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Simulation competition between trees of two species hy using forest

dynamics model
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Abstract ; Botkin e af developed a individual-tree hased model of forest dynamics by using the methods of
forest growth and vield madel, depending an gap theory of [orest dynamics. This type of madel called 15up
Model was widely used in many different forest types world wide, such as boreal foresty, warm tempe-ate
deciduous bread-leaved forest. subtropical forest and tropical forest. Gap Model can be used as ool to
probe into theory of forest dynamics in landscape and regional area on long-term forest development. and
have gained more notable results. Usnally Gap Model was used to research long-term dynamics process of
natural forest on constant environment or varied environment conditions. Tt is rarefied (o use this kind of
modc] to study competition between species. This rescarch will expand the application of Gap mode! to
sulve new ecological problems. which is a pretty new way to apply it 10 other ecological theory such as
competition thecory etr.

This research focused on the process of tree species competitions in northeast China. Heilungjiang
Province. by using Gap Model. T chase two tree specics Acer mono and Berwla platphylic as simulated
species in forest cornmunity. Acer mono and Betula platphylla are two common species in mountain area of
northeast China. distribute in warm temperate conifer -broad leaved mixed forest in North China and decid-
uous hraad-leaved forest in northeast China. Acer mono is middle shade tolerant species and likes to live in
moist fertilized soil. Betula platphylia is shade intolerant species, likes light and cool climate . lives in slow
slope and flat terrain. and can grow the fastest in middle soil water site. As we observed. 11 is unusual
that hoth species occur at the same stand at real forests. The phenomena show that bath tree species are
exclusive each other. that I explained from the peint of view of competition theory.

Forest dynamics Gap Model consists of twa parts. onc is tree growih; another environment. In this
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studv.we focused on the interaction of tree species 1n same communiry.and just uscd the bhasic equations of
tree growth part. The model parameters were estimated by deviation from physics-math equation and ex-
perimentally statistical analysis fitting methods. [ata that was used to estimated parameters and tested the
model come from management practices and field surveys.

The nitial assumption conditions of simulated forest were as follows. There are two species in the for-
ext community . both of which could generate in the environment, the site is clcar-cutting forest land where
plenty of seeds of two species 1n the stand,and natural resources such as light. temperature. water and
nurturance are suitable for tree 1o growth and generate. The area of simulated plots is 0. 1 hm?. simulation
was repeated 1U time at each situation, and the total area is 1 hm?*, Time duration of simmulation is 500
vears. Outputs of simulation results are number of trees of each species, total number of trees. biomass ot
each and both species.

The simulation shows both tree species can generate at the same time in rlear-cutting forest lands. bu:
there is different generanon rute between two species at the heginning phase of forest development .. e.
Betula platphhyila has a bigger generation rate than Acer mono. There is almost the same generation rate
at middle phase of forest development and later Acer mono has a higher generation rate. As biomass change
of tree species in simulated forest was considered, we found that biomass of Betula platphvita 1= bigger
than Acer mono at beginning phrase. and smaller after that phrase. According 1o simulated research on
competition between two species in a forest cammunity, we can concluded that status of competition i not
same in the whole process of forest development . because the environmental condition changed greatly and
capacity of competitar varied dramatically, So there 1s no such rhing as absolute dominant species in a for-
est community.

The second simulation was initiated at a similar environment condition with the first one. but the tree
species were dillcrent, (Ine is Acer mono. another virtual tree with same hiological characteristic as Acer
mono cxcept generation capacity. The simulated results show rhat the species with betrer generation be-
come dominant in forest,and its biomass percentage is very high. while another species with low genera-
tion rate smaller. Therefore Gaus prineiple has been approved in this model experiment.

