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Construction of age ranks from data obtained from
examination of woody test areas whose ages are clearly
different from those of specimens of the main stock is
a routine procedure in forestry. A similar approach is
used by other sciences (for example, soil science),
when the full cycle of development of the studied
object is too long to be observed at present. The tables
of growth dynamics, the main instrument for control
over the forest, are compiled from such age ranks.

Practical forestry knows many examples of sample
areas displaying wood stocks of similar species and age
structure but differing in certain other respects. Rank-
ing such areas in accordance with the stage of competi-
tion, which is the main process of development of
woods, is obviously an important problem. This issue is
considered below; we studied areas whose examination
revealed differences in the growth density and the mean
diameter of specimens.

More than 30 sample areas ranging from 0.25 to
2.25 hectares, containing a total of more than 10000 spec-
imens were selected in mature, dense woods in Moscow
suburbs. The areas contained all major wood species
found in the region. Fir dominated most areas. Five
sample areas of similar age (old wood) (Table 1) were
analyzed. The estimated initial densities of these areas
(except for H56) were higher than 5000 specimens per
hectare, at H56 initial density of trees was 1250 trees
per hectare.

The areas were examined by the common method:
the trees having a trunk diameter at the height of human
chest (D ;) of more than 6 cm were enumerated; the
schemes describing the positions of trees, stumps,
undergrowth, and the contours of crown projections of
individual trees were drawn. The diameters of trunks
(D, ;) were measured, and model trees were examined
in more detail (core samples were taken from certain
specimens). The data were processed by means of the
program CONTR, which was designed for this pur-
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pose. The program allowed: (1) entering data into a
computer (including contours processed by a digitizer)
and storing the data in a database for easy retrieval; and
(2) processing the data. The data processing routines
included: (1) calculation of geometric parameters of the
crown projection (the area S,,, perimeter, and shape
index); (2) evaluation of the average projection of the
crown; (3) calculation of descriptive statistics; (4) cal-
culation of correlation and regression; (5) evaluation of
the pattern of distribution of trees over the area (Grage—
Smith’s method [1]); (6) construction of Voronoi’s
mosaic for multiple points on the surface [2, 3] and
calculation of the surface areas S, for the mosaic poly-
gons; and (7) calculation ofpparameters of adjacent
specimens. D1 el on

Certain results are listed in Tables 2—4.

The analysis of competition in planted forests is
simpler because the process had a distinct starting
point. Our analysis was based on the following ideas:
(1) the variability of individual characteristics increases

during competition; and (2) the initial (before the

crown [mergef and the beginning of thinning) distribu- 7'

tions of D, 5 and S, are normal.

The sample areas were ranked in accordance with
the course of competition by comparing: (1) parameters
of functions of distributions of trunk diameters D, 5 and
the areas of crown projections S, (normality and asym-
metry) and (2) coefficients of variability for D, 5 and S,
(Table 1). The rank orders of increasing coefficients of
variability for D, ; and S,, were similar. The beginning
of the sample area rank (the stage of strong competi-
tion) was characterized by a significant normality of
distributions (Table 2) and a negative . correlation
between the trunk diameters of neighboring trees
(Table 4). The normality then disappeared (more rap-
idly for crown projections), and the coefficients kj of
correlation between D, ; of neighboring trees were no
longer negative. The latter effect was due to thinning,
after which the earlier noninteracting trees became
neighbors. Table 2 shows that the distribution of D, 4
displayed only a slight positive asymmetry, which was
1.5-5 times smaller than in distributions of crown pro-
Jection areas. These data showed that the distribution of
S.-1s a more sensitive index of thinning.
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Table 1. Sample area description

- Sample area
Parameter
HS6 | D22 | AL5 | R22 | ALT
Age, years E-90 |E-90 |E-90 |E-100|E-70
P-90 P-70
Density, specimens | E-264’ E-612 | E-528 | E-504 |E-716
per hectare P-139 |P-51 A-46 |P-80
0-15 |B-126 P-27
B-17
Stock, E-309 | E-352 | E-330 | E-340 | E-355
m? per hectare P-219 |P-63 P-45 |P-65
0-5 |B-27 A-21
B-6
Density in the grove| 0.7 0.8 0.5 07 | 08
0.9 0.8) | (0.9)
Note: .'\F,'ﬁrf P, pine; B, birch; A, aspen; O, oak.
i
% E

The correlation coefficient k., for neighboring trees
was positive and increased at the beginning and end of
the sample area rank. The cross-correlation coefficients
of crown projection areas and the areas of the corre-
sponding Voronoi’s polygons (S., — S, at the ends of
_ the rank were also significantly different from zero.
This finding suggests that the wood stock of the end of
the rank (AL7) is at the beginning of 2 new wave of com-
petition, provided that the tree growth energy is con-
served and the wood stock is sufficiently uniform [4).

