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In the article the parameters of gap area assessment in moderately and highly stocked pine (Pinus sylvestris L.)
stands are studied. Using different sampling square sizes, the assessed area of gaps increases with decreasing size of a
quadrant. To choose an optimal sampling square size, the method of gap area variability minimization regarding manual
work expenditures and the spreading level of certain forest stands was used. It was estimated that minimal variability of
gap area could be achieved using quadrants with the size equal to /s and 1/16 of an average tree growing area in moderately
stocked stands. In highly stocked stands sampling squares equal in size to ' of an average tree growing area should be
used. Optimal work expenditures are necessary for manual revision of data files, for the calculation of which quadrants
equal in size to % of an average tree growing area were used. Regarding the above mentioned facts in Lithuanian pine
stands, the size of a equal to ' of an average tree growing area is recommended for assessment of gap area.

Key words: gap area, assessment, work expenditures, optimization of the parameters

Introduction

The inequality of plant distribution and their qual-
ity have been very interesting to nature researchers
for a very long time. To study this phenomenon much
attention has been paid until now. Attempts were made
to obtain as exact as possible theoretical parameters
for the description of the trees distribution in differ-
ent stands. To make all this work more efficient, it is
necessary to reduce labour expenditures for the as-
sessment of desirable parameters and their precision.
Thus, we need to know a lot of empirical parameters,
which are more or less dependant on each other and
use for this assessment as little as possible data from
forest measurements. Usually, the most precise data
are expected from larger forest plots. With increasing
plot area the precision of estimated parameters increas-
es as well, because owing to a greater number of trees
forest parameters are better represented.

Juknys et al. (1981) have estimated that perma-
nent sample plots must contain at least 200-250 trees.
Such a number of trees in some stands can be expect-
ed in an area of up to 1 ha. Unfortunately, it is impos-
sible to allocate so large sample plots in one stand
when a statistically based sample design is applied.
When these plots are established in the predefined
places, most of them will contain trees from 2 or even
more stands. This increases the variability and decreas-
es the precision of results. Measuring such a big sam-
ple plot is time and labour consuming. Thus, a rea-
sonable compromise of desired precision between -the
results and necessary work expenditures is needed.

Quite often for tree distribution and competition
assessment sophisticated statistical and mathematical
methods are applied. As a result of these calculations,
different indices showing tree distribution type or tree
competition intensity are obtained. These methods
could be divided into two groups. In the first group
tree growth area (Ts6epa, 1982) and most competition
indices are used (von Gadow, Hui 2002, Hopkins 1954,
Penttinen ez al. 1992, Pukkala, Kolstrom 1987, Morisi-
ta 1959). These indices could be used to characterize
a single tree. Another group of spatial distribution
indices can be calculated as sets of the data. They
could not be used for the characterization of a single
tree. Following some processing, it is possible to get
results, i.e. parameters for the characterization of a
group of trees in a sample plot or a stand. If the ex-
tent of parameter variability is not known, it is not clear,
what amount of field measurement data is necessary.
Of course, collection of numerous data sets for a reli-
able assessment takes more time. The size of these data
sets could be estimated using specific methods and
calculations.

Many authors point out, that the basic factor in
the optimisation of assessment is the variability and
time expenditures (Smith 1938, Juknys 1974). In our
case it is the dependence of variability on the size of
a sampling unit. In agricultural practice the achieve-
ment of a uniform density is easier than in a forest
stand due to a more intensive handling and shorter
rotation period. Owing to a long forest stand forma-
tion process, gaps without trees are very common.
They have a negative influence decreasing the yield
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of stand. Sufficient space in young stands increases
the vitality and productivity of trees (Kuliesis, Saladis
1996), while in older stands it causes productivity loss-
es and leads to a greater tree distribution diversity.

