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Abstract The Great Xing’an Mountains’ fire in 1987 affected more than 1.33 x 10° hm® creating a mosaic of burn
severities across the landscape which strongly affected the post-fire vegetation succession. In addition undulate landform
and anthropogenic disturbance inevitably influenced post-fire vegetation succession. In this paper a typical area was
selected for a case study including two forest farms covering more than 1.2 x 10° hm’. In order to reveal how the forest
changed in 2000 13 years after fire  compared to 1987 pre-fire  and to find out the relationship between the forest
succession and affecting factors forest crown density was selected as the criterion and forest type fire severity
silviculture practice elevation and topography gradients were designed as affecting variables. With the support of GIS

software each variable was classified and entered the multivariate regression model. The result showed that the forest crown

30270225 40331008

2005-12-12 2006-06-12
1969 ~ . E-mail xfjshsj@163. com
* Corresponding author. E-mail lixz@ iae. ac. cn

Foundation item The project was financially supported by the National Natural Science Foundation of China No. 30270225 40331008
Received date 2005-12-12 Accepted date 2006-06-12
Biography XIE Fu-Ju Ph.D. mainly engaged in landscape ecology. E-mail xfjshsj@ 163. com



880 27

density changed notably in 2000 compared with that of pre-fire and all the variables significantly affected the forest crown
density. The most important affecting variable was elevation which was positively correlated with forest crown density. The
next was fire severity which was negatively related with forest succession. The effects of topographic factors and silviculture

practices on forest crown density were relatively small.
Key Words fire severity silviculture practices topographic factors Multiple regression analysis

Introduction Natural disturbance regimes including frequency size severity etc.  environmental variability
including topographic relief soil characteristics and available resources  life-history characteristics such as
dispersal growth rates and longevity and anthropogenic activities such as human ways can affect forest

" The unprecedented forest fire occurred in the

succession and create vegetation patterns at the landscape scale
Great Hing’an Mountains on May 6 1987 which affected more than 1.33 x 10°hm’ natural forest and provided an
opportunity to study the effects of large disturbance event on forest ecosystem. The destructive fire resulted in lots of
mosaics of fire severity and unburned area due to variations in wind topography vegetation type moisture natural

12-16

fuel breaks and the burned days of forest fire which further influenced the post-fire vegetation succession

¢ 1718 Studies after the fire mainly concentrated on the effect of fire severity on vegetation succession = . A few
study considered the effects of topographic gradients **  though topographic relief can exert important influences on

25-28

forest vegetation in mountainous regions Similarly study on the effects of human silviculture ways on forest

restoration was also ignored though human silviculture ways were broad ly applied following fire in order to restore

#30  Few study considered the forest succession following such large

the forest landscape as soon as possible
disturbance event under multiple ecological factors at large scale especially with the reduction of the studies on post-
fire vegetation restoration from 1995.

The objectives in this study were to reveal how the forest restored 13 years after fire and to find out the
relationship between forest succession and affecting factors at coarse scale. We focused on the forest crown densities
which is one of the important indices reflecting forest growth as well as a key statistic data in forest inventory in
China. Considering different growth rhythm of various forest types mainly coniferous mixed and broad-leaved forest
in this region forest succession research was conducted based on these three forest types respectively. Affecting
variables included fire severity classified as unburned lightly ~moderately and severely burned human
silviculture ways sorted as natural regeneration assisted regeneration direct seeding and planting regeneration
and topographic variables including elevation slope aspect and slope position. The relationships between crown
density and affecting factors were based on the following hypotheses due to 87.5% of study area was burned the
forest crown density post-fire was considered to develop from null. Based on the hypotheses forest crown density
distribution in 2000 was used as forest succession variability to identify how factors mentioned above affected forest
succession.

1 Methods
1.1 Study area

Yuying and Fendou forest farms in the middle of Tugiang Forestry Bureau on the northern slope of Great Xing'an
Mountains were chosen as study area which occupies 1.2 x 10* km® land area in total and belongs to Mohe County
Heilongjiang Province. Geographic coordinates are between longitude 122°18'05"— 123°29'00” E and latitude 52°
15'55"—53°33'40" N. The average altitude is 599 m with gentle undulating hills and open river valleys. This area

has long and cold winter and short and hot summer. Mean annual temperature is —4.94 °C  with lowest temperature
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recorded at —53 °C. Mean annual precipitation is 432 mm with relatively dry spring and winter and moist summer
and autumn. The main forest species are Xingan larch Larix gmelimii ~ birch  Betula platyphylla  pine Pinus
sylvestris var. mongolica and aspen Populus davidiana . Brown coniferous forest soil is the dominate soil genus
with thickness of 10 30 em. Several reasons were taken into account for choosing the two forest farms as study area.
First 87.5% of the area was burned which is convenient for the study of forest restoration at large scale. Second
topographical relief in this area is steeper than the others in the burned area which is advantageous for the study of
effects of terrain factors on forest restoration. Third the natural regeneration assisted by human silviculture ways was
taken following fire which provides a good chance to study the effect of human interference on post-fire forest
succession.
1.2 Data sources

