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Abstract
The intensification of fire regime in the shrub-steppe determined the need for research
aimed at identifying the regularities of the effect exerted by wildfires on shrub-steppe
ecosystems and one of their most dynamic components referred to as plant cover. A
present study was carried out on the territory of Burtinskaya Steppe of the Orenburg
Reserve and in its protected area in 2015--2016, following the fire that occurred
in August 2014. It was found out that in the first year following a fire event, the
total plant cover of steppe ecosystems affected by a wildfire is almost halved. The
plant cover dominated by bunchgrasses, especially of the genus Stipa, significantly
decreases, and the abundance and diversity of ephemeroids increase. The floristic
alteration manifesting itself in the form of an invasive role of certain species (most
often ephemeroids and biennials) during one vegetative stage is endemic to the areas
exposed to overgrazing in the past. The outburning of plant cover can bring about
a change in dominant and codominant plant species within a shrub-steppe assemblage.
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1. Introduction

Grassland fires either directly or indirectly affecting the transformation of shrub-steppe
ecosystems and the vegetation structure and composition have provoked considerable
interest in studying fires and assessing their impact on shrub-steppe vegetation.

A boost of research activities to study the changes in the plant cover of the shrub-
steppe after a fire occurred in the early 21st century due to the widespread intensification
of grassland fires. Experts from the shrub-steppe regions of Russia [1--6] and CIS [7--10]
show a particular interest in the issue under review. The impact of a pyrogenic factor is
of great importance and is also studied within landscape analogues of a shrub-steppe
-- prairies, pampas and other grasslands [11--18].

Fire regimes are a component of human impact that can be difficult to control, even
in a strict nature reserve. They tend to arise as a result of economic activity and rapidly
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spread from cross-border regions to a protected area. The last wildfire occurred by
the time of the present study on the territory of the Burtinskaya Shrub-steppe of the
Orenburg reserve in August 2014 and burned off 2,000 hectares of the reserved area.

The study of the structure and composition of shrub-steppe plant communities was
carried out in 2015--2016 in the first years after the fire. They were part of a project to
create a framework for monitoring ecosystems in a protected plot after a 2014 wildfire,
supported by the UNDP/GEF/MNR RF ``Modern Systems and Mechanisms for Managing
PAs in the shrub-steppe biome of Russia.''

2. Methods and Materials

The site occupied by Burtinskaya Shrub-steppe of the Orenburg Nature Reserve and
its protected area were chosen as a model area for research. From a botanic and
geographical perspective, this wildlife sanctuary is located in a subzone of forb-fescue-
feather Transvolga-Kazakh steppes [19], from an asoil-geographic perspective -- in a
southern black-earth subzone [20].

On the territory of the Burtinskaya Steppe, 7 fixed monitoring sites were selected
in different environmental conditions and with excellent native vegetation. Within each
site, paired communities separated by a fire edge were assessed, with 14 geobotan-
ical descriptions to be made annually (two descriptions per a site -- one in postfire
communities, the other -- in intact ones) (Fig. 1).

Figure 1: Location of monitoring sites and communities.
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Geobotanical descriptions were carried out through standard geobotanical tech-
niques (ecologo-phytocenotic approach).

The Latin names of the species in the article are mainly given upon the summary of
S.K. Cherepanov [21], in some cases on the Flora of Eastern Europe.

3. Results

In the first year following a fire event, the total plant cover of shrub-steppe herbaceous
communities affected by a wildfire is recognized to be almost halved, and increasing
nearly by 20% in the second year it fails to reach the indices typical of similar postfire
communities. The plant cover dominated by bunchgrasses, especially of the genus
Stipa, significantly decreases; the leaf litter is partially or completely burned out.

The abundance of species, both in the first and in the second year following a
fire event, more or less differs between the postfire communities and their intact
counterparts.

The assessments showed that the interval of mass flowering of species in the postfire
communities is extended, as compared to intact ones (about one and a half weeks,
depending on a habitat), which is most clearly seen in the spring period and somewhat
leveling in the future.

In the first years after a fire event, in the postfire communities there is an increase
in the abundance of ephemeroids (Valeriana tuberosa, species of the genus Tulipa,

Allium tulipifolium, Poa bulbosa and others), some biennials (Sisymbrium polymorphum,

Verbascum phoenicium, Falcaria vulgaris), perennials (Ferula caspica, F. tatarica), and
occasionally dwarf semishrubs (Eremogone koriniana, Artemisia austriaca). Moreover,
such ``outbursts'' of certain species are strongly evident in the areas exposed to over-
grazing in the past, and for some of the species they are possible solely in such places.

