
Figure 2. The dynamics of α- and β-diversity (on the left) and species richness 
(on the right) during the pyrogenic succession. Standard deviations are 

shown by error bars.
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Introduction
Fires are often considered as a key factor that have shaped the appearance of many
woodless. Pyrogenic successions of sagebrush communities of Eurasia are poorly
studied and there is no systematic research on this subject. Similar communities in
Great Basin region of North America are better studied, but the applicability of its
findings to Eurasian sagebrush communities are doubtful. The aim of the present study
was to assess the post-fire regeneration success over the last 35 years in sagebrush
and sagebrush-saltwort communities typical for Central Kazakhstan on the basis of
determinations of species richness (number of species per a unit of area) and α- and β-
diversity (species diversity within a single plot and within different plots, respectively).

Conclusions
Fires in sagebrush and perennial saltwort communities of Central Kazakhstan resulted in an increase in plant biodiversity 
during the initial years after burning. In 8-16 years after fires, the total number of species and α-diversity of communities 
reached values similar with those in unburnt phytocenoses. Subsequent successional dynamics in the absence of further 
fires resulted in a decrease in diversity parameters, but still within the range of values observed in unburnt communities. 
Correspondence between the biodiversity restoration period and the fire frequency was indicative of the resistibility of 
sagebrush communities to such fires. However, a disruption of this historically created balance can be expected due to the 
recent intensification of fires within the study region. Further research on pyrogenic dynamics of sagebrush and saltwort 
communities is required in order to more accurately establish their post-fire regeneration periods. Such research will be 
highly relevant in light of the significant intensification of fires observed in Kazakhstan over the recent decades 

Results
The obtained dataset on plant communities burned at known times was divided into three age groups:  
1) ‘Early’ – pyrogenic succession from 1 to 3 years old, N = 32; 
2) ‘Intermediate’ – pyrogenic succession from 8 to 16 years old, N = 21; 
3) ‘Late’ – pyrogenic succession from 27 to 31 years old, N = 11.
The calculated values of mean species number and α- and β-diversity indices are presented in Fig. 2, photos of studied 
communities are presented in Fig. 3.
An obvious cause of the increased plant diversity in communities of ‘Early’ group (1-3 years old) was the removal of a closed 
canopy of sagebrush, which allowed for colonization by new species and activization of seed germination from the soil seed 
bank. Communities of ‘Early’ group often lacked any conspicuous dominants and, therefore, had a very high α-diversity, i.e., 
much higher than that of unburnt phytocenoses. In the ‘Intermediate’ group of communities (8-16 years old), sagebrush 
generally restored its status as a dominant species, which led to a decrease in α-diversity to the same level as in unburnt 
phytocenoses. All the communities of ‘Late’ group (27-31 years) were characterized by the lowest values of species richness 
and biodiversity indices. The group of unburnt phytocenoses (35+ years with no fire) had a very high β-diversity, which 
exceeded that in all pyrogenic communities. This can be explained by the high heterogeneity of this group, i.e., apart from 
sites that burned several decades ago it included sites that hardly ever burned because of very low vegetation densities 
predetermined by edaphic factors (e.g., outcrops of rock debris and highly saline areas). 
The observed pattern of biodiversity dynamics agrees with generally known facts about the post-fire dynamics of arid plant 
communities. The low values of biodiversity indices and species richness observed in the ‘Late’ group (27-31 years old) 
compared to those in unburnt phytocenoses probably indicate that the post-fire restoration of biodiversity up to its original 
levels can take much longer than 30 years. However, this suggestion is probably more applicable to Salsola arbusculiformis
communities, which regenerated very slowly in the studied plots. In communities of Artemisia species their dominant status 
was generally restored within 8-16 years after fires, which corresponds to the estimated fire reoccurrence periods of 10 to 
20 years that noted in some literature sources. 

Materials and 
methods
106 geobotanical descriptions were
carried out in 2014 – 2019 within 10 x
10 m plots, where the projective
cover, height and phenological phase
of each plant species were recorded.
We analyzed Landsat satellite images
since 1984 and identified the time of
latest fires for each plot and,
therefore, the durations of post-fire
successions.
The α-diversity within each plot was
assessed using the Shannon index
calculated as follows:

H = – Σ (pi ln pi)

where pi is the proportion of the ith

species in the biotope (the cover of 
the ith species in relation to the total 
cover of all species) and ln is the 
natural logarithm.
The β-diversity within different plots 
representing the same stage of 
pyrogenic succession was assessed 
using the Whittaker index, which was 
calculated as follows:

βw = (SM/aM) – 1

where SM is the total number of plant 
species recorded within a community 
after performing M measurements 
and аM is the mean number of 
species within the community. 
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Figure 3. Examples of communities in different successional stages

Figure 1. Location of the study area


