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IMPACTS OF TOPOGRAPHY ON THE SPATIAL PATTERN OF THE AGE OF FOR-
EST COMMUNITY
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Abstract Aims Our objective is to assess the impacts of topography a main source of spatial and temporal
environmental heterogeneity on the dynamics of mountain forest communities.
Methods We sampled a 200 m x 100 m plot of mixed evergreen broad-leaved and deciduous forest at Mt.
Dalaoling in the Three Gorges Region of China using a 10 m x 10 m grid. We measured the topography and set
up a digitalized elevation model with resolution of 1:500. We then took tree ring samples of 16 common tree
species fitted species specific diameter-age models and estimated community age in each of the 200 grids.
Multivariate linear regression and ANOVA were applied to analyze the relationship between community age and
habitat variables.
Important findings Power model successfully describes the quantitative relationship between DBH and age
in all species. Community ages of the grids range from 14 to 179 years old with a mean of 95 years old. The
oldest individuals in the grids include 24 tree species but the top 5 species make up the oldest individuals in
68.5% of the grids. Significant correlations exist between estimated community age and stream impact index
position slope sum of basal area of disturbed trees and growth rate index implying that soil erosion critical-
ly impacts community development although species-specific potential age is a constraint of community age.
We suggest that topography impacts on community age by controlling the spatial pattern of disturbance regime
by surface erosion  and habitat choice of species with diversified ecological strategies. However our quanti-
tative estimate of community age has considerable uncertainty due to the complexity of the object studied and
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the method applied.
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1
Fig.1 The digital elevation model of the sampling plot
1
Table 1 Definitions of topographic indices of the plots
Factor Definition Value range
Elevation elev Interpolation from contour 1652~1745 m
Slope angle slop ArcGIS9.0  Spatial analysis 59~ 49°
Plan curvature plan According to the algorithms in the spatial analysis module of ArcGIS9.0 -14.43~18.05
Profile curvature  prof -12.02~12.17
Slope aspect  aspe ArcGIS9.0  Parker 1982 Follow ArcGIS9.0 and Parker 1982 0°~ 180°
Slope position  posi 0~ 100
si=2 Passed by stream st =1 8 1
Stream impact st With at least one of 8 neighbors passed by stream st =0 012
Others
10 mx 10 m
1.2.3 1 5
16
2 16
5
cm 6 3 12
DBH <5 cm
4
24
1.2.4 ; 1.2.5
DBH =a Age *  1* 16 16 -
2 16 170
0.001 F
t -

CCA
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Table 2 The power models of age-diameter relationship for main tree species
l F
. Parameter t-test n-2 F test for ANOVA of models
Species name L
estimation t Sig. F Sig.
Lithocarpus cleistocarpus a 0.502 4.430 0.000 35 209.922 0.000
B 0.918 14.489 0.000
Eurya loquaiana a 0.602 3.504 0.004 19 86.229 0.000
B 0.711 9.286 0.000
Cornus controversa a 1.241 4.872 0.001 25 164.531 0.000
B 0.764 15.418 0.000
Cerasus conradinae a 0.421 3.673 0.001 28 154.916 0.000
B 1.017 11712 0.000
Carpinus fargesii a 0.436 6.466 0.000 32 487.684 0.000
B 0.956 22.084 0.000
Betula luminifera a 1.004 4.681 0.010 20 73.860 0.000
B 0.814 14.617 0.000
Fagus lucida a 0.533 3.769 0.001 29 151.011 0.000
B 0. 888 12.289 0.000
Fagus engleriana a 0.681 3.946 0.001 29 146.283 0.000
B 0.818 12.095 0. 000
Cyclobalanopsis myrsinaefolia a 0.401 3.224 0.004 21 136.048 0.000
B 0.976 11. 664 0.000
Dendrobenthamia japonica var. chinensis « 0.564 3.787 0.001 27 128. 606 0. 000
B 0.865 11.340 0.000
Quercus aliena var. acuteserrata a 0.523 4.593 0.000 4+ 220.279 0.000
B 0.921 14.842 0.000
2000c 16
2 age
24 Carpi-
nus fargesii C. cordata Betula
chinensis Sorbus folgneri 40 |
S. caloneura Cyclobalanopsis  myrsinaefoli-
a C. multinervis Den- 230
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L
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<
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2
Fig.2 Frequency distribution of plot age
1.2.6
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Growth rate index gri
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Fig.3  The power models for the age-diameter growth for the 16 tree species
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Fig.4 Spatial pattern of age classes of community grids in plot

