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Scenarios study on returning farmland to wetlands for protecting red-crowned
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Abstract: The Liaohe Delta is one of the most important wetlands for wild animals. especially for water birds, to inhabit and
breed. It is the southern most site for the breeding of red-crowned cranes (Grus japonensis), and an important stopover site on
their migration route. Therefore this delta plays an important role in the international conservation of cranes. But the area of
suitable habitat had reduced and the quality of habitat was degraded in the last decades, mainly due to oil and agricultural
exploitation. The objective of this research was to find an appropriate land use model to keep economic development and habitat
conservation of the region.

Based on the study of land use change between 1988 and 1998 in the Liaohe Delta, and supported by intensive field
investigation, four land use planning scenarios of the Dawa sub-delta were designed with the scenarios approach and the
evaluation idea of LEDESS Model (Landscape Ecological Decision and Evaluation Support System). The four scenarios, Year
1988 (No. 1), Year 1998 (No. 2), Reed belt (No. 3) and Habitat restoration (No. 4), were different in the aims of ecological
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and economic benefit. The main measures were returning paddy fields to reed fields and prawn-crab-ponds to restore the

habitat of wild animals. The habitat suitability, the breeding carrying capacity and the economic benefit of different scenarios

on the red-crowned crane’s habitat were simulated and evaluated with different methods, in which spatial diversity index was

adopted to analyze the habitat suitability. The result was that the habitat suitability, the breeding carrying capacity and the

economic index were 0. 575, 33 pairs and 10. 56 respectively in Scenario No. 1, 0.357, 22 pairs and 16. 68 in Scenario No. 2,

0. 435, 32 pairs and 17.42 in Scenario No. 3, and 0. 535, 41 pairs and 17. 74 in Scenario No. 4. It was concluded that Scenario

No. 1 was unpractical because of the lowest economic benefit in the four scenarios; Scenario No. 2 had high economic benefit

but the least ecological benefit, which endangered the suitable habitats of the wild animals; and Scenarios No. 3 and No. 4 were

effective to keep harmonious development between economy and environment, which could be actualized in steps as the short-

term and long term planning goals. It was indicated that appropriate land use models and habitat restoration measures could not

only keep economic development but also offer a steady habitat for wild animals. This study can serve as a reference to the

coordination between economic development and ecological conservation in the Liaohe Delta, as well as other similar area.

Key words : Liaohe Delta; land use planning; farmland returning to wetlands; scenarios study; red-crowned crane protection
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1

Table 1 The relative weight value of all combinations of edge cover types

Land cover type of the cell around the center cell

Land cover

i 3 i 5 ® @ 8 ) 0 i i
type of the ®
center cell
© 0 0 0 0 0 0 0 0 0 0 0 0 0
@ 0 0.10 0. 20 0 0. 20 0.70 0 0. 50 0.70 0. 30 0.10 0. 30 0
0 0 0.25 0 0. 30 0. 60 0 0. 30 0.50 0.10 0.10 0.10 0
@ 0 0 0 0 0 0 0 0 0 0 0 0 0
o 0 0 0.15 0 0.10 0. 60 0 0. 40 0.50 0 0. 20 0. 30 0
¢ 0 0.70 0. 60 0 0. 30 1 0 0. 60 0. 60 0. 40 0. 60 0.50 0
z 0 0 0 0 0 0 0 0 0 0 0
8 0 0. 40 0. 40 0 0. 20 0.95 0 0.90 0.90 0.50 0. 60 0.50 0
2 0 0. 30 0. 40 0 0. 20 0. 90 0 0. 80 0. 90 0. 50 0.55 0. 30 0
0 0 0 0 0 0 0. 50 0 0. 30 0.50 0. 20 0. 30 0. 40 0
U 0 0.10 0. 20 0.10 0.70 0 0. 50 0.70 0.10 0. 20 0.20 0
2 0 0.10 0.15 0 0 0.70 0 0. 60 0.50 0 0. 30 0. 40 0
0 0 0 0 0 0.1 0 0. 05 0 0 0 0 0

(D Built-up, @ Reservoir-lake, 3) Prawn-crab-ponds , @dryland , 5) Paddyfield, ©) Reed, (@ Woodland, 8 Suaeda,©® Typha, 10 Tamarizx, 1)
River,(2Beach, (3Salt field
2

Table 2 The calculation of Juxtaposition

Combination of Sum of the numerical rating of

L Relative weight value Accumulation
edge cover types each edge type combination
A/A 2 0.10 0.20
A/B 3 0. 60 1. 80
A/C 2 0. 40 0. 80
A/D 5 0 0
total 12 2.80
;sAB BA s s
2.3.3 (Spatial diversity) s s
Sdy = a,ls + ﬂAJs
s A s An ’ 131 HIOYEN B;\
} 0~1 ’ lg
b b ‘;1)7
’ ’ ay \/9_.1 0.3 0.7,
3
3.1
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Table 3 Land use planning and habitat restoring targets of the scenarios
1 2 3 4
( 1988 ) ( 1998 ) ( ) ( )

Planning ta S
anning targets No. 1 (year 1988)

No. 2 (year 1998)

No. 3 (reed belt)

No. 4 (habitat restoration)

1988
Keep status of year 1988

Prawn-crab- 1998
Keep status

500 hm?

of year 1998 Increase 500 hm?

