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The forests of the Central Chernozem 
Reserve (CCR) are located in the south-
western part of the Central Russian Upland 
within the central strip of the forest-steppe 
zone (Kursk oblast). Ravine and watershed oak 
forests, mostly coppice ones, are predominant 
here.  

It is a common fact that various types of 
digital cartographic materials presented in a 
certain system of coordinates or projection 
form the basis of geographic information 
systems (GIS). During the pre-GIS times 
(1950s to 1990s), there were only hard copies 
of the maps of the reserve. 

Mapping of the vegetation cover, including 
woody vegetation, has been used to study the 
natural complexes of CCR since the middle of 
the past century. A significant part of 
cartographic materials of that period was 
represented by geobotanical and forest 
management maps. The results of cartographic 
studies of that time are covered in a series of 
publications (Kartometricheskie 
issledovanija..., 1975; Kashkarova, Rubajlo, 

Utehin, 1973; Neshataev, 1970, 1983, 1996; 
Neshataev, Novikova, Uhacheva, 1982; 
Petrova, 1990; Ryzhkov, Sobakinskih, 2006; 
Utehin, 1967, etc.). Cartographic work mainly 
involved continuous planimetric eye survey, 
creating a stationing grid on the ground and 
writing down the results on paper. Plant 
associations or their complexes and types, i.e. 
polygons in the modern sense of GIS, were 
used as mapping units. Large territorial units 
of the CCR (sites and ecosites) usually were 
the objects of research. 

The geographical location of the Central 
Chernozem Reserve, which lies in the central 
forest-steppe zone, determines the direct 
contact between forest and steppe vegetation, 
so many researchers have been paying great 
attention to the relationship between them. A 
separate cycle of mapping on the reserve 
territory included studying the distribution of 
tree and shrub species in strictly protected 
areas (both virgin and former fallow lands). 
The most studied fallow in this respect is 
Dalneye Pole fallow of Kazatsky site of CCR, 
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a part of which (29.6 ha) was mapped three 
times: in 1970, 1980, and 1999–2000. The 
survey of 1970 and 1980, resulted in 
preparation of location maps of the bases of 
tree trunks and contours of shrub thickets 
(Krasnitskij, 1973; Krasnitskij, Soshnin, 
1984), and the mapping of 1999–2000 resulted 
in a detailed map of projective covers of trees 
and shrubs (both single and thickets-forming). 
Dynamics of the distribution of woody 
vegetation on Dalneye Pole fallow was 
analyzed in a series of papers (Ryzhkov, 
Ryzhkova, 2000a,b,c; Ryzhkova, Ryzhkov, 
2001). It is exactly the mapping of tree and 
shrub distribution across the steppe that 
underlies the testing of modern survey 
methods, which is the subject of this article. 

Forest management works were carried out 
5 times (in 1953, 1968, 1979, 1990 and 2000) 
within the territory of the reserve. 
Afforestation plans were made in hard copies, 
and it was only in 2000 that both hard copies 
and electronic versions were created (maps 
were digitized at the federal state institution 
Voronezhlesproject, initially in WinGIS 
software with subsequent conversion to 
MapInfo in Cartesian coordinates).  

Multi-temporal series of geobotanical and 
forest management maps objectively reflect 
the general trends in vegetation dynamics. 
However, taking a plant association or a forest 
type as a mapping unit suggests significant 
errors in the accuracy of rendering their 
contours, which is also due to subjective 
factors. In our opinion, the most detailed and 
complete reflection of the dynamics of woody 
vegetation is provided by regular cartographic 
works performed at stationary research sites, 
or SRSs (permanent test plots (PTPs), profiles, 
transects, registration sites, individual 
restricted access facilities, etc.). In this case, 
real individual trees and shrubs or their 
biogroups (thickets) are taken as mapping 
units. SRSs mapping of vegetation, in contrast 
to more generalized geobotanical mapping, is 
of paramount importance, since in this case, 
due to the high accuracy of the grid (5 × 5 m or 
10 × 10 m) and terrain association, a detailed 
and objective survey of the vegetation cover is 
provided, and, accordingly, high-quality maps 
of various thematic areas are obtained. 
Obviously, no linking natural objects and 

geographical coordinates, which are used in 
modern GIS, were not even in question during 
the pre-GIS period. 

The cartographic materials compiled from 
surveys on stationary sites are the most 
accurate and objective in terms of reflecting 
the statics and dynamics of vegetation cover, 
forming the basis for a comprehensive study, 
analysis and modelling of the development of 
natural ecosystems. Stationary cartographic 
works are even more important when repeated, 
which makes it possible to track local and 
global dynamic trends of the vegetation 
(Ryzhkov, 2006b). The method of stationary 
studies of woody vegetation in nature reserves 
has been published before (Ryzhkov, 1996b). 

Stationary methods of studying the 
vegetation cover of the reserve have been 
being practiced on its territory since the end of 
the World War II. N. A. Prozorovsky laid the 
first two permanent test plots for the study of 
forest vegetation of the CCR in the forest 
ecosites Dubroshina and Solovyatnik on 
Streletsky site in 1945 (Letopis' prirody..., 
1949). G. M. Zozulin mapped these PTPs 
repeatedly in 1950 and analyzed the dynamics 
of changes in their vegetation over a five-year 
period (Zozulin, Kusmarceva, 1951). The 
results of one of the first cartographic studies 
are also provided in the scientific report of the 
reserve for 1949–1950 (Letopis' prirody..., 
1951), which contains diagrams of distribution 
of tree and shrub vegetation in logs compiled 
by G. M. Zozulin. Special symbols designating 
the bases of tree trunks and clusters of shrubs 
were approximately applied on the diagrams 
according to relief features. These images are 
a prototype of modern mapping materials 
based on GPS (GLONASS) survey of woody 
vegetation. In the following years, 
cartographic research on the SRSs of the 
reserve was conducted by G. M. Zozulin 
(1952), S. S. Levickij (1958, 1961), F. I. 
Hakimzyanova (1968), A. M. Krasnitskij 
(1963), and others. The full review of these 
works was given by (Ryzhkov, 2006b). 