3
Table 3 Species demography of the oldest trees in the grids of the plot
+
Specie name Frequency Age rang Mean + SD
Fagus engleriana 33 14 ~ 169 106.2+43.7
Castanea seguinii 33 43 ~ 163 104.4£23.1
Castanea henryi 30 72 ~ 145 95.0+16.2
Quercus aliena var. acuteserrata 21 88~ 179 117.0+£26.4
Lindera obtusiloba 20 15~ 144 88.8+24.9
Populus lasiocarpa 9 50 ~78 61.4+9.9
Lithocarpus cleistocarpus 9 30 ~ 66 53.2+10.0
Betula luminifera 6 70 ~ 134 98.4+28.0
Sorbus folgnert 5 80~ 173 114.5+36.3
Carpinus fargesii 5 27 ~78 60.3+£20.6
Cyclobalanopsis myrsinaefolia 5 12~72 50.5+24.3
Fagus lucida 3 91~122 111.5+11.7
Cornus controversa 3 53~119 95.5+£36.6
Toxicodendron vernicifluum 3 20~ 77 40.1+32.2
10 Others 10 species 1 or 2 24 ~ 169
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Fig.5 The pattern of maximum-age species in the grids of the plot
4 t
Table 4  Coefficients analysis and ¢-test of two multiple regression models
Estimation SE t p
Coefficient Ml M2 M1 M2 Ml M2 M1 M2
Intercept 260.7 409.2 265.7 571.3 0.981 0.716 0.328 0.475
st -126.5 -12.88 4.719 4.938 - 2.681 - 2.609 0.008 0.0099 ™
posi 0.188 0.193 0.078 0.791 2.409 2.434 0.017" 0.016"
slop 0.531 0.451 0.249 0.293 2.130 1.540 0.035" 0.125
dba -0.000 4 -0.000 4 0.000 2 0.000 2 -2.011 -1.99 0.046" 0.047"
ari 1.073 1.162 0.567 0.598 1.891 1.943 0.060" 0.054"
gar -0.110 -0.112 0.083 0.084 -1.319 -1.338 0.189 0.182
aspe 0.861 0.087 0.083 0.090 1.041 0.961 0.299 0.338
prof 134.2 148.2 531.9 535.2 0.252 0.277 0.801 0.782
plan -129.9 -143.6 531.3 534.6 -0.244 -0.269 0.807 0.789
elev 0.265 0.336 0.790 0.430
Y 0.061 0.112 0.543 0.588
X -0.023 0.098 -0.234 0.815
*¥%  p<0.001 ** p=0.001~0.01 * p=0.01~0.05 Others p=0.05~0.1 dba Disturbed-tree basal area

gar Gap area ratio  gri Growth rate index aspe elev plan posi prof si slop 1 See Table 1
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Table 5 ANOVA and F test on two regression models
Model Residual SE df No. of variables R F S
1 32.07 181 10 0.160 8 3.136 0.000 57
2 32.22 178 13 0.1622 2.651 0.002 05
Im formula = age ~ gri + gar + dba + slop + aspe R?
+ post + plan + prof + si  data = plotage 1
Im formula = age ~ x + y + elev + gri + gar + ba x 0~200 y 0~100
+ slop + aspe + posi + plan + prof + si  data = plotage
2
t 4 x vy 2.5
Elevation elev
6
Stream impact st 1 gri
p <0.001
Slope position post  dba 0.01 ~0.05 2
gri
0.01 ~0.05 dba gar
gar  dba
3 X Y elew
4  prof plan  si
F
5 16.08% 16.22%
6
Table 6  The matrix of partial correlation coefficients between grid age and the interpretive variables after controlling the spatial factors X YV  elev
dba gar aspe slop post plan prof si P
X 0.030 0.193™ 0.372" -0.362"" 0.162" 0.024 -0.054 -0.191™
Y —-0.005 0.024 -0.006 0.265" -0.01 -0.052 0.008 0.063
elev -0.036 0.100 0.030 -0.101 0.3727 0.151" -0.202"" -0.437"
ari 0.058 0.035 -0.093 0.120 -0.025 -0.041 0.061 0.090
dba 0.115 0.135" -0.063 0.040 0.045 0.018 -0.033
gar 0.09%4 -0.126" -0.089 -0.144" 0.107 0.120"
aspe -0.464™" -0.18" -0.104 0.004 0.177"
slop 0.145" 0.09 0.081 -0.027
posi 0.619™  —0.565""  —0.64""
plan S0.616™° - 0,456
prof 0.418™
s p<0.000 %% p=0.001~0.01 * p=0.01~0.05 Others p=0.05~0.1 dba gar gri 4 See Table 4 aspe elev plan
posi prof si slop 1 See Table 1
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Trade-off
3 Kobo
et al . 1995
Watt
1947 Bormann & Likens 1979 Pickett & White
1985
si posi  dba
1985 16%
Hara et al .
1996
Chen et al . 7
1997 Yanagisawa & Fujita 1999 34% R* =0.347 1
Fip181=8.699 p=2.779 - 12
7 - t
Table 7 Coefficients analysis and ¢-test of DBH-habitat factor regression model
Coefficients Estimation SE 13 p
Intercept 172.2 302.6 0.569 0.570
ari -5.251 0.646 -8.129 6.77e—14""
slop 0.699 0.284 2.462 0.015"
posi 0.207 0.089 2.332 0.021"
st —10.400 5.373 -1.935 0.055
dba —-0.000 35 0.000 2 -1.753 0.081

