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ABSRACT

This research was conducted at Xuan Son National Park, the data was collected on three
permanent plots and the area of each permanent plot is one ha. The data collection has been
conducted in the period from 2012 to 2018. The trees are classified into diameter categories of
5 cm starting from 10 cm. The structural simulation model consists of two groups of system
elements including: state elements (number of trees categorized by diameter size), intermediate
elements (tree density, entering and outgoing tree number of diameter categories, number of
died trees of different diameter categories, number of regenerating trees). The processes of
forest dynamics (regeneration of trees, change of tree number and natural death of diameter
categories) were simulated through a simulation scheme in MM&S Software (Mathematical
Modeling and Simulation - http://accountvienst.readyhosting.com/index.asp?prglD=1). The
interaction is defined through regression equations: Correlation between the number of
regenerating trees and the number of existing trees (R-No), correlation between the number of
diameter-category-changing trees and the number of trees at particular diameter category (Ok-
Nk), correlation between the numbers of died trees and trees at particular diameter category
(Mi-Nk). The suitable regression equations that are selected based on the results of statistic
analysis were input into the model in the simulation diagram in MM&S Software. The model
in the simulation diagram has been ran, the graph was created from the results of model
running to show the tendencies of the change of the tree diameter categories in time and to see
the correlation between the changes of the tree diameter categories of the system. The model
was exported from the simulation diagram into text file for illustration.
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INTRODUCTION

Forest ecosystem is a very complex
system consisting of animals, plants, microbes
and other environmental elements, where the
main element is the trees. These components

have reciprocal interactions, affecting one
another to maintain the existence of the
ecosystem. Each element of the forest
ecosystem constantly changes itself over time
based on different ecological principles.
Understanding such principles allows us to
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create solutions to manage the forest in a
sustainable way.

Currently, the knowledge regarding the
dynamics in the forest is still limited,
especially regarding natural forest. The
research using software and mathematical
model to simulate the dynamics of the forest
is essential and necessary for the management
and sustainable use of forest resources.
Visualization and simulation enable us to have
a clear view, to estimate and forecast the
dynamics of the forest. However, the research
using software and mathematical model to
simulate the dynamics of the forest yet
remains few and far between.

Due to the aforementioned reasons, this
research has been conducted with the purpose
of finding out a few basic dynamics of forest
in Xuan Son National Park, Phu Tho
province. At the same time, the MM&S
software has been used to visualize and
simulate the dynamics and structure of natural
broad-leaved evergreen forest in order to
create  basis for  sustainable  forest
management.

MATERIALS AND METHODS

The research was conducted at Xuan Son
National Park in Phu Tho province, the data
was collected on three permanent plots
established since 2007 during the project
“Research of the structural and dynamic
characteristics of common forest types in
Vietnam” (Tran Van Con, 2010).

Three square permanent plots have been
established, the area of each plot is one ha.
The data used in this article was collected
from 2012 to 2018. The trees are classified in
diameter categories of 5 cm starting from
10 cm. The collected data consists of:
Diameter at 1.3m (D3) of the trees that had
D13 > 10 cm; Number of regenerating plants
periodically added to tree group; Number of
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naturally died trees of each diameter category
during the period of data collection.

The process of changing diameter
category of the trees in the sample plots is
calculated using the formula:

Nit+1 = Nkt + Rk — Ok - Mg

Where: Nk is the number of trees with
diameter of k diameter category at the time of
t+1;

N is the number of trees with diameter
of k diameter category at the time of t;

Rk is the number of trees that are addingto
the k diameter category;

Ok is the number of trees that are outgoing
from the k diameter category;

Mk is the number of died trees of the k
diameter category.

From the data collected at two different
times, we can determine Nkw1 , Nkt , Mk, and
Rk for the minimum diameter category (R« is
the number of regenerating plants added to
this tree diameter category). From this, we can
determine the number of outgoing trees from
this diamter category using the formula:

Ok = Nkt + Rk - Mk~ N t+1
SPSS software (Statistical Package for the
Social Sciences) was used to select the
suitable type of regression equation and to
find the coefficients for each equation.

