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The Analysis of Successional Trends by Topographic Positions in
the Natural Deciduous Forest of Mt. Chumbong1
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ABSTRACT

Taking account of the structural variation on species composition by topography, the successional
trends were comparatively analyzed for the three topographic positions (valley, mid-slope, and
ridge) in the natural deciduous forest of Mt. Chumbong area. The analysis was based upon the
subsequent process of generation replacement by understory saplings and seedlings over the
overstory trees which will be eventually fallen down. This study adopted the plot sampling
method, establishing twenty 20m x20m quadrats and collecting vegetation and site data on each
different topographic position. The transition matrix model, which was modified from the
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mathematical theory of Markov chain, was employed to analyze the successional trends and
thereafter to predict the overstory species composition in the future for each different topographic
position,

In valley, the simulation indicated the remarkable decrease in the proportion of species
composition of present dominants Quercus mongolica and Fraxinus mandshurica from current 23%
and 21% to around 4% of each at the steady state, which is predicted to take less than 200 years.
On the other hand, the proportion of such species as Abies holophylla, Acer mono, Tilia
amurensis, and Ulmus laciniate will increase at the steady state, In mid-slope, the result showed
the remarkable decrease in the proportion of Juglans mandshurica, Kalopanax pictus, and Tilia
amurensis from current 15%, 8%, and 15% to 2%, 1%, and 5%, respectively, at steady state
predicted to take more than 250 years. In ridge, the current dominant Quercus mongolica was
predicted to be decreased dramatically from 58% to 8% at steady state which could be achieved
about 200 vears. On the contrary, the proportion of Acer mono and Tilia amurensis will be
increased from current 4% and 3% to more than 20% and 40%, respectively, at the steady state,

Overall results suggested that the study forest is more likely seral rather than climax
community, Even though a lot of variation is inevitable due to various kinds of site and vegetation
development, the study forest is considered to be more than 200 vears away from the steady state
or climax in terms of overstory species composition,

Key words : forest succession, topographic position, markovian model, climax, serve
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Fig. 1. The approximate location of study sites by topographic positions in Mt,

Chumbong area.
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Table 1. Site conditions of the study forest by topographic positions.

Valley Mid-slope Ridge
. Loam~Clay loam Loam
Sol Talus(20%) Talus(10%) Clay loam
Slope gradient 4~15° 19~35° 10~33°
. . . . N3"E~N75°E
Aspect S10 " W~N45 "W NIS"E~N70"W S~S80° W
Elevation 800~870m 850 ~1050m 1000~1150m
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Table 2. Predicted proportion(%) of species composition durin& successional generation by the simple

model in the valley.

C . Present Generation
anopy species DBH(em) 0 i 5 3 1 p
Abies holophylla 45.6+11.7 12.8 22.6 28.0 26.9 27.0 27.0
Acer mandshuricum 23.6%3.5 4.9 13.6 11.0 11.4 114 11.4
Acer mono 26.0%6.3 6.7 19.9 15.8 16.0 16.0 16.0
Cornus controversa 21.8%+8.4 2.4 4.5 3.9 4.1 4.1 4.1
Fraxinus mandshurica 24.3%9.5 21.3 4.0 4.2 3.9 3.9 3.9
Fraxinus rhynchophylia 23.8+6.3 4.9 6.6 7.1 7.3 7.3 7.3
Kalopanax pictus 28.3%6.0 1.8 1.8 1.7 1.7 1.7 1.7
Prunus sarvgentii 23.3*2.8 4.9 3.0 3.2 3.0 3.0 3.0
Quercus mongolica 40.2*21.4 23.2 5.4 4.1 4.3 4.3 4.3
Tilia amurensis 31.6+12.5 3.0 7.2 6.2 6.5 6.5 6.5
Ulmus laciniata 24.8*+11.5 3.0 6.7 9.1 9.2 9.3 9.3
Others 32.0+20.2 11.0 4.7 5.7 5.7 5.6 5.6
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Fig. 2. Simulation of successional trends for five major species up to 400 vears in the valley. AH,
Abies holophylla ; AZ, Acer mandshuricum ; AM, Acer mono;, FM, Fraxinus mandshuric

