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111 lllc nrticlc sl~atial structul-c and co~ilp~.lition. ils dy~latii ics a ~ i d  itivcsligntcd corrcl;ltio~i hctwcc~l llic statid agc, productivity 
n ~ i d  gap strrlctnrc arc dizcussctl. A total of 2 0  ! ~ C I I ~ ~ ; I I ~ C I ~ ~  satnplc plots of difTcrcnl agc ant1 productivity has been irivcsligatcd. T'lic 
pinc sla~itls wcrc ohscrvccl fol- 9-1 1 ycars. Tlic sla~ttl  \.olrrtncs stop incrcasing at tlic agc o f  61-70 ycars. Onc of tlic carlscs of tlic 
c t~rrcnt  volrimc incrc~nc~i t  losscs is a n  iticrcnsc ill tI1c Fap arca. Trccs in rllc i~ivcstigalcd sta~ids  moslly arc clistrihutcd rcgularly, in 
so~iic stands tlic typc closc lo raiidoni d is t r ibut io~i  prcvnils. I t  Iias hccri asccrtni~~ctl, Illat hcst rclntcd paranictcrs arc llic currcnt 
a t i~ iua l  incrcmctlt, llic gaps al-cn ( i l l  %), tlistacicc-dcpctidc~it conlpctition itldcx and sti111d agc. Modcls for nl?proxitiiatioti of llic 
arca of gaps and crirrcnt a t i t i ~ ~ a l  iticrc~iictlt liavc bccn constrt~clcd. 
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lntrod~~ction Materials ant1 rnetliotls 

Scots pine ( P i i i r ~ . ~  sr~lvc'sti.is L , . )  is very i~i iportant  
forest tree species  in Lit l i i~ania.  The  stands o f  pine 
occupy the largest part o f  the forest area. 7'he sensi- 
tivity of  pine to erivironmental clianges a n d  manage- 
ment regime allows us to investigate important problems 
of  forest productivity and  stability. Pine s tands in our  
conditions a re  qui te  s table but comparatively thin. Re- 
cent investigations have shown. that the loss o f  the 
current annual iricreriient on fertile sites due to canopy 
gaps and their increase comprises from 5 to 25 '34 (Sala- 
ciis 1996). Thus. estimation o f  canopy gap area al lows 
us to solve tlie problems of  productivity and stability, 
but the ascertainnient o f  gaps area is quite complicat- 
ed. It is necessary to create  tlic  neth hods o f  prccise 
estimation and models al lowing us to investigate gap 
structure more effectively. It requires firrtlier investiga- 
tions to ascertain the causes and relationships o f  tliis 
phenomenon. 

The  purpose o f  tliis wol-k is estimation o f  tlie rela- 
tionships between different parameters of  gap s t r t ~ c t i ~ r e  
and stand age,  productivity. spatial structure ant! pro- 
ductivity of  trees. 

For investigation 20 mapped pe r~nanen t  sample 
plots in pure Scots  pine were i ~ s e d .  111 1983-1984 six- 
teen stands in tlie central,  southern and south-eastern 
part of  Lithuania were observed. The  stands are locat- 
ed in typical Scots pine regions in the forest enterpris- 
e s  o f  Druskininkai. Dubrava, Jurbarkas, Kazlq Ruda, 
Valkininkai. VarPna, Veisie.j;~i, $veni.ioniliai. 'T'lie stands 
before establ is l i~nent  o f  p e r ~ i ~ a n e n t  sample plots were 
managed like all industrial forests. They were remeas- 
ured twice and tlie period o f  observation lasted for 9- 
I 1 years. Four pine stands helong to trials o f  formation 
experiment o f  prodt~ct ive and more stable coniferous 
stantls. They were not thinned and the period of  oh- 
servat ion lasted for  3-5 years. 7'lie s tands  represent 
s i tes  Nal and Nbl with height index H,,, (predicted 
height at  age of  I00  years) from 20.1 to 30 .9 .  The  data 
of  investigated s tands represent {nost age classes. 

