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Modern ecological phytogeographical cartography, in its conceptual and methodological aspects, is based on theoretical
and practical knowledge of vegetation, accumulated in Russia and foreign countries. There is a number of summarizing
publications which thoroughly describe the peculiarities of mapped vegetation. Considerable quantities of general and
specific geobotanical maps have been created to solve various scientific and applied problems. Ecological and
phytogeographical maps are of paramount applied significance and are used to evaluate the quality of the environment
and perspective economic use of the territories. As a rule, the creation of ecological phytogeographical maps is based on
a twofold approach: traditional ecological (bioecological) and ecological-geographical. The threat to phytodiversity is a
danger of vegetation transformation and conditions under which the evolution and functioning of species can aggravate
or stop. The following criteria were used to design the map of vegetation degradation and the degree of threat to
phytodiversity on the territory of the Altai Krai.
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Introduction

The vegetation cover is the most dynamic component of geosystems, a vulnerable indicator of growing conditions,
i.e. the ecological condition of the territory. Ecological and geographical maps of vegetation (ecological and
phytogeographical maps) reflect the features of the geographical environment, consider vegetation as one of the
components of geosystems (landscapes), represent changes in the vegetation cover associated with anthropogenic
impact, aim at solving environmental and geographical problems of environmental quality management of the natural
environment. Ecological and phytogeographical mapping is distinguished as a separate thematic area, derived from
geobotanical, biogeographical, and bioecological mapping (llyina, Yurkovskaya, 1999).

The cartographic method of research, having received new potential based on the application of geoinformation
technologies, is a major one in ecological and geographical studies, in particular, in assessing biodiversity and analyzing
the state of the vegetation cover, using geoinformation ecological and phytogeographic mapping.

Due to significant anthropogenic impact on the nature of Altai Krai and changes in biodiversity, there is a need for
ecological and geographical assessment, identification of ecological and phytogeographical problems and analysis of the
nature of the environmental changes. The developed methodology with the application of the approaches of ecology and
landscape mapping and geoinformation technologies made it possible to compile a series of ecological and
phytogeographical maps (a map of degradation of the vegetation cover, a map of threat to phytodiversity) and to reveal
changes in the vegetation cover on the territory of the region.
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The main directions of ecological and phytogeographical mapping

The vegetation cover is one of the least protected components of the landscape, which is overall exposed to human
activities and suffers from it in the first place. The state of vegetation is considered to be the indicator of the level of
anthropogenic load on the natural habitat (damage to stands or needles by technogenic emissions, reduction of
projective coverage and productivity of pasture vegetation, etc.) and is assessed as a disturbance not only to vegetation
as a component of the natural complex but also of the landscape as a whole. Botanical (geobotanical) criteria are very
sensitive to environmental disturbances; they are the most representative ones ("physiognomic"), i.e. best help to trace
the zones of the ecological state in terms of size in space and in stages of disruption in time (Criteria.., 1992; Rotanova,
Gaida, 2016a).

V.B. Sochava singled out a special class of "environmental maps", which included all geobotanical maps, as well as
other vegetation maps, which reflect its connection with human economic activity. The general ecological orientation of
the entire class of environmental maps shows that they can be viewed as a single cartographic information and research
system aimed at solving environmental and geographical problems of environmental quality management. This allows for
more extensive use of the ecological criterion in geographical and cartographic studies, and the environmental maps
themselves are defined as ecological and geographical, which corresponds to the modern use of the ecological criterion
in the study of the geographical environment (Sochava, 1979).

There are three stages of application of the cartographic method in studies of vegetation (Belov et al, 2002):

1. Universal (inventory) mapping, whose task is to create vegetation maps at different scales using systems
approaches to studying its spatial-dynamic organization and reflecting in the legends and on maps the basic genetic and
dynamic characteristics of plant taxa;

2. Evaluation mapping, in the course of which a series of special maps are created, revealing a diverse ecological
(environment-forming, landscape-protective, etc.) and resource potential of vegetation in qualitative or quantitative
indicators, the degree of its anthropogenic disturbance and resistance to various types of anthropogenic impacts;

3. Forecast-advisory mapping, whose task is to develop and display vegetation maps in the future, under different
natural-anthropogenic regimes and for various economic purposes of nature management. All this is expedient to carry
out on the basis of the system approach to the analysis of vegetation as a component of the landscape-geographical
environment and taking into account the main spontaneous and dynamic manifestations in it.

