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   Preface   

   Eurasian Steppes – Ecological    Problems and Livelihoods
in a Changing World 

 Steppes form one of the largest biomes on earth. Eurasia comprises a very large 
steppe area stretching from China, Mongolia and southern Siberia, across Xinjiang, 
Kazakhstan, south-western Siberia, European Russia, Ukraine, and Hungary, to 
Anatolia, Romania, Slovakia, and outlier steppes in Austria and Spain. 

 Steppe ecosystems are suf fi ciently old to have provided plants and animals the 
opportunity to co-evolve as parts of stable ecosystems. Since the last Ice Age the 
Eurasian steppes  fi rst saw gradual changes in plant and animal populations, migrat-
ing into the steppe zone from refugia, as the glaciers retreated and temperatures 
increased. At that time man already appeared in the steppe, living a nomadic life and 
hunting steppe animals, e.g. antelopes, horses, camels, etc. Soon nomads lightly 
exploited the steppes as grazing grounds for their sheep and goats, both animals 
being domesticated at an early date. Later horses, and still later camels were domes-
ticated and bred. They were also used for riding and roaming and waging war, but 
nomadic pastoralism was the core on which peoples built their livelihoods on the 
Eurasian steppes. For centuries exploitation pressure was so low that there were 
hardly, if any, noticeable effects on most of the steppe ecosystems, except very 
locally around sites of special interest, such as water holes in the driest steppes, or 
mines of ores and salts. Though obviously, populations of wild large grazers and 
browsers in the steppe and forest-steppe came under pressure as they experienced 
the competition from domestic animals. 

 Changes of increasing use of the steppe came very slowly. In the European 
steppes, as from the middle of the eighteenth century the rate and intensity of change 
began to increase, when, beginning in Hungary and Ukraine, man started to plough 
the steppe on a steadily increasing scale, and grazing started to intensify. In the 
Asian steppes this occurred considerably later. 

 Drastic changes began as from 1917, when increasingly larger areas of Eurasian 
steppes became part of communist states and their governments centralized land 
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ownership, land management and production plans. The Soviet government radi-
cally changed the exploitation of the steppe zone, considering those lands a hope-
lessly under-used wilderness that should be converted into planned productivity. 
Steppes (including their ecologically marginal areas) were frantically ploughed up, 
with almost ideological zeal; on a large scale rivers and wetlands were drained; and 
an extensive infrastructure of roads and canals was constructed. The steppe was 
settled by large groups of pseudo-industrial farmers and exiles. 

 The steppe areas coming under the control of the Chinese communist govern-
ment also changed strongly. A great in fl ux set in, mainly of Han people from the 
Chinese agricultural provinces, and they ploughed and cultivated sizeable parts of 
the steppe that allowed modest yields, often moister sites such as valleys, or  fi elds 
that could be irrigated, while at the same time the steppe area became increasingly 
fenced in, and nomadism was discouraged. As the population grew in numbers, 
livestock numbers also drastically increased, leading to severe overgrazing and 
impressive wind erosion and dune building over very large areas, with intense dust 
storms reaching much further a fi eld. 

 Both in the Soviet Union and China these new policies of steppe use implied or 
explicitly aimed at ending nomadism in the steppe, and thus radically changed the 
livelihoods of the traditional steppe peoples, while also damaging or destroying 
very large tracts of steppe land. 

 Mongolia, however, though allied to the Soviet Union, stayed suf fi ciently auton-
omous to follow its own policy on steppe use. The Mongolian communist govern-
ment also centralized steppe management, but supported services for nomadic 
pastoralists and took responsibility for accessible public health care, basal school-
ing, maintenance of watering points, veterinary care, etc. As a result, Mongolia is 
the only Eurasian country where nowadays substantial numbers of nomadic pasto-
ralists still exist. 

 After the collapse of the Soviet Union another radical change in the steppe 
occurred. In ex-Soviet countries the State did largely stop to control steppe land use, 
and in several post-Soviet countries ownership of large tracts of land was given to 
the farmers. This soon led to abandonment of large tracts of ploughed steppe, 
because local farmers did not have the mechanical means nor the labour to work all 
this land. Huge areas became fallow and steppe regenerated. Several years later, 
though, frantic production ideas re-merged in some areas and re-ploughing of sec-
ondary steppes was undertaken. 

 In Mongolia, after the fall of the communist government, steppe land stayed 
public property, but pastoralism was privatized and herders had to take care of their 
families, their herds and the quality of the grazing grounds and watering points 
completely by themselves, while governmental provisions for public health, basal 
education, and veterinary care strongly declined. Moreover, the number of livestock 
increased enormously in post-communist years, causing overgrazing and degrada-
tion of the steppe. 

 In China, meanwhile, after years of over-exploitation of the steppe, the severe 
degradation of grazing lands, the creation of immense mobile dune areas, and huge 
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dust storms, new conserving policies and management plans of steppe use were 
formulated and enforced, in order to drastically improve the situation. 

 All this again forced important changes on the livelihoods of the people living in 
the steppes. And on top of all this come the effects of climate change, which prove 
particularly strong in the northern zone of the Eurasian steppes. 

 In the late summer of 2010 an international meeting of scientists, policy makers 
and managers, conservationists and steppe users was organized in Hustai National 
Park, near Ulaanbataar, Mongolia, in cooperation with IUCN-CEM. 

 Speakers at that meeting provided valuable and up-to-date overviews of actual 
changes and associated problems in the steppe zones, covering a wide range of eco-
logical and climatic issues and their consequences for the livelihoods of steppe 
peoples. They addressed the need for new land use policies and management, and 
discussed adaptations based on an ecosystem approach. 

 We decided that, given the importance of the steppe zone and the drastic changes 
that occurred in the steppe, it was time for a book that would inventory the actual 
situation in the steppe, review the ecological and climatic changes that are playing 
important roles in these steppes, discuss the effects of land use policies, and show 
how livelihoods of people in the steppe zone are affected. We asked a number of the 
speakers at the Hustai meeting to work out their contributions and invited other 
authors to contribute additional chapters. 

 The result is this book. It provides, in English, an extensive and up-to-date over-
view of steppe status and steppe problems in all of Eurasia, based on the experience 
of specialists, and it integrates extensive data sources that for a large part so far were 
only available in a spectre of locally used languages. 

 We hope that this book will inspire scientists, conservationists, land-users, man-
agers and policy makers concerned with steppes and their people, and who are 
affecting their future. We also hope that this book, by stimulating interests in steppes 
and their problems, will ultimately serve to the bene fi t of the people living in the 
steppe and improve the ecological status of the steppes of Eurasia. 

 Utrecht  Marinus J.A. Werger
Marja A. van Staalduinen          
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  Abstract   With over 13 Mio. km², grasslands of Eurasia form one of the largest 
continuous terrestrial biomes. They mostly represent environments with low pro-
ductivity and with a long evolutionary history of natural grazing. Over the last few 
decades, increasing population sizes and socio-economic changes have subjected 
these steppes to increasing pressure, and associated degradation. We concentrate on 
the steppes of Central Asia (Mongolia, northern China and Tibet) and show that 
land use practice, climate and soil conditions are the most important drivers of 
change in these grasslands. 

 Grazing has strongly degrading effects on relatively moist grass and forest-steppes 
whereas evidence indicates that acute vegetation degradation in semi-arid desert 
steppes is largely absent. In such environments, precipitation controls community 
composition and productivity at both the local and regional scales. Recurrent 
droughts give rise to episodic fodder shortages, which results in animal numbers 
being maintained at relatively low levels. This may explain the lack of degradation 
in dry steppes, and supports predictions drawn from the non-equilibrium theory of 
rangeland science. 

 On the other hand, soil degradation due to grazing is found across the entire 
range of hygric conditions without any apparent interaction with precipitation. 
Soil nutrient contents were recently found to co-limit plant productivity, even 
at relatively dry sites, indicating that grazing may have indirect effects on steppe 
performance not predicted by standard theories. 

 We conclude that moister parts of Central Asia are sensitive to grazing degradation, 
which directly affects vegetation and soils, while semi-arid parts are mainly and 
more speci fi cally in fl uenced by soil degradation, which has more indirect effects on 
plant communities.  

    K.   Wesche   (*) •     J.   Treiber  
     Department of Botany, Senckenberg Museum of Natural History ,   Görlitz ,  Germany       
e-mail:  karsten.wesche@senckenberg.de  ;   jan.treiber@senckenberg.de   

    Chapter 1   
 Abiotic and Biotic Determinants of Steppe 
Productivity and Performance – A View 
from Central Asia          

     Karsten   Wesche       and    Jan   Treiber         
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   Abbreviations 

  ANPP    Aboveground (annual) net primary productivity   
  CV    Coef fi cient of variation   
  IMGERS    Inner Mongolian Grassland Ecosystem Research Station   
  K    Potassium   
  N    Nitrogen   
  NEQT    Non equilibrium theory   
  P    Phosphorus         

    1.1   Introduction 

 Together with forests, grasslands and open shrubland constitute the largest terrestrial 
biomes, with temperate grasslands alone accounting for ca. 8% of land surface 
(White et al.  2000  ) . They store huge amounts of carbon in their soil, and 
C-sequestration potential of the world’s permanent pastures may be equivalent to 
4% of global greenhouse gas emissions (Soussana and Luscher  2007  ) . Asia hosts 
the largest grassland belt of the world – estimates differ but the most frequently 
quoted numbers are in the range of 6–9 Mio. km² of (mainly dry) grasslands with 
broadly similar physiognomy (Photo  1.1 ), while (mainly eastern) Europe accounts 
for an estimated 7 Mio. km² (Cressey  1960 ; White et al.  2000  ) . Together, the 
Eurasian grasslands may once have formed the largest continuous land biome on 
the planet, but as in North and South America, they have more recently come under 
tremendous pressure with vast areas of temperate grassland being converted to 
arable  fi elds, many of which are now fallow. Moreover, the proportion of former 
grasslands currently under protection is lower than that afforded to any other major 
habitat type (Hoekstra et al.  2005 ; Peart  2008  ) .  

  Photo 1.1    Physiognomic resemblance of Central Asian steppes. ( a ) Summer camp in the central 
Mongolian forest-steppe/grass steppe ecotone. ( b ) Summer camp in the alpine meadows of 
eastern Tibet (a photos taken by KW unless stated otherwise)       
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 The remaining areas continue to change, and the traditional pastoral grazing 
systems are successively being replaced. Land use systems are intensifying due to 
rising human population pressures and new economic constraints that favour 
sedentary land use systems and larger herds (Sneath  1998 ; Janzen  2005  ) . This has 
raised concerns about increasing degradation. However, land use has always been 
constrained by harsh climates (cold, often dry), and general theory predicts that land 
use attributes are modi fi ed by the overall climate conditions at any given site 
(Milchunas and Lauenroth  1993 ; Cingolani et al.  2005 ; Vetter  2005  ) . This leads to 
the idea that the relative importance of land use vs. climatic controls change along 
the aridity gradient (Fernandez-Gimenez and Allen-Diaz  1999 ; Ellis et al.  2002  ) . 

 Climate change interacts with land use effects and also introduces new pressures 
that trigger growing concerns about increasing vulnerability of the Eurasian steppes 
(Christensen et al.  2004 ; Angerer et al.  2008  ) . Land use in dry and/or cold environ-
ments is especially sensitive to changes in the abiotic conditions (Duraiappah and 
Naeem  2005  ) , rendering not only the Eurasian grasslands but also their human 
populations potentially vulnerable. In spite of extensive research on the subject, 
details of potential effects of changing precipitation and temperatures on ecosystem 
functioning are far from fully understood (IPCC  2007 ; Soussana and Luscher  2007  ) . 
It is even less clear how climate change effects interact with other abiotic controls 
such as soil conditions. A number of studies have dealt with effects of land use 
and climate on soil nutrients and carbon contents (see e.g. several chapters in this 
volume), but their relevance to steppe plant performance has been less commonly 
studied, particularly for the drier regions of Central Asia. 

 Research in the grasslands of Asia has traditionally been published in the locally 
most important languages, i.e. Russian and Chinese, but there are a number of reviews 
in German and English that provide overviews of the older literature (e.g. Walter 
 1974 ; Lavrenko and Karamysheva  1993 ; Zhu  1993  ) . The last two to three decades 
have witnessed a rapidly increasing number of publications on various ecosystem 
functions, with a predominant focus on aboveground net primary production 
(ANPP, or respective proxies) as the main variable of interest for the prevailing 
grazing system. Much of this research is now published in easily accessible journals 
or other outlets, and the older notion that North American prairies are much more 
comprehensively studied is perhaps no longer valid. Recent reviews covering Central 
Asia have so far adopted a local or at most part-regional perspective (e.g. Gunin 
et al.  1995 ; van Staalduinen and Werger  2006a  ) , while comprehensive evaluations 
of a given vegetation type, such as the short grass steppes of North America 
(Lauenroth and Burke  2008  ) , are still lacking. Up-dated overviews and synoptic 
analyses of the ongoing research in Eurasian grasslands are also scarce. 

 Compiling the huge literature for all Eurasian grasslands is beyond the scope 
of a book chapter, and would presumably also require a larger multi-author team. 
Instead, we present a brief overview of research covering one major part of the 
Eurasian grasslands, the Central Asian steppes and related communities. While 
aspects of population ecology and carbon sequestration are merely touched upon 
in this review and would certainly merit a separate analysis, we focus on the 
plant community composition and biomass productivity with an emphasis on ANPP. 
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The main drivers of biomass productivity are discussed with a speci fi c focus on the 
following three aspects:

   Grazing effects: How does grazing affect plant community composition, and is  –
there evidence for degradation and deteriorating biomass productivity?  
  Climate effects: How do precipitation and temperature in fl uence vegetation  –
patterns and ANPP, and are there effects of interannual variability? Do potential 
climatic constraints in fl uence grazing effects?  
  Soil conditions: How does grazing affect soil nutrient conditions, and how are these  –
conditions related to climate? Does soil nutrient availability limit productivity in 
spite of the strong climatic controls?    

 We will start with a description of the basic physiogeographic features of the 
region. The main part of the text will be devoted to a discussion of the speci fi c 
questions with respect to mostly recent major publications. This is illustrated by 
already published examples from our own research in the Central Asian drylands 
and in Tibet.  

    1.2   Physiogeographic Setting 

    1.2.1   What and Where Are Central Asian Steppes? 

 A plethora of literature addressing various aspects of vegetation ecology and grazing 
ecology reveals both the similarities (Photo  1.1 ) and the pronounced differences 
between various types of grassland throughout Eurasia. For the present review, we 
concentrate on the grasslands of Central Asia, a term which has been somewhat 
ambiguously used throughout the literature. We adopt the biogeographical approach 
of Russian scholars rather than taking the simpler topographical view that is 
now followed by many authors including most publishing in a political context: 
The region between the Caspian Sea and the western Himalayas, i.e. Kazakhstan 
and neighbouring countries (Turkmenistan, Uzbekistan, etc.) is in the centre of the 
Eurasian continent, and is often referred to as Central Asia, terminology which is 
also found in IPCC reports (IPCC  2007  ) . In contrast, Russian literature traditionally 
referred to this region as Middle Asia, as opposed to Central Asia, which refers to 
Mongolia, large parts of China (including most of Tibet) and small adjoining parts 
of Kazakhstan (Figs.  1.1  and  1.2 ). Although these regions are no more distant from 
any ocean than many parts of Middle Asia, they are nonetheless more continental in 
terms of climate and, consequently, biogeography. The reasons are detailed below 
and will demonstrate that Middle Asia and Central Asia (and certainly the more 
oceanic East Asia) should be differentiated, at least if aspects of physical geography 
are the focus (Cowan  2006  ) .   

 Grasslands may be referred to as anything from forb-rich grasslands (“meadow 
steppes”) in the forest-steppe ecotone, to typical “grass steppes” with dense swards, 
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  Fig. 1.1    Topographic map of eastern Eurasia (Altitudinal information based on SRTM data)       

  Fig. 1.2    Spatial distribution of the main vegetation types in Central Asia (After Olson et al.  2001 , 
simpli fi ed, see Table  1.1  for background environmental data)       
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or sparse “desert steppes” where vegetation cover is well below 50%. Here, we will 
mainly review data from vegetation types that have an appreciable cover of graminoids 
mainly Poaceae and Cyperaceae, and a continuous, though not necessarily closed, 
vegetation cover. This excludes arid deserts where vegetation is restricted to water 
surplus sites. Semi-desert communities that have a diffuse vegetation cover are 
included if they have an appreciable cover of graminoids, mainly Poaceae (desert 
steppes). On the humid end, mosaics of grass and forest patches (forest-steppes) are 
transitory to the more semi-humid to semi-arid grass steppes. 

 In our view, Central Asian steppes are thus grasslands of the mid-latitudes. They 
occur in the most continental regions of Eurasia, i.e. Mongolia, China, and parts of 
Russia and Kazakhstan where winters are cold and dry and precipitation is largely 
con fi ned to a short growing season in summer. These steppes have an appreciable 
cover of graminoids (mostly Poaceae, some Cyperaceae) and total vegetation cover 
may range from a completely closed sward in species-rich meadow steppes to the 
sparse vegetation cover of desert steppes. Trees are restricted to extrazonal moist sites 
(along rivers, north-facing slopes), be it due to abiotic factors or human impact. 

 There are only country-level vegetation maps (Lavrenko et al.  1979 ; Atlas of 
Tibet en (Atlas of Tibetan Plateau) Plateau  1990 ; Anonymous  1996 ; Vostokova 
and Gunin  2005  )  and we thus employed a global map of ecoregions (Olson et al. 
 2001  )  and simpli fi ed this to depict the main biomes (Fig.  1.2 ). Central Asia is 
surrounded by drylands and alpine sites in the west and south, and deciduous 
forests and coniferous forests in the east and north, respectively. Pronounced 
precipitation gradients control the vegetation belts, leading to a strong north–south 
differentiation in Mongolia and northern China (Photo  1.2 ). At their southern 
limit, boreal forests are increasingly restricted to north-facing slopes (forest-
steppe). The next drier habitat type along the aridity gradient is grass steppe, 
which is often tall, especially in Eastern Mongolia and north-west China, and 
similar to the tall grass steppes of North America. Desert steppes and (semi-) 
deserts occur in the endorheic basins; their driest parts lack any zonal vegetation 
cover outside of water surplus sites (e.g. Taklimakan, Tsaidam depression).  

 True high altitude deserts are found in north-western Tibet, while most of the 
western plateau comprises alpine steppes with  Stipa  spp. In the eastern, moister part 
of Tibet,  Kobresia  spp. cover 450,000 km² and form the largest homogeneous 
alpine ecosystem in the world (Miehe et al.  2008  ) . They can be rich in  fl owering 
forbs and are, in this sense, similar to the colourful meadow steppes in the northern 
parts of Central Asia.  

    1.2.2   Climate and Soils 

 The continental climate is characterised by pronounced cold, relatively dry condi-
tions (Fig.  1.3 ) and a marked seasonality (Barthel  1983 ; Weischet and Endlicher 
 2000  ) . Winters are typically cold with monthly means as low as −40°C, particularly 
in the northern parts of the region or at the higher altitudes of Tibet. Cold air 
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accumulates in the extensive basins while mountain sites are less affected, leading 
to stable temperature inversions on a local scale. In spring, temperatures rise steeply, 
but in fl ow of cold northern air masses can result in occasional frosts up to May. 
Moreover, strong winds, especially in the Gobi Altay, make living conditions 
unpleasant. In summer, air partly comes from western circulations but also from the 
monsoon, resulting in relatively favourable mean temperatures (>20°C) and a frost 
free period until September.  

 Precipitation is similarly low as in Middle Asia, but the seasonal distribution is 
different. Most of the precipitation (typically more than two thirds of the annual 
mean) falls in the relatively short growing season (Fig.  1.4 a). Winter precipitation is 
very low, and usually springs are also dry (Fig.  1.4b ). This contrasts with Middle 
Asia where moisture availability in spring is much higher, explaining why e.g. geo-
phytes and also evergreen species are more important there. Much of the precipita-
tion is of a convective nature and occurs in spatially and temporally limited events. 
This results in high spatial and also temporal heterogeneity, where neighbouring 
sites within a given year, or years at a given site, may differ strongly.  

 Soils are mostly constituted of  fi ne materials, ranging from typical Loess to 
almost pure sands. Within substrate groups, soils re fl ect the availability of moisture 

  Photo 1.2    Change of plant communities along the zonal precipitation gradient in Mongolia. ( a ) 
Forest-steppe, i.e. mosaics of forests (north-facing slopes) and meadow steppes near Ulaanbaatar 
(note defoliation of trees due to outbreak of geometrid moths). ( b ) Grass steppes and mountain 
steppes on the pediments of the Altay in southern Mongolia. ( c ) Heavily grazed desert steppe in a 
year of Dzuud. Small nebkhas have formed around bunches of  Stipa glareosa . ( d ) Semi   -desert 
vegetation dominated by woody Chenopodiaceae in far southern Mongolia, a region that is too dry 
for livestock grazing       
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  Fig. 1.3    Long-term macroclimate in Central Asia (from the WORLDCLIM model, Hijmans et al. 
 2005  ) . ( a ) Mean temperatures. ( b ) Mean annual precipitation totals                     
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  Fig. 1.4    Seasonality in precipitation (Data from Hijmans et al.  2005  ) . ( a ) Mean July precipitation. 
( b ) Mean March precipitation       
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as the main constraint. In Central Asia, Chernozems are distributed along the moister 
northern and southern parts (Walter  1974 ; Haase  1983  ) ; they have a high organic 
matter content and typically favourable nutrient concentrations. The typical soils of 
Central Asian grass steppes are Kastanozems, with an appreciable content of organic 
matter, though both thickness and C-content of the A-horizon are lower than in 
the Chernozems. Aridity and permanent, mostly natural, wind erosion in the drier 
steppes with their sparse vegetation cover result in degradation of Kastonozems, 
and Burozems become the typical soil of the desert steppes. Topsoils are low in 
organic matter and high in minerals, re fl ecting the aridity. On average, water 
moves upwards rather than downwards in the pro fi le, leading to incomplete 
leaching and accumulation of minerals, especially carbonates near the soil surface. 
During rainy summers, more easily soluble salts in the stricter sense (NaCl, etc.) 
are, however, still transported downwards. In sandy regions, Arenosols and even 
sand dunes may develop, which constantly shift with the strong winds. Also in 
these soils salts are washed out. On mountain ranges, where freeze-thaw processes 
result in heavy weathering and the formation of thick layers of rock scree, weakly 
developed Leptosols are the prevailing soil type. Salinity is generally not an issue in 
Central Asian soils, although in basins, pans and oases water accumulation and 
high evaporation do result in the formation of spatially restricted Solonchaks and 
Solonez soils.  

    1.2.3   Plant Biogeography 

 The Central Asian steppes belong to the Mongolian sub-region of the Central 
Siberia-Dauria-Mongolian region, as opposed to the desert  fl ora of the Gobi 
province, which is part of the Central-Asiatic region (Malyshev  2000  ) . However, 
both the Gobi province and the Mongolian sub-region are sometimes included in 
the Central-Asiatic region (Meusel and Jäger  1992  ) . Grubov differentiated three 
phytogeographic provinces in Central Asia: Mongolian, Junggar-Turanian and 
Tibetan (Fig.  1.5 a,  Grubov 1999ff  ) . The Mongolian and Jungar regions have a 
number of species in common, but are differentiated by e.g.  Nanophyton erina-
ceum  in the recte Jungar-Turanian parts and  Anabasis brevifolia  in the Mongolian 
parts. The Tibetan province is distinct and the most species-poor. A number of 
different biogeographical elements constitute the basic species set (Hilbig et al. 
 1999,   2004 ; Xie et al.  2004 ; Dulamsuren et al.  2005  ) . No full-scale analysis has, 
as yet, been conducted, but the basic patterns are reasonably clear. Broad-range 
species with Asian, Eurasian and circumpolar temperate distribution enter the 
region from the Taiga belt in the north where they also mix with boreal species. 
Arctic-alpine species are mainly restricted to mountain summits. Many of these 
can tolerate continental temperatures but fade out with increasing dryness. Eastern 
Asian species extend westwards into northern and eastern Central Asia wherever 
summer precipitation and temperatures are suf fi cient. A prominent example is 
 Ulmus pumila  (Fig.  1.5b ), which extends well into the drylands of the central 
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Gobi, but is ultimately replaced by  Populus euphratica , which is a common tree 
of more western oases (Wesche et al.  2011  ) .  Isatis costata  is an example of a 
species with Middle Asian and Central Asian distribution (Fig.  1.5c ). One of the 
region’s most common feather grasses  Stipa krylovii  has a typical Central Asian 
distribution (Fig.  1.5d ) that also includes some mountain sites, indicating the 
close biogeographical links between the Mongolian/northern Chinese grasslands 
and those of the Tibetan plateau.   

    1.2.4   Flora – The Species Pool    

 Poaceae are the most typical constituents of Central Asian steppes. Feather grasses 
are represented with several sections, with  Stipa krylovii  (section  Leiostipa ) being 
an example of a species with a wide occurrence in all but the driest steppes 
(Fig.  1.5d ). In Tibet,  Stipa  steppes occur in the drier western parts (Miehe et al. 
 2011  ) , where  S. purpurea  represents the sect.  Leiostipa . Other important grass taxa 
in Central Asia include  Leymus / Elymus , especially  L. chinensis , which is very abun-
dant in the tall grass steppes of Mongolia and Inner Mongolia. It is often accompa-
nied by  Agropyron cristatum , which has a wide range along the hygric gradient, 
perhaps making it the most important forage grass of Central Asian steppes. It has 
also been introduced to North America, where it partly outperforms the native 
vegetation (Hansen and Wilson  2006  ) . Cyperaceae rarely form dominance stands at 
zonal sites, but sedges of the genus  Kobresia  commonly form dense mats in mon-
tane and alpine regions. Forbs are diverse, with many genera, and some species 
occur in the mid-latitudes all over Eurasia and often even North America. Typical 
taxa include  Potentilla  spp.,  Pedicularis  spp. and a huge diversity of legumes. 
 Astragalus  and  Oxytropis  are the most diverse higher plant genera in the region, 
with species numbering into the hundreds in Central Asia alone. They are, however, 
not exceedingly important in terms of vegetation cover. An example comes from the 
Gobi Gurvan Saykhan region of southern Mongolia that comprises zonal dry steppe 
communities, while extrazonally moist conditions in the mountains facilitate the 
occurrence of grass steppes and even meadow steppes (Wesche et al.  2005  ) . In the 
Gurvan Saykhan, Fabaceae constitute 6% of the average species richness per plot 
but account for only 2% of its mean vegetation cover. Poaceae in turn represent 17% 
of the average species numbers, and have a 30% share in the total cover. 

  Allium  species are also typical for Central Asia and their relative importance 
increases under drier climatic conditions; they may have the greatest proportional 
cover in many desert steppes. Chenopodiaceae have a diversity centre in Central 
Asia and their relative share of cover increases with aridity. Large parts of the 
semi-deserts of Central Asia are covered with woody Chenopodiaceae, which are 
accompanied by drought-tolerant Zygophyllaceae and Solanaceae. 

 Central Asia hosts a range of wild ungulates and small mammal herbivores, 
many of which are (now) endemic to the region (Bactrian Camel, Przewalski 
Horse, Schaller  1998 ; Gao et al.  2011  ) , and steppes have clearly been grazed over 
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evolutionary time-scales. The local species pool has been selected under almost 
omnipresent grazing pressure, and the extant species are, by majority, either tolerant 
to grazing or they exhibit effective defence strategies. Examples include several 
Tibetan Cyperaceae, where dwarf species with in fl orescences hardly exceed 3 cm 
in height. Photo  1.3 a shows the tiny  Carex tangulaschanensis , whose fruits are 
practically hidden in the rosettes and thus beyond the reach of most grazers. 
Examples of species with an effective defence strategy are  Iris  spp., or  Stellera 
chamaejasme  (Photo  1.3b ), which are poisonous to livestock and may become 
dominant weeds if steppes are overgrazed. Onions (e.g.  Allium polyrrhizum ) may 
cause problems if foraged in high quantities, and the Poaceae  Achnatherum splendens  
is also mildly toxic. Nevertheless, most of the abundant species, including almost all 
Poaceae, are of high nutritional value (Jigjidsuren and Johnson  2003  ) .   

    1.2.5   Land Use 

 The traditional land use system in Central Asia is nomadic pastoralism, where 
families migrate with their herds according to availability of livestock forage. 
Nomadism can be seen as a strategy to buffer temporal variability in climate and 
forage availability by utilising spatial heterogeneity and moving to less affected 
regions. Archaeological evidence implies that humans started to roam the steppes 
at least 6,000 BP (Aldenderfer  2007  ) . Though animal products form the main source 
of energy, nomads also consume grains traded with sedentary farmers. Nomadic 
pastoralism in its current form is thus younger than the development of sedentary 
agriculture in the region, but it may still date back several millennia. Palynological 
evidence implies that many steppe sites have not changed much in the last millennia 
(Herzschuh et al.  2004 ; Miehe et al.  2009  ) , implying that today’s rangelands have 
been grazed since ancient times, with modern land use often merely replacing 
the natural grazing by wild ungulates and leaving limited impact on the general 
vegetation physiognomy. 

  Photo 1.3    Grazing tolerance and avoidance. ( a ) The dwarf sedge  Carex tangulaschanensis  keeps 
its fruits hidden in the rosette (arrow). ( b )  Stellera chamaejasme  (Thymelaeaceae) grows as a grazing 
weed in overgrazed  Kobresia  mats of Tibet and in grass steppes of Central Asia       
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 More recently, Central Asia has undergone major social and economic changes. 
In China, rapid population growth and the rise of sedentary farming practices, even 
in some of the semi-arid regions, have resulted in tremendous agricultural 
intensi fi cation over the last decades/centuries. Rangelands have partly been degraded 
resulting in erosion, which has become a problem in some regions where climatic 
conditions would normally allow for a relatively closed vegetation layer. In the last 
years, the Chinese government has started to control grazing and has implemented 
large-scale restoration schemes which have slowed down deserti fi cation processes, 
although not in all territories (Runnström  2000  ) . Mongolia has also experienced 
rapid population growth in the twentieth century, but overall livestock numbers 
have remained largely constant at ca. 20 Mio. animals (Janzen  2005  ) . The early 
1990s brought a rapid transition to a freer market economy, which caused 
unemployment to soar, making Mongolia one of the few countries in the world 
where the number of nomadic pastoralists has risen. The Mongolian economy is 
still based on agriculture, which is in stark contrast to Middle Asian countries like 
Kazakhstan where the economy rapidly shifted towards the export of fossil fuels. 
Fast urbanisation resulted in large tracts of rangeland being abandoned and much 
less intensive grazing than before the 1990s (Coughenour et al.  2008  ) . 

 In Mongolia, livestock numbers had risen to 30 Mio. by the end of the 1990s, then 
collapsed to 20 Mio. in the droughts of 2001/2002 (Janzen  2005 ; Reading et al.  2006  ) . 
By 2009, numbers had recovered to >30 Mio., and severe winters in 2009 and 2010 
again led to severe losses (up to 50% in some regions; see also Chap.   20     by Baas 
et al., this volume). We thus seem to have an overall trend of intensi fi cation, although 
heavy  fl uctuations due to climatic variability partly override this trend. Disentangling 
the relative importance of socio-economic effects and climatic/abiotic constraints is 
one of the aims of the main part of this review.   

    1.3   Factors Controlling Grassland Species Composition 
and Productivity 

    1.3.1   Biotic Controls: Grazing Effects on Vegetation 

 Recent and even ongoing rangeland degradation has been described from a huge 
number of sites in Mongolia, northern China and Tibet. Authors used a range of 
indicators for assessing deserti fi cation that are not all equally suitable. Lower biomass 
on grazed sites should not be simply taken as evidence for grazing degradation, as 
grazing by de fi nition is biomass removal. Lower biomass on grazed rangelands 
compared to that in exclosures merely con fi rms the presence of grazing rather than 
allowing for any conclusions on degradation. In addition, biomass, and also the 
correlated vegetation cover, is highly variable over the years making inferences on 
long-term trends dif fi cult. The presence of bare soil alone is also not evidence for 
degradation, as an assumed closed sward is hardly a suitable reference for a 
semi-arid rangeland that has naturally low vegetation cover. 

http://dx.doi.org/10.1007/978-94-007-3886-7_20
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 From a vegetation perspective, changes in plant community composition, especially 
in the perennial species, are more suitable indicators. Here, we regard evidence of 
pronounced changes in plant community composition, often associated with the 
replacement of palatable species by less preferred weeds, as indicators of degradation. 
Rangelands can also be seen as degraded where the forage productivity is declining. 
This introduces a further set of degradation indicators based on the body conditions or 
productivity of the grazing animals themselves, which re fl ect changes in forage quality 
(Allen et al.  2011  ) . The latter criterion is, however, rarely applied in Central Asia. 

 Long-term records that cover the entire periods of changes in land use are scarcely 
available from Central Asia. Both experimental data and remote sensing studies 
typically cover at most three decades and often less, which is relatively short for a 
harsh, variable environment dominated by slowly growing long-lived perennials. 
There is, however, a number of fencing studies or short-term monitoring studies that 
provide clear evidence of grazing-induced degradation. The perhaps most-well 
studied site is the Inner Mongolia Grassland Ecosystem Research Station (IMGERS), 
where effects of grazing exclusion on long grass steppes have been studied over 
almost three decades. A large, continuously growing body of literature shows that 
intense grazing there has negative effects on rangeland community composition and 
forage productivity, and that drought can exacerbate the negative effects of over-
grazing. However, modest grazing seems to stabilise the functioning of these steppes 
(Bai et al.  2004 ; Gao et al.  2009  ) . 

 Similar results come from central Mongolian steppes where recent increases in 
animal numbers coupled with reduced mobility result in replacement of grass steppes 
by weed communities of low forage value (Hilbig  1995  ) . Effects are parti cularly strong 
in the sacri fi ce zone around camps and wells, where heavy trampling adds to the effect 
of grazing (Sasaki et al.  2008  ) . Evidence from experiments and large-scale surveys in 
eastern Tibet also points to increasing degradation in the last years. The prevailing 
 Kobresia  mats are tolerant to traditional Yak grazing, and total grazing exclusion 
may even lead to a replacement of mats by taller grassland communities (Photo  1.4a ). 
On the other hand, more intensive land use in the last decades has resulted in the 
gradual breakup of the dense mats and the eventual formation of bare soil that is 
colonised by often impalatable weeds (Wang et al.  2006 ; Miehe et al.  2008  ) .  

  Photo 1.4    Effects of grazing exclusion in Central Asia. ( a ) Seven years of grazing exclusion 
in semi-humid upper montane  Kobresia  mats of northern Tibet (province Qinghai) resulted in 
replacement of Cyperaceae by tall grasses (mainly  Stipa  spp., right side of the fence, photo by 
E. Seeber). ( b ) Two years of grazing exclusion in southern Mongolian desert steppes has negligible 
effects. ( c ) As ( b ), but in the drought year 2002; biomass inside the exclosure is necromass from 
previous year       
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 The basic pattern in the examples from the moister region is similar: the current, 
often zonal communities are composed of perennial hemicryptophytes that tolerate 
substantial grazing pressure. Overgrazing has occurred in the last decades, leading 
to a reduction in plant biodiversity, replacement of perennials by short-lived weeds, 
and deteriorating forage production. ANPP and forage quality decline, with invading 
weeds (e.g. Chenopodiaceae), having low forage value or being even toxic. The prime 
example is  Stellera chamaejasme  (Thymelaeaceae), which has become a rapidly 
spreading grazing weed in grasslands from Mongolia to Tibet.  Stellera  is an 
exception insofar as it is perennial. Encroachment of larger shrubs, which is a 
problem in many overgrazed rangeland in other parts of the world, is not important 
in Central Asian rangelands. Instead, mainly semi-shrubs and dwarf shrubs bene fi t 
from increased grazing (e.g.  Artemisia frigida ). Taller shrubs gain dominance at 
sites with some soil disturbance, especially on small mammal burrows, which is 
discussed below. 

 Goats have increased in both relative share and absolute numbers almost every-
where in northern China and Mongolia, and even Tibetan herders increasingly keep 
goats to produce the relatively high-value Cashmere. In one of the few studies that 
are speci fi cally devoted to changes in herd species composition, Tsagaan Sankey 
et al.  (  2006  )  showed that goats caused a reduction of tree and shrub growth in the 
grazed forest-steppes of northern Mongolia. Unfortunately, comparative studies on 
the effects of goats vs. effects of other animals, such as the traditionally kept camels, 
are too limited to draw any general conclusions as yet. 

 Authors working in the drier parts of Central Asia often report contradictory 
evidence on grazing impact. Li et al.  (  2011c  )  describe that grazing exclusion in 
Saxaul ( Haloxylon ammodendron ) woodlands resulted in increased diversity and 
carbon sequestration in northern China. In contrast, studies form the Mongolian 
drylands found minor effects of grazing exclusion. Grazing effects seem to decline with 
increasing dryness of the sites (Fernandez-Gimenez and Allen-Diaz  2001 ; Zemmrich 
et al.  2010 ; Sternberg et al.  2011  ) , and continued observation of grazed vs. fenced 
(non-grazed) sites showed that grazing effects were small compared to the effects of 
annual changes in precipitation (Photo  1.4b , Wesche et al.  2010  ) . 

 This pattern becomes clearer when a larger number of studies is analysed. We 
surveyed our own literature database for studies on grazing effects in Central Asian 
rangelands (numbering several hundred). We took care to report only one sample 
from any given site (i.e. the mentioned IMGERS site was included once), and we 
also excluded studies where the “grazing” effect was mainly restricted to the heavily 
trampled inner sacri fi ce zone of a piosphere (e.g. Sasaki et al.  2008  ) . We considered 
only fencing experiments or studies with a sound sampling design along grazing 
gradients. Studies were checked for evidence on lasting effects on vegetation 
composition or productivity (for soils see below), which were classi fi ed on a simple 
three-level scale: no/negligible effects; modest effects, severe effects. We simpli fi ed 
further by disregarding more subtle effects that may only be apparent on the popula-
tion scale. In woody species, effects of grazing may widely differ depending on 
the given demographical stages, and can have, e.g. detrimental effects on seedlings 
and positive effects on juveniles (Li  2010  ) . Zemmrich  (  2007  )  showed that the 
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demographical structure of the rangeland species  Artemisia xerophytica  may 
re fl ect detrimental effects of grazing, while community level species composition 
and diversity are not affected. Similarly, the production of propagules often suffers 
heavily from grazing, even though communities have shown no responses as yet 
(Bläß et al.  2008  ) . Our assessment is therefore probably somewhat conservative. 

 We plotted data against mean annual temperatures and found no relation to 
grazing effects (Fig.  1.6 a). Annual precipitation of the given site served as a proxy 
for moisture availability (Fig.  1.6b ), which covered a gradient in mean annual 
precipitation from <100 to 600 mm. Even this simple classi fi cation of the grazing 
impact produced a clear pattern. Studies that report no or negligible effects were 
restricted to dry regions of Mongolia and northern China, where precipitation is 
well below 200 mm. Conversely, severe grazing impact was restricted to regions 
with >300 mm mean annual precipitation. Modest grazing impact is found over the 
full range of hygric conditions. The sole exception to this pattern is the already 
mentioned study on  Haloxylon  woodlands in northern China (Zou et al.  2010  ) , 
where 26 years of grazing exclusion resulted in a pronounced increase in diversity 
at a mean annual precipitation of ca. 100 mm. The site is somewhat untypical as the 
majority of species, and all those that were responsive, were short-lived, while the 
dominant Saxaul trees showed limited responses.  