Thus, there are many basic issues in the research
of gap area. First of all, it is necessary to delimitate
the gap area. This problem was successfully solved
in our previous works (Saladis 1996, 1999, Kuliesis,
Saladis 1998). The second problem is the reduction of
gap area variability. This parameter has been poorly
researched until now. These two issues are very close-
ly related, because the delimitation method influenc-
es assessment precision, i.e. the result we expect to
get. This article has an objective to clarify the rela-
tion of gap area variability to stand stocking level, and
to choose optimal sampling square size for gap area
assessment in the future.

Materials and methods
Materials

For the research the data collected from two for-
est stand groups were used. Each of them contains 3
permanent sample plots established in 1984 in pure
Scots pine (Pinus sylvestris L.) stands. Stands of the
first group are located in Veisiejai forest enterprise
(Table 1). These stands are middle-aged and highly
stocked. Stands of the second group are distributed
in Druskininkai forest enterprise, located closely to
Veisiejai forest enterprise. These stands are premature
and moderately stocked. All the plots are designed for
stand yield observation. The measurements were car-
ried out in 1984, 1988, 1992-1993 and 1998-1999.

Table 1. Description of permanent sample plots

No Forest enterprise, district, Ageat Stocking level at Forest Site

block, plot measurement | measurement time site, index
time, years forest class
first [ fourth first fourth type
Highly stocked mid-aged pine stands

1 Veisiejai, KapCiamiestis, bl. 48 62 1.06 1.05 Nal, v 11,3
33,pl. 17

2 Veisiejai, Paliepis, bl. 12, 51 66 0.99 1.01 Nbl, v-m 11,7
pl1

3 Veisiejy, Kap&iamiestis, bl. 40 55 0.95 1.02 Nbl, v-m 11,0
31, pl. 24

Moderately stocked premature pine stands

4 Druskininkai, LateZerio, bl. 59 74 0.90 0.76 Nal, v 11,1
292, pl. 1

5 Druskininkai, Randamonys, 60 81 0.86 0.83 Nal, v 1.9
bl. 211, pl. 11

6 Druskininkai, Senovés, bl.[ 68 82 0.85 0.79 Nal, cl 11,6
261, pl. 8

All stands are growing on poor and very poor
forest sites on mineral soils of normal humidity. The
site index class was estimated to be from Class I to
Class IV. During the establishment of permanent sam-
ple plots, the area of each plot was divided into 6-9

smaller subplots for an easier estimation of tree coor-
dinates. For all trees in a sample plot, dbh and the
coordinates of growing place by measuring direction
and distance from the centre of a subplot to tree stem
axis were measured. For model trees, additionally stump
diameter, height and crown base height were measured.
During the remeasurements in 1988, 1992-1993 and
1998-1999, for all trees dbh and for model trees - stump
diameter, height and crown base height were measured.

Methods of gap area estimation

For gap area estimation the original method was
used (Saladis 1996, 1999). The scheme of the estima-
tion of gaps is shown in Figure 1. In each sample plot
mean growing area F was calculated as the ratio of a
plot area the number of trees. Then the area of the
sample plot was divided into small sampling squares,
the size of which depends on mean growing area F.
In the research four different sizes of sampling squares
were used. The smallest sampling square was set to
1/16 F. The three remaining sampling square sizes were
larger by 2.25, 4 and 9 times, respectively. Coordinates
of the sampling square centre were calculated for each
sampling square. Having calculated crown diameters
by the models constructed by Juodvalkis (FKOogBanbkuc
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1985), we found out, which sampling squares had been
used by growing trees. These were the sampling
squares, the centre of which was reached by one or
more tree crown radii. A compact plot with gap area
equal to F or larger was obtained as a result of join-
ing the remaining “unused” sampling squares. These
areas without trees, the so-called ‘unproductive’ stand
areas, were divided into 2 categories - gaps and ‘win-
dows’ (small gaps). “Unused” areas smaller than 1 F
and located within productive areas were marked as
productive areas. The area of ‘windows’ was larger
than 1 F and less than 2 F. The area of gaps was equal
to 2 F or larger. This distribution was based on the
results of our previous investigations (Saladis 1996).
The remaining sampling squares were called a ‘produc-
tive’ stand area.

