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Abstract
The research was conducted in three typical ravine forests of the southern variant of the 

Ukrainian Steppe. The age and vitality structure were studied, demographic characteristics of 
Quercus robur L. coenopopulations in 1999 and 2019 were calculated and changes that occurred 
over a 20-year period were analyzed. These forests are subject to a high anthropogenic pressure, 
being a part of the recreational area of residents of the large industrial city of Zaporizhzhya as well 
as tourists visiting the island of Khortytsia. There is a gradual change of the structure of the ele-
mentary demographic unit of the coenopopulation of Q. robur with an increase in anthropogenic 
impact starting from spotted and then through diffuse to eventually becoming pointlike. Coenop-
opulations of this edificator species sampled from the ravines under study are many-component 
and have a bimodal real spectrum. During the study period, significant changes occurred in the 
left, pregenerative parts of the spectrum and are associated with the changes in the quantitative 
ratios of juvenile, adult and virginile individuals. As a result of recreational exposure, the range of 
variants of ontogenetic development of Q. robur decreases, and the variants themselves include 
a smaller number of age states. Estimation of the state of Q. robur coenopopulations using eight 
demographic indices showed some decrease in the regenerative potential and increase in the 
share of generative and postgenerative individuals in the coenopopulations of Heneralka and 
Khortyts’ka gullies. Due to the decrease of the anthropogenic impact, the changes in Shyroka 
gully are less apparent. All coenopopulations of Q. robur are young and have significant adaptive 
potential. Therefore, they are capable of sustainable generational turnover even in case of low 
amount of specimens.

Key words: adaptive potential, age and vitality structure, edificator, polyvariance of ontoge
nesis.

economical standpoint (Slyepykh and 
Korshykov 2016, Kopiy et al. 2017). Dur-
ing the process of its growth and deve
lopment, it is capable to form mixed in 
composition and complex in structure 

Introduction

Common oak (Quercus robur L.) is one 
of the main forest-forming and most valu
able deciduous trees of Ukraine from an 
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relatively high-yielding and biologically 
relatively stable tree groups under favou
rable conditions (Dyatlov 2007). Q. robur 
is highly valued for its high-quality wood, 
which is strong, flexible, durable and with 
a beautiful structure. On the one hand, Q. 
robur is a source of natural raw material, 
the stands of which perform various en-
vironmental functions, and on the other 
hand, it is a tree species that is constant-
ly negatively affected, which results in a 
significant reduction of oak stands (Pu
ryaev et al. 2019). Weakening of the resi
lience of natural oak forests is caused by 
different reasons, including the impact of 
two powerful environmental factors − an-
thropogenic pressure and global climate 
change, leading to their degradation and 
en masse dessication (Kharchenko and 
Kharchenko 2012). The decline of oaks in 
Europe is a matter of serious concern. The 
causes of the challenging natural rege
neration of Q. robur and phytopathological 
aspects of its growth have attracted the 
attention of many researchers (Marçais 
and Desprez-Loustau 2014, Jensen and 
Löf 2017, Bobiec et al. 2018).

Q. robur is the main species of ravine 
forests in the southern part of the Ukrai
nian Steppe, which display an intrazonal 
character under the aforementioned con-
ditions. Ravine forests play a role in the 
protection of soil, nature, erosion control, 
regulating water regime as wells as a re
creational resource. They alone contain 
a valuable gene pool consisting of forest 
(Yakovlieva-Nosar et al. 2005, Yakovlie-
va-Nosar 2007, Bessonova and Zaitseva 
2016, Yakovlieva-Nosar and Bessonova 
2018), steppe (Bessonova et al. 2014), 
meadow, swamp, psammophytic and pet
rophytic vegetation with a number of rare 
and endemic species.

The ravines of the Zaporizhzhya re-
gion belong to a special geographic va

riant – the ravines of the Dnieper Rapids 
area (Bel’gard 1950). Coenoses of ravine 
forests in the vicinity of such industrial 
giant as the city of Zaporizhzhya are not 
only affected by industrial emissions, but 
also suffer from large-scale recreational 
activities of city residents. To substantiate 
comprehensive measures for their con-
servation, it is necessary to monitor the 
state of natural populations of Q. robur.

In this regard, the aim of this study 
was to monitor changes in age and vitality 
structure of populations of Quercus robur 
L. in three typical ravine forests of sou
theastern Ukraine, differring in the level 
of anthropogenic load, over the 20 year 
period.

Material and Method

The analysis of the state of Q. robur po
pulations was carried out in the ravine fo
rests on the island of Khortytsya (Hene
ralka and Shyroka gullies) and on the right 
bank of the Dnieper River (Khortyts’ka 
gully) (Fig.1). The island of Khortytsia 
is located in the subzone of grass-fes-
cue-feathergrass steppe and is part of 
the recreational zone of Zaporizhzhya. 
Khortyts’ka gully is located opposite the 
Heneralka gully across the Dnieper Ri
ver and is an object of mass recreation  
for citizens. The Shyroka gully is also 
subject to a strong anthropogenic pres-
sure, as the sanatorium-dispensary of the 
Zaporizhzhya Titanium and Magnesium 
Plant adjoins its north-western side. Its 
territory is connected to the ravine by the 
stairway. In addition to the transit type of 
recreational activities, ravine plantings are 
exposed to bivouac and mining forms of 
recreation.

According to the forest site typology 
characteristics determined by Bel’gard 
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(1971), the ravine forest of the Heneralka 
gully can be considered to be of type E1 
(birch/black maple oak forest), Shyroka 
gully to type Dn1-2 (derived from birch-ha-
zel type of forest with no Fraxinus ex-
celsior L. and Acer campestre L.); Khor-
tyts’ka gully is a degraded specimen of 
E trophotope with a simplified structure 
(mainly curtains of Acer campestre L. and 
A. tataricum L. with a slight admixture of 
other species). According to EUNIS fo
rest type T1-99 Steppe Quercus forests 
(G1.7A1Euro-Siberian steppe Quercus 
woods) (Didukh 2020, EEA 2020) (Fig. 2).