1000 hm?
Increase 1000 hm?

ponds
1988 1998 4500 hm? 11000 hm?
Paddyfield Keep status of year 1988 Keep status of year 1998 Return4500 hm? Return 11000 hm?
s 1900 hm? s 4000 hm?, s
. 1998 ,
Natural increase by 1900 10000 hm?,
Reed Keep status of year 1998 ,
hm? Increase 4000 hm? Increase10000 hm?
2 s
Natural ncres ‘]‘Z(LO hTZOO 1998 300 hm?
Suaeda b d2urd fnerease by Keep status of year 1998 Natural succession Habitat rehabilitation, Incr-
m ease 300 hm?
4
Table 4 The measures of changing land use
The present type of land cover
Planning targets Build-up Reservoir-lake Prawn-crab-ponds Dryland Paddyfield Reed Suaeda  Beach
Built-up S M4 M4 S M15 S S
Reservoir-lake S S S S M16 S S S
Prawn-crab-ponds M1 M5 S S M5 M5 S S
Paddyfield M2 M6 M10 M13 S M6 S S
Reed M3 M7 M7 M14 M14 S M18 M18
Suaeda M3 M8 M11 S M17 M17 S S
River S M9 M12 S S M9 M9 M9
* M1 . sM2 . sM3 . s M4 . sM5
’ sM6 sM7 . sMS8 sM9 B sM10
s s M11 s ;s M12 s s M13 s ;s M14
s ;s M15 ;s M16 sM17 ;s M18 5S
, M14 1. 3 4 , 4200 hm*,3943 hm* 9089 hm?*,
3.4
b o
b o
3.4.1 « 3 s N N s
. 410 m, 500 m®@, .
o 1 hm?(100 m X100 m) s o 2.3
, (Sd), , o, 1 (0.65,1],
(0.5~0.65], (0.25~0.51, [0~0.25]., 5 ,
6. s s ( . ) o 4
, 2 6310 hm?*, 1, 4063 hm?, 3 2770 hm?;
1 , 14893 hm?, 1988 s H

. 1997
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0. 357, 22, , 10 il 21 i 1532 1254 1301 1266
EAGrrms 6751 18650 15739 12097
3 3 N 45 6 (hm?)
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Table 5 The area proportion and economic benefit of land use types of the scenarios
1(1988 ) 2(1998 ) 3( ) 4( )
Year 1988 Year 1998 Reed belt Habitat restoration
Types Area Area Area Area
percentage  Economical  percentage  Economical — percentage Economical — percentage Economical
(%) index %) index %) index %) index
Reed 41.73 5. 84 31.68 4. 44 42.37 5.93 56.02 7.84
Paddy 5.73 1.03 30. 04 5.41 18.18 3.27 2.27 0.41
Shrimp-crab 3.69 3.69 6.83 6.83 8.22 8.22 9. 49 9. 49
Total 51.15 10. 56 68. 56 16. 68 68. 76 17. 42 67.77 17. 74
6
Table 6 The integrated evaluation of the scenarios
Evaluation items 1 No. 1 2 No. 2 3 No. 3 4 No. 4
No. of measure types to be taken 18 0 3 6
(km?)Area to be changed 151 0 45 110
Habitat suitability 0.575 0. 357 0. 435 0.535
355 hm?
e o0 hm). 33 22 32 1
Carrying capacity (at 355 hm? of territory)
Economical index 10. 56 16. 68 17.42 17.74
4 5 s s 110 km?, 0.535,
1 s s 41 1, s 4
1 o 3 4 o
4.2
[23]
b o b
2 b N
b o
C D s 1 s
1 2 . b b



1716 24

H 3 4
0
b 3 fd :

t x4
’ ’ 4 ’ 2 Mgy DRI No. 4

No. 2 Y A

. 3 4 E A

° ] HR1
# No. 1

) $ 4

®
HHM Boologioal benefit ¢ Height
9 7
, N s Fig. 7 The two dimension state of ecological benefit and economic
s R benefit of the scenarios

References :

(1]

[2]

[3]

[4]

[6]
(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Sheng L. X, He C G, Zhao J, et al. Analysis of effect of wetland ecological environment change in Xianghai nature reserve on number and
distribution of Red-crowned Crane. Journal of Northeast Normal University, 2001, 33(3):91~095.