The variability of gap area was investigated us-
ing the data of two stand groups consisting of 3
stands. Every stand was measured 4 times. Thus, in
every group 12 sets of data were used for calculation.
For every group average percentage of gap area, stand-
ard deviation and standard error were calculated.

Assessment of optimal calculation parameters

In the calculation of gap area, the most difficult
task is the ascertainment of the border of unproduc-
tive area. Other parameters, such as unproductive area
(gaps and ‘windows’) and productive area depend on
the result of this task. The above mentioned parame-
ters depend on the size of sampling squares used to
divide a plot. This size is dependent on the average
tree growing area and leads to the increase or decrease
in gap ascertainment precision. E.g., the use of large
size sampling squares diminishes the possibility to
assess the influence of every tree. On the other hand,
the use of small sampling squares increases the
amount of work necessary for the ascertainment of
gaps and data revision. In some cases non-essential
information can be obtained. The above mentioned
factors seriously affect the variability of gap area ex-
pressed in both absolute and relative values. This
raises the necessity to study the influence of differ-
ent sampling square sizes. For the assessment of op-
timal sampling square size standard deviation was
used. It was assumed that optimal sampling square size
must cause minimal gap area variability.

All the calculations of gap area assessment were
done using original computer software created by the
author of this article. At present there is the only stage
that must be done manually, i.e. distinguishing between
gaps and “windows”. This can be done by manual
reviewing and marking data array. In this process it is
necessary to mark isolated sampling squares, the size

of which is smaller than that of ‘windows’ (1F ) as
productive areas. Time necessary for the revision of
these data arrays was assessed and used for the as-
sessment of an optimal sampling square size.

Results

It was found out, that with the changing sampling
square size different results in highly stocked as well
in moderately stocked stands were obtained (Figure
2). The average of every group, using different sam-
pling square sizes, is shown using different lines. With
increasing sampling square size, gap area decreases.
Using different sizes of gaps, differences in the high-
est and lowest values, comprised 12.6-16.3% in high-
ly stocked stands and 17.1-21.5% in moderately
stocked stands.

The greatest difference was ascertained compar-
ing estimations based on the 1™ and the 2™ sampling
square sizes or the 4™ and 9" sampling square sizes.
The differences between higher and lower values were
about 10% in highly stocked stands and up to 12 %
in moderately stocked stands. In both groups of
stands these differences were about 3-4 times larger
than the ones obtained using the 2" and the 4" sam-
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Figure 2. Differences of gap area val-
ues using different sampling square size
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pling square sizes. The differences in highly stocked
stands made up to 2.6 % and in moderately stocked
stands — 4.4 %.

The results showed that gap area is highly de-
pendent on sampling square size used in the calcula-
tion. Using different sizes, close values of gap area
for very different stands or very different gap areas
for similar stands could be estimated. Therefore, ob-
jective gap area assessment is possible only using a
proper sampling square size.

All the above mentioned facts show, that the most
important parameter in gap area assessment is the
sampling square size. The precision of gap area as-
sessment depends on this parameter, because with
decreasing sampling square size the number of sam-
pling squares per tree increases too. At the same time
a more detailed view of the area used by every tree is
available. Data on the number of sampling squares per
plot, number of sampling squares per ha and number
of sampling squares per tree is shown in Table 2.