One of the most obvious effects of fire regime on the plant cover is a direct impact
on dominant and codominant species in plant communities, leading to a change in their
abundance and cover fraction, and often their role in the community for a certain period.
In the assessed communities, two scenarios of changes in themain geobotanical indices
of the dominant species were observed:

1. steady post-fire mortality of all dominant and codominant species and their sub-
sequent fluctuation in the same pre-fire ratio with a more or less equivalent loss
of vegetation fraction;
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2. more significant damage to dominant and less fire-resistant co-dominant species
followed by the succession in their role within the community with more quickly
recovering co-dominant species.

The second embodiment change in the community can look like a post-fire displace-
ment of Stipa zalesskii, Festuca valesiaca, Galatella villosa community by Festuca

valesiaca, Stipa zalesskii, Galatella villosa fescue-feather community.

A re-assessment did not indicate any renewal of domination structure in such com-
munities in the second year following a fire event, just a gradual increase in the fraction
of the species.

It is obvious that changes in the composition of communities relate to all their
constituent groups: grasses, forbs, half-shrubs, shrubs, etc.

The study claimed that among all cereal grasses that usually reach most notice-
able post-fire abundance, Stipa zalesskii has the most downward and slowly restored
phytocoenotic characteristics (especially the cover fraction). This species most often
dominates and codominates in shrub-steppe communities and is found in all described
communities. Reaching ½-⅓ of the control (native) value in the first year, its fraction
slows down the recovery rates in the second year and adds less than 10% (usually
5-7%) or stays at last year's level.

Stipa lessingiana suffers to a lesser extent. It restores its vegetation fraction less
intensively if it significantly prevailed in the native community and more intensively if
it was a co-dominant species or was present in a small abundance. One of the most
dynamically recovering components of the community is Festuca valesiaca. As can
be seen from the above example, this species can even displace other dense-tussock
grasses in the role of a dominant. Koeleria cristata greatly reduces the abundance in
the first post-fire year and is intensively restored in the second. Besides, there is a slight
increase in the abundance and cover of Koeleria cristata in the unimpaired areas in the
second, more humid year of research. In Helictotrichon desertorum communities the
dominating pattern shifts slightly and restores quickly.

Among the loose-tussock cereals, a mesoxerophytic shrub-steppe ephemeroid, Poa
bulbosa, signalizes the most significant change in the abundance and cover fraction.
It often appears in the post-fire areas in the second year following a fire event, and
provided that it occurs in the communities in the first year, in the second -- it significantly
increases the abundance and cover fraction. What is more, in the unimpaired areas, the
species does not change these indicators, and in some areas in the second year, it
generally leaves the ecosystem composition at all.
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Among the loose-tussock cereals, a shrub-steppe mesoxerophyte, Poa transbicalica,

can be found in the communities described. It commonly occurs in the plant communities
in the growing post-fire season, and just slightly increases the abundance in the second,
as well as a shrub-steppe xerophytes, Agropyron pectinatum, characterized by a small
abundance and often increasing the cover in the second year.

In plant ecosystems a shrub-steppe xerophytes, Galatella villosa, is known for being
most considerably prone to abundance among forbs. In most cases it restores the
abundance and cover fraction to the rates close to the control (and even slightly higher)
values in the first growing post-fire season, occurring and increasing its abundance in
the second year only in a few communities.

Such species asGalium ruthenicum,Medicago romanica, Salvia tesquicola, Scabiosa

isetensis, often alongwith goldilocks, forming the basis of shrub-steppe ecosystems and
appearing in the community in the first post-fire year, retain or gradually increase the
vegetation fraction and abundance by the second year, although the first three of these
species continue to have both of them lower than in the comparable intact communities.

Unlike the above-mentioned shrub-steppe mesoxerophytic sagebrush, Salvia

tesquicola, another species of this genus that is also a common component of steppe-
like communities, Salvia stepposa xerophyte, was more abundant in the post-fire areas
than in the control ones in both years.

Like Galatella villosa, Galium octonarium, reaches a noticeable post-fire abundance
in most communities in the first year. At this time the vegetation fraction of this species
is close or even noticeably larger than in non-disturbance areas. By the second year,
the vegetation dynamics of Galium octonarium fraction varies subject to the commu-
nity, always towards stabilization and approximation to the control communities. If the
abundance and vegetation fraction do not reach the values endemic to the given area
in the first year, it increases, and if they exceed, it decreases.

The abundance and cover fraction of such species as Adonis wolgensis, Astragalus
onobrychis, A. scopaeformis, A. testiculatus, A. wolgensis, Veronica incana, Centaurea

marschalliana, Euphorbia seguierana, Hieracium virosum, etc. since the first vegetation
season correspond to these indices in the control areas and change further likewise.

