BALTIC FORESTRY

W THE RELATIONSHIPS BETWEEN THE GAP STRUCTURE 7.../ TN PURE SCOTS PINE STANDS INENENINEIENNN J. SALADIS [N

The relationships between the gap structure, stand age,
oroductivity, spatial distribution and competition of
trees in pure Scots pine stands

JONAS SALADIS
Lithuanian Forest Research Institute,
Department of Forest Resources and Economics

Saladis J. 1999. The relationships between the gap structure, stand age, productivity, spatial distribution and
competition of trecs in pure Scots pine stands. Baftic Forestry. 1: 11- 18,

In the arlicle spatial structurc and competition, its dynamics and investigated correlation hetween the stand age, productivity
and gap structure are discussed. A total of 20 permanent sample plots of different age and productivity has been investigated. The
pinc stands were observed for 9-11 years. The stand volumes stop increasing at the age of 61-70 years. Onc of the causces of the
current volume increment losses is an increasc in the gap arca. Trees in the investigated stands mostly arc distributed regularly, in
some stands the type close to random distribution prevails. It has been ascertained, that best related paramcters arc the current
annual increment, the gaps arca (in %), distancc-dependent competition index and stand age. Models for approximation of the
arca of gaps and current annual increment have been constructed.
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Introduction

Scots pine (Pinus svivestris L.) is very important
forest tree species in Lithuania. The stands of pine
occupy the largest part of the forest area. The sensi-
tivity of pine to environmental changes and manage-
ment regime allows us to investigate important problems
of forest productivity and stability. Pine stands in our
conditions are quite stable but comparatively thin. Re-
cent investigations have shown, that the loss of the
current annual increment on fertile sites due to canopy
gaps and their increase comprises from 5 to 25 % (Sala-
dis 1996). Thus, estimation of canopy gap area allows
us to solve the problems of productivity and stability,
but the ascertainment of gaps area is quite complicat-
ed. It is necessary to create the methods of precise
estimation and models allowing us to investigate gap
structure more effectively. [t requires further investiga-
tions to ascertain the causes and relationships of this
phenomenon.

The purpose of this work is estimation of the rela-
tionships between different parameters of gap structure
and stand age, productivity, spatial structure and pro-
ductivity of trees.

Materials and methods

For investigation 20 mapped permanent sample
plots in pure Scots pine were used. In 1983-1984 six-
teen stands in the central, southern and south-eastern
part of Lithuania were observed. The stands arc locat-
ed in typical Scots pine regions in the forest enterpris-
es of Druskininkai, Dubrava, Jurbarkas, Kazly Ruda,
Valkininkat, Varéna, Veisiejai, Svendionéliai. The stands
before establishment of permanent sample plots were
managed like all industrial forests. They were remeas-
ured twice and the period of observation lasted for 9-
11 years. Four pine stands belong to trials of formation
experiment of productive and more stable coniferous
stands. They were not thinned and the period of ob-
servation lasted for 3-5 years. The stands represent
sites Nal and Nbl with height index H, , (predicted
height at age of 100 years) from 20.1 to 30.9. The data
of investigated stands represent most age classes.

During the first measurement the coordinates of the
base (x, y), dbh, the condition of health for each tree
with dbh>6.0 cm (live, damaged by wind, wild or dead),
the height, the base of crown and radial increment over
the last 5-10 years for model trees were measured. Dur-
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ing the 2nd and 3rd measurement dbh, the condition of
the health for each tree with dbh>6.0 cm, the height,
base of crown for model trees were measured.

For all sample plots the mean dbh, the height, vol-
umes of live and dead trees, site quality class, height
index H,Oo, change in volume, the current annual incre-
ment and percent of its accumulated part have been
calculated. Also the areas of gaps, their increment and
the areas of small gaps (,,windows*) have been ascer-
tained. The parameters of spatial distribution of trees:
the Hopkins aggregation index, the Morisita aggrega-
tion index, the percent of ,zero plots* after Cox and
competition indices, such as distance dependent indi-
ces Cl1, CI2 and distance independent BR have been
calculated as well.