Table 2. Main parameters in gap area assessment

S square b S square b
Plot No, Measu Density, per plot per tree
areaha "™ qreestha — 1 ] 2 4 9 1 2 4] 9
Size of sampling square
Highly stocked middle age stands

1025 1 2328 9216 | 4096 2304 1024 158 7,0 4,0 1.8
2 2076 8281 | 3600 2025 900 | 16,0 6,9 39 1,7
3 1836 7225| 3249 1764 784 | 157 7.1 3.8 1,7
4 1384 5476 | 2401 1369 576 | 158 6,9 4,0 1,7

2 025 1 1560 6084 | 2704 1521 676 | 156 6,9 39 1,7
2 1324 5184 2304 1296 576 | 15,7 7,0 39 1,7
3 1268 5041 | 2209 1225 529 | 159 70 39 1,7
4 1088 4225 | 1849 1024 441 | 160 7,1 3.8 1,6

3 025 1 1644 6561 | 2916 1600 729 | 16,0 7.1 39 1,8
2 1400 5476 | 2401 1369 576 | 156 6,9 39 1,6
3 1328 5184 | 2304 1296 576 | 156 69 39 1,7
4 1092 4356 | 1936 1089 484 | 16,0 7.1 4,0 1,8

Moderately stocked premature stands

1 043 1 1011 6724 | 3025 1681 729 | 157 7.1 39 1,7
2 871 5776 | 2601 1444 625 | 157 7,1 39 1,7
3 740 4900 [ 2209 1225 529 | 157 7.1 39 1,7
4 707 4761 | 2116 1156 529 | 159 7.1 3.9 1,8

2 0.49 1 716 5476 | 2401 1369 576 | 156 68 39 1,6
2 614 4761 | 2116 1156 529 | 158 7,0 3.8 1,8
3 586 4489 | 2025 1089 484 | 156 7.1 3.8 1,7
4 549 4225 | 1849 1024 441 | 157 69 3.8 1,6

3 0.36 1 925 5184 | 2304 1296 576 | 156 6,9 39 1,7
2 792 4489 | 2025 1089 484 | 158 7,1 3.8 1,7
3 731 4096 | 1849 1024 441 | 156 70 39 1,7
4 631 3600 | 1600 900 400 | 159 7,0 4,0 1,8

The data of our calculations show, that the number
of sampling squares per ha increases with decreasing
sampling square size. Using the smallest sampling
square sizes in sample plots, from 3600 to 9216 sam-
pling squares were allocated. Using the 2™ sampling
square size, the number of sampling squares per plot
decreased to 1600-4096, using the 4™ sampling square
size — 900-2304 and the 9" sampling square size — only
400-1024 sampling squares per one plot. This diversi-
ty is dependent not only on sampling square size and
the density of trees, but also on plot area. After cal-
culating the average number of sampling squares per

one tree, a nearly stable number of sampling squares
was stated. In the calculation with the smallest sam-
pling square size there were 15,6-16,0 sampling squares
per tree, 6,8-7,1 sampling squares per tree of the 2™
sampling square size, 3,8-4,0 of the 4™ sampling square
size and 1,7-1,8 of the biggest sampling squares.

During the research, time expenditures for manu-
al revision of the calculation data were measured. At
present there is only step, i.e. data revision, requiring
manual work. The data of this assessment is shown
in Figure 3. It was ascertained, that the least work
expensive revisions were necessary for the calculation
data where the biggest sampling square size was used
(9" data set). It takes only 6 minutes per data set.
Revision time of the 4" data set increases up to 8
minutes (sampling square size - 2 times smaller). Re-
vision of the 2™ data set (sampling square size - 4
times smaller) took 15 minutes. Increase in work ex-
penditures for the 1™ data set (sampling square size -
9 times smaller) obtained using the smallest sampling
square size was insignificant. It increased only by 1
minute and totally took 16 minutes. Thus, the largest
increase was found comparing the data where the 4
and the 2" sampling square sizes were used. Work
expenditures here increased almost 2 times due to an
increased volume and data complexity.
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Figure 3. Average work expenditures for manual data revi-
sion using different sampling square sizes.