The main types of ecological and phytogeographical maps are identified by A.G. Isachenko. He divides them into six
groups of maps: community types, degradation of the vegetation cover, biological contamination (introduction of weed
and poisonous plants), changes in resource and environmental protection functions of vegetation, damage to vegetation,
and habitat of flora (Isachenko, 2003).

Following A.G. Isachenko, during the analysis of an array of geobotanical maps, ecological-geographical maps of
vegetation and those which are close to them in terms of content or plot (about 100 maps), they were subdivided into the
following groups of maps: types of plant communities; degradation of the vegetation cover; dynamics of plant
communities; disturbances (lesions) of plant communities (Rotanova, Gaida, 2014). For the maps of each group,
differences and features of the thematic content were determined.

Maps of types of plant communities. The maps of this group unite a two-pronged approach. Mapping is carried
out by plant cenoses, but within the classification units of physical and geographical differentiation of the territory.
Vegetation is characterized by a complex hierarchical spatial structure (Rotanova, Gaida, 2014). This group includes: the
vegetation map of the Tibetan Plateau (Arid vegetation.., 2013), the vegetation map of the Republic of Bashkortostan
(Komedchikov, Lyutyy, 1995), the vegetation map of Volgograd Oblast (Komedchikov, Lyutyy, 1995), the forest cover map
of Primorye (Komedchikov, Lyutyy, 1995), the coastal vegetation map of the Gulf of Finland (Volkova et al., 2001), and
others. Displaying the vegetation structure is also the subject of this group of maps. An example is the forest cover map
of Altai Krai (Shirokova, 1999) and the steppe vegetation map of Russia (Map.., 1990). These maps carry information on
plant associations prevailing in the study areas.

Degradation maps of the vegetation cover. The maps show the changes associated with the deterioration of
growing conditions, for example, with the simplification of plant cenoses caused by anthropogenic activity. There are very
strong, strong, medium, weak and very weak degrees of vegetation degradation; degradation of plant communities is
expressed as a percentage (Rotanova, Gaida, 2014). Examples of the maps of this group include the map of soil
degradation and the vegetation cover of the limans of the Malouzenskaya system of Saratov Oblast (Tarasenko, Tuktarov,
2013), the forest degradation map of Irkutsk Oblast (Atlas.., 2004), and others.

Maps of plant community dynamics. The maps contain information on the stages of revegetation, the nature of
the variability and speed of changes occurring in phytocenoses. They can be used for forecasting and scenario planning
of the environmental situation. The examples are: the map of revegetation stages in the Angara river neighborhoods
(Report.., 2009), the schematic map of revegetation of Nizhny Novgorod Oblast (Schematic map..,2016), the map of forest
change for the 1949-1988 period in the CIS countries (Komedchikov, Lyutyy, 1995), the map of forest dynamics of Lake
Baikal basin (Komedchikov, Lyutyy, 1995), revegetation map of Western Siberia after disturbances (Komedchikov, Lyutyy,
1995).
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Maps of plant communities disturbances (destruction). The maps show disturbances of plant cenoses caused by
natural conditions or anthropogenic impact. Natural factors causing vegetation disturbance include various pests,
droughts, wild fires; anthropogenic factors are deforestation, plowing, fires, caused by human fault, etc. The maps are
advisory for restorative work. The examples are: the map of forest logging in the water protection zone of Lake Baikal
(Komedchikov, Lyutyy, 1995), the map of forest disturbance by fires of Lake Baikal water protection zone (Komedchikov,
Lyutyy, 1995), the map of vegetation disturbance in Southern Kamchatka (Komedchikov, Lyutyy, 1995), the map of
vegetation damage in Moscow (Ecological atlas.., 2002).

The priority value that vegetation maps have in the system of ecological and geographical mapping is due to the fact
that the vegetation cover largely determines the ecological state of a particular area, although other biogeographical
maps oriented towards the solution of the ecological and geographical problems also have significant scientific and
applied value (Rotanova, Gaida, 2016c).