The data of the growing stock, current annual incre-
ment (Z,,), percent of accumulated increment (100* A/
Z,)) and stocking level in observed stands are presented
in Table 1. The growing stock of stands from the age of
50 years rises less intensively. It resulted from an inten-
sive decrease in the current annual increment and accu-
mulation of the volume increment. Stands younger than
60 years are stocked best. The stocking level of older
stands as well as accumulation of the volume increment
decrease. With increasing age from 51 to 80 years the
stocking level decreases from 0.99 to 0.80. The accumu-
lated volume increment diminishes from 73 % to 47 %.

Table 1. The dependence of stand parameters on the age in
observed stands

Age, Height growing Growing Current annual | Accumulated | Stocking
years index H oo stock, increment volume level
m'ha m'/ha per vear increment, %

1-10 26.6 6 1.3 88 014
11-20 26.0 40 6.2 100 071
31-40 28.0 217 1.8 63 099
41-50 250 223 94 65 095
51-60 241 265 9.1 73 099
61-70 25.0 295 7.1 67 088
71-80 256 303 66 47 0.80

8190 | 271 328 6.2 68 0.74

Hopkins aggregation index /, (Wenk G. et all, 1990)

can be estimated by the following equation:

r2

=

Iy = 7
where r — the distance from the random point to the
nearest tree I, | — the distance from tree i to the next
nearest tree.

Morisita aggregation index /; (Bacuseruu, 1969)
well approximates the distribution processes by the
following equation:

in,(n, -1

[, p -
& q N(N—1)

where g — number of plots; n, — number of trees in a
plot; N — number of trees in plots @.

The percent of ,,zero plots“ can be established by
dividing the area into squares, equal in area to the mean
growing area of a tree. 1f a square contains no trees, it
is called ,,zero plot“. Under random distribution the per-
cent of ,zero plots* equals 36.8%. Under absolute reg-
ular distribution, the percent of ,zero plots“ equals 0,
and under clump distribution constitutes about 100%.
For practical use an index of aggregations is used. This
index is estimated by the following equation

1,=2.72xa,
where a — percent of ,,zero plots®.

Under random distribution (Poisson process) of
trees, /,, /. and / are-equal to I. Index less than | im-
plies regular distribution of trees, while /, I, and /,
more than | — clump distribution (cluster process).

Competition index of trees shows the use of po-
tential possibilities of a tree (Pukkala, Kolstrom, 1987).
We have chosen competition indices reflecting differ-
ences among neighbouring trees and distances between
them to explore the relationships between the gap struc-
ture and competition of trees estimated by different
methods.

6l = i‘lf , when i#]

=l

Cl2= . M , when i#j

=1 i

Competition indices CI1 and C/2 have been ascer-
tained within distance L, which can be estimated by the
following equation:

L=(5+10 d )+ (5+10 d ),
where L — the distance within which competition indices
are ascertained, m; j — the central tree, for which com-
petition index is estimated; / — neighbouring tree; o —
angle, occupied by dbh of tree / in respect to tree j, d -
dbh of tree J, dm; d/.— dbh of tree j, dm; D,.I.— the distance
between trees i and j, dm.

The coefficient of growth stress BR (Kuliedis,
1985) characterizes competition of trees according to
the ratio of difference between the current radial incre-
ment of thickest and thinnest trees in the stand to the
difference of the diameter of thickest and thinnest trees
in the stand. To estimate this index, it is necessary to
obtain data on stand diameters and the radial increment
or diameter increment. BR can be estimated for perma-
nent or temporary sample plots. In permanent sample
plots the coefficient of growth stress BR is calculated
according to the following equation:
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where BR — the coefficient of growth stress; r,, — the
correlation coefficient between the diameter increment
and diameter of trees in the stand; o, o, — standard
deviations of the diameter and diameter increment of
trees in the stand; D - the geometrical mean of di-
ameter of trees in the stand, 7 — the diameter incre-
ment during the period between two measurements.

The coefficient of growth stress BR increases up
to the phase of mid-aged stands, when it reaches its
extreme values (up to 2.0-2.5). Later it decreases. Using
of these competition indices allows us to ascertain the
competition of trees and the relationships between the
gap structure and competition of trees more exactly.
The indices of spatial distribution and competition of
trees has been calculated for the data of the last meas-
urement in all permanent sample plots.