A number of forest PTPs was laid in 1963 
by A. M. Krasnitskij and in 1968 and 1979 
during subsequent forest management 
measures, in the oak forests of the CCR, where 
forest-taxation studies are carried out from 
time to time, in particular complete 
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enumerations and mapping of stands, 
undergrowth, understorey and grass cover. 
These PTPs now form the basis of the GIS 
forest unit of the CCR. 

Modern methods of the vegetation mapping 
have been implemented in the reserve. These 
methods make use of new satellite positioning 
devices, unmanned aerial vehicles (UAVs), 
and desktop and mobile geo-information 
systems. 

The objective of this paper is to give a 
review of cartographic research results in the 
CCR and demonstrate the advantages of using 
modern GIS software and hardware to study 
forest-steppe ecosystems. 

The tasks of this paper are: to show the 
dynamics of forest vegetation based on the 
materials of periodic mapping at the PTPs, to 
assess the state of stands of the main species, 
and to present the findings of studying tree and 
shrub distribution in the steppe.  

Several methodological approaches are 
distinguished, depending on the types of 
source data intended for GIS. Next, the 
methods and results of mapping woody 
vegetation at SRSs will be discussed. 

MATERIALS AND METHODS 
1. Transferring data to GIS by scanning 

hard copies of cartographic bases with or 
without subsequent vectorization of its 

objects 
The eye survey of tree and shrub vegetation 

on forest PTPs was preceded by creation of a 
stationing grid of 5 × 5 m on the ground. 
Layout plans of trunk bases and projections of 
tree crowns by species and tiers (also showing 
standing dead trees and windthrow) were 
drawn at a scale of 1:100 on grid paper in the 
field for each test plot. It is the horizontal 
structure of forest communities on 14 SRSs, 
namely, the projective cover of stands, 
undergrowth and understorey based on 
mapping data from 1991–1993 and 2002 
(Ryzhkov, Ryzhkova, 2006a) which was 
studied in greatest detail. This method was 
fully polished when mapping complex 
watershed oak forests and waterlogged birch 
forests of the Zorinsky site of the CCR 
(Zolotuhin, Ryzhkov, Filatova, 2001; 
Ryzhkov, Ryzhkova, 2001). 

In 2002–2006, those paper plans were 

scanned and their fragments were stitched into 
single bitmaps. Next, it would technically 
make sense to register the resulting rasters 
directly in the GIS and vectorization directly in 
association with terrain. However, no desktop 
GIS version was available in the reserve during 
mapping and creating the electronic map 
archive. Therefore, digitization was made in 
AutoCAD. The objects were vectorized 
manually ("on the screen") in Cartesian 
coordinates. As a result, layers that reflect the 
location of trunk bases and projections of tree 
crowns of each tree species were obtained, 
which allowed us to estimate their quantitative 
proportions by automatically calculating the 
area (previously, the areas of crown 
projections had to be measured on a paper base 
with a planimeter, which led to overestimation 
of the values by about 4% (Ryzhkov, 2006c)). 
Guidelines were developed for rasters 
digitizing in AutoCAD and subsequent usage 
of the resulting vector objects in GIS 
(Ryzhkov, 2000; Ryzhkov, Vlasov, 2000; 
Ryzhkov, 2001a; Ryzhkov, 2006a).  

As the licensed version of the MapInfo 
Professional GIS appeared in the reserve, it 
became necessary to link the AutoCAD-vector 
layers of crown projections of the stands to the 
bases of tree trunks, as well as the projective 
coverings of undergrowth and understorey of 
forest PTPs. The standard MapInfo tool allows 
registration of vector layers only by three 
reference points, which is clearly not enough 
for accurate transformation. Therefore, we 
used the loose MiTransformer module, which, 
based on affine or projective transformations, 
allows registering vector objects of several 
tables at once using an unlimited number of 
reference points which provides high quality of 
terrain association. 

To automatically create a vector layer of 
basal areas of tree trunks at forest PTPs, the 
function of creation circle with the given 
centre and given diameter in the MapCAD 
module was used, and the values of the latter 
were taken from the numeric field of the table 
(database) (Ryzhkov, 2013). Trunk centres 
were marked on top of the bitmap by manual 
application of a symbol inside each circle. 

Transformation of vector objects in GIS 
from a LAYOUT projection (Cartesian 
coordinates) to one of GIS map projections 
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may be followed by emersion of artefacts, i.e. 
foreign details or noise of the resulting objects 
(e.g., distortion of border smoothness) that are 
absent in the original objects. Basal areas are 
easily adjusted by constructing centroids to 
generate circles with given diameters. Correct 
transformation of the borders of crown 
projection polygons requires preliminary 
generalization (thinning) of their nodes using 
appropriate GIS software (MapInfo or 
ArcGIS). 