MM&S Software (Nguyen Van Sinh,
2011) was used to visualize and simulate the
dynamic processes and structure of the forest
ecosystem.

RESULTS AND DISCUSSION

Determining  the
description of models

system  elements,

The goal of the models is to illustrate the
dynamics and structure of Broad-Leaved
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Evergreen Forest Ecology at Xuan Son
National Park in Phu Tho province. At one
particular time, we could collect statistics on
the number of trees classified by diameter
category. Therefore, according to MM&S
software, the diameter category size would be
the state element.

Density of the permanent plots (N) is the
total number of trees of different diameter
categories that are depending on the number
of trees of each diameter category at one time
point. Therefore, density would be an
intermediate element, according to MM&S
software (Nguyen Van Sinh, 2011).

After a certain period of time from the
growth in diameter, forest trees grew in width,
some trees moved from the lower diameter
category (Dx) to a direct upper diameter
category, this process is called diameter-
category-change. The number of trees
outgoing from the lower diameter category
(Ok - Out) would be added to the number of
trees at the direct upper diameter category. It
depends on the number of trees at the lower
diameter category hence it is an intermediate
element according to MM&S software
(Nguyen Van Sinh, 2011). It affects both the
number of trees at lower diameter category
and the number of trees at direct upper
diameter category.

At each diameter category after a certain
amount of time, there was a number of
naturally died trees (Mx — Mortality) and the
death rate at a diameter category depends on
the tree number of the diameter category and
is therefore an intermediate element, it affects
the number of trees at that diameter category.

The first diameter category (D = 10-15
cm, median = 12.5 cm) after a certain amount
of time received additional number of trees
from the regenerating plants (R-Recruitment).
On the other hand, the number of regenerating
plants depends on the initial density of the
sample plots, it is therefore an intermediate

element according to MM&S software
(Nguyen Van Sinh, 2011). It influences the
number of trees at the first diameter category.

Number of trees at each diameter category
in the subsequent periods of time (Ni+1) was
the sum of the number of trees of last period
(Nky), combined with the number of trees
moving from the lower diameter category
(Rk), minus the number of trees outgoing from
that diameter category (Ox) and the number of
died trees at that diameter category (M).

Simulation diagram

Simulation diagram in MM&S software
was constructed based on the description of
model

The button L] is used to draw the
symbol of state variable. After clicking on this
button, click on the simulation diagram
window to enable the program to draw the
symbol of state variable at the place of
clicking.

The button m| is used to draw the
symbol of intermediate variable. After
clicking on this button, click at the simulation
diagram window to enable the program to
draw the symbol of intermediate variable at
the place of clickin

The button (j is used to draw the link.
After clicking at this button and clicking on a
symbol of a state variable or an intermediate
variable and drag the mouse to another state
variable or intermediate variable, the program
shall create link among those elements of the
system.

Result of constructing the simulation is
presented in Fig. 1.

After drawing, we let the MM&S software
inspect the completeness of the simulation

diagram by clicking on the button ,(| on the
tool bar and we will get the message box
informing the inspecting result, as presented
in Fig. 2.
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Figure 1. Diagram simulating the forest structure

MM&S - Results of simulation scheme checking

All the affecting variables are used

'|Did not find mistakes in simulation scheme

Figure 2. Result of inspecting the simulation diagram-simulation diagram is completed

When the MM&S software announces:
“All the affecting variables are used, did not
find mistakes in simulation scheme” then the
diagram was completed. Had the diagram not
been completed, there would have been
specific notices for each situation. Only when
the simulation diagram was completed, the
model can be ran from the diagram.

Quantifying the system elements and
determining quantitative relation among
the system elements

The elements in the system that needed to
be quantifying: Number of regenerating
plants, number of died trees at each diameter
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category and number of trees that change their
diameter category.

In this research, the regeneration rate was
calculated by the percentage of the original
density. The calculation result showed that:
R =0.05*No

Analyzing the relationship between the
number of died trees (My) and the total
number of trees (Nk) at each and the same
diameter category we have:

Through the above table, we could see
that there are 03 formulas suitable to describe
this relationship: Linear (R*> = 0,858),
Quadratic (R? = 0,979) and Cubic (R? =
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0,984). However, the simulation result shown suitable to describe this relationship
that Quadratic and Cubic formulas were really  (Fig. 3).