 The example nonetheless raises the question as to whether effects of grazing 
reduction/exclusion are simply missed in many of the other experimental studies 
from drylands that typical lasted 10 years or often less. There are, however, a number 
of studies that are not based on fences but on transects that radiate away from 
permanent water sources or camps (Fernandez-Gimenez and Allen-Diaz  1999 ; 
Stumpp et al.  2005 ; Zemmrich  2007 ; Sasaki et al.  2009  ) . The high-impact ends of 
these transects have typically been used for extended periods of time (decades). 
Thus, even slowly responding species should have had suf fi cient time to respond. 
The lack of grazing related patterns in these studies adds some con fi dence to the 
results described above.  
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  Fig. 1.6    Grazing impact on plant community composition and diversity in Central Asian rangelands. 
Effects were classi fi ed on a simple, three-level scale ( 1 : no/negligible,  2 : modest,  3 : severe) and 
plotted against modelled climate data for a given site (Hijmans et al.  2005  ) . ( a ) Grazing effects plotted 
against mean annual temperature. ( b ) Grazing effects plotted against mean annual precipitation       
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    1.3.2   Biotic Controls: Grazing Effects on Soil Conditions 

 A number of studies screened for Fig.  1.6  also reported grazing effects on soil 
nutrient contents, but response patterns differed considerably compared to vegetation. 
Of those that commented on soil conditions, almost all studies described at least 
modest and often severe losses of soil fertility with increased grazing intensity 
(Fig.  1.7 ). Surprisingly few authors comment on positive effects of grazing on soil 
nutrient availability. Comparison of wild ungulate vs. domestic livestock grazing in 
the Indian Transhimalaya indicated that wild herbivores facilitated biomass turnover 
and nutrient availability while the introduction of livestock resulted in losses 
and reduced availability (Bagchi and Ritchie  2010  ) . In Inner Mongolian steppes, 
livestock grazing also increased N-turnover and N-availability; the effect was, however, 
most pronounced at intermediate grazing intensities (Xu et al.  2007  ) . Grazing 
also increased N in standing crop of central Mongolian steppes, but this was 
apparently related to increased uptake rather than directly improved availability 
(van Staalduinen et al.  2007  ) .  

 There was no apparent relation between the severity of effects and mean annual 
temperatures (Fig.  1.7a ), nor between grazing effects and mean precipitation totals 
(Fig.  1.7b ). There are nonetheless other principal patterns. Nutrient depletion in the 
course of degradation is sometimes associated with increased heterogeneity and 
formation of fertile islands under shrubs and other larger perennials (Pei et al.  2006 ; 
Cheng et al.  2007  ) . This may at least partly re fl ect increased erosion as a conse-
quence of reduced plant cover under intense grazing (Li et al.  2005  ) . Relatively few 
studies report on losses in potassium, but reduced levels of (plant-available) nitro-
gen and phosphorus are commonly described (Su et al.  2005 ; Cheng et al.  2007 ; 
Zemmrich  2007  ) . Losses in top soil due to erosion inevitably result in losses of 
carbon, but also nitrogen and phosphorus, which are often concentrated in the upper 
parts of the pro fi le. Direct grazing impact exacerbates these losses because 
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  Fig. 1.7    Grazing effects on soil contents of nutrients and carbon in Central Asian rangelands. 
Effects were classi fi ed on a simple, three-level scale ( 1 : no/negligible,  2 : modest,  3 : severe) and 
plotted against climate data for a given site (Hijmans et al.  2005  ) . ( a ) Grazing effects plotted 
against mean annual temperature. ( b ) Grazing effects plotted against mean annual precipitation       
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animals take up nutrients with their forage. Under grazing, many, but not all, Central 
Asian rangeland plants show compensatory growth and shift the belowground-
aboveground ratio towards higher aboveground productivity. Nutrients in the tissues 
are largely taken from the soil – or – as is the case in carbon, can at least not be 
allocated belowground, resulting in lower soil stocks and also reduced carbon 
sequestration potential (Gao et al.  2008  ) . 

 Net effects of grazing on carbon source/sink dynamics, may, however, vary. 
In Tibetan alpine meadows, grazing favours sedges of the genus  Kobresia , which 
tend to allocate the majority of their biomass belowground ultimately forming very 
dense turfs that store huge amounts of carbon. Grazing exclusion may result in the 
suppression of these sedges by taller Poaceae, which have a larger fraction of their 
biomass aboveground, effectively reducing carbon sequestration potential of 
ungrazed sites  ( Becker et al.  submitted  ) . 

 The extraction of livestock products, such as milk, meat and wool, causes nutri-
ent loss from the rangelands, which are not closed systems as products are exported 
or consumed by humans and are thus not re-dispersed over time. Perhaps even more 
important is the extremely widespread practice of dung collection. Dung has been 
the main fuel source in large parts of treeless Central Asia, and the importance of 
dung production for pastoral economies is enormous (Photo  1.5 a). For Tibetan 
pastoralists, the provision of dung by Yaks may be as important as the provision of 
milk (Rhode et al.  2007  ) . Today, many people on the plateau have stopped animal 
husbandry, but still rely on dung as the main source of energy (pers. observation).  

 Livestock usually discards phosphorus in faeces and not in urine, while nitrogen 
is excreted in both urine and faeces (Clark and Woodmansee  1992  ) . Collection of 
faeces, especially of larger livestock species, therefore results in losses of P and 
partly of N. Dung of smaller ruminants (sheep, goat) is hardly collected and nutrient 
withdrawal due to this pathway is probably limited. Transect studies have, however, 
been performed in a number of grazing systems that are dominated by small ruminants, 
and these usually  fi nd pronounced spatial patterns of decreasing concentrations 
of P and (sometimes less clearly) N (Fernandez-Gimenez and Allen-Diaz  2001 ; 
Stumpp et al.  2005 ; Holst et al.  2007  ) . Small ruminants are usually herded at night 

  Photo 1.5    Fuel sources in Central Asia. ( a ) In the semi-humid alpine meadows of Tibet, Yak dung is 
smeared on the sward to dry. ( b ) At Mongolian winter places, dung of small livestock accumulates 
in corrals and can be later cut as fuel. ( c ) In the drylands of Mongolia, Saxaul trees ( Haloxylon 
ammondendron ) grow at sites with available groundwater and are heavily exploited as fuel wood 
(pile in the foreground)       
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time in corrals (Photo  1.5b ). Simple geometric considerations imply that faeces tend 
to be concentrated around these corrals (Manthey and Peper  2010  ) , and this is 
aggravated by animal behaviour as a large fraction of the faeces, and also of urine, 
is preferentially deposited at night time. They are concentrated in a spatially very 
restricted spot from where a fraction is lost as N 

2
 O; a larger fraction is  fi nally burned 

by farmers, and very little is redistributed to the steppes (Holst et al.  2007  ) . Operating 
on a scale of a few hundred meters to a few kilometres, small ruminants thus trans-
locate nutrients from the steppes to the centre of the piosphere, where trampling 
prevents plant growth rendering the accumulated nutrients effectively unavailable 
for forage production. 

 Figure  1.7  implies that grazing may have strong effects on soils, even where the 
aboveground vegetation shows no direct response. This renders assessments of 
grazing degradation that are solely based on aboveground vegetation questionable, 
because they may fail to detect grazing effects. Our data imply that this problem 
could be particularly severe in drier regions where vegetation responses to grazing 
are limited. The very fact that changes in soil nutrient contents are not re fl ected in 
the vegetation composition suggests an alternative view. In dry regions, growth 
should be limited by water availability rather than by nutrient supplies, rendering 
potential changes in terms of soil nutrient contents irrelevant for ecosystem 
functioning. This question will be addressed under “abiotic controls” later in this 
review, but  fi rst we have to consider small mammals as the second most important 
group of herbivores.  

    1.3.3   Biotic Controls: Effects of Other Herbivore Groups 

 Small mammals are abundant in steppes worldwide, and those of Central Asia are 
no exception. Rodents and, to a lesser extent, lagomorphs occur with a considerable 
diversity and colonise Central Asia from the desert lowlands to the alpine  Kobresia  
mats. Species numbers tend to be higher in the more productive environments 
such as the tall grass steppes (Wang et al.  1999  ) . Some species show high densities 
and rapid population increases; the microtine vole  Microtus brandtii  is perhaps the 
most studied example. Brandt’s vole occurs in grass steppes of Mongolia and 
north-eastern China, where populations show boom and bust cycles that may be 
triggered by large-scale climate phenomena (Zhang et al.  2003b  ) . Outbreaks have 
increased in frequency, presumably associated with increased grazing, because 
voles prefer habitats with short vegetation. During outbreaks, vole burrows can 
rapidly cover the larger part of the steppe surface. Voles consume biomass, and 
cause massive soil disturbance, eventually leading to the suppression and even 
disappearance of the otherwise dominant perennial hemicryptophytes (Zielinski 
 1982 ; Peterson  1994 ; Samjaa et al.  2000  ) . Vole burrows carry a small cover of 
poorly palatable short-lived species. Burrows are abandoned after a few weeks 
or months and are subsequently colonised by shrubs, which bene fi t from the lack 
of competition by hemicryptophytes. Shrubs have comparatively deep roots 
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(Kutschera et al.  1997 ; Liu et al.  2003  )  enabling them to use water that moves rapidly 
down in the disturbed burrow soils.  Microtus brandtii  may convert relatively 
productive grassland into stands of weeds or into scrub, which have limited value as 
pasture. Not surprisingly, the species is seen as a pest and control schemes have 
been implemented, including large-scale aerial poisoning (Shi et al.  2002  ) , which 
has severe side-effects on other organisms. 

 Marmots ( Marmota  spp.) are also abundant in grass steppes, but they have much 
slower population dynamics and larger burrows that are less easily abandoned and 
more permanent. Marmots do not demonstrate outbreaks and never devastate entire 
regions through burrowing activity (van Staalduinen and Werger  2006b  ) . Plant 
diversity is lower on burrows compared to open steppe, but even active burrows are 
partly covered by perennial grasses ( Stipa krylovii ,  Leymus chinensis ). Plant tissues 
have a higher concentration of nitrogen and phosphorus, ANPP is also higher, and 
burrows thus present valuable forage. Zokors ( Myospalax  spp.) are the main fosso-
rial rodents on the Tibetan plateau, and have similar mixed effects on rangelands. 
The diversity of plants is lower on burrows, but biomass productivity and nutrient 
availability is higher (Zhang et al.  2003a ; Wang et al.  2008  ) . Burrows also provide 
special microhabitats for a number of organisms, and zokors are sometimes seen as 
ecosystem engineers rather than pests. 

 Pikas ( Ochotona  spp., Lagomorpha) are widespread from the drylands of 
southern Mongolia to the alpine meadows of Tibet. They have been considered as 
pests because they compete with livestock for forage and dig burrows like voles. 
In Tibet, they tend to be associated with disturbed  Kobresia  mats (Photo  1.6 a), but 
whether they cause the fragmentation of sods or just bene fi t from sod disturbance by 
livestock or climatic conditions is not clear (Pech et al.  2007 ; Miehe et al.  2008  ) . 
Pikas may even have positive effects on rangeland conditions. In Mongolia, pikas 
do not show population outbreaks and they live in permanent burrows that usually 
cover only a fraction of the surface (Nadrowski  2006  ) . Diversity on burrows may be 
higher or lower than on the surrounding steppes depending on the soil substrate 
(Photo  1.6b, c , Wesche et al.  2007  ) . Pikas are important herbivores and they consume 

  Photo 1.6    Pikas ( Ochotona  spp., Lagomorpha) in Central Asia. ( a ) Tibetan pika ( O. curzoniae ) 
in a disturbed  Kobresia  meadow, characterised by  Leontodon  and  Anaphalis  spp. with low forage 
value. ( b ) Burrow of the Mongolian pika ( O. pallasi ) characterised by a high abundance of 
shrubs ( Artemisia  spp.) and annuals (Chenopodiacae). ( c ) Adjacent desert steppe in the southern 
Mongolian Gobi dominated by herbaceous perennials ( Agropyron cristatum ,  Stipa krylovii , 
 Allium  spp.)       
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a similar share of the ANPP as livestock (Lai and Smith  2003 ; Retzer  2007  ) . 
In Mongolia, in addition to storing forage for winter, pikas concentrate faeces on their 
burrows, thereby counteracting the large-scale nutrient withdrawal by livestock 
described above. As a consequence, pika burrows have higher plant available soil 
nutrient contents, and plants on burrows are more nutritious and productive. Burrows 
therefore represent preferred forage sources for livestock (Wesche et al.  2007  ) , 
independent of soil associated moisture. Pikas and livestock can co-exist in the long 
run (Komonen et al.  2003 ; Retzer and Reudenbach  2005  ) . Given that burrows also 
offer microhabitats for other biota, pikas should be seen as ecosystem engineers, 
that occur under particularly dry (southern Mongolia) and cold (Tibet) conditions 
(Smith and Foggin  1999  ) . Large-scale poisoning is thus inappropriate and has 
largely been stopped now.  

 Much less well studied are other herbivore groups such as insects. Ongoing 
research is still largely devoted to taxonomy and distribution patterns, while 
effects on pasture conditions are only known by anecdotal evidence. Even 
under the generally cold conditions of Central Asia, the warm summer conditions 
allow for considerable insect diversity. In particular, Orthoptera occur with great 
diversity and in surprisingly large sizes (Photo  1.7 ). Abundance levels also 
appear to be high, but quantitative data are lacking. In southern Mongolian desert 
steppes, Orthoptera were encountered each year between 2000 and 2008, but 
feeding effects seemed mostly negligible (pers. obs.). In 2004, we witnessed one 
of the rare outbreaks, when Orthopterans numbered dozens/m² with considerable 
impact on the steppe vegetation. Grasshoppers clip vegetation even closer to the 
ground than pikas (Photo  1.7 ), resulting in the almost complete removal of above-
ground forage and in fl orescences. Sound measurements are not available and 
will be hard to obtain due to the irregular nature of such outbreaks, but it seems 
certain that insect herbivory can have an effect, at least in some years (Zhang 
et al.  2011  ) .   

  Photo 1.7    In years of outbreaks, Orthoptera can be important herbivores in southern Mongolian 
desert steppes. ( a ) Tiny stem of the annual  Artemisia  ( Neopallasia )  pectinata , that is avoided by 
livestock but has been cut by grasshoppers. ( b ) During outbreaks, herbaceous forage becomes so 
scarce that grasshoppers feed on dung       
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    1.3.4   Abiotic Controls – Climatic Constraints 

 It is established that herbivores have a strong impact on site conditions, particularly 
on soil nutrient availability, while direct effects on vegetation composition are 
mediated by the climate, especially precipitation. Differences in temperatures were 
of limited importance, partly because entire Central Asia has low mean tempera-
tures (Table  1.1 ) and cold winters. Rapidly dropping temperatures in September 
and early October usually terminate the growing season (von Wehrden et al.  2010  ) . 
The time at which C4 grasses commence growth is dependent on suf fi ciently high 
temperatures being reached, which may not be until summer during years with cooler 
springs (Liang et al.  2002  ) . The dominant C3 species may respond even negatively 
to warm spring temperatures (Yuan et al.  2007 ; Yu et al.  2010  ) , presumably due to 
lack of water in spring. Snow depths have increased in most of the Central Asian 
grasslands over the last decades (Peng et al.  2010  )  and analysis of satellite images 
implies that this results in enhanced growth in summer. This highlights the critical 
importance of early spring moisture availability. In fact, growth in spring is usually 
delayed until the onset of summer rains in May/June, although temperatures are 
well above zero from late April onwards. Together, precipitation and temperature 
restrict the growing season in much of Central Asia to 3 months or even less.  

 Precipitation is the crucial factor for all biota in Central Asia, which can be seen 
at various levels. Large-scale precipitation patterns control the spatial distribution 
of major vegetation belts in Mongolia and northern China (Table  1.1 , Fig.  1.2 ). 
Temperature is only a mediating factor, even in Tibet where the  Kobresia  meadows of 
the moist western half cover an altitudinal range of almost 3,000 m, corresponding 
to 15–18 K difference between the lowest and the highest occurrence. Still, the 
vegetation of these eastern Tibetan mats is astonishingly homogenous. The western 
parts of Tibet have a very different vegetation, dominated by alpine steppes with 
 Stipa  and  Allium , but this is related to lower precipitation rather than to different 
temperatures (Miehe et al.  2008,   2011  ) . 

 Precipitation patterns are much more continental than in neighbouring Middle 
Asia, but also compared to North American prairies with their occasional winter 
precipitation. The prairies are less cold and have a longer growing season 
(Lauenroth and Milchunas  1992 ; Lauenroth  2008  ) . A short grass steppe in North 
America receives around 320 mm/a as compared to 120 mm mean precipitation in 
the southern Mongolian desert steppes, that also have a continuous but sparse 
cover of short grass (data from station Dalandzadgad, National Meteorological 
Service Mongolia). Rain use ef fi ciency (RUE) – in this context the ratio between 
ANPP and annual precipitation total – is therefore clearly higher in Central Asian 
steppes (Xiao et al.  1996  ) . This is at least partly an effect of seasonality, as shown by 
data from the Dalandzadgad station. On average, 90 mm (75%) of the precipitation 
falls between May and August, resulting in an average of 20–30 mm per month 
for the growing season. This is not exceedingly low compared to many semi-deserts 
and explains why appreciable growth and land use practices persist in these 
desert steppes. 
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 Precipitation also exerts a strong in fl uence at the local scale, where plot-level 
species richness ( a -diversity) and species composition are correlated to mean 
annual precipitation (Bai et al.  2007 ; von Wehrden and Wesche  2007 ; Ma et al.  2010  ) . 
This re fl ects the fundamental diversity – productivity correlation (Wang et al.  2011  ) . 
According to Ni  (  2004  ) , aboveground net primary production in northern China 
ranges between 15 and 1,647 g/m². The latter is clearly an extreme value showing 
that water surplus sites such as saline meadows were included. The precipitation 
range for these data was approximately 80–620 mm annual mean, and the correla-
tion between ANPP and precipitation was r = 0.32. The correlation was even stron-
ger in an analysis that covered biomass measurements from all Chinese grasslands 
including Tibet, but which excluded untypical water surplus sites (ANPP range 
10–360 g/m², precipitation 100–500 mm, Bai et al.  2007  ) . Mean annual precipita-
tion explained ca. 36% of the differences in ANPP (mean annual temperature only 
ca. 3%) and 44% of the variation in species richness. Correlations differed in detail 
between major grassland types, but ANPP/precipitation and species richness 
showed linear relationships with no evidence of hump-shaped patterns or levelling 
at the higher precipitation levels. Even moister regions of Central Asia have still 
limited productivity compared to e.g. monsoonal eastern Asia, and may still 
represent the rising part of the productivity-diversity relationship (von Wehrden 
and Wesche  2007  ) . 

 Mean values do, however, poorly re fl ect the huge interannual variability in 
precipitation, which is an inherent feature of most drylands. Coef fi cients of variation 
(CV, interannual standard deviation expressed as percentage of the annual mean) are 
typically high in the semi-arid parts of Mongolia and China (Zhou et al.  2007  ) . 
Climate stations in southern Mongolia have interannual CVs of 35–55%, and growing 
season variability may be even higher (von Wehrden et al.  2010  ) . In a given year, the 
aforementioned Dalandzadgad station may report anything between 30 and 150 mm 
precipitation (mean 120 mm). With water as the main limiting factor, ANPP shows 
related changes, as is evidenced by plot-level studies (Hilbig et al.  1993 ; Xiao et al. 
 1996 ; Wang  2004 ; Munkhtsetseg et al.  2007  )  but also in larger-scale remote-sensing 
based approaches (Piao et al.  2004 ; von Wehrden and Wesche  2007 ; Zhou et al.  2007  ) . 
The example in Fig   .  1.8  shows the development of standing crop in an exclosure 
experiment conducted in southern Mongolia (Wesche and Retzer  2005 ; Retzer 
 2007 , supplemented). At ungrazed sites, standing crop varied between ca. 25 (2001) 
and 55 g/m² (2004). 2001 and 2002 were drought years with very low ANPP, while 
2003 and the following years were relatively moist. ANPP thus showed a moderately 
strong correlation with summer precipitation at the neighbouring Dalandzadgad 
station (r = 0.46). Precipitation and ANPP are often not perfectly correlated, even in 
drylands (Fernández  2007  ) , indicating that plants may need time to recover or are 
intermittently constrained by other limitations. Moreover, there is also evidence that 
a few more pronounced rain events may be more important than a higher number of 
lighter rains (Ronnenberg et al.  2008  ) ; an issue which is addressed in the fertilization 
studies discussed later in this review.  

 Standing crop at sites grazed by the two main herbivore groups (livestock, pikas) 
was also highly variable, indicating that both herbivore groups were not able to 
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track interannual changes in forage availability. Uptake was low during droughts 
in the  fi rst 2 years but remained low in the more favourable year of 2003 (Fig.  1.8b ). 
It took a further year for herbivores to increase uptake and utilise the larger part of 
the available forage again. The patterns differed between groups: Pikas were able to 
maintain higher feeding pressure than livestock in the  fi rst year of the drought while 
livestock became the more active group in the following years. This is most easily 
explained by changes in numbers (Retzer and Reudenbach  2005  ) : Herders moved 
away from the drought region in 2001, experiencing heavy losses but saving at least 
part of their herds. Pikas are sedentary but were able to survive quite well during 
the  fi rst year (partly because they had reserve fodder in their burrows). Resources 
were consumed in the second year and the sedentary pika populations collapsed 
(Nadrowski  2006  ) . 

 The correlation between livestock numbers and weather conditions is also 
evident in an analysis of governmental livestock statistics for the region (Fig.  1.9 , 
Begzuren et al.  2004 ; Retzer and Reudenbach  2005  ) . Correlation analyses showed 
that occasional snow cover in winter may cause severe losses (Begzuren et al.  2004  ) . 
Harsh winters of 2002, and more recently 2009/2010, resulted in massive losses 
(up to >30%, national livestock statistics), simply because snow cover prevented access 
to forage on winter pastures (see Chap.   20     by Baas et al., this volume). Winter snow 
may occasionally hit all sites in Central Asia, including the drier parts (Batjargal 
et al.  2002 ; Tachiiri et al.  2008  ) . Such catastrophic conditions are called “Dzuud” 
or “Zud” by Mongolians. Collapses due to summer drought (called “char Dzuud” – 
black Dzuud) are mostly restricted to the drier parts of Central Asia, such as southern 
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  Fig. 1.9    Relationship between animal numbers and precipitation in the South Gobi Aymak, southern 
Mongolia (data National Statistical Yearbook). ( a ) Total livestock numbers ( dotted line ). ( b ) Goat 
numbers only (note that precipitation showed no long-term trend over the years; r² < 0.01)       

Mongolia or the alpine steppes of Tibet. The moister tall grass steppes, forest and 
alpine meadows have more predictable precipitation patterns (interannual CV 
<25%), resulting in a more equal ANPP. This allows livestock herds to build up 
without suffering from regular droughts, eventually leading to high numbers and, 
often, overgrazing.  

 Such phenomena offer an explanation for the patterns observed in Fig.  1.6 . 
Strong impact of grazing on vegetation is more commonly found under relatively 
moist conditions, typically >200 mm/a in Central Asia (Ellis et al.  2002  ) . At drier 
sites livestock numbers are kept relatively low due to recurrent droughts, so that 
grazing in these steppes often only has a negligible impact on the vegetation. This 
is described by the non-equilibrium theory (NEQT) of rangeland science: Herds 
show strong  fl uctuations as a consequence of highly variable precipitation and thus 
forage availability. Relatively frequent collapses result in relatively small popula-
tions and a lower risk of grazing degradation (Ellis and Swift  1988 ; Sullivan and 
Rohde  2002 ; Vetter  2005  ) . In contrast, moister sites have less variability and allow 
for more or less permanently high livestock numbers, which may eventually exceed 
carrying capacity and trigger degradation. This conceptual model describes condi-
tions in large parts of Central Asia reasonably well and has consequently been 
embraced by a number of authors (Fernandez-Gimenez and Allen-Diaz  1999 ; 
Zemmrich  2007 ; Wesche et al.  2010  ) . 

 There are, however, unsolved questions, such as the relatively limited impact of 
grazing in low productive rangelands with a long evolutionary history of grazing 
(Milchunas and Lauenroth  1993 ; Cingolani et al.  2005 ; Milchunas et al.  2008  ) , 
which are often explained in terms of evolutionary adaptations without any empha-
sis being placed on stochastic events. The discussion among schools of thought 
remains intense, particularly because of the far-fetching implications of the NEQT 
for the evaluation of human impact in dry rangelands such as e.g. the Sahel. No 
consensus has been reached as yet (Gillson and Hoffman  2007 ; Hambler et al. 
 2007  ) . From a Central Asian perspective, there are also contradictory examples 
including the apparent grazing degradation in dry Saxaul stands described under 
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grazing effects above (cf. Photo  1.5c ). An example of a larger-scale analysis is given 
by Ho  (  2001  ) , who analysed livestock statistics in northern Chinese grasslands and 
found no apparent correlation with precipitation. Even our simple example from 
southern Mongolia indicates that the NEQT is too simple (Fig.  1.9b ): Goat numbers 
have more or less steadily increased, irrespective of the climate conditions, implying 
that socio-economic aspects (in this case the interest in producing Cashmere that 
can be sold at relatively high prices to the international market), also play a role. 
The NEQT in its strictest sense is an oversimpli fi cation, as is the assumption of 
widespread grazing degradation everywhere in Central Asia. The true nature of 
such trends lies somewhere in between, with NEQ and steady-state conditions 
representing only two extremes in an overall more complex system. 

 Perhaps more importantly, much of the discussion on the NEQT ignores below-
ground conditions. The relation between precipitation patterns and belowground 
productivity/total productivity is not necessarily close in Central Asia (Ni  2001  ) . 
Both remote sensing data and actual measurements in Chinese grasslands show 
that carbon stocks in soils show moderately strong correlations with precipitation 
patterns (Ni  2001 ; Yang et al.  2010b  ) . Plants may allocate 50–98% of their growth 
belowground, with decreasing precipitation resulting in more belowground alloca-
tion within a given habitat type such as steppe (Fan et al.  2008 ; Yang et al.  2009a  ) . 
The precipitation effect on allocation disappears if all grassland types in China are 
analysed jointly, which results in speci fi c biological traits becoming more relevant. 
 Kobresia  spp. in alpine meadows of Tibet have very low aboveground-belowground 
ratios in phytomass, and build up huge soil carbon sinks. They occur mostly at high 
altitudes and consequently at low temperatures, explaining why mean annual 
temperature and altitude emerge as a decisive factor for sizes of soil carbon pools in 
large-scale comparisons in Chinese grasslands (Ni  2001 ; Piao et al.  2004 ; Dai and 
Huang  2006 ; Yang et al.  2010b  ) . Clearly, below-ground conditions are not solely 
controlled by precipitation.  

    1.3.5   Abiotic Controls – Nutrient Availability 

 In our context, the main question is whether soil conditions matter at all for steppe 
plant performance, especially for the crucial forage productivity. Most of Central 
Asia is cold and dry, implying that plant growth should be limited by climate rather 
than by soil conditions. The NEQT, but also key reviews on dryland ecology 
(Noy-Meir  1973 ; Breman and De Wit  1983  ) , emphasise the overwhelming role of 
precipitation, regarding e.g. soil nutrient availability as a secondary factor for growth 
in drylands. More recent reviews have, however, shown that soil nutrients may limit 
plant growth over a wide range of precipitation (and temperature) conditions 
(Breman and De Wit  1983 ; Hooper and Johnson  1999 ; LeBauer and Treseder  2008  ) . 
Nitrogen has most commonly been assessed as a limiting factor, but where tested, 
P is usually found to be co-limiting. In the moister grass steppes (mean annual 
precipitation >300 mm) experimental nitrogen fertilization under ambient precipitation 
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usually results in a signi fi cant increase in ANPP (Pan et al.  2005 ; Bai et al.  2009 ; 
Fanselow et al.  2011  ) , improved tissue N contents (Liu et al.  2007 ; Huang et al.  2008  )  
but also slow changes in dominance patterns, due to differing responses to fertilization 
among species. Patterns in belowground productivity are less widely studied but 
may even be opposite (Li et al.  2011a  ) . 

 Positive effects of N and/or P addition in the moister steppes of Central Asia are 
not surprising from a theoretical point of view, and they are important in view of the 
nutrient losses under heavy grazing discussed above. Together, these observations 
imply that land management should consider conservation of soil nutrient stocks in 
the Central Asian steppes. Otherwise, the slow degradation of soils will worsen the 
direct degradation effects apparent in the above-ground vegetation, resulting in 
severe and lasting losses in steppe productivity. 

 Less clear is the importance of soil nutrient availability under more severe 
climatic conditions, such as those found at high altitude sites in Tibet. Studies from 
other alpine sites (Theodose and Bowman  1997  )  and data from Central Asia 
described above suggest that annual mean temperatures are not necessarily decisive 
for growth. Nutrient shortage may affect plant growth in high altitude Central Asia, 
and this is supported by fertilization experiments (Fig.  1.10 a). Because initial studies 
pointing to a certain macro-nutrient as the most limiting factor were not available, 
we tested full NPK fertilization in  Kobresia  meadows of eastern Tibet (ambient 
precipitation 400–500 mm). We found strong evidence of N-limitation, and biomass 
productivity was increased even further when NPK were jointly added. Alpine 
meadows thus suffer from nutrient constraints (N, followed by P), which may have 
been aggravated by traditional land use and associated nutrient withdrawal. This is 
also supported by a large-scale comparison of rain use ef fi ciency (unit aboveground 
biomass productivity per unit of precipitation) in Tibetan grasslands that also 

  Fig. 1.10    Effects of fertilization in Central Asian grasslands. ( a ) Effects of fertilization in Tibetan 
 Kobresia pygmaea  mats (n = 4; station Kema, 4,450 m asl, Seeber, Miehe and Wesche unpublished). 
Macronutrients were applied at annual rates of 10 g N, 5 g P and 34 g K per m², and under ambient 
precipitation. ( b ) Effects of fertilization in southern Mongolian desert steppes (after Wesche and 
Ronnenberg  2010  changed). NPK fertilizer was applied at equivalents of 10 g N, 3.3 g P and 33 g K 
per m², plus Mg and various micronutrients at an annual base ( F  fertilized,  C  controls, n = 9)       
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demonstrated positive effects of more fertile soils on productivity (Yang et al.  2010a  ) . 
Studies on the drier alpine steppes of Tibet are, unfortunately, not available.  

 Not only low temperatures but also low water availability may interact with nutrient 
constraints. There is contrasting evidence as to whether the relative importance of 
nutrient availability, especially N, declines with increasing dryness of the sites 
(Breman and De Wit  1983 ; Xia and Wan  2008  )  or is independent of precipitation 
(Hooper and Johnson  1999 ; LeBauer and Treseder  2008  ) . Surprisingly few fertilization 
studies have, however, been performed in drylands with <200 mm annual mean 
precipitation. Recent publications from North America (James et al.  2005 ; Harpole 
et al.  2007  )  and anecdotal evidence from Central Asia (Slemnev et al.  2004  )  implied 
that nutrients may limit plant growth even under dry conditions. This was also 
supported by our own fertilization experiments in southern Mongolian desert 
steppes (Wesche and Ronnenberg  2010  ) . Again, we had to opt for NPK fertilization 
performed under ambient precipitation (120–180 mm). There was clear evidence of 
nutrient limitation as fertilization more than doubled ANPP (Fig.  1.10b ). The valuable 
forage grass  Agropyron cristatum  showed a particularly strong response. Tissue 
contents of N, and therefore raw protein contents, increased and  fl owering was 
also facilitated. The absolute magnitude of effects was higher in the moist year 
of 2004 (180 mm precipitation) than in the more average years of 2005 and 2006 
(110, 130 mm), indicating co-limitation by water availability. 

 In a second experiment at the same sites, fertilizers were applied in factorial 
combination with irrigation equivalent to 100 mm, which is more than the average 
summer precipitation at the site (Ronnenberg and Wesche  2011  ) . Fertilization again 
showed strong effects on ANPP, while irrigation had no signi fi cant effect. This is in 
contrast to  fi ndings of relatively stronger irrigation effects in moister Inner Mongolia 
(Fanselow et al.  2011 ; Li et al.  2011a  ) , but may simply indicate that timing is 
important. In our experiment, water was only applied in summer (July, August) and 
in relatively small daily doses (5 mm). The discussion on winter and spring precipi-
tation above implies that precipitation in late summer may have generally limited 
effects in the dry grasslands. Moreover, there is also evidence that a few large 
precipitation events may be more relevant than a number of small events (Ronnenberg 
et al.  2008  ) , a pattern that has recently been described for North American dry 
steppes as well (Knapp et al.  2008 ; Heisler-White et al.  2009  ) . 

 While cations are usually present in suf fi ciently high concentrations in the 
grassland soils, it remains unclear whether P or N is the more crucial limiting factor. 
To our knowledge, differential fertilization experiments have hardly been performed 
in dry Central Asia, and there is thus only indirect evidence. Plant tissue NP ratios 
in southern Mongolia were >20–30, which is high compared to measurements on 
plants all over China (Han et al.  2005 ; He et al.  2008  ) . Wide NP ratios point to 
P rather than N as the limiting factor, although this is only an initial indication 
(Drenovsky and Richards  2004 ; Güsewell  2004  ) . The pronounced effects of NPK 
fertilization on  fl owering activity may also point towards P limitation (Marschner 
 1995  ) , and low numbers of legumes in the vegetation (see introduction on  fl ora 
above) suggest that factors other than N limit growth. Indeed, the generally high pH 
values in the desert steppes will result in quick immobilisation of P, aggravating 
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already low contents of P in bedrock in several parts of Central Asia (e.g. Inner 
Mongolia, He et al.  2008  ) . These inferences are, however, speculative, and there is 
evidence in the literature that the addition of N alone may have positive effects on 
plant growth in dry Central Asia (Slemnev et al.  2004 ; Li et al.  2011b  ) . 

 In any case, the data demonstrate clearly that land-use mediated loss of nutrients 
may constrain steppe productivity, even at relatively dry and/or cold sites. Due to 
the productivity-diversity relationship discussed above, low levels of nutrients may 
also affect species richness in the long run (Bai et al.  2007  ) . Large-scale fertilization 
of steppes is certainly not feasible (due to very low nitrogen use ef fi ciency; Wesche 
and Ronnenberg  2010  ) , but future studies should address how different forms of 
grazing such as sedentary vs. nomadic, or goat-dominated herds vs. traditional 
camels, affect nutrient  fl ows in the landscape. The comprehensive data from the 
well researched IMGERS station (including the MAGIM project) in Inner Mongolia 
shows that land use has tremendous effects on soils and vegetation in the landscape, 
at population and individual levels. Similar data are needed from other climatically 
different sites, because nutrient constraints have to be taken into account if realistic 
scenarios on future land use and the effects of climate change in Central Asia are to 
be developed.   

    1.4   Conclusion – Central Asia and Global Change 

 We have restricted our discussion to relatively simple response variables such as 
productivity and growth, but even these have revealed complicated patterns. These 
differed strongly between sites, in spite of the general similarity in physiognomy of 
the Central Asian grasslands. Grazing, precipitation and temperature may all have 
an in fl uence, be it in isolation or through interaction. As a consequence, predictions 
in respect of ongoing land use and climate change remain dif fi cult. 

 A main problem is that trends in key aspects of global change are not clear. 
In terms of land use change, intensity has increased over the last few decades and is 
likely to increase further with respect to current population growth in Mongolia 
and in the ethnic minorities of China. Animal numbers are already high and will 
probably increase, at least locally; although strong interannual  fl uctuations as shown 
for Mongolia render detection of trends dif fi cult. Sedentarisation complicates the 
picture even further: Movements have largely ceased in Inner Mongolia, sedentarisation 
has commenced in Tibet, and prospects in Mongolia depend on outcomes of 
ongoing political discussions (Sneath  1998 ; Janzen  2005 ; Long et al.  2008 ; Ptackova 
 2011  ) . With respect to the inherently high variability of conditions, sedentarisation 
is a risky strategy, and may cause higher ecological and, potentially, economic 
vulnerability. In particular, dry steppes, with their unpredictable conditions, deserve 
attention in this respect. Management schemes based on steady-state conditions and 
local carrying capacities are of questionable value for these regions. On the other 
hand, the assumption of continuous increases in herd numbers and associated 
degradation certainly is too simple. 
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 Global climatic change is resulting in rising temperatures being reported by 
the majority of weather stations in the region, and this is also supported by models 
(Klein Tank et al.  2006 ; IPCC  2007 ; Dagvadorj et al.  2009  ) . Rates of increase 
have widely been >2 K in the last century, triggering concerns about increasing 
(physiological) aridity. This is surprising in view of the discussion above that provides 
no evidence for an unequivocal importance of temperature controls. A warming 
experiment in northern China also showed that precipitation is more important than 
temperature alone (Niu et al.  2008  ) . An experiment in northern Tibet described 
severe negative effects of warming (Klein et al.  2004  ) , but this was conducted at the 
lower altitudinal (and therefore upper thermal) limit of the dominant  Kobresia  spp. 
More data from the core alpine sites are needed, especially in combination with 
water addition. Yu et al.  (  2010  )  claim that warm temperatures in Tibetan grasslands 
lead to a lack of winter chilling and an associated delayed onset of the growing season. 
This may, however, also be related to precipitation patterns: We correlated values 
reported by Yu et al.  (  2010  )  on the start of the growing season with precipitation in 
March and found a conspicuous trend (Spearman rho = −0.41, p < 0.05). Simulation 
model studies also imply that trends in aridity in steppe vegetation largely depend 
on trends in precipitation (Christensen et al.  2004  )  and rising CO 

2
  reduces drought 

sensitivity in grassland plants (Soussana and Luscher  2007  ) . With no extra rain, 
increased temperatures may offset positive effects of higher CO 

2
  availability and 

thus higher water use ef fi ciency; but again, moisture availability rather than 
temperature alone is the key variable. 

 This is also in line with results described above, where precipitation emerged 
as the perhaps single most important factor in the region. Unfortunately, trends in 
precipitation patterns are much less well understood than those for temperature, and 
congruence between model simulations over Central and Middle Asia is limited 
(Lioubimtseva et al.  2005 ; IPCC  2007  ) . Most stations in Central Asia have reported 
no change or increased annual precipitation totals over the last decades (Wei et al. 
 2005 ; Klein Tank et al.  2006 ; Shi et al.  2007  ) . In Mongolia, some stations show 
decreased precipitation (Dagvadorj et al.  2009 ; Dulamsuren et al.  2010  ) , but the 
spatial heterogeneity is huge and, on average, total precipitation seems to be stable 
(Angerer et al.  2008  ) . Future reductions in the intensity of the Indian monsoon due 
to warming and increasing air pollution in South Asia have been predicted for parts 
of the Tibetan plateau (May  2004 ; Zickfeld et al.  2005  ) , while other studies imply 
increases of precipitation in (eastern) Tibet (Cui and Graf  2009 ; Yu et al.  2010  ) . 
Taken together, general scenarios on moisture availability over Central Asia should 
therefore be taken with caution. 

