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Abstract 

Distribution curves were examined of the number of trees in groups of Tendril Oak (Quercus conferta Kit.), Winter 
Oak (Quercus petraea Liebl.) and Cerris Oak (Quercus cerris L.)  dendrocoenoses, of the same age, according to degrees 
of thickness, forms of curves, and common denominators were looked for.  On the basis of the 59 sample areas, the curves 
of the dendrocenoses according to their tree species were researched. Distribution curves in percentages are converted 
into complex curves of the distribution by multiplying the degrees of their thickness, which makes it possible to reflect the 
actual amount of wood, which is contained in dendrocoenoses. Complex curves were tested using a special coefficient of 
asymmetry (Kas), which allows establishing the asymmetry in regard to the average diameter. As a result, the research 
found that the distribution of the number of the sample plots according to asymmetry (or symmetry) in building their thick-
ness for the three studied population is almost equally.  Therefore, the construction of Tendril’s, Winter’s and Cerris’s 
dendrocoenoses is almost identical. For the three sets curves were calculated average curves of normal numbers and 
average curves are compared to the average curve of normal numbers of A. S. Tyurin. Very close curves were established, 
which is confirmation that tree species have no significant impact on the construction of tree associations in thickness.  
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Introduction 

For every forest it is important to assess the 
stock and assortment range structure as easy, accu-
rate and precise as possible. That’s why the question 
about updating of normative and manual database 
about assessment of forests, improvement of mod-
els and tables. Knowledge about regularities in 
structure of forest dendrocoenoses is a constant sci-
entific need.  

In 1965 the total area of coppice oak dendro-
coenoses has been 489 314 ha, and in 2000 it in-
creased to 623 629 ha (Petrov, 2008). That’s why 
studying of thickness structure of these dendrocoe-
noses is important and actual. 

Investigations on structure of forest stands 
have been carried out by numerous authors (Tyurin 
1938, Tretyakov 1952, Sirakov 1947, Nedyalkov 
1964, Nedyalkov 1967, Mihov 1991, Mihov et al. 
1993, Dimitrov 2003, Tonchev 2007). More signifi-
cant conclusions in the investigations of these and 
other authors are as follows: 

- Tyurin (1938), when comparing distribution 
curves of trees in numerous pure, simple, 
even-aged, normal tree stands, concludes 
that the course of curves does not depend 
either on tree species, or on site conditions 
or crop density. Age and cuttings also have 
some influence. This gave him the reason 
to develop universal curve of percentage 
distribution of number of trees and basal ar-
eas according to natural thickness degrees. 

- For the structure of Norway spruce uneven-
aged tree stands Simeon Nedyalkov (1967) 
established various curves of distribution 
for different generations. Curves for various 

age generations have bell-shape or para-
bolic form, and the total curve – exponential 
shape.  

- E. Dimitrov (2003), when studying different 
functions of distribution of number of trees 
according to thickness degrees, deter-
mines the presence of three typical distribu-
tions – symmetrical (or normal), right asym-
metrical and left asymmetrical. The same 
author refers to investigation of Nishenko 
(1926), in which this author, when investi-
gated distribution of number of trees in 
Scots pine, Norway spruce, aspen and 
birch dendrocoenoses, established that it 
does not depend on stock density, age, 
stand quality, and depends only on mean 
diameter and tree species.  

- Tretyakov (1927), on the basis of his own 
data and on the data taken from Weise, 
Kuntze, etc., carries out detailed investiga-
tion of regularities in structure and mutabil-
ity of some dendrobiometric indices in 
even-aged, pure and uneven-aged, mixed 
according to composition and compound 
according to form stands. He has estab-
lished that the structure of forest has al-
ways a constant character, in spite of den-
sity, age, tree species, and growing condi-
tions and if this is referred to normal or com-
pound mixed stands. This gave him the rea-
son to formulate the law of uniformity in 
stands structure. 