During the first mcasure~iient the coordinates o f  tlie 
base (x, y), dbli, the co~iclitiori of  health for each tree 
with dbh>6.0 cm (live, tlamaged by wind, wild or  dead), 
the height, tlie base of  crown and radial increnient over  
the last 5-10 years for model trees were measured. Dur- 
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ing the 2nd and 3rd measurement dbli, the condition of where q - number of plots; ni - number of trees in a 
the health for each tree with dbhz6.0 cni, tlie height. plot; N - number of trees in plots q. 
base of crown for niodel trees were measured. The percent of ,,zero plots" can be established by 

For all sample plots the mean dbh, tlie height, vol- dividing tlie area into squares, equal in area to the mean 
urnes of live and dead trees, site quality class, height growing area of a tree. If a square contains n o  trees, it 
index H,,,, change in volume, the current annual incre- is called ,,zero plot". Under random distribution the per- 
ment and percent of  its accumulated part have bee11 cent of ,,zero plots" equals 36.8%. Untler absolute reg- 
calculated. Also tlie areas of gaps, their increment and ular distribution, tlie percent of ,,zero plots" equals 0, 
the areas of s~iiall gaps (,,windows") liave been ascer- arid under clump distribution constitutes about 100% 
tained. l 'he parameters of spatial distribution of trees: For practical use an intlex of aggregations is used. This 
tlie Hopkins aggregation index, tlie Morisita aggrega- 
tion index, the percent of ,,zero plots" after Cox and 
competitiori indices, such as distance dependent indi- 
ces CI1, C12 arid distance independent B R  have been 
calculated as well. 

The data of the growing stock, current annual incre- 
ment (Z,), percent of accumulated increment (loo* A ./ 
Z,) and stocking level in observed stands are presented 
in Table 1. The growing stock of stands froni the age of 

index is estimated by the following equation 
I0=2.72xa, 

where a - percent of ,,zero plots". 
Under ranclo~n distribution (Poisson process) of 

trees, I,, I, arid I, areaequal to I. Index less than I im- 
plies regular distribr~tion of trees, while I,, I, and I, 
more than 1 - clump distribution (cluster process). 

Competition index of trees shows the use of po- 
tential possibilities of a tree (Pukkala, Kolstrijm, 1987). 

50 years rises less intensively. It resulted from an inten- We liave chosen competitiori indices reflecting differ- 
sive decrease in tlie current annual increment and accu- ences among neighbouring trees and distances between 
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 froni 73 % t o  47 %. 

Table I .  Thc dependence of stand parameters on the age in 
ohserved stands 

I Age. I llcighl growi~~g I Grouinp I Carro i lannr~a l  I Acc~~~nr~la led  I St<rking ( 

Hopkins aggregation index I, (Wenk G. et all, 1990) 
can be estimated by the following equation: 

r2  / - -  , 
H - ;2 

ymrs 

them to explore the relationships between the gap struc- 
ture and competition of trees estimated by different 
nietliods. 

( d i p  c12= , when i#j 
I= f D,, 

1-10 1 2 6 6  1 6  1 1.3 I 88 1 0 14 

index Hfw 

Competition indices C I l  and C12 have been ascer- 
tained within distance L, which can be estimated by the 
following equation: 

L=(5+10 d , )+ (5+10 d l ) ,  
where L - tlie distance within which co~npetition indices 
are ascertained, m; j - the central tree, for which com- 
petition index is estimated; i - neighbouring tree: a, - 
angle, occupied by dhh of tree i in respect to tree j; d , -  
dbli of tree i ,  dm; d,- dbli of tree i, dm; D,,- the distance 
between trees i and j, dm. 

The coefficient of growth stress BR (KulieSis, 
1985) characterizes competition of  trees according to 

where - tile distance tile randoln p o i n t  to [he the ratio of difference between tlie current radial incre- 

nearest tree i ,  I - the distance from tree i to tile ment of thickest and thinnest trees in the stand to the 

nearest tree. difference of the diameter of thickest and thinnest trees 

stock. 
zn'n~a 

~ ~ ~ i ~ i ~ ~  aggrega t ion  index I, ( B ~ ~ ~ , ~ ~ ~ , , , ~ ,  1969) in the stand. To estimate this index, it is necessary to 

w e l l  approx imates  the distribution processes by obtain data on stand diameters and the radial increment 

following equation: or diameter increment. BR can be estimated for perma- 
nent or temporary sample plots. In permanent sample 

- 1) 
I,, = 9 I - '  

plots tlie coefficient of growth stress BR is calculated 
N(N - I) according to the following equation: 
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where BR 
correlation 

- 
r, x o ,  x D BR= - 

0, x z 
- the coefficient of growth stress; r,, - tlie 
coefficient between tlie 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 - tlie geometrical mean of di- 
ameter of trees in the stand, 7 - the diameter incre- 
ment during tlie period between two nieasurements. 