While studying the coenopopulations 
of Quercus robur L., the elementary de-
mographic unit (EDU) was taken to be a 
set of individuals of the species, which 

grew in each of the gullies under study 
and was able to self-sustain due to the 
cycle of generations. Ontogenetic spectra 
and the spatial type of EDU were estab-
lished by Smirnova et al. (1993).

The localization of individuals of the 
generative fraction and undergrowth clus-
ters were mapped for each of the coeno
populations under study.

The age states of Q. robur were deter-
mined based on the recommendations of 
Chistyakova (1989) and Rabotnov (1964). 
The generally accepted classification  
(p → s) was used for their description (Zlo-
bin 1989, Evstigneev and Korotkov 2016). 
Characteristics of periods of ontogenesis 
and age (ontogenetic) states are given in 
Table 1.

Fig. 1. Location of the island of Khortytsia on the map of Ukraine (A) and map of the 
island of Khortytsia (B) (SAS.Planet 2020).

Note: Coordinates of the extreme points (tops and mouths) of the gullies under study: 
1 – Heneralka (47°83´06.1̋ N 35°06´73.5״ E; 47°82´67.9״ N 35°06´57.8״ E); 2 – Khortyts’ka 
 ״15.99´47°49) N 35°03´18.66 E; 47°49´27.69 N 35°03´44.35 E); 3 – Shyroka (47°49´23.1̋ N 
35°05´29.2̋ E; 47°49´04.16״ N 35°05´00.24״ E).

A B
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Table 1. Ontogenetic periods and ontogenetic stages of trees.

Ontogene­
tic period

Ontogenetic 
stage Symbol

Duration 
(Chistyakova 

1994)

Description (Chistyakova 1994, 
Sklyar 2014)

1. Latent (1) Seed se

2. Pregene
rative

(2) Seedling p the youngest plants that have a 
primary root and scaly leaves

(3) Juvenile j

young individuals with a trunk without 
branching and 3–5 green leaves of 
the juvenile type, which differ in size 
and shape from adults

(4) Immature im 20

side shoots of the II–V order appear, 
and the diameter of a trunk no more 
than 2 times exceeds diameter of 
lateral branches

(5) Virginile v 40

have a characteristic morphological 
structure for adult plants, but such 
individuals have not yet entered the 
phase of flowering and fruiting

3. Genera-
tive

(6) Young g1 60
capable of 
generat ive 
reproduction

crown pointed, fruiting 
sparse and irregular

(7) Mature g2 120 crown obtuse, fruiting 
abundant

(8) Old g3 140 crown broadly rounded

4. Postgene
rative

(9) Subsenile ss 20 lose the ability to generative 
reproduction, begin to collapse

(10) Senile s 20 have a secondary crown with juvenile 
leaves, no fruiting

A B

Fig. 2. Phytocenosis of ravine forests (A – Heneralka, B – Shyroka).
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The recovery index (Irecov.  =  Σj→v/
Σg1→g3) was determined by the formula 
recommended by Zhukova (1987), which 
characterizes the ratio of all individuals 
of the pregenerative period to these of 
the generative period of development. 
We calculated the indices developed by 
Kovalenko, which characterize the par-
ticipation of individual ontogenetic groups 
of individuals in the population: renewal 
index (Irenew.  =  Σp→v/Σp→s, characteri
zes the participation of all specimens of 
the pregenerative period), generative in-
dex (Igener. = Σg1→g3/Σp→s, characterizes 
the participation of all specimens of the 
generative period of development), the 
aging index (Iaging  =  Σg3→s/Σp→s, cha
racterizes the participation of the plants 
from old generative to senile), the gene
ral age index (Iage, represents the ratio of  
Iaging/Irenew.) (Zlobin et al. 2013).

To characterize the ontogenetic struc-
ture of coenopopulations, the index d 
(Zhukova 1967), the age coefficient (Δ) 
(Uranov 1975, Zlobin 1989) and the aver-
age energy efficiency (ω) were calculated 
(Zhivotovskiy 2001).

Index d is the ratio of the difference  
between the number of old (P) and young 
(p) specimens to the total number of spe
cimens in the population calculated by for-
mula (1).
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The age coefficient of the coenopopu-
lation was determined by the formula (2).
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where: ki – number of the i-th age state, 
mi – age of individuals. 

The energy efficiency index was calcu-
lated using the formula (3).

	
i i

i

n e
n

ω = ∑
∑

,	  (3)

where: ni – number of plants that belong 
to an i-th age state, ei – energy efficiency 
of plants. 

The type of coenopopulation was de-
termined by Rabotnov (1964) taking into 
account the coefficient D and the ‘del-
ta-omega’ classification by Zhivotovskiy 
(2001) (Fig. 3).

The vitality of specimens and coenopo
pulations was determined using classical 
methods (Vorontsova 1967, Zlobin 1989). 
The following parameters were calcula
ted:

1) the average score of vitality of spe
cimens as per a given period;

2) the average score of vitality of spe
cimens in the coenopopulation calculated 
by formula (4):

	 pF
Ns

= ∑  ,	  (4)

where: p – points, Ns – number of spe
cimens.

3) vitality criterion of the coenopopula-
tion calculated by formula (5):
	 Р = РPrG + РG + РPsG, 	  (5)
where: РPrG – vitality criterion of specimens 
of the pregenerative period; РG – indicator 
of vitality of specimens of the generative 
period; РPsG – vitality criterion of speci-
mens of the postgenerative period.

Fig. 3. Types of normal plant populations 
according to the ‘delta-omega’  

classification.
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4) criterion of relative vitality of coe-
nopopulations calculated by formula (6):

	 .
max

rel
PP

P
= ,	  (6)

where: Рmax – the largest possible vitality 
estimate (the sum of the products of the 
maximum points of vitality of individuals of 
each period divided by the average num-
ber of individuals of a given period).

Models of ontogenetic development 
were determined using the methods de-
veloped by Chistyakova (1989) and Skl-
yar (2014).

