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Fig. 1 Distribution of natural wetlands in the Yellow River Delta from 1991 to 2013
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F1 1991—20134F &= M & E A B MK R ER W FAE 1999 45 HGHE Ik /)N, HFLM 359.51 km?
Table I Area of natu:: I:e]:tgla;ridt (t)y;)g? 3in Yellow River Delta . U& /J\@J 204.67 kaO
32 HT=RAMBREMSWERENTTN
Natural wetland Year 321 HITZ AN B RIBHAKERE T4
type 1991 1995 1999 2004 2009 2013

Herbal marsh  566.38 531.00 539.40 465.51 320.20 228.81
Bush wetland  627.76  659.75 561.98 393.09 298.56 318.05
Forest wetland  91.68  91.11 12638 78.02 101.35 116.37
362.44 39945 426.62 353.21 266.82 120.17
Beach 209.61 267.48 191.80 25597 223.72 444.78
Water puddle  21.36 20.83  13.63  95.07 140.59 88.43
Estuary waters 0 0 0 0 0 13.87
Total 1879.23 1969.62 1 859.82 1 640.88 1351.24 1330.48

Salt marsh

FR2 1991 —2013FEET=ANEZEH X BREMER

Table 2 Area of regional natural wetland in Yellow River Delta

from 1991 to 2013 km?
Year
Each district
1991 1995 1999 2004 2009 2013
Yiqianer

211.67 204.99 215.07 211.29 199.58 201.83
management station

Yellow River mouth
491.69 540.60 545.57 562.83 499.15 601.12
management station

Estuarine
) 507.54 491.92 462.66 383.61 273.30 201.01
agro-ecological zone

Kenli
284.80 251.72 175.83 135.19 9591 56.09
agro-ecological zone

Shengli oilfield zone 356.76 353.74 359.50 315.75 276.17 204.67
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/T 306.53 km®. 228.71 km®; BRI X [ 4R75

ARSI H A (NL ) o438 NC ),
Harary 8% (H). SWAHA#E% (LCP ). Flux 8§
# (F). Area-weighted flux $8%4% ( AWF ), iK%
R (1IC) MInTREE % (PC) JE 8 4>
FRECTH BT = A DN E SR b s 5 1 R B A
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BEHLE A NL . H F1F P850 2500 F R, NL

SRUEM 658 TFEF] 313, Wb 50%0L b, H T84k
B 11 018.14 J5/0 5 2215.898, T FEZIA 80%, F
FEEOR D 50%A A7, 1SR i A 5 1) 376 38 1) T E T
PEFRAK; NC (HZ WK, SOl A B 7 455
BN 14 34013 65; LCP, AWF F55UE AR T %
HEH S TIC Al PC{HABIAR , TIC fe i #8502 0.05,
PC {HAESRFEA G, (BARERAE 0.1; AF5IIME],
B4 1995—1999 4EF1 2009—2013 4E4), 1IC 1 PC &
BAE T REta% BRI, BFFT MR 7 =/ TIC
1 PCHIIARE, SRS AW R R
322 HAZAMNRRARBRIIEZEDS
T4

JSUAE BT = A YN SR T R O 5 R
Wi R R, {H S A3 X AR S W 2 P AR A 1 A f
AR CE 2, B3), 1991—2013 4EWE], —T =4
P FIEECTR] 11 A5 B0 S AR B R FR 4 TIC FITT R
R PC HER PR, THE—T
TG B ARIEH ) SO H e, TIC AT PC {E
AE 0.5 VUIE, S SR, 1IC F8 5B 0.159
HEhnE 0.293, PC FEELE M 0.203 341151 0.360 ;2000
AEZHT, BERI0 X E SR PR T — 2 13 42
B, 2000 4F2 J5 2 IRIREE T FE#SE, PC {HM
0.465 FF2E T REE] 0.139; BRI W4k
P AR S IX IR M EFR A TIC . PC #RHAIL, 1991
A 11C 1 PC fH A AERELE 0.1 F10.2 47, 2] 2013
A, SO RECT RS 0.01 IR,

#£3 1991—2013F HA =AM B ARSI E B B

Table 3 Landscape connectivity indices of natural wetland in Yellow River Delta from 1991 to 2013

Landscape connectivity indices

Year Number of Number of

Landscape coincidence

Area-weighted- Integral index of  Probability of

. Harary - Flux - .

links components probability fiux connectivity connectivity
1991 658 14 11 018.140 0.118 1611.531 4282333 0.035 0.076
1995 645 12 8996.208 0.064 1536.743 154 137.8 0.018 0.043
1999 499 36 5377.721 0.113 1219.247 339235.1 0.033 0.077
2004 515 38 5073.774 0.084 1270.774 243 623.5 0.028 0.054
2009 420 65 3011.807 0.034 1044.520 123 003.3 0.011 0.020
2013 313 65 2215.898 0.048 796.083 113 851.5 0.022 0.041
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Fig.2 The possible index of connectivity of natural wetlands of each district in Yellow River Delta from 1991 to 2013
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Fig. 3 The integral index of connectivity of natural wetlands of each district in Yellow River Delta from 1991 to 2013
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Fig. 4 Changes of Subjective Landscape Factors in the Yellow River Delta since 1991
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Dynamic Changes and Driving Factors of Landscape Connectivity
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e 1.2 3 . .1 1 . .1 NUPHRE:
WU lJingjing ", LI Yunzhao’, YU Liangju’, GAO Meng', WU Xiaoqing , BI Xiaoli
1. Yantai Institute of Coastal Zone Research Chinese Academy of Sciences, Yantai 264003, China;
2. University of Chinese Academy of Sciences, Beijing 101400, China;

3. Faculty of Resources and Environmental Engineering, Ludong University, Yantai 264000, China

Abstract: Landscape connectivity is an efficient index measuring the continuity of the spatial landscape units, and reflects the
functional characteristics of the landscape. The coastal wetland ecosystem in the Yellow River Delta which have high ecosystem
service functions have changed greatly due to local development. Therefore, it is necessary to analyze the dynamic changes of the
natural wetland landscape in the Yellow River Delta and to explore the causes. In this study, Landsat TM images from 1991 to 2013
were used to evaluate the changes of landscape connectivity using connectivity index based on the graph theory. The dynamic
characteristics of wetland landscape connectivity were analyzed at both regional and local scales and the driving factors of natural
wetland landscape connectivity in the Yellow River Delta were also discussed. The results showed that the landscape connectivity of
natural wetlands in the whole delta from1991 to 2013 was generally low and declining gradually, with the maximum possible
connectivity index of less than 0.1, and the area of natural wetlands decreased by 548.75 km®. The area of natural wetlands in the
Kenli agro-ecological zone, Estuary agro-ecological zone and Shengli oilfield zone severely decreased, and the degree of landscape
connectivity dropped significantly. By 2013, the landscape connectivity index in these zones dropped below 0.01. However, the
landscape connectivity and wetland area of Yiqianer management station and the Yellow River mouth management station had
increased. In the meantime, the connectivity indices of both stations were all above 0.5, and the possible connectivity of the Yellow
River mouth management station increased from 0.203 to 0.360. It indicated lower landscape connective patterns in inland wetland
than those in the Yellow River delta nature reserve. Farm land, artificial wetlands and construction land werethe main driving factors
that affected the changes of wetland landscape connectivity. Therefore, we strongly recommended to expand the area of nature
reserves in the future, and increase the number of footsteps to increase habitat connection to improve landscape connectivity in the
Yellow River Delta.

Key words: landscape connectivity; natural wetland; driving factor; Yellow River Delta