 There is a trend towards increasing winter precipitation and snow cover 
(Peng et al.  2010  ) . This may have disastrous effects on livestock herds if access to 
winter pastures is prevented (Dzuud), but may have positive consequences if spring 
moisture availability is improved. In fact, early summer growth shows positive 
trends to increasing snow depths in northern Chinese grasslands, while effects in 
Tibet are not signi fi cant, possibly due to cold conditions (Peng et al.  2010  ) . Several 
authors also report increased variability and higher frequency of extreme events in 
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precipitation (Klein Tank et al.  2006 ; Dagvadorj et al.  2009  ) . This is usually regarded 
as critical as severe rains result in more runoff. While effects of more extreme rain 
events are indeed usually negative in relatively moist regions, they may be positive 
in dry environments, where small water doses may evaporate quickly and not even 
become effective for plant growth (see above, Knapp et al.  2008  ) . Therefore, at 
present, neither knowledge on trends in timing of precipitation patterns, nor 
understanding of the potential effects seems suf fi cient in our region. 

 Finally, effects of climate and land use change on productivity and plant perfor-
mance are further complicated by soil nutrient effects. We have seen that nutrient 
availability is likely to constrain growth in dry and moist sites alike. Atmospheric 
nitrogen deposits will increase over Central Asia, but rates may be too small to exert 
any major impact (Galloway et al.  2004 ; Kinugasa et al.  2008  ) . Matter  fl uxes due to 
livestock grazing may be much more important, but this is a topic that has been 
explored at very few sites so far, and trends in the future are unclear. 

 Carbon stocks in soils are not only relevant for local phenomena but also in 
terms of sequestration and global carbon cycles. Recent publications imply that 
carbon stocks have remained largely stable in soils of northern China and Tibet 
(Yang et al.  2009b,   2010b  ) . There is, however, spatial heterogeneity, and there 
are reports of contradictory patterns (Cao et al.  2003 ; Xie et al.  2007  ) , but there 
is at least no unequivocal evidence for declining carbon pools in Central Asian soils. 
The same holds true for vegetation, where recent studies describe increasing 
cover in Central Asia (Piao et al.  2004 ; Yang et al.  2009a  ) , while there is also 
evidence for severe declines (Wei et al.  2005 ; Angerer et al.  2008 ; Dagvadorj 
et al.  2009  ) . Whether these are due to climate change or land use effects is still 
open to debate. 

 It is clear that knowledge on the ecology of Central Asian grasslands has vastly 
improved in the last two to three decades. It is, however, equally clear that we 
still lack a comprehensive understanding of most of the involved processes and 
the potential drivers for changes in plant community composition or productivity. 
The successively published and surprisingly often negative scenarios on future 
development in the course of global land use and climate change should thus be 
viewed with extreme caution. Central Asia is a huge region and it would be very 
surprising if it did not show complicated and often unexpected responses.      
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  Abstract   Russian steppe should be recognized as an endangered biome which 
dramatically declined and degraded during the last two centuries. We summarize 
the major economical and conservational values of the Russian part of the steppe 
biome relating it with the main elements of the biodiversity pattern of the biome. 
The principal factor actually driving the biome dynamics is land use, foremost 
agriculture. Recently almost all surviving steppes in Russia were used as pastures 
for cattle, sheep, and horse breeding while speci fi c land-use patterns are characteristic 
for each main subdivision of the biome. 

 The conservation status of the steppe ecosystems is strongly insuf fi cient. The steppe 
is the least protected biome according to all indicators: the least coverage of protected 
areas, the least biome fraction in national PAs, the least average area of PA, etc. 
For main subdivisions of the steppe biome we estimate the proportion of the area 
under protection nationally. It comprises 3–10% and for the total biome and all 
levels of conservation is not exceeding 5%. 

 Thus the major part of the biome is still unprotected and faces many actual threats 
and new challenges caused by land use changes, the main ones being conversion 
(and re-conversion) into cropland, overgrazing and pasture abandonment, wild  fi res, 
mining and fossil hydrocarbons extraction, over-exploitation and poaching, and 
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afforestation. Almost all threat intensities and speci fi cs vary following market 
signals. For example, turning secondary steppes into cropland was signi fi cantly 
intensi fi ed due to the global biofuel boom and grain crisis.     

        2.1   Main Divisions of the Steppe Biome in Russia 

 While Russia commonly seems to be a ‘forest country’ it actually possesses a huge 
extent of grasslands. By its acreage and diversity, steppe is the largest temperate 
grassland type in Russia. 

 The huge Eurasian steppe biome is divided along latitudinal, altitudinal and 
longitudinal gradients, leading to many subdivision schemes recognized by different 
authors (Kucheruk  1959 ; Lavrenko et al.  1991 ; Mordkovich  1994 ; Namzalov  1994 ; 
Chibilev 1998; Nikolaev  1999 ; Korolyuk  2002  ) . Another way to divide the biome 
is distinguishing edaphic and other special variants. Whatever dividing scheme 
we accept, Russia encompasses a very signi fi cant part of the diversity of the 
Eurasian steppe. 

 It is necessary to  fi rst explain the basic gradients and characteristics we used 
(Fig.  2.1 ).  

    2.1.1   Latitudinal and Altitudinal Zoning 

 According to the scheme by Lavrenko  (  1970a,   b  ) , Lavrenko et al.  (  1991  ) , the most 
accepted in post-Soviet countries, the steppe zone in the Eurasian plains divides into 
four latitudinal bands. All of them have analogous zones describing altitudinal 
changes in the mountains along the southern border of Russia (and outside Russia 
as well). In general, from north to south all community characters decrease: species 
richness, total biomass, aboveground/belowground biomass ratio (from 1/8 to 1/30 
over the entire gradient), productivity (by a 100 times), vegetation cover, etc. The 
number and diversity of small burrowing mammals as well as other burrowers 
increase from north to south as do the share of xerophytic semi-shrubs in vegetation 
cover and number of species in plant communities. 

 In this analysis we accept the following categorization of steppe types:

    1.     Meadow steppes  are the least dry and the most mesophytic steppe grasslands 
that typically form the grassland component of the forest-steppe landscape, 
i.e. intermingle with tree and bush groves even on plain watersheds. Grass cover 
is dense and colorful, dominated by many species of loose bunch grasses and 
forbs. The vegetation’s species richness (64–67 species per 100 m 2  on average, 
but up to 70–95 species per 100 m 2  – Korolyuk et al. ( 2008 ); Dzybov  2010  ) , 
evenness, coverage (about 100%), total biomass (15–30 t.ha −1 ), and productivity 
(18–25 t.ha −1 .year −1 ) are high. A relatively large proportion of the biomass 
stands aboveground. Many blossom waves continue non-stop, one after another, 
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from April to October. Characteristic grasses are:  Phleum phleoides, Poa stepposa, 
Helictotrichon schellianum, Calamagrostis epigeios, Stipa pennata, Carex humilis , etc. 
The thickest Chernozem soils (Rich Chernozem subtype in the Russian National 
Soil Classi fi cation) are formed under meadow steppes.  

    2.     Genuine forbs-bunchgrass steppes.  These are dominated by xero-mesophytic 
graminoids ( Stipa zalesskii, S. tirsa, S. pulcherrima, Helictotrichon desertorum  
are characteristic), and have a signi fi cant proportion of xero-mesophytic and 
even mesophytic forbs. Blossom waves are not so numerous. The vegetation’s 
development is interrupted by a short summer pause, though not every year. 
Typical Chernozem soils are formed under these grasslands.  

    3.     Genuine (dry) bunchgrass steppes  are even more droughty grassland types. 
They are dominated by xerophytic and meso-xerophytic graminoids (e.g.  Stipa 
lessingiana, S. krylovii, Festuca valesiaca, Koeleria cristata, Agropyron pectinatum ), 
with xerophytic semi-shrubs ( Artemisia  spp., some other Asteraceae, Chenopo-
diaceae, etc.). The vegetation is not dense; most of the biomass is belowground. 
The characteristic soils (in the Russian classi fi cation which is rather similar to 
the FAO one) are Southern Chernozem, Dark Kastanozem, and Kastanozem. 

 Many authors combine types (2) and (3) into one large  genuine steppes  unit.  

    4.     Deserti fi ed and desert steppes  are the driest types. The vegetation is rather 
sparse; no more than 25–40% of the ground is covered with plants while below-
ground root systems are densely packed. Typical dominants are  Stipa sareptana, 
S. glareosa, S. caucasica, S. gobica, Cleistogenes squarrosa.  The characteristic 
soils are Light Kastanozem and Kastanozem. Deserti fi ed steppes form the grass-
land component of semi-desert landscapes, where they are intermingled with 
desert semi-shrub communities, saline habitats, and xerophytic shrub communities. 
Desert steppe is extremely arid grassland, where tiny xerophytic grasses and 
semi-shrubs form the usual communities.  

    5.     Special mountain steppes.  The stony variants of steppes (see below) are 
characteristic for mountain landscapes but there are also some additional 
steppe formations that are not at all found in the plains. Especially noteworthy 
are the cold cryophytic steppes in the Altay and Sayan Mts., Dauria, etc. In these 
extremely continental arid mountains steppes and alpine tundra grasslands are 
in direct contact and transgress into each other. Another type is the “subtropical 
steppe” with  Andropogon ischaemum,  some species of  Elytrygia,  etc., present 
in the Caucasus Mountains (and much more developed in the mountains of 
Central Asia).      

    2.1.2   Longitudinal Zoning 

 There are two major subregions in the Steppe Region of Eurasia: the Pontic-Kazakh 
Steppe Subregion and the East Siberian – Inner Asian (Daurian-Mongolian) Steppe 
Subregion (Lavrenko et al.  1991 ; Korolyuk  2002  ) . They have their dividing line 
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roughly across the Altay Mountains and Yenisei River. Actually, the Steppe Region 
of Russia could be divided into  fi ve longitudinal sectors (out of seven recognized for 
the entire continent), but subdivision into two Subregions suf fi ces for this chapter. 
The two major subregions differ in many characteristics. Their  fl oras differ notably 
from one another. The distribution area of many plant species is restricted to only 
one steppe subregion:  Cymbaria, Saposhnikovia, Filifolium, Panzeria, Schizonepeta, 
Stellera, Lespedeza , etc. are recorded only in Eastern steppes, while  Trinia, Seseli, 
Crambe, Salvia, Verbascum, Tulipa, Ornithogalum , etc. are characteristic for 
Western ones. Feather-grasses ( Stipa spp.  from the  Stipa  and  Barbata  sections) 
are typical for the Western steppes but are almost not present in Inner Asia, while 
all species of  Stipa  dominating the Eastern steppes belong to the needle-grasses 
(the  Capillatae (=Leiostipa)  and  Smirnovia  sections). Many plant and invertebrate 
species are endemic for only one subregion. The Pontic-Kazakh Steppe Subregion 
is rich in spring ephemeroids while late-summer annuals are characteristic for the 
Daurian-Mongolian steppes due to a very different precipitation regime. Communities 
dominated by  Filifolium sibiricum, Leymus chinensis, Stipa baicalensis  are not 
found in the western half of the Steppe Region, and communities in which  Stipa 
lessingiana, S. zalesskii, S. ucrainica, Artemisia austriaca  and  Artemisia spp.  from 
the  Seriphidium  subgenus do not occur in the eastern one. Desert steppes occur only 
in the Eastern Steppe Subregion.  

    2.1.3   Edaphic Variants 

 Depending on speci fi c substrates steppes form many types of edaphic variants. Sand 
(psammophytic) steppes, stony (petrophytic) steppes, different variants of salt 
steppes, and calcareous steppes are recognized generally. Nearly all variants occur 
in every latitudinal band and each subregion (only sand steppes are restricted to the 
Western Subregion). Speci fi c patterns of typical and edaphic variants are character-
istic for different steppe landscapes depending on their geology, evolutionary his-
tory, and land use.  

    2.1.4   Shrub Steppes 

 Shrubs are a common component of steppe vegetation in all latitudinal bands and 
longitudinal sectors. Many shrub species are characteristic for and not found outside 
the steppe biome. There are species of  Caragana  (in Russia the main ones are: 
 C. frutex, C. altaica, C. bungei, C. spinosa, C. scythica ),  Chamaecytisus, Calophaca , 
 Spiraea  (the most common are:  S. crenata, S. hypericifolia ,  S. trilobata ),  Amygdalus, 
Prunus, Cerasus, Armeniaca, Ulmus , etc. Sometimes shrubs have a special, important 
role and de fi ne certain steppe community types – they are recognized as special 
shrub steppes (usually with  Caragana  and  Spiraea ).  



50 I.E. Smelansky and A.A. Tishkov

    2.1.5   Steppe Landscape Complexes with Other Ecosystems 

 In most cases steppe grasslands in mosaics with other ecosystem types form the 
typical landscapes of the Steppe zone. The two most obvious examples are forest-
steppe (wooded steppe) and semi-desert, in both of which steppe communities occur 
in mosaic patterns with other types of vegetation (forest, desert, shrubland, etc.). 

 Throughout the vast plains of Western Siberia, Dauria, and to a smaller extent the 
Russian Plain and Middle Siberia, the steppes fringe on salty and freshwater wet-
lands, saline grasslands, halophytic succulents communities, or are dotted with 
 Betula ,  Populus , and  Salix  groves. 

 Many communities of these landscape complexes are found only or primarily in 
steppe landscapes – examples are the characteristic ravine “ bairak ” forests and 
shrubberies, steppe wetlands, rocky (petrophytic) steppic dwarf shrub lands, etc. 
For conservation purposes these additional “steppe related ecosystems” (i.e. they 
are ‘intrazonal’ in the Steppe zone) should be treated together with the steppe 
ecosystems as a holistic landscape complex.  

    2.1.6   Succession Series 

 All kinds of steppe ecosystems are highly dynamic. They tend to experience extensive 
and strong disturbances. Therefore all steppe types listed above have both degraded 
and serial variants. Some kinds of disturbances are common and characteristic for 
the steppe biome, particularly grazing and  fi re which are intimately interacting. 
Another characteristic disturbance is the digging activity of burrow-inhabiting 
colonial mammals. 

 In the last decades steppe succession on old- fi elds and formerly overgrazed lands 
became very common in Russia. Therefore serial communities occur widely and are 
highly diverse. Disturbed and serial ecosystems make an important contribution to 
the total steppe area and the actual biodiversity of the Steppe Region. Thus, serial 
steppes dominated by  Stipa capillata  are probably the commonest type recorded in 
all latitudinal bands and longitudinal sectors. Several steppe plants and animals 
occur, as regards the Russian part of their distribution area, only in serial steppes 
dominated by  Andropogon (=Botriochloa) ischaemum  in the Caucasus foothills.  

    2.1.7   Steppe Biome Area and Distribution 

 Steppe grasslands occur in 35 of the 83 administrative provinces of Russia (Federal 
Subjects) that extend at least partly south of 55° NL (Fig.  2.1 ). Extremely small 
pieces of steppe may be also found in several other provinces, not considered here. 
These 35 provinces cover a massive area of 4,806,295 km 2  but only 2,300,000 km 2  
are part of the steppe geographical zone (including forest-steppe and semi-desert). 
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 Accurate inventory of the actually existing steppe area in Russia has not been 
done yet; neither for the total area of temperate grasslands. An estimate may be 
obtained on the basis of land-use and land inventory data. For several provinces 
special investigations on steppe distribution were undertaken and more accurate 
data is available. Nevertheless here we use only coarse land inventory data for com-
parability and uniformity among different provinces. 

 Based on this method the total area of grazing lands (as taken in land inventory 
data) is 681,249 km 2  (mountainous grasslands are underestimated and arctic tundra 
is not included) (of fi cial data of 2006 – Compendium 2007). In every province where 
steppe ecosystems occur most of the natural pastures are steppe grasslands. Within 
35 cited “steppe” provinces the total area of grazing lands (without old- fi elds and 
reserve lands) in the land inventory is 565,823 km 2  (data of 2006 – Compendium 
2007). Based on this  fi gure the actual steppe area in these provinces can be esti-
mated at approximately 500,000 km 2  or somewhat less (Table  2.1 ) constituting 
about 20% of the whole steppe zone area of Russia.  

 Thus, four provinces top the list with grazing lands areas up of 30,000 km 2 : 
Kalmyk Republic, Zabaikalskii Krai (Territory), Orenburg Province, and Tyva 
Republic. These four are scattered along the steppe zone of Russia from its western 
(Kalmyk R.) to its eastern end (Zabaikalskii Krai). Of these, Kalmyk R. falls entirely 
in the semi-desert geographical subzone and its grazing lands consist of steppes, 
semi-deserts, and sand and salt deserts. The steppes take at most half of the total 
grazing lands area. The areas of grazing lands of Zabaikalskii Krai and Tuva R. are 
more heterogeneous. They comprise steppes and deserti fi ed areas, meadows of the 
taiga zone, and alpine grasslands (in Tyva especially). The grazing lands of Orenburg 
Province are almost completely steppe; the province lies in the core of the steppe 
zone. Thus Orenburg should be considered as a region of highest priority for 
steppe occurrence and steppe conservation, while the other three top provinces 
come next. Other important provinces are: Altaiskii Krai, Rostov, Saratov, Volgograd 
provinces, Bashkortostan, and Buryat Republic.   

    2.2   Global Importance 

    2.2.1   UNESCO World Natural Heritage (WHN) 

 As from 1996 Russia holds eight WNH sites. Among them three properties include 
some steppe landscapes, all situated in South Siberia: the Golden Mountains of 
Altai, the Uvs Nuur Basin, and Lake Baikal Basin (Fig.  2.2 ).  

  The Golden Mountains of Altai  (1998) comprise 1,611,457 ha in total, of which 
1,002,000 ha are strictly protected areas while the remaining 609,457 ha have a 
lower protection status. The following areas are protected (World Heritage Site 
categories (I), (II), (III) and (IV)):

   Altaiskiy Zapovednik, category Ia (Strict Nature Reserve) 872,000 ha  
  Katunskiy Zapovednik, Ia (Strict Nature Reserve) 130,000 ha  
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  Lake Teletskoe, III (Nature Monument) 93,753 ha  
  Mt. Belukha, VI (Nature Park) 262,800 ha  
  Ukok Quiet Zone, VI (Nature Park) 252,904 ha    

 The site Ukok Plateau comprises mainly mountain (highland) steppes, steppe-like 
 Kobresia  grasslands, and tundra-steppe ecosystems; small areas of steppe are protected 
in the Altaiskiy and Katunskiy Strict Nature Reserves (also see below). 

  The Uvs Nuur Basin  (2003, transboundary with Mongolia) comprises 1,068,853 ha. 
On the Russian side the property includes seven scattered plots of the Ubsunurskaya 
Kotlovina Strict Nature Reserve:

    1.    Mongun Taiga, 15,890 ha core area + 84,510 ha buffer area  
    2.    Ubsu-Nur, 4,490 ha  
    3.    Oroku-Shinaa, 28,750 ha  
    4.    Aryskannyg, 15,000 ha + 11,800 ha  
    5.    Yamaalyg, 800 ha + 4,000 ha  
    6.    Tsugeer Els, 4,900 ha + 50,000 ha  
    7.    Ular, 18,000 ha + 20,480 ha     

 Total: 258,620 ha (87,830 ha core area + 170,790 ha buffer area). 
 Steppe ecosystems are the main land cover in plots (2), (5), (6), and partially in 

plots (1), (3), (4) and (7). A high diversity of different types of Central Asian steppe 
ecosystems and landscapes is characteristic in this WNH site. 

  Lake Baikal Basin  (1996) 88,000 km 2 : Lake Baikal, 31,471 km 2 , Coastal 
Protection Zone 56,500 km 2  (19,490 km 2  nationally protected):

   Baikalo-Lenskiy Zapovednik, Ia (Strict Nature Reserve) 659,919 ha  
  Baikalskiy Zapovednik, Ia (Strict Nature Reserve, Biosphere Reserve), 165,724 ha  
  Barguzinskiy Zapovednik, Ia (Strict Nature Reserve, Biosphere Reserve), 

374,423 ha  
  Zabaikalskiy National Park, II (National Park), 245,000 ha  
  Pribaikalskiy National Park, II (National Park), 418,000 ha  
  Frolikhinskiy Zakaznik, IV (Habitat/Species Management Area), 68,000 ha  
  Kabanskiy Zakaznik, IV (Habitat/Species Management Area, Ramsar Site), 

18,000 ha.    

 From these only the Pribaikalskiy NP includes a large steppe area, Olkhon Island 
(dry genuine steppe of the Daurian-Mongolian Subregion, mostly sandy and stony 
variants). Tiny pieces of meadow steppe are protected in some other parks. 

    2.2.1.1   Ramsar Sites 

 Even though wetlands seem to be diametrically different from steppe ecosystems, 
due to their environmental and ecological characters, several Ramsar sites  encompass 
some areas of steppe and/or are important for some steppe species. To date, Russia 
designated 35 Ramsar sites (as of 13 September 1994) while the Shadow list is 
much longer (166 sites) (Krivenko  1998,   2000  ) . Only six Ramsar sites contain some 
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steppe areas (Fig.  2.2 , Table  2.2 ). With the exception of the Selenga Delta, all these 
sites include steppe as part of steppe – wetland patterns and in combination with 
diverse saline habitats. Generally, halophytic variants of steppes are best developed 
in these situations.    

    2.2.2   WWF Terrestrial Global 200 

 Within the bounds of Russia there are 11 eco-regions listed in the WWF Terrestrial 
Global 200 (Fig.  2.3 ). Only one of them is recognized especially for its steppe 
ecosystems, the Daurian/Mongolian Steppe. Its main part lies in Mongolia and China, 
with only approximately 10% in Russia. There are several eco-regions marked as 
“forest” but which actually contain some important steppe areas: Altai-Sayan Montane 
Forests and Ural Mountains Taiga and Tundra. Unfortunately the WWF Terrestrial 
eco-region Altai Steppe and Semi-desert is mistakenly placed outside of Russian 
territory and not recognized as globally important (not listed in Global 200).  

  Ural Mountains Taiga and Tundra:  The southern part of the eco-region 
corresponds with the mountainous part of Bashkortostan. It includes some steppe 
tracts while the largest and most important steppe area of Bashkortostan is left 
outside of the eco-region. 

  Altai-Sayan Montane Forests:  The Russian part of the eco-region includes 
both the Altai and Tuva Republics, and partially Altaiskii Krai, Krasnoyarsk, 
Khakassia, Kemerovo, as well as part of Buryatia and Irkutsk. Both current and 
completed WWF eco-regional projects do not cover the latter ones. The many 
steppe areas of the Altai and Khakass Republic and all the territory of Tuva are 
on the border of the eco-region while the steppe areas of Altaiskii Krai fall outside 
the limits. 

  Daurian/Mongolian Steppe:  The Russian part of the eco-region includes the 
southern parts of Buryatia and Zabaikalskii Krai (the steppe region known 
as Dauria).  

    2.2.3   Recognized IBAs 

 Recently the Russian Bird Conservation Union (RBCU) recognized in Russia 746 
Important Bird Areas (IBAs). 462 IBAs are situated in the steppe zone and about 
170 IBAs include steppe ecosystems. Only 88 IBAs contain signi fi cant steppe 
areas and/or are important for characteristic steppe birds, and 25 IBAs could be 
marked as very important to steppe conservation (Fig.  2.4 , Tables  2.3  and  2.4 ) 
(BirdLife International  2008 ; Bukreev  2006 ,  2009 ; RBCU IBA Data Base – version 
June 2008; Antonchikov, personal communication 2010).     
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   Table 2.4    Russia’s IBAs that include a solid steppe area and/or are important for characteristic 
steppe birds – other areas   

 IBA name  Area, km 2   NL  EL  Province 

 Agar-Dag  217  50.28  94.55  Tyva 
 Aleyskaya  755  50.90  82.17  Altaiskii Krai 
 Anuyskaya  3,591  51.72  84.50  Altaiskii Krai 
 Archedinskiye sands  1,500  49.58  43.25  Volgograd 
 Argun’ river  1,000  49.92  118.50  Zabaikalskii Krai 
 Balaganskaya steppe  1,600  53.83  102.83  Irkutsk 
 Birsuat  385  52.20  60.35  Chelyabinsk 
 Blagoveschenskaya (Kulunda lake 

and vicinity) 
 1,344  53.00  79.67  Altaiskii Krai 

 Bogdinsko-Baskunchakski  926  48.17  47.00  Astrakhan 
 Bograd forest-steppe  1,148  54.17  90.78  Khakass 
 Bulukhta area  625  49.33  46.17  Volgograd 
 Charyshskaya  1,598  51.48  83.28  Altaiskii Krai 
 Cherebayevskaya  fl oodplain  108  50.75  45.67  Saratov 
 Chonta  680  46.73  44.95  Kalmyk 
 Dzhirim mountain  86  54.75  90.45  Khakass 
 Ebeity lake  214  54.65  71.73  Omsk 
 Forest-steppe Gyulchachak  1,005  52.70  47.62  Ulyanovsk 
 Golubinskiye Sands  200  48.83  43.67  Volgograd 
 Gornaya Kolyvan’  528  51.33  82.23  Altaiskii Krai 
 Gunibskoye plateau  85  42.42  46.90  Dagestan 
 Kanskaya steppe  2,099  50.90  84.87  Altai 
 Kayakentski reserve  143  42.33  47.80  Dagestan 
 Kholmanskie feathergrass steppes  656  51.667  50.5  Saratov 
 Kissyk area  3  43.73  46.07  Chechen 
 Kraka Mountain  1,300  53.50  58.00  Bashkortostan 
 Krasnoschekovskaya  946  51.87  82.73  Altaiskii Krai 
 Kulaksay lowland  50  50.73  55.83  Orenburg 
 Kundryuchenskiye sands  175  47.75  41.00  Rostov/Don 
 Kupy area  20  51.33  53.77  Orenburg 
 Lake Ayke  100  50.98  61.58  Orenburg 
 Lake El’ton  300  49.17  46.83  Volgograd 
 Lake Manych-Gudilo  500  46.18  43.00  Kalmyk 
 Large liman  400  48.75  45.00  Volgograd 
 Levo-Dobrinskaya valley  94  48.75  43.00  Volgograd 
 Lower Eruslan  496  50.30  46.42  Volgograd 
 Marinskaya cuesta of Skalisti ridge  25  43.80  42.10  Karachaevo-Cherkess 
 Migulinskiye sands  320  49.67  41.33  Rostov/Don 
 Mikhailovskii Wildlife Refuge  180  52.05  47.20  Saratov 
 Novokvasnikovski liman  3  50.53  46.50  Volgograd 
 Orota depression  47  42.58  46.95  Dagestan 
 Oruku-Shinaa  130  50.63  93.13  Tyva 
 Ostrovnoi Reserve (recently part 

of Donskoi Nature Park) 
 75  47.58  41.92  Rostov/Don 

 Outskirts of Arbali village  16  45.12  45.22  Stavropolskii Krai 
 Privolzhskaya forest-steppe  300  53.00  47.83  Ulyanovsk 

(continued)
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    2.2.4   Recognized IPAs 

 Recently within the framework of the IUCN/SibEcoCenter/PlantLife project “Plant 
Conservation Strategy of the Altai-Sayan Eco-region” for the  fi rst time in Russia 
over 80 Important Plant Areas (IPAs) had been identi fi ed within the Altai-Sayan 
Montane Forests eco-region, in Altai, Tuva, and Khakass Republics, Altaiskii Krai, 
and Kemerovo province. More than a half of all IPAs (47) include some steppe 
area, and half of them (24) hold relatively large steppe tracts and/or are recognized 
speci fi cally for steppe species or habitats. Seven IPAs are recognized as very 
important for steppe conservation areas for their remarkable area or uniqueness 
of steppe habitat or endemic plant species (Fig.  2.5 , Table  2.5 ).    

    2.2.5   Other Types of Recognized Biodiversity Hot Spots 

  High Nature Value Farmlands (HNVF) . The original steppe area comprises large 
tracts of lands that were suitable, and used, for crop farming, and steppes also were 
always extensively used for livestock raising. Thus, presently, the steppe eco-
systems strongly depend on agricultural use and HNVF could be a very appropriate 
format for characterization of the biodiversity of the steppe and for conservation. 
Until now this type of ranking of natural areas is not implemented in Russia. 
Recently, Russia became one of several post-Soviet countries where the methodical 
and scienti fi c base for HNVF promotion was developed in the course of the 

 IBA name  Area, km 2   NL  EL  Province 

 Priyeruslanskiye Sands  200  50.70  46.72  Saratov 
 Sarpinskaya lake system  4,500  47.50  45.25  Volgograd 
 Sengileyevskiye mountain  224  53.95  48.62  Ulyanovsk 
 Shaitan-Tau ridge  600  51.75  57.42  Bashkortostan 
 Shcherbakovskaya bend of Volga river  346  50.45  45.75  Volgograd 
 Stepan Rasin Rock  351  51.00  45.58  Saratov 
 Steppe valley of Sakmara river  750  51.53  56.92  Orenburg 
 Sviyago-Kubninskaya forest-steppe  320  55.50  48.37  Tatarstan 
 Tazhinski liman  96  49.22  45.45  Volgograd 
 Tazlarovskiye hills  6  52.17  56.72  Bashkortostan 
 Trekhozerki lakes  5  53.30  90.52  Khakass 
 Tri Gusikhi  277  52.28  59.08  Chelyabinsk 
 Tsimlyanskiye sands  1,500  48.00  42.67  Rostov/Don 
 Urulunguevskaya hollow  500  50.30  117.08  Zabaikalskii Krai 
 Uttinskaya area  980  46.23  46.10  Kalmyk 
 Uzkaya steppe  12,020  51.52  80.27  Altaiskii Krai 
 Varfolomeyevskiye saltmarshes  28  50.17  48.20  Saratov 
 Zhuravlinaya area  710  45.95  44.07  Kalmyk 

Table 2.4 (continued)
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  Fig. 2.5    IPAs in Russia identi fi ed as a result of a pilot project in the Altai-Sayan eco-region 
(SibEcoCenter, IUCN Of fi ce for Russia and CIS, PlantLife International)       

   Table 2.5    Russia’s IPAs (Altai-Sayan eco-region only) including any steppe area and/or important 
for characteristic steppe plants   

 IPA name  Area, km 2   NL  EL  Province  ISC 

 Ustianka steppe low hills  100  51.28  81.95  Altaiskii Krai  3 
 Saksary  600  53.50  90.78  Khakass  3 
 Tsugheer Els sands  46  50.07  95.22  Tuva  3 
 Lower Katchyk river  74  50.00  96.38  Tuva  3 
 Erzin river valley  42  50.28  95.15  Tuva  3 
 Upper Barlyk river  135  50.38  90.73  Tuva  3 
 Seserlig river and Kamennyi 

stream watershed 
 80  51.90  94.33  Tuva  3 

 Kyzylchin area  8  50.07  88.30  Altai  2 
 Tassor salt lakes  20  51.15  80.42  Altaiskii Krai  2 

(continued)
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 IPA name  Area, km 2   NL  EL  Province  ISC 

 Kapchaly – ‘Khutor #7’  0.2  53.75  90.68  Khakass  2 
 Khujur lake  17  53.00  90.48  Khakass  2 
 IPA Fyrkal  5  54.97  89.78  Khakass  2 
 Malyy Kobejekov  10  54.92  89.75  Khakass  2 
 Tepsey Mountain  25  53.97  91.57  Khakass  2 
 Bondarevo  5  52.92  90.53  Khakass  2 
 Askiz Cuesta ridge  16  53.15  90.52  Khakass  2 
 Lower Ustu-Ghimateh river 

valley 
 6  50.12  89.75  Tuva  2 

 Khayirakan mountain  15  51.53  93.02  Tuva  2 
 Amdaighyn-Khol lake  40  50.70  93.33  Tuva  2 
 Terektig river bassin  22  50.53  91.12  Tuva  2 
 Chumaiskie Bukhtui hills  15  55.76  87.82  Kemerovo  2 
 Artyshta  20  54.27  86.52  Kemerovo  2 
 Karakan ridge  45  54.42  86.87  Kemerovo  2 
 Novoromanovo rocks  1  55.68  85.37  Kemerovo  2 
 Rocks and screes along right 

bank of Tchuya river near 
Belgebash mouth 

 12  50.37  87.50  Altai  1 

 Limestone rocks at Chuya 
mouth 

 35  50.40  86.67  Altai  1 

 Akkaya  7  51.13  86.10  Altai  1 
 Upper Ulandryk river  45  49.63  88.90  Altai  1 
 Sukor mountain  7  50.12  88.27  Altai  1 
 Limestone rocks on the left bank 

of Katun near river mouth 
 12  51.13  86.10  Altai  1 

 Limestone rocks of Belyi Bom  15  50.35  87.03  Altai  1 
 Tigirek  175  51.17  83.03  Altaiskii Krai  1 
 Kolyvanskoe lake  4  52.35  82.20  Altaiskii Krai  1 
 Krasnen’kie lake  1  54.78  90.30  Khakass  1 
 Tolaity river bassin  120  50.22  90.12  Tuva  1 
 Watershed Alty-Ghimateh 

and Aspaity rivers 
 100  49.98  89.80  Tuva  1 

 Upper Naryn and 
Balyktyg-Khem rivers 

 280  50.30  96.53  Tuva  1 

 Shemi river valley  10  51.08  91.30  Tuva  1 
 Azas lake  3  52.42  96.47  Tuva  1 
 Sertinskaya Forest-steppe  10  55.97  88.25  Kemerovo  1 
 Tambar mire  30  55.62  88.58  Kemerovo  1 
 Shestakovskie mires  30  55.83  87.83  Kemerovo  1 
 Kokuiskoe mire  1  54.57  85.38  Kemerovo  1 
 Archekass ridge  16  56.17  87.83  Kemerovo  1 
 Rocks near Kostenkovo village  1  53.63  86.82  Kemerovo  1 
 Rocks along Mrassu river  55  53.08  88.33  Kemerovo  1 

   ISC  Importance for steppe conservation, 1 lowest, 3 highest  

Table 2.5 (continued)
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international project ‘Identi fi cation of High Nature Value Farmlands for EECCA: 
results of assessment and recommendations’ in 2005–2006. Nevertheless, the 
HNVF identi fi cation process in Russia has not yet started. 

  Units of Eeconet.  The Russian Federal Government has no policies in the  fi eld of 
Eeconet identi fi cation and legal designation. But many provincial and regional 
Eeconet projects were elaborated by NGOs and (sometimes) provincial authorities, 
including provinces in the Steppe Region, like Orenburg, Samara, Bashkortostan, 
Orel, the Altai-Sayan eco-region (several provinces), etc. 

 2.2.6  Animal Species of Special Concern Inhabiting Steppes 

 Fragmentation and disturbances of the steppe biome have resulted in threats to 
many animal species inhabiting steppes and the Russian steppes harbour many 
endangered and vulnerable species. As usual, it is hard to assess the situation for 
steppe invertebrates, despite a number publications on the subject. Thus we 
concentrate on vertebrates only. 

    2.2.6.1   Mammals 

 The steppe habitats of Russia harbour 11 species that are of global conservation 
concern (and two ungulates became extinct in the wild). Two species were formerly 
listed as Vulnerable, but are now reassessed as Least Concern. On a national level 
the Federal Red Data Book listed 14 steppe species (two of them are extinct in the 
wild in Russia) (Table  2.6 ). Eight species are listed at both national and interna-
tional levels (including the two extinct in the wild) and ten species at only one of 
these levels (Low Risk or Least Concern in the global IUCN Red List). On a subna-
tional (provincial) level there are a number of mammal species related to steppe 
habitats listed (more details are provided for selected provinces only).   

    2.2.6.2   Birds 

 Russia is recognized as the most important European country for conservation of 
steppe birds. The list of bird species whose European population are for 75% or 
more concentrated in steppe habitats is topped by Russia and Turkey with 21 species 
(from 27 in total). Summing the numbers of national populations of all steppe bird 
species in Europe reveals that Russia supports 39% of the total European breeding 
populations of these 27 species (Turkey 36% and Spain 22%). Ten of these twenty 
seven breeding steppe species are of global conservation concern; Russia harbours 
nine of them – more than any other European country (Bur fi eld  2005 ; Tacker and 
Evans  1997  ) . 
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 On the national level the Russian Federation Red Data Book  (  2001  )  lists 126 bird 
species and subspecies, 14 of which are typical steppe birds (Antonchikov  2005  ) . 

 It is important to point out that, as Russia holds several relatively intact steppe 
landscapes, there are some so-called ‘intrazonal’ non-steppe habitats intimately 
related with these landscapes (special steppe wetlands, rocky habitats in mountain 
steppes, special small forests associated with steppe, etc.). Some characteristic 
bird species inhabit these habitats. All these species as well as the proper steppe 
species should be taken into consideration. Thus, we  fi nd in the RF Red Data 
Book 30 species and subspecies inhabiting steppe habitats or habitats closely 
related with steppe landscapes. Accordingly, our complete list includes 42 species 
(Table  2.7 ).  

 The total number of 61 vertebrate species of special concern is almost equally 
divided over the Eastern and Western subregions of the steppe biome (40 species 
each and 37 species inhabiting both subregions and thus are scored twice). Mammals 
concentrate more in the Eastern half of the steppe biome: 13 species against 6 in the 
Western half and none over the entire biome (present in both subregions). As regards 
birds, 10 species occur in the Eastern steppes only, 14 in the Western steppes only, 
and 17 in both subregions. 
 Suitable habitats for many mammals (ungulates and carnivores) and some birds 
(carrion feaders) are predominantly large steppe tracts in semi-desert or mountain 
regions. Saving these species is rather impossible without designing large PAs. 
Actually, large PAs are the only adequate and appropriate legal instrument for the 
conservation of these steppe species. On the other hand, some species listed 
above inhabit mainly farmland habitats and strongly depend on agricultural 
practice. The best known examples are western Great Bustard, Demoisell Crane, 
Sociable Lapwing, Lesser Kestrel, Steppe and Imperial Eagles (in the Russian 
part of their ranges). The survival of these species is not secured by conservation 
in strict reserves only. They need special protection on agricultural land outside 
of PAs.    

    2.3   Land Use Modes and Actual Threats 

 Historically, all steppes of Russia have been extensively used by mobile (nomadic) 
herders for sheep, horse, cattle and camel breeding. Modern crop-based agricultural 
development in European style started in the north-west corner with the most pro-
ductive East-European meadow steppes in the seventeenth century (in the area 
which is known as the Central Chernozem Region of Russia and the adjacent part of 
Ukraine). Croplands were gradually extended to the East and South to reach the 
deserti fi ed steppes near the Caspian Sea by the end of the nineteenth century and the 
extremely arid desert steppes of Tuva only by the 1940s–1950s. The recent situation 
is presented in Table  2.8  (data are presented for those provinces of Russia which 
have some areas of steppe within their boundaries).  
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 For the whole steppe biome in Russia the greatest threat is conversion of steppe 
into cropland and other forms of cultivation (for instance pasture and hay grasslands 
“improvement”). Other important threats (but to a lesser extent) are mining (includ-
ing conversion of mining lands into dumps, concentration plants, infrastructure, 
etc.), urban encroachment, development of infrastructure, and afforestation. The 
most common threats, though not so destructive, are overgrazing, hay cutting and 
burning. The intensity of  fi res in most places increases with the decrease in grazing 
pressure. Therefore, the effects of recently observed decreases in livestock numbers 
are very controversial for such landscape types. 