Results

Q. robur is an edificator of the ravine fo
rests under study with its specimens form-
ing the first layer. In the past, this species 
was dominant in the ravine forests, as in 
the first half of the XIX century oak groves 
used to cover the territory of the island of 
Khortytsia, but uncontrolled logging led to 
their significant decline in the second half 
of the same century (Novyts’kyi 2005).

The population size of Q. robur in the 
Heneralka gully is small − onlly 74 indi-
viduals were found in 1999; however, this 
number is sufficient for self-sustaining of 
the population under study. 37 individuals 
of Q. robur were registered in the ravine 
forest of the Khortyts’ka gully, subjec
ted to the highest recreational pressure. 
The population of Q. robur in Shyroka 
gully reached 318 individuals, of which 
260 were full-fledged plants, and 58 be-
came the so-called ‘sticks’. This can be 
explained by the lack of sunlight for the 
young specimens to develop proper-
ly under the shadow of maternal trees. 
This feature of the development of the 
younger generation of Q. robur is poin
ted out by other authors (Kharchenko and 

Kharchenko 2012, Annighöfer et al. 2015). 
In 2019, the number of Q. robur individu-
als was 71, 28 and 286, respectively. The 
total number of individuals in 1999 in the 
Heneralka gully was 14.0 % compared to 
the tree stand of the ravine forest, in the 
Shyroka gully − 31.3 %, in the Khortyts’ka 
gully − 10.8 %. Over the 20 year period 
of controlled observation, their share in 
the stands did not change substantially 
and in the year of 2019 it reached 12.2 %, 
30.5 % and 8.1 %, respectively.

Q. robur, as a strong edificator, is 
characterized by a continuous spotted 
type of EDU, which is realized under op-
timal and suboptimal conditions (Smirno-
va et al. 1993). The signs of the spotted 
structure still remained in the area of the 
ravine forest of the Heneralka gully in 
1999, but there was a tendency of gra
dual transition to EDU of the diffuse type. 
In the coenopopulations of Q. robur of 
Khortyts’ka and Shyroka gullies the type 
of EDU approached the pointlike stage, 
which may indicate a long-term signifi-
cant impact of anthropogenic load. Only 
in some undisturbed areas of these gul-
lies with the highest concentration of indi
viduals, Q. robur retained its edificatory 
effect. No changes in the type of EDU 
were registered for Q. robur in the ravine 
forests under study in 2019 in comparison 
with 1999. Generally, there is an adaptive 
response of the population to prevent it 
from reaching a critical stage: the ability 
to form small-sized EDU and ensure the 
turnover of generations at low population 
size. The existence of these mechanisms 
is reported by Zaugol’nova et al. (1992), 
but also Chadayeva and Shkhagapsoyev 
(2016).

The age spectra of Q. robur coenopo-
pulations in the studied ravine forests are 
presented in Figure 4. These spectra are 
bimodal, which is typical for species with 
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significant lifespan, with a well-defined pe-
riod of aging and periodicity of natural re-
generation, with maximum juvenile (j) and 
in most cases − middle-aged generative 
(g2) individuals. The participation of virgin-
ile (v) individuals was insignificant.

In 1999, the juvenile and middle-aged 
generative ontogenetic fractions accoun
ted for the majority of population of the 
Heneralka gully. A similar pattern was 
observed in the ravine forest of the Khor-
tyts’ka gully. In the Shyroka gully, the first 
maximum value corresponds to the speci-
mens that belong to the juvenile age state, 
and the second one − to quasi-senile in-
dividuals (Fig. 2). Smirnova et al. (1984) 
characterizes the aforementioned ‘sticks‘ 
as being compact individuals of a qua-
si-senile ontogenetic state.

Quasi-senility, as a phenomenon of 
morphological imitation of senility under 
adverse conditions, is viewed from the 
standpoint of phytocoenotic tolerance. 

The share of this group among immature 
and virginal Q. robur plants, in particular 
in deciduous oak/hornbeam forests, can 
reach 20–25 %. The relative participation 
of quasi-senile specimens in the coenopo-
pulations of Q. robur increases from south 
to north within its natural range. They 
constitute a reserve for the formation of 
adult plants under the low-light conditions 
(Smirnova et al. 1984).

Studies conducted in 2019 also 
showed the presence of a bimodal ontoge-
netic spectrum for all studied coenopopu-
lations of Q. robur, with peaks observed 
in the areas of juvenile and middle-aged 
generative age states. At the end of the 20 
year study period, senile individuals of Q. 
robur were absent in all of the populations 
under study.

It is believed that in the steppe forests 
the coenopopulation of Q. robur is cha
racterized by an ontogenetic spectrum 
with the absence or suppression of imma-

Fig. 4. Age spectra of Q. robur coenopopulations in ravine forests.
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ture/virginal and adolescent generative 
groups (Smirnova et al. 1990). Because 
Q. robur is a strong edificator, adult plants 
prevent the emergence and development 
of the younger generation in the under-
storey space when forming a solid tree 
canopy. Its natural regeneration occurs 
in canopy breaks, so-called ‘regeneration 
windows’ (Smirnova et al. 1993). In small 
forests, and in particular, ravine forests, 
some areas of the phytocoenosis are af-
fected by the ‘marginal effect’. That is, 
edificatory species have the opportunity 
to regenerate in the marginal zone of the 
forest, where seedlings are not hindered 
by the canopy of generative trees. In such 
situations, the ontogenetic spectrum of 
the coenopopulation becomes bimodal  
or even left-handed (Travlyeyev et al. 
1996).

According to the ‘Gap mosaic concept’ 
(Korotkov 1991, Remmert 1991, Yamamo-
to 2000, Burke 2006, Smirnova and Toro-
pova 2016), forests are formed by a large 
number of elements of the mosaic-tier 
structure, which develop asynchronously 
and are the so-called ‘regeneration win-
dows’ at different stages of development. 
As we have already mentioned, clusters 
of young trees are tied to breakouts in the 
forest canopy. In the gullies under study 
there are areas with marginal deviation, 
as the ravine forests of the Dnieper ra
pids are near the ecological limit of their 
distribution and are characterized by cur-
tain-meadow complexes.