The rescarch results show ; Competition of tree species with different biological and ccological features
has closer relation with immediate environments. Thus we concluded that species competition depended on
environmental [actors. and it is not constant character of tree species. There are absolute competitions be-
tween tree species with similar biological and ecological features during the development of forest vegeta-
tion. Speries with poor regeneration and growth capacity are always not well in farest development. and
not suitable to such community. Species with stronger gencrating and growth capacity have advantages in
forest community. Such competition relation among tree species can be uscd as a guide in restoring degrad-
ed forest ecosystem. especially in plantation establishment. management and asscssments. We can ratio-
nally design and arrange the composition of tree apecies in restoring degraded forest ecosystems and reesta-
bilshing man-made forest ecosystems reduce competition among trec species.and insure Lhe realization of
forest ecological benefits.
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1 REEAE
1.1 Z P BUE

EHEMREESREPRAZRM TR LA AEEN D Xt ERBEHZR AR F D, K L
BETHEMASHRMSFMmEN. SIS KM RNEMARIEN B TS EMEHENE TN
BB R RMAENTREREL. AR IAAERPERBEI IR AN AEXAF KT
— R AT TR REHERRY. XFELMNER AAYKHRNAE N FAN F @ HEES
B — &R, HHEIRMXETXFTHANFIENAT E£AHERXTERN T RGAEEEE—SHTAR
MRIAF, HHPRRTEANFITEAI.

1.2 HH:ANEHRERERH

G A o A B A Botkin F5 M AAKEUKWEZTE. E FHUARNE LR
ALXHER TR SRS EENBR R RN RERE A (Gap modeD) -, HMEBRBAZHKKITR
Bk X R EBRFALLES ERRAT. X TEEAPRE TEAAREE. AERBERIRE
A A NEREE DM HED. AXHAEAE I ER FEE T R HHLEEY
R ESEFHAEME HERS AR -EBELER.

M RGE R E AR A m B A E SRR EE LR R AR SR RIS
ke A TERANBRLE BRA KRS THRETBRZGREH ML WA HREE o~ 1 Z0TH
EWER . FHERNTABAR VRYERNOBLER AL IESER -5 MAFaEXHET . E
SRS E AT A RENR AR ART M B, XM AT REYE R 2 R
MEAREGE —FELEKRAEAFORAECHRE X ERKREAETERBERERAFELRLS .

WA P B AR ER R EEUAT AR S AR EL AR ERN RS, T
SRR REFH SR RBERERRS ., B AE KB RHOQBERET K- -y L8
HipR A HHO R AEROBH . ABIFERHnREFREVAESNVETHEERRL R+ WE
X EAESEEH AR KAEAK LIRS BERFSRASHN. GFEREAHEUERIHLEMN
HE: —BEaATSEAASHEY SR CREHERMAE RN SRS, AEENAS
FkE T ERERREREFTANRE T AGTHEPAESTE. ULFTREIRY R T FES
R FAAR 20+ A S0 A0 B9 5T 3 o 1 RIVRE A0 75 T i B9 g PR 1 — R R R, SR — PR DM BN T i
1.3 MAEMNENEEALR IE

LR AER T ESE AT RS EEH — R E 5 ORGSR CAcer mono) [ #E (Betu-
la pi’urﬁhy{f&Jﬁﬁﬁfuﬁﬁtpﬁ?kﬁﬁfﬂhﬁiﬁﬁﬁﬁﬁﬁﬁq:-ﬁﬁ&ﬁﬁ’ﬂiﬁﬁﬁﬁ%
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ER. BTEAIBEAERIHMADSHALAR. MUANBABERMOERSRN R, S8 S8 niEIT
FHYHE RS A AR ELR M FERE FTAAMEN A/ BERRTET, BB UE L. TR ST
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1 HMERPKEA

Tuble T Tree species and model parameter values

B R PR 2% R {E T'ree Species parameters and values
Species e ¢ . s ¢ a i G ¥ 8 7 e
@AE A mono  0.40  22.0  0.88 2800 300.0 7 4 15.71 0.041 0.13 0.031  0.369
BH#E B plarphyviia 0.21  25.0  1.09 50.00 650.0 10 5 78.3% 0.204 O.10  0.046 0. 369
BB % ¥ Model parameters and values - - -
Io= 450 pmol/{m’ « 5} K =10.4 Area —0. 05 Hm’
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Fig. | Composition change of twao tree species Fig. 2 Change of two species biomass
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Fig. 3 Modeling comptition of two tree species with similar biological and ecological characters in community
() ¥ T ik Change of individuals; (b)) ¥ B T {£ Change of biomass.
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