We used the original method (Saladis, 1998) for the
establishment of gaps area. The scheme of the estab-
lishment of gaps is shown in Figure 1. In each sample
plot we have calculated mean growing area F (Q/N).
Then the area of the sample plot has been divided into
small squares the area of which is equal to 1/4 F (side
of square equals to 1/2 \/F). For each square the coor-
dinates of its center have been calculated. After calcu-
lating crown diameters (models constructed by Juod-
valkis et al., 1985) it was found out which squares had

Figure 1. A scheme of ascertainment of gaps area
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been used by growing trees. These were the squares,
the center of which was reached by one or more crown
radius. As a result of joining the remaining squares
compact plots with parameters of 2x2 squares or larger
were set up. These areas were divided in 2 categories
- gaps and small gaps (,windows*). The area of ,win-
dows* was 4 — 7 squares (1-1.75 F), and that of the
gaps — 8 or more squares (2 F or greater). This distri-
bution was based on the results of our previous inves-
tigations (Saladis, 1996). An increase in gaps area was
estimated using the data of the first and last measure-
ments.

Results

Gap structure and its dynamics in pure pine
stands. In studying gap structure, we have used such
parameters of gap structure such as gap area (in %),
an increase in gap area (in % per year), the mean area
of a gap, the variation in gap area and the number of
gaps per ha. The data are presented in Table 2, respec-
tively. Gap area, the mean gap area, variation in gap area
and the number of gaps were calculated at the start and
finishing of observation period. An increase in gap area
was estimated during the observation period.

Table 2. The dependence of gap parameters on the age in
observed stands.

[ Ace. Gaps arca, | Increase of gaps | Mean area | Variationin [ Number of
__years % area, % per year of gap gap area | gaps per ha
1-10 478 -10.0 171 108 224
11-20 36 58 2.7 161 166
31-40 13.5 -0,2 349 S1 43
41-50 184 0s 542 79 42
S1-60 18.7 05 426 62 S2
61-70 258 0.1 749 67 s
71-80 308 0.1 900 62 s
81-90 363 00 | 1154 o0 | x|

A close correlation between the parameters of gap
structure and stand age has been established. The gap
area decreases up to the age of 31-40 years. In older
stands the area of gaps increases. Extremely large gap
area is in stands older than 80 years. The dynamics of
gap area during the period of observation reflects it
partly. The available data well reflect a significant de-
crease in gap area at the age of 20-30 years. A signifi-
cant increase in gap area is at the age of 41-60 years.
In the 60-80-year-old stands an increase in gap area
comprises 0.1 % per year. The mean gap area increases
with increasing age of stands. The most intensive de-
crease in the number of gaps is up to the age of 31-40
years. In older stands a decrease in the number of gaps
is less intensive. The data on the variation in gap area
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has demonstrated, that in younger stands the variation
of gap area is greater than in older stands (Table 2). The
highest variation coefficient is in the youngest stands.
At the age of 1-20 years the variation coefficient is 108
~ 161 %. It decreases up to the age of 30 years (51 %).
In older stands the variation in the mean gap area com-
prises 51-79 %. While analysing the variation in the
stands with extremely large gap area it has been found
that they have also very high variation in the mean gap
area. The greatest number of gaps is in the 1-20-year-
old stands. In these stands 166 ~ 224 gaps per hectare
have been found. In the 31-60-year-old stands 42-52
gaps per hectare have been found and in the oldest
stands — 31-35 gaps per hectare.

The indices of spatial distribution and competition
of trees. To estimate spatial distribution we used 3 indi-
ces: Hopkins, Morisita and ,,zero plots“ after Cox aggre-
gation indices. The dependence of indices of spatial dis-
tribution on age and H, ) and their variation coefficients
are presented in Table 3. In accordance with the height
index H,,, the stands were distributed into 3 groups.