Young plants of the population − ju-
venile and immature − are located main-
ly on the periphery of the projections of 
the crowns of maternal trees, as well as 
in micro-depressions with a small layer 
of plant litter (up to 4  cm thick) and are 
confined to canopy breaks. It should be 
noted that undergrowth in the ravine for-
est of the Shyroka gully is in the least fa-

vourable light conditions. Up to 80 % of Q. 
robur plants that belong to the pregener-
ative age states are affected by powdery 
mildew in all of the ravine forests under 
study.

Age structure is one of the most impor-
tant features of the population. It reflects 
such important processes as the inten-
sity of reproduction, mortality, the rate of 
the cycle of generations. The ability of 
the population system to self-sustain and 
its stability depend on this aspect of the 
structural organization. The age structure 
of the population depends on the genetic 
characteristics of the species, which can 
be realized in different ways depending 
on the specific conditions of existence of 
individual populations (Krychfalushiy and 
Mezev-Krychfalushiy 1994).

To characterize the age of Q. robur 
populations, we first used the index d 
(Zhukova 1967), which can differentiate 
the age level only of those populations 
with the presence of both young and old 
individuals, which is observed in the ra-
vine forests under study. As noted by 
Uranov (1975), in the absence of one of 
these categories, d is equal to +1 or -1, 
regardless of the differences in the age of 
the population. In 1999, the highest value 
of this index was in the coenopopulation 
of Q. robur growing in the Heneralka gully 
(-0.89) (Table 2), while a slightly lower va
lue was registered in the Khortyts’ka gul-
ly (-0.84) with the lowest attributed to the 
ones growing in the Shyroka gully (-0.78), 
which is explained by the small share 
of mature and virginal plants in the coe-
nopopulation of this ravine forest. Minus 
when calculating the index  d  shows that 
the young specimens prevail over the old 
in the coenopopulation (formula 1). The 
numerical expression (in modulo) is used 
for a general idea of the age of the coeno
population. 
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Table 2. Dynamics of demographic indicators of Q. robur coenopopulations.

Gully Years
Indices Type of 

coenopo­
pulations

Irenew.,
%

Igener., 
%

Iaging,
%

Irecov.,
% Іage D ω d

Heneralka
1999 62.2 36.5 5.4 1.63 0.09 0.23 0.46 -0.89 Young
2019 52.1 45.1 8.5 1.16 0.16 0.26 0.52 -0.83 Young

Khortyts’ka
1999 62.2 35.1 8.1 1.69 0.13 0.22 0.43 -0.84 Young
2019 53.6 42.9 14.3 1.25 0.27 0.26 0.47 -0.71 Young

Shyroka
1999 71.1 28.3 11.0 1.87 0.15 0.34 0.39 -0.78 Young
2019 66.4 32.5 12.2 2.04 0.18 0.31 0.40 -0.76 Young

Shyroka gully was a place of active 
recreation at the time not only for citi-
zens and tourists, but also for the guests 
to the sanatorium, which is located on its 
north-western side. Active recreational 
activities led to the fact that the natural 
renewal of Q. robur was recorded in the 
ravines situated the furthest from the main 
thalweg. Clusters of quasi-senile individu-
als were seen growing in the soil loosened 
previously by human hands, under a fo
rest canopy in the main thalweg.

After 20 years, in the areas of ravine 
forests of the Heneralka and Shyroka gul-
lies, the index d did not change, and in the 
Khortyts’ka gully it decreased by 15.5 %, 
indicating a reduction in the total number 
of young individuals at the expense of ju-
veniles.

As it turned out, the age estimate ac-
cording to the previous index appears 
to be very rough. According to Uranov 
(1975), each age state of an individual 
tree has its own corresponding numeri-
cal value and the greater the value is, the 
closer the specimen is to the completion 
of its ontogenesis. In this regard, we cal-
culated the D index, which showed the 
highest age values of the coenopopula-
tion of Q. robur in the Shyroka gully in the 
year of 1999, which is consistent with the 
previous statement about the difficulty of 
recovery under the conditions of active 
recreation (Table 1). Analyzing the chan

ges that have taken place over the 20-
year period, we have concluded that the 
current trend of aging of Q. robur coeno
populations in Heneralka and Khortyts’ka 
gullies is weak, which can become stable 
and significant provided that the existing 
level of recreational load is maintained. 
At the same time, a relative increase in 
the value of the index D by 13.0  % and 
18.2  %, respectively, was registered. In 
the Shyroka gully against the background 
of a decrease in recreational pressure and 
the associated increase in the number of 
individuals on the left side of the spec-
trum, no such negative changes were ob-
served.

Uranov (1975), while calculating the 
age of coenopopulation D, introduced the 
concept of the share of the energy avai
lable to the plant, utilized the moment of 
registering its age state. This aspect was 
extended by Zhivotovskiy (2001) in the 
form of the efficiency index (ω) – the va
lue of the ‘load’ on the energy resources 
of the environment, which is expressed 
in shares of their use by individuals of the 
middle-aged generative state of the po
pulation. The values of the index ω cal-
culated by us indicate an increase in the 
magnitude of the load for the time span 
from 1999 to 2019, being most apparent in 
the coenopopulation of Q. robur growing 
in the Heneralka gully (by 13.0  %), and 
slightly less − in the Khortyts’ka gully (by 
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9.4  %). This indicator practically did not 
change in the case of the Shyroka gully.

Relying on the combined use of both 
indices (D and ω) by Zhivotovskiy (2001) 
we identified the types of investigated 
populations of Q. robur as ‘young’ both at 
the beginning of observations − in 1999; 
as well as 20 years later − in the year of 
2019. The calculated values of the index 
D, which varied from 0.22 to 0.34, and the 
index ω, the values of which ranged from 
0.39 to 0.52, were used to determine the 
position of each coenopopulation in the 
‘delta-omega’ space.

The next block of indices that has been 
used by us characterizes the contribution 
of each ontogenetic cohort relative to the 
total number of specimens in the popula-
tion.

