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Abstract 

The method for measuring the morphological parameters of birch (Betula Pendula) leaves with-out cutting them in the dynamics of ontogenesis 
has been refined, the asymmetries and fluctua-tions of leaves have been compared, and patterns of oscillatory adaptation in the dynamics of 
ontogenesis have been identified. First, a sheet is selected, marked with a white thread with a tag (birch and leaf number). Before photographing, a 
transparent mesh (2×2 mm) is placed on the front side of the growing leaf so that the middle line along the mesh coincides with the main vein of the 
leaf. The palette sheet is then photographed with a digital camera with a photo stor-age function. On the computer, the photo is cropped and enlarged 
for measurements on the screen up to A4 format. The measured 25 accounting birch leaves were divided into groups ac-cording to the nature of 
their behavior in ontogenesis: 1) left asymmetry, when the left side of the leaf is predominant; 2) tendency of the accounting sheet by fluctuation 
from left to right asymmetry; 3) transition from left to right asymmetry; 4) transition from right to left asymmetry; 5) tendency of the growing 
leaf by fluctuation from right to left symmetry; 6) right asymmetry. New sheet parameters have been introduced: absolute asymmetry; relative 
asymmetry. The “+” sign will show left asymmetry, and the “–” sign will show right asymmetry. The wavelet signal identification method for each 
leaf revealed up to 6-7 quanta of behavior in ontogenesis in the form of wave equations. Birch is distributed throughout the Northern Hemisphere, 
so the phyto-sphere can be studied by fluctuating asymmetry of leaves in ont   ogeny in different geograph-ical coordinates of the cities of the world. 
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Introduction 

The basis of the functioning of the living shell (phytogeosphere 
according to Academician E. M. Lavrenko) of the Earth is 
the phytosphere with its inherent unique phenomenon of 
photosynthesis. The ecological role of plants is very important and 
multifaceted.

 
Birch occupies a special place among higher plants.

The main object of global and local environmental monitoring 
can be a birch with account-ing leaves without cutting them 
according to our 18 inventions for methods, in particular, ac-cording 
to patents 2589487, 2597643, 2597645, 2606189 and 2615363 
for leaves in a grow-ing state. The birch forests of the Northern 
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Hemisphere (the Holarctic kingdom according to A.L. Takhtajan 
[1,2] occupy half the world along the Arctic Ocean.

Asymmetry, as the main parameter of the Universe, will 
remain even with large numbers of leaves (one mature birch has 
an average of 105 leaves). Moreover, the leaf is the most sensitive 
and at the same time informative organ of the plant organism, 
reflecting the influence of changing environmental conditions 
[3]. The asymmetry of birch leaves must first be studied in cities. 
According to [4-7], studying the impact of urbanization processes 
on urban ecosystems should help predict possible scenarios for the 
development of life on Earth.

At the beginning of section 3.3. PHENOMETRY [8] clearly 
indicates the need to record dates: “It is desirable that when 
observing the course of plant development, not only the most 
noticeable phases (opening of leaves, the beginning of flowering, 
etc.) are noted, the dates of which can be easily fixed, but also daily 
fluctuations in growth between these phases”.

However, when conducting field experiments in phenology, 
the date and, moreover, the time in hours are not set on the day of 
the measurements. Biologists give a detailed structural analysis of 
the shape of the leaves, highlighting the stages of ontogeny, trying 
to identify the functional features of the behavior of many leaves 
on average from them. However, they completely ignore the main 
parameter of functioning - the time from the moment of the begin-
ning of ontogenesis to the moment of leaf fall. Taking into account 
the time in days (physical-ly, the cycle of the Earth’s revolution 
around itself) would allow at the beginning of research to abandon 
the stages of ontogeny and consider the continuous dynamics 
of the development of each leaf, without taking into account the 
discreteness of morphogenesis in many leaves.

We see the reason for this only in one thing, when biologists 
have not been able to turn dates into a time scale in the dynamics 
of ontogeny. The prohibition on measuring the current time is 
clear from the phrase [9]: “With a small number of descriptions 
(less than 10), the derivation of averages does not make sense.” 
The doctrine of the arithmetic mean, at the suggestion of the great 
Gauss, hindered the science of the development of processes in 
plant ontogeny for almost 300 years.

Having expressed a breakthrough idea in his book, Schnelle 
F. did not provide a single table of data on measurements of the 
current ontogenetic time. It is noted [8] that the greening (unfolding 
of leaves) of a birch for the period from 1751 to 1930 near Norwik 
(England) occurred in 1-9 days (on average, 4 days). We note here 
that in 2023 the birch in the city of Yoshkar-Ola began to bud from 
April 20, that is, 10 days earlier (before that, the beginning of the 
growing season was from May 1).

The time during which the leaf performs the function of 
photosynthesis plays an important role in the life of the plant and 
the ecosystem as a whole. As a first approximation, this time is 
defined as the life span of the leaf. Since the time of leaf development 
inside a bud varies greatly between species, the lifespan of a leaf is 
defined as the interval between the appearance of a leaf from a bud 
and its abscission [10].

The fluctuation (oscillation) in the book [8] refers to the daily 
growth of the leaf size of a plant. Then it can be accepted that the 
signs of fluctuation and asymmetry can be separately attributed to 
the vegetative organs of plants and to the plants themselves.

The purpose of the article is to refine the method of 
measurements in the dynamics of on-togenesis, to compare the 
asymmetry and fluctuations of birch leaves without cutting them, 
to identify patterns of oscillatory adaptation of the counting leaf in 
the dynamics of ontogenesis, and to distribute the counting leaves 
according to the behavior into six combinations of left and right 
asymmetries.