Forest crown density silviculture ways and slope position all came from forest inventory data forest stand
maps of Tuqiang Forestry Bureau in 1987 pre-fire and 2000 13 years after fire . Firstly sample plots offering
information of vegetation site condition and forest management were established. Secondly mathematic model was
built based on the correlation between remotely sensed data and sample plot data by which data all over the forest
bureau attained. At last according to the information similarity forest compartments were divided and data-base

3173 In forest stand map the forest crown density value is

with the attributes of every compartment was set up
ranged from O tol. Non-stocked land has the value of O and entirely closed represented forest crown has the value of
1. Since silviculture was only applied in coniferous forest this variable in mixed and broadleaved forest was
excluded. It was noticed that the information of forest stand map in 1987 actually came from investigation pre-fire
and the map was generated in 1987.

Fire disturbance data came from the map of fire severity in 1987 which was mapped based on percentage of the
dead trees from field survey post-fire Table 1

Forest stand maps in 2000 and fire severity maps in 1987 were scanned and digitized using GIS software and
data-base was linked. Forest crown density of each forest type silviculture ways position and fire severity were
extracted respectively from the digital map Table 1

Elevation slope and aspect were obtained directly from DEM  which was generated from topographic map

1:10000 using GIS software Table 1

1.3 Data analysis

In order to quantify the relationship between forest crown density and explained variables variables were sorted
into grades or types Table 1 . Forest crown density was reclassified into 6 grades from 1 for non-stocked area to
6 for the value of crown density as 1 Figure 1 . Elevation grades were ranged from 1 for elevation lower than 500 m
to 5 for elevation higher than 800 m with the increase of the elevation. Fire severity classes were ordered to increase
with burn severity from 1 for unburned area to 4 for severe burned area. Slope position types were ranked from 1 for
valley to 5 for hilltop. Slope was scaled from 1 flats to5 Sharp slope . Aspect was categorized from 1 for shaded
aspect to 4 for sunny aspect according to the radiation and heat load. Considering no comparability of no aspect with
other aspects this area was excluded. Silviculture ways was weighed with the aggravation of silviculture intensity
from 1 for no silviculture practice to 4 for planting regeneration. Then in order to eliminate the errors regenerated
from the area differences among variable grades these digital maps were transformed into grid format with a
resolution of 30 m x30 m.

No aspect type was taken out to insure the order of aspect type which ranked from shaded aspect to sunny

aspect. Due to the objective forest was the conifer silviculture practice was taken away from the combined data
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subset of mixed forest and broad-leaved forest. Then the attribute tables of crown density grade of each forest type
were joined with those of fire severity silviculture practice elevation grade slope grade aspect type and slope
position type and new attribute tables of every cell were exported as DBF formats which can be processed by SPSS

software. The data process above was achieved by the GIS software.

Table 1 Criterion of various factors

Factors Grade type Attribute describe

Crown density 1 Non-stocked land
2 Crown density 0 —0.2 including 0.2
3 Crown density 0.2 —0.4 including 0.4
4 Crown density 0.4 —0.6 including 0. 6
5 Crown density 0.6 —0.8 including 0.8
6 Crown density 0. 8

Fire severity 1 Unburned Without fire

Silviculture ways

Elevation m

Aspect

Position

o

Slope

2 Lightly burned

3 Moderately burned
4 Severely burned

1 Natural regeneration

2 Assisted regeneration

3 Direct seeding regeneration

4 Planting regeneration

1

2

3

4

5

No aspect

1 Shaded aspect

2 Semi-shaded aspect
3 Semi-sunny aspect
4 Sunny aspect

1 Valley

2 Low slope position

3 Middle slope position
4 Upper slope position
5 Hilltop

1 Flats

2 Gentle slope

3 Moderate slope

4 Steep slope
5 Sharp slope

Percentage of trees consumed by fire 30%

Percentage of trees consumed by fire 30% -70%

Percentage of trees consumed by fire 70%

The generation completely depends on seed trees without any human measures
Seeds come from seed trees but rooting is assisted by wiping the litter away