Aim of the study 

The aim of this study is to investigate the thick-
ness structure of coppice oak dendrocoenoses to 
solve the following tasks: 

91



THICKNESS STRUCTURE OF TENDRIL OAK, WINTER OAK AND CERRIS OAK DENDROCOENOSES 

1. To determine different types of thickness de-
gree structure of coppice oak dendrocoenoses – to 
investigate the symmetry (or asymmetry) of curves 
of thickness structure. 

2. To compare parametric average curves of 
normal numbers for investigated dendrocoenoses 
from all three groups to the average curve of Tyurin 
developed for all tree species with the aim to deter-
mine proximity in values, which would be a reason 
for important conclusions. 

Objects 

This study is referred to coppice oak dendro-
coenoses in the region of Balkan Range (Elena, Ko-
tel, Sliven), the Rhodopes (Krumovgrad, Ivaylov-
grad), Sakar mountain (Topolovgrad, Elhovo) and 
the regions of Varna, Staro Oryahovo and Burgas. 
Total number of 59 sample plots have been estab-
lished, from them 25 in Q. conferta, 26 – in Q. pet-
raea and 8 in Q. cerris dendrocoenoses. The age of 
all investigated dendrocoenoses is within the interval 
40 to 80, i.e. pre-mature and mature according to ap-
proximate rotation 80–100 years. 

Methods 

For each sample plot, normal curves according 
to thickness after Tyurin (1938) were calculated, 
which are obtained when absolute thickness de-
grees are divided to mean diameter – this is method-
ical skill, which allows unification of abscissa points 
of structure curves. Therefore, normal curves ac-
cording to thickness are relevant numbers, which re-
fer to particular number of trees. In a graphic way for 
round natural thickness degrees (0.5, 0.6, etc.), the 
relevant numbers of trees in percentage were 
counted. The curves of percentage distribution of 
trees were further converted into COMPLEX curves 
of thickness structure through multiplication of num-
ber of trees of natural thickness degrees and after 
their unification towards 100%, they were investi-
gated from the point of view of their ASSYMETRY 
according to abscissa point 1.0. This was necessary 
for the curves to point out besides the number of 
trees, their thickness as well. In fact, complex curves 
also point out numbers of trees in%, but changed ac-
cording to thickness degree. If complex curves of the 
structure are with RIGHT predomination, i.e. the 
curve is with right asymmetry, this means predomi-
nation of quantity of wood for trees with thicker diam-
eters and higher quantity of wood for the entire den-
drocoenosis as well. It is the opposite for the left 
asymmetry – the dendrocoenosis will have less 
wood and assortment structure with lower quality.  

As it can be seen from the mentioned above, 
the term asymmetry of curves for the thickness struc-
ture does not coincide with the statistical asymmetry, 

which is calculated not according to the fixed ab-
scissa point but according to the maximum of para-
bolic curve. For the investigation of ASYMMETRY of 
curves of distribution of number of trees, a special 
coefficient of asymmetry was introduced, which 
could be written with the formula: 

 
Kas = N0,x1+ N0,x2+…+ N0,8 + (Σ N0,9+ 

N1,0+ N1,1)/2,  
 
where: 
N0,x1, N0,x2, etc., N0,8 are the complex rela-

tive heights corresponding to the thickness levels 
ranging up to 0.8, in percentages, and 

Σ N0,9+ N1,0+ N1,1 - is the sum of the complex 
relative heights for each of the three central levels of 
thickness, in percentages. 

When Kas, calculated as percentages, is less 
than 49%, the curves have a right-hand-side asym-
metry, more than 51% – a left-hand-side asymmetry, 
and within the range from 49% to 51% we have as-
sumed to consider them symmetric 

Further on curves of distribution were trans-
formed into curves of sum distribution, where for 
each thickness degree, the number in% with accu-
mulation is calculated – in this way for the last de-
gree it is obtained 100%. From these curves, the 
curves of normal numbers were obtained through di-
viding of percentages of thickness degrees to the 
percentage of the last degree, i.e. to 100. Obtaining 
of the curves of normal numbers (also called qualita-
tive indices) is one stage of the calculations accord-
ing to the method of natural indices (Duhovnikov, 
1966). From the curves of normal numbers, average 
curve of normal numbers (qxср) was calculated for 
different curves combinations referring to coppice Q. 
conferta, Q. petraea and Q. cerris dendrocoenoses.  