We consider the relative asymmetry of the morphological 
parameters of birch leaves dur-ing the growing season as a natural 
process of oscillatory adaptation of each record sheet to changes in 
the external microenvironment surrounding this leaf.

Materials And Methods

Photodynamics of accounting birch leaves

Birch leaf (Betula pendula) has an oval-triangular shape, 
narrowed towards the end. The edges are serrated. The front side 
has a dark green glossy tint, and the reverse side has a matte green 
tint. Width is measured by the largest distance across the sheet. In 
measurements, it is desirable to take morphological parameters 
halfway along the length of the main vein near the attachment of 
the leaf to the petiole.

Then, in contrast to the known method [11,12], we replaced 
the morphological sign of the width of the leaf halves with the 
maximum widths ‘nb [ ;t of the halves (Figure 1). It turned out not 
five, but six morphological features for each record sheet. 

The morphological parameters of the left and right halves of the 
registration sheet in Figure 1 are as follows:

b′  , b ′′   – maximum width of the left and right halves of the 
sheet, mm;

h′  , h ′′   – height from the base of the sheet to the maximum 
width, mm;

æl′  ,  æl ′′  – length of vein of the second order, second from the 
base, mm;

 îl′ ,  îl ′′  – distance between the bases of the first and second 
veins of the second order, mm;

êl′  ,  êl ′′  – distance between the ends of the same veins, mm;

α′  ,  α′  – the angle between the main vein and the second vein 
from the base of the leaf of the second order, о.

The methodology for experiments on living counting leaves 
without cutting them is given in the textbook [13]. Measurements 
are carried out in two stages: a) photographing the accounting 
leaves with a palette; b) on the computer screen, the procedure for 
measuring 12 morphological parameters.

After that, the calculation results are placed in an Excel 
spreadsheet, and then regularities are identified in the 
CurveExpert-1.40 software environment. The method of 
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photodynamics of accounting leaves according to the scheme in 
Figure 1 is given in [14]. First, a sheet is selected, which is marked 
with a white thread with a tag (birch and leaf number). Then this 

selected sheet becomes an accounting sheet, on which, after a few 
days, photographs are taken with a cell phone.

Figure 1: Birch leaf morphology parameters.

For constancy of the influence of the time of day, photography 
was carried out at approx-imately 15:00 in the afternoon. Before 
photographing, a transparent palette with a grid (2 × 2 mm) is placed 
on the front side of the growing record sheet so that the middle line 
along the palette coincides with the axis of the longitudinal main 
vein of the record sheet. On the re-verse side of the sheet is a white 
substrate, for example, a piece of whatman paper or card-board. 
The palette sheet is then photographed with a digital camera with a 
photo storage func-tion.

On the computer, the photo is cropped and enlarged for 
measurements up to A4 format.

Up to 25 leaves from five birch trees are sufficient for 
photodynamics and subsequent laboratory measurements [13]. 
This provides a measurement error of 1%. Such a small level of 
error is achieved by the fact that after enlarging the photo-graph 
to A4 format and carrying out measurements on the screen with 
a millimeter ruler and a protractor, the results are multiplied by 
the scale of each photograph. The actual data on the parameters of 
the morphology of the count sheet at a given time of vegetation are 
obtained by taking the measured data by the calculated scale. And 

the scale is determined by dividing 80 mm on the palette by the 
distance measured with a millimeter ruler on the computer screen 
in 40 cells.

Measurement of the left and right halves of birch leaves

From the beginning of ontogenesis on May 1, 2021, out of 25 
registered leaves, 4 birch leaves reached 163 days before falling 
off (until October 10, 2021); 11 sheets - 156 days (03.10.2021); 1 - 
149; 1 - 142; 1 - 135; 3 - 100 and 4 - 79 days. 

Note: the maximum values of 12 morphological features are 
highlighted in bold.

Table 1 shows that the maximum and minimum values of the 
selected distinctive morpho-logical features are located in the 
ontogeny time interval from 44 to 163 days. Only the corner of the 
left half of the sheet is located at the maximum on the border. This 
fact means that measurements had to be started on May 31.

Table 2 shows the indicators of asymmetry for the accounting 
sheet No. 1-3.

The following conventions are adopted here:
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Table 1: Data of morphological characteristics according to the accounting sheet No. 1-3 of birch.

# Date 2021 Time τ , 
day

Width Height Length Distance At the ends Corner

  b′ b ′′     h′   h ′′   æl′   îl ′′   îl′   îl ′′   êl′   êl ′′ α ′  α′
1 01.05 0 0 0 0 0 0 0 0 0 0 0 0 0