Ma Z J. Habitat Change and Protection of the Red-crowned Crane (Grus japonensis) in Yancheng Biosphere Reserve, China. Ambio,
1998, 27(6): 461~464.

Hu Y M, Xiao D N. Behavioral fragmentation of water fowl habitat and its landscape ecologicaldesign in Shuangtai-hekou Reserve,
Liaoning, China. Journal of Environmental Sciences, 1999, 11(2): 231~235.

Yu J B, LiuJ S, Wang J D. Analysis of the environment feature of breeding area and endangered factors of red-crowned crane in China.
Chinese Geographical Science, 2001, 11(2): 186~191.

Wan D M, Gao W, Wang Q Y, et al. Effects of habitat fragmentation on nesting site selection of red-crowned crane. Chinese Journal of
Applied Ecology, 2002, 13(5): 581 ~584.

SuHL, Lin YH, LiDQ, et al. Status of Chinese cranes and their conservation strategies. Chinese Biodiversity, 2000, 8(2): 180~191.
Zhang P Y, Li G Z. Study of red-crowned crane about its winter quanters and measures of protecting. Jowrnal of Biology, 2001, 18(2):
9~10.

Li X M. The present status and conservation of red-crowned crane in Halahai wetland, Longjiang, China. Chinese Journal of Zoology
2002, 37(1): 64~66.

Foppen R P B, Reijnen R. Ecological network in riparian systems: examples for Dutch sustainable management of river basins. Backhuys
Publishers, Leiden, 1998. 85~93.

Harms W B. Landscape fragmentation by urbanization in the Netherlands: options and ecological consequences. Jowrnal of
Environmental Sciencess 1999, 11(2): 141~148.

Mankin K R. An integrated approach for modeling and managing golf course water quality and ecosystem diversity. Ecological
Modelling, 2000, 133(3): 259~267.

Martin J F, White M L., Reyes E. et al. Evaluation of coastal management plans with a spatial model: Mississippi Delta, Louisiana,
USA. Environmental Management, 2000, 26(2): 117~129.

Xiao D N, Li X Z. Suggestion on the planning of ecological construction for western China exploitation. Advance in Earth Sciences, 2000,
15(4):376~380.

Li X W,Xiao D N,Hu Y M. The landscape planning scenarios designing and the measures identification in the Liaohe Delta wetland. Acta
Ecologica Sinicas 2001, 21(3):353~364.

Bakker J, Harms W B, Knol W C, et al. Landscape Ecological Decision &. Evaluation Support System. The Winand Staring Centre,



1717

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

(1]

[5]
[6]
[7]
[8]
[13]
[14]
[16]
[20]
[22]
[23]

1996.

Xiao D N, Hu Y M, Li X Z, et al. Landscape Ecology Studies on the Deltaic Weltlands around Bohai Sea. Beijing: Science Press, 2001.
Wang L, Li X Z, Hu Y M, et al. Analysis of habitat pattern change of red-crowned cranes in the Liaohe Delta using spatial diversity
index. Chinese Geographical Science, 2003, 13(2):164~170.

Li X Z. Purification Function of Wetlands: Spatial Modelling and Pattern Analysis of Nutrient Reduction in the Liaohe Delta.
Wageningen, The Netherlands: Wageningen University Press, 2000.

Veeneklaas F R. Berg . M. Scenario building: art. craft or just a fashionable whim? In: Edited by Schoute J F, Finke P A, Veeneklaas
F R, et al. Scenario studies for the rural environment. Kluwer Academic Publishers, Amsterdam, 1995.

Li X W,Xiao D N,Hu Y M. The effects of different land-use scenarios on habitat suitability of indicator species in the Liaohe River Delta
wetlands. Acta Ecologica Sinica, 2001, 21(4):550~560.

Heinen J, Cross G H. An approach to measure interspersion, juxtaposition, and spatial diversity from cover-type maps. Wildl. Soc.
Bull. , 1983, 11(3): 232~237.

Zhou D S,Su L Y. Study on the territory behavior of Grus Japonensis. in: Forestry Department of Heilongjiang Province ed. Protection
and research on cranes in the world. Beijing: Forestry Press of China, 1990. 54~58.

Yu K J. The effectiveness of approaches towards sustainable environmental and development planning. Journal of Natural Resources,

1998, 13(1):8~15.

, , . . ( ),2001.33(3):91

, s .. . +2002,13(5):581~584.
, s .. . ,2000,8(2):180~191.
. . . ,2000,18(2):9~10.
. . +2002,37(1) :64~66.
s . s : . »2000, 15(4):376~380.
s s . . ,2001,21(3):353~364.
s s .. . : , 2001.
s s . . ,2001,21(4) :550~560.
s . . : . . : » 1990. 54~58.
21998,13(1):8~15.