 Several characteristic steppe species are endangered because of overharvesting 
for international and/or domestic trade which is commonly illegal (Saiga Antelope, 
Saker Falcon, several species of Marmots, several species of early spring wild fl owers 
like  Crocus  spp.,  Bulbocodium versicolor, Pulsatilla  spp. , Tulipa gesneriana , etc.). 

 New challenges for Russian steppes emerged recently as a result of the global 
food crisis and biofuel boom of 2007/2008. A signi fi cant threatening factor at the 
national level is the increase of investment into agriculture in Russia. The increased 
land use pro fi tability leads to increased pressure on arable land and more and more 
old- fi elds, forage crop  fi elds and even virgin steppe grasslands are being converted 
into arable lands. 

 In Russian markets the price for wheat has risen twofold from 2007 to 2008 
(€111 per ton in May 2007 against €246+ in May 2008 for 3rd class wheat) (data of 
the Russian Grain Union,   http://grun.ru/    ). In the same period, the price for diesel oil 
has risen about 20% only. As a result the 2.3 million hectares of old- fi elds and 
perennial forage crops were ploughed up anew in Russia in 2008. It made the crop 
area increase by 5.2%. A signi fi cant part of these re-ploughed areas was on account 
of the spontaneously regenerated steppe and steppe-like vegetation. In 2009 the 
process of re-ploughing was continued. It was interrupted only in 2010–2011 as a 
result of the 2010 crop failure due to heavy drought in the Western Sector of the 
Steppe Biome in Russia (also see below and Fig.  2.9 ). 

 The modes of land use differ according to the latitudinal and longitudinal posi-
tions of the type of steppe ecosystems: 

  Meadow steppes and the more mesic parts of genuine steppes  (types (1) and 
(2) listed above) were massively turned into arable land for production of crops and 
fodder as early as the end of nineteenth century. The forest-steppe zone also has the 
highest population density in Russia and is most affected by infrastructural, indus-
trial and urban encroachment. 

 Nowadays almost the entire area west of the Volga River has been turned into 
arable lands, with a noticeable share of forest plantations, settlements, and infra-
structure. The steppe remnants are small, highly fragmented, and dispersed among 
arable lands. They survive only on sites which are inconvenient for ploughing 
because of soil or relief characteristics. Steppe remnants are used for both cattle 
grazing and hay making. Recreation and collection of wild plants and fruits are 
additional modes of use. In general, meadow steppes are more often ploughed to 
cultivate fodder crops than used as pastures. These steppe types are strongly affected 
by afforestation, but also by settlements and suburb expansion. 

http://grun.ru/
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 East of the Volga River the situation is a bit different. The steppes survive here 
in much larger areas. Probably it is not so much because of belated European 
colonization than due to much more complicated relief and soil patterns. 
Relatively large meadow steppe and mesic genuine steppe tracts remain in the 
Ural and the foothills of the Altai Mts. (surviving due to relief features) as well 
as in the vast West Siberian and Daurian Plains where grasslands are interconnected 
with wetlands, salt habitats and extensive birch ( Betula ) groves (surviving due to 
soil complexity). Nevertheless these steppe types are the most destroyed parts of 
the eastern longitudinal steppe sector. Land use is almost the same as in the 
European part but it has some speci fi c features. Burning of grasslands is much 
more common here. On the other hand, settlement encroachment has less impact. 
In recent years mining has become a signi fi cant threat, in particular in the 
mountains and their foothills. 

  Genuine dry bunchgrass steppes  (type 3) were used as rangelands for centuries 
and massively reclaimed into croplands only in the 1950s (while some local areas 
were ploughed earlier). The history of this massive land development is highly dra-
matic and closely related with the political history of Russia. The total area of steppes 
converted to arable lands in the USSR (not Russia only) during 1954–1963 was 43 
million hectares. The main part of these steppe grasslands was turned into arable lands 
for merely ideological reasons not economic ones. Not surprising, the use of these 
new croplands was not sustainable due to climate  fl uctuations, relatively low soil fer-
tility, aridity, widespread salinity, etc. Therefore these croplands started to be aban-
doned as early as at the end of the 1960s. Ideological constraints were crushed in 
1991, and widespread abandonment occurred after that. Since the early 1990s the 
former area of dry steppes became a scene of old- fi eld succession. Recently part of 
these lands returned to arable farming while the share of old- fi elds is still signi fi cant. 

 This type of steppes is used widely again as rangelands for cattle and sheep, 
locally for horses. Dry steppes usually are not mown;  fl oodplain meadows and fodder 
crops are commonly used here for hay production. Fires have an important role 
only in ungrazed lands. Afforestation and urbanization are less important factors. 
Some valuable steppe tracts are imperilled because of oil and gas production (in Trans-
Volga, South Urals, north of the Caspian Sea, east of the Azov Sea) while others are 
threatened because of mining (in South Urals, Altai, Buryatia, Dauria). 

 Livestock numbers in these steppes decreased after 1991: cattle twofold and 
sheep tenfold. Therefore, during the last decades everywhere in these dry steppes 
grazing pressure has been relatively low. 

  Deserti fi ed and desert steppes  could become croplands only through costly 
irrigation. In Russia they are mostly used as rangelands for seasonal grazing. Semi-
nomadic mobile pastoralism still continues in some South Siberian mountains 
(South-Eastern Altai, Tuva). Desert steppes are used here along with the high-
mountain cryophytic steppes within the common transhumance pattern. 

  High-mountain cryophytic steppes  are used as seasonal pastures only. Stock 
rearing is the main land use here and herders follow the traditional transhumance 
pattern. These steppes have never been plowed at all. Recently mining became one 
of the main threats for these steppes. Mining affects relatively small pieces of area 
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but every mining place entails a massive infrastructural development and a general 
increase in the accessibility of the area. 

  Edaphic and other variants.  Stony slopes, sand steppes and salt habitats cannot 
be converted into croplands and often remain the only untouched pieces of steppe 
grassland in the regions of meadow steppe and genuine steppe. At the same time all 
these edaphic variants (compared with the typical variants) are very vulnerable to 
overgrazing causing signi fi cant erosion. 

 Water infrastructure affects steppe wetlands and surrounding areas as water is 
diverted for irrigation and reclamation. It is the biggest threat, especially in dryer 
areas where water is scarcer and irrigation/water diversion has a more dramatic 
effect on ecosystems. The best-known Russian example is the massive irrigation of 
the Black Lands region, Kalmyk Republic, undertaken in the 1980s; it resulted in a 
local environmental catastrophe and dramatic deserti fi cation. A more recent case is 
the actual threat of a Chinese plan of a massive water transfer from the Argun River 
into Dalai Nor (Dalai Lake) in the transboundary region of Dauria which will 
strongly affect the Russian part of the Argun River Basin (Tkachuk et al.  2008 ). 

 Shrub steppe communities are very vulnerable to  fi re in all zones (while steppe 
shrubs have speci fi c adaptations to resist  fi re damage). The same threat is even 
more severe for forest-steppe and steppe landscapes with tree and shrub groves. 
In general, the intensity of wild  fi res increases when grazing decreases. The effects 
of the recently observed decrease in livestock numbers are controversial for 
such types of steppe landscape (several known examples include Altaisky Krai, 
Khakassia and Dauria where steppe  fi res became extremely frequent and heavy in 
the last decade). 

 Serial steppe communities on abandoned lands are the result of old- fi eld succes-
sion. Fires and grazing affect them as well, but these disturbances actually may 
suppress ruderal vegetation and lead to succession towards steppe (however in most 
cases the climax stage is unreachable). 

 In general, agricultural activities selectively affect certain steppe types adversely, 
while they only moderately alter other ones. 

 It is important to point out that the quantitative data presented in Tables  2.8  and 
 2.9  on the of fi cial land inventory and livestock survey data should be used carefully. 
The of fi cial land inventory data on the old- fi elds area is inaccurate because of (1) 
many lands are actually set aside but not marked as old- fi eld in the land cadastre 
(still registered as arable land), (2) the  fi gure on the old- fi eld area is strongly depend-
ing on provincial government policy (thus some provinces report very low values or 
no old- fi eld at all, not because it actually is absent but for a politically-induced 
refusal to register abandoned lands as old- fi eld). And vice versa, short-term farming 
on old- fi elds is not uncommon; after 1–2 years of farming the  fi eld becomes aban-
doned again similar to the historical “steppe perelog” farming regime, a long-fallow 
farming practice in steppe areas which was very common in the era of the Russian 
colonial expansion into steppe regions. It was a speci fi c land use mode, practiced 
when new settlers had extremely rich land in abundance. They were able to plow 
new  fi elds for 1–3 years and then shift to another plot abandoning the former one 
for spontaneous restoration of 10–15 years or more. Thus very good yields were 
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produced with only minimal cultivation and no fertilizers, based on natural soil 
fertility built by the steppe ecosystem at no cost. (3) Furthermore, parts of aban-
doned arable lands were turned into grazing lands in the land inventory. In fact, 
conserving these areas as grasslands and allowing succession towards the secondary 
steppe stage would be the best approach. In any case these of fi cial data should be 
regarded as approximations (Table  2.8 ). A more correct way to assess the extent of 
abandoned arable lands is to compare the values for actual arable area against the 
values in 1990 (1990 is the starting year because there has not been any formal 
change in the acreage of agricultural lands from the early 1970s to the collapse of 
the Soviet Union in 1991).  

    2.3.1   Rural Economics in the Steppe Biome in Russia 

 A major main part of the steppe areas in Russia falls in the category of agricultural 
lands and is used mainly for agriculture. However, the principal branch of agricul-
ture in Russia is crop farming. Crop farming extensively makes use of some steppe 
ecosystem services like soil fertility (steppe-produced soils, Chernozems and 
Kastanozems are among the most fertile on Earth), prevention of erosion, wild rela-
tives of crop plants, providing restoration facilities for abandoned croplands, natural 
enemies of insect and rodent pests, etc. But as steppe is transformed into croplands 
most of these functions are eliminated. Ploughing and other farming techniques are 
the most damaging threats to steppe. 

 Only one important agricultural sector is favourable to steppe ecosystems and 
that is livestock breeding. As we discussed above the steppe areas in Russia are 
predominantly grazing lands and not so much hay grasslands. Not all forms of live-
stock-breeding need the steppe but only those that are based on grazing lands. 
Conventional cattle-breeding is based on fodder production on arable lands and 
therefore cannot be considered as steppe-friendly. 

 The main domestic animals using temperate grasslands in Russia are beef cattle, 
sheep, goats, horses, to a lesser extent camels, yaks, reindeer (in the mountains of 
South Siberia), and Siberian deer. Pigs are raised in grasslands only occasionally. 
The  fi rst four (especially cattle and sheep) compose the most important livestock 
raised in steppe (Table  2.9 , Fig.  2.6 ).  

 The “friendliness” of livestock grazing to steppe is based on ecological speci fi cs 
of the steppe ecosystem, including the prevalence of herbivore-based food-webs, 
wild gregarious nomadic ungulates as ecological edi fi cators (or keystone species), 
high rates of primary production, high ratios of belowground/aboveground phyto-
mass. Domestic livestock in the steppe takes the place of wild ungulates that became 
extinct in the major part of the steppe biome. Within the steppes of Russia wild 
gregarious nomadic ungulates (Saiga Antelope, Argali, and Mongolian Gazelle) 
now play a noticeable role only in very limited areas of Kalmykia, South-Eastern 
Altai, and Dauria. And these steppe areas maintain only incomplete sets of ungulate 
species surviving in low density and affected strongly by competition with livestock. 
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Livestock does not use the steppe grasslands in the same manner as the wild steppe 
ungulates but the traditional grazing style is the best available substitution for the 
disappeared wild ungulates. 

 Different species of domestic animals, different breeds, and different modes of 
grazing have unequal impacts on the steppe ecosystem. In general, most steppe-
friendly are those species, breeds and grazing modes which use steppe grassland in 
a similar way as the (extinct) wild ungulates. 

   Table 2.9    Livestock numbers in Russia (live animals), FAO data   

 Cattle  Sheep  Goats  Horses  Camels  Buffaloes  Asses 

  1992   54,676,704  52,194,600  3,060,000  2,590,000  10,000  23,000  21,500 
  1993   52,226,000  48,182,500  3,186,000  2,556,000  10,300  22,000  21,500 
  1994   48,914,000  40,616,000  3,097,000  2,500,000  10,400  17,900  25,549 
  1995   43,296,000  31,818,000  2,722,400  2,431,000  10,500 a   23,500  26,000 a  
  1996   39,696,000  25,344,600  2,682,000  2,363,000  10,800 a   23,548  26,500 a  
  1997   35,102,800  20,327,000  2,445,400  2,197,000  11,000 a   20,840  26,000 a  
  1998   31,519,900  16,482,700  2,291,300  2,013,000  11,000 a   16,586  25,000 a  
  1999   28,480,800  13,412,500  2,143,900  1,801,000  11,000 a   16,141  25,000 a  
  2000   28,032,300  12,603,000  2,147,500  1,683,000  10,000 a   16,500 a   22,000 a  
  2001   27,293,500  12,560,800  2,211,700  1,619,000  9,000 a   17,370  20,000 a  
  2002   27,106,902  13,035,009  2,291,696  1,578,000  8,000 a   14,004  19,000 a  
  2003   26,524,360  13,728,497  2,322,143  1,499,000  7,000 a   15,863  18,000 a  
  2004   24,935,140  14,669,420  2,360,992  1,498,500  6,792  17,943  17,000 a  
  2005   22,987,700  15,494,014  2,277,366  1,409,261  6,654  17,288  22,000 a  
  2006   21,473,926  16,074,449  2,138,202  1,319,358  6,289  14,362  21,929 
  2007   21,466,217  17,508,132  2,166,536  1,303,837  6,385  15,654  20,847 
  2008   21,546,000  19,290,400  2,212,870  1,321,340  6,356  14,363  19,934 
  2009   21,038,000  19,602,300  2,167,940  1,353,320  6,222  14,500 a   19,274 

  No data available for yaks, reindeer and Siberian deer 
 Source: FAO Statistics Division  (  2008  )  
  a FAO estimate  

Sheep
41%
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51%
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3%

  Fig. 2.6    Proportional 
division of livestock 
in Russia in 2007, based 
on FAO data (see Table  2.9 )       
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 Grazing of sheep and goats is rather destructive for steppe plants and soil cover, 
and easily results in vegetation degradation and soil erosion. Both these species share 
some common characters: feeding animals pinch off plants very close to the ground 
damaging vitally important parts of the plants (buds hidden under leaf bases in 
bunchgrass and rhizomes in forbs); their hoofs are pointed and cover a relatively small 
area resulting in relatively high pressure on the ground; their characteristic behaviour 
includes digging with their frontal legs, thus fragmenting the turf and reaching the 
roots; on pasture they move in thick  fl ocks that results in a very concentrated grazing 
impact; sheep and goat excrements decompose slowly. For these reasons sheep and 
goat grazing can be considered as steppe-unfriendly, except when it is practised in 
relatively low stocking densities resulting in low grazing pressure. Cattle grazing is 
more acceptable. But the most steppe-friendly grazing animal is the horse. In the fairly 
recent past, the wild horse was one of the most important wild ungulates in the steppes 
of Russia (along with the Saiga and Steppe Aurochs). The domestic horse shares the 
same morphological and physiological characters as the wild one. Especially local 
indigenous breeds (Bashkirian, Altai, Kalmykian horses, etc.) are close relatives of 
the extinct Wild Horse. Recently several successful attempts to reintroduce the 
Przewalski Horse into the wild were undertaken in Mongolia and China. Russia also 
has a plan to establish a semi-wild population of Przewalski Horse in the next years. 
This is important for the conservation of a characteristic steppe species, but these 
populations are very small and local, and do not affect the biome as a whole. Thus the 
domestic horse still remains the most important ungulate for the steppe biome. 

 In Russia different grazing modes (grazing methods and grazing systems) are in 
use. Real nomadic grazing does no longer exist in the Russian steppes. Horizontal 
transhumance is utterly restricted or unexisting. Vertical transhumance is still vital 
in the South-Eastern Altai and Tuva mountains (and in the Caucasus to a far 
lesser extent) where different steppe communities are used in rotation with alpine 
grasslands and open woodlands. Common practice here is division into summer and 
winter rangelands. Livestock is kept out of the village all year round and winter as 
well as summer are grazing seasons. 

 The mode most commonly used in steppe grasslands is extensive grazing in sum-
mer rangeland combined with wintering in barns. As a rule summer rangeland is a 
natural steppe community about 2–5 to 10–15 km distant from the village. Cattle or 
sheep are staying on the rangeland during the warm season (from early May to late 
October on average) while the winter is spent in barns within the village. During the 
warm season animals are grazed every day while in winter they are supplied with 
hay, silage, and crop forage. Unlike cattle and sheep, horses can use the steppe 
rangeland in a semi-wild regime without everyday herders attending to them. Horses 
also more often are grazed in winter. 

 Thus, vertical transhumance grazing and extensive grazing in distant pastures are 
the grazing modes best compatible with the steppe ecosystem. Horses are the most 
steppe-friendly stock, cattle comes the next, and grazing sheep and goats requires 
special care. Multi-species use of the steppe rangeland is preferable. 

 These grazing modes also are the most compatible with meat and wool production. 
The production of milk and dairy products  fi ts these modes to a lesser extent (except 
horse milk processing). 
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 Some other agricultural branches could be considered more or less steppe-friendly 
but they are rather side activities adding to crop farming or animal breeding. Those are 
bee keeping, collecting wild medicinal and aromatic plants, and rural tourism.  

    2.3.2   Steppe Ecosystem Services and Values 

 Nowadays the steppes on chernozem soil bring the highest economic value, serving 
as the base of the Russian crop production, especially of cereals and oil-bearing seeds. 
The average annual yield of grain in the period 2005–2008 was 112,300 kilo-ton; of 
wheat it was 49,368–61,694 kilo-ton in the period 2007–2009, ranking 4th in the 
world; sun fl ower production was 7,350–6,425 kilo-ton in the period 2008–2009, 
ranking 1st in the world; it engaged approximately 6,000,000 persons. All top 20 
provinces on the list of national grain production are “steppe provinces”, and 
together the 35 Russian provinces which comprise steppes contribute 86% to the 
national total (for 2008) (Fig.  2.7 ).  

 Steppe rangelands also are the main base of beef, sheep, and horse meat produc-
tion as well as other products of cattle and sheep: beef production amounted to 
1,828 kilo-ton in 2007 and 2,733 kilo-ton in 1995; sheep 160 kilo-ton in 2007. Of 
the 10 top provinces of cattle meat production 9 are situated in the Steppe Region; 
and of the 20 provinces with the highest numbers of cattle only 2 are lying outside 
the Steppe Region. The 35 “steppe provinces” total 70+% of the total number of 
cattle in Russia (Fig.  2.8 ; Table  2.9 ), and 90+% of its wool yield (in 2008).      

 An estimation of the values of various ecosystem services of the Russian steppe 
is given in Table  2.10 . Based on data from the national land inventory, the national 
area of steppe grasslands is about 50,000,000 ha, of which arable lands in the steppe 
region comprise 89,534,900 ha, and PAs containing steppe measure 1,774,860 ha. 
Based on these  fi gures and the per hectare value, for the whole steppe region of 

  Fig. 2.7    Share of the Steppe Region in the total national grain production of Russia (35 provinces), 
(as% of the total) during the period 1990–2008       
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   Table 2.10    Estimation of main values of ecosystem services in the steppe biome of Russia   

 Ecosystem service  Evaluation method 

 Speci fi c value, 
$ per hectare per year 
(price level 2009) 

 Climate regulation  Expected loss of yield through climate 
factors and average values of main crops 

 2–3 

 Water regulation  Compensation costs for decreasing rivers 
run-off resulting from conversion of steppe 
grasslands to arable lands 

 3–5 

 Carbon sequestration  Prices of Carbon Market and (both  fi eld and 
model) data on carbon accumulation rates, 
1,500 kg/ha·year (Kurganova et al.  2008 ; 
Belelli Marchesini et al.  2007 ) 

 7.5–75 

 Erosion control  Costs of engineer work to protect slopes 
and to control erosion on degraded lands 
based on insurance money (0.1–2.5%) 

 5–67 

 Pollution control  Direct costs of maintenance of environmental 
standards (waste treatment, aftermath 
elimination) 

 7–13 

 Biological production 
(soil fertility) 

 Direct farming costs to produce, on damaged 
or other poor soils, a crop of equal value as 
the average crop value produced on fertile 
soil (assessed as costs to produce crop on 
soil-less dumps in steppe landscapes) 

 200–270 

 Biological resources  Value of sustainably yielded steppe natural 
products (hay, fruits, medicinal & aromatic 
plants, wildlife, etc.) 

 1.5–3 

 Maintenance of 
biodiversity 

 Average operating costs for existing steppe 
reserves (‘zapovedniks’) 

 3.3 

  Fig. 2.8    Share of the Steppe Region (35 provinces) in the total number of cattle in Russia, in%, 
during the period 1990–2008       

(continued)
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Russia we estimate a national steppe  fl ow value of 29.3–46.0 billions (thousand 
milliard) $$ per year. 

 We can compare these  fi gures with known global estimations of Costanza et al. 
( 1997 ). In their summary of the average global value of annual ecosystem services 
the authors estimated the speci fi c value of all grasslands at $232 per ha per year 
which amounts to $906·10 9  per year for the global grasslands area (3,898·10 6  ha). 
We estimate that the Russian steppe grasslands area is ca. 1% of Constanza et al.’s 
global area. Thus we see that according to our estimates the value of the Russian 
steppe grasslands amounts to 3–5% of the global  fi gure.   

    2.4   Conservation Status of Steppe Ecosystems 

    2.4.1   Protected Areas 

    2.4.1.1   National 

 There are three levels of PAs in Russia: national (federal), provincial, and local 
(municipal) ones. Quite accurate data on acreage and localization of PAs is 
available for federally protected areas only. Steppe ecosystems occur in 26 of 
the 101 Federal State Strict Nature Reserves (Zapovedniks, IUCN category Ia), 
7 of the 39 National Parks (IUCN category II), 15 of the 69 Federal Wildlife 
Refuges (Federal Zakazniks, IUCN categories IV and VI), and 1 of the 39 Federal 
Natural Monuments (IUCN category III). Among the ‘Zapovedniks’ containing 
steppe ecosystems 11 have the status of Biosphere Reserve (Russia has a total of 
37 Biosphere Reserves). 

 Information on the national level PAs that comprise steppe ecosystems is given 
in Table  2.11  (also see Fig.  2.9 ). The table is based both on of fi cial data on protected 

 Ecosystem service  Evaluation method 

 Speci fi c value, 
$ per hectare per year 
(price level 2009) 

 Maintenance of human 
well-being 

 Decreasing the sickness rate after recreation 
in steppe landscapes assessed by average 
compensation rate 

 0.3–0.5 

 Recreation (paid 
recreational services) 

 Average revenue from recreation on steppe 
protected areas 

 1.7–2 

 Hedonistic value 
(not for pro fi t use, 
non-use values) 

 Decreasing realty value after degradation of 
adjoining steppe area, visitors “ready to 
pay” and transportation costs to reaching 
steppe PAs 

 2.7 

  Total value    234–444.5  

Table 2.10 (continued)
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areas (from the State Report ‘On the state and protection of the environment in 
the Russian Federation in 2006’, data is presently still relevant) and on expert 
assessment of the proportion of steppe in the speci fi c PAs.    

    2.4.1.2   Provincial 

 At present we have no possibility to do the same assessment for PAs of provincial 
level for the whole country. It still is a task of high priority to make a complete list 
of steppes protected as provincial PAs. We can provide such a list for only one cat-
egory of provincial PAs, Nature Parks (IUCN category V) (Table  2.12 ). According 
to Russian legislation a Nature Park is a PA category analogous to a National Park 
but it is established and controlled at the provincial level.   

    2.4.1.3   Other Forms, Different Levels 

 An additional form of protected areas under Russian legislation is ‘Landshaftny 
Muzey-Zapovednik’ (Landscape Museum-Reserve, IUCN category V) designed to 
conserve cultural and historical heritage in its natural landscape. Museum-Reserves 
are managed by federal or provincial Ministries of Culture and are formally not a 
category of “nature protection area” in terms of conservation legislation. Only partial 
information is available on this kind of PAs. Only 9 from 96 existing Museum-
Reserves include some areas of steppe (Table  2.13 ).   

    2.4.1.4   Proportion of the Steppe Biome Protected in Russia 

 Based on the steppe biome division used above we can try to estimate the proportion 
of each unit of the biome that is protected (listed as ‘protected area coverage’, i.e. 
the percentage of area within the PAs covered by that particular biome). Of course 
this is just a rough estimation only (Table  2.14 ). The area formally protected at fed-
eral (national) and local (provincial) level is calculated here as area that is left, not 
as the area historically covered by the ecosystem before settlement.  

 In general only 0.11% of the steppe biome area is formally protected in protected 
areas, and this is the lowest value of PAs coverage among all biomes of Russia 
(Nikolsky and Rumyantsev  2002  ) . But inside even those few protected areas, different 
non-steppe ecosystems occupy most of the acreage. Recently, WWF recognized 
steppe as the worst protected terrestrial biome in Russia (the least covered by 
federally protected areas). 

 Only 10% of the Zapovedniks (federal strict nature reserves, IUCN category Ia; 
Russia has 101 of these) include some signi fi cant area of steppe (see Table  2.11 ). At 
least some small steppe areas are found in 25% of the Zapovedniks and 16% of the 
National Parks. Note furthermore that the average area of steppe-containing PAs is 
signi fi cantly smaller than the average area of all PAs in Russia. Thus only 1% of the 
total acreage of the system of national PAs is covered with grasslands of all types. 
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 The area of protected steppe is not proportional to the extant steppe area. Most of 
the steppe biome remains unprotected. In fact, the Russian steppe survives primarily 
on agricultural lands where it is used as pasture in stock breeding and, to a small 
extent, as hay grassland. 

 At the same time some protected areas could be important centers for managing 
steppe conservation in the much larger areas beyond the borders of the protected 
areas. The main ones are the Rostovskiy Biosphere Reserve (BR) for Rostov 
Province, the Centralno-Chernozemny BR for Kursk Province, the Orenburgskiy 
Zapovednik (SNR) for Orenburg Province, the Ubsunurskaya Kotlovina BR for 
Tuva Republic, the Khakasskiy SNR for Khakass Republic, and the Daurskiy BR 
for Zabaikalskii Krai.    

    2.5   New Challenges and Actual Threats 

    2.5.1   Turning into Croplands 

 Historically the greatest threat for steppes was ploughing (Chibilev  1998 ; Moon 
 2008  ) . The total steppe area turned into arable land is assessed at almost one million 
km 2  nationally (for 1990, before the Soviet Union had crashed). But in fact it does 
not seem to be so severely threatened on a national level. After the collapse of the 
Soviet Union the area of arable land decreased signi fi cantly; over 26 millions hect-
ares were abandoned in the steppe region up to 2007 (Fig.  2.10 ). These were mainly 
(not all) low-productive lands which were formerly developed under the speci fi c 
conditions of the Soviet style economy, frequently for ideological reasons only.  

   Table 2.14    PAs (both national and provincial) coverage in different types of steppe in Russia   

 Main units of the steppe biome 
 Percent of steppe area formally protected 
by law (protected area coverage) 

 At the national level in total  Federally protected <1%, totally 
protected  £  5% (not suf fi cient data) 

 Meadow steppes 
  Typical  <3% 
  Rocky (petrophytic) (+ “rocky steppe” dwarf shrubs)  <10% 
  Sand (psammophytic)  <10% 

 Genuine forbs-bunchgrass steppes 
  Typical  <3% 
  Rocky (petrophytic) (+ “rocky steppe” dwarf shrubs)  <10% 
  Sand (psammophytic)  <10% 
 Genuine (dry) bunchgrass steppes  <3% 
 Deserti fi ed and desert steppes  <5% 
 Cryophytic steppes (mountainous and sub-arctic)  3% 
 Steppes of subtropical mountains  <5%? (not suf fi cient data) 

  Sources: Compendium  (  2007  )  and MNR  (  2007  )   
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 The tendency was broken in 2007, however. Since 2007 almost one million hect-
ares have been re-converted to cropland. This concerned mainly secondary steppe 
and probably also some natural steppe grasslands. There is no data on this. More 
information comes from the sub-national level. According to national land statistics 
8 (of the 35) “steppe provinces” have, since 2007, increased their crop area by 
140,000–340,000 ha. On top of the list are Orenburg and Voronezh Provinces and 
the Altai Territory. In the steppe provinces many of fi cials proclaimed that no aban-
doned lands existed in their provinces in 2009. The real situation is apparently not 
so bad but remains rather unclear. After the bad harvests of 2010 of fi cials and mar-
kets appear to have high expectations to again raise the crop production in Russia. 
Some market analysts consider that a new boom can be created by re-turning grass-
land areas into croplands.  

    2.5.2   Over-Grazing and Under-Grazing 

 In the 1960s–1980s over-grazing was widespread and damaging. After the agricul-
tural collapse, the livestock number decreased dramatically in the early 1990s. By 
1999 cattle numbers had dropped to half of the 1990  fi gure, while sheep and goats 
stabilized at a third of that level (ca. 1,900,000 in 2006–2009 as against 5,150,000 
in 1990) (Fig.  2.11 ). Due to this decline over-grazing diminished and it became 
largely restricted to merely the local level, mainly around settlements. But over-
grazing still is an important threat in the dry and desert steppes of the Caucasus 
region, because Daghestan, Kalmykia, and Stavropol are at the top of the national 
list of sheep and goat numbers, accounting for ca. 45% of the national  fi gure.  

 Quite to the contrary, as in many areas the livestock number dropped under-
grazing became very common. Because of this, during the last decade, it has let to 

  Fig. 2.10    Crop area in the Steppe Region of Russia, in millions of ha, during the period 
1990–2008       

 



972 The Steppe Biome in Russia: Ecosystem Services, Conservation Status…

the degradation of many steppe tracts due to the spontaneous spreading of trees and 
shrubs as well as weeds and alien species.  

    2.5.3   Wild Fires 

 Unfortunately there are no national statistics for grassland wild  fi res (only for for-
est). Nevertheless, the Russian Federation has been listed as the country with the 
world’s largest forested and non-forested areas in which large natural and human-
caused wild fi res occur (FAO  2006  ) . It has been assessed that Russia contributed 
78–84% of the world’s springtime black carbon from agricultural  fi res between 
2004 and 2007 (Pettus  2009 ; Gordon  2010  ) . But reliable information about agricul-
tural  fi res in Russia does not exist. A FAO report of 2006 estimates that 300,000 km 2  
is burning annually (arable land and grassland together, total national territory). At 
least 1/3 of this should be steppe tracts, which implies that a minimum of 20% of 
the national steppe area burns annually. In Orenburg Province and the Altai Territory 
every steppe tract is burnt every 2–5 years.  

    2.5.4   Mining, Oil and Gas Development 

 Mining projects (for metal ores, especially copper, cobalt, precious metals, etc.) 
affect both the western and eastern sectors of the Steppe Region: the Russian Plain, 
South Urals, Altai, and Trans-Baikalia. Oil and gas development threatens steppe 
ecosystems in Kalmykia, and the Middle and Lower Volga. A speci fi c threat there 

  Fig. 2.11    Number of cattle (  fi lled circles ), and sheep and goats ( transparent squares ), in thou-
sands of heads, during the period 1990–2008       
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is that these projects are localized in the best and last remnants of steppe persisting 
in hilly country and foothills. And any project in mining and oil and gas develop-
ment involves additional infrastructural works and settlements encroaching on the 
steppe and causing damage.  

    2.5.5   Over-Exploitation and Poaching 

 Over-exploitation and poaching play a role for only a few steppe species in Russia. 
Probably, the Saiga antelope ( Saiga tatarica ) and the Saker falcon ( Falco cherrug)  
are most endangered, as they are affected by poaching for illegal international trade. 
Kalmykia in the Lower Volga harbours one of the  fi fe main populations of the saiga. 
Its population size declined 15-fold in 5 years (1997–2001) and still is extremely 
low; the population became isolated, and its sex structure became dramatically dis-
turbed. The main aim for poachers are horned males and that resulted in an extremely 
low percentage of males in the adult population, namely 6–10% in 2005–2008 
(Melnikov and Sidorov  2009 ; Neronov et al.  2010 ; Chap.   12    , this volume). 

 During the past 20 years the Saker population in Russia decreased from more than 
9,000 individuals to 2,400, a decline of more than 70%. Some nesting populations 
have completely disappeared. The species became extinct in European Russia and 
dramatically decreases in the Siberian steppes (Karyakin  2008 ; Moshkin  2010  ) . 

 Also some Daurian and Caucasian medicinal steppe plants are affected by 
over-exploitation for BAS production.  

    2.5.6   Afforestation 

 Grasslands conversion by woody plant encroachment (afforestation) is a long tradi-
tion in Russia as a measure for “improvement” of the environment in agricultural 
landscapes. The last decade it is regarded also as a way of carbon sequestration 
under the Kyoto framework. Nationally 36,000 ha have to be afforested to 2012 
under just the Federal Plan for Kyoto forests and provincial governments are plan-
ning even much more acreage: Stavropol ca. 56,000 ha until 2020 (this is more than 
1% of the province area); Samara planned 140,000 ha for 2006–2015 (a 20% rise of 
the province’s forest area) but the program ended in complete failure and was can-
celled in 2009. Unfortunately steppe sites are considered the most suitable for affor-
estation because of their low price and easy availability.  

    2.5.7   Biofuel Production 

 At the moment biofuel production is not a speci fi c threat but it is an additional 
driver of turning steppe grasslands into arable land. Up to now the main biofuel crop 
in Russia is rapeseed ( Brassica napus ); since 2005 its cultivation area rocketed 

http://dx.doi.org/10.1007/978-94-007-3886-7_12
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threefold (Fig.  2.12 ). Its cultivation area increased by re-developing abandoned 
lands rather than by changing to rapeseed instead of other crops, but this means that 
croplands are enlarged at the expense secondary steppe ecosystems.        
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  Abstract   The paper summarizes modern data on the phytogeography, ecology and 
typology of the main plant communities of the steppe areas of Kazakhstan. The pat-
terns of zonal steppe vegetation on the plains and altitudinal vegetation sequences 
in the mountains are shown. A new map of the phytogeographic regionalization is 
given. The paper reviews human impacts on the steppe vegetation of Kazakhstan 
and their degree of usage and transformation, and discusses the conservation status 
of steppe ecosystems in a network of protected areas, as well as the current status of 
steppe biodiversity in the Republic of Kazakhstan.      

    3.1   Introduction       

 Kazakhstan is located in the heart of Eurasia, in the dry continental climate of the 
temperate zone. Its area is 2,724,000 km 2 . The distance from north to south is 
1,600 km, from west to east 3,000 km. Plains in the western and northern parts of 
the country occupy 60% of the territory, and in its central part (30% of the territory) 
they alternate with hills (‘melkosopochnik’) and low mountains. The southern and 
north-eastern parts of Kazakhstan are occupied by the Altai, Saur, Northern and 
Western Tien Shan mountain systems. 

 The vast territory covers several natural zones (forest-steppe, steppe and desert) 
and includes a variety of regions with a rich  fl ora and fauna.  
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    3.2   Diversity of Steppe Ecosystems 
(Natural-Territorial Complexes) 

 The differences in natural conditions in Kazakhstan (climate, topography, soils, 
vegetation) determine the differentiation in natural-territorial complexes or ecosys-
tems in the country. For our purpose an ecosystem, or natural-territorial complex, is 
characterized by a homogeneous relief, one type or subtype of soil, a set of 
plant communities with a common structure (life forms) and characteristic species 
composition, a similar range in  fl uctuation in species composition and productivity, 
a similar successional trend, and similar responses to natural and anthropogenic 
effects (Ogar  1999,   2006  ) . This ecosystem concept, considering elements of topog-
raphy, soil, vegetation and associated animal populations, we use to assess the potential 
development of habitats, their potential  fl oral and faunal diversity, and the poten-
tial consequences of disturbance. 

 This concept was  fi rst used in classifying and mapping the natural ecosystems of 
Mongolia (Ecosystems of Mongolia  1995  ) , and later in creating the  fi rst small-scale 
maps of ecosystems of Kazakhstan, taking the peculiarities of the natural conditions 
of Kazakhstan into account (Ogar and Rachkovskaya  2006  ) . This allows us to deter-
mine the differences in the natural ecosystems of the two largest steppe regions of 
Eurasia: Kazakhstan and Mongolia. On this basis of small-scale maps of ecosys-
tems, made for the National Atlas of the Republic  (  2006  )  and using the materials of 
the UNEP/GEF/WWF project “Development of the Econet for Long-term 
Conservation of Biodiversity in the Central Asia Ecoregions”, we are able to provide 
(qualitative and quantitative) areal data on the landscape diversity of the main forest-
steppe and steppe ecosystems (Table  3.1 ).     

 Forest-steppe ecosystems occupy 2.4% of Kazakhstan, and steppes, including 
those on the foothills and mountains, 42.4%. 

 In the plain and melkosopochnik part in the north of the country large areas of 
dry and deserted steppes (11%) are mainly found on the Sub-Ural and Turgai 
Plateau (Photo  3.1 ). Dry and deserted steppes are also associated with the elevated 
deluvial-proluvial plains, mainly among the hills of Central Kazakhstan (6.7%), 
and are widespread in the lowland plains of the Caspian Lowland (4.8%), while in 
the lowland plains of the West Siberian Plain, forest-steppe ecosystems and humid 
temperate-droughty and droughty steppes are widespread (6.3%). Note that the 
steppe ecosystems on aeolian plains occupy a very small area in Kazakhstan 
(1.6%). Special for Kazakhstan are the steppes of melkosopochnik (8.6%). Low 
inselbergs do not occupy large areas (2.4%), but allow the penetration of the 
northern steppes far to the south, and they comprise many rare types of ecosystems 
in the region.  

 The area of the foothills and mountain ecosystems is small (3.4%), but their 
importance for the conservation of biodiversity and for economic use, especially in 
desert regions, cannot be overestimated. 

 This paper will mainly deal with vegetation, as it is the major and most informa-
tive biotic component of terrestrial ecosystems   .  
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  Photo 3.1    Vast areas of deserted steppes have survived in the southern part of the Turgay Plateau; 
Southern part of Kostanay Oblast (earlier Turgay Oblast); Amangeldy Rajon. 10.06.2005 (Photo 
Tatyana Bragina)       

    3.3   Steppe Research in Kazakhstan 

 The vegetation cover of Kazakhstan is very diverse and comprises steppes, deserts, 
forests, grasslands, etc. The herbaceous vegetation types include steppes, meadows 
(lowland and mountain) and savanna-like vegetation (tall herbaceous and short her-
baceous). All these major vegetation types have their characteristic physiognomy 
(structure) and life forms. Accordingly, the steppe, as de fi ned by the steppe expert 
Lavrenko  (  1940  ) , includes communities dominated by perennial microthermic 
(cold-resistant), xerophytic (drought-resistant) herbaceous plants, mainly bunch 
grasses of the genera  Stipa,   Festuca,   Koeleria  and  Helictotrichon.  