Thus, the recovery index (Irecov.) in 
young normal populations should exceed 
the value of 1. In 1999, the value of this 
index varied from 1.63 to 1.87, and in 
2019 – from 1.16 to 2.04. This determines 
the state of the coenopopulation as stable 
and the ability of the pregenerative frac-
tion to completely replace its generative 
fraction. It should be noted that for the 
past 20 years the value of this index in the 
ravine forests of the Heneralka and Khor-
tyts’ka gullies decreased by 28.8  % and 
26.0 %, respectively, while there was no 
change in the case of Shyroka gully.

Analysis of the set of indices proposed 
by Kovalenko shows the presence of a 
fairly high regenerative potential of the 
coenopopulation of Q. robur in all of the 
gullies studied both in the year of 1999 as 
well as in 2019. Although over a 20 year 
period there is some decrease in the va
lue of Irenew., especially in the Heneralka 
and Khortyts’ka gullies (by 16.2  % and 
13.8  %, respectively). At the same time, 
in the coenopopulations of these gullies, 
the values of the indices of generative-

ness (Igener.) and aging (Iaging) actually in-
creased. The values of the age index (Iage) 
were quite low both at the beginning of the 
study (1999) (in a 0.09 to 0.15 range) and 
in 2019 (from 0.16 to 0.27), which also 
adds to the evidence of relative youthful-
ness of the populations under study.

Such changes in the values of age in-
dices over the period of 20 years in ravine 
forests are due not so much to endoge-
nous causes (individuality of environmen-
tal and coenotic conditions, peculiarities 
of formation etc.), as to the influence of 
such a powerful exogenous factor as 
anthropogenic load (in this case recre-
ation). Active recreational activities also 
affect the implementation of models of 
ontogenetic development of woody plants 
(Table 3) through the creation of difficult 
conditions for the existence of seedlings 
and juvenile specimens (trampling, soil 
compaction, mechanical damage) and 
the deterioration of sanitary conditions of 
generative part of coenopopulation due to 
mechanical damage, which significantly 
compromises their immune system.

Increasing anthropogenic pressure 
leads to a decrease in the variety of vari-
ants of Q. robur ontogenesis in ravine fo
rests, and the variants of ontogenetic de-
velopment themselves include a smaller 
number of age states (Table 2).

According to Sklyar (2014), model 
No 1 describes a variant of development of 
Q. robur, in which plants undergo a com-
plete ontogenetic cycle and die in a senile 
state. In models No 2–7, the ontogenetic 
cycle is incomplete: individuals die in the 
generative or in any of the pregenerative 
states. The shortest cycle of development 
is according to the model No 7, when the 
plant dies in the seedling state. In models 
No 1–5, the letter ‘a’ indicates a variant of 
ontogenetic development, when a fraction 
of immature Q. robur plants is being attri
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buted to the ‘sticks’ category. Such plants, 
for the most part, stop their development 
at this stage and die, that is, the incom-
plete ontogenesis has been realized in 
such a case, or, even though it happens 
less often, pass to the next ontogenetic 
state.

In 1999, the ‘sticks’ (v-s) were regis
tered in all of the ravine forests under 
study (Fig. 1). In 2019, some of them were 
eliminated, and the rest were able to tran-
sition to the next age state.

The distribution of individuals by levels 
of vitality is one of the manifestations of 
morphological heterogeneity of coenopo
pulations. Plant morphogenesis inte-
grates the level of metabolic processes 
and through the morphological status of 
vegetative and generative organs informa-
tively characterizes the vitality of individu-
als (Osmanova 2009). In this regard, we 
determined the vital signs of ontogenetic 
groups and coenopopulations with an in-
terval of 20 years (Table 4).

Table 3. Polyvariance of ontogenetic development of Q. robur in ravine forests.

Name of 
the gully

Model of ontogenetic development
No 1 

(p…s)
No 1а

(p...t...s)
No 3

(p…v)
No 3а

(p...t...v )
No 4

(p… im2)
No 4а

(p...t...im2)
No 5

(p… im1)
No 6

(p… j)
No 7
(p…)

Heneralka + + + + + + +
Khortyts’ka + + + +
Shyroka + + + + + +

Note: + is symbol designating the model realized in the ravine forest.

Table 4. Vitality structure of Q. robur coenopopulations in ravine forests.

Gully Age

Vitality indicators of 
ontogenetic groups clustered 
according to a given period

Vitality indicators 
of a coenopopulation

PrG G PsG F P Prel.

Heneralka
1999 5.7 6.5 2.0 19.2 14.2 0.74
2019 5.4 6.4 1.5 18.8 13.3 0.71

Khortyts’ka
1999 4.6 5.9 2.0 33.7 12.5 0.63
2019 4.2 5.7 1.0 39.0 10.9 0.62

Shyroka
1999 3.8 6.6 3.5 4.4 13.9 0.57
2019 4.1 6.6 2.7 4.9 14.0 0.61

Note: Age periods: PrG – pregenerative, G – generative, PsG – postgenerative; the parameter 
F – the average score of vitality of specimens.

As is the case with all the variants of 
observation, the highest vital signs were 
attributed to generative individuals, and 
the lowest – to the individuals of the post-
generative period (Table 3). Lower values 
of this indicator in young pregenerative 
plants of Q. robur compared to the gener-
ative ones are associated with the affec-
tion of powdery mildew and the transition 
of some of them to a quasi-senile state.

Over a 20 year period, the vitality of 
pregenerative and generative ontogene
tic groups of Q. robur coenopopulations 
of Heneralka and Shyroka gullies practi-
cally did not change, but saw a significant 
decrease in the case of postgenerative 
ones, especially in the case of the Khor-
tyts’ka gully (by 50.0  %). The regularity 
and direction of changes in the vitality of 
the Q. robur coenopopulation as a whole 
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is clearly demonstrated by the indicator 
P: in the Heneralka and Shyroka gullies it 
changed insignificantly, while in the Khor-
tyts’ka gully’s case it has decreased by 
12.8 %.