posi si slop 1 See Table 1  dba 4 See Table 4



823

2m

Hubbell 2005

Austin MP, Cunningham RB, Fleming PM (1984) . New approach-
es to direct gradient analysis using environmental scalars and sta-
tistical curve-fitting procedures. Vegetatio, 55, 11 —27.

Borcard D, Legendre P, Drapeau P (1992). Partialling out the
spatial component of ecological variation. FEcology, 73, 1045 —
1055.

Bormann FH, Likens GE (1979) . Pattern and Process in a Forested
Ecosystem. Springer-Verlag, New York, 23.

Carmel Y, Kadmon R (1999) . Effects of grazing and topography on
long-term vegetation changes in a Mediterranean ecosystem in Is-
rael. Plant Ecology, 145, 243 - 254.

Chen Z, Hsieh C, Jiang F, Hsieh T, Sun I (1997). Relations of
soil properties to topography and vegetation in a subtropical rain
forest in southern Taiwan. Plant Ecology, 132, 229 —241.

Dirnbick T, Hobbs RJ, Lambeck RJ, Caccetta PA (2002) . Vege-
tation distribution in relation to topographically driven processes in
southwestern Australia. Applied Vegetation Science, 5, 147 —
158.

Formann RTT (1995). Land Mosaics: the Ecology of Landscapes
and Regions. Cambridge University Press, Cambridge, 69.

Franklin J (1995). Predictive vegetation mapping: geographical
modeling of biospatial patterns in relation to environmental gradi-
ents. Progress in Physical Geography, 19, 474 — 499.

Gratzer G, Canham C, Dieckmann U, Fischer A, Iwasa Y, Law
R, Lexer MJ, Sandmann H, Spies TA, Splechina BE, Szwa-

grzyk J (2004) . Spatio-temporal development of forests--current

trends in field methods and models. Oikos, 107, 3 -15.

Guisan A, Zimmermann NE (2000) . Predictive habitat distribution
models in ecology. Ecological Modelling, 135, 147 — 186.

Hara M, Hirata K, Oono K (1996) . Relationship between micro-
landform and vegetation structure in an evergreen broad-leaved
forest on Okinawa lsland, S-W. Japan. Natural History Re-
search, 4, 27-35.

Hubbell SP (2005) . Neutral theory in community ecological and hy-
pothesis of functional equivalence. Functional Ecology, 19,
166 - 172.

Keeton WS, Franklin JF (2004) . Fire-related landform associations
of remnant old-growth trees in the southern Washington Cascade
Range. Canadian Journal of Forest Research, 34, 2371 — 2381.

Kobo RK, Pacala SW, Silander JA, Canham CD (1995). Juvenile
tree survivorship as a component of shade tolerance. Ecological
Applications, 5, 517 -532.

Mladenoff DJ, Baker WL (1999) . Development of forest and land-
scape modeling approaches. In: Mladenoff DJ, Baker WL eds.
Spatial Modeling of Forest Landscape Change: Approaches and
Applications. Cambridge University Press, Cambridge, UK, 1 -
13.