Tlie coefficient of growth stress BR increases up 
to the phase of mid-aged stands, when it reaches its 
extreme values (LIP to 2.0-2.5). Later it decreases. Using 
of these competition indices allows us to ascertain tlie 
competition of trees and the relationships between the 
gap structure and colnpetition of  trees more exactly. 
The indices of spatial distribution and competition of 
trees has been calculated for the data of the last nieas- 
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 illto 
small squares the area of which is equal to 114 F (side 
of square equals to 112 JJ). 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 scherne o f  ascertainrncnt o f  paps area 

been used by growing trees. Tliese were the squares, 
the center of whicli was reached by one or more crown 
radius. As a result of joining tlie remaining squares 
coml.>act plots with parameters of  2x2  squares or larger 
were set up. These areas were divided in 2 categories 
- gaps and small gaps (,,windowsu). 'I'he area of ,.win- 
dows" was 4 - 7 squares (1 - 1.75 F), and that of tlie 
gaps - 8 or more squares (2 F or greater). This distri- 
bution was based on tlie resirlts of  our previous inves- 
tigations (Saladis, 1996). An increase in gaps area was 
estimated using tlie data of the first and last measore- 
ments. 

Results 

Gap strzrc~z~re arid its dynamics in pi1i.e pirie 
slnnlls. In studying gap structure, we have used socli 
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. 

'Tnhle 2. 7'he dependence o f  gap parameters on the age in 
observed stands. 

A close correlation between the parameters of  gap 
structure and stand age has been establislied. Tlie gap 
area decreases up to the age of 3 1-40 years. In older 
stands the area of gaps increases. Extremely large gap 
area is in stands older than 80 years. Tlie dynalnics of 
gap area during the period of observation reflects it 
partly. Tlie available data well reflect a significant de- 
crease in gap area at tlie 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 
conlprises 0.1 % per year. The mean gap area increases 
with increasing age of stands. The most intensive de- 
crease in the nu~iiber of gaps is up to the age of 3 1-40 
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 tlie variation 
of gap area is greater than in older stands (Table 2). The 
highest variation coefficient is in  the youngest stands. 
At tlie age of 1-20 years the variation coefficient is 108 
- l 6 l %. It decreases up to the age of 30 years (5 1 %). 
In older stands the variation in  tlie mean gap area co~ii-  
prises 51-79 %. While analysing the variation in tlie 
stands wit11 extremely large gap area it has been found 
that they have also very high variation in tlie mean gap 
area. 'llie greatest number of gaps is in  the I -20-year- 
old stands. In these stands 166 - 224 gaps per hectare 
have been found. In tlie 3 1-60-year-old stands 42-52 
gaps per hectare have been found and i n  the oldest 
stands - 3 1-35 gaps per hectare. 

Tlie indices nf'.rpnliol distr ih~r~ion nrid cor7ipe1ition 
qf/r.ecs. To estimate spatial distribution we used 3 indi- 
ces: Flopkins, Morisita arid ,,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 tlie height 
index H,,, the stands were distributed into 3 groups. 