The following approach, which is currently 
used, is better in terms of methods and time. 
The raster of each forest PTP is registered in 
the MapInfo Professional GIS (current license 
Advanced v.16.0.4) using four boundary 
points, the coordinates of which are 
determined by static survey in the leafless 
period using modern GNSS equipment 
(Trimble GeoExplorer 6000 GeoXH CE 
receiver) with 0.2–0.3 m accuracy (achieved 
with long-term recording of coordinates in 
RTK mode with a fixed device). Further, in the 
GIS environment, the objects were vectorized 
manually on the screen with terrain association 
in the universal transverse Mercator projection 
(zone 37, Northern hemisphere (WGS 84) 
[EPSG:32637]) and subsequent analytical 
calculations are carried out (Ryzhkov, 
Ryzhkova, 2019b). The mapping materials of 
the stands of the watershed oak forest of the 
“Poyma Psla” site of the CCR were processed 
this way (Ryzhkov, Ryzhkova, 2019a). 

The described method based on digitization 
of paper diagrams allows using map materials 
obtained in a conditional (usually Cartesian) 
coordinate system in GIS. The next two 
methods are based on data from field surveys 
of objects with satellite positioning devices of 
different classes, which makes possible their 
export to GIS based on the obtained 
geographical coordinates. 

2. Total survey using personal 
navigation devices and GIS 

GPS (and/or GLONASS) survey, which is 
performed by satellite positioning devices, is 
one of the ways of quick collection of data for 
GIS. These devices can record geographical 
coordinates of waypoints and tracks and store 
them in non-volatile memory. It was the use of 
GPS receivers that, starting in 2000, initiated 
the creation of geospatial databases in the 

CCR. The reserve staff is currently using over 
10 portable Garmin GPS navigators 
(GPSMAP 76CSx, GPSMAP 78S, OREGON 
550, GPSMAP 64ST, etc.) as well as 
smartphones and tablets, including protected 
ones, with the location detection function. The 
above-named mobile equipment makes it 
possible to navigate through bitmaps. 

The resulting point and line objects were 
exported to GIS using specialized software. 
The finishing processing (boundary 
smoothing, converting polylines to polygons, 
etc.) was made with geoinformation systems. 
The main disadvantages of this method are its 
inability to save the necessary attributes with 
graphics, and low accuracy of recording 
coordinates (3–5 m and more). Certain 
guidelines have been prepared for collecting 
GPS data (Ryzhkov, Ryzhkova, 2006b, 
Ryzhkov, 2014b) and their processing in the 
MapInfo GIS environment, in particular 
creating smoothed polygons (Ryzhkov  et al., 
2013; Ryzhkov, 2014a), sharing GPS 
(GLONASS) devices and GIS during mapping 
of natural objects in real time (Ryzhkov, 2010, 
2011), and a review of methods for 
geoinformation mapping of natural objects and 
their application in protected areas has been 
published (Ryzhkov, 2008, 2009b). 

3. Total survey using high-precision 
GNSS equipment, UAVs, mobile and desktop 

GIS 
Starting from 2016, detailed cartographic 

studies have been carried out at the CCR 
including application of modern hardware and 
software, i.e. high-precision GNSS equipment, 
UAVs, mobile and desktop GIS. This 
equipment was tested when mapping the 
distribution of trees and shrubs on the Second 
unmowed section of the Streletskaya steppe 
which is the largest and most representative 
part of the Streletsky site (with an area of 101.6 
ha). This object has been completely protected 
since 1935. No total ground mapping was 
arranged here previously. 

The work involved the Trimble 
GeoExplorer 6000 GeoXH CE two-frequency 
satellite receiver and two UAVs – DJI Inspire-
1 Pro of the cartography laboratory of the 
Institute of Geography of the RAS and DJI 
Inspire-1 of the Central Chernozem Reserve. 
Mapping was carried out in real time (RTK) 
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mode with continuous reception of corrections 
via 3G-modem from the Regional centre for 
navigation services for Kursk oblast 
(planimetric accuracy of recording the objects’ 
coordinates under open sky was 2–3 cm). The 
high-resolution pictures, obtained from drones, 
were used to create orthophotomaps of the 
terrain and refine controversial contours in 
hardly accessible areas of steppe shrub 
thickets. 

Data was processed, analysed, and 
visualized in MapInfo Professional v.15.2.4 
64bit GIS environment, raster was converted 
in Global Mapper v.13.0, and data 
management was made in Trimble GPS 
PathFinder Office v.5.81. Mobile application: 
TerraSync Centimeter Edition v.5.41 based on 
Windows Mobile v.6.5. 

High accuracy of location detection by the 
Trimble GeoExplorer 6000 GeoXH CE 
allowed using a virtual stationing grid for 
mapping instead of a real one, the creation of 
which required considerable effort during 
conventional mapping of vegetation cover in 
previous periods. Such a two-layer virtual 
stationing grid with a square size of 100 × 100 
m (1 ha) was formed in the GIS environment 
MapInfo Professional v.15.2.4 64bit with the 
Create Grid tool (hectare squares were further 
divided into smaller squares of 10 × 10 m (1 
are) in order to minimize skips of young 
individuals when mapping). The main and 
additional stationing grids with unique 
numbering of squares were uploaded into the 
device in SHP format for subsequent staking-
out. 

With the mobile GIS TerraSync of the 
Trimble GeoExplorer 6000 GeoXH CE 
receiver, it is possible to use background raster 
maps (satellite images, forest management 
diagrams, etc.) in GeoTIFF format as support 
mats. Raster and vector images were uploaded 
to the receiver via the GPS PathFinder Office 
v.5.81 Data Transfer module. TRIMBLE has 
also developed a stand-alone Data Transfer 
program for the same operation. 