The accuracy of gap area assessment was ascer-
tained comparing the variability of the data of two
groups of pine stands using different sizes of sampling
squares. There were used 4 sizes of sampling squares
related to the average growth area for gap area assess-
ment. A necessary range of data standard deviation
for this comparison was used. The data is shown in
Figure 4. Higher standard deviation was characteris-
tic of the data obtained using the largest sampling
square size, which was 9 times larger as compared to
the smallest one. In highly stocked stands the stand-
ard deviation comprised 16,4%, while in stands of
medium stocking it made up 8,2%. In the assessment
using the 4" size of sampling squares the standard
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Figure 4. Dependence of gap area standard deviation on
sampling square size

deviation comprised 6,2 and 6,9% respectively. In the
assessment using the 2™ size of sampling squares, the
standard deviation decreases insignificantly — just by
0,2-0,3%. Using the smallest sampling squares in high-
ly stocked stands, the standard deviation increases up
to 11,9%, while in stands of medium stocking it de-
creases to 4,1%. It shows, that according to the stand-
ard deviation in highly stocked stands the most suit-
able are 2" and 4'" sampling square sizes. In moder-
ately stocked stands optimal sampling square size
according to standard deviation was not found. The
most reliable assessment was achieved using the 1™
size sampling squares.

The above mentioned data allowed summarizing
advantages and disadvantages of different sizes of
sampling squares as the main parameter in gap area
assessment. For a more precise assessment of gap area,
we have also involved the average stocking level of
pine stands in Lithuania. Moderately stocked stands
are the most widely spread in Lithuania, while highly
stocked stands are less common.

For the selection of optimal sampling square size,
all sampling square sizes in different stands were
ranked. The rank of each assessment depends on its
accuracy parameter, i.c. standard deviation. The most
suitable size was ranked as the 1%, second suitable as
the 2" and so on. The assessment was ranked accord-
ing to standard deviation, time expenditures for man-
ual data revision and the spreading level of different-
ly stocked stands in Lithuania for both moderately and
highly stocked pine stands. Afterwards, all the ranks
were summarized (Table 3).

After summarizing the ranks, it was estimated, that
according to all above mentioned parameters the best
sampling square sizes in moderately stocked pine
stands are the 1%, 4" and 9", while for highly stocked
stands optimal sampling square size is the 4" sampling
square size. Thus, for the assessment the 4" sampling
square size should be used, which is suitable for both

Table 3. Assessment of ranking of different in size sampling
squares for selection of optimal sampling square size

. Ranking
Stocki .
ocuing Sampling | Assessment | Spreading Time Sum of
level of . . General
stands | S9UA€S1Ze | accuracy level of | expenditures| ranks rank
[€9) stands (2) 3) (1+2+43)
Medium 9 2 1 1 4 1
stocked 4 2 1 1 4 1
stands 2 2 1 2 5 2
S 1 1 1 2 4 1
. 9 4 2 1 7 3
Highly 4 2 2 1 5 1
‘ stands 2 2 2 2 6 2
1 3 2 2 7 3

moderately and highly stocked pine stands according
to its standard deviation and time expenditures for
manual data revision.

Discussion

The area of gaps in forest stands is very impor-
tant both from ecological and economical point of view.
Gaps without trees increase the biodiversity of forest
stands and at the same time decrease the yield of
stands. Unfortunately, until now the assessment of
forest gaps in most cases was done visually and sub-
jectively. The aim is to answer the question — are there
in stands large gaps without trees or not? According
to some of these assessments, it is not clear even what
gaps are considered to be large. Difficulties in the
numerical assessment of gap area cause use of the
subjective assessment methods. A more precise as-
sessment could be made only using forest measure-
ment data. The measurements could be made accord-
ing to two methods — by parallel transects or non-used
sampling squares.