In some communities, Pulsatilla patens shows a high abundance and cover fraction in
the first post-fire year, which significantly decrease in the second year up to the control
values. The same dynamics was observed for a perennial bulbous ephemeroid, Tulipa
biebersteiniana, and in some areas also for mesoxerophytic biennials, Sisymbrium

polymorphum and Verbascum phoenicium.
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In the second year, the abundance and diversity of perennial bulbous xeromeso-
phytes increase in the post-fire communities. SometimesAllium globosum, A. flavescens

and Gagea pusilla in the second year join Allium tulipifolium, A. lineare that are already
present in the plant communities.

In its characteristic small abundance, Erysimum leucanthemum occurs in the post-fire
communities only in the second year.

A xeromesophytic annual, Polygonum patulum, and a biannual, Falcaria vulgaris,
appearing in the post-fire grassland compositions in the first year, significantly increase
the abundance and cover fraction (twice or more) in the following year in the areas that
were exposed to overgrazing in the past. In other cases, these indicators correspond to
those in the surrounding intact communities. Chenopodium strictum also reaches the
abundance in the post-fire pastoral-digressed communities in both years.

Galatella divaricata, Cephalaria uralensis in different communities demonstrate quite
opposite trends in the vegetation dynamics, abundance and cover fraction.

Hylotelephium stepposum shows a clear tendency to leave the plant communities
during succession changes following a fire event. Of the five post-fire communities
in which this species was found in the first post-fire year, in three it did not occur
in the second year. However, in these cases, it was not recorded in the unimpaired
(control) communities either. Perhaps its very occurrence in the first post-fire growing
season is associated with the impact of this factor. Astragalus rupifragus that is found
in the post-fire communities during the first growing season following a fire event,
often drop out of the post-disturbance herbal communities. Just within one study site
Eremogone longifolia, Seseli libanotis and Hedysarum razoumovianum were found
and dropped out of the post-fire community in the second year. Gypsophila altissima

disappears from the post-fire grass composition or reduces the degree of vegetation
fraction, while in the more humid second year of research, this species retains the values
of abundance and vegetation fraction (and even appears in the community it was initially
absent) in unimpaired areas. In the three communities in the first year following a fire
event, Taraxacum serotinum was found, in two of them it was not found during the
re-assessment of the communities the following year and only in one geobotanic area
located in the old-age deposit, it increased markedly.

In the assessed communities, only one species of sedges, Carex supine, was found.
It tends to restore its abundance and cover fraction to the control values from the first
year and preserves this result in the next year.

The phytocenotic role of dwarf semishrubs varies in the post-fire communities in
different ways. Thus, Artemisia marschalliana in the first post-fire year in some areas
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is characterized by a lower abundance and vegetation fraction than in the control
communities, and shows a rise in the indices in the second year, while in some areas, it
demonstrates a noticeable abundance in the unimpaired communities and is completely
absent in the post-fire ones.Artemisia austriaca appears in large abundance in the areas
that were subjected to overgrazing in the past, and even increases in the second year.
Eremogone koriniana reaches high (in some placesmuch higher than in the neighboring
control areas) values of abundance and vegetation fraction in the post-fire communities
in the first year, reducing these figures in the second year. Sometimes it occurs in the
post-fire areas, and can be absent in the control intact. Oxytropis spicata and Thymus

marschallianus from the first growing season corresponded to the phytocenotic role in
the control sites and changed the abundance and vegetation fraction in the future in
the same way.

The only shrub in the studied communities, Spiraea crenata, retains its abundance
after a wildfire, but the vegetation fraction decreases significantly and in the second
year following a fire event it remains consistently lower than in the comparable intact
areas.

4. Conclusion

In the first two years following a fire event, full restoration of the shrub-steppe plant
cover does not occur: a number of characteristics of post-fire communities (total plant
cover, abundance and fractions of certain species) do not reach those of the control
areas.

Resulting from a decrease in albedo and, following the soil heating conditions, the
phenological phases are displaced (by about one and a half weeks, subject to a habitat)
in the post-fire areas, as contrary to the unimpaired ones. The shift is especially visible in
spring and is somewhat leveling off in the future. Sometimes in the first years following a
fire event, the abundance and diversity of ephemeroids increases in the post-fire areas.

Just a few plant species unidirectionally respond to changes in environmental con-
ditions after a fire, increasing or decreasing their abundance. The dynamics of the
invasive role of most species in plant communities is often multidirectional and depends,
apparently, on the initial conditions of a community, as well as on the course and
conditions of succession processes. The most dynamic components of the floristic
composition of communities are biennials, as well as annuals. Changes in the floristic
composition of communities in the form of a significant increase in the role of individual
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species (most often ephemeroids and biennials) during one growing season is endemic
to the areas that were exposed to overgrazing in the past.

As a result of plant cover burning, there can be a change of dominant and codominant
species in plant communities, while in the second year of the research there is no return
to the original domination structure. Most often Festuca valesiaca becomes invasive in
the shrub-steppe communities during the suppression following a fire event.
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