 There are two natural zones with steppes on the plains of Kazakhstan – forest-
steppe and steppe itself. In the mountains of Kazakhstan, steppes occur both on low 
and middle-high mountains, and fragmented also on high mountains. 

 The steppes of Kazakhstan have been studied for more than a century. During 
the early twentieth century, extensive soil-botanical investigations were carried 
out in Northern Kazakhstan, which resulted in the  fi rst data collected on steppe 
vegetation. Important early works on the steppes of Kazakhstan were Krasheni-
nnikov  (  1925  ) , Baranov  (  1925  ) , Sobolev  (  1948  ) , Pavlov  (  1948  ) , and Rubtsov 
 (  1952  ) . The fundamental work of E.M. Lavrenko  (  1940,   1956  )  contributed greatly 
to the knowledge of the vegetation cover of the Eurasian steppes, including 
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Kazakhstan. The monograph “Steppes of Eurasia”  (  1991  )  comprises this early, as 
well as newer knowledge. 

 The diversity of the steppes of Kazakhstan has been summarized in numerous 
reports and is documented in Vegetation Maps and Legends  (  1960 ,  1975 ,  2006  ) . 
Botanical research, acquired in the period that virgin steppes existed and fallow 
lands could regenerate without much interference, has resulted in “The Natural 
Zonation of the Territory of Northern Kazakhstan”  (  1960  ) , vegetation maps of the 
region and descriptions of the main types of steppes (Isachenko and Rachkovskaya 
 1961  ) . In Central Kazakhstan, in the period 1964–1968, a series of detailed vegetation 
studies were carried out, summarized in Karamysheva and Rachkovskaya  (  1973  )  
and in the vegetation map of the Kazakh Melkosopochnik  (  1975  ) . Mountain steppes 
of Tarbagatai were described in detail by Stepanova  (  1962  ) , and of the Tien Shan 
and Dzungarian Alatau by Rubtsov  (  1948,   1954  ) . Sokolov  (  1977  )  published a 
survey of the vegetation of the Altai, and Chibilyev  (  1998  )  and Nikolayev  (  1999  )  
published accounts of the steppes of Russia and Kazakhstan. More recently overviews 
were published by Marynich  (  2005  )  and Rachkovskaya  (  2006  ) . 

    3.3.1   Zonation 

 The vegetation of Kazakhstan varies considerably from north to south due to differ-
ences in climatic conditions (Table  3.2 ). With respect to the steppes, we deal with 
two zones – the forest-steppe and the steppe – with seven subzones.  

 The  Forest-steppe zone  is found only in the northernmost part of Kazakhstan, 
on the plains of the Western Siberian Lowland. The forest-steppe zone is character-
ized by the alternation of birch and aspen-birch forests ( Betula pendula,   B. pubescens,  
 Populus tremula ) with non-forested land occupied by steppe, meadows with steppe 
elements, wetland meadows, and marshes. The forest-steppe zone can be divided 
into two subzones: the southern forest-steppe and steppe with “kolki” (Natural 
zonation  1960  ) . 

 In the  southern forest-steppe , forests cover, in some places, up to 50% of the water-
shed plains, but the average forest cover is 20–30%. The soils beneath them are grey 
forest soils. Between the forest patches grass-forb and forb-grass meadow steppes and 
steppe meadows occur on leached chernozem and meadow-chernozem soils. 

 The forest-steppe with “kolki” occurs rather widespread on  fl at lake-alluvial 
plains and in areas with ridge relief within the West Siberian Lowland. These forests 
occur on sites with additional moisture. A lower forest cover (sometimes 25–30% 
of the watershed) characterizes this subzone. Prior to the mass plowing of the  fl at 
plains, the Ubagan-Ishim watershed carried such rich forb–feather grass steppes 
( Stipa zalesskii ), and east of the River Ishim there was feather grass steppe ( Stipa 
zalesskii,   Peucedanum morisonii ). The soils under the forests are solod, under the 
steppes ordinary chernozem. 

 The  Steppe zone  of Kazakhstan occupies 41.4% of the territory of the Republic. 
It covers the northern part of the Caspian Lowlands, the Torgay Plateau, the Sub-Ural 
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piedmont plateau, the Trans-Ural, the West Siberian Lowland, and the Central 
Kazakhstan Melkosopochnik (hills) (Sary-Arka). In correspondence with the 
differences in climatic parameters over this wide zone, the steppe zone is divided 
into  fi ve subzones:

   Temperate-droughty rich forb – feather grass steppes on ordinary chernozem;  • 
  Droughty forb – feather grass steppes on southern chernozem;  • 
  Temperate-dry bunch grass steppes on dark chestnut soils;  • 
  Dry xerophytic forb – bunch grass steppes on chestnut soils;  • 
  Deserted sagebrush – bunch grass steppes on light chestnut soils.    • 

  Temperate-droughty rich forb  –  feather grass steppes  on ordinary chernozem are 
distributed along the southern periphery of the West Siberian Lowland. The basic 
species of these steppes are  Stipa zalesskii  and  Festuca valesiaca , mixed with xero-
mesophytic, loose bunch grasses ( Poa angustifolia,   Bromopsis inermis ) and meso-
xerophytic and euryxerophytic steppe forbs ( Hieracium virosum,   Artemisia latifolia 
Veronica spuria,   Lathyrus tuberosus,   Pulsatilla multi fi da ) .  

 The indigenous steppe type of this area is a rich forb ( Peucedanum morisonii ) – red 
feather grass ( Stipa zalesskii ) steppe. It is characterized by a high species richness 
(45–60 species per 100 m 2 ) with a cover of 80–90% to 100%. 

  Droughty forb  –  feather grass steppes  are con fi ned to the  fl at lake-alluvial plains 
of the West Siberian Lowland, the denudative plains of the Trans-Ural Plateau and 
northeast of the Kokchetav Heights. Zonal soil types are the southern chernozem 
soils and their carbonate variants, as well as saline soils and solonetz with a complex 
vegetation. Cobbly southern chernozem is common in the Trans-Ural and the 
periphery of the Central Kazakhstan Melkosopochnik. 

 In these steppes  Stipa zalesskii  and  Festuca valesiaca  are dominant species while 
 Koeleria cristata  as a co-dominant .  Forbs are less abundant. They are mainly mesox-
erophytic and euryxerophytic steppe species ( Salvia stepposa,   Seseli ledebourii,  
 Medicago romanica,   Galium ruthenicum,   Eryngium planum , etc.), though xeromes-
ophytes still occur ( Thalictrum minus,   Xanthoselium alsaticum , etc.). Total coverage 
is 70–80%. 

 On calcareous soils the forb – feather grass steppes are common, with  Stipa 
lessingiana  as a co-dominant and  Stipa korshinskyi , an indicator of carbonate. 
Currently, most of the forb – grass steppe is plowed (about 60% of the area), and it 
became one of the most important agricultural regions of the country. 

  Temperate dry bunch grass steppes  on dark chestnut soils, often calcareous and 
loamy, are common on the plains of most of the Turgay Plateau, in the eastern 
periphery of the West Siberian Lowland, and the plains among the hills of the 
Central Kazakhstan Melkosopochnik. 

 The main vegetation features of dry steppes include xerophytic bunch grasses 
( Stipa lessingiana,   S. capillata,   Festuca valesiaca,   Koeleria cristata ), loose bunch 
grasses ( Agropyron pectinatum,   Cleistogenes squarrosa  in the east) and rhizome 
grasses ( Leymus ramosus ), with little occurrence of forbs, though some xerophytic 
forbs occur ( Dianthus leptopetalus,   Phlomoides agraria,   Jurinea multi fl ora,  
 Galatella divaricata ). The proportion of ephemeroid and hemi-ephemeroid forbs 



110 E.I. Rachkovskaya and T.M. Bragina

(species that are short-lived aboveground) is considerable ( Tulipa schrenkii,   T. pat-
ens ,  T. bi fl ora,   Ornithogalum  fi scherianum ). The cover is sparse, usually less than 
50–60%.  Stipa lessingiana  steppes, characterized by a small admixture of forbs, are 
widespread (Photos  3.2  and  3.3 ).      

  Dry xerophytic forb  –  bunch grass steppes  on chestnut soils occupy large areas 
in the Sub-Ural and Turgay Plateau. The main zonal type is a xerophytic forb – fescue – 
feather grass steppe ( Stipa lessingiana,   Festuca valesiaca,   Galatella divaricata,  
 G. tatarica,   Phlomoides agraria,   Tanacetum achilleifolium ) which can be regarded 
as a southern version of the dry steppes.  Stipa capillata  occurs on the plains among 
the hills of Sary-Arka. 

 The total area of temperate dry and dry bunch grass steppe is 53 million ha. This 
is about 20% of the country, and one-third of this is under cultivation. 

  Deserted sagebrush  –  bunch grass steppes  on light chestnut soils are the southern-
most type of steppes, their southern boundary roughly coinciding with the boundary 
between steppes and deserts (48° N.L.). This subzone of deserted steppes on light 
chestnut soils covers the Caspian Lowlands, the Sub-Ural, the Turgai Plateau, 
Mugodzhary, the Central Kazakhstan Melkosopochnik and the Kulundinskaya Plain. 
In the northern part of this subzone these are sagebrush – feather grass steppes with 
 Stipa lessingiana  and species of the genus  Artemisia  and in the southern part with 
 Stipa sareptana  and  Artemisia  sp. Compared to the dry steppes, in the subzone of 
deserted steppes the vegetation is more complex. 

 The main edi fi cators of communities of deserted steppes are  Stipa lessingiana,   S. 
sareptana  and  Festuca valesiaca . The euxerophytic semi-shrubs  Artemisia lerchi-
ana  (in the west) and  Artemisia semiarida  (in the centre of the subzone), as well as 
 Artemisia gracilescens  and  A. sublessingiana  (in the centre and east of Kazakhstan), 
are co-edi fi cators. Forbs are relatively few and typically include xerophytic species. 
Characteristic are  Kochia prostrata  (although it is absent in the northern steppes) 
and hemi-ephemeroids (species of the genus  Ferula ), ephemeroids (species of the 
genus  Tulipa  and  Gagea ) and ephemerals (annuals).  

    3.3.2   Vertical Zonation 

 Steppes occur in all the mountains of Kazakhstan – from Altai to Karatau. In the 
mountains, the distribution of the steppes is embedded in the vertical zonation of 
the vegetation. In Kazakhstan the distribution of mountain steppes is determined 
by the big mountains – Altai, Saur, Tarbagatai, and Tien Shan. 

 Vegetation belts in mountains, determined by the vertical gradient in climatic 
conditions, comprise a wide range of plant communities, depending on landform, 
water availability, soil characteristics, exposition, etc., but nevertheless, each belt 
carries a dominant type of vegetation, which is characteristic for that belt (Volkova 
 1994 , p. 14). 



  Photo 3.2    Feather-grass steppes with  Stipa lessingiana . Eastern-Turgai Plateau; Kostanay Oblast; 
Naurzum Rajon. 25.05.2009 (Photo Tatyana Bragina)       

  Photo 3.3    Feather-grass steppes in spring with  Tulipa schrenkii . Naurzum Reserve; Central-
Eastern part of Kostanay Oblast; Naurzum Rajon. 5.05.2005 (Photo Tatyana Bragina)       
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 At a general level all mountain vegetation of Kazakhstan can be divided into four 
groups of zonation types:

   Altai (for the mountains located in the dry steppes);  • 
  Saur-Tarbagatai (for the mountains located in the desert steppes);  • 
  Dzungaria-Northern Tien Shan (for the mountains located in the middle [of tem-• 
perate to cold] deserts);  
  Western Tien Shan (for the mountains located in the warm-temperate southern • 
deserts).    

    3.3.2.1   The Altai-Group of Zonation Types 

 The dry steppes in Kazakhstan’s part of the Altai occur on the piedmonts of the 
mountains and vary in structure according to the vertical zonation (Sokolov  1977  ) . 

 The  North-western part of the Altai Mountains  (the mountain ranges Tigiretsky, 
Ivanovsky, Holzun, Ubinsky, Ulbinsky, Bukhtarminsky, Kalbinsky) is the most 
humid of the mountain systems in Kazakhstan. These ranges are affected by Atlantic 
air masses, bringing heavy precipitation. Precipitation is relatively equal from spring 
to autumn. In winter the Siberian anticyclone is set over the region (Photo  3.4a, b ).     

 The vertical sequence of belts in this area is: mountain steppes – mountain 
steppes with shrubs – small-leaved forests – dark coniferous forests – subalpine and 
alpine tall herb and short herb meadows. Steppes occur from 250 m (piedmont 
plains) to 1,200 m. 

 In the  Eastern and Southern parts of the Altai Mountains  (the ridges Katun, 
Southern Altai, Narymsky, Kurchum) the climate is more arid. There the belt 
sequence is: mountain steppes – mountain steppe with shrubs – light coniferous 
forests of  Larix  – subalpine-like and alpine-like short herb meadows – mountain 
tundra. The steppes occur from 600 to 1,800 m (Table  3.3 ).   

    3.3.2.2   The Saur-Tarbagatai 

 The  Saur Mountains  and  Tarbagatai  are located in the deserted steppes zone on 
light chestnut soils in the mountain foothills. 

 The sequence of belts in the mountains of  Saur  is: mountain steppes – light 
coniferous forests of  Larix  – subalpine-like and alpine-like short herb meadows 
(Table  3.4 ). Park-like  Larix  forests in conjunction with steppes (expositional forest-
steppe) occur at medium heights, while shrub steppes and brushwoods predominate 
at low heights.  

 The  Tarbagatai Ridge  is lower than Saur and does not exceed 2,990 m. It has no 
permanent snow and glaciers, and thus the forest belt is not developed. In the high 
mountains alpine meadows dominated by species of  Kobresia  are found and 
subalpine forb – grass and forb meadows dominated by species of  Alchemilla  and 
cryophytic steppes with  Helictotrichon hookeri,   Festuca valesiaca  and  Elytrigia 
gmelinii  are common and varied. On medium-high mountains typical droughty 
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  Photo 3.4    ( a ) Altai Mountains: Steppe belt (zone). Eastern Kazakhstan; Eastern-Kazakhstan 
Oblast. 26.06.2008 (Photo Tatyana Bragina). ( b ) Altai Mountains; Steppe belt (zone). Eastern 
Kazakhstan; Eastern-Kazakhstan Oblast. 26.06.2008 (Photo Tatyana Bragina)       
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steppes and brushwoods, often of the rare endemic species  Amygdalus ledebouriana  
and  Calophaca howenii , are found and on low mountains shrubby dry steppes 
(Stepanova  1962  ) .  

    3.3.2.3   The Zhungar-Northern Tien Shan 

 This group includes the mountain ridges Kyrgyzskiy, Zailiyskiy Ala-Tau, Kungey 
Ala-Tau, Zhungar Ala-Tau, Ketmen, and the northern face of the Terskey Ala-Tau. 
The sequence of the zonation types is: steppes (deserted steppes, typical steppes, 
meadow steppes) – dark coniferous forests, woodlands and meadows – subalpine-
like meadows and juniper dwarfshrub – alpine meadows and meadows dominated 
by species of  Kobresia . 

 These mountain ridges have some individual features. On the northern slope of the 
Zhungar Ala-Tau the steppe zone covers a much greater area than in the Zailiyskiy 
Ala-Tau. Deserted steppes of ephemeroid sagebrush – feather grass with  Stipa sare-
ptana,   S. lessingiana,   S. caucasica , species of  Artemisia , and  Poa bulbosa  occur in 
the piedmonts of the northern slope of the Zhungar Ala-Tau between 650 and 1,000 m 
and mountain dry steppes predominate between 1,000 and 1,200 m, forb and forb – 
feather grass steppes up to 1,400. Still higher we  fi nd only meadow steppes in com-
bination with brushwoods, broad- and small-leaved forests, and meadows. In the 
Zailiyskiy Ala-Tau the steppe zone consists of three clear subbelts, including deserted 
steppes and dry steppes, where some spring ephemeroids play a signi fi cant role. 

   Table 3.3    Distribution (in m) of the steppes along the vertical pro fi le in the Altai Mountains and 
in the Saur Mountains (by Sokolov  1977  )    

 Altitudinal belt 
(Zone) 

 Northern-Western 
Altai  Ridge Kalba  Southern Altai  Saur 

 Meadow steppes 
in the shrub belt 

 600–1,200  1,000–1,200  1,400–1,800  1,600–2,000 (2,200) 

 Temperate- droughty 
and droughty 
steppes 

 300–600  400–1,000  1,200–1,400  1,300 (1,600)–1,800 
(2,000) 

 Dry steppes  250–350  800–1,200  800–1,300 (1,600) 
 Deserted steppes  600–800  500–800 

   Table 3.4    Vertical zonation (in m) of steppes in the Tarbagatai Ridge (by Stepanova  1962  )    

 Altitudinal belts (zone)  Southern slope (m)  Northern slope (m) 

 Deserted steppes  500–700  500–900 
 Steppes  700–1,000 (1,200)  900–2,000 
 Brushwood  1,000 (1,200)–1,700 (1,800) 
 Subalpine with fragments 

of mountain steppes 
 1,700 (1,800)–2,400  2,000–2,200 

 Alpine with fragments 
of mountain steppes 

 2,400–3,100  2,200–3,100 
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 The altitudinal pro fi le of the Almaty district is as follows: deserted and dry steppes 
occur at 650–850 m, forb – grass steppe with shrubs from 850 to 1,200 m, and meadow 
steppes are found in a belt of small-leaved and fruit forests at 1,200–1,600 m. 

 Ephemerals and ephemeroids do not occur in the mountain steppes of the Kungey 
Ala-Tau, Ketmen and Terskey ridges. Here the high-altitude steppe belt typically is 
broader, especially on southern macro-slopes. The highlands are more arid here and 
cryophytic steppes are more important, which brings them closer to the high moun-
tains of Central Asia (Volkova  2003 ). 

 The Kyrgyz Ridge, which is connected to the ridges of the Western Tien Shan, 
carries some features of the vegetation of the Central Asian mountains. This is vis-
ible in the relatively high proportion of ephemeroid grasses and hemi-ephemeroid 
tall herbs in the steppe zone of the piedmonts and low mountains . 

 In general, all steppes of the piedmont plains of the Northern Tien Shan have 
long ago been converted to agricultural lands.  

    3.3.2.4   The Western Tien Shan 

 Here steppes occur as fragments. In the low mountains of the Western Tien Shan 
savanoid-bunch grass steppes occur, and in the Karatau mountain-xerophytes – 
bunch grass steppes.    

    3.4   The Main Types of Steppes of Kazakhstan 

 Steppe vegetation comprises communities dominated by perennial microthermic, 
xerophytic grasses, mainly of bunch grasses of the genera  Stipa,   Festuca,   Koeleria  
and  Helictotrichon.  This vegetation covers large areas on the plains, plateaus, hills and 
mountain slopes. A distinctive feature of all steppe communities of melkosopochnik 
and mountains of Kazakhstan (Mugodzhary, the Central Kazakhstan Melkosopochnik 
(Sary-Arka), the Altai Mountains, Tarbagatai and the Tien Shan), is the occurrence 
of shrub steppes (mainly involving species of the genera  Spiraea  and  Caragana ). 

 Lavrenko  (  1940 , 1991) divided the steppes into three main subtypes: meadow 
steppes, steppes, and deserted steppes, which occur successively in a latitudinal 
zonal alignment. The remaining subtypes of steppes are mainly related to mountain 
systems: cryophytic steppes in the high mountains, ephemeroid – bunch grass steppes 
at the periphery of the ridges of the Northern Tien Shan, savanoid – bunch grass and 
mountain-xerophytes – bunch grasses steppes in the Western Tien Shan and Karatau. 

    3.4.1   Plain Steppes 

  Meadow steppes  are composed of euxerophytic and mesoxerophytic herbaceous 
perennial grasses with a constant admixture of mesophytic and xero-mesophytic 
species. They are typical for the non-forested patches in the forest-steppe zone. 
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Bunch grasses, particularly  Stipa pennata,   Stipa zalesskii  and  Festuca valesiaca , 
and rhizoid grasses, such as  Poa angustifolia,   Helictotrichon schellianum  and 
 Elytrigia repens , are common, and there are many forbs, often including hydro-
philic species, e.g.  Lathyrus pisiformis,   L. pratensis,   Vicia cracca,   Artemisia pon-
tica,   A. latifolia,   Filipendula vulgaris,   Fragaria viridis . Meadow steppes have a tall 
(60–80 cm on average) and dense herb layer with a total coverage of about 100% 
(Isachenko and Rachkovskaya  1961  ) . 

  Real steppes  are species-rich forb – feather grass and dry bunch grass steppes 
dominated by euxerophytic bunch grasses with a constant and signi fi cant admix-
ture of drought-resistant forbs (mesoxerophytic and euxerophytic). Communities 
of this steppe subtype widely occur on the plains and in the mountains, mainly the 
medium-high mountains. The various mountain ranges support different forb and 
shrub species. 

 In the subtype of  deserted steppes  euxerophytic bunch grasses predominate and 
semi-shrubs, mainly of  Artemisia , are common. 

 The most widespread steppe formations (i.e. plant communities with one domi-
nant species) of the above-mentioned subtypes of steppes are brie fl y reviewed. 

  Feather grass  ( Stipa zalesskii )  steppes  are the northernmost, hydrophilic type of 
plain steppes on chernozem; further south they occur only on mountain slopes. 
They are characterized by a very rich  fl oral composition. Forbs are especially 
abundant and diverse. The interesting  Stipa zalesskii  steppes, with an admixture of 
the tall  Peucedanum morissonii , previously occurred widely on the plains of north-
ern Kazakhstan but were plowed up and completely destroyed. Only some frag-
ments are preserved in the low mountains, e.g. in the Kokshetau, Erementau, 
Bayan-Aul, etc. 

  Forb – sedge – feather grass steppes  ( Stipa zalesskii,   Carex pediformis,   Helicto trichon 
desertorum ) are  fl oristically very rich and typical of the melkosopochnik. 
Colorful steppe forbs are  Pulsatilla patens ,  Gypsophila altissima ,  Polygala hybrida,  
 Hieracium virosum,   H. echioides,   H. umbellatum,   Veronica spicata,   V. incana,   V. spuria , 
and many others. 

  Helictotrichon  ( Helictotrichon desertorum )  steppes  are always associated with 
stony and cobbly soils. In the low mountains of the eastern part of Sary-Arka they 
exist as part of the vertical zonation. 

 Shrub-rich  forb – sedge – Helictotrichon  steppe is the wettest type of steppe on 
low mountains. Petrophilous shrubs, such as  Spiraea crenata,   Rosa spinosissima  
and  Cotoneaster melanocarpa , are abundant but also the hydrophilic  Carex pediformis  
commonly occurs in the stony steppes. 

 Among the dry steppes,  petrophytic forb – Helictotrichon  steppes ( Helictotrichon 
desertorum,   Onosma simplicissima,   Hedysarum gmelinii,   Centaurea sibirica,  
 Goniolimon speciosum  and  Seseli ledebourii ) as well as  sagebrush  –  Helictotrichon  
( Helictotrichon desertorum,   Artemisia frigida ) steppes are the typical communities 
on slopes of melkosopochnik. These steppes are common in the mountains of the 
Altai, Tarbagatai and Tien Shan. 
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  Stipa lessingiana steppes  widely occur on the dry plains of the Sub-Ural and the 
Turgay Plateau, as well as on plains among melkosopochniks of Sary-Arka.  Fescue – 
feather grass  ( Stipa lessingiana – Festuca valesiaca )  steppes  with xerophytic forbs 
( Galatella tatarica,   Pyrethrum achillaefolium ) on carbonate soils are typical. Most 
of them have been plowed up. 

  Deserted feather grass steppes  are mainly characteristic for the northern part of the 
subzone, where  sagebrush – fescue – feather grass  ( Stipa lessingiana,   Festuca vale-
siaca,   Artemisia sublessingiana  or  Artemisia gracilescens ) communities are com-
mon.  Sagebrush – feather grass  steppes with abundant  Artemisia compacta  occur in 
the easternmost part of the subzone. 

  Stipa capillata steppes  on light soils, mainly sandy (Photo  3.5 ) and cobbly, occupy 
a huge area on the plains and melkosopochnik.  Fescue – feather grass  steppes with 
psammophytic forbs ( Artemisia marschalliana ,  Gypsophila paniculata ) are com-
mon, and in the eastern part of Sary-Arka (Karamysheva and Rachkovskaya  1973  )  
and Tarbagatai (Stepanova  1962  )   Stipa capillata – Caragana pumila  steppes and 
 Stipa capillata – Helictotrichon desertorum – Caragana pumila steppes  occur. In 
their composition and structure these steppes are very similar to the Mongolian dry 
steppes. Their basic  fl oristic elements are East Kazakhstanian or East Kazakhstan-
Mongolian petrophytic species:  Cleistogenes squarrosa,   Potentilla acaulis,  
 Veronica pinnata,   Convolvulus ammanii.  The East Kazakhstan shrub  Caragana 
pumila  is common.  

 Deserted  Stipa capillata  steppes, in particular  Spiraea hypericifolia,   Artemisia 
sublessingiana,   Stipa capillata  communities, are closely associated with non-saline, 
easily destroyed soils on slopes of melkosopochnik. 

 In the south of the region  Stipa kirghisorum steppes  replace the steppes with 
 Helictotrichon desertorum  on stony and cobbly southern slopes of mountains and 
melkosopochnik.  Stipa kirghisorum,   Artemisia sublessingiana,   Artemisia frigida,  
 Caragana balchaschensis steppe  is common. In the northern part of the Balkhash 
region, in the contact zone between steppes and deserts, there are large tracts of 
 Stipa kirghisorum,   Festuca valesiaca,   Artemisia sublessingiana steppe  on plains 
underlain by cobbly and pebble-stony deposits. 

  Stipa korshinskyi steppes  are found sporadically on carbonate-rich soils in 
northern Kazakhstan. 

  Stipa sareptana steppes  are the southernmost type of deserted steppes in this 
subzone.  Stipa sareptana,   Festuca valesiaca,   Artemisia gracilescens  or  Artemisia 
sublessingana , or  Artemisia semiarida  communities should be mentioned as typical. 

  Festuca valesiaca steppes  occur widely all over the steppe zone, both on plains and 
slopes of melkosopochnik and mostly on saline soils. 

  Stipa pennata steppes  are restricted to sandy soils. They are common in western 
Kazakhstan, and on the Turgai and the plains near the Irtysh. Such communities 
consist of psammophytic species. The most common communities of these steppes 
are psammophytic forb  –  feather grass steppes with  Stipa pennata,   S. capillata,  
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 Koeleria glauca,   Cleistogenes squarrosa,   Potentilla glaucescens,   Centaurea sibirica,  
 Scabiosa isetensis,   Syrenia saliculosa,   Astragalus onobrychis,   Gypsophila 
paniculata,   Onosma simplicissima,   Artemisia marschalliana,   Scorzonera ensifolia,  
 Helichrysum arenarium,   Asperula danilewskiana , etc. Here and there  Artemisia 
marschalliana  is co-dominant in such steppes. In the south of the steppe zone 
steppes with  Stipa pennata,   Agropyron fragile,   Cleistogenes squarrosa,   Phleum 
phleoides,   Artemisia marschalliana,   Jurinea amplexicaule,   Scorzonera ensifolia,  
 Medicago romanica,   Potentilla glaucescens  are common.  Stipa pennata,   Festuca 
beckeri,   Koeleria glauca,   Cleistogenes squarrosa,   Artemisia marschalliana,  
 Scorzonera ensifolia,   Helichryzum arenarium  steppes are common on loose 
sandy soils in hilly areas, often interspersed with pine forests ( Pinus sylvestris ) 
(e.g. in the Naurzum pine forests and near the Irtysh).     

    3.4.2   Mountain Steppes 

 The  real mountain bunch grass steppes  include rich forbs  –  feather grass steppes 
and dry bunch grass steppes with a small number of predominantly drought-
resistant forb species.  Stipa zalesskyi steppes  and  Stipa capillata steppes  are most 
common, as well as  Helictotrichon desertorum steppes  and  Stipa kirghisorum 
steppes  which are associated with more stony substrates. Also  Festuca valesiaca 
steppes  are widespread. All mountain steppes contain shrubs, but the  fl oristic 
composition of forbs and shrubs differ in the various mountain ranges. 

  Salvia stepposa,   Medicago falcata,   Galium verum,   Peucedanum morisonii,  
 Origanum vulgare  are reperesentative forb species in the Altai and Tarbagatai. 
Besides these species,  Bupleurum aureum  and  Adenophora lilifolia  are also found 
in the steppes of Tarbagatai and on stony substrates the steppes contain  Festuca 
valesiaca,   Crepis tenuifolia,   Sedum hybridum,   Thymus serpyllum  and  Ziziphora 
clinopodioides.  The forb  fl ora of the  Stipa capillata steppes  (being part of bunch 
grass steppes) of Tarbagatai corresponds to that of the Mongolian steppes with  Stipa 
capillata,   Potentilla acaulis,   Veronica pinnata,   Artemisia frigida . 

 The feather grass steppes of the Northern Tien Shan typically contain 
 Festuca valesiaca,   Stipa capillata,   S. lessingiana,   Bothriochloa ischaemum  
and  Ajania fastigiata . The mountain steppes have been described in detail by 
Stepanova  (  1962  )  for Tarbagatai and Rubtsov  (  1948,   1954  )  for the Tien Shan 
and the Zhungar Alatau. 

  Cryophytic steppes  in the highlands are located on southern slopes. In the Northern 
Tien Shan  cryophytic fescue steppes  (with  Festuca musbelica,   F. olgae,   Phlomoides 
oreophila,   Geranium saxatile,   Kobresia humilis ) in combination with cryophytic 
meadows and the prostrate  Juniperus pseudosabina  are found. 

 In the Western Tien Shan, on southern slopes and the more cobbly parts of north-
ern slopes, special  cryophytic subalpine steppes  are found with  Helictotrichon 
hookeri,   Festuca valesiaca,   Poa relaxa,   Potentilla hololeuca,   Artemisia ashurba-
jewii,   Cerastium cerastoides  and  Oxytropis aulieatensis.  
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  Ephemeroid   –   bunch grass steppes  are found on low ridges in the periphery of the 
Northern Tien Shan, such as ephemeroid – sagebrush – feather grass steppes with 
 Stipa sareptana,   S. lessingiana,   S. caucasica,   Festuca valesiaca,   Artemisia  spp., 
 Kochia prostrata,   Poa bulbosa , and sometimes also containing the shrubs  Spiraea 
hypericifolia ,  Cerasus tianschanica , and species of  Atraphaxis . 

 In the Western Tien Shan, on the southern slopes of Dzhabagly,  savannoid bunch 
grass communities  occur, by many authors considered as “warm steppe” (Karmysheva 
 1973  ) . The savannoid steppe communities are characterized by dominance of 
 Festuca valesiaca . They contain signi fi cant numbers of savannoid plants, such as 
 Ferula tenuisecta,   Hordeum bulbosum,   Centaurea squarrosa,   Schrenkia golickeana  
and  Tulipa greigii . The shrubs  Cerasus tianschanica,   Rosa kokanica  and  R. 
fedtschenkoana  are also important in these steppes .  Savannoid – fescue ( Festuca 
valesiaca,   Stipa caucasica,   Poa bulbosa,   Ferula tenuisecta  and  F. karatavica ) 
steppes also occur in the Karatau mountains, predominantly on northern slopes with 
thin, cobbly soils. 

  Mountain xerophytes   –   bunch grass steppes  are widespread in the steppe zone of 
the Karatau mountains, especially on southern slopes (Photo  3.6 ). They contain 
 Festuca valesiaca,   Stipa caucasica,   Poa bulbosa,   Rhaphidophyton regelii,  
 Pseudolinosyris grimmii,   Cousinia albertii,   C.karatavica  and  Acantholimon alberti . 
 Mountain-xerophytes – fescue  ( Festuca valesiaca,   Acantholimon aulieatense ) 
communities dominate on the  fl at tops of the Malyi Karatau. In the Central 
Karatau, shrub – fescue ( Festuca valesiaca,   Spiraea hypericifolia,   Lonicera 
nummularifolia,   Cotoneaster allochrous )  steppes  are common. These steppes comprise 
numerous species that are endemic in the Karatau ( Cousinia mindschelkensis , species 
of  Acantholimon ). Feather grass communities with  Stipa orientalis,   S. caucasica  or 
 S. macroglossa  occur locally.  

 The European-Kazakhstanian feather grass and fescue steppes dominate in 
the steppe zone of Kazakhstan; however, they are often represented by speci fi c geo-
graphic variants with unique  fl oristic compositions.   

    3.5   Rare, Endemic and Endangered Species 
of the Forest-Steppe and Steppe Zones 

 The  fl ora of the forest-steppe and steppe zones of Kazakhstan is comprised of 
approximately 2,000 species. The  fl oristic endemism of the plains is low in comparison 
with the mountain-steppe habitats. There are about 30 narrow endemics, which do 
not occur outside of the steppe zone of Kazakhstan (1.5% of the total) (Rachkovskaya 
et al.  1999  ) . Most of them are perennial grasses while some are semi -shrubs. Some 
rare species, associated with rocky surfaces or outcrops of chalky soils, occur in the 
Mugodzhar mountains ( Megacarpaea mugodsharica,   Vincetoxicum mugodsharicum, ) 
or in some isolated low mountains (Ulytau, Chingiztau) within the Central Kazakhstan 
Melkosopochnik (e.g.  Clausia kasakorum,   Tanacetum ulutavicum,   Lepidium 
eremophyllum,   Scorzonera diacanthoides,   Potentilla kasachstanica ). A large group 



  Photo 3.5    Feather-grass steppes with  Stipa capillata.  Central-Eastern part of Kostanay Oblast; 
Naurzum Reserve; Naurzum Rajon. 10.06.2005 (Photo Tatyana Bragina)       

  Photo 3.6    Mountain xerophytes  –  bunch grass steppes with  Stipa  sp. Slopes of Karatau moun-
tains; Southern Kazakhstan; South-Kazakhstan Oblast; Turkestan. 13.05.2010 (Photo Tatyana 
Bragina)       
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of endemic species are found in the melkosopochnik of Central and Eastern 
Kazakhstan ( Euphorbia andrachnoides,   Astragalus kasachstanicus,   Erysimum 
kasakhstanicum,   Thymus cerebrifolius,   Seseli eriocarpum ) or in several parts of the 
steppe zone of Kazakhstan ( Thymus kirghisorum,   Thymus kasakhstanicus,   Oxytropis 
gebleriana ).  Astragalus kustanaicus  (on the Turgay Plateau) and  Linaria 
dolichocarpa  (in Western and Central Kazakhstan) are associated with sandy 
substrates, and  Leymus akmolinensis  with meadows. Western Kazakhstan has the 
following endemic species:  Artemisia lessingiana,   Astragalus zingeri,   Jurinea 
mugodsharica,   J. fedschenkoana . 

  Betula kirghisorum,   Berberis karkaralensis  (Kent, eastern part of the Central 
Kazakhstan Melkosopochnik) and  Caragana bongardiana  (its south-western part) 
are endemic trees and shrubs. 

  Stipa korshinskyi,   Astragalus macropus,   Silene suffrutescens,   Dianthus acicularis  
and  Scabiosa isetensis  are typical Trans-Volga-Kazakhstanian endemics. 

 A number of species have their main distribution area outside the steppe 
zone, but rarely also occur in the steppe zone. These include a large group of 
mesophilous species:  Alnus glutinosa  (Mugodzhary, Turgay, eastern part of the 
Central Kazakhstan Melkosopochnik),  Quercus robur  (Urals),  Convallaria majalis  
(Mugodzhary, Turgay),  Drosera rotundifolia,   Eriphorum polystachion,   Pyrola 
rotundifolia,   Chimaphylla umbellata,   Moneses uni fl ora,   Carex angarae,   C. cappilaris  
(in the Kokshetau Heights or in the low mountains of the eastern part of the Central 
Kazakhstan Melkosopochnik). Some species ( Soluria geoides,   Daphne altaica,  
 Caragana arborescens,   Spiraea trilobata,   Craniospermum echioide , etc.), which 
usually characterize the adjacent mountain areas of Altai, Tarbagatai and Sayan, 
occur in the eastern part of the melkosopochnik. 

 The group of rare species which  fi nd their northern boundary in the steppe zone 
is numerous and ecologically diverse:  Ferula pachycarpa,   Scaligeria setacea,  
 Pachypterigium multicaule,   Soranthus meyeri,   Arthrophytum korovinii,   Brachan-
themum kasakorum,   B. fruticulosum,   Astragalus temirensis , etc. 

 The steppe zone also harbours a group of plant species that require special 
protection and are listed as endangered in the Red Book of Kazakh SSR  (  1981  ) . 
They were also recommended for inclusion in the second edition of the Red Book 
of Kazakhstan (Ivashchenko  2005  ) . Ornamental species of tulips ( Tulipa schrenkii,  
 T. patens,   T.biebersteiniana ) are especially noteworthy among the “red-listed” 
steppe plants.  

    3.6   Rare Communities of the Forest-Steppe 
and Steppe Zones of Kazakhstan 

 There are four groups of unique plant communities in the steppe zone of Kazakhstan:

    1.    Rare communities in Eurasia and speci fi c for the territory of Kazakhstan;  
    2.    Rare, mainly relict communities, persisting under special conditions, or composed 

of endemic species;  



122 E.I. Rachkovskaya and T.M. Bragina

    3.    Rare communities occurring just locally or with a unique combination of species 
in special habitats;  

    4.    Fragmentary remains which have become rare due to the agricultural develop-
ment of the steppe zone.     

 1.  Rare steppe communities only found in Kazakhstan.  This is a particularly 
interesting botanical and geographical category (Rachkovskaya et al.  1999  ) . These 
are various communities of the  Helictotrichon  steppe formation, containing a spe-
cial  fl ora, including the endemics of the stony-cobbly habitats of the Central 
Kazakhstan Melkosopochnik (Karamysheva and Rachkovskaya  1973  ) . 

 Rather rare are the  Stipa korshinskyi steppes , a typical Trans-Volga-Kazakh 
steppe type, con fi ned to carbonate-rich soils.  Stipa capillata steppes  with  Caragana 
pumila  are particular to the Eastern Kazakhstan type of steppes. They can be 
regarded as a phytogeographical analogue of the Mongolian steppes and some 
species geographically replace one another ( Caragana pumila → Caragana 
pygmaea; Stipa capillata → Stipa krylovii ). 

 The deserted steppes of Central and Eastern Kazakhstan are a very special 
category of steppes. Some communities are botanically and geographically interesting 
as they only occur in Kazakhstan, such as the sagebrush – feather grass steppes 
dominated by  Stipa lessingiana,   Stipa sareptana  and  Stipa kirghisorum  and 
containing several species of  Artemisia  ( A. lerchiana,   A. lessingiana,   A. subblessin-
giana,   A. gracilescens,   A. semiarida ) (Rachkovskaya et al.  1999  ) . 