Table 3. Indices of spatial distribution and competition of
trees in observed stands

Distribution_indices Competition_indices
Parameter Hopkins ™ Morisita Percent Cci1 Cci2 BR
| aggregation | aggrepation | of  zero
I | index hy | index fs | plotsho | | ]
1-10 0.65 1.10 1.12 43 4.12 | 146
| 1020 | 038 | 088 | 098 | 156 | 694 | 1.21
T 3140 | 066 | 083 093 | 274 | 410 | 201 |
Age. | 4150 | 071 0.90 096 | 272 | 3.60 | 2.12
years | S1-60 063 | 08 | 092 275 | 3.19 | 2.00
" 6170 070 | 086 | 093 | 254 | 222 | 2.64
7180 066 | 084 095 | 240 | 183 | 234
81-90 069 | 087 092 | 286 | 1.52 | 1.51
25.0 e e e —
and less 0.69 0.89 0.95 27.1 | 291 | 228
Hio | 251300 | 057 0.90 097 190 | 434 | 1.55
m 00 | 068 084 | 090 | 270 | 1.78 | 2.17
andgreater | | B
TOTAI 064 | 088 095 | 238 [ 326 [ 1.9

In accordance with index /, the trees in all stands
are distributed regularly. Most regularly are distributed
trees in the 11-20-year-old stands (/,=0.38). Index / and
I, contradict this. It indicates that aggregation index of
Hopkins is insignificant. These indices in the 1-20-year-
old stands show random and slightly clustered distri-
bution of trees. The youngest stands are mostly inho-
mogenous according to all indices of spatial distribu-
tion. In older stands trees are distributed more regular-
ly according to all indices and have more homogenous
indices. In accordance with both aggregation indices
of Morisita and “zero plots” trees in the 31-40-year-old
stands are distributed most regularly. The differences

of the aggregation indices in groups of stands having
different H,  are negligible.

In accordance with compeltition indices C/7 and BR
the competition of trees increases up to the age of 31-
50 years. In older stands its increase is insignificant.
Competition index CI2 is greatest in the youngest
stands and in older stands decreases. It shows that
competition index CI2 is influenced by stand density
and can not be used for comparison of competition in
stands with different age.

In accordance with indices C/1 and BR the low-
est competition of trees was on sites of medium pro-
ductivity (H,,,=25.1-30.0 m). However, this difference
can be the influence of different stand age. In more and
less productive sites the difference of competition in-
dices is insignificant.

The relation between the parameters of produc-
tivity of stands, spatial distribution and competition
of trees. The coefficients of the correlation for all pa-
rameters of stand productivity, gap structure between
themselves and with indices of spatial distribution and
competition of trees were calculated and examined at
three significance levels (p<0.10, p<0.05, p<0.01). The
results of correlation analysis are given in Table 4.

The current annual increment is well related to the
gaps area, an increase in gap area and the stocking lev-
el, moderately related to the aggregation index of
Morisita. The area of gaps, apart from good relation
with the current annual increment, is well related with
the stocking level, aggregation index / , moderately
related with the aggregation index of ,,7zero plots*, com-
petition index C/1. An increase in gaps area is well re-
lated with stand age, the current annual increment, com-
petition index C/1 and moderately related with the ac-
cumulation of the volume increment in stand, the ag-
gregation indices of Morisita and ,,zero plots* and com-
petition index BR. Thus, the best correlating parame-
ters of stand productivity, gap structure, spatial distri-
bution and competition of trees are the age of stand,
the current volume increment, gap area and their in-
crease, stocking level, aggregation index of Morisita,
»zero plots® and competition indices C/1 and BR.

On the basis of stand age and the parameters of
stand productivity (the current annual increment and
site index H, ;) 2 simple models were created. The first
model describes the dependence of gaps area on stand
age and stocking level.