Table 1. Result of analysis of the relationship between My - N
Model Summary and Parameter Estimates
Dependent Variable: Number of died trees

Equation Model Summary Parameter Estimates
R Square F dfl | df2| Sig. | Constant| bl b2 b3
Linear .858 90.679 1 |15 .000 -.109 .033
Logarithmic 495 14.718 1 | 15| .002 | -2.815 | 1.534
Inverse 153 2.712 1 [15] .120 3.191 |-9.928
Quadratic 979 323581 | 2 |14 | .000 762 -.006 .000
Cubic .984 268.872 | 3 |13 | .000 498 .014 |-3.977E-005| 3.551E-007
Compound?

The independent variable is Number of trees at each diameter category
a. The dependent variable (Number of died trees) contains non-positive values. The minimum value is O.
Log transform cannot be applied. The Compound, Power, S, Growth, Exponential, and Logistic models
cannot be calculated for this variable

Number of died trees

O Observed
-=--Linear
~| = Logarithmic
= Inverse
2 5 — - Quadratic
" — Cuhic

T T T
0 100 200 300 400

Number of trees at each diameter category

Figure 3. Result of simulation of the relationship between My-N

To simplify the calculation process, we My = 0.762 - 0.006*Ny + 0.0001345*N>2

choose Quadratic formula. Therefore, the This equation was used to calculate the
relationship between My and N is represented  number of died trees at each diameter
by this equation: category.
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Implemented the same steps to analyze the  total number of trees (Nx) at each and the
relationship between the number of trees that same diameter category we received these
change their diameter category (Ok) and the results:

Table 2. Result of analyzing the relationship between Oy and Nk
Model Summary and Parameter Estimates
Dependent Variable: Number of trees changing their diameter category

Equation Model Summary Parameter Estimates
R Square F dfl | df2 | Sig. |Constant bl b2 b3

Linear .984 934.969 1 | 15 | .000 778 .245
Logarithmic 747 443200 1 | 15 | .000 | -25.160] 13.240
Inverse .249 4983 1 | 15 | .041 26.978| -88.995
Quadratic .985 471251 2 | 14 | .000 1.375 .218 9.235E-005
Cubic 991 474952 3 | 13 | .000 -.527 .364 -.001 2.560E-006
Compound?

The independent variable is Number of trees at each diameter category
a. The dependent variable (Number of trees changing their diameter category) contains non-positive values.
The minimum value is 0. Log transform cannot be applied. The Compound, Power, S, Growth,
Exponential, and Logistic models cannot be calculated for this variable

Number of trees changing their diameter category

O Observed
——Linear

— Logarithmic
= Inverse

— - Quadratic
= = Cubic

| I T T
o] 100 200 300 400

Number of trees at each diameter category

Figure 4. Result of simulation of the relationship between Ok and Ni

Finally, linear formula was chosen to This equation was used to calculate the
represent this relationship with the equation: number of trees changing their diameter
Ok =0.778 + 0.245*Ny category at each diameter category.
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Inputting the model into the simulation
diagram in MM&S software

Double clicked at each symbol on the
diagram, we proceeded to input information
and formula for each element.

MM&S - ion on State El it E

Element name |biameter 375
Variable name |diameter37.5
Initial vahue 17 Or da,“i
Formula of change rate
|17+out32,5-out3?,5-mortalit_v37:5

B 1 I P Abs ~

If |Then|Else| ( | ) | < I > | = | Arccos

o] [2[3[4[5[6[ 78] 3] Functions/peer v
Being influenced by Elements to be influenced

out32,5[Out 32,5]
out37,5[Out 37.5]
mortality37, 5[Mortality 37.5]

out37,5[Out 37,5]
mortality3 7, 5[Mortality 37.5]
density[Density]

Close

Figure 5. Text box for inputting information
of state element

Information of the state element consists

of: name of variable, start value, formula for
calculating the change rate of state variable
(based on the regression equation), elements
that affect the state variable, the elements that
are affected by the state variable (drawing
simulation diagram will create these links).