Artificially or aerially seeding

Directly plant young coniferous seedlings Larix gmelimii or Pinus sylvestris var. mongolica

Elevation < 500

500 m < elevation < 600

600 m < elevation < 700

700 m < elevation < 800

Elevation > 800

Dale or flat

North and northeast slope

Northwest and east slope

West and southeast slope

Southwest and south slope

Area with gradients less than 5 and at the bottom of the catena
Various aspects from piedmont to 1/3 height of mountains
Various aspects from 1/3 to 2/3 height of mountains
Various aspects from 2/3 height to peak of mountains

Area on top of mountains

5
5—15
15—25
25 —35
35

In order to assess the restoration of forest crown density area percentage of each grade in 2000 and pre-fire was
calculated respectively and compared. Multivariate regression analysis was used to test the relationship between forest
crown density and affecting variables. First we tested significance of correlation between the crown density and
independent variables with Pearson correlation. Then independent variables with significant correlation with the

crown density were used in the regression model.
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Fig. 1 Distribution map of forest crown density grades pre fire and 2000
A pre-fire B in 2000
2 Results
2.1 Change of forest crown density in 2000 compared with pre-fire
Figure 2 showed that compositions of crown density grades under all the three forest types changed a lot in 2000
compared with pre-fire. The area of crown density grade 3 under all the three forest types increased greatly of which

that of broadleaved forest even increased by more than 56% . Conversely the area of forest crown density grade 4

and 5 decreased a lot. The area of non-stocked forest decreased slightly.
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Fig. 2 Area distribution of crown density of different forest types in 1987 and in 2000

A Coniferous forest B Mixed forest C Broad-leaved forest

2.2 Correlation of forest crown density and affecting factors

Pearson correlation analysis showed that each selected variable fire severity silviculture way elevation
slope position and aspect was significantly related to the post-fire forest crown density under three forest types
though some of the correlation coefficients were low p = 0.000  Table 2 . Whereas the study area is large low

correlation coefficients is accessible. Then all the selected variables were used in the regression model.

Table 2 Correlation of crown density and explained variables

Fire severity Silviculture ways Elevation Slope Slope position Aspect
Coniferous forest - 0.471 - 0.377 0.510 0.309 0.148 - 0.139
Crown density p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001
- 0.637 0.641 0.399 0.054 -0.082
Mixed fores nsi
ixed forest Crown density " 00 No p < 0.001 p < 0.001 p < 0.001 p < 0.001
Broad-leaved forest - 0.408 0.485 0.192 0.096 - 0.141

Crown density p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001
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Multivariate regression analysis suggested that forest crown density of each forest type can be jointly explained by
the fire severity silviculture ways elevation slope slope position and aspect F = 61582.289 p < 0.001
F = 28620.915 p < 0.001 and F = 24187.860 p < 0.001  Table 3 . The Adjusted R’ in the models of the
three forest types was 37% 52% and 31% respectively Table 4 . The goodness of fit in mixed forest model was

the best and that in broad-leaved forest was the worst.

Table 3 Summary of the one-way ANOVA for the multiple regression models

Forest type Model Sum of squares daf Mean square F Sig

Coniferous forest Regression 318762. 945 6 53127.158 61582. 289 < 0.001
Residual 542618.787 628976 0.863

Mixed forest Regression 71153. 802 5 14230.760 28620.915 < 0.001
Residual 65886. 512 132511 0.497

Broad-leaved forest Regression 48830.794 5 9766. 159 24187.860 < 0.001
Residual 112290.479 278110 0.404

Comparing the Standardized Coefficients of the six Table 4 Summary of the models

coniferous forest or five mixed and broadleaved forest , Adjusted  Std. Error of
Model R R 2 -
explained variables in the three models elevation and fire R the estimation
. . . . Coniferous forest 0.608 0.370 0.370 0.93
severity were the two most important factors in succession
. . Mixed forest 0.721  0.519 0.519 0.71
under all the three forest types. Elevation was positively
Broad-leaved forest  0.551  0.303 0.303 0.64

related to forest crown density while fire severity was the
other way around Table 5 . The effects of slope position