Table 3. lntlices of  spatial distribution arid cotnpetitiori of  
trces in ohscrved stands 

In accordancc with index I, tlie trees in all stands 
are distributed regularly. Most regularly are distributed 
trees in the I I-20-year-old stands (1, =0.38). Index I,7and 
I, contradict this. It indicates that aggregation index of 
Hopkins is insignificant. These indices in the I-20-year- 
old stands show random and slightly clustered distri- 
bution of trees. The youngest stands are niostly inlio- 
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 lio~nogenous 
indices. In accordance with both aggregation indices 
of Morisita and "zero plots" trees in the 3 1-40-year-old 
stands are distributed most regularly. The differences 

a n t  

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

In accorclance with competition indices CI1 and BR 
tlie competition of trees increases up to the age of 3 1 - 
50 years. In older stands its increase is insignificant. 
Competition index C12 is greatest in tlie youngest 
stands and in older stands decreases. It shows that 
competition index C12 is influenced by stand density 
and can not be used for comparison of co~npetition in  
stands with different age. 

In accordance with indices CII  and BR the low- 
est competition of trees was on sites of medium pro- 
ductivity (H,,,=25.1-30.0 m). I lowever, this difference 
can be the influence of different stand age. In Inore and 
less productive sites tlie difference of conipetition in- 
dices is insignificant. 

7hc relntion hefiveen the parnmetcr:r of produc- 
tivi/y o f ' s fn r~r l~ ,  spnfinl di .r~rihu/ior~ nnd cornperition 
c?j'/rees. Tlie coefficients of the correlation for all pa- 
rameters of stand productivity, gap structure between 
themselves arid with indices of spatial distribution and 
cornpetition of trees were calculated and examined at 
three significance levels (p<0.10, p<0.05, p<O.O 1). Tlie 
results of correlation analysis are given in Table 4. 

Uistril)utio~~ i~idjccs Co~~!petition indices 
l l n o l i n s ~  Un!r i l r  I P r n t  / Cil  I CI2 I BR 

7'1ie current annual increment is well related to the 
gaps area, an increase in gap area and tlie stocking lev- 
el, ~noderatcly related to tlie aggregation index of 
Morisita. The area of gaps, apart from good relation 
with the corrent annual increment, is well related with 
tlie stocking level. aggregation index I ,$,  moderately 
related with the aggregation index of ,,zero plots", com- 
petition index CI l .  An increase in gaps area is well re- 
lated with stand age, tlie crlrrent annual increment, com- 
petition index CI1 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. l'hus, tlie best correlating parame- 
ters of stand productivity, gap structure, spatial distri- 
bution and competition of trees are tlie age of stand. 
the current volume increment. gap area and their in- 
crease, stocking level, aggregation index of Morisita, 
,,zero plots" arid competition indices CI1 and BR. 

On tlie basis of stand age and the parameters of 
stand productivity (tlie current annual increment and 
site index H,,,) 2 sirnple models were created. The first 
model describes the dependence of gaps area on stand 
age and stocking level. 
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* - corrclatiotis arc significant at p < 0.10 
* *  

- corrclations arc significant a t  p < 0.05 
* * *  - corrclations arc sig~iifica~it at p < 0.01 

Pararncter 

Gaps area 

lllcremenl of paps arca 

Agc of the stand 

llciglit index Hfm 

Current annrtel it~crcmcntCAl 

Accuniulaletl v o l ~ ~ ~ i i c  iilcrcmcnt 

Stocking lcvcl 

Morisitn's aggrcgalinn ilidexh 

Agprcgati<m inctcx of"zero plclts" lo 

Conipetition indexCI1 
Conipetition intlexBR 

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 319 %. In most stands the 
deviation does not exceed *I2 %. The greatest devia- 
tion of gap area approxilnated by tlie model was in mid- 
aged stands with an extremely large area of gaps. 

Sluckitig k\cl (S) ....... ........ ....... ........ ...... 

............ __-- _---- 
__-- ___-- - -  _.-.-. _- -  

-.-. _-.-. 

Correlations 
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Figure 2. The dependence of gaps area on tlie stocking levcl 
in  the stands of different age. 
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The second model allows us to estimate the cur- 
rent annual increnietit and has the following expression: 

where CAI - tlie current volulne increment, ni3/ha per 
year. 