A unique feature of the GPS PathFinder 
Office desktop software is the ability to 
develop a mobile GIS structure as a field data 
collection form with a specific list of fields, 
which was used during the woody vegetation 
survey. 

Two types of data were saved during 
mapping: point (trunk bases) and polygonal 
(crown projections) ones. At the same time 
attribute information based on these data was 
collected. 

Field work included mapping of woody 
vegetation with a complete enumeration of 
trees and shrubs (all specimens starting from 
the immature age state were taken into 
account, and juvenile plants found were also 
recorded). Trimble GeoExplorer 6000 GeoXH 
determined geographical coordinates and 
altitude of the trunk bases of single trees and 
shrubs above sea level, in order to consistently 
form an array of waypoints suitable for 
building point-based thematic maps in GIS. 
Isolated contours (thickets) of vegetation were 
mapped by traversing their perimeter with the 
above device. At the same time, polygon nodes 
were entered into the receiver's memory every 
second. The device was configured to record 
only high-quality objects, the planimetric 
coordinate error of which did not exceed the 
set value (in most cases, it is usually 2–3 cm 
when the sky is open and 50–100 cm under tree 
crowns and in dense thickets of shrubs).  

Simultaneously with the mapping, detailed 
attribute information was collected for each 
object. For a complete enumeration in the 
field, the following information was entered in 
a special form: site, ecosite, author(s), date, 
time, polygon or point number, species, origin, 
trunk perimeter or diameter at breast height 
(cm), trunk height (m), age, condition, 
diseases, life form, fructification, notes for 
entering additional information and photos 
(only selected objects were photographed). 

Parallel to ground mapping of woody 
vegetation, aerial photography of the section 
was carried out with DJI Inspire-1 drones. The 
resulting pictures were combined into single 
images that were used to create 
orthophotomaps of the unmowed area. Some 
photographs, including images of tree and 
shrub crowns in hardly accessible areas 
(impassable thorny thickets), were recorded 
separately in GIS and used as an underlay for 
manual digitizing of the crown contours on the 
screen. 

The point layer of distribution of single 
trees and shrubs and the polygonal layer of 
projective covers of tree and shrub vegetation 
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of the Second unmowed section of the 
“Streletskaya steppe”, obtained in the mobile 
GIS TerraSync Centimeter Edition v.5.41, 
together with all attributes were exported via 
MIF exchange files to the MapInfo GIS. They 
were used to create 1:5000 and 1:400 thematic 
maps (on 134 pages). A detailed method of 
GIS mapping of woody vegetation using 
modern hardware and software was published 
by (Ryzhkov et al., 2017). 

Let us mention, that the direct application of 
high-precision geodetic devices for mapping 
woody vegetation under the forest canopy 
lacks efficiency since there are significant 
obstacles for satellite signals. Even when 
receiving differential corrections in RTK 
mode, the accuracy of determining coordinates 
in this case usually does not exceed 1.0 m, 
which is clearly not enough for correct 
coordinate recording. In addition, stable 
mobile or radio connection is required. 
Therefore, conventional mapping involving 
the creation of a stationing grid on the ground 
or geodetic devices of another class, e.g. total 
stations which use the line-and-angle resection 
is preferred in highly closed stands. The staff 
of the reserve has certain experience in 

operating such equipment. 

RESULTS AND DISCUSSION 
We used the methods described above to 

study both individual components of forest-
steppe ecosystems and general trends in their 
dynamics. It makes sense to show the patterns 
of weather changes in the studied area prior to 
making results review. The CCR has its own 
weather station "Streletskaya Steppe", which 
has been taking continuous observations 8 
times per day since 1947. Analysis of the 
dynamics of the main weather parameters has 
shown that over the recent 20 years, annual air 
temperatures has been exceeding the average 
long-term values (Fig. 1), whereas the amount 
of precipitation has been equal to or lower than 
the average values (Fig. 2). In general, over the 
entire observation period, the average annual 
air temperature increased by almost 1°C (from 
5.0° (1956) to 5.9° (2019)). Thus, according to 
long-term observations, the weather in the 
reserve area has become hotter and drier. 
However, the last decade is characterized by 
significant weather extremes including 
abnormally high amounts of precipitation in 
certain months (Table, Fig. 3). 

 

 
Figure 1. Long-term dynamics of average annual air temperature 
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Figure 2. Long-term dynamics of annual precipitation  

 
Table. Extreme values of air temperature and precipitation in the last decade (2010–2019) in the 

CCR area during the observation period since 1947. 
 

2010 
Abnormal heat (absolute maximum air temperature +39.2°C) and drought (absolute minimum of 
precipitation 333.8 mm) 

2015 
The average annual air temperature exceeded +8°C (+8.1°C) for the first time 

2016 
The wettest year (absolute maximum amount of precipitation 746.4 mm) 

2017 
The rainiest December (absolute maximum amount of precipitation 126.2 mm) 

2018 
The rainiest July (absolute maximum amount of precipitation 221.5 mm) 
The driest August (absolute minimum amount of precipitation 4.4 mm) 
The highest air temperature was recorded in September; previously this had been the case as far 
back as in 1963. 