aspect and silviculture ways on crown density were relatively low Table 5

Table 5 Coefficients between forest crown density and explained variables

Unstandardized Standardized

Forest type ftem coefficients coefficients ! Sig
Coniferous forest Constant 2.632 345.575 0.000
Fire severity - 0.307 - 0.289 -178.294 0.000
Silviculture practice -3.036 x10 -2 - 0.033 -21.390 0.000
Elevation 0.397 0.324 260. 067 0.000
Slope 0.239 0.141 121.922 0.000
Slope position —-1.888 x10 2 - 0.013 -11.602 0.000
Aspect - 0.104 - 0.101 -100. 689 0.000
Mixed forest Constant 3.151 198.347 0.000
Fire severity - 0.361 - 0.372 -152.873 0.000
Elevation 0.393 0.396 156.952 0. 000
Slope 0.115 0.071 32.523 0.000
Slope position -6.271 x10 72 - 0.044 -22.416 0.000
Aspect -2.575 %1072 - 0.029 -14.834 0.000
Broad-leaved forest Constant 2.723 311.729 0.000
Fire severity - 0.183 - 0.249 —-143.877 0.000
Elevation 0.330 0.377 205. 666 0.000
Slope 6.129 x10 2 0.049 28.618 0.000
Slope position —2.426 x 1072 - 0.026 -15.599 0.000
Aspect -5.627 x10 72 - 0.083 -52.058 0.000
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3 Discussion
3.1 Change of forest crown density composition in 2000 compared with pre-fire

The area of forest crown density grade 4 and 5 decreased greatly compared that of pre-fire suggested that forest
growth had not attained the pre-fire level. This might be due to the short period of restoration only 13years . The
great increase of grade 3 suggested that forest was at the elementary succession stage but forest as landscape matrix
has already formed. Decrease of grade 1 may be caused by the silviculture practices post-fire instead of harvesting
pre-fire.
3.2 Correlation between forest crown density and affecting factors

The multivariate regression analysis suggested that the effects of explained variables on the post-fire growth of
coniferous mixed and broadleaved forest were greatly similar which was different from the restoration of the post-fire

forest composition and pattern ****

. Their results showed that recruitment of the various forest types post-fire were
different with the variability of affecting factors. This may be because early post-fire recruitment of the different forest
types was prone to be controlled by disturbance environmental gradients and human activities due to the different
life-history characteristics of component species. Once forest composition and pattern formed the influences of the
controlled variables on different forest types were greatly weakened. For example human silviculture ways can
obviously change the vegetation composition and pattern but with less help to forest growth.

Temperature and precipitation decreases with the elevation ascending ** 7 ¥

which should retard the growth of
forest. But the result showed that elevation were all significantly positively related to the forest crown density under
all the three forest types Table 5  which was out of expected. This might be caused by fire severity variation with
elevation gradients. Figure 3 revealed that percentage of severely burned area decreased markedly with the increase
of elevation grade while that of unburned area increased significantly. In addition variation of elevation is relatively
small ranging from 420 m to 930 m in the study area which restricted the variation of heat and moisture
Therefore the effect of elevation grades on forest crown density was over-ruled by its effect on fire severities.

Fire severity showed negatively significant correlation with the succession of three forest types. This may be
because the more severe the fire was the fewer trees survived from the fire. Survived trees following fire restored to
grow rapidly and that abundant seed also contributed to regeneration while the succession of severely burned area
started almost from null.

Silviculture ways showed a negatively slight relation with forest crown density under coniferous forest. It seemed
that human silviculture ways post-fire had negative effect on forest restoration though a great deal of work had been
done. After referring to the management planning of Tuqing Forest Bureau we found this result can be explained by
the criterion of silviculture ways. Regeneration ways were prescribed according to fire severity and site condition.
The area of natural regeneration mainly involved lightly burned area and broadleaved area where a great deal of trees
survived and broadleaved species have better germination ability. On the contrary silviculture ways were mostly
used in severely burned area. Further more the planted forest species was coniferous with slow growth. So the
restoration of forest crown density in natural regeneration area was better than that in artificially restored area in the
short term. Although no distinctive effects have been found now silviculture ways had changed the forest
composition. Figure 4 showed that the area proportion of coniferous adopting artificial treatments direct seeding and
planting was higher than that of natural regeneration natural and human promoted regeneration in 2000 which
greatly shortened the cycle of succession from broad-leaved to coniferous especially in severely burned area.