Assessing the gap area by parallel transects (Liu,
Hytteborn 1991, Battles et al 1995, Gray, Spies 1996,
Williams 1996) the percentage of transects in gaps was
calculated. Using transect method the area of each gap
in a transect was estimated as a regular geometrical
shape, such as an ellipse, rectangle or rhomb, after
measuring the longest distance of gap and perpendic-
ular to lines. This method allows us to obtain data for
big areas, but it is not precise (Liu, Hytteborn 1991).
It is accepted, that the accuracy of assessment is
sufficient when 20-30 % accuracy is achieved. The
authors have not explained and it is not clear, how this
accuracy could be assessed.

Assessing gap area by the non-used square meth-
od (Bussing, White 1997, Morisita 1959, Saladis 1996,
1999), the area to be researched is divided into sam-
pling squares. These sampling squares according to
special rules are assigned to gap (non-used) or stand
(used) arca. Bussing and White described one more
category — the edge of a gap. Non-used square meth-
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od is more sophisticated, more time-consuming, but it
allows assessing gap area more precisely. Using this
method, the most important question is the size of
sampling squares. Bussing and White used fixed sam-
pling squares 10x10 m in size. This size has no rela-
tion to stand parameters. In our previous research
(Saladis 1996, Kuliesis, Saladis 1998, Saladis 1999) we
used sampling square size related to medium tree
growth area. Sampling square size equal to one quar-
ter of medium tree growth area in the selected area was
used.

Our data showed how sampling square size influ-
ences the data of gap area assessment. The bigger
sampling squares are used, the less gap area is as-
sessed on the area. Using different sampling square
sizes for the assessment of the same plot we get re-
sults that differ almost twice (Fig. 2). It leads to a di-
lemma — which of the results is reliable? To answer
this question, the standard deviation of two different
stand groups was researched. This research could help
us choose optimal parameters (Smith 1938, Juknys
1974) According to the results of Smith (1938) with
changing sampling square size, their standard devia-
tion changes not randomly, but regularly. Thus, a spe-
cific sampling square size, allowing to reduce errors,
could be found.

For research, two groups of stands with different
stocking levels were chosen. Stocking level is very
closely related to the gap area (Saladis 1999). In each
group gap area estimation was made using the same
methodology and different sampling square sizes re-
lated to medium tree growth area. After assessment the
standard deviation inside of each stand group was
calculated for all the sampling square sizes. Increas-
ing standard deviation shows a decrease in accuracy.
Additionally to standard deviation, the data on time
expenditures for manual revision was used. These data
have shown us, that this revision is not only a me-
chanical review, which depends on the size of data file,
but also on the complexity of the data structure (Fig-
ure 3). This structure shows the location of gaps,
“windows” and productive areas in the stand.

The results of our research have shown that an
optimal sampling square size could and must be cho-
sen using statistical parameters, such as the standard
deviation inside of a stand group. To choose an opti-
mal sampling square size, we used not only standard
deviation, but also the data on time expenditures for
manual correction and the spreading level of differently
stocked stands in Lithuania. According to the above-
mentioned parameters, it is most worthwhile to use for
gap area assessment sampling squares, the area of
which equals a quarter of an average tree growth area
F. It ensures optimal accuracy of assessment and time

expenditures for manual data revision in most Lithua-
nian Scots pine stands. Of course, this article cannot
answer all related questions. This estimation is valid
for the time being, but using improved calculation
programs, including more and more data and assess-
ment of specific stands it will be validated again and
again. This is very important, because this method of
gap area estimation could be useful not only for sam-
ple plot research, but also for the analysis of remote
sensing data on the spatial structure of stands as well
as other features.

Conclusions

1. Gap area assessment using different sampling
square size strongly affects the results. With increas-
ing sampling square size, gap area decreases.

2. The most precise data in moderately stocked
stands could be obtained using the smallest sampling
square sizes. In highly stocked stands the most pre-
cise data were obtained using sampling squares equal
to ¥4 and 1/8 of the medium tree growth area.

3. Time expenditures for manual data revision fluc-
tuate out of proportion to data file size. The highest
time expenditures for manual data revision are obtained
using sampling square sizes equal to 1/8 and 1/16 of
medium tree growth area.