Indicator Prel. shows what proportion 
of vitality score from the maximum pos-
sible value a coenopopulation has at the 
time of the study. In the case of Heneral-
ka gully this indicator is the highest of all 
the coenopopulations under study during 
the entire perioid of observation (0.74 and 
0.71), and it was the lowest in the case of 
the Shyroka gully (0.57 and 0.61), but for 
the past 20 years this parameter has not 
changed in any meaningful way in all of 
the gullies under study.

Thus, over the 20 year observation 
period, practically the same type of EDU 
and the bimodal nature of the ontogene
tic spectra of Q. robur coenopopulations 
have been carefully preserved. Analysis of 
age using eight indices demonstrates the 
adaptive capacity of the studied coenopo-
pulations and the ability to function given 
a low quantity of the population. As is the 
case with all of the coenopopulations that 
consist of young individuals, plants be-
longing to the pregenerative fraction are 
capable of replacing the generative speci
mens in the future. With the decrease in 
anthropogenic pressure in the Shyroka 
gully, the condition of the left side of the 
ontogenetic spectrum has improved.

Conclusions

In the ravine forest of the Heneralka gul-
ly there are signs of a spotted structure 
of EDU. There is a tendency to transform 
the spatial structure of EDU: a gradual 
change to the diffuse type in the case of 
Heneralka gully, and to the pointlike type 

in the case of Khortyts’ka and Shyroka 
gullies, which indicates a chronic, signifi-
cantly pronounced anthropogenic stress.

Coenopopulations of Q. robur in the 
gullies under study are many-component 
with a bimodal real spectrum. During the 
20 year observation period, the share of 
mature and virginal plants decreased 
slightly in the case of Heneralka gully and 
increased in the case of Khortyts’ka and 
Shyroka gullies. The number of juveniles 
decreased in all the gullies.

As a result of recreational exposure, 
the range of variants of ontogenetic de-
velopment of Q. robur decreases, and 
the variants themselves include a smaller 
number of age states.

Comprehensive analysis using eight 
demographic indices shows a slight de-
crease in the intensity of natural rege
neration in the Heneralka and Khortyts’ka 
gullies, increase in the share of generative 
and postgenerative individuals (increase 
in the load on energy resources of the en-
vironment), but the changes did not lead 
to a critical stage of coenopopulations of 
Q. robur in these gullies. The Shyroka gul-
ly shows some improvement concerning 
the demographic situation due to the de-
crease in anthropogenic pressure.

All coenopopulations of Q. robur in 
the ‘delta-omega’ space are defined as 
young, which due to their adaptive po-
tential are able to self-sustain the cycle of 
generations.

The studied ravine forests are located 
on the territory of the Khortytsia National 
Reserve. Regulation of recreational acti
vities is taking place to reduce the anthro-
pogenic impact on the phytocenoses of 
the ravine forest. To maintain the Q. ro-
bur population, it is recommended to plant 
acorns collected from mother trees within 
each small ravine in blanks.



268	 S. Yakovlieva-Nosar and V. Bessonova

References

Annighöfer P., Beckschäfer Ph., Vor T., Am-
mer Ch. 2015. Regeneration Patterns of 
European Oak Species (Quercus petraea 
(Matt.) Liebl., Quercus robur L.) in Depen
dence of Environment and Neighborhood. 
PLoS One 10(8). DOI: 10.1371/journal.
pone.0134935

Bel’gard A.L. 1950. Forest vegetation of the 
southeastern Ukrainian SSR [Lesnaya ras-
titel’nost’ yugo-vostoka USSR]. Kiev, KSU. 
264 p. (in Russian).

Bel’gard A.L. 1971. Steppe silviculture [Step-
noye lesovedeniye]. Moscow, Forest In-
dustry. 336 p. (in Russian).

Bessonova V.P., Zaitseva I.A. 2016. The ontoge-
netic and vitality structure of the riparian fo
rest coenopopulation of Acer campestre L. 
and Acer tataricum L. under the conditions 
of recreational pressure [Ontohenetychna 
ta vitalitetna struktura bairachno-lisovykh 
tsenopopuliatsii Acer campestre L. i Acer 
tataricum L. v umovakh rekreatsiinoho na-
vantazhennia]. Scientific Bulletin of NLTU 
of Ukraine 8: 185–193 (in Ukrainian). DOI 
10.15421/40260829

Bessonova V.P., Zaitseva I.A., Yakovlieva-No-
sar’ S.O. 2014. Influence of recreation on 
the condition of steppe areas of the Shy-
roka gully in the island of Khortytsia [Vplyv 
rekreatsii na stan stepovykh dilianok balky 
Shyrokoi ostrova Khortytsia]. Scientific Bul-
letin of NLTU of Ukraine 24.9: 109–114 (in 
Ukrainian).

Bobiec А., Reif А., Öllerer К. 2018. Seeing 
the oakscape beyond the forest: a land-
scape approach to the oak regeneration in 
Europe. Landscape Ecology 33: 513–528. 
DOI 10.1007/s10980-018-0619-y

Burke A.R. (Ed.) 2006. New Developments in 
Ecology Research. N. Y., Nova Science 
Publishers, Inc. 262 p.

Chadayeva V.A., Shkhagapsoyev S.Kh. 2016. 
Theoretical aspects of life strategies of 
wild plant species [Teoreticheskie aspek-
ty strategij zhizni dikorastushhih vidov 
rastenij]. South of Russia: Ecology, Deve
lopment 11(4): 93−109 (in Russian). DOI: 
10.18470/1992-1098-2016-4-93-109 

Chistyakova A.A. 1989. Polyvariance of on-
togenesis of trees. Diagnoses and keys 
of age-related conditions of forest plants. 
Trees and shrubs [Polivariantnost’ on-
togeneza derev’ev. Diagnozy i kljuchi voz-
rastnyh sostojanij lesnyh rastenij. Derev’ja 
i kustarniki]. Moscow, Prometheus: 15−17 
(in Russian).

Chistyakova A.A. 1994. Structural and dynamic 
aspects of the stability of deciduous plant 
populations [Strukturno-dinamicheskie as-
pekty ustojchivosti populyacij listvennyh 
rastenij]. Journal of General Biology 55(4–
5): 564−572 (in Russian).