2 13.06 44 24,7 22,1 22,6 22,1 33,2 30,9 5,8 5,6 11,3 10,5 38 37

3 20.06 51 24,8 22,1 22,5 22,1 33,5 31,2 5,9 5,7 11,2 10,5 38 37

4 27.06 58 24,8 22,7 22,5 22,2 33,1 31,7 5,9 5,7 11,2 10,7 38 37

5 04.07 65 24,8 22,7 22,9 22,7 33,7 31,8 6 5,8 11,3 10,7 38 37

6 11.07 72 24,8 22,7 22,9 22,7 33,7 31,8 6 5,8 11,3 10,7 38 37

7 18.07 79 25.0 23.0 23 22,9 33,8 31,9 6 5,9 11,4 10,8 38 37

8 25.07 86 25,6 22,9 22,9 22,6 33,2 31,9 6 5,9 11,5 10,8 38 37

9 01.08 93 25.0 22,6 23,8 22,5 32,8 31,9 6,1 6 11,6 10,9 38 37

10 08.08 100 24,6 22,5 24,1 23,1 33,1 31,9 6,1 6 11,6 10,9 38 37

11 15.08 107 24,4 22,5 24,1 22,3 33,1 31,5 6,1 6 11,3 10,8 38 37,5

12 22.08 114 24,2 22,2 24,2 21,7 33,2 31,4 6,1 6 11,3 10,8 38 37,5

13 29.08 121 24,2 21,8 24.0 21,5 33,9 31.4 6,1 6 11,3 10,8 38 37,5

14 05.09 128 24 21,6 23,5 21,5 33,7 31,4 6,1 6 11,3 11 38 37,5

15 12.09 135 24.0 21,4 22,8 21,5 33,7 31,3 6,1 6 11,3 11 38 37,5

16 19.09 142 24.0 21,4 22,7 21,5 33,7 31,2 6,1 6 11,3 11 38 37,5

17 26.09 149 24.0 21,4 22,5 21,5 33,7 31,2 6,1 6 11,3 11 38 37,5

18 03.10 156 24.0 21,4 22,2 21,5 33,7 31,2 6,1 6 11,3 11 38 37,5

19 10.10 163 24.0 21,4 22,2 21,5 33,7 31,2 6,1 6 11,3 11 38 37,5

Table 2: Absolute and relative asymmetries for birch leaf No. 1-3.

Date 2021 Time τ , day

Width Height Length Distance At the ends Corner

  bA
  bo

  hA
  ho

  lA
  lo

  loA
  loo

  lkA
  lko

  αA
  αo

01.05 0 0 0 0 0 0 0 0 0 0 0 0 0

13.06 44 2,60 5,56 0,50 1,12 2,30 3,59 0,20 1,75 0,80 3,67 1.0 1,33

20.06 51 2,70 5,76 0,40 0,90 2,30 3,55 0,20 1,72 0,70 3,23 1.0 1,33

27.06 58 2,10 4,42 0,30 0,67 1,40 2,16 0,20 1,72 0,50 2,28 1.0 1,33

04.07 65 2,10 4,42 0,20 0,44 1,90 2,90 0,20 1,69 0,60 2,73 1.0 1,33

11.07 72 2,10 4,42 0,20 0,44 1,90 2,90 0,20 1,69 0,60 2,73 1.0 1,33

18.07 79 2 4,17 0,10 0,22 1,90 2,89 0,10 0,84 0,60 2,70 1.0 1,33

25.07 86 2,70 5,57 0,30 0,66 1,30 2,00 0,10 0,84 0,70 3,14 1.0 1,33

01.08 93 2,40 5,04 1,30 2,81 0,90 1,39 0,10 0,83 0,70 3,11 1.0 1,33

08.08 100 2,10 4,46 1 2,12 1,20 1,85 0,10 0,83 0,70 3,11 1.0 1,33

15.08 107 1,90 4,05 1,80 3,88 1,60 2,48 0,10 0,83 0,50 2,26 0,5 0,66

22.08 114 2 4,31 2,50 5,45 1,80 2,79 0,10 0,83 0,50 2,26 0,5 0,66

29.08 121 2,40 5,22 2,50 5,49 2,50 3,83 0,10 0,83 0,50 2,26 0,5 0,66

05.09 128 2,40 5,26 2 4,44 2,30 3,53 0,10 0,83 0,30 1,35 0,5 0,66

12.09 135 2,60 5,73 1,30 2,93 2,40 3,69 0,10 0,83 0,30 1,35 0,5 0,66

19.09 142 2,60 5,73 1,20 2,71 2,50 3,85 0,10 0,83 0,30 1,35 0,5 0,66

26.09 149 2,60 5,73 1 2,27 2,50 3,85 0,10 0,83 0,30 1,35 0,5 0,66
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03.1 156 2,60 5,73 0,70 1,60 2,50 3,85 0,10 0,83 0,30 1,35 0,5 0,66

10.1 163 2,60 5,73 0,70 1,60 2,50 3,85 0,10 0,83 0,30 1,35 0,5 0,66

A   –  absolute asymmetry of the left from the right side of the 
sheet, yyA ′′−′=  ;

  o  – relative asymmetry calculated by the formula 
)/(100 yyAo ′′+′=  , %.

The sign  A+  will always show left-sided asymmetry, and with 
the sign A−   there will be right-sided asymmetry of the birch 
count sheet. The dynamics of ontogenesis is characterized by the 
fact that each leaf during the growing season can switch several 
times from left-sided to right-sided asymmetry and vice versa. The 
dimension of relative asymmetry in percent gives advantages in 
calculations and visibility.

In the method of V.M. Zakharov [12] does not take into account 
the sign of the difference between the values of the left and right 
halves of all 100 leaves taken at a time. For each accounting sheet of 
birch, such a simplification is incorrect. Moreover, it is the transitions 
from the left to the right halves and back along the asymmetry that 
are taken into account when accepting the mathematical signs “+” 
and “-”.

Note: Bold indicates maximum values; the last three 
morphological features show that the start of measurements 
should be on May 31st.

General relative asymmetry )(τfO =  , taking into account 
the signs, according to 12 mor-phological features (six left and six 
right sides of the sheet) is calculated by the formula

6/)( αooooooO lklolhb +++++= .               (1)

This physical quantity becomes a characteristic of the behavior 
of each birch leaf in the dynamics of ontogeny from bud break to 
leaf fall.

General asymmetric wavelet for modeling the dynamics 
of onogenesis

In nature, all processes occur according to the wave equations 
of oscilla-tory adaptation according to the general formula of the 
quantum of behavior [15-19] in the form of an asymmetric wavelet

∑
−

=
m

i
iyy

1
  , )/cos( 8iiii apxAy −= π   , 

)exp( 42
31

ii a
i

a
ii xaxaA −=  , 

ia
iii xaap 7

65 +=
 ,       

(2)

where  y  –  is the indicator (dependent factor), i  –  is the 
number of the component (2) or quantum of the system behavior,   
m – is the number of members (quanta) in the model (2),   – is the 
explanatory variable,  81...aa – are the parameters of each member 
of the model (2);  iA  – is the variable amplitude (half) of the 
asymmetric wavelet, ip  – is the variable half-cycle of the oscillation.