a; QM, Quercus mongolica.
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Table 3. Predicted proportion(%) of species composition during successional generation by the simple
model in the mid-slope.
. Present Generation
Canopy Species DBH(cm) 0 . 5 3 . :
Abies holophylla 30.5%0.7 1.3 6.5 4.5 3.7 3.5 34
Acer mandshuricum 30.5t8.4 2.7 15.7 10.6 9.0 9.1 9.2
Acer mono 27.0%£6.5 5.3 18.8 19.3 17.9 17.7 17.5
Cornus controversa 21.3+4.9 6.7 11.3 21.9 25.7 26.7 27.3
Fraxinus mandshurica 33.4+18.5 4.7 2.1 1.4 1.8 1.9 1.8
Fraxinus rhynchophylia 20.2+7.5 8.0 14.8 8.4 7.2 6.9 6.8
Juglans mandshurica 25.874.9 14.7 1.6 1.1 1.8 2.0 2.2
Kalopanax pictus 32.0+7.0 8.0 0.9 0.7 1.1 1.2 1.3
Maackia amurensis - 0.0 0.4 0.1 0.1 0.1 0.1
Prunus sargentit 24.817.5 5.3 2.8 5.2 5.1 4.8 4.8
Pinus densiflora 34.5%8.1 2.7 0.3 0.0 0.0 0.0 0.0
Quercus mongolica 25.4%+18.2 10.7 4.7 7.9 7.3 6.8 6.7
Tilia amurensis 33.5%17.8 14.7 7.4 4.3 4.6 4.6 4.5
Ubmus laciniata 28.619.5 4.7 4.7 6.7 6.9 6.7 6.5
Others 28.7%+6.9 10.7 8.0 7.6 7.4 7.4 7.3
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Fig. 4. Simulation of successional trends for five major species up to 400 vears in the ridge. AM,
Acer mono; KP, Kalopanax pictus; QM, Quercus mongolica; TA, Tilia amurensis FR,

Fraxinus vhynchophylla.
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Table 4. Predicted proportion(%) of species composition during successional generation by the simple

model in the ridge.

C . Present Generation
anopy Species DBH(cm) 0 1 2 3 4 5

Acer mono 22.5+5.3 4.0 15.9 20.6 22.5 23.1 23.3
Betula costata 28.7+8.4 8.9 0.1 0.3 0.3 0.2 0.2
Cornus controversa 23.2%+5.9 1.8 3.2 3.0 2.7 2.6 2.6
Fraxinus mandshurica 21.5%5.0 0.9 0.5 0.1 0.1 0.0 0.0
Fraxinus rhynchophylla 26.7%£6.5 7.1 10.7 6.7 5.3 4.9 4.7
Juglans mandshurica 33.5+7.9 1.8 0.9 0.3 0.3 0.3 0.3
Kalopanax pictus 43.3%8.2 10.2 0.8 1.7 2.0 2.0 2.1
Prunus sargentii 38.0 0.4 1.0 0.8 0.6 0.5 0.5
Quercus mongolica 38.2+12.0 57.8 188 124 1.1  10.8  10.8
Tilia amurensis 52.1%16.7 3.1 317 M9 467 47.2  47.3

25.8+7.2 4.0 10.4 9.1 8.5 8.4 8.3

Others
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Fig. 4. Simulation of successional trends for five major species up to 400 years in the ridge. AM,
Acer mono; KP, Kalopanax pictus; QM, Quercus mongolica ; TA, Tilia amurensis; FR,

Fraxinus rhynchophylia.
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A e WRHES 2do2H A HAE
M E B AFdrMEe 288 $E08 1 7}
YE AL Roez 4=,

Zk Ao wE FipHEsl Hel FY H=RE
Table 5 vehligic}, AFdAe Al A}
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Al AEolA EFHAVFY ulgo] F43)
2 Ex aRUF-HUF 435 vehdcdsl,
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AN Carpomess  cordata), 35 Acer psewdo-
steboldianum), SN (Pyrus pyrifolia), &%
W E(Salix hulten)) 5-0] AZd4 45 Fds17
o AEye B SR A4S Y
o029 #gle] oL oFor EHIRZ A4S
229 xof R FAEe), =23 4F +F
22 A AHdE 234 %3 3wt
Zy3e whd S (Betula schmidtiy, *FAVF-
(Populus davidiana), 338} 5-(Phellodendron

Table 5. The estimation of species compositional change and successional pathways in overstory,
predicted from Markov chain mode! by three topographic positions.