At the comparison of curves of normal num-
bers, correlation coefficients were calculated, as well 
as other indices for the conformity or similarity of 
curves, such as quadratic deviation, variation coeffi-
cient and the error of average arithmetic quantity. 

Results and discussion  

1. Types of thickness structure 

Depending on the values of the coefficient of 
asymmetry (Kas) for the thickness structure, sample 
plots were gathered into three groups, forming three 
types of thickness structure according to the asym-
metry of relevant curves regarding the vertical imag-
inary line made by natural thickness degree 1.0. 
Namely, all three types of asymmetry are present – 
with LEFT asymmetry, with RIGHT asymmetry and 
SYMMETRY or symmetric curves. Figures 1, 2 and 
3 illustrate the three types of asymmetry for the three 
types of oak dendrocoenoses. 
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Fig. 1. Three types of curves according to asymmetry (or symmetry) – coppice Q. conferta dendrocoenoses  

 

Fig. 2. Three types of curves according to asymmetry (or symmetry) – coppice Q. petraea dendrocoenoses  

 
Fig. 3. Types of curves according to asymmetry (or symmetry) – coppice Q. cerris dendrocoenoses 

0,0

5,0

10,0

15,0

20,0

25,0

0,4 0,6 0,8 1 1,2 1,4 1,6

N
u

m
b

e
r 

o
f 

tr
e

e
s 

[%
]

Natural levels of thickness

Left-hand-side
asimmetry, SP 4,
Kas=51.6%

Simmetric type, SP 5,
Kas=49.7%

Right-hand-side
asimmetry, SP 11,
Kas=44.8%

0,0

5,0

10,0

15,0

20,0

25,0

0,4 0,6 0,8 1 1,2 1,4 1,6

N
u

m
b

e
rs

 o
f 

tr
e

e
s 

[%
]

Natural levels of thickness

Simmetric tipe, SP 4, 
Кas=50.5

Right-hand-side 
asimmetry, SP 10, 
Кas=28.1

Left-hand-side
asimmetry, SP 23,
Kas=57.4

0,0

5,0

10,0

15,0

20,0

25,0

30,0

0,4 0,6 0,8 1 1,2 1,4 1,6

N
u

m
b

e
rs

 o
f 

tr
e

e
s

[%
]

Natural levels of thickness

Left-hand-side 
asymmetry, SP 5, 
Кас=54.2%

Right-hand-side 
asymmetry, SP 4. 
Кас=41.8%

93



THICKNESS STRUCTURE OF TENDRIL OAK, WINTER OAK AND CERRIS OAK DENDROCOENOSES 

Figures 1 and 2 show that to the high values of 
Kas% (SP12 and 22) refers clear LEFT asymmetry 
of complex curves of structure, which means pre-
domination of thin trees and less stock; to low values 
of Kas% (SP1 and 26) refer curves with right asym-
metry, which means predomination of thicker trees 

and is a sign for higher stock; and when Kas% is 
about 50% (SP5 and 12) curves are symmetrical, i.e. 
take middle position.  

The arrangement of sample plots according to 
asymmetry types for both investigated combinations 
of dendrocoenoses is presented on table 1. 