Formula (2) contains two fundamental physical constants:  e  
(Napier number or time num-ber) and π   (Archimedes number 

or space number). Then, according to the wavelet (2), a quantized 
wavelet signal is formed inside the process under study. Behavior 
quanta appear sequentially by the method of identification. The 
concept of a wavelet signal makes it possible to abstract from the 
physical meaning of many statistical series of measurements and 
consider their additive decomposition into components in the form 
of a sum of individual wavelets (quanta of behavior) of the system.

A signal is a material carrier of information. And we understand 
information as a measure of interaction. In our case, this is the 
reaction of the birch count sheet to external influences from the 
parameters of the microenvironment around the leaf and the 
terrain parameters. A signal can be generated by each leaf, but its 
reception has not yet been carried out. In the fu-ture, with the help 
of miniature devices suspended near the accounting sheet, the 
values of the parameters of the birch leaf and its environment will 
be automatically recorded every hour.

Results And Discussion

We propose a method for photoindication of birch leaves 
without cutting them [13,20-26], that is, in the growing state, and 
for the entire growing season according to the parameters in Figure 
1.

Distribution of asymmetry by fluctuations in the growing 
season

The relative fluctuating asymmetry of 12 morphological 
parameters of birch leaves during the growing season is considered 
as an oscillatory adaptation of each record sheet to changes in 
the external environment surrounding this leaf. Moreover, the 
oscillatory adaptation occurs in at least six wavelets, that is, the 
behavior of the birch registration sheet can be decomposed into at 
least six behavioral quanta. This indicates a very high plasticity of 
the vital activity of birch leaves. In our opinion, over 180 million 
years of evolution, the birch has “learned” to adapt to any changes 
in climate, weather, and the influence of environmental objects.

All 25 accounting birch leaves were divided according to the 
nature of their behavior, in the course of oscillatory adaptation in 
the ontogeny period of 2021, into the following groups:

1) left asymmetry, when the left side of the birch leaf is 
predominant;

2) tendency of birch leaf by fluctuation from left to right 
asymmetry;

3) transition from left to right asymmetry (through relative 
symmetry 0);

4) transition from right to left asymmetry;

5) tendency of birch leaf by fluctuation from right to left 
symmetry;

6) right asymmetry, the right side of the sheet is predominant.
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Let us consider the nature of fluctuations of relative asymmetry 
in the count birch leaf in each group: group 1 - 7 count leaves; 2 
- 3 sheets; 3 - 4 sheets; 4 - 2 sheets; 5 - 2 sheets; 6 - 7 sheets. The 
extreme asymmetries (left and right) turned out to be the same 
in terms of the number of counted leaves. The intermediate four 
groups make up 11 leaves or 44%.

Tables 3 and Table 4 show data on the general relative 
asymmetries  )(τfO =  for accounting birch leaves with a growing 
season of 163 to 135 days (18 pieces or sample representativeness 
is 72%). They are divided into groups as follows: 1 group - 4 
registration sheets; 2 - 1 sheet; 3 - 3 sheets; 4 - 2 sheets; 5 - 2 sheets; 
6 - 6 accounting sheets.

Table 3: General relative asymmetry of birch leaves with left asymmetry.

Date 2021 Time τ , day
1st group 2 gr. 3rd group

1-3 1-5 3-2 5-1 3-1 1-1 4-1 4-3

01.05 0 0 0 0 0 0 0 0 0

13.06 44 2,84 0,06 3,35 1,33 3,04 0,07 0,63 2,28

20.06 51 2,75 0,19 3,80 1,59 2,10 0,31 -1,09 0,66

27.06 58 2,10 0,43 3,59 2,20 2,81 0,75 -1,93 0,79

04.07 65 2,25 0,44 2,61 1,58 2,30 -1,32 -3,77 0,09

11.07 72 2,25 0,91 2,55 1,47 2,83 0,36 -3,66 -0,39

18.07 79 2,03 0,12 2,41 1,16 3,69 1,04 -2,16 0,01

25.07 86 2,26 0,22 1,62 1,51 3,97 0,66 -2,16 0,15

01.08 93 2,42 0,33 1,61 0,79 3,91 0,83 -2,19 0,02

08.08 100 2,28 0,68 2,17 1,16 4,30 -1,63 -0,25 -0,02

15.08 107 2,36 0,56 3,18 0,79 4,16 0,33 0,05 0,21

22.08 114 2,72 0,56 4,11 0,94 3,04 1,00 -0,39 -0,18

29.08 121 3,05 0,31 4,31 1,35 1,90 0,40 -1,36 -0,56

05.09 128 2,68 0,28 4,22 0,79 1,79 -0,26 -1,35 -1,08

12.09 135 2,53 0,28 3,93 0,20 1,96 0,12 -1,51 -1,33

19.09 142 2,52 0,28 3,86 0,71 2,33 -1,89 -2,16 -1,48

26.09 149 2,45 1,34 3,76 0,94 2,44 -2,26 -2,47 -1,45

03.1 156 2,34 1,34 3,71 1,17 1,87 -2,16 -2,77 -1,37

10.1 163 2,34     - - -2,46 -2,77 -

Table 4: General relative asymmetry of accounting birch leaves with right asymmetry.

