone 30 hm? N R,
Forest ecological zone 40 hm? N N N Ry
Grassland ecological zone 60 hm? N N R,
[3 ”»
26 .
CV,=(ESV,, ~ESV)) /(ESV,,~ESV ;) (3)
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cV. ESV, ESV_ \ESV,_
1.33
( ECI) N N
dz = 2 dri ( 4)
r=1
In( 1 +(di _dmin))b
ECL, =10 - 9 (5)
ln( 1 + ( dmax - dmin) ) ‘
d, I vd, i r Y7 SN
dl“i" dl ECI
N b<<a B2 a=b=1; ECI, i o
2
2.1
211
- 3 2000—2015 -
- 2000 4692.59 2015
3011.93 15 1680.66 35.82% .
65%
1704.75 45.85%; N
16.63.15.83 N
1.10.1.15.0.18 30.51%; 62.58
94.13% o N N N N N
3 -
Table 3 The change of ecological service value in the Laizhou Bay-Yellow River Delta
2000 /(108 ) 2015 /(108 ) (/108 ) 1%
Land use type 2000 value 2015 value Change Rate of change
Farmland 63.26 62.16 -1.10 -1.74
Forest 17.99 16.84 -1.15 -6.39
Grassland 55.82 39.19 -16.63 -29.79
Built-up 0.00 0.00 0.00 0.00
Inland freshwaters 32.20 28.6 -3.60 -11.18
Coastal saltwater 3718.09 2013.34 -1704.75 -45.85
Shallow water 738.16 722.33 -15.83 -2.14
Human made 66.48 129.06 62.58 94.13
Unused 0.59 0.41 -0.18 -30.51
Total 4692.59 3011.93 -1680.66 -35.82
212
2. 3 : 2000 2015 -
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Fig.2 Spatial distribution of ecosystem services in the Laizhou bay-Yellow River Delta
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Fig.4 Spatial change distribution of ecosystem services in the
Laizhou Bay-Yellow River Delta
5 -
Fig.5 Ecological connectivity classification map of the Laizhou Bay-Yellow River Delta
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222
2000—2015 -
12.69% 5 4 2000 2015

http: //www.ecologica.cn

39.35%+43.34%



20 : - 7521
6 -
Fig.6 Change rate of ecological connectivity index in Laizhou Bay-Yellow River Delta
41.09% 43.78%; 9.13%.8.07%;
4.58% 3.42% 3.47%+1.35% 2000 2.37%
2015 0.04% . 2015
2000—2015
4 2000—2015 /hm?
Table 4 Area transfer matrix of different levels of ecological connectivity from 2000 to 2015
2015
2000 /%
Extremely low Low Medium High Very high Highest Total Proportion
Extremely low 1072872.65 51370.51 0.00 0.00 0.00 0.00 1124243.16 39.35
Low 165199.43  995615.28  10366.74 1627.74 1156.68 0.00 1173965.87 41.09
Medium 152.91 138112.73 112782.86 5948.71 3964.86 0.00 260962.07 9.13
High 3.06  36974.52 64198.58 27211.57 2482.72 93.47 130963.92 4.58
Very high 0.00  24186.96 27020.25 46961.91 1026.99 65.61 99261.72 3.47
Highest 0.00 4590.54 16216.29 16053.66 29849.22 1083.34 67793.05 2.37
Total 1238228.05 1250850.54 230584.72 97803.59 38480.47 1242.42 2857189.79
Proportion/% 43.34 43.78 8.07 3.42 1.35 0.04 100
223
- ( 5)
o - 2000 2015
60% 2015
o 70%
50% o 50% 35%
o N 2000 2015
2000 45.36% N 21.55%
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32.43% 2015
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/%
Table 5 Different land use types of different ecological connectivity grade area ratio in 2000 and 2015

Land use type Extremely low Low Medium High Very high Highest
2000 2015 2000 2015 2000 2015 2000 2015 2000 2015 2000 2015
Farmland 60.46 64.99 36.72 33.61 2.47 1.33 0.34 0.07 0.01 0.00 0.00 0.00
Forest 19.53 19.47 71.9 72.83 4.08 4.32 3.95 3.00 0.51 0.36 0.03 0.02
Grassland 21.76 30.47 54.8 55.26 15.96 10.38 6.88 3.82 0.58 0.07 0.02 0.00
Built-up 56.57 54.75 38.95 39.11 3.31 5.61 1.14 0.52 0.03 0.01 0.00 0.00
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
Coastal saltwater 0.00 0.00 0.02 0.85 0.64 11.35 21.55 53.35 45.36 33.39 32.43 1.06
Shallow water 0.62 2.02 62.82 70.72  28.08 22.88 8.01 4.25 0.45 0.12 0.02 0.01
Human made 0.13 1.09 51.6 73.16  36.97 23.25 11.23 2.49 0.07 0.01 0.00 0.00
Unused 29.49 33.56 47.17 43.64 16.22 20.03 6.81 2.76 0.28 0.01 0.03 0.00
6)
; . 2015
2000 113984.87hm* 76884.67hm’;
30377.35hm’ 33160.34hm’ 60781.25hm’
66550.6hm” .
6 2000—2015 /hm?

Table 6 Changes of distribution area of ecological connectivity for different types of land use types from 2000 to 2015

Land use type Extremely low Low Medium High Very high Highest Total
Farmland 48726.08 —-52816.47 -16580.10 —-3895.13 —-182.49 -18.37 —24766.48
Forest -842.22 -2421.49 -21.23 =739.24 -115.07 -5.97 -4145.22
Grassland =771.04 —-33788.50 —-18303.94 —-8859.22 -1125.12 -47.24 —62895.06

Built-up 59617.38 46120.91 12056.78 -869.89 -45.73 -2.60 116876.85
Inland freshwaters 5565.31 -3961.41 —=7090.70 -7677.99 -982.90 —-28.59 -14176.28
Coastal saltwater 0.00 910.50 11460.24 15302.86 -56824.39 -66358.93 -95509.72
Shallow water 4837.13 22694.31 -20229.63 -13689.22 -1180.18 -56.43 -7624.02
Human made 2548.04 115767.53 10453.91 -8190.00 =72.43 -4.31 120502.74
Unused -5695.81 -15620.71 -2122.68 -4542.51 -252.94 -28.16 —28262.81
Total 113984.87 76884.67 -30377.35 -33160.34 -60781.25 -66550.6 0
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