This model according to tlie data o f  observed 
stands well approxiniates the current annual increment 
(Figure 3). In accordance with the model the current 
annual increment increases with decreasing gaps area. 
The current annual increment illcreases 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 *I6 %. In most stands the deviations 
do not exceed *20 %. 
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Figure 3. The depedcncc of current annual incrcmcnt on stand 
age and gaps arca 
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Discussion 

The stands of Scots pine occupy in Lithuania the 
greatest part of tlie forest area - 37.2 %, (Lietuvos mi?- 
kt! statistika, 1998). In the southeastern region of Litliua- 
nia the part of Scots pine stands is larger - in some 
forest enterprises it comprises up to 80 %. Tlie stands 
of Scots pine in Lithuania are very different from the 
point of view of forest productivity (Kuliefiis A,, 1997). 
The index of height H,,, is from 15 to 36 m. The current 
volume increment comprises from 3.4 to 6.7 ni'lha per 
year and more. Index H,,, of pine stands tends to in- 
crease from west to east. 

Scots pine is found to be tlie 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 forest statistics (I 998) 
4,2 ?4 of the area of Scots pine stands (29.1 thou. liec- 
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. 
('remos 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. llowever, it is possible to invest~gate and 
make conclusions about tlie 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 KulieSis 
A.  (1989) the volumes of Scots pine stands stop in- 
creasing in the VIII age class. One of thc rcasons for 
this phenomenon is too dense young pine stands. I'he 
ceasing increment of volume is observed in our stands 
at the age of 50-70 years (Table I). It deteniiines a fast 
decrease in the current annual increment and accumu- 
lation of the volume increment. Tlie stocking level in 
stands older than 40 years decreases. In the 8 1-90 year- 
old stands the accumulation of the volume incre~iient 
is 25 % less than in the 3 1-40 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 slnallest gaps area is 
in the I-20-year-old stands. In the I- 10-year-old stands 
a decrease in gaps area was I0 O/o per year, while in the 
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31-40-year-old stands 0.2 %. The gaps area starts in- 
creasing at tlie age of 4 1-50 years (Table 2). However, 
an increasc in gaps area (in O/o per year) cannot explain 
the enlargeriient of gaps area in stands older than 40 
years. This phe~iornenon can be determined by stand 
management before tlie establishnient 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 tlie differences in gap area 
diminish. At the age of 4 1-50 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 (Ire at the edge of the area. 
It deterriiines a decrease in the accumulation of the 
volume increment and in the stocking level in the 
stands. The area of ghps arid their increment allow 11s 
to explain some phenomenon of this kind. It has been 
found that the losses of tlie current annr~al increment 
caused by the area of gaps and their increase in pine 
stands comprise 12 % or 1.1 m7/Iia per year. In some 
stands the losses of the current voli~rne increment reach 
23-33 O/o or 2.4-2.8 m2/Iia (Saladis, 1996). However, esti- 
mation of the gap area by our 11ietlioc1 is complicated 
and influenced by the edge effect. Thus, i t  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 clivided into 2 large groups. Some 
indices are based on distances between trees. Other 
indices are based on distribution of trees in small plots 
aftcr dividing the wliolc area. Tlie 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. Tlie indi- 
ces based on tlistribution of trees in small plots are 
easier estimated and less influenced by negative effects 
(Wenk G.  et all, 1990). In accordance with the data ob- 
tained by Kavoliiniene D. (1985) trees in young stands 
up to tlie age of 30 years have clustered distribution. 
Tlie randoni distribution of trees was estimated in tlie 
35-40-year-old stands. The oldest stands have a regu- 
lar distribution of trees. The type of distribution is de- 
pendent on the srte quality. In less productive stands 
during rotation trees are distributed in accordance w ~ t h  
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 srnall 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 co~npet i t ion .  They demon- 
strate, that in most investigated stands trees are dis- 
tributed regularly, in tlie youngest s tands - close to 
random distribution (Table 3). The  indices of  competi- 
tion have different trends. With increasing H,,,, com- 
petition index BR auglnents and co~npeti t ion index C12 
decrcase. Our  investigation has shown that index C12 
is mostly sensitive to detisity of  stands and can not be 
used for the comparison o f  competition in s tands o f  
different age.  