Didukh Ya.P. (Ed.) 2020. Biotopes of the steppe 
zone of Ukraine [Biotopy stepovoyi zony 
Ukrayiny] Kyiv-Chernivtsi, DrukART. 392 p. 
(in Ukrainian). 

Dyatlov V.V. 2007. Population structure of oak 
(Quercus robur L.) in the floodplain forests 
of the subzones of the southern taiga and 
subtaiga (as illustrated by the Kostroma 
region) [Struktura populjacij duba cheresh-
chatogo (Quercus robur L.) v pojmennyh 
lesah podzon juzhnoj tajgi i podtajgi (na 
primere Kostromskoj oblasti)]. PhD thesis. 
03.00.05 – Botany. Kostroma. 224 p.

EEA (European Environment Agency) 2020. 
Ecosystem types of Europe. European 
Environment Information and Observation 
Network (Eionet). Available at: https://www.
eea.europa.eu/data-and-maps/data/eco-
system-types-of-europe-1

Evstigneev O.I., Korotkov V.N. 2016. Ontoge-
netic stages of trees: an overview. Russian 
Journal of Ecosystem Ecology 1(2): 1−31. 
DOI 10.21685/2500-0578-2016-2-1.

Jensen A.M., Löf M. 2017. Effects of interspecif-
ic competition from surrounding vegetation 
on mortality, growth and stem development 
in young oaks (Quercus robur). Forest 
Ecology and Management 392: 176–183. 
DOI 10.1016/j.foreco.2017.03.009

Kharchenko N.A., Kharchenko N.N. 2012. K 
voprosu o estestvennom vozobnovlenii 
duba chereshchatogo pod pologim mate
rinskogo On the question of the natural re-
generation of pedunculate oak under a flat 
maternal forest stand [K voprosu o estest-
vennom vozobnovlenii duba chereshchato-



	 State of Coenopopulations of Quercus robur L. Growing in Ravines Located ...	 269

go pod pologim materinskogo drevostoja]. 
Scientific journal of the Kuban State Agrari-
an University 76(02): 1–13 (in Russian).

Kopiy L.I., Fizyk I.V., Baran S., Lavnyi V.V., Kopiy 
S.L., Presner R.B., Ahiy V.O. 2017. Natu-
ral seed reproduction of oak plantations 
as an element of forestry close to nature 
[Pryrodne nasinne vidtvorennia dubovykh 
nasadzhen yak element nablyzhenoho do 
pryrody lisivnytstva]. Scientific Bulletin of 
NLTU of Ukraine 27(9): 9–13 (in Ukraini-
an). DOI 10.15421/40270901

Korotkov V.N. 1991. A new paradigm in fo
rest ecology [Novaja paradigma v lesnoj 
jekologii]. Biological sciences 8: 7–20 (in 
Russian).

Krychfalushiy V.V., Mezev-Krychfalushiy G.M. 
1994. Population biology of plants [Populi-
atsiina biolohiia roslyn]. Uzhhorod, Uzhho-
rod University. 80 p. (in Ukrainian).

Marçais B., Desprez-Loustau M.-L. 2014. Eu-
ropean oak powdery mildew: impact on 
trees, effects of environmental factors, and 
potential effects of climate change. Annals 
of Forest Science 71: 633–642.

Novyts’kyi Ya.P. 2005. Khortytsia island on the 
Dnieper river, its nature, history, antiqui-
ties (according to the manuscript of 1917) 
[Ostriv Khortytsia na Dnipri, yoho pryroda, 
istoriia, starozhytnosti (za rukopysom 1917 
r.)]. Zaporizhzhya, Tandem-U. 120  p. (in 
Ukrainian).

Osmanova G.O. 2009. Life status of individuals 
and coenopopulations of the narrowleaf 
plantain (Plantago lanceolata L.) [Zhiznen-
noe sostojanie osobej i cenopopuljacij 
podorozhnika lancetolistnogo (Plantago 
lanceolata L.)]. Bulletin of Tomsk State Uni-
versity 319: 191–194 (in Russian).

Puryaev A.S., Zaripov I.N., Petrov V.A. 2019. 
Oak-groves of the Middle Volga: state, 
reproduction and conservation [Dubra-
vy Srednego Povolzh’ja: sostojanie, 
vosproizvodstvo i sohranenie]. Lesohoz. 
inform.: electron. network log 3: 190–198 
(in Russian). DOI: 10.24419/LHI.2304-
3083.2019.3.16

Rabotnov T.A. 1964. Determination of age-re-
lated states of species populations in com-
munities [Opredelenie vozrastnyh sosto-

janij populjacij vidov v soobshhestvah]. 
Field geobotany 3: 132−145 (in Russian).

Remmert H. (Ed.) 1991. The Mosaic-cycle con-
cept of ecosystems. Ecological studies 85. 
167 р. DOI: 10.1007/978-3-642-75650-4

SAS.Planet 2020. SASGIS, Web mapping and 
navigation. Available at: http://www.sasgis.
org/sasplaneta/

Sklyar V.G. 2014. Ontogenetic development of 
common oak in different forest phytocoe-
noses of Polesia in the Novgorod-Siversky 
region [Ontohenetychnyi rozvytok duba 
zvychainoho v riznykh lisovykh fitotseno-
zakh Novhorod-Siverskoho Polissia]. Bul-
letin of Zaporizhia National University 1: 
190–199 (in Ukrainian).

Slyepykh O.O., Korshykov I.I. 2016. Analy-
sis of vitality, age structure and relative 
productivity of isolated habitats of pedun-
culate oak (Quercus robur L.) in Donetsk 
region [Analiz vitalitetnoi, vikovoi struktury 
ta vidnosnoi produktyvnosti izolovanykh 
raioniv mistsezrostan duba cheresh-
chatoho (Quercus robur L.) v Donetskii 
oblasti]. ONU Bulletin. Biology 21, 2(39): 
61–75 (in Ukrainian). DOI: 10.18524/2077-
1746.2016.2(39).85127

Smirnova O.V., Chistyakova A.A., Istomina I.I. 
1984. Quasi-senility as one of the manifes-
tations of plants’ phytocoenotic tolerance 
[Kvazisenil’nost’ kak odno iz projavlenij fito-
cenoticheskoj tolerantnosti rastenij]. Jour-
nal of General Biology XLV, No. 2: 216–225 
(in Russian).