In addition only silviculture ways following fire was selected as variable without considering other artificial

treatments such as post-fire clear-cutting " and thinning ~  which is a deficiency of our research.
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Topographic factors showed slight influences on forest restoration due to lack of extremely steep slope in the

. . . 35
study area which was different from steep mountainous area

Aspect showed negative correlation with forest
crown density probably because it controls the soil fertility but not the solar radiation in this study area. Highly

fertilized soil is often distributed in shaded slope

—&— Unburned area Natural and human assisted regeneration
— -m — Lightly burned area B Human planted
— -& — Moderately burned area B Unburned area regeneration
60 —>¢— Severely burned area 60
50 0
— X
B < 4oL
g E
2 2
g g
5 30 2 30
2 2
o} a
o 20 8 20|
E <
10 - 10
0 0 | : | i
Coniferous Broad-leaved ~ Mixed forest
Elevation grades forest forest
Fig. 3 Area distribution of fire severity on the elevation grades in Fig. 4  Area distribution of forest types under various regeneration
1987 ways

The results of multiple regression analysis showed the main parameters that determine forest crown density
variability in this study area. However a certain part of the variability is still unexplained by the regression model.

This unexplained variability may be partly due to the large study scale at which a lot of ecological processes at fine

scale were concealed such as the effects of patch size *  distance to the nearest neighbor of unburned patch

pre-fire basal area ' and soil productivity * . Therefore further research is needed in order to consider more

effective controlling factors simultaneously at different scales and evaluate the relative importance of each factor.
References

1 Noble I R Slatyer R O. The use of vital attributes to predict successional changes in plant communities subject to recurrent disturbances.
Vegetatio 1980 43 5 —21.

2 Romme W H. Fire and landscape diversity in subalpine forest of Yellowstone National Park. Ecological Monographs 1982 52 2 199 —221.

3 Pickett ST White P S. Patch dynamics a synthesis. In Pickett S T ed. The ecology of natural disturbance and patch dynamics. New York
USA  Academic Press 1985.

4 Pillips D L Shure D J. Patch-size effects on early succession in southern Appalachian forests. Ecology 1990 71 204 —212.

5 Swanson F'J Jones J A Grant G E. The physical environment as a basis for managing ecosystems. In  Kohm K A ed. Creating a forestry for the
21* century the science of ecosystem management. Washington D.C Island Press 1997.

6 Turner M G Romme W H Gardner R H. Effects of fire size and pattern on early succession in Yellowstone National Park. Ecological Monographs
1997 67 411 —432.

7 Gonzalez-Ochoa A Heras J D S. Effects of post-fire silviculture practices on pachyrhnus squamosus defoliation levels and growth of Pinus halepensis
Mill. Forest Ecology Management 2002 167 85 —194.

8 Gracia M Retana J Roig P. Mid-term successional patterns after fire of mixed pine-oak forests in NE Spain. Acta Oecologica 2002 23 6
405 —411.

9 Providoli I Elsenbeer H Conedera M. Post-fire management and splash erosion in a chestnut coppice in southern Switzerland. Forest Ecology and
Management 2002 162 219 —229.

10 Parshall T Foster D R Faison E. Long-term history of vegetation and fire in pitch pine-oak forests on Cap Cod Massachusetts. Ecology 2003
84 736 —748.



887

11

13

14

15

17

18

19

20
21

22

23

24

25
26

27
28

29
30

31

32

33

34

35

36
37

38

39

Schoennagel T Turner M G Romme W H. The influence of fire interval and serotiny on postfire lodgepole pine density in Yellowstone National

Park. Ecology 2003 84 2967 —2978.

Rowe J S Scotter G W. Fire in the boreal forest. Quaternary Research 1973 3 444 —464.

Van Wagner C E. Fire behaviour in northern coniferous forests and shrublands. In  Wein R W ed. The Role of Fire in Northern Circumpolar

Ecosystems New York John Wiley & Sons 1983.

Peterson D . Ryan K C. Modeling postfire coniferous mortality for long-range planning. Environmental Management 1986 10 797 —808.

Lou Y H Wang S X. Analysis on forest fires in the Great Xingan Mountains forest region. Chinese Journal of Ecology 1988 7 sup 30 —34.

Tummer M G Romme W H Gardner R H. Prefire heterogeneity fire severity and early postfire plant reestablishment in subalpine forests of

Yellowstone National Park  Wyoming. International Journal of Wildland Fire 1999 9 1 21 —36.

Turner M G Baker W L Peterson C J. Factors influencing succession lessons from large infrequent natural disturbances. Ecosystem 1998 1

511 —523.