 

General weather characteristics and 
features in the area of the reserve were 
published by (Nepochatyh, Ryzhkov, 2016). 
Long-term series of observations of the climate 
and biota of the reserve allowed identifying the 
main climate-influenced trends in changes in 
biotic components of biogeocenoses over the 
past 100 years (up to 1999) (Ryzhkov et al., 
2001; Ryzhkov et al., 2018). As mentioned 
above, the early 21st century is characterized 
by significant climate changes, the impact of 
which on the CCR flora and fauna was 
analyzed in 2000 – 2013, and the results of the 

research were published in 2017 (Ryzhkov et 
al., 2017a,b). These weather trends and 
anomalies have certainly affected the structure 
and dynamics of the forest vegetation of the 
CCR, which is reflected by the results of the 
research. We present the main findings 
including those obtained with the help of 
analytical GIS tools and based, in particular, 
on the construction of digital terrain models 
(DTMs) and generation of DTMs-based 
derived vector coverage to study the spatial 
distribution of trees of individual species by 
altitude, slopes and direction of slopes. 
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Figure 3. Abnormal climate indexes of recent years  
(according to the "Streletskaya Steppe" weather station) 

 
 

Dynamics of the spatial structure of oak 
trees (projective cover of stands, 

undergrowth and understorey) on forest 
PTPs based on mapping data of different 

years 

The results of research in this area were 
being reported in the public literature in 1995-
2019 (Ryzhkova, Ryzhkov, 1995; Ryzhkov, 
1996; Ryzhkov, Ryzhkova, 1999; Ryzhkov, 

Ryzhkova, 2001, Ryzhkov, Ryzhkova, 2006a). 
1. In the 1960s, the oak stands of the CCR, 

having the common oak (Quercus robur L.) as 
the edificator species, were far more 
differentiated by tiers. Their overall projective 
cover was maximal and relatively uniform. 
The associated species were insignificant in 
the horizontal structure of communities (Fig. 
4). 
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Figure 4. Dynamics of the structure and species composition of the forest stand from 1968 
to 1991. (Streletsky site of the CCR, Babka ecosite, forest PTP No. 12) 

 
Note. Figure legend: 
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2. As a result of the massive drying of oak 

forests in the forest-steppe in the 1970s, there 
was a significant thinning of stands in the 
CCR, mainly due to the death of undersized 
and stunted oak trees. Vertical stratification of 

communities became simpler, which was 
manifested in the dominance of the first tree 
tier (Fig. 4). Large gaps were formed in the 
forest canopy. The total projective cover of 
stands decreased (Fig. 5). 

 

 
 

Figure 5. Dynamics of the structure and species composition of the forest stand from 1968 to 1993.  
(Kazatsky siteof the CCR, Kazatsky forest ecosite, forest PTP No. 6) 

Note. For figure legends, see the note to Fig. 4. 
 

3. Due to changes in the light regime, the 
resulting gaps became quickly colonized by 
broad-leaved oak associates (especially 
Norway maple) and wild fruit species, which 
had significantly expanded the species 
composition of stands by 1990s (Fig. 5, 6) 

(Ryzhkov, 1997). A chronological gap is 
observed in the populations of the common 
oak: exclusively mature generative trees 
continued to dominate, whereas, with rare 
exception, there were no individuals of 
pregenerative fractions.  
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Figure 6. Dynamics of the structure and species composition of the forest stand from 1968 to 1993.  

(Streletsky site of the CCR, Dedov-Vesely ecosite, forest PTP No. 19) 
Note. For figure legends, see the note to Fig. 4. 
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4. Oak forests have powerful undergrowth 
which was formed by bird cherry (Prunus 
padus L.) (Ryzhkova, Ryzhkov, 2003; 
Ryzhkova, Ryzhkov, 2004) and (or) common 
hazel (Corylus avellana (L.) H. Karst.) which 
created additional obstacles to the successful 
regeneration of the oak. At the same time, bird 
cherry inhabits mainly simple-structured 
coppice oak forests with common oak 
dominating the tree tier: cherry creates dense 
undergrowth, in which it accounts for more 
than 90% of the projective cover (Fig. 7). 
Moreover, within the reserve this species can 
participate in the third and even second tiers of 
the stand. The formation of cherry-oak forests 
is observed in some forest ecosites which is a 
unique forest type for the forest-steppe. Hazel, 
on the contrary, is usually confined to complex 
multi-species broad-leaved forests. As 
populations of this species mature, small 
isolated contours merge into large continuous 
loci with very high projective cover (Fig. 8). 
Over time, hazel actively settled in the forests 
of Kazatsky and Streletsky sites of the CCR 

including in watershed areas where it was 
previously either absent or exterminated (Fig. 
9). According to the findings of three-time 
large-scale geobotanical mapping made by 
Yu.N. Neshataev (1968, 1979, 1993), the area 
of distribution of Corylus avellana increased 
from 55.4 to 97.0 ha (Ryzhkov, 2001b) in 
Kazatsky forest. From 2008 to 2014, we were 
performing complete mapping of the common 
hazel population of Streletsky site of the CCR 
using Garmin personal navigators. The 
resulting waypoints of location of the bushes’ 
bases were processed with GIS analytical 
tools. For example, derived maps created on 
the basis of Streletsky site DTM were used for 
automatic sorting of hazel detection locations 
by altitude, slope ranges, and slope directions 
using MapInfo Professional geographic 
operators and SQL queries (Ryzhkov, 
Ryzhkova, 2010a; Ryzhkova, Ryzhkov, 2011; 
Ryzhkov, Ryzhkova, 2014b). A similar GPS 
survey was made on the same area for small-
leaved linden (Ryzhkov, Ryzhkova, 2010b). 