Smirnova O.V., Chistyakova A.A., Popadyuk 
R.V., Evstigneev O.I., Korotkov V.N., Mi-
trofanova M .V., Ponomarenko E.V. 1990. 
Population organization of vegetation cov-
er of forest territories (as illustrated by the 
temperate deciduous forests of the Euro-
pean part of the USSR) [Populjacionnaja 
organizacija rastitel’nogo pokrova lesnyh 
territorij (na primere shirokolistvennyh 
lesov Evropejskoj chasti SSSR)]. Pushchi-
no. 292 p. (in Russian).

Smirnova O.V., Toropova N.A. 2016. Potential 
vegetation and potential ecosystem cover 
[Potencial’naja rastitel’nost’ i potencial’nyj 
jekosistemnyj pokrov]. Successes of mo
dern biology 136(2): 199–211 (in Russian).



270	 S. Yakovlieva-Nosar and V. Bessonova

Smirnova O.V., Zaugol’nova L.B., Popadyuk R.V. 
1993. Population concepts in biogeocoe-
nology [Populjacionnaja koncepcija v bio-
geocenologii]. Journal of General Biology 
54(3): 438–448 (in Russian).

Travlyeyev A.P., Emshanov D.G., Belova N.A., 
Boyko V.M. 1996. Steppe forests with 
marginal deviation − ‘stenocoenoses’ of 
L.G. Ramensky or ‘amphicoenoses’ of 
A.L. Bel’gard? [Stepnye lesa s kraevym 
ukloneniem – ‘stenocenozy’ L.G. Ramen-
skogo ili «amficenozy» A.L. Bel’garda?]. 
Ecology and noospherology 2(3−4): 35–43 
(in Russian).

Uranov A.A. 1975. Age spectrum of phyto-
coenopopulation as a function of time and 
energy wave processes [Vozrastnoj spek-
tr fitocenopopuljacii kak funkcija vremeni i 
jenergeticheskih volnovyh processov]. Bio-
logical sciences 2: 7–33 (in Russian).

Vorontsova L.I. 1967. Changes in the life state 
of the edificators of the vegetation cover 
of the southern semi-desert under the in-
fluence of environmental conditions. On-
togenesis and age composition of flowe
ring plant populations [Izmenenie zhiznen-
nogo sostojanija jedifikatorov rastitel’nogo 
pokrova juzhnoj polupustyni pod vlijaniem 
jekologicheskih uslovij. Ontogenez i voz-
rastnoj sostav populjacij cvetkovyh ras-
tenij]. Moscow: 132−145 (in Russian).

Yakovlieva-Nosar S.O. 2007. The state of the 
coenopopulation of Quercus robur L. in 
the Shyroka gully under the conditions of 
recreational activity [Stan tsenopopuliatsii 
Quercus robur L. balky Shyrokoi za umov 
rekreatsiinoho navantazhennia]. Problems 
of bioindication and ecology 12(1): 10–24 
(in Ukrainian).

Yakovlieva-Nosar S.O., Bessonova V.P. 2018. 
Dendroflora of the Shyroka Balka Ravine 
(Khortiza Island) [Dendroflora balky Shy-
roka (ostriv Khortytsia)]. Scientific Bulletin 
of UNFU, 28(2): 26–30 (in Ukrainian). DOI: 
10.15421/40280203

Yakovlieva-Nosar S.O., Bessonova V.P., Te-
tel’baum Yu.V. 2005. The state of coenopo-

pulations of Quercus robur L. ravines of the 
Dnieper Rapids area under the conditions 
of recreation [Stan tsenopopuliatsii Quer-
cus robur L. bairakiv porozhystoi chasty-
ny Dnipra za umov rekreatsii]. Bulletin of 
Zaporizhzhya National University. Biologi-
cal sciences 1: 180–187 (in Ukrainian).

Yamamoto S.-I. 2000. Forest gap dynamics 
and tree regeneration. Journal of Forest 
Research 5(4): 223–229. DOI: 10.1007/
BF02767114

Zaugol’nova L.B., Denisova L.V., Nikitina S.V. 
1992. Types of functioning of populations 
of rare plant species [Tipy funkcionirovanija 
populjacij redkih vidov rastenij]. MOIP Bul-
letin 97(3): 80–91 (in Russian).

Zhivotovskiy L.A. 2001. Ontogenetic states, 
effective density and classification of plant 
populations [Ontogeneticheskie sosto-
janija, jeffektivnaja plotnost’ i klassifikacija 
populjacij rastenij]. Ecology 1: 3–7 (in Rus-
sian).

Zhukova L.A. 1967. Change in the age com-
position of populations of tufted hairgrass 
under the influence of grazing [Izmenenie 
vozrastnogo sostava populjacij lugovika 
dernistogo pod vlijaniem vypasa]. Biologi-
cal sciences 8: 24–33 (in Russian).

Zhukova L.A. 1987. Dynamics of coenopopu-
lations of meadow plants in natural phyto-
coenoses. Dynamics of coenopopulations 
of herbaceous plants [Dinamika ceno
populjacij lugovyh rastenij v estestvennyh 
fitocenozah Dinamika cenopopuljacij trav-
janistyh rastenij]. Kiev: Naukova Dumka: 
9–19 (in Russian).

Zlobin Yu.A. 1989. Principles and methods 
for the study of coenotic plant populations 
[Principy i metody izuchenija cenoticheskih 
populjacіj rastenij]. Kazan’: Kazan’ Univer-
sity Publishing House. 146 p. (in Russian).

Zlobin Yu.A., Sklyar V.G., Klimenko A.A. 2013. 
Populations of rare plant species: theore
tical foundations and study methods [Po
puljacii redkih vidov rastenij: teoreticheskie 
osnovy i metodika izuchenija]. Sumy: Uni-
versity Book. 443 p. (in Russian).