Pausas ] G Ribeiro E  Vallejo R. Post fire regeneration variability of Pinus halepensis in the eastern Iberian Peninsula. Forest Ecology and

Management 2004 203 251 —259.

Zhao D C. Vegetation and their restoration after the disastrous fire in the Great Xingan Mountains. Chinese Journal of Ecology 1988 7 Sup 35

—40.

Guan K Z Zhang D J. Influences analysis of forest fire on Daxinganling Mountains on vegetation. Environmental Science 1989 11 5 82 —88.

Shu L F' Zuo J C Tian W T. Study on the natural regeneration in the burned area of northern Great Xing'an Mountains. Forest Resources

Management 1996 12 422 —427.

Yang SC Liu X T Cao H B. Vegetation change on burn blank in Da Xing’anling forest area. Journal of Northeast Forestry University 1998 26
1 19 —22.

Luo J C. Influence of forest fire disaster on forest ecosystem in Great Xing'anling. Journal of Beijing Forestry University 2002 24 5/6 101 —

107.

Kong FH Li XZ Yin H W. Gradient analysis on the influence of terrain on the forest landscape pattern in the burned blanks of the north slope

of Mt. Daxinganling. Acta Ecologica Sinica 2004 24 9 1863 — 1870.

Whittaker R H. A consideration of climax theory the climax as a population and pattern. Ecological Monographs 1953 23 41 —78.

Fonda R W Bliss L C. Forest vegetation of the mountane and subapline zones Olympic Mountains Washington. Ecological Monographs 1969

39 271 —301.

Del Moral R Waston A F. Gradient structure of forest vegetation in the Central Washington Cascades. Vegetatio 1978 38 29 —48.

Wimberly M C Spies T A. Influences of environment and disturbance on forest patterns in coastal Oregon watersheds. Ecology 2001 82 1443 —

1459.

Nakagoshi N. Forest fire and management in pine forest ecosystem in Japan. Hikobia 2001 13 301 —311.

Wang X G Li X Z. Model of vegetation restoration under natural regeneration and human interference in the burned area of northern Daxinganling.

Chinese Journal of Ecology 2003 22 5 30 —34.

Bao Y Z Zhao X W. Application of aerial photograph and Landsat TM in the second forest resources survey. Forest Science and Technology

1996 2 14 —16.

Liu B Guan J B Yu F Y. Compilation and application of stoke map on account of TM remote sensing image. Protection Forest Science and

Technology 2001 49 4 27 —29.

Yang CT Zhou H Yang Y. Analysis of influences of forest composition crown density and forest age on TM. Inner Mongolia Investigation and

Design 2001 24 4 27 —29.

Romme W H Knight D H. Fire frequency and subalpine forest succession along a topographic gradient in Wyoming. Ecology 1981 62 319

—326.

Shen Z H Zhang X S Jin Y X. Gradient analysis of the influence of mountain topography on vegetation pattern. Acta Phytoecologica Sinica

2000 24 4 430 —435.

Xu H C. Forest in Great Hing’an Mountains. Beljing Sciences Press 1998. 5 —7.

Martinez-Sanchez J ] Ferrandis P Heras ] D L et al. Effect of burnt wood removal on the natural regeneration of Pinus halepensis after fire in a

pine forest in Tus valley SE Spain . Forest Ecology and Management 1999 123 1 1 —10.

Liu SL Ma K Fu B J. The relationship between landform soil characteristics and plant community structure in the Donglingshan Mountain

region Beijing. Acta Phytoecologica Sinica 2003 27 4 496 —502.

Lloret f Calvo E  Pons X. Wildfires and landscape patterns in the Eastern Iberian Peninsula. Landscape Ecology 2002 17 745 —759.



888 27
40  Safford H D Harrison S. Fire effects on plant diversity in serpentine Vs. sandstone chaparral. Ecology 2004 85 539 — 548,
15 1988 7 30 ~34.
19 1988 7 35 ~40.
20 1990 11 5 82 ~88.
21 “5 6" 1996 6 43 ~45.
2 1998 26 1 19 ~23.
23 2002 24 5/6 101 ~107.
24 2004 24 9 1863 ~1870.
30 2003 22 5 30 ~34.
31 1996 2 14 ~16.
32 ™ 2001 4 49 27 ~29.
33 2001 24 4 27 ~29.
35 2000 24 4 430 ~435.
36 1998. 5 ~7.

2003 27 4 496 ~502.