Date 2021 Time τ , day
4th group 5th group Sixth group

3-3 4-5 3-4 1-4 1-2 5-5 5-2 5-3 5-4 5-5

01.05 0 0 0 0 0 0 0 0 0 0 0

13.06 44 -0,54 -0,50 -4,25 -2,66 -3,78 -0,52 -4,13 -1,85 -1,96 -6,23

20.06 51 -0,54 0,21 -3,35 -1,72 -3,91 -0,49 -5,57 -1,74 -1,45 -5,96

27.06 58 -0,50 -0,56 -3,33 -1,76 -3,65 -0,66 -4,56 -2,01 -1,05 -5,94

04.07 65 -0,59 -0,20 -3,81 -1,76 -3,15 -0,62 -4,58 -1,38 -0,89 -5,51

11.07 72 0,00 -1,06 -3,83 -0,98 -3,20 -0,15 -4,31 -1,52 -0,95 -4,89

18.07 79 -1,98 -1,11 -3,12 -0,56 -2,15 -0,25 -4,85 -1,71 -1,03 -5,95

25.07 86 -1,82 -1,11 -3,49 -0,56 -2,04 -0,18 -5,67 -1,76 -1,52 -6,37

01.08 93 -1,71 -0,99 -2,69 -1,58 -3,31 -0,21 -5,71 -1,23 -1,40 -6,15

08.08 100 -1,65 -0,99 -2,13 -1,06 -4,05 -0,28 -5,11 -2,43 -2,22 -6,03

15.08 107 -1,75 -1,39 -3,15 -1,18 -4,50 -0,24 -5,15 -3,04 -1,89 -6,45
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22.08 114 -1,64 -1,98 -3,31 -1,29 -4,36 -0,30 -5,58 -2,61 -1,48 -5,98

29.08 121 -0,28 -1,12 -2,70 -1,49 -4,11 -0,27 -5,56 -2,37 -1,60 -4,99

05.09 128 -0,20 -0,62 -2,97 -1,25 -4,09 -0,34 -5,27 -2,46 -2,67 -5,08

12.09 135 0,03 -0,62 -2,67 -1,23 -4,21 -0,37 -5,61 -2,33 -2,70 -5,87

19.09 142 -0,17 -1,22 -2,87 -1,41 -4,02 - -5,38 -2,18 -2,22 -5,81

26.09 149 -0,18 0,30 -2,82 -1,43 - - -5,18 -1,70 -2,01 -5,46

03.1 156 -0,21 - -2,82 -1,23 - - -5,18 -1,81 -1,90 -5,40

10.1 163 - - - -1,23 - - - - - -

The regularities of fluctuation dynamics (oscillatory adaptation) 
are revealed by the meth-od of identifying the parameters of the 
general formula of asymmetric oscillation (2). Due to the small 

volume of the article, the quanta of the behavior of only six leaves 
are given below, one from each group.

Patterns of fluctuations in the left asymmetry of birch leaves
Table 5: Parameters (2) of ontogeny dynamics for general left relative asymmetry.

  i

Asymmetric wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π  
Coef. 

correl. rAmplitude (half) oscillation Half cycle oscillation Shift

  ia1   ia2   ia3   ia4   ia5   ia6   ia7   ia8

Oscillatory adaptation of the registration sheet No. 1-3 in the dynamics of ontogeny (group 1)

1 2.40606 0.015463 0 0 0 0 0 0

0.996
2 -4.9288e-16 1.21802 0.20322 0.99926 0.97199 0.52909 0.99995 1.02362

3 1.4766e-34 22.38001 0.98977 0.71507 0.39865 0.062054 1.15545 3.08886

4 -0.01321 1.26067 0.26491 0.56805 12.34887 0 0 2.51006

5 6.3696e-11 6.47428 0.089222 1.00502 9.43503 0 0 0 0.7467

6 6.41737e-8 1.73018 -0.0337 1.00116 40.30275 -0.00088 1.02973 -1.93717 0.5301

7 -11933 3.04598 0.45827 1.00825 16.60302 -0.00766 1.06592 0.76598 0.7316

Oscillatory adaptation of the registration sheet No. 3-1 in the dynamics of ontogeny (group 2)

1 0.0025013 2.11115 0.011979 1.16045 0 0 0 0

0.9982 -1.93979 0.47137 0.39925 0.43888 45.56681 -0.00067 1.95177 -1.63677

3 -0.0008994 1.70905 0.002649 1.42934 3.19771 0.048595 0.94661 5.29791

4 -1.37152e-09 3.4822 0.088153 0.95298 3.86575 0.056849 0.91791 4.39064 0.9054

5 -3.36338e-06 3.34608 0.15113 0.82766 9.75054 0.051541 0.94258 0.90844 0.5223

6 8.17832e-09 3.51699 0.001652 1.39442 7.59277 0.000193 1.35703 2.41951 0.9674

Oscillatory adaptation of the registration sheet No. 1-1 in the dynamics of ontogeny (group 3)

1 0.09115 0 -0.00037 1.77596 0 0 0 0

1
2 -3.2188e-44 22.11474 0.002226 1.66801 0 0 0 0

3 -6.3753e-12 8.35067 0.47951 0.71207 5.47293 0.002062 1.41577 2.05592

4 -1.18245e-6 3.57437 0.001165 1.69237 4.04899 0.24557 0.71639 4.21755

5 4.1287e-52 30.56106 0.17464 1.06615 9.58192 -0.01064 1.06077 -1.11231 0.9741

6 0.0096521 0.79726 0.042547 0.86541 75.48161 -0.1245 1.07701 -1.28731 0.3427

7 -6.51023e-08 3.04665 0.016748 1.0217 33.39135 -0.07071 1.00099 0.39589 0.5636

8 -1.3616e-10 5.80672 0.045105 1.13369 8.11894 0.015605 1.04807 1.63518 0.8939

Table 5 shows the parameters of the model (2) identified by 
the computational capabilities of the CurveExpert-1.40 software 

environment (the first four terms together). The overall cor-
relation coefficient of the four components in the representative of 

http://dx.doi.org/10.33552/ABBA.2023.04.000614


Annals of Biostatistics & Biometric Applications                                                                                                               Volume 5-Issue 3

Citation: P. M. Mazurkin*. Dynamics of Ontogenesis in The Phytosphere: Fluctuation of the Asymmetry of The Birch Leaf
(Betula Pendula). Annal Biostat & Biomed Appli. 5(3): 2023. ABBA.MS.ID.000614. DOI: 10.33552/ABBA.2023.05.000614.