GA=-1274.81+exp(7.18135 + 0.0001825 x A— 0.02576 x S)
(R=0.9061)
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Tahle 4. Corrclations of para-
meters and indices of stand
productivity, gap structure,
spatial distribution and com-

petition of trees

Correlations
Paramecter Gaps area | Increment Stand Height Current Accumulated
of gaps area age index annual volume
Hjon increment increment
Gaps area 1.00
Increment of gaps arca -0.21 1.00
Age of the stand 0.12 S0.RpHE* 100
Height index Hyoo 012 -0.09 -0.14 1.00
Current annual increment CA/ S0.77¥** 0.69*** -0.30 0.1l 1.00
Accumulated volume increment -0.21 -0.68** 0.61%* | -0.34 -0.09 1.00
Stocking level -0.R7+** -0.47* -0.56%* -0.34 0.85**> 0,75%**
Morisita's aggregation index/, 0.58** -0.47%* -0.40* -0.17 -).53%* 0.31
Aggregation index of “zero plots™ I 0.56%* -0.62*%* 0.46** -0.19 -0.62*%* 0.42*%
Competition index C/1 -0.45%* S0R6**E | 0,68 [ 0,13 0.R2*** -0.37
Competition index BR -0.22 0.55%* -0.44* -0.04 0.32 -0.59**

ok
*kk

where GA — gap area, %; A - stand age, years; S —
stocking level,

The equation demonstrates that gaps area increas-
es with increasing age and stable stocking level of the
stand (Figure 2). This phenomenon can be explained by
increasing demand of pine for light with increasing age.
An increase in gap area can be observed in stands with
high stocking level as well as in less stocked stands. By
using the data of observed stands gap area is approxi-
mated with the mean deviation 4:9 %. In most stands the
deviation does not exceed +£12 %. The greatest devia-
tion of gap area approximated by the model was in mid-
aged stands with an extremely large area of gaps.

50.0
Stocking fevel (5)

w 4004 LR
S UL e 0.6
5 30,0 s8]
= ——i10
g2
g 200 ——12
o
g
© o0

0,0 1— g

0 20 40 60 R0 HH
Stand age (A), years

Figure 2. The dependence of gaps area on the stocking level
in the stands of differcnt age.

The second model allows us to estimate the cur-
rent annual increment and has the following expression:

- corrclations arc significant at p < 0.10
— corrclations arc significant at p < 0.05
- corrclations arc significant at p < 0.01

52,246 -5102
CAl =4,451-0,1035x GA+ ——— + 5920,9 x A~ x exp(—A)

GA? A
(R=0,9746)

where CA/ — the current volume increment, m*/ha per
year.

This model according to the data of observed
stands well approximates the current annual increment
(Figure 3). In accordance with the model the current
annual increment increases with decreasing gaps area.
The current annual increment increases up to the age
of 20-30 years. By using the data of observed stands
the current annual increment is approximated with the
mean deviation £16 %. In most stands the deviations
do not exceed +20 %.

15,0
=
Q
g 12,0 Gaps arca (GA), %
o 5 JE— 73
2o
- > 90 20
-5 T i
«
2 :“ 6.0 RN
g = 50
=8 30 . —
o A
— 4 p
3 0.0 +—-- . . ’

0 20 40 60 R0 100

Stand age (A), ycars

Figure 3. The depedence of current annual increment on stand
age and gaps arca
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Discussion

The stands of Scots pine occupy in Lithuania the
greatest part of the forest area — 37.2 % (Lietuvos mis-
ky statistika, 1998). In the southeastern region of Lithua-.
nia the part of Scots pine stands is larger — in some
forest enterprises it comprises up to 80 %. The stands
of Scots pine in Lithuania are very different from the
point of view of forest productivity (Kuliefis A., 1997).
The index of height H,  is from 15 to 36 m. The current
volume increment comprises from 3.4 to 6.7 m¥/ha per
year and more. Index H,  of pine stands tends to in-
crease from west to east.

Scots pine is found to be the best investigated tree
species in Lithuania, however, the problems in the man-
agement of pine stands still remain. In accordance with
the data obtained by Lithuanian forcst statistics (1998)
4,2 % of the area of Scots pine stands (29.1 thou. hec-
tare) has the stocking level equal to 1.0, 9.2 % of the
area has the stocking level equal to 0.9. Such stands
are unstable and mostly sensitive to external factors.
(Temos 2.3 ..., 1992). Thus, a large part of pine stands
is in a hazardous state and can be damaged. Of sixteen
pine stands studied the stocking level of 9 stands is
0.9 or more. They represent the most sensitive part of
pine stands. However, it is possible to investigate and
make conclusions about the correlation between the
parameters of stand productivity and structure and their
significance in pine stands with medium and higher
stocking level. .