 2.  Rare ,  or relict communities.  This group is quite extensive and includes,  fi rst of 
all, boreal forests and marsh communities. Relict forests of  Alnus glutinosa  and 
 Betula kirghisorum  (endemic), and  Pinus sylvestris  forests, penetrating into the 
steppe region in particular habitats (sands, low granite mountains), are most notable 
and contain many boreal mesophilous species ( Linnaea borealis,   Vaccinium myrtilllus,  
 V. vites-idaea,   Drosera rotundifolia,   Pyrola rotundifolia ) isolated from their main 
distribution areas. Also  Sphagnum fuscum  bogs with rare, hydrophilic species are 
present, especially in more northern areas. 

 We consider some meadow steppes of low mountain tops with subalpine mountain 
steppe species ( Papaver tenellum,   Oxytropis chionobia ) as relict steppes, remnants of 
a more humid and cold period that existed in the Pleistocene in the Central-Kazakhstan 
Melkosopochnik (Sary-Arka). The brushwood made up of the ancient, arid relict and 
narrow endemic xerophytic shrub  Caragana bongardiana  also falls into this group. 

 3.  Rare local communities.  These are a diverse set of communities. In vast regions 
of Kazakhstan, mainly in lowlands with low hills, steppes with steppe shrubs are 
typical. They differ in species composition and structure and have vast distribution 
areas in Kazakhstan, mainly in the melkosopochnik-low mountain landscape (Bykov 
and Stepanova  1953 ; Safronova  1967 ; Karamysheva and Rachkovskaya  1973  ) . 
In the western part of the steppe zone we  fi nd brushwoods of  Cerasus fruticosus , 
and  Amygdalus nana . In the Sary-Arka  Caragana balchaschensis  is typical of 
the subzone of deserted steppes and the narrow endemic  C. bongardiana  occurs 
locally. Shrub steppe communities of  Caragana frutex,  petrophytic steppes with 
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 Spiraea trilobata , steppes of  Helictotrichon desertorum ,  Stipa capillata  steppes and 
steppes of  Stipa sareptana  with  Caragana pumila  (analogous to the Mongolian 
steppes) of the eastern part of melkosopochnik are very special. In Tarbagatai and 
the southeastern part of the melkosopochnik, steppes and brushwood of  Salophaca 
soongorica  occur and from the Kokshetau Heights further westward we  fi nd the 
interesting brushwoods of C erasus fruticosus  and  Amygdalus nana.  

 Unique are also the numerous serial communities of stony habitats dominated by 
 Artemisia lessingiana,   A. glabella,   A. frigida,   Sedum hybridum,   Stipa orientalis  and 
some rare and endemic petrophilous species, and also chalk deposits and outcrops 
of Tertiary clay have their speci fi c  fl oristic composition. 

 4.  Fragmentary remains which became rare due to anthropogenic activities.  This 
group comprises practically all types of steppes that earlier occurred widespread on 
the vast plains with soils that are good for agricultural activities (chernozem, dark 
chestnut and chestnut soils). Cultivated farmland now occupies these soils and the 
original steppe communities are now preserved in fragments only and thus became 
rare. These are meadow steppes, rich forb – feather grass steppes, and most of the 
various  Stipa  steppes mentioned earlier. These preserved natural steppe communi-
ties provide sources of seed and soil fauna needed to restore the damaged and 
neglected areas of virgin steppe.  

    3.7   Phytogeographic Regionalization of the Vegetation 

 In west – east direction the steppe zone stretches for some 6,000–7,000 km. Within 
this territory there are regions that differ in relief, rocks and soils: Common Syrt, the 
Caspian Lowland, the Sub-Ural piedmont plateau, Mugodzhary, the Turgay Plateau, 
the Trans-Ural Plateau, the Western Siberian Lowland, and the Central Kazakh 
Melkosopochnik (Sary-Arka). It is clear that this area requires some botanical and 
geographical regionalization. 

 The phytogeographic division used here is based on various criteria, including 
characteristics of the vegetation cover, ecological requirements of important species, 
environmental characteristics, and  fl oristic elements. The geographical delineation 
was established on the basis of a new vegetation map of Kazakhstan  (  2006  ) , com-
piled for the National Atlas on the basis of work of several specialists (Lavrenko 
 1970 ; Karamysheva and Rachkovskaya  1973 ; Rachkovskaya et al.  2003  ) . We use the 
following units: region or zone, subzone, province, and subprovince. 

 Phytogeographically Kazakhstan lies in the large Eurasian steppe zone, in the 
Black Sea-Kazakhstan subzone. It is divided into three provinces, namely the West 
Siberian forest-steppe province, and the Trans-Volga-Kazakh steppe province 
(with  fi ve sub provinces), which are both in the plains; and the Altai mountainous 
province (with three sub provinces) (Rachkovskaya  2006  )  (Fig.  3.1 ).     

 All provinces and subprovinces are de fi ned along climatological criteria, 
re fl ecting their degree of continentality, but also on criteria re fl ecting the historical 
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development of the  fl ora and vegetation, and on orographical criteria. In brief their 
main  fl oristic and vegetational features are: 

  The Western Siberian forest-steppe province  stretches from the Urals to the 
Kuznetsk Alatau in the north of Kazakhstan. Unlike the European forest-steppe 
with the broad-leaved  Quercus  forests, here the small-leaved  Betula  and  Populus-
Betula  forests dominate, interspersed with meadow steppes and rich forb – feather 
grass steppes. Other vegetation types, such as steppe meadows, sedge marshes and 
willow brushwoods are common in depressions. 

  The Northern Kazakhstan  ian   forest-steppe subprovince  includes a small section of 
the southern forest-steppe, namely the forest-steppe with “kolki” in the plains and low 
hills. In the typical forest-steppe the forests are con fi ned to the watershed, and 
forest-steppe with “kolki” to depressions. Steppes in the southern forest-steppe are 
represented mainly by meadow steppes, but in the forest-steppe with “kolki” by 
fragments of rich forb – feather grass steppes and even forb – feather grass steppes 
(north-east Kazakhstan – Baraba lowland). 

  The Trans-Volga-Kazakhstanian steppe province  is located southward and occu-
pies the area from the lower Volga to the Altai. Throughout the province, the main 
dominants are bunch feather grasses (Lavrenko  1970  ) : In the northern steppes on 
the chernozem  Stipa zalesskii  dominates; in the dry steppes  Stipa lessingiana ; but in 
the deserted steppes  Stipa sareptana  on loamy sands;  Stipa capillata  and  Stipa pen-
nata  on sands, and on stony substrates  Helictotrichon desertorum . On highly calcar-
eous soils  Stipa korshinskyi  is typical. 

 Regional differences from west to east allow a division into subprovinces. 

  The West Kazakhstanian   (  Ergeninsko-Zavolzhskaya  )   plain subprovince  (Steppes 
of Eurasia  1991  )  lies in the northern part of the Volga-Ural inter fl uve. The zonal 
range there is: droughty steppes, temperate-dry steppes, dry steppes and deserted 
steppes. The vegetation cover is complex. 

 Droughty steppes within the Common Syrt are forb – bunch grass steppes with 
 Festuca  sp.,  Stipa zalesskii,   Stipa lessingiana  and  S. capillata . 

 In the Caspian lowlands the complexes of bunch grass steppes with  Artemisia 
lerchiana  and  Artemisia pauci fl ora  communities dominate. The sagebrush – feather 
grass ( Stipa sareptana ) complexes are found in the southern part of this subprovince, 
especially the communities with  Artemisia lerchiana  being characteristic of the 
deserted steppe sub zone. 

  The Trans-Ural – Turgay subprovince  (Steppes of Eurasia  1991  )  occupies the south-
ern outskirts of the West Siberian Plain, the Sub-Ural and Turgay Plateau of the Trans-
Ural denudation plains and the Mugodzhary. A full range of communities of the steppe 
zone, from rich – feather grass steppes to deserted steppes, is represented. Before plowing 
the rich-forb – feather grass steppes and forb – feather grass steppes dominated the 
droughty steppes of the plains, in the north; the fescue – feather grass ( Helictotrichon 
desertorum,   Stipa zalesskyi ) steppes occur on the slopes of the low melkosopochnik 
near rivers (Ural). However, most of the subprovince is occupied by the fescue – 
feather grass ( Stipa lessingiana,   Festuca valesiaca ) steppes and xerophytic forb – 
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feather grass ( Stipa lessingiana,   Galatella tatarica,   Tanacetum achilleifolium ) steppes, 
which are currently well under cultivation. Complex feather grass steppes ( Stipa 
sareptana ) are distributed in the south. The steppes with  Stipa capillata  and  Stipa 
pennata  are very typical for light soils. Also typical is the occurrence of shrub 
communities of  Amygdalus nana,   Cerasus fruticosa  and  Cythisus ruthenicus . 

 At the Sub-Ural piedmont plateau  Stipa lessingiana  steppes in conjunction with 
communities of  Artemisia pauci fl ora  are typical on soils with in fl uence of solonetz. 
On chalky sediments in this area there are rare sagebrush communities of  Artemisia 
gracilescens  and  Artemisia lessingiana  with  Matthiola fragrans,   Zygophyllum 
pinnatum,   Scabiosa isetensis  and  Seseli glabratum , and in the south with  Anabasis 
truncata  and  Nanophyton erinaceum.  Petrophytic bunch grass – sagebrush, 
sagebrush – bunch grass ( Artemisia lessingiana ) steppes and brushwoods are 
characteristic at the low mountains and melkosopochnik of the Mugodzhary. On the 
Torgai Plateau previously there were huge homogeneous areas of the fescue – 
feather grass steppes and xerophytic forb – fescue – feather grass steppes, but these 
are now plowed. 

 We also like to point out that in the east there are relic pine forests ( Pinus sylvestris ) 
on sand with in fi ltration of boreal elements. The eastern part of the area, impacted 
by the ancient Turgai run-off valley, is dominated by meadow communities and 
complex steppes on lake terraces and here, in low-lying depressions, desert vegetation 
penetrates far to the north. 

 In general the easterly (Kazakhstanian) nature of the vegetation of this subprovince 
has some features that are transitional to the western Black Sea province. 

  The West-Central Kazakhstanian Melkosopochnik subprovince  (Karamysheva 
and Rachkovskaya  1973 ; Steppes of Eurasia  1991  ) . It occupies a lower-lying part of 
the Central Kazakhstan Melkosopochnik. Here the zonation is: moderately droughty, 
droughty, moderately dry, dry and deserted steppes. Remarkably, the width of the 
subzones is about equal. Petrophytic vegetation of cobbly soils and rocky outcrops 
of different composition and shrub steppes with  Spiraea hypericifolia  are widespread. 
In the southern part of the region shrub steppes and brushwoods with  Caragana 
frutex  and  S. balchaschensis  ( S. bongardiana  in the southwest) are common. In this 
subprovince, on the plains, the composition of the feather grass steppes is similar to 
those in the Turgay subprovince. 

  The East-Central Kazakhstanian low-mountain-melkosopochnik subprovince  
(Karamysheva and Rachkovskaya  1973  ) . The zonation comprises four subzones: 
droughty, moderately dry, dry and deserted steppes. The zonation pattern is compli-
cated and considerably varied under the in fl uence of low mountains and hills. 
Within the subprovince, on the slopes of hills and low mountains, the  Helictotrichon  
sp.  and feather grass steppes  ( Festuca  sp.,  Stipa kirghisorum,   Stipa capillata ) 
occur. A characteristic feature of the subprovince is the vast expansion of diverse 
shrub steppes with species of  Spiraea  and  Caragana , including  Spiraea trilobata  
growing on granite. Only in this region, steppes with  Caragana pumila  are widely 
represented, and precisely these steppes have a lot of species in common with 
Mongolian steppes. In the deserted steppes  Artemisa compacta  can co-occur with 
 A. sublessingina  and  A. gracilescens.  
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 A peculiarity of this subprovince is the occurrence of a vertical zonation of 
vegetation on slopes of low mountains in which forest-steppe landscapes occur 
on the Kokchetav Uplands and northern forb – feather grass steppes are found 
on the slopes in the dry steppe subzone. On low mountains the petrophytic rich-forb – 
 Helictotricon desertorum  and the special meadow petrophytic-forb – sedge grass 
steppes ( Carex pediformis ) with high-mountain elements are well represented. 
Betula and  Populus  forests also occur on the low mountains, and unique pine ( Pinus 
sylvestris ) forests and woodlands are linked with the granites. 

  The Irtysh-Kulunda plain subprovince  (Rachkovskaya  2006  ) . 
 This subprovince is represented only in the western part of Kazakhstan. A striking 

feature here is the unique steppe with the tall umbellate  Peucedanum morisonii , but 
unfortunately, it is largely destroyed on the plains. The steppes with  Stipa capillata , 
sandy feather-grass ( Stipa pennata ) and fescue ( Festuca beckeri ) steppes dominate 
the dry steppes on loamy sands and sands along the right bank of the Irtysh River. 
Also forest belts of  Pinus sylvestris  are typical on the sands. 

  The Altai mountain-steppe province  comprises the western part of the Altai, 
Tarbagatai and the steppe mountains of Dzungaria. The steppes here are the same 
bunch grass steppes that are usually found in the Trans Volga-Kazakhstanian province. 
The zonation includes steppes, brushwoods, forests (mainly of  Larix  sp., and in the 
northwest of  Abies  sp.), high mountains meadows, and fragmentary tundra. 

  The West-Altai subprovince.  This area is located in the most humid part of the 
Altai Mountains, within the westerly  fl ow of the atmospheric circulation. In the 
lower part of the mountains, steppes and brushwoods are characteristic. The forests 
at the middle part of the mountains consist of  Abies sibirica , sometimes mixed with 
 Pinus sibirica.  On the high mountains colourful montane meadows dominate. 

  The Kalba-South Altai subprovince  (Karamysheva and Rachkovskaya  1973  )  
includes territories with the East-Kazakstanian-Western Altai type of zonation 
(Volkova  1994 ). The belt of brushwoods is especially typical in just this subprovince 
of the Altai. They are formed by  Rosa spinosissima,   Spiraea crenata,   S. hypericifolia,  
 S. trilobata , and  Amygdalus ledebouriana , which alternate with feather grass 
steppes ( Stipa zalesskii ) and fescue – ( Helictotrochon desertorum ) – feather grass steppes 
and fescue steppes. 

 The forests are variable though mainly of  Larix sibirica . In the Kalba Mountains 
 Pinus sylvestris  occurs on the granites. There are low herbaceous cryophytic 
meadows, including communities of  Kobresia . Only in the east of this subprovince 
the tundra is found in Kazakhstan (moss – lichen tundra as well as herb and shrub 
tundra with dwarf  Salix  spp. and dwarf  Betula rotundifolia ). 

  The Saur-Tarbagatai subprovince  (Karamysheva and Rachkovskaya  1973  ) . Here 
steppes are common in the piedmonts and low mountains.  Stipa capillata  and 
 Stipa lessingiana  steppes with  Calophaca soongorica  and its brushwoods are pecu-
liar to the Tarbagatai (Stepanova  1962  ) . The shrub belt is present, but it is fragmen-
tary ( Spiraea hypericifolia ,  S. trilobata,   S. crenata. Caragana frutex,   Cerasus 
tianschanica,   Calophaca soongorica,   Amygdalus ledebouriana ). In Saur the belt of 
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 Larix  sp. forests is found mainly on north slopes (expositional forest-steppe). Large 
areas of the high mountains are occupied by subalpine and alpine meadows. 

 In the deserts, within the Sahara – Gobi phytogeographic region (Lavrenko 
 1965  ) , steppes are found in the Tien Shan Mountains, within  the Dzungaria-North 
Tien Shan province , mainly on the piedmont plains and low mountains, as well as 
in some areas in the high mountains (Botanical geography of Kazakhstan and 
Central Asia  2003  ) .  

    3.8   The Steppe and the Development 
of Agricultural Production 

 Table  3.5  shows the areas of land in the various land use categories in the adminis-
trative regions (‘oblasts’) located in the forest-steppe and steppe zones of Kazakhstan 
(The Republic of Kazakhstan  2006 , vol 6). In the steppe zone (North-Kazakhstan, 
Akmola region) agricultural lands took up 60–65% in 2004.  

 The areal composition of land used for agricultural purposes is presented in 
Table  3.6  (The Republic of Kazakhstan  2006 , vol 2). In the steppe zone, arable lands 
are the most valuable type of agricultural lands. The most extensive areas of arable 
lands are concentrated in the steppe and forest-steppe zones of the provinces 
(‘oblasts’) North-Kazakhstan, Kostanay and Akmola, and represent 64% of their 
land surface. During the economic downturn and the reforms of agricultural enter-
prises in the 1990s, the area of arable lands was dramatically reduced and large 
areas were abandoned. But now they mostly have been re-plowed.  

 The steppe zone is the most important part of the country as regards agricultural 
production, especially crop production. Its share in the nationwide index of gross 
agricultural output is about 43%, in crop production it is 40.7% and in livestock 
production 45.6%. Gross crop production consists mainly of grain.    

 In 2003 the agricultural production of the steppe zone was realized by 2,862 
agricultural enterprises, 31,969 peasant farms and 736,000 private allotments. 
(Landscape and Biodiversity of the Republic of Kazakhstan  2005  ) . 

  Crop sector.  More than 70% of the total cultivated area of crop land in the country are 
found in the steppe zone, of which 84% are grain crops consisting mostly of wheat 
(Photo  3.7a, b ). A very small area is set aside for fodder crops, as well as millet 
and buckwheat, particularly in areas that are favorable for their cultivation. Industrial 
crops and oilseeds, especially sun fl owers, also are grown. The share of oil-bearing 
crops accounts for more than 3% of the acreage of crops in the steppe zone, and 
about 1% is occupied by potatoes and vegetables (mainly cucurbitaceous plants). 
Root crops are common among vegetable crops. Fodder crops take 12% of the 
cultivated  fi elds. In 2003 the production of cereal crops was 930 kg/ha, sun fl ower 
crop 560 kg/ha, potatoes 12,700 kg/ha, vegetables 16,500 kg/ha, i.e. rather below 
potential yields in this natural zone (Landscape and Biodiversity of the Republic of 
Kazakhstan  2005  ) .     
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  Photo 3.7    ( a ) Agriculture lands: Harvesting wheat. Northern Kazakhstan; Kostanay Oblast; 
Auliekol Rajon. 28.08.2008 (Photo Tatyana Bragina). (b) Agriculture lands: wheat  fi elds after 
harvest. Northern Kazakhstan; Kostanay Oblast; Kamysty Rajon. 29.09.2004 (Photo Tatyana 
Bragina)       
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  Livestock.  The share of the steppe zone in the cattle population of the country is 
44.5%, pigs 65.6%, sheep and goats 18.9%, horses 28.2%, camels 41.1%, and birds 
of all kinds 44.8%. 

 The share of the steppe zone in the production of livestock and poultry in live 
weight was 45.8%, cow milk 50.0%, eggs 46.0%, and wool of all kinds 20.1% 
(Landscapes and Biodiversity of the Republic of Kazakhstan  2005  ) .  

    3.9   Pasture Lands in the Steppe Zone 

 Natural fodder lands in the steppe zone are located on land not suitable for plowing. 
The northern part of the steppe zone is mainly cultivated for arable farming but large 
areas are occupied by pastures in the southern part of the steppe zone, and these are 
predominantly agricultural lands. 

  Productivity of pastures.  The productivity of natural pastures in the meadow steppes 
in the forest-steppe zone is 500–1,000 kg/ha, and in wet years even 1,500 kg/ha. In 
the northern steppes on the chernozem the productivity of natural pastures in the 
subzone of forb – feather grass steppes is 500–800 kg/ha dry weight. In the southern 
part of the subzone of droughty steppes the forb – feather grass natural steppe on 
carbonate soils the productivity is 300–500 kg/ha. In the dry natural steppes it is 
150–350 kg/ha, and on the sandy pastures in this subzone the productivity of natural 
pastures is 300–500 kg/ha. In the deserted natural steppes 250–550 kg/ha. On saline 
soils (on solonetz) it is 100–300 kg/ha. 

 The productivity of mountain pastures of the natural meadow-steppe on medium-
high mountains is 500–1,500 kg/ha of dry mass, and on high mountains 200–900 kg/
ha (Republic of Kazakhstan  2006 , vol 2). 

  Seasonality of pastures . In the plains of the steppe zone pastures are used mostly in 
summer (spring-summer-autumn), and pastures of the deserted sagebrush – feather 
grass steppes are basically used in spring-early summer with partial grazing in 
autumn. In winter, deep snow requires that cattle is stabled. In the steppe zone of 
Kazakhstan, a transhumance of cattle to the winter pasturing, mainly to the sandy 
areas of the southern desert, is practiced, and with return of the spring cattle is led 
back further north. The pastures of the mountain steppes and meadows (Altai, Tien 
Shan) are used for transhumance of cattle in summer. The main pastures are located 
in the steppes of high mountains and to a lesser extent in low and medium-high 
mountains. The winter pastures for these regions, such as the Alma-Ata region, are 
the pastures of the sandy desert areas. 

  Grazing system . Since ancient times people in Kazakhstan have acquired experi-
ence on the proper use of pastures, including seasonal changes in pasturing and 
continuous changing of grazing area during the grazing season, depending on the 
speci fi c conditions of the area. Historically pastures in Kazakhstan have been used 
in the following sequence: unsystematic grazing, large-yard pasturing, small-pen 
pasturing, and fractional pasturing. Unfortunately, even now unsystematic grazing 
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predominates. To graze the pastures sustainably, it is necessary to utilize them in an 
ecologically acceptable way, in which fodder production capacity and number of 
grazing livestock are in equilibrium, and this depends on species composition of the 
forage resources and water availability. 

 In Kazakhstan, both permanent and temporary pastures are being used. A perma-
nent pasture is an area, which over time is used only for grazing year after year. 
Temporary pastures are the aftermath of hay meadows, plots of sown perennial 
herbs after mowing, or stubble of grain crops. 

 Currently, there is excessive, irregular grazing of pastures near settlements and 
watering places, which leads to loss of valuable forage grasses, as grassland are 
getting overgrown by weeds and inedible plants increase. This situation is due to 
the fact that currently 82% of all cattle is concentrated at small landowners, and 
only 18% in farms and large farms. Due to economic factors, small landowners 
are pasturing their livestock within a radius of no more than 5 km from the 
settlement. 

 High mountain steppe grazing was very strong until the 1990s. In the last decade, 
livestock has been greatly reduced in Kazakhstan, and as a result the primary plant 
communities are regenerating in the high mountain pastures. 

  Steppe haying.  Steppe communities are suitable for haying mainly in wet years, and 
are best mown early in the season (not later than the end of June). Late mowing 
causes poor quality of hay that is badly eaten by cattle. Annual haying is impractical 
because it leads to a decrease of the overall productivity of herbage. In dry years, 
mowing is not recommended. 

  Livestock farming.  In the forest-steppe in the northern temperate-droughty steppes 
and droughty steppes the focus of agricultural production is grain, dairy and meat 
(beef and some pigs). In temperate-dry steppes and dry steppes grain is the main 
product, but there we also  fi nd dairy and meat industry, and sheep and horse herding 
and breeding. In the deserted steppes the focus of agriculture is on livestock, espe-
cially sheep breeding and horse herding. Sheep and horse breeding, dairy and meat 
production predominate in the Altai Mountains and the Tien Shan.  

    3.10   Current Status of Kazakhstan’s Steppes 
and the Main Threats 

 Agriculture and, in recent years, also other anthropogenic factors have had 
very extensive effects on the vegetation throughout Kazakhstan. Arable farming 
(cultivation) replaced natural vegetation by agrocoenoses. Cultivation and 
regulation of watercourses not only transformed the natural ecosystems of the 
Kazakhstan steppes, but also damaged local water balances, resulting in lowering of 
groundwater levels and the disappearance of many small water bodies, while the 
desiccation of large ones have become more frequent and prolonged (Bragina  2007  ) . 
Grazing also affects the natural vegetation. Anthropogenic impacts, such as roads, 
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oil wells, underground and open mines, pipelines, and powerlines, are local but 
often disastrous. In many parts of the steppe zone large areas are set aside for 
mining operations. In addition to losing their steppe vegetation to back fi lling quarries 
and deposition of waste rock, the stability of ecosystems in the surrounding areas 
are destroyed as a result of the pumping of the ground water to lower levels, and of 
pollution from dusty dumps and from transport infrastructure. The impact of con-
structions, roads and pipelines increase the area of destroyed land, of contaminated 
soil and the spread of weed species. 

 We will brie fl y point out the following, main anthropogenic factors affecting the 
transformation of the  fl ora, vegetation and soils of the steppes:

   Farming (cultivation);  • 
  Fallows;  • 
  Livestock (the impact of grazing on pastures);  • 
  Burns;  • 
  Other anthropogenic impacts;  • 
  Collection of plants.    • 

  Farming  ( cultivation ) .  In the steppe and forest-steppe zones of Kazakhstan 
gigantic changes in many types of plant communities resulted from very extensive 
plowing and cultivation of virgin steppe lands in the 1950s and 1960s. Presently, 
almost all types of steppe on potentially arable soils of the vast plains (chernozem, 
dark-chestnut and, partially, chestnut soils) are occupied by farmlands and steppes 
are preserved in fragments only. These plowed up steppes are: meadow steppes 
( Festuca valesiaca,   Stipa pennata,   S. zalesskii,   Calamagrostis epigeios,   Phleum 
phleoides,   Helictotrichon schellianum,   Filipendula vulgaris,   Artemisia sericea ), 
rich forb – feather grass steppes ( Stipa zalesskii,   Festuca valesiaca,   Phleum 
phleoides,   Calamagrostis epigeios,   Filipendula vulgaris,   Lathyrus tuberosus,  
 Onobrychis sibirica ), the same steppes with  Peucedanum morisonii , forb – feather 
grass steppes ( Stipa zalesskii,   Festuca valesiaca,   Seseli ledebourii,   Salvia 
stepposa,   Phlomis tuberosa ), the same steppes with  Stipa lessingiana  as 
co-dominant, fescue – feather grass ( Stipa lessingiana,   S. korshinskyi,   Festuca 
valesiaca,   Galatella divaricata,   Salvia stepposa,   Phlomoides agraria ), xerophytic-
forb – fescue – feather grass  (  Stipa lessingiana,   Festuca valesiaca,   Tanacetum 
achilleifolium,   Galatella tatarica,   G. divaricata ) and feather grass ( Stipa 
korshinskyi ) steppes. 

 The northern types of steppes on chernozem soils are particularly affected by 
cultivation. Cultivation on the plains areas in some places reaches 90%, and 30% in 
the melkosopochnik. Dry steppes on the plains were cultivated at 50–60%, and in the 
melkosopochnik at 10–15%. Remaining steppe areas in these subzones (stony steppes 
and complex steppes) were signi fi cantly transformed as a result of overgrazing. 

 The vegetation of piedmont steppes is almost completely cultivated (piedmonts 
of the Altai, Tien Shan). Mountain steppes were selectively cultivated and grazed. 
Preserved natural steppe communities are a valuable source of seeds and soil 
fauna, which are necessary to restore the damaged and neglected areas of disturbed 
virgin steppes. 
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  Restoration of long-fallow lands.  In Kazakhstan the restoration of the vegetation on 
long-fallow lands in the dry steppes has been studied by Marynich and Rachkovskaya 
 (  2008  ) . The restoration processes were studied in key areas differing in mechanical 
composition and chemistry of their soils (heavy loam, light loam, loamy sand, sand, 
carbonate, soils with elements of solonetz and solonetz). The successional dynam-
ics follow this sequence: the  fi rst stage of restoration of the vegetation on long-fal-
low lands (1–4 years) is a weeds stage (annual and biennial plants), followed by 
a sagebrush ( Artemisia  sp.) stage (3–15 years), particularly well developed in the 
dry steppes of the continental sector of Eurasia. The third stage is the forb-grass 
stage (when the age of the long-fallow lands is more than 15 years) (Photo  3.8 ). 
Restored secondary virgin-like steppes appear on loamy sand in about 20 years, in 
loamy carbonate soils much later.  

 Fallow lands in the dry steppes of the Kostanai region proved to have to be treated 
very differently depending on their stage of recovery, the prospects of future land 
use and the potential occurrence of pests. For the main groups of the long-fallow 
lands the following approaches to rehabilitation, taking into account their economic 
feasibility, were worked out:

   the fallow lands on dark-chestnut carbonate soils of the plateau do not need  –
an attempt to being recovered, as it is a temporary phenomenon associated 
with economic dif fi culties in recent years. Gradually they will be taken into 
cultivation again;  

  Photo 3.8    Feather-grass on long-fallow lands. Kostanay Oblast; Altynsarin Rajon. 02.06.2008 
(Photo Tatyana Bragina)       
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  fallow lands on dark-chestnut loamy sands are promising for carrying out  –
rehabilitation work aimed at transforming them into pastures;  
  fallow lands on dark-chestnut sandy soils should be recovered as fast as possible  –
with further exclusion from plowing. The reclamation of these lands either should 
be completely forbidden, or to be an object of a strict control because there is 
intensive aeolian and water erosion;  
  fallow lands on saline soils (complexes of soils with elements of solonetz  –
and solonetz proper) abandoned long ago are in the sagebrush ( Artemisia  sp.) 
recovery stage now. These lands are overgrown by species of sagebrush ( Artemisia 
nitrosa ,  A. pauci fl ora ) and annual saltworts ( Petrosimonia triandra,   Bassia 
sedoides ) with some weeds ( Descurania sophia,   Lactuca serriola ). The vitality 
of plants in these fallow lands is very good, so such lands, being productive 
pastures, do not need urgent rehabilitation. Also their agricultural development 
will not feasible in the future.    

 The restoration of long-fallow lands in the subzone with chestnut soils requires 
differentiated approaches. For example, the agricultural lands on chestnut carbonate 
soils are classi fi ed as lands of unstable and non-irrigated farming, that demand 
specialized agro-technical measures aimed, primarily, at the accumulation of soil 
moisture. In this respect, these agricultural lands should be carefully and selectively 
be re-engaged for agricultural use. 

  Livestock farming  ( the impact of grazing on pastures ) .  Modern methods of distant 
pasturing often leads to the overgrazing in some pasturing areas and inadequate 
utilization in others. Overgrazing and the total destruction of vegetation have been 
observed around all settlements, watering points, as well as cattle camps. Pasture 
degradation is indicated by the reduction of grasses, especially feather grasses 
( Stipa  sp). In addition, the vegetation of such pastures is characterized by a low 
species diversity of forbs, as well as the occurrence of perennial ( Convolvulus 
arvensis,   Dodartia orientalis ) and annual ( Atriplex tatarica,   Descurainia sophia,  
 Lappula consanguinea,   Lappula squarrosa,   Lepidium perfoliatum,   Lepidium 
ruderale ) weeds. 

 Pastures of the steppe zone are characterized by weediness: there is an abundance of 
 Artemisia austriaca  in the northern part, and the summer-autumn annual  Ceratocarpus 
arenarius  in the south. To restore the productivity of the degraded pastures it is 
necessary to provide respite and rotation in order to establish normal stocking of the 
pastures, and to maintain schedules for the termination and beginning of grazing. 

  Burns . Fires are frequent in the steppes, especially in dry years. Fire has a nega-
tive impact on the productivity of steppe grasses. As  fi re kills young and middle-
aged plants easier, older plants come to dominate the stand. Semi-shrubs burn almost 
completely but after a while new plants emerge and the stand rejuvenates and the 
vegetation is restored. 

 From an economic point of view,  fi re is positive for steppe vegetation. Apart 
from the straight mechanical cleaning of the soil surface of litter and standing dead 
material,  fi res enrich the soil by ash elements and promote the regrowth of green 



138 E.I. Rachkovskaya and T.M. Bragina

phytomass. This positive effect of soil enrichment and renewal of the vegetation 
has long been known and is practiced to improve pastures. The use of areas affected 
by natural  fi res as pastures must be practiced with the caution. It is better to begin 
grazing only 2–3 years after the  fi re, when the damaged grass bunches have recovered. 
Otherwise pastures can easily turn unproductive. 

  Other anthropogenic impacts  ( the effect of road networks ). In all regions of the 
steppe zone transport has an impact and in recent years the negative impact of 
vehicles on the vegetation has increased in many areas. 

 The vegetation of areas with mining operations also is altered or destroyed. 
Signi fi cant transformation of the steppe vegetation occurred at places in the former 
Semipalatinsk nuclear test site. 

  Collecting plants.  Steppes support many valuable food, medicinal and ornamental 
plants, and many of them are collected by the locals and tourists. Decorative 
spring plants, tulips (such as  Tulipa gesneriana,   T. patens,   T. shrenkii ) and pasque 
 fl owers ( Pulsatilla  fl avescens,   P. patens ) are the most susceptible to collection. 
For example, the particularly attractive tulip,  Tulipa shrenkii , nowadays is rarely 
found in the vicinities of settlements.  

    3.11   Protecting the Steppes 

 The IUCN World Commission on Protected Areas considered that temperate 
grasslands are the least protected biomes among all of 15 terrestrial biomes of the 
world (Henwood  1998  ) . At the same time, the prospects for expanding the network 
of protected areas in the steppe landscapes of western Eurasia are insigni fi cant. 
But possibilities exist in eastern Eurasia, including Kazakhstan, where the steppes 
have signi fi cant landscape value (Bragina  2009a ,  b  ) . 

 In Kazakhstan there are different kinds of protected areas, varying from reserves, 
with strict protection, to sites which provide regulated economic use. All protected 
areas of Kazakhstan are state-owned. The most important for biodiversity conservation 
are the following: State Nature Reserves (Category 1a, IUCN), State National Nature 
Parks (Category 2, IUCN) and State Nature Reservats (Category 1b or 2, IUCN) 
which have administrative of fi ces with their own full-time staff (administration, 
rangers, science department, department of environmental education or ecotourism). 
They have the lands transferred to them in perpetuity with the regime of land use in 
accordance with the laws of the Republic. State Nature Reserves are strictly protected 
areas with the highest level of protection; State National Nature Parks have several 
zones with different protection regimes and uses: a zone with reserve status, a zone 
for environmental stability, a zone for tourism and recreational activities, a zone with 
limited economic activity. State Nature Rezervats have a core zone (with reserve 
status), intended for long-term conservation of genetic resources, biological diversity, 
ecological systems and landscapes, which has a suf fi cient size to achieve such goals, 
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and a buffer zone that is part of the territory (within the Reservat boundary), and 
which is used to conduct environmentally-friendly economic activities and sustainable 
reproduction of biological resources. 

 The modern environmental legislation of the Republic provides that in the 
future the strictly protected natural areas will be connected by ecological corridors, 
surrounded by protection (buffer) zones with limited natural management. That 
collection of protected cores, ecological corridors and security (buffer) zones 
will be an ecological network (Econet) to ensure stable conditions of the natural 
environment. To develop the concept of an ecological network in Central Asia the 
project “Creating an ecological network for long-term conservation of biological 
diversity in eco-regions of Central Asia” was supported by UNEP/GEF/WWF in 
2003–2006 (Balbakova et al.  2006  ) . The project recommendations led to the 
inclusion of the concept of an ecological network and its elements in Kazakhstan’s 
environmental legislation. In recent years, special attention has been given to 
expanding the network of protected areas in the steppe and desert-steppe zones of 
Kazakhstan (Bragina  2007  ) . To date, within Eurasia, only Kazakhstan, the Asian 
part of Russia, and Mongolia have vast areas of steppes in their natural state, promising 
to conserve the ecosystem as a whole, and to protect some of the rare and diminishing 
steppe species in the  fl ora and fauna.    

 The steppe nature reserves in Kazakhstan (Naurzum and Korgalzhin) became 
the  fi rst natural objects of the Republic, included in the UNESCO World Heritage 
List at the 32nd World Heritage Committee at UNESCO (decision № 1102 from 
07.07.2008), in the category of “Sary-Arka – Steppe and Lakes of Northern 
Kazakhstan” (Bragina  2009a,   b  ) . At the same time they are the only two steppe 
reserves in Kazakhstan (Photos  3.9 ,  3.10 , and  3.11 ). They are located in the subzones 
of the temperate-dry steppes (Naurzum Reserve) and the dry steppes (Korgalzhin 
Reserve). Their area in recent years increased more than twofold and is 191,381 and 
543,171 ha, respectively (but in Korgalzhin Reserve 200,000 ha are lakes).       

 The distribution of the major protected steppe areas in the subzones and subprovinces 
of the natural steppe zone of Kazakhstan is given in Table  3.7 . Reserves and national 
parks are absent in the forest-steppe zone and on the plains in the subzone of the 
northern temperate-droughty steppes and droughty steppes. This is due to the fact 
that there much of the steppe ecosystem was destroyed by very large-scale cultiva-
tion. In the forest-steppe zone within the Kokshetau Upland there are two national 
parks in which, along with unique pine forests on granites, moist, forb-rich types of 
steppe are preserved (see Table  3.7 ). In the coming years the National Nature Park 
“Buiratau” will be established in this belt.     