The output o f  the correlation analysis o f  the pa- 
rameters of  stand productivity, gap structure, indices of  
spatial distribution and competition of  trees has tiern- 
onstrated, that tlie following parameters are related best: 
stand age, the current volume iticremcnt, the stocking 
level, the gap area ant1 their increase. Both models based 

3. Best related parameters o f  stand productivity, 
gap  structure and indices o f  spatial distribution and 
competition of trees are stand age, the current volume 
increment, the stocking level, the gap  area :~nd  their de-  
crease, aggregation indices of  Morisita. ,,zero plots", 
competition indices C I1  and BR. This relation enables 
us to create quite accurate rnodels for the estimation of 
gap area and the current volume incretnent. 
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Conclusions 

1. The parameters o f  gap structure are largely de- 
pendent on stand age. Tlie gap area decreases up to 3 1- 
40 years. Later it increases. With increasing age of [he 
stands the mean gap area increases while the number of 
gaps and variation in the area o f  gaps decrease. 

2. Thc  trees in stands aged u p  to 10 years are dis- 
tributed according to the clustered distribution type. 111 
older stands trees arc distributed regularly. The  compe- 
tition o f  trees increases up to the age of 3 1-50 ycars. 
The  changes in the competition in older stantls are in- 
significant. 
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CB1I3b IIAPAMETPOR CTPYKTYPbI HPOCBETOR C IIPO,&YKTMRHOC'lTbIO 
APEROCTOEB, H P O C T P A I I C T B E H I ~ O ~ ~  C T P Y K ' T Y P O ~ ~  I4 K O H K Y P E H L I ( I ~ E ~ ~  
AEPEBbEB R '-IIICTJ,IX COCIIfll<AX 

B crarre paccMo.rpcrrr,r rr;rp;lare.l.pr,r r r  jrrrrrahirrti;1 rrpocrparrc~ncrrrroii crpyrt-rypr,r r r  rtorrrtypcrrrrrrri ncpcnr,cn, rrortmarra 
cnn36 ZITITX rrapahjc-rpon c no~pncrohr, rrpoJryrt.rrrnrroCTr,ro r r  crpyrt-rypoii rrpocncmn n varcrr,rx onrronoupacrrr,rx cocrrnnax. 
~cc~rcnonarrhr 20 npenocrocn p;l,jrror.o no?pac.ra r r  npo)ryK.rrrnrrocrrr. Ycr;~rron~rcrra c~a6rr~rrr3;11lrin 3;lrraca rrcwrcaycMhrx 
npenocToco n no3p;lcre 61-70 ~ r c r .  Onrroii 113 rrprrvrrrr s.roii cr;r6rarrrsarrrrrr nnJrncrcn rrpocncrr,r rr rrx pacmtrpcrrue n 
npenoc-ronx. B 6o~rr,rlrr~rrc~nc rrccdrclrychrr,rx npcnocrocn ncpcnr,n pacrronoxerrr.r pery!rnprro, n rrcrto.ropr,rx - c yKnorroM K 

cnyiaiirrohiy [I rpyrronohry pncrrpcncJrcrrrrro. Yc-r;~rron!rcrro I I ~ I J I I I ~ I I I C  KO~CJIWIIIIOIIIII ,IX cnn7cii hrcmJry T C K Y I I I I I ~ I  m)noRilrhr 
rrprrpocrohr, rlo!rrroroii. rrrrorr[anhro npocncron (n %) r r  ee rrlhfcrrerrrrehr, rlrrrrc~c;~hfr! arpcrarirrrf Moprrcrrrr,~, "r~yrrenr~rx 
~ l~ l~ l l~ ;Ul~f i " ,  UllnCKCahill KOIIKY~CIITl I I I f  CIl H n07p~CTOh.l IlPCnOCTOR. Ha OCTlORe 3TllX IT;IP;lhlC'rl)OR IIOCTPOCllhI 2 ~CI~CClIOITllhle 
ypanrrerrun, c nonrorur,ro Koropr~rx hromrro ycrarronli.rr, rurorunur, rrpocncron u rc~yrurrfi r~ononofi rrprTpocT. 

Knrosenbre cnoua: cocrra o6r,rtirroncrrrran, c~.pyrtrypa rrpocae-ron. rrponyKTl1nrrocrr, npcnocroen, tiorr~yperr~~rrn ncpcnr,cn, 
Kopennarrg rrapahrcrpon. 