Page 8 of 18

the first group is 0.9960, which indicates a high level of adequacy 
of the identified model (2). The remaining three wavelets for sheet 
#1-3 also have a high adequacy.

The first component shows the natural process of development 
and growth of the birch leaflet from the beginning of bud break. 
Here, a leaf from the first group receives a power function, which 
indicates the start of ontogeny exactly from the date 05/01/2021.

A birch leaf from the second group according to the trend 
receives inhibition of the growth process, that is, a biotechnical law 
as a mixture containing two laws:

1) power function;

2) modified Mandelbrot’s law )exp( cbaO τ−=  under the 
condition  1≠c .

The law of Mendelbrot’s fractal distribution under the 
condition 1=c  has the form  )exp( τbaO −= . The same law in 
mathematics is called the Laplace law, in biology - the Pearl-Zipf 
law, in econometrics - the Pareto law. Physically, it turns out that 
the quanta of the behavior of the birch count sheet are themselves 
distributed according to the Mandelbrot law.

The representative of the third group, as well as in the second 
one, has a trend in the form of the biotechnical law of prof. P.M. 
Mazurkin [17].

The signs in front of the components show the nature of the 
asymmetry. The sign “+” shows the wavelet directed to the left 
asymmetry of the accounting sheet, and “-” - to the right.

Next, consider three representatives of the left asymmetry.

Left-sided asymmetry and fluctuation in the growing season

Left asymmetry. Graphs of the first five terms of the model (2) according to Table 5 are shown in Figure 2.
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Figure 2: Fractal distribution of five quanta of the behavior of the birch registration sheet No. 1-3
(in the upper right corner:     – standard deviation;   –  correlation coefficient)

As can be seen from the figure, it is the trend that determines 
the nature of each of the six groups of accounting birch leaves. 
This fact means that the asymmetry in the dynamics of on-togeny 
mainly manifests itself as a non-linear trend, and the fluctuation 
of the asymmetry manifests itself through several wave equations 
(asymmetric wavelets). It is the wavelets that show the influence of 
external phenotypic traits on the development and growth of the 
birch registration sheet.

It turned out that the trend in the form of a power function 
shows the rapid achievement of the maximum left-sided asymmetry 
by the accounting sheet No. 1-3. Although the process of ontogeny 
during the growing season becomes understandable, the reasons 
for such complex behavior in asymmetric wavelets remain unclear 
in the “count sheet - environment” system.

Therefore, in subsequent experiments, it is necessary to 
carry out measurements near each registration sheet: 1) external 
parameters that affect the process of photosynthesis (illumina-tion, 

temperature, humidity, pressure, etc.); 2) external parameters that 
determine pollution in the air microenvironment of the registration 
sheet (azimuth of the leaf relative to the trunk, the distance of the 
leaf from the vertical axis of the birch, height above the soil, distance 
from the edge of the road, traffic intensity, etc.).

Components 2, 4 and 7 from Table 5, although they direct the 
birch count sheet to the right asymmetry, however, they cannot 
resist the trend together with components 4, 5 and 6.

Rotation from left-sided to right-sided asymmetry. Here 
(Figure 3) the trend itself has a deceleration (biotechnical law) and 
a turn towards the right asymmetry. The biotechnical law combines 
two actions: on the one hand, it shows the growth of a power-law 
mathematical function; on the other hand, this growth is opposed 
by a decrease in the values of the birch leaf parameter according to 
the Mandelbrot law. In biological processes, both of these tenden-
cies exist together and occur simultaneously.
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Figure 3: Distribution of Behavior Quanta in the Dynamics of Ontogeny of Account Sheet No. 3-1.

This fact means only one thing, that the trend itself depends 
on the trajectory of changes in the relative asymmetry of the birch 
count sheet, and fluctuations only have an additional effect on the 
process of adapting its behavior to the parameters of the external 
environment [27].

Graphs of fluctuations in the growing season are more calm. 
All oscillations, including wavelets of left-sided asymmetry No. 
3-1 (Table 5), have amplitude maxima within the grow-ing season, 

and the half-period of oscillations (except for the more frequent 
component No. 2) calms down with an increase in the half-period 
of oscillation.

Fluctuation transition from left to right asymmetry. The 
graphs of the first four components of the model (2) according to 
Table 5 are shown in Figure 4, and the graphs of the remaining four 
components are shown in Figure 5.
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Figure 4: Fractal distribution of the first four quanta of the behavior of the birch registration sheet No. 1-1.

Figure 5: The fractal distribution of the remaining quanta of the behavior of the birch sheet No. 1-1.

As can be seen from Figure 3, the trend is formed from two 
laws: the first component is the Mandelbrot law modified by us; the 
second component in the form of a negative biotenic law shows a 
complex picture of the transition to the right asymmetry.

There is also a trend (but already a two-component one) 

that receives a decisive influence. Fluctuations, as in the first two 
cases, receive only an auxiliary adaptive value. However, the two 
subsequent fluctuations are oriented to the left side of the leaf, so 
the general graph (Figure 4) shows the further development of left-
sided asymmetry.
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It is noticeable that the number of components of the general 
model (2) increases at the transition between asymmetries.