 In the low mountains of the eastern part of Central Kazakhstan (Table  3.8 ) there 
are two very important National Parks (Bayanaul and Karkaraly) in which  Pinus 
sylvestris  forests and stony steppes are protected. In the planned National Nature 
Park “Buiratau,” located in the Erementau mountains, stony steppes, steppe ecosystems 
of the subzonal type of temperate-droughty steppes, notably scrub with  Caragana  – 
feather grass steppes with  Stipa zalesskii , as well as the relict forests with  Alnus 
glutinosa  and others with  Betula , occurring at the southern border of the area, are 



  Photo 3.9    Feather-grass steppe (with  Stipa pennata ) on the edge of Naurzum pine forest; Central-
Eastern part of Kostanay Oblast; Naurzum Rajon. 10.06.2005 (Photo Tatyana Bragina)       

  Photo 3.10    Feather-grass steppes in spring with  Pulsatilla  fl avescens . Naurzum Reserve; Central-
Eastern part of Kostanay Oblast; Naurzum Rajon. 29.04.2005 (Photo Tatyana Bragina)       
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(continued)

   Table 3.8    The main types of protected steppes and other signi fi cant vegetation in the reserves, 
national parks and nature reservats in the steppe zone of the Republic of Kazakhstan (as of 
1 August 2011)   

 Protected areas  Area (ha)  Main types of protected steppes 

 Other types of 
vegetation that are 
important to protect 

 Naurzum National 
Nature Reserve 

 191,381  Feather grass steppes ( Stipa 
lessingiana,   Tanacetum 
achilleifolium,   Galatella 
tatarica ) of the slopes 
of the Turgai Plateau    

  Pinus sylvestris  forests 
on sands 

 Psammophyte forb – fescue steppe 
( Stipa capillata,   
Festuca valesiaca,   Artemisia 
marschalliana,   
Helichrysum arenarium ) 

  Betula kirghisorum  
forests 

 Psammophyte forb – sandy feather 
grass steppe ( Stipa pennata , 
 Agropyron fragile ,  Gypsophylla 
paniculata ,  Asperula 
danilewskiana ) 

 Brushwoods of shrubs 
( Amygdalus nana,  
 Cerasus fruticosa  ) 

 Sandy steppes (feather grass steppe 
with  Stipa pennata , feather 
grass steppe with  Stipa 
cappillata , fescue 
steppes with  Festuca valesiaca ) 

 Wetlands along the 
shores of lakes 

 Complex steppes on the saline 
plains 

 Korgalzhin National 
Nature Reserve 

 543,171  Fescue – feather grass steppes 
( Stipa lessingiana,   Festuca 
valesiaca,   Galatella tatarica ) 

 Wetlands along the 
shores of lakes and 
deltas 

 Sagebrush – fescue – feather grass 
steppe ( Stipa lessingiana,  
 Festuca sulcata,   Artemisia 
gracilescens ) 

 Stony steppes of melkosopochnik 
(feather grass    steppes 
with  Stipa capillata , feather 
grass steppes with  Stipa 
sareptana ), fescue grass steppes 
with  Festuca valesiaca  with 
petrophytes ( Artemisia 
sublessingiana,   Scabiosa 
isetensis,   Silene suffrutescens ) 

 Complex steppes on the saline 
plains 

 National Nature Park 
“Burabai” 

 129,935  Meadow steppes ( Festuca valesiaca,  
 Stipa pennata,   S. zalesskii,  
 Calamagrostis epigeios,   Phleum 
phleoides,   Helictotrichon 
schellianum,   Filipendula 
vulgaris,   Artemisia sericea ) 

  Pinus sylvestris  forests 
on granites 
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(continued)

 Protected areas  Area (ha)  Main types of protected steppes 

 Other types of 
vegetation that are 
important to protect 

 Rich forb – feather grass steppes 
( Stipa zalesskii,   Festuca 
valesiaca,   Phleum phleoides,  
 Calamagrostis epigeios,  
 Peucedanum morisonii 
Filependula vulgaris,   Lathyrus 
tuberosus,   Onobrychis sibirica ) 

 Relict  Sphagnum 
fuscum  bog 

 Karkaralinsk National 
Nature Park 

 112,120  Meadow steppes   Pinus sylvestris  forests 
on granites 

 Forb – feather grass steppes with 
 Stipa zalesskii  

 Relict  Sphagnum 
fuscum  bog 

 Stony steppes with  Helictotrichon 
desertorum  

 Feather grass steppes with  Stipa 
capillata  

 Fescue grass steppes 

 National Nature Park 
“Kokshetau” 

 182,076  Forb – feather grass steppes with 
 Stipa zalesskii,   Peucedanum 
morisonii,   Filipendula 
hexapetala  

  Pinus sylvestris  forests 
on granites 

 Forb – feather grass steppes with 
 Stipa stenophyla,   Stipa zalesskii,  
 Calamagrostis epigeios  

 Forb –  Helictotrichon  steppes with 
 Helictotrichon desertorum  

 Bayanaulskiy National 
Nature Park 

 68,453  Fescue – feather grass steppes with 
 Stipa zalesskii  

  Pinus sylvestris  forests 
on granites 

 Temperate-droughty rich forb – red 
feather grass ( Stipa zalesskii,  
 Festuca valesiaca,   Peucedanum 
morisonii ) steppes 

 Forests with  Alnus 
glutinosa  

 Different stony steppes with 
 Helictotrichon desertorum  and 
petrophytic forbs ( Onosma 
simplicissima,   Hedysarum 
gmelinii,   Centaurea sibirica,  
 Goniolimon speciosum,   Seseli 
ledebourii ) 

 Petrophytic steppes with shrubs 
( Spiraea crenata,   Cotoneaster 
melanocarpa ) 

 National Nature Park 
“Buiratau”    

 88,968  Stony steppes with  Helictotrichon 
desertorum,   Gypsophila 
altissima,   Polygala hybrida,  
 Hieracium virosum,   H. echioides,  
 H. umbellatum,   Veronica spicata,  
 V. incana,   V. spuria  

 Forests with  Alnus 
glutinosa  

Table 3.8 (continued)
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 Protected areas  Area (ha)  Main types of protected steppes 

 Other types of 
vegetation that are 
important to protect 

 Steppes with  Stipa capillata,  
 Artemisia fridida,   Caragana 
pumila,   Veronica pinnata  

 Tarbagatai National 
Nature Park a  

 144,672 a   Mountain steppes ( Helictotrichon 
desertorum,   Festuca valesiaca,  
 Salvia stepposa,   Medicago 
falcata,   Peucedanum morisonii,  
 Crepis tenuifolia,   Sedum 
hybridum,   Thymus serpyllum,  
 Bupleurum aureum,   Adenophora 
lilifolia,   Origanum vulgare,  
 Ziziphora clinopodioides ) 

 Apple–tree ( Malus 
sieversii ) copses 

 Brushwoods of shrubs 
( Calophaca 
soongorica,  
 Cerasus fruticosa ) 

 State Nature Reservat 
“Altyn Dala” a  

 489,774 a   Feather grass steppes ( Stipa 
lessingiana,   Agropyron 
pectinatum,   Festuca valesiaca,  
 Tanacetum achilaefolium ) 

 Turanga woodlands 
( Populus diversifo-
lia ) and willow 
( Salix triandra,   S. 
acutifolia,   S. 
dasyclados ) 
– oleaster 
( Elaeagnus ) forests 
on sands 

 Deserted steppes with  Stipa 
sareptana,   Artemisia semiarida,  
 Artemisia gracilescens  

 Grass steppes ( Koeleria cristata,  
 Festuca valesiaca,   Stipa 
sareptana,   Agropyron fragile,  
 Artemisia lercheana ) 

 State Nature 
Reservat « Ertys 
Ormany» 

 277,961  Sandy steppes (sandy feather grass 
steppes with  Stipa pennata , 
feather grass steppes with  Stipa 
capillata , fescue steppes with 
 Festuca valesiaca ) 

  Pinus sylvestris  forests 
on sands (pine belt 
forests) 

 State Nature 
Reservat « Semey 
Ormany» 

 662,167  Sandy steppes (sandy feather grass 
steppes with  Stipa pennata , 
feather grass steppes with  Stipa 
capillata , fescue steppes with 
 Festuca beckeri ) 

  Pinus sylvestris  forests 
on sands (pine belt 
forests) 

   a Planned to become protected in the period up to 2014  

Table 3.8 (continued)

protected. In the east the reserves cover the famous belt of forests on sands and 
sandy steppes.     

 In the subzone of deserted steppes of Kazakhstan, in the near future, the State 
Nature Reservat “Altyn Dala” will be established in the Turgai plains with an area 
of 489,774 ha (Photo  3.12 ). Only here, in this southern region of the steppe zone, 
conservation of large areas of the unique deserted steppes of Central Kazakhstan in 
their original state remain.  

 In the western part of Kazakhstan there are no large-scale protected areas with 
IUCN 1 or 2 status. 



  Photo 3.11    Feather-grass steppes with  Stipa zalesskii.  Naurzum Reserve; Central-Eastern part of 
Kostanay Oblast; Naurzum Rajon. 10.06.2005 (Photo Tatyana Bragina)       

  Photo 3.12    Grasslands with  Achnatherum splendens.  South-Eastern part of Kostanay Oblast 
(earlier Turgay Oblast); Amangeldy Rajon; Planned Atyn Dala State Nature Reservat. 11.07.2007 
(Photo Tatyana Bragina)       
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 Mountain forb – feather grass steppes ( Stipa zalesskii,   Poa angustifolia,   Bupleurum 
aureum,   Centaurea scabiosa,   Peucedanum morisonii ) and meadow steppes 
( Festuca valesiaca,   Carex pediformis,   Stipa pennata,   Stipa zalesskii,   Helictotrichon 
schellianum,   Aster alpinus,   Phleum phleoides,   Filipendula hexapetala,   Fragaria 
viridis ) are protected in the National Nature Park “Katon-Karagay” (Altay), and dry 
steppes ( Festuca valesiaca,   Stipa capillata,   S. lessingiana,   Bothriochloa ischae-
mum,   Koeleria cristata,   Ajania fastigiata,   Salvia stepposa ) and forb – feather grass 
steppes ( Stipa zalesskii,   S. kirghisorum,   Alcea nudi fl ora ) in National Nature Park 
“Altyn-Emel” (south-facing slopes of the Dzungarian Alatau) and the newly formed 
Tarbagatai National Nature Park. 

 Fragments of the forb – feather grass steppes ( Stipa zalesskii,   S. kirghisorum,  
 S. capillata,   Poa stepposa,   Medicago falcata,   Origanum vulgare,   Lathyrus pratensis,  
 Thalictrum simplex,   Iris brevituba ), and the cryophytic steppes ( Festuca musbelica,  
 F. olgae,   Phlomoides oreophila,   Geranium saxatile,   Kobresia humilis ) occur in 
small areas in the National Nature Park “Ile-Alatau” (Northern Tien Shan) and small 
areas of the peculiar savannoid – bunch grass steppes (  Festuca valesiaca,   Ferula 
tenuisecta,   Hordeum bulbosum,   Centaurea squarrosa,   Schrenkia golickeana,   Tulipa 
greigii ) and the mountain xerophytes – bunch grasses steppes ( Festuca valesiaca,  
 Stipa caucasica,   Poa bulbosa,   Rhaphidophyton regelii,   Pseudolinosyris grimmii,  
 Cousinia albertii,   C. karatavica,   Acantholimon alberti ) in the Nature Reserve 
“Aksu-Dzhabagly” (Western Tien Shan) and the mountain xerophytes – bunchgrasses 
steppes ( Festuca valesiaca,   Stipa caucasica,   Poa bulbosa,   Ferula tenuisecta,  
 F. karatavica ) in the Karatau Mountains (the Karatau Reserve and the Karatau plot 
of the planned Turkestan National Nature Park). 

 In addition, in the plains of Kazakhstan, there are several sanctuaries of national 
importance: in the forest-steppe (6) and in the steppe zone (21), and their number is 
expected to increase. 

 Priorities for the conservation of the steppes of Kazakhstan are as follows:

    1.    Identi fi cation and conservation of the remaining northern areas of the rich 
forb – feather grass steppes and forb – feather grass steppes (as sanctuaries, 
natural monuments at national or local level);  

    2.    Inventory of the steppe ecosystems in each phytogeographical subprovince to 
identify and conserve the key steppe areas and establish the steppe ecological 
network (the steppe econet);  

    3.    Creation of the trans-boundary steppe ecological network.     

 Realization of these priorities will ensure the proper conservation of the striking 
diversity of Kazakhstan’s steppes, in terms of its ecosystems as well as in terms of 
its steppe species. The proper conservation of these natural resources of Kazakhstan’s 
steppes will also promote the proper development of the agricultural productivity 
of its steppe region.      
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  Abstract   The characteristic landscape features of Central Anatolia (Turkey) include 
large ovası and basins, which are naturally bare of forests and woodlands, but were 
formerly occupied by steppe vegetation. These steppes evolve under a pronounced 
continental climate, which is extremely cold in winter and dry and hot during 
summer. Rainfall is less than 300 mm/year, favouring treeless steppe vegetation 
dominated by well-adapted dwarf-shrubs, a few herbs, and a larger number of 
geophytes and annuals. We review the present knowledge on Central Anatolian steppe 
vegetation (Onobrychido armenae-Thymetalia leucostomi, Astragalo-Brometea) 
and provide insight into the complex structure and species composition of today’s 
primary and secondary steppes and their replacement communities. In addition, the 
changes in vegetation due to the long-lasting human impact such as grazing and 
agricultural activities (ca. one-third of Turkey’s grain production concentrates in 
the former steppe area) are shown, which generally led to a loss of species and a 
massive decline of the diversity in the area. Finally, we outline some perspectives 
that may stop the continuing soil erosion and degradation and re-establish a natural 
equilibrium in the remaining steppe fragments of Central Anatolia.      
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    4.1   Situation and Topography 

    4.1.1   Situation and Subdivision 

 Central Anatolia (Fig.  4.1 ) occupies approximately 19% of the total area of Turkey 
and with 151,000 km 2  is the second largest region of Turkey (Turkish News Agency 
 2000  ) . It forms a plateau-like, semi-arid highland with several basins (ovası) in the 
centre of Turkey, which can be divided in four natural areas (subregions), (1) the 
Upper Sakarya, (2) the Konya, (3) the Middle and (4) the Upper Kızılırmak subregion 
(Fig.  4.1 ; Erol  1982  ) . To the west, it is bordered by the Aegean mountains (Aegean 
region), and to the north and south by two zones of folded mountains, namely the 
Euxine folded mountain chain and the Karadeniz Dağları in the north, respectively 
the Toroslar Dağları (Taurus Mountains) in the south. Towards the east, the Munzur 
and Kop Dağları separate the area from the highlands of Eastern Anatolia.   

    4.1.2   Topography and Vegetation 

 From west to east, Central Anatolia varies in altitude from 600 to 1,200 m, including 
several large basins (ovası) of Neogene (Tertiary) origin: the Konya ovası, the Ereğli 
ovasi, the Aksaray ovası, and the Tuz Gölü basin. They are separated by  fl at plunges 
and tectonic lines and surrounded by rolling plateaus, dissected gentle slopes, small 
hills, and mountainous areas, which connect Central Anatolia with the surrounding 
folded mountain systems. 

 In the southern part (Fig.  4.1 ), some spectacular, high volcanoes overtop 
the basins and plateaus, such as Karadağ (2,288 m), Karacadağ (2,025 m), 
Hasan Dağı (3,269 m), Melendiz Dağı (2,963 m), and Erciyes Dağı (3,917 m), with 
a strong volcanic activity from the Pliocene until historical times. Their lavas and 
tufas have created a spectacular landscape around Nevşehir (Göreme area, 
Cappadocia), consisting of soft and porose airfall tufa which forms high pyramids 
(peri baçaları), cone-shaped rocks, fairy chimneys, columns or mushroom-like 
structures. All these volcanoes concentrate on a tectonic line, running from south-
west towards north-east (Fig.  4.1 ). 

 For the most part, the ovası and basins are bare of forests and woodlands and are 
occupied by fragments of primary and secondary steppes. This steppe vegetation is 
peripherically delimited by  Quercus  ( Q. cerris ,  Q. ithaburensis ,  Q. pubescens ), 
 Juniperus  ( J. excelsa ,  J. foetidissima ), and  Pinus  ( P. nigra  var.  caramanica ) woodlands 
and has been exploited by man and his life stock, especially through intensive grazing 
and agricultural activities (dry-farming). Today, agriculture and animal husbandry 
are important sources of income in Central Anatolia and approximately one-third of 
the grain production of Turkey concentrates in this area.  
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    4.1.3   Phytogeographical Position 

 The remnants of the steppes of Central Anatolia form a western outlayer of the 
vast Eurasian steppe belt, which stretches from Central Asia via Afghanistan 
and Iran to Turkey. Phytogeographically, this area belongs to the large Irano-
Turanian  fl oristic region (Zohary  1973 ; Takhtajan  1986 ; Irano-Anatolian subregion), 
which is very different in terms of climate,  fl ora and vegetation from the other 
parts of Turkey. 

 The  fl oristic links to the surrounding phytogeographical regions (Euro-Siberian 
region, represented by the Euxine subregion in the north; Mediterranean region, 
represented by the East-Mediterranean subregion in the west and south) are 
weak and various genera, such as  Acantholimon ,  Astragalus ,  Centaurea  s. l.,  Cousinia , 
or  Verbascum , indicate the outstanding character of this area. Most of these genera 
here have their evolutionary and main centre of diversity. Further genera with a 
high number of (endemic) species in the Irano-Anatolian area are  Achillea , 
 Aethionema ,  Alyssum ,  Consolida ,  Echinops ,  Nepeta ,  Onosma ,  Phlomis ,  Salvia , 
 Silene  and  Thymus.    

  Fig. 4.1    Central Anatolia (delimination after Erol  1982  )  and its climate (Climatological data 
after Alex  1985  )        
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    4.2   Climate and Vegetation Cover 

 Typical of Central Anatolia is a strongly continental climate, which is extremely 
cold in winter and marked by heavy, long-lasting snows and regular frosts. 
The minimum average temperatures of the coldest month are far below 0°C (−2.7°C 
Ankara to –7.8°C Şere fl ikoçhisar), and the absolute minimum temperatures vary 
between –21.0°C (Şere fl ikoçhisar) and –34.4°C (Sivas, Fig.  4.1 ). The summers are 
dry and hot, with maxima up to 40.0°C (Ankara, Konya). Total rainfall varies from 
280 mm/year (Karapınar) to 416 mm/year (Ankara) and concentrates in the winter 
months (November to March), with a second, smaller rainfall maximum during 
April and May (“Regenperiode der 40 Nachmittage”; Birand  1970  ) . The Tuz Gölü 
basin and parts of the Aksaray ovası receive less than 300 mm of rainfall and belong 
to the most arid parts of Central Anatolia and Turkey. As rainfall drastically decreases 
in summer, the drought period is rendered from the beginning of June to mid 
October. Garcia Lopez  (  2001  )  provides a recent survey about the climatic data of all 
Turkish meteorological stations. 

 These harsh and dry conditions are responsible for treeless steppe vegetation, 
dominated by well adapted dwarf-shrubs (arido-active and arido-passive species), 
a few herbs, geophytes and annuals (Kürschner  1983  ) . The latter  fi nish the whole 
life cycle within a few weeks (ephemerals, winter and spring annuals) and thus 
withstand the unfavourable dry and/or winter-cold season by a diaspore bank in 
the soil. Woodlands and remnants of forests are restricted to the higher hills and 
mountains, surrounding the large basins of Central Anatolia.  

    4.3   Soils and Edaphic Conditions 

 Most prominent in Central Anatolia are greyish and/or brownish marly soils (siero-
zomes), which derived under semi-arid to arid climate by weathering from the Neogene 
limestone. They are poor in humus, have a low water holding capacity and are often 
characterised by a calcareous crust or hard anhydrite layer just below (30–40 cm) the 
A-horizon. Around the volcanoes and at the southern periphery, they are mixed with 
various lavas and tufas consisting of soft and porose airfall tufa. Towards the centre of 
the basins, they are frequently in close contact to saline soils (solonchak, solonetz), 
which often additionally show a salt crust by evaporation on the surface. For the most 
part, however, the soils are alkaline, sometimes neutral and rarely slightly acidic.  

    4.4   Flora and Vegetation 

    4.4.1   General Outline 

 Çetik  (  1985  ) , in his textbook “Vegetation and Ecology of central Anatolia”, provides 
a comprehensive introduction to all vegetation types of the area and puts a particular 
focus on steppe vegetation. Floristically, the steppes of Central Anatolia are well 
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known, and  fi rst vegetation studies date back to 1915 (e.g., Bilger  1955 ; Birand 
 1938,   1947,   1952,   1970 ; Çetik  1985 ; Krause  1915 ; Kürschner  1983,   1984 ; Kürschner 
et al.  1997 ; Louis  1939 ; Markgraf  1961 ; Walter  1956 ; Wenzel  1937  ) . 

 According to Walter  (  1956  ) , the climatic data of Central Anatolia indicate a former 
 Bromus-Stipa  steppe (Photos  4.1  and  4.2 ), rich in grasses on the dissected plateaus, 
hilly slopes and foothills surrounding the basins, and a chamaephyte-rich, primary 
 Artemisia santonicum  steppe (Yavşanlık) in the larger basins (Photo  4.3 ). Within 
Central Anatolia, the  Bromus-Stipa  steppe today occurs only sporadically, but can 
be found in relict areas or areas fenced and protected from grazing. Outstanding 
from a  fl oristic point of view is the occurrence of several  Stipa  species, such as 
 S. arabica ,  S. barbata ,  S. hohenackeriana ,  S. holosericea ,  S. lagascae ,  S. lessingiana , 
 S. pulcherrima ,  S. syreistchikowii , and  S. zuvantica , which contribute much to the 
typical physiognomy of the  Bromus-Stipa  steppe. Co-dominant are other grasses, 
such as  Agropyron cristatum ,  A. repens ,  Botriochloa ischaemum ,  Bromopsis cappado-
cica ,  B. tomentella ,  Chrysopogon grillus ,  Festuca valesiaca ,  Dactylis glomerata , 
 Hordeum bulbosum ,  Koeleria macrantha ,  Poa bulbosa  or  P. timoleontis . These steppes 
rich in grasses strongly differ from the so-called “feather-grass steppes” of the Pontic-
Pannonian territories of south-eastern Europe, which deviate in soil conditions and 
life forms (Walter  1956  ) .    

 In contrast, the large basins in Central Anatolia are vegetated by a chamaephyte-
rich steppe, dominated by  Artemisia santonicum  (primary  Artemisia  steppe, 
Yavşanlık). These steppes are more or less greyish green in appearance and made up 
of chamaephytes (dwarf-shrubs) and hemicryptophytes, with a wealth of annuals 
and geophytes, at least after the spring rainfall. 

 Both types of steppe predominate within a semi-arid climate with less than 
300 mm of rainfall per year, where the occurrence of woodlands is limited by the 
dry and arid summers. Today, these natural steppes are rare and mostly have been 
transformed into a secondary  Artemisia santonicum  steppe or further substitute 
communities, due to intensive grazing. 

 The available  fl oristical and vegetation studies clearly indicate that

    1.    originally, most of the area of Central Anatolia was occupied by a natural  Bromus-
Stipa  steppe, including many hemicryptophytes and geophytes;  

    2.    due to intensive grazing through thousands of years, these primary steppes have 
been degraded and – due to pastoral selection – have transformed into secondary 
 Artemisia santonicum  steppes. Additionally, a strong increase in therophytes can 
be observed;  

    3.    primary  Artemisia santonicum  steppes (semi-deserts) were limited to the most 
arid parts of the basins, characterised by ± saline,  fl at, greyish and marly steppe 
soils. They are not dominated by grasses, but intensive grazing of these steppes 
increases the occurrence of therophytes, mostly unpalatable chamaephytes, and 
poisonous and/or spiny/thorny hemicryptophytes.     

 In edaphical respect, gypsum steppe (e.g., Aydoğdu et al.  1994 ; Ketenoğlu et al. 
 1983,   2000  ) , salt steppe (e.g., Aydoğdu et al.  2004 ; Çetik  1985 ; Kürschner  1983  )  
and sand steppe (e.g., Birand  1970 ; Çetik  1985 ; Kürschner et al.  1997 ; Tatlı  1991  )  
are worth being distinguished. It is presently unclear if the “lowland” steppe stands 
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  Photo 4.2     Stipa pulcherrima  (Photo by H. Kürschner)       

  Photo 4.1     Bromus-Stipa  steppe east of Tuz Gölü (Şere fl ikoçhisar) (Photo by G. Parolly)       
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growing on ultrama fi c soils deserve a classi fi cation into a particular syntaxon in 
analogy to the situation of the syntaxonomy of the dwarf-shrub and thorn-cushion 
communities of higher elevations (Parolly  2004  ) .  

    4.4.2   Adaptations 

 Life forms, dominating the Central Anatolian steppe, are chamaephytes, hemicryp-
tophytes, therophytes and geophytes, which all represent ecological responses to 
the prevailing climatic conditions. They show various ecomorphological adaptations 
to survive the intensive summer drought. Therophytes (e.g.,  Alyssum desertorum , 
 Arenaria serpyllifolia  agg.,  Minuartia hamata ,  M. meyeri ,  Trigonella  spp.,  Ziziphora  
spp.; often as disturbance indicators) and geophytes (e.g.,  Allium  spp.,  Colchicum  
spp.,  Crocus  spp.,  Gagea  spp.,  Muscari  spp.,  Ornithogalum  spp.,  Tulipa  spp.) dominate 
the spring period, and survive the unfavourable dry summer period in an arido-passive 
state, either by seeds (therophytes) or vegetative diaspores, or bulbs, corms and 
rhizomes (geophytes) in the ground (soil diaspore bank). By contrast, most of the 
chamaephytes and hemicryptophytes are arido-active. Most of these species, such as 
 Artemisia santonicum , form very small leaves during the summer period, thus reducing 
their transpiration rate or they shed (most of) their leaves (e.g.,  Alhagi camelorum ). 
Their renewal buds are close to the ground surface and protected in winter by 
snow against strong frosts. “Normal” leaves are often formed only after the winter 
and spring rainfalls. Further adaptations of perennial steppe plants, which must be 
seen in the context of protection against desiccation and reduction of water-loss by 

  Photo 4.3    Central Anatolian primary steppe ( Artemisia santonicum  steppe; Yavşanlık), Konya ovası 
(Photo by H. Kürschner)       
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transpiration, are small leaves (e.g.,  Scabiosa argentea ,  Thymus  spp.,  Ziziphora 
tenuior ),  fi stulose leaves (e.g.,  Festuca  spp.,  Stipa  spp.) or xeromorphic leaves with 
thick cuticles and immersed stomata. Many of the Boraginaceae ( Anchusa  spp., 
 Alkanna  spp.,  Onosma  spp.), Lamiaceae ( Marrubium  spp.,  Phlomis  spp.,  Salvia  
spp.,  Sideritis  spp.,  Stachys  spp.) or Scrophulariaceae ( Verbascum  spp.) are charac-
terised by a dense, woolly or felty indumentum, which protects the plants against 
high radiation loads and water-loss. 

 A further effective adaptation against water stress in summer is an enlarged root 
system, typical of many of the steppe plants (Bilger  1955 ; Birand  1952  ) . This phe-
nomenon is well known from desert and steppe plants and responsible for the patchy, 
mosaic-like above ground distribution of the vegetation cover (Monod  1954  ) . 
In contrast to the very patchy and diffuse plant scatter above ground, the roots often 
completely  fi ll the space between the individual plants and are in strong competition 
for the available space and the sparse water resources. Often the below ground 
biomass is much higher than the above ground one, and the roots reach depths of up 
to 50 cm ( Stipa  spp.), 2–3 m (e.g.,  Artemisia santonicum ,  Moltkia caerulea , 
 Marrubium parvi fl orum ) or even up to 8 m (e.g.,  Alhagi camelorum ; Birand  1970  ) . 

 The studies of Birand  (  1938,   1952  )  demonstrated the correlation of the root 
length with the annual development of the steppe plants. All species that grow during 
the drought period (arido-active) show a strong and long main root (tap root), reaching 
the moist soil layers. Their osmotic value is below 1.5 MPa even during summer-
drought, despite a relatively high transpiration (e.g.,  Artemisia santonicum ,  Eryngium 
campestre ,  Euphorbia myrsinites ,  E. tinctoria ,  Peganum harmala ,  Scolymus 
hispanicum ). New leaves of  Artemisia santonicum , one of the most typical steppe 
plants, show osmotic values of 1.2–1.5 MPa, and the dried up but revivable ones 
the double values. The same holds true for  Peganum harmala , which characterises 
nitrophytic substitute communities (Photos  4.4  and  4.5 ). Fresh leaves vary from 1.6 
to 1.9 MPa, whereas these values increase to 2.8 MPa in drying-up leaves. Both taxa 
have long roots (more than 1.2 m) which can compensate their transpirational water-
loss and supply the renewal leaf buds with water also during summer drought.   

 In contrast, plants, with short roots, as typically found in most of hemicrypto-
phytes, soon die in the early summer period. There osmotic values steadily increase 
to 3.0 MPa and often show a high daily variation. With increasing water de fi cit, their 
maximum osmotic value is reached and the above ground parts dry up. In contrast, 
the osmotic values of most of the geophytes and therophytes (spring ephemerals), 
which  fl ower during early spring time or during the rainy season, is low. Their values 
vary between 0.6 and 0.9 MPa (Birand  1938,   1952  ) , although most of the thero-
phytes root in the upper soil layer (ca. 4–8 [−20] cm).  

    4.4.3   Species Composition and Phytosociology 

 In general, the steppe vegetation of Central Anatolia is reasonably well known in 
terms of vegetation structure,  fl oristic composition, edaphic subtypes and by many 
local communities. However, and in spite of, or maybe even because of the many 
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recent studies devoted to it, the syntaxonomic classi fi cation of the Anatolian 
steppe communities is far from being consolidated. A much-needed, critical syn-
taxonomic synthesis of the many local studies describing an array of associations is 
(in contrast to Eastern Anatolia; Hamzaoğlu  2006  )  not yet available. It is obvious that 

  Photo 4.4    Strongly degraded, nitrophytic  Peganum harmala  steppe, Tuz Gölü (Photo by H. Kürschner)       

  Photo 4.5     Peganum harmala  (Photo by H. Kürschner)       
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any phytosociological classi fi cation of Central Anatolian steppe vegetation was and 
is hampered by the long-lasting and severe human impact on the area, which has 
changed and destroyed most of the natural and more diverse secondary vegetation by 
overgrazing. Nowadays, the researcher is facing a bewildering mosaic-like pattern 
of steppe fragments, various degradation stages and replacement communities, 
which are dif fi cult to understand and to classify. 

 First insights in the complex structure and species composition of the Central 
Anatolian steppes along with a preliminary classi fi cation were given by Zohary 
 (  1973  ) , who proposed the Artemisietea fragrantis anatolica class [nom. nud., cf. 
art. 2b ICPN (Weber et al.  2000  ) ]. His intuitive classi fi cation was more or less 
based on the dominance principle and is today out of date (for a criticism, see 
Léonard  1993  ) . The  fi rst pioneering and more detailed phytosociological studies, 
following the Braun-Blanquet  (  1964  )  approach, were performed by a team of 
French and Turkish botanists around Pierre Quézel and Yildirim Akman and their 
Turkish scholars (e.g., Akman  1974,   1990 ; Akman et al.  1984,   1985,   1994,   1996 ; 
Aydoğdu et al.  1994,   1999,   2004 ; Hamzaoğlu  2005 ; Hamzaoğlu et al.  2004 ; 
Ketenoğlu et al.  1983,   1996,   2000 ; Vural  1981 ; Vural et al.  1995 ; Yurdakulol and 
Aydoğdu  1990  ) . According to them, all steppe communities can be classi fi ed 
within the Astragalo-Brometea class. For the Central Anatolian communities, the 
Onobrychido armenae-Thymetalia leucostomi order was established (e.g., Akman 
et al.  1985  )  and later further subdivided into two more or less zonal subunits, 
classi fi ed at subordinal level (Onobrychido armenae-Thymenetalia leucostomi, ca. 
800–1,200 [−1,800 m] and Asperulo phrygiae-Thymenetalia chaubardii, ca. 
[1,300 m] 1,500 to high montane elevations; Akman et al.  1991  ) . The distinction 
between upland steppe vegetation (Asperulo phrygiae-Thymenetalia chaubardii) 
and the zonal xerophytic dwarf-shrub communities, grasslands and thorn-cushion 
communities of the subalpine belt of the Taurus range, grouped into the Astragalo-
Brometalia (Quézel  1973  ) , remains still unclear (Parolly  2004  ) . 

 The present contribution focuses on the “lowland steppe” communities (Onobrychido 
armenae-Thymenetalia leucostomi) of the Anatolian plateau. The conspectus 
provided below follows with some slight taxonomic and nomenclatural modi fi cations 
Kurt et al.  (  2006  )  as the most recent compilation of the major units. However, it 
must be noted that this valuable “synoptic view” (Kurt et al.  2006  )  is neither a 
revision nor a critical synopsis, which would tackle the in fl ation of local “associations” 
and alliances, continuously published till today. Many of these formally described 
syntaxa often represent nothing but basal, derivative or fragmentary stands of earlier 
described and widespread communities. We have made no approach to here 
resolve the inconsistencies related to the evaluation of the diagnostic species of the 
order and alliances. 

 How unsettled the syntaxonomic classi fi cation of the Central Anatolian 
steppe communities really is, is also revealed by the gappy and arti fi cial distribution 
patterns in the distribution map of the major syntaxa as compiled by Kurt et al. 
 (  2006  ) . At present, eight alliances are distinguished for the lower elevations of 
Central Anatolia. They include many different associations of often only local 
distribution and value. Their character species are provided in the following survey. 
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Although a good deal of the syntaxa and their diagnostic species inventory is in 
urgent need of revision, the list certainly will provide a good and reliable impres-
sion of the  fl oristic composition of the Central Anatolian steppe vegetation.  

    4.4.4   Syntaxonomic Conspectus 

     Class:  Astragalo-Brometea Quézel  1973  em. Parolly  2004 
    Character species:  Anthemis cretica  subsp.  anatolica ,  Astragalus angusti-
folius ,  A. ornithopodioides ,  Bromopsis tomentella ,  Centaurea urvillei , 
 Cruciata taurica ,  Dianthus zonatus ,  Erysimum crassipes ,  Euphorbia macro-
clada ,  Festuca valesiaca ,  Galium incanum  subsp.  elatius ,  Globularia 
orientalis ,  Helianthemum canum  agg.,  Hypericum origanifolium , 
 Koeleria macrantha ,  Leontodon asperrimus ,  Linum austriacum ,  L. hirsu-
tum  subsp.  anatolicum ,  Lomelosia rotata ,  Minuartia anatolica ,  Ononis 
adenotricha ,  Phlomis armeniaca ,  Scutellaria orientalis ,  Stachys lavandu-
lifolia ,  Stipa holosericea ,  S. lessingiana ,  Teucrium chamaedrys ,  T. polium , 
 Thymus sipyleus ,  Veronica multi fi da ,  Ziziphora clinopodiodes.      

   Order:  Onobrychido armenae-Thymetalia leucostomi Akman, Ketenoğlu & 
Quézel  1985 
   Character species:  Acantholimon acerosum ,  A. venustum ,  Achillea wilhelm-
sii ,  Allium rotundum ,  Alyssum pateri ,  A. sibiricum ,  Anthemis tinctoria , 
 Artemisia santonicum ,  Asperula liliaci fl ora ,  Astragalus condensatus  
(incl.  A. brachypterus ),  A. lydius ,  A. vulneraria ,  Bromopsis cappadocica , 
 Bungea tri fi da ,  Bupleurum boissieri ,  Centaurea virgata ,  Cousinia biran-
diana ,  Dianthus anatolicus ,  D. crinitus ,  Digitalis lamarckii ,  Ferulago 
pauciradiata ,  Fumana aciphylla ,  F. paphalogonica ,  Genista sessilifolia , 
 Hedysarum varium ,  Helianthemum nummularium ,  Hypericum aviculari-
folium ,  Inula montbretiana ,  Jurinea consanguinea ,  Malabaila secacul , 
 Marrubium parvi fl orum ,  Noaea mucronata ,  Onobrychis armena ,  O. hypar-
geia ,  Onosma cinerea ,  O. aucheranum ,  Paronychia kurdica ,  Phlomis 
herba-ventii ,  Polygala pruinosa ,  Salvia cryptantha ,  S. hypargeia , 
 Scabiosa argentea ,  Silene supina  subsp.  pruinosa ,  Stachys cretica  subsp. 
 anatolica ,  Thymelaea passerina ,  Thymus leucostomus  var.  leucostomus , 
 Ziziphora taurica ,  Z. tenuior.      

   Alliance:  Phlomido armeniacae-Astragalion microcephali Akman, Ketenoğlu, 
Quézel & Demirörs  1984 
   On various soils derived from serpentine, radiolarite and  fl ysch under 
cold climatic conditions. Recorded southwest and west of Ankara, the 
Tuz Gölü basin and the Konya ovası between 750 and 1,300 m altitude.   
   Character species:  Acantholimon acerosum ,  Astragalus lycius ,  A. micro-
cephalus ,  Helianthemum canum ,  Marrubium parvi fl orum  subsp.  oligodon , 
 Phlomis armeniaca ,  Teucrium chamaedrys.      
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   Alliance:   Convolvulo holosericei-Ajugion salicifoliae Akman, Ketenoğlu, Quézel & 
Demirörs  1984 
   On marly and marly-gypsaceous soils under xeric climatic conditions. 
Recorded west of Ankara, Ayaş, Temelli Polatlı, and Beypazarı between 
650 and 1,200 m altitude.  
  Character species:  Ajuga salicifolia ,  Convolvulus holosericeus ,  Euphorbia 
macroclada ,  Galium verum ,  Linum  fl avum  subsp.  scabrinerve.      

   Alliance:   Salvio tchihatchef fi i-Hedysarion variae Akman, Ketenoğlu, Quézel & 
Demirörs  1984 
   On steeper, marly slopes under very cold climatic conditions. Widespread 
southwest of Ankara between 800 and 1,250 m altitude.  
  Character species:  Asyneuma limonifolium ,  Hedysarum varium , 
 Helianthemum nummularium ,  Linum hirsutum  subsp.  anatolicum ,  Salvia 
tchihatchef fi i .     

   Alliance:  Arenario-Astragalion plumosi Akman  1990 
   On siliceous (andesite) soils between 1,300 and 1,800 m altitude, mainly 
north of Ankara (Cubuk, Karagöl, Aydos Mts.).  
  Character species:  Arenaria ledebouriana ,  Astragalus plumosus  subsp. 
 plumosus ,  Galium verum  subsp.  glabrescens ,  Sideritis germanicopoli-
tana ,  Stachys iberica  subsp.  stenostachya.      

   Alliance:   Alysso lepidoto-stellati-Astragalion condensati Aydoğdu, Ketenoğlu & 
Hamzaoğlu  1999 
   On various soils derived from limestone, mainly in the Kirşehir area 
between 1,300 and 1,600 m altitude.  
  Character species:  Alyssum lepidoto-stellatum ,  Anchonium elichrysifo-
lium  subsp.  canescens ,  Astragalus condensatus ,  A. densifolius ,  A. 
micropterus ,  Centaurea paphlagonica ,  Euphorbia anacampseros , 
 Minuartia anatolica  var.  arachnoidea ,  Salvia blepharochlaena ,  S. mod-
esta ,  Sideritis galatica ,  Verbascum vulcanicum.      

   Alliance:   Phlomido nissolii-Onobrychidion tournefortii Kurt 2002 (sphalm. 
“Onobrychion”, orthogr. corr. acc. Art. 41a ICPN)
   On calcareous, marly soils southwest of Afyon between 900 and 1,000 m 
altitude.  
  Character species:  Eryngium bithynicum ,  Hypericum avicularifolium  
subsp.  depilatum ,  Onobrychis tournefortii ,  Phlomis nissolii.      

   Alliance:  Astragalo karamasici-Gypsophilion eriocalycis Ketenoğlu & Quézel 1983
   On gypsaceous soils, mainly between 600 and 850 m altitude. Widely 
distributed northwest of Ankara (Çankiri area), the Tuz Gölü basin (east 
of Şere fl ikoçhisar) and in the wider Sivas area (different suballiances)  
  Character species:  Allium  fl avum  subsp.  tauricum ,  Astragalus kara-
masicus ,  Bupleurum boissieri ,  Centaurea patula ,  Gypsophila eriocalyx , 
 G. parva ,  Linum mucronatum  subsp.  gypsicola ,  Thymus leucostomus  var. 
 gypsaceus .     
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   Alliance:   Achilleo wilhelmsii-Artemision santonicum Aydoğdu, Kurt, Hamzaoğlu, 
Ketenoğlu & Çansaran  2004 
   On salty soils and saline steppe soils (salt steppe) around the Tuz Gölü, 
the Seyfe Gölü and in large parts of the Konya ovası between 960 and 
1,000 m altitude.  
  Character species:  Acantholimon halophilum ,  Achillea wilhelmsii , 
 Allium pseudo fl avum ,  A. scabri fl orum ,  Alyssum blepharocarpum , 
 Anthemis fumariifolia ,  Artemisia santonicum ,  Krascheninnikova cera-
toides ,  Reaumuria alternifolia ,  Verbascum helianthemoides.        