The central place occupied by vegetation maps in the system of ecological and geographical mapping is determined
by the fact that the vegetation cover largely determines the ecological state of a given territory, although other
biogeographic maps that are geared to solving ecological-geographical problems (Methodological guidelines.., 1992).

The modern ecological and geographical mapping of vegetation in its conceptual and methodological constructions
is based largely on the theoretical and practical experience of cartographic study of vegetation, accumulated in our
country and abroad. A large number of universal and special geobotanical maps have been compiled to solve various
scientific and applied problems. There are a number of generalizing publications describing features of vegetation
mapping in sufficient detail (Criteria.., 1992; Kochurov et al., 2009).

Ecological and phytogeographical mapping of Altai Krai

The process of ecological and phytogeographical mapping is both methodically complicated and informatively
voluminous. Cartographic interpretation of factual materials makes it possible to study not only the patterns of the
landscape structure of the territory, the state of its geosystemic structured complexes, but also to identify the most
important negative phenomena, to develop recommendations for optimizing nature management, and protecting the
natural environment (Rotanova, Gaida, 2016c).

The territory of Altai Krai is rather densely and intensively developed, its landscapes experience significant economic
burden and in many areas are significantly disturbed. In connection with the increasing anthropogenic impact on the
nature of the region, there was a need for a more in-depth study of the structure and ecological state of the landscapes,
and the nature of environmental changes (Rotanova et al., 1997; Rotanova et al., 2015; Rotanova, Gaida, 2016b).

Assessment of the ecological and phytogeographical problems of Altai Krai is based on the landscape approach that
includes recording and studying all the main significant factors, both natural and anthropogenic, determining the state of
the natural environment. The landscape approach is used in combination with the ecological and geographical approach,
characterizing geosystems in terms of human activity, as well as with the cartographic method of research (Gaida,
2015a,b; Gaida, Rotanova, 2015a,b).

Geoinformation maps were compiled within the framework of works to assess the current state of the vegetation
cover, including maps of the vegetation cover degradation and threats to phytodiversity. As a basic unit of the landscape
study and mapping, a category of terrain is adopted that is understood as a group of territorially adjacent tracts or as a
natural complex geographically arranged more complicated than a natural one but located at a taxonomic level below the
landscape (Rotanova et al., 1997; Rotanova, Andreeva, 2010; Rotanova, Gaida, 2016b).

The basis for vegetation degradation mapping and the map of threats to phytodiversity was the 1: 1 500 000
landscape map. The map displays taxa of 111 terrain types (Rotanova, Andreeva, 2010). To represent the "restored"
natural state of the vegetation cover of Altai Krai and analyze its changes over the past 100 years, the "Schematic map of
the vegetation of the Altai Region with isotherms, isotheres, isocheims and isohyets", compiled in 1899 by I.P. Vydrin and
Z.l. Rostovsky was used. It was published as an appendix to the "Materials on the study of soils of the Altai District”
(Vydrin, Rostov, 1899). The map was digitized and served for the initial (basic) geobotanical characteristics of the territory.

The legend of the landscape map was modified in accordance with the views on the types of vegetation, set out in
the works of P.N. Krylov. The following plant communities are reflected in the legend: steppes with the domination of
Koeleria cristata Pers., steppes with the domination of feather grass, birch and partly aspen groves and woods; dense
birch and aspen forests; pine forests; rare mixed forest (birch, aspen, fir, cedar, spruce, larch); and dense mixed forest
(same species) (Rotanova et al., 2015).

The degree of detail of the ecological and phytogeographical studies corresponded to the territorial level of the
geosystems studied, and was also determined by the availability of information materials. When constructing maps, the
factors of anthropogenic impact were taken into account, having an area distribution and are characteristic of the region.
They included land use, mainly agricultural, as well as forestry. Quantitative information on the use of nature is tied to the
contours of localities for the main types of use: arable land, hayfields, pastures, and forestry. The presence of elements of
residential areas, the territory of which, in general, is not reflected on the map in the scale accepted for the study. In the
analysis of vegetation degradation, the following factors were considered: complete reduction of natural vegetation
during plowing, its disruption in forestry development, and pasture digression. The assessment processed data on the
area of arable land, pastures and forests for each locality (The main indicators.., 2012; Investment passports.., 2016;
Agriculture.., 2016). All quantitative indicators used for the assessment were entered into the database. Initial information
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on land use included statistical reporting materials for municipalities (administrative districts) and agricultural production
enterprises, averaged or maximum for the 2005-2015 period. For convenience of calculations, land use indicators were
presented in the database as a percentage of the area.