Regularities of fluctuations on right-sided asymmetry

Models of ontogeny. The weights of three representatives of 
the groups of accounting leaves of drooping birch with right-sided 
asymmetry have a negative sign in front of the trend equation 

(Table 6) according to the biotechnical law.

It is interesting to note the dynamics of the ontogeny of 
birch record sheet No. 5-2 with right-sided asymmetry, when the 
constant period of oscillation of the first wave (the second term) is 
2 17.78714 35.6 days. This period of oscillation in the lunar cycle is 
equal to five weeks.

Table 6: Parameters (2) of the dynamics of ontogeny for the general right relative asymmetry.

  i

Asymmetric wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π Coef.

Correl. rAmplitude (half) oscillation Half cycle oscillation Shift

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8

Oscillatory adaptation of birch leaf No. 3-3 in the dynamics of ontogeny (group 4)

1 -16871e-11 6.75846 0.021542 1.22248 0 0 0 0

0.98162 0.000217 2.5122 0.15314 0.68488 4.52549 0.14309 0.90762 0.02812

3 7.95506e-9 5.51685 0.054551 1.07034 1.68825 0.02733 1.03717 5.87344

4 1.99675e-13 7.39691 0.036727 1.11442 9.28453 -0.00226 1.1047 -1.0163 0.8855

5 3.86730e-11 5.77647 0.032198 1.08836 9.25401 0.011798 0.98882 5.59581 0.9035

6 -4.79767e-6 1.86642 0 0 5.82932 0.040368 1.00225 1.78507 0.8544

Oscillatory adaptation of birch leaf No. 3-4 in the dynamics of ontogeny (group 5)

1 -44.30580 0.60229 0.86422 0.43393 0 0 0 0

0.96562 -0.73293 0.46996 0.029469 1 178.5404 -93.0316 0.10176 -5.57973

3 2.53645e-7 3.90653 0.010981 1.13689 -192.83 223.3813 0.40972 -3.53358

4 1.65190e-30 19.29333 0.20654 1.00266 11.68304 -0.00492 0.99015 2.63062 0.9636

5 -7.51055e-8 4.72282 0.053508 1.01059 6.87035 0.000812 1.00128 5.97931 0.9684

6 -2.19209e-14 7.23003 0.05893 0.99077 5.51913 0.054554 1.02318 2.72848 0.9233

7 -0.0001233 2.03992 0.066254 0.99889 14.91182 0.1194 1.01313 4.01083 0.874

Oscillatory adaptation of birch leaf No. 5-2 in the dynamics of ontogeny (group 6)

1 -0.40705 0.6221 0.000141 1.65203 0 0 0 0

0.99862 7.25560e-8 5.50334 0.103 1 17.78714 0 0 -0.1108

3 23.60762 0.060492 0.87058 0.38148 5.09703 0.35865 0.52209 -2.60882

4 -4.18914e-6 2.82437 0.031908 0.98629 6.02684 0.014735 0.996 3.49926 0.8466

5 -3.85669e-7 2.52957 0.006638 1.05808 36.66092 -0.02776 1.04043 0.37091 0.4097

6 -3.97036e-7 1.98234 -0.02037 1.00012 7.46335 -1.68E-05 1.01252 1.28469 0.9801

Fluctuation transition from right to left asymmetry. Here 
(Figure 6 and Figure 7) there are two attempts to return the right to 
the left asymmetry. The trend in the form of a negative biotechnical 
law shows (see dot plot) that already in the growing season of 72 
days it was possible to move to the upper part of the rectangular 
coordinate system.

The trend shows an increase in the right asymmetry, but 
then there is a slowdown according to the modified Mandelbrot 
law. The graph is rotated towards the x-axis. The first and second 
fluctuations occur with an increasing period, that is, the oscillatory 
adaptation calms down. The correlation coefficient of the three 
terms of the model (2) reaches 0.9816. According to the level of 

adequacy (Mazurkin, 2014a), the model becomes a superstrong 
connection. The remaining three asymmetric wavelets complement 
the adequacy to almost 1.	  

It turns out that each leaf behaves individually asymmetrically 
and falls into one of six scenarios of behavior. In total, all leaves 
on one birch, as well as all leaves on all birches of the Northern 
Hemisphere of the Earth, on average, behave symmetrically in the 
field. This mani-fests the nature of the behavior of the individual 
and the entire population.

In height and azimuth, there are changes in the parameters of 
the leaves on the birch tree.
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Figure 6: The fractal distribution of three quanta of the behavior of the birch registration sheet No. 3-3.

Figure 7: The fractal distribution of the remaining quanta of the behavior of the birch sheet No. 3-3.
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Figure 8:  Fractal distribution of the first three quanta of the behavior of a birch leaf No. 3-4.

Figure 9: Fractal distribution of the remaining quanta of the behavior of a birch leaf No. 3-4.
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Rotation of fluctuation from right to left-sided asymmetry. 
Graphs of all seven members of the model (2) according to Table 6 
are shown in Figures 8 and 9. 

According to the trend, the sheet first goes to the right side, 
then returns to the x-axis. However, during the growing season, 

birch leaf No. 3-4 will not reach zero, that is, this birch leaf has not 
reached symmetry (it will be on the abscissa axis).

Right-sided asymmetry and fluctuation in ontogeny. Graphs 
of the six compo-nents of the general model (2) according to Table 
6 and the residuals are shown in Figures 10 and 11.

Figure 10: Fractal distribution of the first three quanta of the behavior of a birch leaf No. 5-2.
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Figure 11: Fractal distribution of the remaining quanta of the behavior of a birch leaf No. 5-2.