In accordance with the data obtained by Kuliegis
A. (1989) the volumes of Scots pine stands stop in-
creasing in the VIII age class. One of the rcasons for
this phenomenon is too dense young pine stands. The
ceasing increment of volume is observed in our stands
at the age of 50-70 yecars (Table 1). It determines a fast
decrease in the current annual increment and accumu-
lation of the volume increment. The stocking level in
stands older than 40 years decreases. In the 81-90 year-
old stands the accumulation of the volume increment
is 25 % less than in the 31-40 year-old stands. The stock-
ing level in stands older than 40 years decreases. It can
be explained partially by the data of gap structure.

The gap structure of stand has not been investi-
gated in relation to stand age and productivity, spatial
distribution and competition of trees. The results of our
investigations have shown significant dependence of
gap structure on stand age. The smallest gaps area js
in the 1-20-year-old stands. In the 1-10-year-old stands
a decrease in gaps area was 10 % per year, while in the

31-40-year-old stands 0,2 %. The gaps area starts in-
creasing at the age of 41-50 years (Table 2). However,
an increasc in gaps area (in % per year) cannot explain
the enlargement of gaps area in stands older than 40
years. This phenomenon can be determined by stand
management before the establishment of sample plots.

In young stands many small gaps can be found.
The area of these gaps varies on very large scale. Af-
ter closing of stand canopy the differences in gap area
diminish. At the age of 41-50 years the mean gap area
starts increasing while the number of gaps and varia-
tion in gap area are quite stable. In the stands the area
of gaps increases when trees die at the edge of the area.
It determines a decrease in the accumulation of the
volume increment and in the stocking level in the
stands. The area of gaps and their increment allow us
to explain some phenomenon of this kind. It has been
found that the losses of the current annual increment
caused by the area of gaps and their increase in pine
stands comprise 12 % or 1.1 m%ha per year. In some
stands the losses of the current volume increment reach
23-33 % or 2.4-2.8 m*/ha (Saladis, 1996). However, esti-
mation of the gap area by our method is complicated
and influenced by the edge effect. Thus, it is possible
only in large sample plots.

In forestry a great number of indices of spatial dis-
tribution (aggregation) and competition is used. Aggre-
gation indices can be divided into 2 large groups. Some
indices are based on distances between trees. Other
indices are based on distribution of trees in small plots
after dividing the wholc area. The distance-indices are
influenced by the edge effect and are not valid when
in stands there are large gaps. The Hopkins aggrega-
tion index is least sensitive to these effects. The indi-
ces based on distribution of trees in small plots are
casier estimated and less influenced by negative effects
(Wenk G. et all, 1990). In accordance with the data ob-
tained by Kavolitiniené D. (1985) trees in young stands
up to the age of 30 years have clustered distribution.
The random distribution of trees was estimated in the
35-40-year-old stands. The oldest stands have a regu-
lar distribution of trees. The type of distribution is de-
pendent on the site quality. In less productive stands
during rotation trees are distributed in accordance with
the cluster type. Our data reflect these relationships too.
The Hopkins aggregation index in the stands with clus-
ter distribution type was not valid. The other 2 indices
are based on distribution of trees in small plots. They
both showed the same distribution type in all stands
observed.
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To investigate the correlation between the para-
meters of productivity and gap structure of stands, we
have chosen possibly large number of different indices
of spatial distribution and competition. They demon-
strate, that in most investigated stands trees are dis-
tributed regularly, in the youngest stands - close to
random distribution (Table 3). The indices of competi-
tion have different trends. With increasing H,, com-
petition index BR augments and competition index C/2
decrease. Our investigation has shown that index CI2
is mostly sensitive to density of stands and can not be
used for the comparison of competition in stands of
different age.