 
 

 
 

Figure 7. Projective cover of bird cherry  
(Streletsky site of the CCR, Petrin Les ecosite, forest PTP No. 9, 1992) 
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Figure 8. Dynamics of the horizontal structure of the common hazel population  
(Kazatsky site of the CCR, Kazatsky forest ecosite, forest PTP No. 4) 
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Figure 9. Resettlement of the common hazel from Temnaya hollow to the watershed  
in Dubroshina ecosite of the Streletsky site of the CCR (based on mapping materials from 1994 and 

2008) 
 

5. Currently, natural thinning of parent 
stands of oak of vegetative origin and 
strengthening of phytocenotic positions of 
other broad-leaved species continues. The last 
local foci of reserve oak forests drying were 

recorded in 1999–2000 and were associated 
with late spring frosts, the consequences of 
which were aggravated by summer droughts 
(Fig. 10).  
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Figure 10. Local drying of an oak in Temnaya hollow 
(Dubroshina ecosite, Streletsky site of the CCR) 

 
 

In 1999–2000, about 20 oak trees per 1 ha 
were lost in the reserve's oak forests. The rate 
of thinning of oak stands was low during the 

subsequent period from 2001 to 2018. On 
average, 1 to 8 trees per 1 ha died every year 
(Fig. 11).  
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Figure 11. Long-term dynamics of current common oak mortality in the CCR  
(according to the data on 13 forest PTP) 

 
 

The dynamics of the number of dry trees 
changed dramatically against the background 
of ongoing active fall of old standing dead oak 
trees and rare appearance of fresh standing 
dead wood. From 1970 to 2000 the process 
was undulating, with slight changes in the 
number of standing dead wood ranging from 
150 to 250 trees/ha, but starting from 2001, 
there was a pronounced trend of a constant 
annual decrease in this figure (Ryzhkov O. et 
al., 2013). By 2018, the amount of standing 
dead oak trees has decreased to 73 trees/ha – 
the all-time low, which is explained, on the one 
hand, by the absence of current foci of oak 
dying-off, and on the other hand, by active 
turning of standing dead wood into windthrow. 
Windthrow (partly windsnap) of dead trees 
contributes to the progressive accumulation of 
dead wood, which in 2018 amounted to 542 
trees/ha, whereas the stock was over 84 m3/ha.  

Thus, the following features are typical for 
the process of oak mortality in the forests of 
the CCR in the last decade: 

– stable annual decrease in the number and 
stock of standing dead trees and the same 
stable increase in these indicators for 
windthrow;  

– low rates of thinning of oak stands. 
The data on the trees of common oak that 

have changed their life state are regularly 
updated in the GIS on the PTP maps. 

During World War II, the majority of the 
reserve's oak stands were cut down, with the 
exception of a small number of so-called 
"standards", which had been 40–45 years old 
by that time. In 2008–2010, we carried out GIS 
mapping of such old-aged oak trees that were 
found in Streletsky site (Fig. 12). 

6. Shade broad-leaved forests are starting to 
form within the modern boundaries of the 
forest-covered area of the CCR. This is 
evidenced by the dynamics of the species 
composition of the young generation in oak 
forests surveyed during repeated mapping on 
individual forest PTPs, these forests 
represented mainly by broad-leaved oak 
associates (Ryzhkov, Ryzhkova, 2004). 
Rejuvenation of forest-forming species 
populations is observed only in those habitats 
where illumination is not a limiting factor of 
the environment (clearings, ecotones with 
steppe, etc.).  
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Figure 12. Scheme of distribution of old-aged common oak trees 
in Dubroshina and Solovyatnik ecosites of Streletsky site of the CCR (2010) 

 
We have carried out cartographic 

studies of common oak populations in the 
areas of contact between oak forests and open 
spaces (former fallows and virgin unmowed 
steppes). An important result of this work is 
the assessment of the current status and 
population structure of the major forest-
forming species of the forest-steppe zone. The 
largest and most representative unmowed 
section of Streletskaya steppe, which was 
surveyed in detail in 2016, turned out to be a 
suitable area for self-reproduction of seed oak 
forests in the reserve. Coppice oak stands in the 
CCR gradually die off and do not produce 

viable offspring under their canopy. The 
success of oak regeneration in the ecotone 
zone of the unmowed section is objectively 
confirmed by mapping materials. Its 
population enjoys a full-fledged structure with 
a clear predominance of young trees (Fig. 13). 
We are currently witnessing the initial stage of 
formation of highly productive seed oak stands 
that will replace the coppice stands (Ryzhkov 
O. et al., 2017b,c). This conclusion is valid 
only for the areas with light mode of open 
places in natural areas of contact between 
forest and steppe. 
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Figure 13. Natural seed regeneration of common oak in the ecotones between  
forest and virgin unmowed steppe (2016). Note. The image shows virginal oak plants on the Second 

unmowed section of Streletskaya steppe. 
 

7. Abnormal weather conditions in 2009–
2012, in particular heat and drought, led to the 
drying of upper soil horizons in the forests, 
which in turn caused a massive dying off of 
aspen trees, especially on Streletsky and 
Kazatsky sites of the CCR (Fig. 14). The 
woody vegetation of the "Osinovy Kust" forest 
PTP located on the Streletsky site in Petrin Les 
ecosite (Krasnitskij, 1983) was studied to the 
greatest extent. Aspen (Populus tremula L.) 
had been the dominant species of the stand 
here for a long time. The detailed cartographic 

studies that were performed at this site in 1975 
and 2004, showed a significant increase in the 
projective cover of the aspen stand (Ryzhkova, 
Ryzhkov, 2006). However, the above-
mentioned weather anomalies drew aspen 
population to the stage of regression. In this 
case, mostly mature generative trees that made 
up the population nucleus of this species died 
(Fig. 15). The information about dying off of 
aspen stands and its dynamics has been 
published by (Ryzhkova et al., 2012; Ryzhkov 
D. et al., 2015; Ryzhkova et al., 2018). 
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Figure 14. Disintegration of aspen stands on Kazatsky and Streletsky sites of the CCR 
 

 
The process of disintegration of aspen 

stands is clearly demonstrated by the bar chart 
of long-term dynamics of the relative 
participation of aspen in the total woody litter, 
which decreased from 95.1% in 1970 to 2.4% 
in 2017 (Fig. 16). 