Table 1. Arrangement of coppice oak dendrocoenoses according to asymmetry type of complex curves for thickness structure  

Type of asym-
metry 

Number of sample plots (SP) 
according to tree species  

Total SP  % 
Q. con-

ferta 
Q. pet-

raea 
Q.  

cerris 

Left 1 3 - 4 7 
Right 23 19 7 49 84 
Symmetrical 1 3 1 5 9 
Total 25 25 8 58 100 

 
Table 1 clearly shows the big similarity and con-

formity in distribution of number of trees according to 
types of ASYMMETRY in the three totals of sample 
plots, as well as by the general distribution, where 
the proportion is the same. It is seen that the RIGHT 
asymmetry predominates – about 84%, followed by 
the LEFT one – about 7%, and the symmetrical 
type – 9%. The predomination of the right asym-
metry is a good index from the point of view of wood 
quantity in relevant dendrocoenoses. The close 
proximity in the distribution by the three tree species 

shows the identity in their thickness structure. There-
fore, there is a possibility to determine the structure 
generally, i.e. in one general investigation. 

2. Comparison between average curves of the 
normal numbers (qxср) 

Average curves of the normal numbers for cop-
pice oak dendrocoenoses were compared to the 
Tyurin’s unified average curve of the normal num-
bers obtained for all tree species. Results are pre-
sented in table 2. 

Table 2. Average curves of the normal numbers for coppice oak dendrocoenoses compared to the Tyurin’s unified average 
curve of the normal numbers 

Affiliation of 
the curve 

Natural thickness degrees Accuracy indices 

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 
Correl. 
coeff. 

sq. 
dev. 

Ver. 
coeff. 

[%] 

Error 
of av. 

arithm. 
[%] 

Average curves of the NORMAL numbers for thickness 
structure (qualitative indices) - qxav. 

Q. conferta 0.06 0.15 0.28 0.45 0.62 0.78 0.89 0.95 0.98 1 0.999 0.02 3.5 1.1 
Q. petraea 0.07 0.17 0.28 0.45 0.61 0.76 0.86 0.93 0.97 1 0.998 0.03 5.1 1.6 
Q. cerris 0.05 0.14 0.26 0.44 0.63 0.80 0.90 0.95 0.98 1 0.998 0.02 3.5 1.1 
Tyurin’s unified 
average curve 0.04 0.13 0.29 0.48 0.66 0.80 0.89 0.95 0.98 1 - - - - 

 
As it is seen from table 2, the accuracy indices 

of the three investigated rows according to Tyurin’s 
average one, obtained for all tree species, are quite 
high; the correlation coefficient is almost 1; the quad-
ratic deviation 0.02 – 0.003; the variation coefficient 
is low (3.5 to 5.1%) and the error of the average 
arithmetic is quite below ±5% (from 1.1 to 1.6%), i.e. 
entirely responds to the requirements for precision in 
similar investigations. From the proximity of rows of 
the normal numbers for thickness structure to those 
one of Tyurin follows that the thickness structure of 
coppice oak dendrocoenoses is similar to that one of 
other tree species and general models are possible 
to be used for one tree species, based on the thick-
ness structure. 

Conclusions 

As a result form the investigation, the following 
conclusions could be drawn:  

For the investigated oak dendrocoenoses it 
was established and confirmed the previously known 

presence of three types of thickness structure – with 
right, left asymmetry and symmetrical type.  

For the three types dendrocoenoses from the 
genus Quercus, one and the same trend has been 
observed in the distribution of sample plots accord-
ing to types of asymmetry. Due to this, if they will be 
investigated separately or together in relation to their 
thickness structure, does not influence on their dis-
tribution according to type of asymmetry.  

The comparison of average curves of the nor-
mal numbers (or qualitative indices) for the thickness 
structure of the investigated coppice oak dendrocoe-
noses with the Tyurin’s general average curve of the 
normal numbers shows close proximity in the course 
of curves. This proves definitely the possibility of de-
velopment of general models of stock and assort-
ment structure as far as they depend on their thick-
ness structure.  

The structure of the oak dendrocoenoses does 
not depend on the tree species for the development 
of a general model of the thickness structure, as well 
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as for development of other relevant models, such 
as log volume and cross-cutting tables.  
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