4. According to the standard deviation of gap
area, time expenditures in manual revision and the
spreading of differently stocked stands, under Lithua-
nian conditions sampling square size equal to % of an
average tree growth area should be used gap area as-
sessment in pine stand.

References

Battles, J., Dustoff, J., Fahey T. 1995 Line intersect sam-
pling of forest canopy gaps. Forest Science, 42 (2): 131-
138.

Bussing, R.T., White, P.S. 1997. Species diversity and small
scale disturbance in an old-growth temperate forest: a
consideration of gap partitioning concepts. Oikos, 78:
562-568.

Gray, A., Spies, T. 1996. Gap size, within-gap position and
canopy structure effects on conifer seedling establishment.
Journal of Ecology Oxford, 84 (5): 635-645.

von Gadov, K., Hui, G. Y. 2002. Characterizing forest spa-
tial structure and diversity. In Sustainable Forestry in
Temperate Regions. Proceedings of the SUFOR Interna-
tional Workshop. April 7-9, 2002 in Lund, Sweden, 20-
30.

Hopkins, B. 1954. A new method of determining the type of
distribution of plant individuals. Ann. Bot., N.S., v.18,
70

Juknys, R. 1974. Medziy i$sidéstymo tyrimai puSynuose [Study
on tree distribution in pine stands]. LZUA mokslo dar-
bai, XXIV 57(4): 18-27 p. (In Lithuanian)

I 2004, Vol. 10, No. 1 (18) I (SSN 1392-1355

55



BALTIC FORESTRY

I OPTIMIZATION OF SAMPLING SQUARE SIZE IN ASSESSMENT OF GAP AREA I ' s/ /05 N

Juknys, R., RepSys, J., Tebéra, A. 1981. Dendrometriniy
misko tyrimy metodika (lauko darbai). [Methods of for-
est dendrometric research (field works)]. 71 p. (In Lithua-
nian)

KulieSis, A., Saladis, J. 1998. Effect of early thinning on
the growth of pine and spruce stands. Baltic Forestry, 4
(1): 8-16.

Liu, Q., Hytteborn, H. 1991. Gap structure, disturbance and
regeneration in a primeval Picea abies forest. Journal of
Vegetation Science, 2: 391-402.

Morisita, M. 1959. Measuring of dispersion of individuals and
analysis of distributional patterns. Mem. Fac. Sci. Kyushu.
Univ., ser. E, Biol., v. 2, 4.

Penttinen, A., Stoyan, D., Henttonen, H.M. 1992. Marked
point processes in forest statistics. Forest Science, 38 (4):
806-824.

Pukkala, T., Kolstrom, T. 1987. Competition indices and the
prediction of radial growth in Scots pine. Silva Fennica,
21 (1): 55-67. Liu Q., Hytteborn H., 1991. Gap struc-
ture, disturbance and regeneration in a primeval Picea
abies forest. Journal of Vegetation Science 2: 391-402.

Morisita, M. 1959. Measuring of dispersion of individuals and
analysis of distributional patterns. Mem. Fac. Sci. Kyushu.
Univ., ser. E, Biol., v. 2, 4.

Saladis, J. 1996. Misko aik§¢iy formavimasis, ju dinamika bei
poveikis medyny nasumui [Formation of forest gaps, their

dynamics and impact on stand yield].
2(38): 154-164 (In Lithuanian)

Saladis, J. 1999. Relationships between gap structure, stand age,
productivity, spatial distribution and competition of trees
in pure Scots pine stands. Baltic Forestry, 5 (1): 11-18.

Smith, H.F. 1938. An empirical law describing heterogeneity
in the yields of agricultural crops. Journ.Agric.Sci., 28:
1-23.

Williams, M. 1996. A three dimensional model of forest
development and competition. Ecological Modelling, 89
(1-3): 73-98.