Export the model into text file

After having completed the simulation
diagram in MM&S software, in order to
output the mo~~';into a text file we clicked at

the button on the tool bar and the
following text box will appear:
MM&S - Set Time Frame of the Model n
Sltan at: Elr(l)d at: '[l‘nlme Step:
Contime |  Cancel |

Figure 6. Set time frame of the model

Filled in the information of the start time,
the end time, the time step, then click on the
next button and we will receive a text file of
the model:

&3 Child Windows File TextModel Graph Simulation Scheme Table Execute Help

BELEEN LIS BRI SIEPIEY E
[¥]STARTTIME=1
[*JENDTIME=10
[*]TIMESTEP=1
CONSTANT_ELEMENTS
LISTED_ELEMENTS
INTERMEDIATE_ELEMENTS
[*]recruitment=0.05*density
Jout12,5=0.778+0.245*diameter12,5

Imortality12,5=0.7618-0.00573*diameter12,5+0.0001345*diameter12,5*diameter12,5

Jout17,5=0.778+0.245*diameter17,5

m

]density=diameter12,5+diameter17,5+diameter22,5+diameter27,5+diameter32,5+diameter37,5+diameter42,5+diameter47,5+diameter52,5+diameter57,:

[
*
i
[*]mortality17,5=0.7618-0.00573*diameter17,5+0.0001345*diameter17,5%diameter17,5
*
:

Jout22,5=0.778+0.245*diameter22,5

STATE_ELEMENTS
[*]diameter12,5=111

[**]ChangeRateOf diameter12,5=111+recruitment-mortality12,5-out12,5
[*]diameter17,5=71

[**]ChangeRateOf diameter17,5=71+outl2,5-mortalityl7,5-outl7,5
[*]diameter22,5=68

[**]ChangeRateOf diameter22,5=68+outl7,5-out22,5-mortality22,5
[*]diameter27,5=51

[**]ChangeRateOf diameter27,5=51+out22,5-out27,5-mortality27,5
[*]diameter32,5=34

[**]ChangeRateOf diameter32,5=34+out27,5-mortality32,5-out32,5
[*]diameter37,5=17

[**]ChangeRateOf diameter37,5=17+out32,5-out37,5-mortality37,5

f*‘ﬁdiampfﬁrd? 5=14
<| Il

Working time: 00:12:4 Number of line

Figure 7. Model in text form
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Through the text form of the model, we
got access to the information: the starting
time, the ending time, the time step, the
expression that calculate the number of
regenerating plants, the number of died trees,
the number of trees that changed their
diameter category and change of tree number
in each diameter category. Also through the
text form of the model, we could recheck the
related information in order to avoid mistakes

& Child Windows File TextModel Graph Simulation Scheme Table Execute Help
DEY (a)r]&)(e) ) =)0 ez By 8x 8

0 1 2 3 4 5 6 7

Calculatit Time

during the process of constructing simulation
model.

Running model from simulation diagram
In order to run the model, we clicked at

the symbol |5"§‘| on the tool bar of the
simulation diagram child window of MM&S,
a dialogbox that determines the time frame
will appear, input the time, press continue and
we received the following result:

8 9 10 11 12 13 14 15

diameter12, ChangeRate diameter17, ChangeRate diameter22, ChangeRate diameter27, ChangeRate diameter32, ChangeRate diameter37, ChangeRate diameter42, ChangeR:

Expressic 1 111 111+recruit 71 71+outl2,5- 68 68+outl7,5- 51 51+out22,5- 34 34+out27,5- 17 17+out32,5- 14 14+out37
Initial val 1 111 101,5973 71 79,7705 68 67,744 51 54,3435 34 37,4416 17 20,4615 14 14,0268
1 2 212,5973 93,5966 1507705 83,189 135,744 69,2134 1053435 56,794 71,4416 41,2678 37,4615 24,5907 28,0268 15,6038
2 3 306,1939 86,0225 233,9595 81,9065 2049574 69,8613 162,1375 58,1235 112,7094 44,2807 62,0522 28,4898 43,6306 17,7441
3 4 392,2164 79,0036 315,866 77,3296 2748187 68,7012 220,261 58,3473 1569901 46,3266 90,542 31,9322 61,3747 20,2265
4 5 471,22 72,5783 393,1956 70,8072 343,5199 65,5065 278,6083 57,2902 203,3167 47,2991 122,4742 34,7256 81,6012 22,8221
5 6 543,7983 66,6775 464,0028 63,493 409,0264  60.5546 3358985 54,8967 250,6158  47.1226 1571998 36,709 1044233 25,3049
6 F 610,4758 61,1466 5274958 56,1914 469,581 54,4406 390,7952 51,2242 297,7384 45,8336 193,9088 37,7265 129,7282 27,4485
a 8 671,6224 56,0267 583,6872  49.3074 524,0216 479154 442,0194 46,5613 343,572 43,4536 231,6353 37,763 157,1767 29,0647
8 9 727,6491 51,1715 632,9946 43,1878 571,937 41,4925 488,5807 41,3603 387,0256 40,1729 269,3983 36,8484 186,2414 30,0229
9 10 778.8206 46,6944 676,1824 37,794 613,4295 35,5198 529,941 35,9447 427,1985 36,294 306,2467 35,0088 216,2643 30,2297

Figure 8. Result of running the model with the end time of 10 and calculation time step of 1

Through this table, we could see the
tendency of change of the elements through
time, and from there drew an overview
regarding the dynamics of the system. The
data was collected in a 6 years cycle, with
calculation time step of 1 corresponding to the
change of the forest in a 6 years cycle.

To better see the patterns in these changes,
we proceeded to draw a graph to have an
overview of them.

=

To draw a graph, we press the button —!
on the tool bar of the MM&S software and the
following text box would appear:

In this dialogbox, we can select the
variables to draw, the type of graph (time
graph, phase graph, with or without sensitivity
analysis), the scale (common or individual).
The result is shown in Fig. 10.
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Time Graph | Phase Graph | Sensitvity Analysis

List of Variables:
diameter12,5
diameter17,5
diameter22,5
diameter27,5
diameter32,5
diameter37.5
ChangeRateOf diameter3
diameter42,5
ChangeRateOf diameter4
diameter47,5

|ChangeRateOf diameter4 ™ |

Selected Variables
|ChangeRateOf diameter12.5
|ChangeRateOf diameter17,5
|ChangeRateOf diameter22.5

ChangeRateOf diameter27,5
|ChangeRateOf diameter32,5

1 [ »

chle Conduct Sensitivity Analysis
Q) Individual Scale Common Scale © Yes @ No
[ Draw J [ Cancel l

Figure 9. Dialogbox for selecting variables to
draw a graph

Thus, after a cycle of 60 vyears
(corresponding to the end time of 10) the
diameter category 125 cm would have
number of trees significantly reduced through
time from 101 down to 46 trees. For the
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diameter categories from 17.5 to 27.5 cm, the
same change pattern happened but the speed
of reduction gradually declined as the
diameter size went up. For the diameter
category of 32.5 cm, the amount of change in
the number of trees gradually increased until
the middle of the cycle (calculation stage #5)
and then gradually declined in the subsequent
stages. At larger diameter sizes, the amount of
change in number of trees had a tendency to
increase through time, however the increasing

§

=1
<1
""""" <12
<1
<1

-Calculation step- 9

<0>ChangeRateOf diameter12.5:
- 1 =

— <2>ChangeRateOf diameter22.5:
—— <3>ChangeRateOf diameter27.5:
— <:4>Chan°eRateOf diameter32,5:

rates were not high (just a few trees in each
calculation step). Overall, the density of the
forest sample area would decrease through
time (the number of trees decreased
significantly at small diameter sizes and
increased slightly at large diameter sizes). The
change in the number of trees at small
diameter size clearly illustrated the pattern of
decreasing the number of trees pursuant to age
in forest ecology: When the forest ages, the
density would decrease.