Topographic position

i t tt
(soil texture) Current forest type

Midway composition

Steady state composition

Valley QM-FM AM-AH loss of QM,
(loam to clay loam, talus) loss of FM & QM replaced by AH & AM
. AM-CC
Mid-slope JM-TA thrift of AM, loss of JM & TA,
(loam, talus) loss of JM & KP replaced by CC & AM
. QM-TA
Ridge QM-KP loss of QM & KP, loss of QM & KP,
(clay loam) thrift of TA replaced by TA & AM

QM, Quercus mongolica ; FM, Fraxinus mandshurica ; AM, Acer mono,;
AH, Abies holophylia ; M, Juglans mandshurica ; TA, Tilia amurensis ;

KP, Kalopanax pictus; CC, Cornus controversa
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amurense)i= Fo] BFE AtEe] Brigdng A
Z AH vlE AEoM = Alefslsic.
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commixta), LN IFE(Sorbus alnifolia) 58 A
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UE AL A, dAe 4352 dlzA 12
oy d&Ed e Al Ao, F
, ArdAelo] dolA 71 ol Fe] sl A
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AR, B el o] mte] AL ¢lddwl HAH
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(Borman & Likens 1979) o} %9 A1yl o] 2l
o 4o A AWAe] de 952 ¥ 5+ A
o}, v, o] o] Mtsiol ® AN &
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wol gitl, &, WsEE vAHAE o] i
ANz wdd 5 gloh, AA, & 279 A5
<& F3) § 279 §FE voR gxId: &
AME I A =¢ ¥ 2d2Re #AH5]
ojedg FAFHo|r},

e

1. AAE, 1992, Feldd mdof o3 o4t &4
PR gE ETEI Hel FE ¥4 ¥IFIH
3], 81(4) : 325-336.

2. &%, A, AAE. 1987, LAHe #A45H
FZo FF A7 AU daY AT B2, T3
26.

3. clWA. 1993, HEA A4Y FH F= F E4

(42

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Bates, C.G. and J.Roeser Jr.

. Bums,

BORIL Aol RIAAMEERL] Miey (LRl o8 BF MM 2T

B A7, AL whAEe] =%, 84pp.

o)A, 1982, AE M EEZ. FEAE 990pp.

%, 1989, YAPFFFE, EAEH o7}
o v 44, 415pp.

L AEAAREYS, 198, FYE HEA U F

§Hate 2R A, 223 124pp.

1928. Light
intensities required for growth of coniferous
seedlings. Amer J. Bot. 15: 185-244.
Bormann, B.T. and G.E. Likens. 1979.
Pattern and process in a forested ecosystem
springer-Verlag. New York. 253pp.

G.P. 1923. Measurement of solar
radiant energy in plant habitats. Ecology 4 :
189-195.

Oliver, C.D. and B. C, Larson. 199.
Forest Stand Dynamics. John Wiley and
Sons. Inc., New York. 521pp.

Fowells, H.A. 1965, Silvics of Forest Trees
of the Unite States. U.S. Dept. Agriculture,
Forest service, Agriculture Handbook 271,
Washington D.C. 762op.

Geiger, R. 1965. the Climate Near the
Ground. Harvard Univ. Press, Cambridge,
Mass. 611pp.

Hom, H.S. 1975. Markovian properties of
forest succession. Pages 196-211 in M. L.
Cody and J.M. Diamond. ed. Ecology
and Evolution of Communities. Harvard
University,

Hom, H.S. 1976. Succession. Pages 187-
204 in R.M, May. ed. Theoretieal Ecology :
Principles and Applications. Blackwell
Sci. Publ. Oxford.

Host, G.E., K.S. Pregitzer, C.W. Ramm
and J.B. Hart, 1987. Landform-Mediated
Differences in Successional Pathways Among
Upland Forest Ecosystems in Northwestern
Lower Michigan. Forest Science 33 :445-
457,

Kim, J. H. 1989. The forest communities
of Mt. Chombong described by combined
methods of classification and ordination.
Jour. Kor. For. Soc. 8: 255-262.
Kimmins, J.P. 1997. Forest
MacMillan. New York. 596pp.
Miles, J., D.D, French, Z.B. Xu and L.Z.

ecology.



mERERTE 800)R. 20004 128 665

Chen. 1985. transion matrix models of
succession in a stand of mixed Broadleaved-
Pinus Koraiensis forest in Changbaishan,
Kirin province, North-East China. J.Env.
manag. 20 : 357-375.

19. Rowe, ].S. 1984. Forestland classification :

limitations of the use of vegetation. p276.
in Forestland Classification : Experiences
problems. Perspectives. J. Bockheim (ed).
Proc. Symp. Univ. Wisconsin.