Thinning resulting from competition destroys the
relationship between parameters of individual trees and
the geometrical structure of the community: (1) corre-
lation coefficients (S, — Sp) for D22, ALS, and R22, as
well as coefficients of correlation (D3 = Sp) for D22
were not significantly different from zero (Table 3); the
difference between (S, — S,) and (D3 = S, could be
explained by the inability of fir trees to fill a narrow and
long polygon with its crown; (2) the coefficient kp, for
D22 and k,, for D22 and ALS5 also showed no signifi-

Table 2. Distribution parameters for D, 3 and S,

cant difference from zero. The correlation was restored
by the end of the rank (the area ALT), whereas the corre-
lation coefficients for (S — D13) and (S, — S became
higher (the coefficients were greater than that for H56),
probably because of the rounding of sample areas.

The correlation coefficients kp, (Table 4) were calcu-
lated for all accessible trees (including stumps and dead
specimens). There was a two- t0 threefold increase in
the absolute values of correlation coefficients kp
between D, ; for neighboring trees. When the Voronoi’s
mosaic was constructed only for living trees, the gen-
eral scheme of the rank of correlation coefficients under-
went no change with the exception of the areas D22 and
ALS5, which stood next to each other in the rank.

These results did not confirm the conclusion made
in [5] that ecological interactions between trees in bio-
geocenosiss are more strongly reflected by the horizon-
tal structure of the wood stock of the same age than in
the relative positions of trees of diverse sizes. These
data indicate that correlation between parameters of
neighboring trees is consistently found in such woods
at certain stages of competition. At other stages, com-
petition destroys the relationship between parameters
of individual trees and the spatial structure of the whole
wood. Unfortunately, we cannot compare the lengths of
these stages; however, the stage with such a relation-
ship is probably much shorter. The data reported here
can be discussed in the context of the concept of biolog-
ical age [6]. In sample areas containing woods of the
same age, the role of biological age is performed by the
linear structure of competition, which is the major pro-
cess. In this context, the questions of a measure for the
length of this process and the dependence of this mea-
sure on the structure of the cenosis and specific traits of
individual specimeng is of special interest. ¢/ | ¢

The methodological role of the initial regular geo-
metric features of woods studied in this work is of con-
siderable importance. Natural wood stocks (see [5] for
the explanation of this term] whose specimens are all of
the same age display an initial local inhomogeneity;

Sample area
Parameter H56 D22 ALS R22 AL7

Dya Ser Dy, Ser Dy | Ser Dy3 Ser D3 Ser
Mean, X 32.8 19.9 23.2 43,1 250 94 | 264 16.4 21.2 9.3
Variance, st 38.4 |. 60.0 42.7 42.7 58.7 26.1 74.9 749 73.4 51.0
Asymmetry 0.28 1.0 0.18 0.88 | -0.14 0.98 0.79 1.5 1.1 29
Normality + + + - - = s = = =
n 240 267 163 468 204

Note: Minus sign indicates that the hypothesis of normality was rejected p < 0.05.
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Table 3. Cross-correlation coefficients certain stages of competition. This correlation disap-
pears upon the wood thinning at subsequent stages of
— Sample area competition but can be then restored. The coefficients
orrelated pairs of correlation between the crown projection areas and
HS56 | D22 | AL5 | R2z2 | AL7 the areas of the corresponding Voronoi’s polygons can
be regarded as markers of the peak of the competition.
o * * * * =S !
y ’ (P15~ '?2:{_ 0.66%| 082% 0.76* | Q.78% In natural woods whose specimens are all of the same
\| (Ser—=Sp) 0.34" |-0.061{-0.009( 0.008 | 0.59*  age, the “competition age” is the variable that changes
' _ ” " * " in space. This explains the failure of attempts at estab-
\ E=2ys) . J U127 | 0037] 0357] G.30% | 040% lishing a significant correlation between parameters of
| Note: Munus sigq indicates that the hypothesis of linearity wasre-  trees with local characteristics of the spatial structure.
] » " jected, p < 0.05; asterisk indicates significant difference,
/ n < 0.05. f"—f’m Z000
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_ the Plane: Construction Algorithm), Pushchino, 1981.
this increases the spatial variability of local stages of ~ 4. Galitskii, V.V., Dokl. Akad. Nauk SSSR, 1979, vol. 246,

competition and results in indistinct relationships no. 4, pp- 1013-1015.

between characteristics that describe the process. 5. Buzykin, AL, Gavrikov, V.L., Sekretenko, O.G., and
These results show that woods displaying similar Khlebopros, R.G., Analiz struktury drevesnykh tsenozov

mean characteristics can be ranked in accordance with (Structural Analysis of Wood Cenosiss), Novosibirsk:

the course of competition. The data showed a strong MNeuka, 1985, forgt

correlation between parameters of neighboring treesat 6. Hari, P, Ann. Bot. Fennici, 1972, vol. 9, no. 2, pp. 107-115.
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