HOoaBaabkue, A. 1985. “VYcosepmencTtBoBaTh M pa3padorarb
crnoco0bl U TEXHOJOTHH PyOOK yXo0/a 3a JIECOM B COHOBBIX
HAaCaXJCHUAX HAa OCHOBE CO3JAHHBIX MOJENEil M IeleBhIX
IporpamMM JICCOBBIPAIIMBAHUS MPOMBIIUICHHO OJKCIIOATa-
LMOHHBIX W IUIaTAaMOHHBIX JecoB FOxHoit [Ipubantuku”
[Perfection and elaboration of methods and technologies
of thinnings in pine stands by using constructed models
and purposive programs of forest cultivation in South
Baltic industrial and protective forests]. 3axmrounTeIbHBIN
oruer. (unpubl.; In Russian).

Tadepa, A.II. 1982. BuusHue mnuomajiuM pocra JepeBbeB Ha
TaKCAIMOHHBIC OKA3aTECIN M KAa4CCTBO APCBCCHHBI COCHS-
koB Jlutosckoit CCP [Influence of tree growing area on
taxational parameters and timber quality of pine stands
in Lithuanian SSR]. JlecoBenenue, 2: 78-84 (In Russian).

Miskininkyste,

Received 11 June 2003

OonTUMMN3ALINUA MHTAPAMETPOB OIEHKHMH JIECHBIX ITIOJISAH

M. Canaauc

Pezome

UccnenoBanoch YCTAHOBJICHUE ILIOIIaAMW TIIOJIIH B COCHAKax cpenHeﬁ 1 OOJILIIONH TOJHOTHI. HpI/I

U3MCHCHHHNU BCJIHWYHUHBI KBaJApaToOB,

MCHACTCA IOJYy4dYa€eMbI€ PpE3YyJIbTAaTbhl —

npu YBCIWUYCHUU KBaApPaToOB

YMEHBIIACTCA TIJIOHIaAb TIOJISAH. HHX BI>I60pa ONTHMAaJIbHON BEIUYUHBI KBaApaToOB HCIIOJB30BaH METON

MUHHUMHU3AIIUNA H3MCHYUYHUBOCTH IIJOIIAAW IIOJISIHBI,
JaHHBIX ©W pacnpocTpaHECHUE OPEBOCTOCB pasﬂoﬁ IIOJITHOTBI.
MHUHHMAJIbHasgs HW3MCHYHUBOCTH

HOJISIH B COCHAKAaX CpeJHEH IOJHOTHI,
OpPUMEHSAS KBaApaThl INPHUPOBHEHHEIS 1/4
BBICOKOMOJTHOTHBIX COCHSKax —

Y4YuTbIBasA 3aTpaThbl

MPUMEHSST KBagpaThl

TpyAa Ha py4YHOE IepecMOTpeHHe
VYCTaHOBIEHO, YTO IIPH OIEHKE JIECHBIX
IJIOMaayd TMOJSH JOCTHTAaeTCs
pocta cpeaHero aepeBa, a BO
npupoBHeHHbIle 1/16 mnomanu pocTta CpeaHEro

1/8 mnnomanu

Jc€peBa. YuutsiBas pe3yJabTaThl aHaliM3a U3MEHYUBOCTHU, 3aTpaTrT TpyHda I MNEPECMOTPEHUA HTaHHBIX U

pacnpocTpaHEHHS COCHSKOB pasHOM

MMOJIHOTHI,

JJIs OLCHKH mioumaau MOJISAHBI PEKOMEHAYETCA

HCIIOJIB30BAaTh KBaJApaTbl NPUPOBHCHHBIC 1/4 miomanun pocra CpeAHEro nacepesa.

KuloueBble cJIOBa: MOJISHBI, H3MEHUYMBOCTH, 3aTPaThl TPyJAa, ONTHMH3ALMSA IapaMeTpOB.
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