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Spatial analysis of disturbances and ecosystem succession
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Abstract: The succession of ecosystem is not only the replacement in the temporal series, it also is the
dynamics change on the spatial scale. The spatial attributes of ecosystem succession include pattern.
extend, scale, direction and rate of succession, stability, diversity, and the restoration under natural and
anthropocentric disturbance. The disturbance destroyed the stability of ecosystem, caused the damaged of
ecosystem structure and function, moved the ecosystem into the transition status. The disturbance, which
have high intensity, large area and long-term frequently degraded the ecosystem. However. from other
side, disturbance also is the external driving function for the ecosystem succession. The broken of
symmetry in ecosystem as the disturbance pushed forward the evolution and development of ecosystem.
The external disturbance includes the fire, pest, wind throw, flood, and anthropocentric, especially
anthropocentric disturbance, exceed other natural disturbance, both in intensity and scope. The traits of
disturbance usually have extend, frequency, season, intensity, severity, return interval, and cycle. In this
paper, the spatial characteristics of those traits of disturbance and ecosystem succession are revealed. And
the spatial analysis of disturbance and ecosystem succession were discussed, it include spatial explicit and
recognize . spatial statistical analysis and pattern analysis. spatial analysis in geographic information
system, and spatial modeling.

For the synthesis of spatial analysis applies in disturbance and ecosystem succession, some case
studies were contained in this paper. In the spatial analysis for disturbance. we discussed three cases.
First, the fire history record about 100 years (from 1990 to 2000) in Northern California, USA, and the
change of fire distribution pattern in this region was reported. Second. the report of Spies (1994) was
referenced in this paper to explain the influence of harvesting disturbance. Their work regarding the usage
of Landsat MSS remote sensing imagery and unsupervised classification method to determine the change of
canopy closure coniferous forest (CF) and other forests from 1972 to 1988 in western Oregon, USA.
Third example is regard to the two broadly distributed pests in Pacific Northwest, mountain pine beetle
and western spruce budworm, we studied their spatial pattern dynamics from 1980 to 2001 and the
relationship among their spatial distribution and elevation, temperature, precipitation and vegetation. In
the spatial analysis of ecosystem succession, two case studies were discussed. One is the spatial analysis of
historical and current vegetation in western Oregon, USA. We studied the ecosystem succession in
regional scale by spatial analysis, and compared the change of metrics, e. g. ratio of vegetation cover area,
patch number, mean patch size, mean nearest neighbor distance, area weight mean shape index, and
interspersion and juxtaposition index. Another one is the research of ecosystem succession in large scale,
for example in continental or national scale. It include the old-growth forest disappear in the continental
USA from 1620 to 1920, about three hundreds years dynamics; and the spatial distribution change
between 1600 and 2000 in Canadian vegetation history.

In the end of this paper, we focused on the discussion regarding the important issues of ecosystem
succession research by spatial analysis. For example, whether the climax can be identified through the
application of spatial analysis? How do improve the accuracy of recognition for the pattern and the change
trends of ecosystem succession by the combination of the outward appearance and components of ecosystem

in remote sensing? How do determine the dissimilation of ecosystem succession regular pattern as
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anthropocentric disturbance with large area and high intensity using spatial analysis?
Key words :disturbance ; ecosystem succession; spatial explicit and analysis; spatial modeling
:1000-0933(2003)09-1861-16 :Q11,Q145,Q948 :A
o b 3
D ( s ), @ ( )@
( Do s
(1.2 . )
[1,3~5] )
N [6]
[5.7.8] . R
[9] s 10]
RS IZ-“ [13.14]
1
2,5~7,15]
, [1.2.7.15]
s 5.7.15
L] ’ B
C D,
A FREETIRHER B. MR e C. RN
Environmental disturbance regimes Biotic responges Vegetational responses
10°f Global terrestrial
ERE vegetation
Megascale Plate 494k, Evolution of £ PRAE BN
P fTEH¥E cectonics the biota FM
k) Zone
E v HRN
Y1 ES—— T T MY C L ro—
3 KRE terglagial  “URAN  Boosystem change | A& REBIL tion
g Magcroscale climatic Speciation RS BE
] cycle Extinction A o
= Species migration WETHS
= L. ;J’;}EE f, T\ lkﬂﬁﬂlﬂ [ Pai)
E ok « Climatic fluctuations —» ; Type |
scale Secondary; Stand | YA L
£ 2 e fiosdy vk | Subope
Ml LA TR | omrinm b
ir accment
o s
<—Pamogm nutbreaﬁ—gl-—)m Competition #5 ‘1*
0 ceeven i ctl\:lty EEFJ?" ﬁiﬁ 1 1
10100 10“ 108 IUu 100 10+ 108 1012 100 10 108 1012
2¥[a) R BE Spatial scale(m?)
1
Fig. 1 The spatialtemporal scale of disturbance and the response of biotic and vegetation (after Shugart, 1998).




1864 23

1.1
Pickett ~ Thompson ¢ Db,

1 . (  Pickett  Thompson )
Table 1 The type, size and frequencies of disturbances in North America landscape (based on the data of Pickett and

Thompson, 1978)

Vegetation Disturbances Mean area (hm?) Maximum area (hm?) Frequency
Mapple forest Windfall 0.01 0. 025
Mapple forest Tornado track 0.1
Northern deciduous Windfall 15533
Deciduous forest Hurricane 1610~2400
Grassland woodland Tornado track 77 217 8a
Deciduous forest Flood 1
Deciduous forest Landslide 0.1 9
Pond Pine Fire 11860
Boreal forest Fire 5922 809716 15~600a
Mountain conifere Fire 20242
Interior Alaska Fire 1226 218a
Boreal forest Fire 1739 80916 33a
Deciduous forest Fire 4.4~12.8 19813. 8 10~212a
Mixed forest Fire 2.0~6.4 21000 7~148a
Boreal mixed forest Fire 1.9~5.0 42680 7~60a
1. 1.1
1.2.8
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