The output of the correlation analysis of the pa-
rameters of stand productivity, gap structure, indices of
spatial distribution and competition of trees has dem-
onstrated, that the following parameters are related best:
stand age, the current volume increment, the stocking
level, the gap area and their increase. Both models based
on these parameters allowed us to approximate the gap
area and current annual increment rather accurately. The
models have quite great deviation in younger stands
with small or extremely large gaps area. The results ob-
tained have demonstrated the possibility to create ac-
curate models, allowing accurate approximation of gaps
area. It permits us to apply these models in small mapped
sample plots (for example sample plots of the Lithua-
nian National Forest Inventory) and investigate the dy-
namics of gap structure and the influence of gaps on
the yield of stands.

Conclusions

1. The parameters of gap structure are largely de-
pendent on stand age. The gap area decreases up to 31-
40 years. Later it increases. With increasing age of the
stands the mean gap area increases while the number of
gaps and variation in the area of gaps decrease.

2. The trees in stands aged up to 10 years are dis-
tributed according to the clustered distribution type. In
older stands trees are distributed regularly. The compe-
tition of trees increases up to the age of 31-50 ycars.
The changes in the competition in older stands are in-
significant,

BALTIC FORESTRY
J. SALADIS [

3. Best related parameters of stand productivity,
gap structure and indices of spatial distribution and
competition of trees are stand age, the current volume
increment, the stocking level, the gap area and their de-
creasc, aggregation indices of Morisita, ,,zero plots®,
competition indices C/7 and BR. This relation enables
us to create quite accurate models for the estimation of
gap area and the current volume increment.
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CBA3b MAPAMETPOB CTPYKTYPBLI TPOCBETOB C IMPOAYKTHBHOCTBIO
IPEBOCTOEB, IPOCTPAHCTBEHHOM CTPYKTYPOU MU KOHKYPEHIHMEH

JEPEBBEB B YHCTBIX COCHSAKAX

HU. Cananuc
Peszrone

B crathe paccMOTPCHH HAPAMETPDI 11 JIMHAMIKA [IPOCTPANCTRCHIION CTPYKTYPH 11 KOTIKYPCHILTH ICPCBLER, HOKazaia
CBA3L 3THX 1TAPaMCTPOR C BOIPACTOM, TIPOIYKTHRIIOCTHIO H CTPYKTYPOIT NIPOCBCTOR B YHCTHIX OAITOBO3PACHHIX COCIISKAX.
Hccrrenopanst 20 ApeBocTocs pasiioro BOIpACTa 0 MPOAYKTHRHOCTH. Yeranonnena cTabHInzanmus 3aiaca  HCCHCHYCMhIX
aperoctocs B Rozpacte 61-70 ner. OQminoit w3 npuaun 37oii cTabHMIBaIMil SIRISCTCH NPOCRCTH H HX pacuivpeiie o
apesoctosix. B GONLIIMIICTRE HCCHCRYCMBIX APCROCTOCE ACPCBLA PACTIONOXKEHH PETYNSPHO, B HCKOTOPLIX - € YKIIONOM K
CAYYATIIOMY U TPYHOROMY PAaclpeACHenHIo. YCTAHORICHO HUNTHIC KOPCISIUIONNINIX CRFICHT MCXJY TEKYHUTAM TOROBRIA
HPHPOCTOM, TIONNOTON, NMTOUQNKI0 OPOCRCTOR (B %) W €€ H3MCHEIHEM, HincKcamit arperannn MoprcnTht, “riynenmx
nnomaneit”, niekcamyt konkypeni CI1 w Bo3pactom gpenoctos. Ha octione aTHX TapaMeTpoB 1ocTpocting 2 perpecHoihie
YpaBHenus, ¢ MOMOMDLIO KOTOPHIX MOXIO YCTAHOBHUTE HIIOIMAIL TIPOCRETOR U TEKYILIHA I'ONOROIT IPUPOCT.

Knrouenwle cnoma: cocrnia 0()1)"\'"0]’1(1””215‘, CTPYKTYpA ITPOCBETOR, IPOAYKTHUBIIOCTL IPCROCTOER, KOHKYPEHLIHA ACPCRLCH,
KOpENAuMs NapaMeTpos.
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