Trand shows the desire for the constancy of the relative right-
sided asymmetry. However, the oscillatory adaptation graphs have 
a strong fluctuation.

Modeling error by identifying asymmetric wavelets

The error of sequential modeling of the wavelet signal (2) is 
estimated in Table 7 by the residuals from six to eight components 
of the model with parameters from Tables 5 and 6.

The maximum relative error of -5.45% for accounting sheet No. 
3-3 is obtained due to the close location of the relative asymmetry 
-0.0045% near the abscissa axis. The remainder (the difference 
between the actual and calculated values according to the model) 

is only 0.0259108%. Similarly, for this sheet, as of September 12, 
2021, the relative modeling error was -4.96% with the actual value 
of the relative asymmetry of 0.0315% and the value calcu-lated 
using the formulas from Table 6 -0.0144567%.

Then it turns out that the wavelet analysis of the behavior of 
each birch count sheet gives a reliable picture of the process of 
oscillatory adaptation in the second part of the growing sea-son 
(after 44 days). The minimum relative modeling error according 
to Table 7 is only 0.15% for accounting sheet No. 3-4. It turns 
out that the oscillatory adaptation of the behavior of a birch leaf 
is performed with several fluctuations (6-8 asymmetric wavelet 
signals).

Table 7: Model error (2) for selected birch sheets.

Date 2021 Time τ , day
Relative error of models ∆ , % 

 №1-3 №3-1  №1-1   №3-3  №3-4 №5-2 

01.05 0  ∞ ∞    ∞ ∞    ∞  ∞
13.06 44 -0,01 0,11 4,26 -4.30 0.04 -0.13

20.06 51 0,02 -0,10 -1,17 3.00 -0.11 0.15

27.06 58 -0,99 0,16 0,59 -3.79 0.08 0.05

04.07 65 0,49 0,05 0,33 4.53 0.06 -0.15

11.07 72 -0,05 0,20 2,75 -5.45 -0.09 -0.03

18.07 79 0,84 -0,16 -0,66 0.64 0.00 0.05

25.07 86 -1,26 0,10 0,91 -0.53 0.11 -0.15

01.08 93 -0,12 0,05 -0,55 0.33 -0.09 -0.07

08.08 100 -0,84 -0,28 -0,02 0.44 -0.11 0.22

15.08 107 0,39 0,11 1,56 -0.69 0.15 -0.02

22.08 114 -0,29 0,23 -0,02 0.97 0.05 -0.24

29.08 121 1,18 -0,41 1,35 -0.62 -0.03 -0.02

05.09 128 -2,10 0,34 -3,18 -5.88 -0.03 0.17

12.09 135 1,33 0,01 5,10 -45.96 -0.11 0.08

19.09 142 -0,37 -0,25 -0,28 -2.23 0.12 -0.09
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26.09 149 -0,39 0,39 -0,38 -1.21 0.07 -0.13

03.1 156 0,51 0,56 0,12 1.46 -0.15 -0.04

10.1 163 -0,21 - -0,19 - - -

Conclusion

The relative fluctuating asymmetry of the morphological 
parameters of birch leaves (Betu-la pendula) during the growing 
season is considered as an oscillatory adaptation of each ac-
counting birch leaf to changes in the external environment 
surrounding this leaf. On the terri-tory of Yoshkar-Ola, oscillatory 
adaptation occurs in at least six wavelets, that is, leaf ontoge-ny can 
be decomposed into at least six behavior quanta. This indicates a 
very high plasticity of the vital activity of birch leaves.

All measured 25 accounting birch leaves were divided according 
to the nature of their be-havior during oscillatory adaptation in 
ontogeny in 2021 into the following groups:

1) left asymmetry, when the left side of the birch count sheet is 
predominant;

2) the desire of the birch count sheet to fluctuate from left to 
right asymmetry;

3) transition from left to right asymmetry (through relative 
symmetry equal to 0);

4) transition from right to left asymmetry;

5) tendency of birch count sheet by fluctuation from right to 
left symmetry;

6) right asymmetry, the right side of the birch leaf is 
predominant.

Each accounting birch leaf has its own behavior. New leaf 
parameters were introduced: absolute asymmetry of the birch leaf 
sides; relative asymmetry, %. In this case, the “+” sign will show 
left-sided asymmetry, and with the “-” sign, there will be right-sided 
asymmetry of the birch accounting sheet. The dynamics of ontogeny 
is characterized by the fact that each birch leaf during the growing 
season can several times move from left to right asymmetry and 
vice versa.

Regularities of fluctuation dynamics (oscillatory adaptation) 
are revealed by the method of identifying the general formula of 
asymmetric fluctuation (2). The model parameters (2), identified 
by the computational capabilities of the CurveExpert-1.40 software 
environment, give an overall correlation coefficient of at least 
0.9656, which indicates a high level of ade-quacy of at least 0.95 
(super strong connection). The first component points to the natural 
pro-cess of development and growth of the birch count sheet from 
the beginning of bud break. The signs in front of the components 
show the nature of the asymmetry. The sign “+” shows the wavelet 
directed to the left asymmetry of the birch count sheet, and “-” - to the 
right. Regularities of fluctuation dynamics (oscillatory adaptation) 
are revealed by the method of identifying the general formula of 
asymmetric fluctuation (2). The model parameters (2), iden-
tified by the computational capabilities of the CurveExpert-1.40 
software environment, give an overall correlation coefficient of at 

least 0.9656, which indicates a high level of adequacy of at least 
0.95 (super strong connection). The first component points to the 
natural process of development and growth of the birch count 
sheet from the beginning of bud break. The signs in front of the 
components show the nature of the asymmetry. The sign “+” shows 
the wavelet directed to the left asymmetry of the birch count sheet, 
and “-” - to the right.  
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