Parker AJ (1982) . The topographic relative moisture index: an ap-
proach to soil moisture assessment in mountain terrain. Physical
Geography, 3, 160 — 168.

Pickett STA, White PS (1985) . The Ecology of Natural Disturbance
and Patch Dynamics. Academic Press, New York, 153.

Qiu Y ( ), FuBJ ( ), Wang J ( ), Chen LD (

) (2004) . Spatiotemporal variability of the soil erosion and
its relations to the influencing factors on the Loess Plateau, Chi-
na. Acta Ecologica Sinica ( ), 24, 1871 - 1877. (in
Chinese with English abstract)

Resler LM (2006) . Geomorphic controls of spatial pattern and pro-
cess at alpine treeline. The Professional Geographer, 58, 124 —
138.

Shen ZH ( ), Jin YX (
JQ ( ), Huang HD (

), Zhao ZE ( ), Wu

) (2000a). A study on the
classification of forest communities of Dalaoling region at the
Three Gorges. Wuhan Journal of Botany ( ),
18, 99 - 107. (in Chinese with English abstract)

Shen ZH ( ), Zhang XS ( ), Jin YX ( )
(2000Db) . The spatial pattern and topographic interpretation of the
forest vegetation at Dalaoling region in the Three Gorges. Acta
Botanica Sinica ( ), 42, 1089 — 1095. (in Chinese
with English abstract)

Shen ZH ( ), Zhang XS (

(2000c) .

), Jin YX ( )

An analysis of the topographic patterns of the chief



824

31

woody species at Dalaoling Mountain in the Three Gorges region.

Acta Phytoecologica Sinica ( ), 24, 581 — 587.
(in Chinese with English abstract)
Shen ZH ( ), Li N ( ), Zhao J ( ), Li DX (
), Wang GF ( ) (2004) . The topographic pattern of

seed rain of a mountain mixed evergreen and deciduous forest

community. Acta Ecologica Sinica ( ), 24, 1981 —
1987. (in Chinese with English abstract)

Shen ZH ( ), Zhao J ( ) (2007) . Prediction of the
spatial patterns of species richness based on the plant-topography
relationship: an application of GAMs approach. Acta Ecologica
Sinica ( ), 27, 953 - 963. (in Chinese with English
abstract)

Swanson FJ, Kratz TK, Caine N, Woodmansee RG (1988) . Land-
form effects on ecosystem patterns and processes. BioScience,
38, 92-98.

Taylor AH, Skinner CN (2003 ). Spatial patterns and controls on
historical fire regimes and forest structure in the Klamath Moun-
tains. Ecological Applications, 13, 704 -719.

Turner MG (1989) . Landscape ecology: the effect of pattern on
process. Annual Review of Ecology and Systematics, 20, 171 —
197.

Urban DL, Goslee S, Pierce KB, Lookingbill TR (2002) . Extend-

ing community ecology to landscapes. Ecoscience, 9, 200 - 212.

Wang GH ( ), Yang IM ( ) (2001).

analysis and environmental interpretation of woody plant commu-

Gradient

nities in the middle section of the northern slopes of Qilian Moun-
tain, Gansu, China. Acta Phytoecologica Sinica (
), 25, 733 —740. (in Chinese with English abstract)

Watt AS (1947). Pattern and process in the plant community.
Journal of Ecology, 35, 1-22.

Whittaker RH (1956) . Vegetation of the Great Smoky Mountains.
Ecological Monographs, 26, 1—-80.

Wu J, Levin SA (1994). A spatial patch dynamic modeling ap-
proach to pattern and process in an annual grassland. Ecological
Monographs, 64, 447 — 464.

Yanagisawa N, Fujita N (1999) . Different distribution patterns of
woody species on a slope in relation to vertical root distribution
and dynamics of soil moisture profile. Ecological Research, 14,
165 - 177.

Zhang QF ( ), Zheng Z ( ), Jin YX ( )
(1990) . Studies on the forest succession in Dalao Ridge, Hubei
Province. Acta Phytoecologica et Geobotanica Sinica (

), 14, 110 - 119. (in Chinese with English

abstract)
Zou BJ ( ) (1985) . Principles of Local Geomorphology (
). The Commercial Publisher, Beijing, 219. (in
Chinese)