46 694< >101.59

ChangeRateOf diameterl7.5:

Cl anoeRateOt dlametel 3 “,5: )

0= Ch'moeRateOt diameter62,5: 2.744-
1>ChangeRateOf diameter67,5: 2.254- :
2>ChangeRateOf diameter72,5: 2.717<->4.2¢
3>Chan°eRateOf diameter77,5: 1.739<->3.159
4>ChangeRateOf diameter82.5: 4.527<->9.676

Figure 10. Time graph drawn for the variables of “ChangeRateof Diameter” with individual scale

The graphs for the variables “mortality”
(number of died trees) of different diameter
categories is presented in the Figure 11.

<0>muna]ml7 5:1.780<- >77 9?0

0.723<- >”"" 878
0.704=->11.624

.5:0.701=-20.751
0.702<-20.946

aly
<14>mortality82.5

-Calculation step- 9

Figure 11. Time graph drawn for the variables
of “mortality” (number of died trees) with
individual scale

As evident from the graph in the figure 11,
from diameter size 12.5 cm up to diameter
size of 32.5 cm, the number of died trees had

the tendency to increase quickly and clearly
through time. The strongest change happened
at the smallest diameter size, and then
gradually decreased as the diameter size
increased. For the diameter size > 32.5 cm,
the change in number of died trees had the
tendency to increase through time but the
speed of increase was slow and insignificant
(the change throughout the cycle was only a
few trees).

Thus, we can use MM&S software to
efficiently simulate the structural dinamics of
Natural Broad-Leaved Evergreen Forest at
Xuan Son National Park. Through the
simulation, we could easily visualize the
relationship between the elements of the
system through simulation diagram. To see
clearly the quantitative relationships we shall
use text form of the model which describes in
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full the relationships among the changes of
the elements in the model, the way to
determine the values of the elements in the
model. Through the graph, we can clearly
visualize the tendency of the changes of the
elements in a particular period of time (time
graph) and the correlation among the changes
in values of two elements in the system (phase

graph).

CONCLUSION

The model that illustrates the structural
dynamics in accordance with the diameter size
of Natural Broad-Leaved Evergreen Forest At
Xuan Son National Park consists of following
element groups: state elements (number of
trees  categorized by diameter size),
intermediate elements (density, number of
diameter-category-changing trees, number of
died trees at different diameter categories,
number of regenerating trees). These elements
are related with each other, and their
relationships are illustrated via the regression
equations.

A model has been successfully

constructed for simulating the structural
dynamics of the forest in diagram form.

The dynamics in the forest have been
analysed using mathematical statistics and
suitable equations have been successfully
selected for the simulation:

The process of regeneration: R = 0.05*Ng

The process of dying of trees at different
diameter categories:

My = 0.762 - 0.006*Ny + 0.0001345*N?

The process of changing diameter
category of the trees: Ox = 0.778 + 0.245*Ny

The simulation diagram has been
completed with suitable equations. The model
has also been exported into a text file for its
better monitoring. The model has been
running from the completed simulation
diagram. Graphs have been drawn to see the
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tendency in the change of the elements
through time as well as to notice the
correlation between the changes of the
elements of the system.

Within the calculation cycle (60 years)
from diameter size of 12.5 cm to 27.5 cm, the
change in number of trees at each diameter
category decreased, the speed of decrease
gradually declined as the diameter size
increased. At larger diameter size, the change
in number of trees at each diameter category
had the tendency to increase with time, but the
amount of increase was not significant.
Overall, the density of the forest sample area
would decrease with time. The change in the
number of trees at diameter categories
illustrated clearly the pattern of decreasing the
number of trees according to their age.

From diameter size of 12.5 cm to diameter
size of 32.5 cm, the change in number of died
trees had the tendency to increase sharply and
clearly with time. The strongest change
happened at the smallest diameter size and
gradually decreased as diameter size
increased. For the diameter sizes > 32.5 cm,
the change in number of dead trees had the
tendency to increase with time but the speed
of the increase was slow and not significant.
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