The scale for the assessment of vegetation degradation was developed with the support of ecological and
geographic studies and advisory-normative departmental documents previously performed for the Altai Territory. The
scale has four assessment degrees in accordance with the leading criteria: 1) low degree: the area of arable land and
pastures does not exceed 30% of the area, forest cutting is not performed; 2) medium: the area of arable land and
pastures does not exceed 50% of the total area, low level of pasture digression, forests are insignificant, mainly non-
industrial forest use; 3) high degree: the arable land does not exceed 70% of the area, digression of pastures of medium
level, the presence of felling of forests over a large area; 4) very high degree: the arable land is over 70% of the area, high
pasture digression and significant deforestation.

The threat to phytodiversity was assessed by a quantitative-qualitative method on the basis of the analysis of the
economic use of landscapes in three stages (low, medium, high) of manifestation according to the above-mentioned
criteria. The following aspects were taken into account. If over 50% of the territory is occupied by arable land, then
assessment of the threat to phytodiversity was not carried out, since there are practically no natural phytocenoses left on
this territory. Hayfields were also not taken into account, as they occupy relatively small areas and are capable of rapid
revegetation.

These criteria served as the basis for the construction of geoinformation maps "Vegetation degradation of Altai Krai"
and "Threat of phytodiversity in Altai Krai" (fig. 1. and fig.2.). Spatial analysis showed that a very high degree of vegetation
degradation is observed in 51% of the territory of the region; a high degree of degradation - in 25%; a medium degree - in
10% and a low degree - in 13%.
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Fig. 1. Vegetation degradation of Altai Krai

Vegetation degradation is accompanied by numerous negative consequences: depletion of species composition,
structure simplification, replacement of natural indigenous plant communities with synanthropic and culture derivatives,
genetic diversity reduction of individual species, and fragmentation and isolation of populations. In the course of the
anthropogenic transformation of the vegetation cover, with excessive burden on the site of natural-zonal plant
communities, low-yield "anthropogenic waste grounds" with few species occur. In this case, revegetation seems almost
impossible.

The analysis of the situation in the context of threats to phytodiversity shows that the Pre-Salair and Pre-Altay
provinces are the least threatened, as well as the valleys of large rivers (Ob, Alei, Chumysh, Charysh). The medium and
high levels of threats to phytodiversity are observed in the valley complexes of a number of rivers due to overgrazing of
animals. Relatively preserved natural vegetation is in pine forests (medium degree of threat to phytodiversity), however,
the territories exposed to fires are characterized by a high degree of threat to phytodiversity. A high degree of threat to
phytodiversity is observed in the North-Western Altai and North-Altai provinces.
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Due to industrial forest use within the Salair Range, the degree of threat to phytodiversity in this place is increased
fragmentarily to a high level. The territories of the Kulunda, South-Prialei and Upper-Ob provinces are largely plowed up
(over 50% of the territory), these are zones of intensive agriculture and, accordingly, natural vegetation grows only on
inconveniences.
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Fig. 2. Threat of phytodiversity in Altai Krai

Conclusion

Ecological and geographical vegetation maps (ecological and phytogeographical maps) display the ecological and
resource potential of the territory - a set of conditions and resources of the natural environment ensuring human
existence and is necessary for its economic activities. They have important applied value and are used in assessing the
quality of the natural environment and the long-term economic use of the territories. The presented methodology based
on the approaches of ecology-landscape mapping and geoinformation technologies allowed for creating ecological and
phytogeographical maps (the vegetation degradation map and the map of threat to phytodiversity) and revealing changes
in the vegetation cover in the Altai Territory over the past 100 years.
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