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Heterogeneity evaluation of forest ecological system spatial structure in

Dongting Lake
LI Jianjun'>*, LIU Shuai', ZHANG Huiru’, KUANG Zhufang', WANG Chuanli', ZHANG Jiang',

CAO Xupeng'
1 Central South University of Forestry and Technology, Changsha 410004, China
2 Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China

Abstract: The spatial structure rationality evaluation and ideal spatial structure of forest ecosystem is an important and
difficult problem in forest management at home and abroad. In order to reveal the reasons why the community structure is
simple and the stability of ecosystem is poor, and to take the regulation mechanism of structure in Dongting Lake forest, the
research is targeted at East, South, West Dongting Lake area including Junshan Island, Longshan, Longhu forest farm on
Chishan Island, Minglang mountain, Changde forest farm, Hefu Forest farm and natural secondary forest of Taoyuan
County. Utilizing the ecosystem internal balance and homogenizing principle of the ecology, in the forest ecological system
(plaque) scale, it analyses the spatial structure of mixed, competed and spatial distribution pattern. And then the
heterogeneity goal of optimized stand spatial structure is proposed, which has multiple sub-goals in mixed, competed and
spatial distribution pattern. Meanwhile the heterogeneity index of single tree and stand spatial structure is also defined, and
the evaluation index, evaluation method and evaluation standard of stand spatial structure heterogeneity is determined. By
applying the proposed evaluation method to the Dongting Lake area secondary forest heterogeneity evaluation, the results
show that: in the fifteen Dongting Lake wetlands under investigation, the forest stand average homogeneity evaluation index
is 0.2517. There are 12 stands in the grade 1 and grade 2 which is accounted for 80% , and only 3 stands in the 3 grade

accounted for only 20% in the five grades of homogeneity index. However, it lacks of the grade 4 and grade 5 ideal stand
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spatial structure in Dongting Lake survey. The evaluation results show that only part of stand spatial structure factors in
Dongting Lake Forest meet the standard values. Although there is a certain degree of mixed size between dominant tree
species and pioneer species, and there are more obvious differentiation between even-aged and uneven-aged forest stands, it
yet shows that: the whole stand appears monolayer, and tree species has little isolation; trees’ distribution pattern appears
randomized into uniform distribution status; competition is more obvious between individual trees, and it has low diversity
and weak illumination. It illustrates that the Dongting Lake stands as a whole have unconspicuous advantage on spatial
structure, growth environment and species dominance and other aspects. Many irrational factors exist in forest structural
characteristics including space information, and there is far from ideal spatial structure. According to the different altitudes,
forest spatial structure homogeneity characteristics gradually grow from the lake to the hilly land in Dongting Lake wetland.
This conclusion reflects the real situation of forest resources in Dongting Lake area, and it has a close relationship with the
long-term natural and man-made interference, protection and restoration of fatigue.

The proposed forest ecological system space optimization objectives and heterogeneity index prolongate the sustainable
forest management. The heterogeneity evaluation method breaks through the traditional analysis method of forest spatial
structure. The heterogeneity index comprehensively and realistically describes the characteristics of spatial structure, and
also quantifies the goal structure of forest spatial neighborhood relation and optimized spatial structure. The method has both
forestry and ecological significance on optimizing and adjusting the existing forest spatial structure of Dongting Lake, on
transforming large single plantation which mainly consists poplar and willow, and on restoring the functions of Dongting Lake
ecological system, such as nourishing and cherishing water, conserving soil and water, reinforcing dam and so on. At the
same time, the proposed method in this paper has provided a new way to establish and express ideal spatial structure for

other regional forest management.

Key Words: water resource conservation forest in Dongting Lake; stand spatial structure; multi-objective optimization ;

particle swarm optimization; forest health management
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R3I RS = EEMEFRERETEN SR
Table 3 Homogeneous indexes and influencing factors distribution of different trees in stand D1

KN HEL

518

IFlie L% . FRE " . N N R " By
v TRHEC o eive Y pen mem s mSSC MREHESC AR o
FE 2 Open Uniform . - . . . PER A
. tree Stand layer Spatial Mingling  Competition Heterogeneity Heterogeneity .
No. comparison . angle . . . . . Heterogeneity
. characteristics | index density degree index index index .
index i index R index
index index
DI 0.7446 0.6982 0.6393 0.4786 0.6739 0.5339 0.1697 3.2751 0.5250 3
D2 0.5361 0.4792 0.7462 0.5124 0. 6955 0.4154 0.2214 2.1013 0.3294 2
D3 0.8322 0.4874 0.5232 0.2533 0.7193 0.5985 0.1361 1.9447 0.3033 2
D4 0.6752 0.4748 0.5683 0. 1988 0.7488 0.2465 0.1930 0.8436 0.1198 1
D5 0.9541 0.4413 0.7634 0.7122 0.6663 0.1976 0.6293 0. 6239 0.4956 3
D6 0.3932 0.4824 0.5011 0.5351 0.7747 0.3273 0. 1540 0.9284 0.1339 1
D7 0.4215 0.5114 0.6565 0.6231 0.5974 0.2963 0.4410 0. 6264 0.0836 1
D8 0.5846 0.6215 0.8797 0.5117 0.8124 0.2435 0.1743 3.0987 0.0832 1
D9 0.8335 0.7853 0.4232 0.2978 0.3696 0.3697 0.0291 2.9686 0.4739 3
D10 0.9126 0.3719 0.4012 0.4631 0.7416 0.4225 0.2052 0.9985 0. 1456 1
D11 0.8264 0.2967 0.4763 0.6341 0.4165 0.5862 0.1964 0.9777 0.1421 1
D12 0.4715 0.5936 0.4961 0.1297 0.3397 0.3631 0.0871 1.3886 0.2106 2
D13 0.1362 0.3468 0.4731 0.3566 0.7194 0.5871 0.0770 1.6501 0.2542 2
D14 0.4193 0.4454 0.3397 0.7394 0.5311 0.3066 0.1391 1.6975 0.2621 2
D15 0.413693  0.5732 0.3815 0.3916 0. 5466 0.2903 0.1301 1.7892 0.2129 2
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