8. In contrast to aspen, silver birch (Betula 
pendula Roth) has demonstrated an expansion 
of its growing area as evidenced by modern 
cartographic studies. This species was 
previously extremely rare in the CCR. Only 10 
specimens under 4 m high were found in all the 
oak forests of Streletsky site, 6 trees in 
Solovyatnik, 1 tree in Petrin Les, and 3 trees in 
Dubroshina. (Alehin, 1940). New information 
appeared later about the distribution of birch: 
99 trees in Solovyatnik, 7 trees in Dubroshina 
(Levickij, 1957). 

In 1994, we performed complete 
enumeration and eye mapping of the location 
of birch trees in Dubroshina, Solovyatnik and 
Dedov-Vesely ecosites and published the 
resulting data on changes of the range of this 
species and its occurrence in the forests of 
Streletsky site of CCR (Ryzhkov, 1997). 
Sections of the northern slope of Petrin Log 
with the sparse tree tier and the presence of 

clearings turned out to be the most optimal 
ecotopes for birch settlement (Ryzhkov, 
2001b). In 2008-2011 total ground GIS-
mapping of silver birch population was made 
based on GIS-survey within Streletsky site, 
and accurate maps of silver birch distribution 
were created (Fig. 17). There were 1,514 trees 
of this species mapped in total, and the 
majority of them were highly viable (Ryzhkov, 
Ryzhkova, 2014c).  

Thus, despite suboptimal light conditions of 
the modern forest communities of the reserve, 
Streletsky site still has the ecotopes that are 
suitable for the settlement and spread of silver 
birch, which is confirmed by the results of our 
research. 

To improve visualization of birch 
settlement process, the method of draping the 
DTM with various raster images was applied 
(Ryzhkov, 2013). 

During the field GPS-survey, collecting of 
attribute information was accompanied by 
taking pictures of each birch tree with 
subsequent linking of the images to the 
corresponding record in the geodatabase in 
GIS environment (Fig. 18). 

 
.  
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Figure 15. Dynamics of aspen projective covers based on mapping materials of different 
years (Streletsky site, "Osinovy Kust" PTP). Note: in 2017, projections of aspen crowns were 

rendered visually without detailed field mapping. 
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Figure 16. Dynamics of the relative participation of aspen fractions in the woody litter  
at "Osinovy Kust" forest PTP 

 
 
 

 
 

Figure 17. Scheme of distribution of the silver birch across Streletsky site 
of the Central Chernozem Reserve based on mapping data of 2008–2011 
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Figure 18. Visualization of an image of a silver birch tree 
 from a GIS attribute table entry  

 
 

9. Geoinformation mapping methods were 
also used to study populations of rare tree 
species inhabiting the reserve, in particular of 
the dwarf almond (Amygdalus nana L.). We 
have collected the most complete geospatial 
information concerning dwarf almond not only 
in the reserve but in Kursk oblast as a whole. 
The population of this species was mapped in 
detail in Khvoshchevoy Log of the Streletsky 
site of CCR in 2009, at Gorodnoye ecosite, 
Barkalovka site, and at Pokosnevo and 
Bukreevo ecosites, Bukreevy Barmy site in 
2011, and at Kazatsky site in 2012–2013 where 
Barybin Log was found to have region’s 

largest habitat of the species (Ryzhkov, 
Ryzhkova, 2012b). The method of total 
planimetric survey using satellite positioning 
devices was applied. 

According to the mapping materials of 
2012–2013, the total projective cover of dwarf 
almond on Kazatsky site of the CCR was 12.9 
ha (Fig. 19). A DTM of the site territory was 
constructed. It served as the basis for 
generating polynomial covers of the main 
morphometric parameters of the terrain and 
enabled analyzing the spatial structure of the 
dwarf almond population depending on these 
parameters (Ryzhkov, Ryzhkova, 2014a,b). 
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Figure 19. Scheme of projective covers of dwarf almond on Kazatsky site of the CCR, 2013 
 

10. As noted, the Central Chernozem 
Reserve is located in the border area between 
forest and steppe, therefore the forest-steppe 
relationship has always been of great priority. 
Studying the distribution of tree and shrub 
vegetation both in former fallows and virgin 
steppes has its advantages over the study of 
typical forest ecosystems in terms of GIS, 
since in open spaces it is possible to use both 
personal navigators and high-precision GNSS 
equipment. The following were the most 
significant thematic cartographic works 
performed in the CCR using satellite 
positioning devices:  

2007. Mapping of the distribution of woody 
vegetation on the fallows of Bukreevy Barmy 
site of the CCR. 

The site is located in the central part of the 
Central Russian Upland, in the upper reaches 
of the Oskol river basin. The research was 
carried out on the largest fallow with an area of 
20 ha. At the time of mapping, it was 29 years 

old. We recorded the coordinates of the plant 
trunk bases with a personal navigator Garmin 
GPSMap 78s. 38 species of trees and shrubs 
were identified in 2007. The data was 
processed with GIS analytical tools. Having a 
significant array of GPS points that have three-
dimensional coordinates and are more or less 
evenly distributed over the territory of the 
fallow, we were able to build maps of 
projective covers of tree and shrub species in 
the MapInfo environment. Vertical Mapper 
module was used for this purpose to generate 
heights-based raster network files or GRD 
files. The network of heights of specimens of 
woody species of Bukreevy Barmy site of the 
CCR, helped to create vector maps of 
projective covers of trees and shrubs with 
certain heights and calculate their areas. We 
believe that the possibility to obtain vector 
projective covers of tree and shrub vegetation 
from a GRD file is extremely important. This 
method can be considered as an alternative to 
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time-consuming manual planimetric plotting 
of crowns on paper in the field (Ryzhkov, 
2013). 

2004, 2011. Mapping of the distribution of 
tree and shrub species in the pasture of 
Streletsky site of the CCR.  

Dynamic maps of single-growing trees and 
shrubs were made in the above years on the test 
plots of 15.5 (2004) and 5.0 (2011) ha on the 
basis of GPS-surveys. Personal satellite 
navigators Garmin GPS 12CX (2004) and 
Garmin GPSMap 78s (2011) were used for 
mapping. MapInfo Professional 10.5.2 rus GIS 
helped to analyze the appearance and death of 
different types of trees and shrubs on the 
pasture test plot (5 ha) for the period from 2004 
to 2011. It was found that the rate of 
repopulation of the groups of trees on pasture 
is about 18 trees per year per 5 ha, whereas the 
rate of elimination is about 5 trees per year 
(Ryzhkov, Ryzhkova, 2012a). 

2016. Mapping of the distribution of woody 
vegetation on the Second unmowed section of 
Streletskaya steppe. 

The satellite receiver of geodesic class 
Trimble GeoExplorer 6000 GeoXH CE and the 
DJI Inspire-1 UAV were used for the survey. 

56 growing species of woody plants, 
including 23 species of trees and 33 species of 
shrubs were found in the area under survey 
(Ryzhkov et al., 2017). A total of 7,251 
individual plants and 1,787 thickets were taken 
into account. The total projective cover of tree 
and shrub vegetation made up 14.3 ha (or 
14.1% of the area of the Second unmowed 
section), of which single plants accounted for 
3.0 ha and thickets – for 11.3 ha (Ryzhkov O. 
et al., 2017a,b). This value of the total 
projective cover is the highest among all 
previously mapped unmowed sections of the 
reserve. 1.6% of this value accounts for the 
forest, which in 80 years after the foundation 
of the unmowed section (from 1935 to 2016) 
has occupied 1.67 ha of it (Ryzhkov, 
Ryzhkova, 2018). 

The Central Chernozem Reserve is actively 
developing cooperation, including 
international cooperation (Ryzhkov, 
Tregubov, 2006), in terms of mastering and 
sharing experience in the use of GPS and GIS 
technologies in protected areas (Solncev et al., 
2006). Appropriate guidelines and practical 

training courses have been developed for the 
employees of nature reserves and national 
parks (Ryzhkov, 2007; Ryzhkov, 2009a). 

CONCLUSION 
Modern GIS technologies, especially those 

based on data collection using high-precision 
satellite positioning devices, quickly provide 
reliable information about natural objects and 
enable regular monitoring of their condition. 
Such monitoring provides the most valuable 
information by total mapping of woody 
vegetation of the CCR on permanent test plots, 
as well as by studying populations of 
individual species on protected areas. The 
accumulated long-term series of observations 
in conjunction with cartographic materials 
formed the basis for short-term forecasts of the 
development of forest ecosystems in the CCR 
(Ryzhkov, 2002). The main conclusions from 
the completed studies for the period from 1989 
to 2019 are as follows: 

1. Zonal forest forming species, i.e. the 
common oak, is gradually losing its role of the 
dominating species. Coppice oak stands of the 
5th-6th generation cannot form viable 
undergrowth under the forest canopy and will 
be replaced unidirectionally by associate 
species. However, in ecotone zones between 
forest and steppe, where light is not a limiting 
factor of the environment, full-fledged 
populations of common oak develop with a 
significant proportion of plants of 
pregenerative stage. Thus, instead of coppice 
mother stands, in the long term seed oak 
forests, that will be geographically linked to 
the current forest edge, may develop. 

2. Aspen stands of the CCR proved to be 
extremely sensitive to climatic anomalies and 
are currently at the disintegration stage. In 
some areas, the population is rejuvenated: 
rootshoots appeared after the death of 
generative trees, but it remains to be seen 
whether they will last for long. In most cases, 
former aspen forests are replaced with other 
types of forest with new wood edificators 
represented by shade-resistant species (most 
likely Norway maple). 

3. Birch stands turned out to be more 
resistant to adverse environmental factors. 
Active spread of the silver birch is seen on the 
Streletsky site of the CCR, mainly along the 
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slopes of the northern direction. 
4. Powerful undergrowth of cherry and

hazel has formed in oak forests, which also 
creates additional shade under the forest 
canopy. These species have almost completely 
displaced light-demanding shrubs (blackthorn, 
common buckthorn, rose hips, etc.) from oak 
forests. The area of hazel growth has a 
tendency to increase and spread from logs to 
watersheds; new centres of its settlement are 
found. 

5. In the forest-steppe confrontation, the
former is stronger now. In the natural course of 
processes, the CCR is experiencing 
afforestation of open areas (steppes, restored 

on former fallows; virgin meadow steppes in 
non-mowed mode; pastures, etc.).  

The scope of potential application 
of geospatial information in forest science 
will undoubtedly be growing, as modern 
GIS technologies have already become an 
integral tool for understanding the nature of 
the forest. 
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