 More commonly associated species, widely distributed in the steppes of 
Central Anatolia, include  Achillea phrygia ,  Aegilops triuncialis ,  Alyssum deserto-
rum ,  Androsace maxima ,  Arnebia decumbens ,  Asperula stricta ,  Astragalus oxytropifo-
lius ,  A. strigillosus ,  Atraphaxis billardierii ,  Callipeltis cucullata ,  Centaurea 
depressa ,  C. solstitialis ,  Convolvulus lineatus ,  Consolida hellespontica ,  Cousinia 
halysensis ,  Crepis foetida  subsp.  rhoeadifolia ,  Glaucium corniculatum ,  Globularia 
trichosantha ,  Gypsophila heteropoda ,  Haplophyllum thesioides ,  Helianthemum 
salicifolium ,  Helichrysum arenarium  subsp.  aucheri ,  Hesperis angorensis ,  Inula 
anatolica ,  Koelpinia linearis ,  Lappula barbata ,  Leymus cappadocicus ,  Linaria 
corifolia ,  Linum mucronatum  subsp.  armenum ,  Marrubium trachyticum ,  Melica cupanii , 
 M. transsilvanica ,  M. hamata ,  Moltkia coerulea ,  Muscari longipes ,  Nigella arvensis , 
 N. nigellastrum ,  Onobrychis argyrea ,  O. sulphurea  var.  sulphurea ,  Reseda lutea ,  Salvia 
cyanescens ,  Senecio vernalis ,  Trigonella coerulescens ,  Valerianella coronata ,  Verbascum 
pycnocephalum ,  Vincetoxicum tmoleum  and  Xeranthemum annuum .   

    4.5   Changes in Vegetation Cover Due to Human Impact 

 Turkey has experienced rapid economic and population growth. These pressures 
have accelerated the destruction of various ecosystems and vegetation units by 
many processes that still keep going on. The ongoing anthropozoogenic effects are 
drastically and in most parts irreversible. This can be seen in the vegetation 
remnants: natural or semi-natural communities hardly exist in most parts of Central 
Anatolia, and the remaining units are fragmentary or replaced by substitute 
communities of various degrees of disturbance (Fig.  4.2 ). Whereas a number of 
studies documented the  fl oristic composition and plant cover of Central Anatolia 
(e.g., Birand  1947,   1970 ; Çetik  1985 ; Nalbantli  1964 ; Bakir  1970 ; Yilmaz  1977 ; 
Kürschner  1983,   1984 ; Akman et al.  1984  )  nearly no research has been conducted 
comparing vegetation changes in grazed and protected areas.  

    4.5.1   Regressive Succession 

 Most of the area has been under severe anthropogenic effects since 5000 BP (e.g., 
Great Konya Basin – Çatalhüyük; Phrygian region) as it is an indigenous land of 
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fodder production since the Neolithic (Atalay  2002 ; Böçük et al.  2009  ) . Great parts 
of the natural vegetation at all elevations (primary steppes:  Bromus-Stipa  steppe, 
 Artemisia santonicum  steppe), were destroyed and largely replaced by substitute 
communities, degraded to various degrees and with a highly reduced  fl oristic 
diversity. Since historical times, continuous deforestation, overgrazing, and unsuit-
able tillage and irrigation management have transformed the natural vegetation and 
caused soil erosion (Kapur et al.  2006  ) . 

 The transformation and degradation of the vegetation results from numerous 
direct and indirect effects, which are shown with their consequences in Fig.  4.2  
[e.g., 1 grazing; 2 overgrazing; 3 collecting of medicinal and forage plants, digging 

  Fig. 4.2    Regressive succesion (primary and secondary steppes) in Central Anatolia.  1 – 4  direct 
effects:  1  grazing;  2  overgrazing;  3  collecting of medicinal and forage plants, digging of roots;  4  
ploughing;  5 – 7  indirect effects:  5  settlements, and seasonal settlements (yayla);  6  soil erosion;  7  
fallow (uncultivated)  fi elds (Modi fi ed after Birand  1970 ; Kürschner  1983,   1984  )        
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of roots; 4 ploughing, 5 settlements, and seasonal settlements (yaylas); 6 soil erosion; 
7 fallow (uncultivated)  fi elds]. The secondary  Artemisia santonicum  steppes, 
today typical of the basins and widely distributed in Central Anatolia, derived 
from a primary formation by overgrazing, collecting of plants and digging of roots. 
If this process continues, secondary thorn-cushion formations will derive, which 
are mainly dominated by thorny  Astragalus  species (e.g.,  A. condensatus ,  A. micro-
cephalus ,  A. plumosus ) and spiny  Acantholimon  species ( A. acerosum ,  A. venustum ). 
These taxa migrate from the neighbouring montane-oreal belt into the steppe 
area, especially when the former forests and woodlands, which originally limited 
their distribution, were destroyed. If overgrazing continues, a nitrophytic community 
will develop around the settlements and yaylas, dominated by the unpalatable 
and poisonous  Peganum harmala  ( Peganum harmala  steppe, hüyük; Photo  4.4 ). 
Today, these heavily degraded “steppes” are widespread in the Tuz Gölü and Konya 
basins, where they replace the former  Artemisia  steppe. 

 Additionally, overgrazing causes soil erosion and during the frequent summer 
drought, dust storms blow a  fi ne yellow powder across the plains of Central Anatolia. 
This locally results in the development of a semi-desert sand steppe, as can be 
observed in the surroundings of Karapınar (Birand  1970 ; Tatlı  1991  and references 
therein). Here regeneration is nearly impossible due to soil erosion and de fl ation 
of the fertile soil particles. Tatlı  (  1991  )  reported a similar situation from the Doğu 
Iğdir plain in Eastern Anatolia. Intensive ploughing and the continuing expansion 
of lands for crop production affect the substitute communities as well as the few 
remaining sites with primary communities. Agricultural land (dry farming) today 
covers wide areas of Central Anatolia, where more than one-third of the total crop 
production of Turkey concentrates on the former steppe area. Mainly hard wheat 
and barley are grown and, as regards legumes, mostly beans, chickpeas and a small 
amount of lentils are sown. Important industrial plants in the area are sugar beets. 

 These  fi elds and fallow  fi elds often show a rich and variously coloured segetal 
 fl ora, dominated by  Bupleurum  and  Convolvulus  species, or dense and attractive 
stands of  Acroptilon repens ,  Agrostemma githago ,  Aristolochia maurorum ,  Boreava 
orientalis ,  Centaurea depressa ,  C. solstitialis ,  Consolida  spp.,  Fumaria  spp.,  Isatis 
 fl oribunda ,  Papaver  spp . ,  Saponaria prostrata ,  Turgenia latifolia ,  Vicia villosa , 
 Vaccaria pyramidata  and  Wiedemannia orientalis  (Photo  4.6 ). Good indicator 
species for traditional agriculture are the endemic geophytic  Aristolochia  species, 
which tolerate only shallow ploughing. For a  fi rst introduction and more detailed spe-
cies list of this segetal vegetation, see Çetik  (  1985  ) . It should be noted that presently 
the diverse segetal vegetation is increasingly threatened by the advent of modern, 
industrialized agriculture with intensive use of agrochemistry and deep ploughing.  

 Today, six, often intergrading types of steppes (anthropozoogenic substitute 
communities, see Fig.  4.2 ) dominate Central Anatolia physiognomically:

    1.    a  Festuca valesiaca  type, which can be considered as an early degeneration stage 
of the  Bromus-Stipa  steppe after grazing. Due to pastoral selection, most of the 
palatable species are removed. However, a progressive regeneration is possible, 
as shown in areas which are fenced and protected from grazing;  



164 H. Kürschner and G. Parolly

    2.    an  Artemisia santonicum-Thymus leucotrichus  type (secondary  Artemisia 
santonicum  steppe), today the most common formation, resulting from grazing;  

    3.    an  Artemisia  steppe rich in thorn-cushions, abundant on the hilly slopes and 
mountains between the basins (ovası);  

    4.    an  Eryngium campestre-Euphorbia macroclada  type, typical of intensively 
grazed or overgrazed places;  

    5.    a  Peganum harmala  steppe, a very species-poor, nitrophytic substitute community 
around villages and at lairs;  

    6.    a sand steppe, formed by soil-erosion and heavy dust storms.     

 The same effects and changes can be observed in the natural vegetation on 
the hills and mountain sites surrounding the basins in Central Anatolia. Here, most 
of the formerly widely-distributed forests and woodlands concentrate (e.g.,  Quercus 
cerris  and/or  Q. pubescens  woodlands,  Pinus nigra  var.  caramanica  forests and 
woodlands,  Juniperus excelsa/foetidissima  forests and woodlands). Most of these 
natural units are completely destroyed and replaced by degraded woodlands and 
shrublands. The responsible anthropogenic factor is wood cutting and grazing 
that have affected the sites for thousands of years. Most of the former woodlands 
are replaced by very open woodlands, solitary trees or a low shrubland, the latter 
dominated by  Amygdalus orientalis ,  Atraphaxis billardieri ,  A. spinosa , or  Rhamnus  
spp. Various such stands were described by Çetik  (  1985  ) . Their understory is 
dominated by thorn-cushions, which often form pure secondary stands on many 
hill sites in Central Anatolia, where nearly all of the woody species were cut and 

  Photo 4.6    Segetal  fl ora and wild orchards in Central Anatolia (Photo by H. Kürschner)       
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removed by man. Originally, thorn-cushions concentrated in the windswept, treeless 
subalpine belt of the adjacent mountains (Kürschner  1984,   1986a,   b  ) . Today, as in 
the basins, dry farming already extends into the hill sites, whenever the area is not 
too rocky and ploughing is possible.  

    4.5.2   Wild Orchards 

 Many of the plateaus, hills and foothills of Central Anatolia, which for ages have 
supported cultivated land for crop production, still show a pattern of scattered fruit 
trees, the so-called “wild orchards” ( Pyrus elaeagnifolia  woodland; Photo  4.7 ). 
Their tree-layer consists mainly of  Celtis tournefortii ,  Crataegus aronia ,  Prunus 
armeniaca ,  P. divaricata  subsp.  ursina ,  Pyrus amygdaliformis  and  P. elaeagnifolia . 
The stands are kept for their fruits, are used as rootstocks for cultivated fruit varieties 
and serve as shady resting-places in the hot summers. Many authors (e.g., Louis 
 1939 ; Kürschner  1984 ; Mayer and Aksoy  1986 ; Zohary  1973  )  regarded these trees 
as remnants of a former  Quercus  woodland, indicating that these parts of Central 
Anatolia were forested in former times.  

 However, vegetation surveys show that oak trees are uncommon in the “wild 
orchards” and, in contrast, wild fruit trees today are virtually absent in the remnants 
of  Quercus  woodlands surrounding the steppe area (Woldring and Cappers  2001  ) . 
Palynological investigations revealed that the  Quercus  woodlands of Central 
Anatolia reached a maximum expansion between 8000 and 4000 BP, and deforestation 
started c. 4000 BP, when an abrupt decline of oaks can be observed in palynological 

  Photo 4.7    Wild orchards in Central Anatolia (Photo by H. Kürschner)       
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cores (Woldring and Cappers  2001  ) . Archaeobotanical research con fi rms the 
presence of many of these fruit trees already before the expansion of  Quercus  
woodland in Central Anatolia (before 8000 BP). At this time, the competitive capacity 
of woodland trees probably restricted the occurrence of wild fruit trees to isolated 
locations. They concentrated mainly on rocky outcrops, a suitable habitat for the 
light-demanding fruit trees, but unfavourable for  Quercus  woodlands. In response 
to the large-scale devastating action of man and his livestock (as from c. 4000 BP) 
they were “… taking advantages of the deforestation and rapidly spread into the 
newly created habitats …” (Woldring and Cappers  2001  ) . Today, they occupy areas 
of former oak and juniper woodlands, and at the same time indicate the potential 
woodland areas of Central Anatolia.   

    4.6   Perspectives 

 Over the past 50 years, almost half of the former steppe area of Central Anatolia has 
been transformed into cropland (dry farming, interrupted every 2 years by fallow 
 fi elds) and at the same time there was no adequate reduction in grazing animals 
(Birand  1970 ; Firincioğlu et al.  2007 ; Uslu  1960  ) . Although it is dif fi cult to provide 
comparable  fi gures, the few data given in Uslu  (  1960  )  and others (Anonymous 
 2001,   2007  )  at least demonstrated the drastic change in rangeland, agricultural 
areas and numbers of livestock (Table  4.1 ,  fi gures only given for goats and sheep). 
Animal husbandry produces 5% of the gross national product (approx. 122 billion 
US $; Koç  2000  ) . In total, ca. 12 million animal units graze on Turkish rangelands 
(Koç  2000  ) . Whereas the proportion of rangeland decreased from 6.2 in 1970 to 3.1 
million ha in 2004, the number of grazing goats and sheep increased from nearly 1.7 
to 3.2 million. As at the same time large parts of the rangeland area have been 
transformed into agricultural land (increase from 2.95 to 4.5 million ha, Table  4.1 ), 
the grazing pressure on the remaining rangeland vegetation continues to be dramatic. 
“At present, the rangelands of Turkey are grazed 2–3 times higher than their carrying 
capacity. As a consequence of bad management, up to 90% of the climax vegetation 
of Turkey’s rangelands has been lost” (Genckan et al. 1990 cited in Koç  2000  ) . This has 

   Table 4.1    Rangeland, agricultural area and numbers of livestock in Central Anatolia   

 1950 a   1970 b   2001 b   2004 c  

  Total (Central Anatolia) 9.158.666 ha  
 Rangeland (ha)  –  6,200,000  3,300,000  3,117,923 
 Agricultural area (ha)  –  2,958,666  –  4,504,276 

  Number of livestocks (only sheep and goats)  
 1,671,454  –  –  3,132,095 

   a From Uslu  (  1960  )  
  b From Anonymous  (  2001  )  
  c From Anonymous  (  2007  )   
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generally led to a massive decline of the plant diversity of vast territories of Central 
Anatolia and to strong shifts within the species inventory, including furthering 
the occurrence of non-palatable species (pastoral selection).  

 The remaining fragments (mostly secondary steppes) underlay a heavy grazing 
pressure and presently are degraded ecosystems (Evrendilek and Doygun  2000 ; 
cf. Fig.  4.2 ). 

 The effect of this human impact has been shown in detail by the studies of Birand 
 (  1970  )  near Karapınar and by Firincioğlu et al.  (  2007  )  near Ikizce, 45 km southwest 
of Ankara. 

 These studies indicate:

    1.    exclusion of grazing will increase species richness. Firincioğlu et al.  (  2007  )  
showed that ungrazed plots contain 32 plant species more than grazed ones (in 
total 113 species);  

    2.    grazing has removed most of the sensitive species;  
    3.    pastoral selection supports unpalatable taxa.     

 According to Sternberg et al.  (  2000  ) , grazing causes two kinds of effects:

    1.    a direct effect that occurs through selective and differential removal of plant tissue 
or species;  

    2.    an indirect effect on species diversity and composition when selective grazing on 
dominant species reduces their presence, favouring the spread of less competitive 
but more tolerant species.     

 To summarize, all studies clearly show that heavy grazing may cause a loss of 
rare and endangered species, disrupts regeneration and results in the encroachment 
of non-palatable plant species, such as  Euphorbia macroclada  (poisonous alkaloids), 
 Peganum harmala  (harmaline, harmin alkaloids, which affect the central nervous 
system leading to spasms and paralysis),  Artemisia santonicum  or various Lamiaceae 
(high content of essential oils), spiny or thorny taxa ( Astragalus  spp.,  Acantholimon  
spp.,  Centaurea  spp.,  Cousinia  spp.,  Echinops  spp.,  Eryngium  spp.,  Noaea mucronata , 
 Onopordum  spp.) as well as noxious species or plants of little forage value (e.g.,  Achillea 
wilhelmsii ,  Erodium ciconium ,  Erysimum crassipes ,  Marrubium parvi fl orum ). Thus, 
plant diversity has been under permanent pressure of uncontrolled land-use and 
overgrazing, reducing the plant cover that protects the soil and generally resulting in 
soil erosion. And these disturbing anthropogenic effects still continue. 

 Until today, nearly half the population of Central Anatolia have lived in rural 
areas and their main economic resources are pasture, degraded steppes, remnants of 
woodlands; their agricultural areas (for the production of barley, wheat, lentil and 
chickpea) were formed by destruction of natural areas and their vegetation. It is very 
likely that these negative anthropogenic effects will continue in Central Anatolia, 
leading to even more reduction of plant cover and further soil erosion. Therefore, all 
remaining vegetation is in a critical state in terms of land degradation and erosion 
(Böçük et al.  2009  ) . In addition, the demand for higher crop production yields due 
to the increasing population pressure leads to an excessive use of water resources. 
This creates salinity in many of the fertile alluvial plains of Central Anatolia, which 
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actually are the gene zones of many crop plant species, particular cereals and 
legumes and many other useful plants (Boulos et al.  1994 ; Kapur et al.  2006  ) . 

 In order to diminish the continuing degradation and to re-establish the natural 
equilibrium in steppe areas, Böçük et al.  (  2009  )  recommended that

    1.    the heavy grazing still continuing on the remnants of natural pasture areas must 
be prevented;  

    2.    a rotational grazing plan should be applied which is based on herbage productivity 
(Kondoh  2003  ) ;  

    3.    the cutting of the remaining trees (mostly  Quercus cerris ,  Q. ithaburensis ,  Q. 
pubescens ) must be prohibited in order to maintain the natural regeneration of 
the steppe forests;  

    4.    the eroded areas should be, at least, partly reforested and afforested by native tree 
species.     

 Clearly, the development of management programmes and their implementation 
in the areas that are already protected seems most urgent. However, one has to keep 
in mind that the sustainable use of the natural resources, including the protection of 
environment, is highly dependent on and connected with the economic and social 
development of the local population. Therefore, it will be hard to convince local 
people to take care of the protection of their natural environment without offering 
any integrative programmes.      
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  Abstract   Steppe is a zonal vegetation type in Ukraine and is most likely of 
Holocene origin. We brie fl y review the main steppe communities of the Forest-
Steppe and Steppe zones, in terms of their  fl oristic composition and diversity, 
and their habitats. 

 Until the seventeenth century Ukrainian steppes were little inhabited and in a 
near natural state. Then new settlers immigrated and locally founded agrarian 
settlements which slowly increased in number and area. Grand-scale destruction of 
steppe ecosystems occurred in the Soviet era and about all plain steppes were tilled, 
even in a number of reserves. After the collapse of the Soviet Union agriculture 
in the steppe zone fell in decay and large areas became fallows on which steppe 
vegetation regenerated. Under full protection litter, organic matter and soil moisture 
increase in the steppe communities and species diversity declines. Grazing or mowing 
can prevent this, but may also cause other problems, just as too frequent  fi res. Fires and 
 fl ower picking greatly reduce the populations of showy bulb plants. 

 Conservation had an early start in Ukraine but strongly decreased in the 
mid-twentieth century. Presently, Ukraine works on an ecological network of 
steppe reserves, but the program meets with several dif fi culties, for practical 
and policy reasons.      
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     5.1   Steppes in Ukraine 

 Steppes form the youngest zonal type of vegetation in Ukraine and were formed dur-
ing the Holocene. The development of Ukrainian culture mainly took place in the 
steppes, even though steppes occupied only about 40% of the modern territory of 
Ukraine. The boundless space of the steppe was the natural habitat for many animal 
and plant species, the home and source of food for many people, and inspired them 
to heroic deeds and even death in defense of their native land. Unfortunately, pres-
ently only about 3% of the natural and semi natural steppes of Ukraine remain. 

 How were the Ukrainian steppes formed? How were these unique territories 
destroyed and transformed? What is their present condition? What will be the future 
of the steppes in Ukraine? We will try to answer these questions in this chapter. 

    5.1.1   The Origin of the Ukrainian Steppes 

 All reconstructions of the history of the formation of the modern Ukrainian  fl ora 
and vegetation are based on analyses of fossil plants and pollen, comparisons 
of modern regional  fl oras, and of the distribution of taxa, taking into account data 
on geology, climate, etc. 

 In general, two views can be found in the literature with respect to the development 
of the  fl ora of Ukraine: an anti-glacialistic and a glacialistic one. The anti-glacialists 
denied the existence of glaciers on the continental East European land masses in 
the Pleistocene. The distribution of boulders at medium latitudes in Eastern Europe 
was, for instance, explained by the existence of a big ocean which furthered their 
distribution. Also, the wide disjunctions in the distribution of modern plant species 
were explained by  fl uctuations in humidity during the Pleistocene (Ruprecht  1866  
in Baranov  1954  ) . With the development of phylogeography this view has been 
discredited, although some leading botanists in Ukraine persisted in this anti-
glacialistic view up to only 20 years ago (Pidoplichko  1946–1956 ; Klokov  1963, 
  1981 ; Zaverukha  1985 ; Udra  1988  ) . 

 The glacialist view forms the modern paradigm in historical plant biogeography 
in Ukraine. At present, issues which provoke a very heated debate among Ukrainian 
scientists are the ages of some relicts (Tertiary or Interglacial), the existence or 
absence of Tertiary refugia in the modern territory of the Ukraine (especially on the 
plains) and the migration routes of plants from the Pleistocene onwards. 

 The  fi rst explorations on the biogeography of the Steppe zones in the Russian 
Empire were published by Ruprecht  (  1866  ) . He noted that the Chernozem region 
coincided with the zone of Steppe vegetation. Its northern border was the southern 
border of the Russian Forest zone and of the distribution of boulders. Ruprecht, an 
anti-glacialists, explained such a border by the existence of an ancient inland sea 
which washed the Chernozem mainland. 

 The next to contribute to the development of historical plant geography in Ukraine 
was Paczoski  (  1910  ) . He asserted that the Volyno-Podolian Upland was a refuge of 
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vegetation during the Riss and Wurm Ice Ages, and though this vegetation had changed 
considerably from the Pliocene onwards, it was the main source for the formation of 
the modern Black Sea steppes and forests in Polissya (the Forest zone of Ukraine). 

 Kleopov  (  1933,   1941  ) , one of the  fi rst botanists who tried to explain the process 
of the formation of the steppe  fl ora in Ukraine, argued that the modern steppes of 
Ukraine began to form in the beginning of the Holocene from “near glacial” steppes 
and that they were in fl uenced by immigration of Asian and Mediterranean elements. 
He also argued that the modern communities of  Carex humilis  Leys. were remnants 
of “near glacial” steppes that originated from the Tertiary mesophilous  fl ora. 
Presently, Kleopov’s and partially also Paczoski’s opinions are accepted by the 
majority of Ukrainian botanists and were further developed. For example, Didukh 
 (  1992  ) , studying the main stages of evolution of the vegetation of the Crimean 
mountains, ascertained that migrations of some steppe species ( Adonis vernalis  L., 
 Paeonia tenuifolia  L.,  Galium verum  L., etc.) to the Crimea took place after the Riss 

  Fig. 5.1    Plant geographical classifi cation of Ukraine (according to Didukh  2000 ). Straight lines 
are borders of Provinces; crossed lines are borders of Regions:

I. Pannonic: OPAN – Transcarpathian
II. Central European: OKARP – East Carpathian Mountains; RPOD – Roztochia & West Podolia
III. Sarmatic: WLPOD – Volyno-Podolian Upland; POL – Polissya
IV. Subpontic (Forest-Steppe Zone): DPRD – Transdniesteria-Dnieper Upland; OPRD – Dnieper 

Lowland; SROS – Central Russian Upland
V. Pontic (Steppe Zone): WPONT – West Pontic Steppes; PPONT – East Dnieper Pontic Steppes; 

SDON – Southern part of the Central Russian Upland; DON – Donetsk Upland; CZAZ – Black 
Sea Steppes

VI. Mediterranean: KR – Crimea Mountains          
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Ice Age, and also that anthropogenic in fl uence promoted the development of steppe 
vegetation in the mountains and plains of the Crimea during the Holocene. Didukh 
denied the existence of direct land bridges with the Crimea and stated that the 
Caucasian route was determinative in forming the  fl ora of the Crimea, but this view 
was criticized by researchers who supposed that a land bridge existed between the 
Crimea and the Dobrudja region in Romania (Dubovik  2005  ) . 

 Bezusko et al.  (  2006  ) , based on integrated spore/pollen, archaeological and 
radiocarbon studies, established that the steppe vegetation of the left bank of the 
Dnieper during the Eneolit (about 5,000–6,000 years ago) was more mesophytic 
than the modern steppe vegetation because the climate was wetter. The modern 
Steppe zone of Ukraine had a Forest-Steppe nature during that period. 

 Here we agree with Mosyakin et al.  (  2005  )  that “there are almost no phylogeo-
graphic studies of the steppe species of the Eurasian  fl ora” and “for overcoming 
the lack of attention for phylogeographic studies in our countries, collaborative 
phylogeographic studies of several crucially important groups of vascular plants 
occurring in Ukraine should be initiated”. 

 Plant geographically the Ukrainian steppes belong to the Subpontic (Forest-
Steppe zone) and Pontic Provinces (Steppe zone) (Fig.  5.1 ).    

    5.2   Modern State, Distribution and Conservation 
of Steppe Vegetation in Ukraine 

    5.2.1   General Description of Steppe Vegetation 

 Steppe vegetation has developed under a climate of low humidity and with 
periodic impact of grazing and  fi res; these factors prevent the development of 
trees, at least on the plains. In steppes, over 80% of the biomass dies off and rapidly 
mineralizes every year. These processes set the conditions for the formation of the 
very fertile black earth (chernozem soil) (Didukh  1998  ) . The structure and differen-
tiation of steppe vegetation depend on climatic and edaphic factors. 

 Lack of moisture, salinity of the soil, bottom layers and groundwater cause the 
spread of saline steppes along the marine and Syvash coasts (class  Festuco-
Puccinellietea  Soó ex Vicherek 1973). These steppe communities, which are similar 
to desert steppes and develop on saline chestnut soils, are often discussed in combination 
with saline lands or solonchaks, and are not further considered here. 

 Within the Steppe zone and in the south of the Forest-Steppe zone, there are 
edaphically isolated steppe communities associated with riparian sand areas (class 
 Festucetea vaginatae  Soó ex Vicherek 1972). In these communities, the moisture 
de fi cit is combined with a lack of nutrients (mainly mobile nitrogen compounds) 
and constrains physical and chemical features of the substrate (acidity, mobility, 
looseness). These steppe communities are strongly affected by anthropogenic factors 
and require special protection. 
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 Typical steppe plant communities (Photo  5.1 ) are formed mainly on different 
types of chernozem and belong to the class  Festuco-Brometea  Br.-Bl. et Tüxen ex 
Soó 1947. They are characterized by a predominance of species of dry areas while 
the meadow steppe ecotopes typically have more mesophilic perennial herbs and 
rootstock grasses mixed with edi fi cators that are mainly xerophilic grasses.  

 The western regions of Ukraine are dominated by extrazonal steppe communities 
belonging to Central-European alliance  Cirsio-Brachypodion pinnati  Hadač et 
Klika ex Klika 1951. They usually occur on rendzina soils and are closely related in 
their development to the forest edge communities of the class  Trifolio-Geranietea 
sanguinei  Th. Müller 1962 and shrub communities of the class  Rhamno-Prunetea  
Rivas Goday et Borja Carbonell ex Tx. 1962. Within Ukraine it is the most mesophytic 
of steppe vegetation. They are well represented in Podillya, being the main steppe 
vegetation there, because of the subhumid climate and carbonate sediments, which 
are locally common. In Western Europe they are usually replaced by  Fragario viridis-
Trifolion montani  communities (Korotchenko and Didukh  1997  ) . 

 One of the most common associations of Podillya is the  Inuletum ensifoliae  Kozł. 
1925. It often occurs on Transnistrian slopes with a high degree of surface washing 
and soil erosion; sometimes it occupies the entire middle and upper part of slopes. 
It sporadically occurs in the Bukovinian Carpathians (Abduloeva and Didukh 
 1999 ; Korotchenko  2005b,   2009 ; Korotchenko and Tokaryuk  2005  ) . It is typical on 

  Photo 5.1    Typical steppe landscape with sandstone outcrops of the Donets’k Upland (Lugans’k 
region) (Photo by M. Peregrym)       
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intensely eroded, steep (40–70°), western and south-western slopes with a rubbly sub-
strate on poor sod-carbonate soils. Its total projective canopy cover is low, 30–70% on 
average; tussocks are not common (5%) as the grass basis is formed by rootstock grasses. 
Single shrubs of  Chamaecytisus albus  (Hacq.) Rothm usually occur, but there is no 
evident shrub layer. Its  fl oristic richness is about 20–25 species per 100 m 2 . 

 Large areas with rich sod-carbonate soils in Western Podillya are occupied by the 
association  Thalictro-Salvietum pratensis  Medw.-Kornas 1959, mainly on slopes 
of different exposure and steepness (5–35°) and here and there also on  fl at tops of 
slopes and at the bottoms of shallow gullies (Didukh and Korotchenko  2003 ; 
Korotchenko  2004,   2005a,   2009 ; Korotchenko and Tokaryuk  2005  ) . Its cover is quite 
high (80–100%). The grass-sedge base of the herbage is represented by  Carex 
humilis  Leys.,  Briza media  L. and  Festuca pratensis  Huds. Forbs are many and a 
signi fi cant proportion are rootstock species. Its core is formed by xeromesophilic 
species:  Thalictrum minus  L.,  Viola hirta  L.,  Astragalus onobrychis  L.,  Bupleurum 
falcatum  L.,  Salvia pratensis  L.,  Adonis vernalis  L.,  Galium verum  L. and others. 
These communities are  fl oristically rich: 38–55 species per 100 m 2 , depending on 
their developmental stage. 

 The  Brachypodio pinnati-Seslerietum  (Klika 1929) Toman 1976 is very rare 
(Kukovytsia et al.  1994 ; Abduloeva and Didukh  1999 ; Didukh and Korotchenko  2000 ; 
Abduloeva  2002  )  and only occurs locally in Western Podillya, in the valley of the 
Dniester and the bottom of the Smotrych river valley, in hollows and mild, north-east-
ern slopes, or steep (60–70°) western slopes, on turf-carbonate rendzinas up to 40 cm 
thick, on carbonate rocks. They are rich in species (42–57 species per 100 m 2 ) and the 
cover is 60–100%. This is the most mesophytic steppe community in Ukraine. 

 The alliance  Galio campanulatae-Poion versicoloris  Kukovitsa, Movchart et 
Shelyag 1994 comprises the Western Podillya meadow steppes on sod-carbonate soils 
occupying the upper parts of very steep slopes (25–60°). The soil is a washed, poorly 
developed rendzina on carbonates, which often form outcrops in separate ledges. Total 
cover is 50–85%; turf content is rather low, 10–15%, and the grass canopy is devel-
oped unevenly due to slope steepness. It occurs predominantly on the “shelves” and 
thus has a mosaic distribution pattern. Species diversity ranges from 17 to 35 species 
per 100 m 2 . The community is well represented in Western Podillya, though it never 
occupies large areas (Kukovytsia et al.  1994 ; Didukh and Korotchenko  2000  ) . 

 Typical meadow steppes with a well-formed grass basis are the communities 
of the alliance  Fragario viridis-Trifolion montani  Korotchenko et Didukh 1997. 
They grow on slopes of varying steepness and exposure on typical or leached 
chernozem soils, where limestone and gypsum lie close to the surface. These plant 
communities represent the typical meadow-steppe vegetation of the Forest-Steppe 
zone of Ukraine, occurring rarely in the western part of the Forest-Steppe zone and 
sporadically in the north of the Steppe zone. 

 The association  Thymo marschalliani-Caricetum praecocis  Korotchenko et 
Didukh 1997 is the most mesophytic one. It is found mainly on mid-slopes of varying 
steepness and exposure, having a high grass cover (95–100%) and, with 33–51 
species per 100 m 2 , is  fl oristically rich, involving a large number of mesophytic forbs 
species from the classes  Trifolio-Geranietea sanguinei  and  Molinio-Arrhenatheretea  
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R. Tx. 1937. Their soils are medium-developed chernozems. These communities 
occur sporadically throughout the Forest-Steppe zone and in the northern regions they 
occupy more elevated areas and steeper slopes. They are con fi ned to the lower slopes 
with podzolized, leached typical chernozem in southern districts of the Forest-Steppe 
zone (Korotchenko and Didukh  1997 ; Korotchenko and Fitsailo  2003  ) . Moderate 
grazing does not negatively affect the  fl oristic composition of this vegetation. 

 The most common stands of meadow steppes belong to the association  Salvio 
pratensis-Poetum angustifoliae  Korotchenko et Didukh 1997. This vegetation has a 
cover is 90–95% and a species richness of about 50 species per 100 m 2 . Characteristic 
are the great variety of mesophytic and xeromesophytic forbs:  Salvia nutans  L., 
 Silene nutans  L.,  Veronica chamaedrys  L.,  Galium ruthenicum  Willd.,  Trifolium 
montanum  L.,  Filipendula vulgaris  Moench,  Ranunculus polyphyllus  Waldst. & Kit. 
ex Willd.,  Thymus marschallianus  Willd.,  Fragaria viridis  Duchesne and  Hypericum 
perforatum  L. et al. Rootstock grasses ( Festuca valesiaca  Gaudin and  Koeleria cris-
tata  (L.) Pers.) play a lesser role than the edi fi cator  Poa angustifolia  L. The commu-
nities occur on mild slopes (7–20°) of hollow systems with a well-developed 
chernozem. This is the typical meadow steppe association of the Forest-Steppe zone, 
growing mainly at the top of the steppe slopes, whereas on the margin with the 
Steppe zone they occupy the foot slopes, mainly of northern exposure (Korotchenko 
and Didukh  1997 ; Honcharenko  2000 ; Korotchenko and Fitsailo  2003  ) . 

 The association  Stipetum pennatae  R. Jovanovic 1956 represents typical indige-
nous feather-grass communities that grow on slopes of different exposures. Stands 
have a cover of 80–90%, and are  fl oristically rich with up to 55 species per 100 m 2 , 
involving tall and shorter grasses and forbs and a signi fi cant number of rare and 
endangered species. The soil in these stands is matted due to the edi fi cator role of 
 Stipa pennata  L. These communities occur sporadically in the southern part of the 
Forest-Steppe zone, and are rare on the boundary with the Steppe zone, mainly in 
hollow systems, where this natural steppe vegetation is well-preserved (Tkachenko 
et al.  1987 ; Korotchenko and Didukh  1997 ; Korotchenko et al.  2009a  ) . 

 Shrub steppes of the association  Veronico austriacae-Chamaecytisetum austriaci  
Korotchenko et Didukh 1997, with a cover of 90–100% and a high richness of about 
50 species per 100 m 2 , are mainly con fi ned to northern, north-western and eastern 
slopes of up to 20°. The shrub layer of  Chamaecytisus austriacus  (L.) Link is 
50–70 cm high. The main grasses are  Bromopsis riparia  (Rehmann) Holub,  Festuca 
valesiaca  Gaudin and  Poa angustifolia  L.. These communities sporadically occur 
throughout the Forest-Steppe zone (Bayrak  1997 ; Korotchenko and Didukh  1997 ; 
Abduloeva  2002  ) . This association extends rapidly, occupying new areas of protected 
meadow steppe vegetation which were previously exposed to periodic mowing. 

 The most typical steppe communities, and the true vegetation core of the 
Steppe zone, belong to the alliance  Astragalo-Stipion  Knapp 1944 (Photo  5.2 ). 
These communities are also found in the southern regions of the Forest-Steppe 
zone. Compared to the plant communities of the  Fragario viridis-Trifolion montani , 
the phytocoenoses of the  Astragalo-Stipion  occupy a much drier habitat, and 
species of  Stipa ,  Astragalus  and other leguminous plants play a more signi fi cant 
role in the vegetation.  
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 The association  Stipetum lessingianae  Soό 1948 represents the typical feather 
grass steppes of Ukraine. The plant communities are formed on different chernozem 
types of South Ukraine (Bayrak  1997 ; Korotchenko and Didukh  1997 ; Krasova 
and Smetana  1999  ) . Communities are con fi ned to slopes with south-eastern to 
south-western exposition and of different slope angle (15–40°). The sod content of 
the soil is rather high, 30–40%, due to the edi fi cator role of  Stipa lessingiana  
Trin. & Rupr. and co-domination of  Koeleria cristata  (L.) Pers . The shrub layer 
is well developed (cover 10–20%), consisting mainly of  Caragana frutex  (L.) 
K. Koch, which can be a co-dominant on  fl at hilltops. Cover is 80–90% and species 
richness varies from 19 to 34 species per 100 m 2 . 

 The association  Thymo marschalliani-Crinitarietum villosae  Korotchenko et 
Didukh 1997 represents a group of true steppes, occurring on dry southern slopes, 
rarely on south-eastern slopes, of up to 25°, and sometimes on  fl at areas, on rich but 
eroded chernozem soils (Korotchenko and Didukh  1997 ; Krasova and Smetana 
 1999 ; Korotchenko et al.  2009a  ) . Cover varies from 70% to 90% and species richness 
is high with 40 per 100 m 2 . Some patches have a well-developed shrub layer of 
 Caragana frutex  (L.) K. Koch. The main grass is  Bromopsis inermis  (Leyss.) Holub. 

 The association  Vinco herbaceae-Caraganetum fruticis  Korotchenko et Didukh 
1997 represents the typical shrub steppes of the Steppe zone of Ukraine. It occurs 
on southern, south-eastern, eastern and western slopes of up to 25°. Cover ranges 

  Photo 5.2    Steppe communities of the alliance  Astragalo-Stipion  on a plain part of Crimea 
Peninsula (Crimea) (Photo by I. Korotchenko)       
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from 70% to 100% and species richness is about 40 per 100 m 2 . The shrub layer of 
 Caragana frutex  (L.) K. Koch and  Amygdalus nana  L. is well developed (cover 
10–30%.).  Bromopsis riparia  (Rehmann) Holub. forms the grass basis and xerophytic 
forbs are well represented, with  Phlomis pungens  Willd.,  Phlomis tuberosa  L., 
 Vinca herbacea  Waldst. & Kit. and others, indicating the southern nature of these 
steppes. The distribution of this association coincides with the natural habitat of 
 Caragana frutex . 

 The alliance  Festucion valesiacae  Klika 1931 comprises matted grasslands 
and steppes, degraded due to excessive grazing (Photo  5.3 ).  Carex humilis  Leys., 
widespread in Western Europe and very resistant to grazing, along with  Festuca 
valesiaca  Gaudin, dominate these  fl oristically poor, grazing-resistant communities 
on turf-carbonate washed rendzinas and chernozem soils.  

 Most typical of the species-rich communities of the  Festucion valesiacae  is the 
association  Festuco valesiacae-Stipetum capillatae  Sillinger 1930, which is common 
on the slopes of hollow systems with different slope exposures and slopes of 15–30° 
(Korotchenko and Didukh  1997 ; Abduloeva and Didukh  1999 ; Kontar  2000 ; 
Abduloeva  2002 ; Kuzemko  2004  )    . This vegetation usually is extensively grazed but its 
cover remains high (85–95%). It consists of strong vegetation mats (30–40% 
cover), mainly formed by  Festuca valesiaca  Gaudin,  Koeleria cristata  (L.) Pers. 
and  Stipa capillata  L. Species richness is 23–48 species per 100 m 2 . Stands of this 

  Photo 5.3    Steppe communities of the alliance  Festucion valesiacae  in the Biosphere Reserve 
“Askania-Nova” (Kherson Region) (Photo by I. Korotchenko)       
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association are among the least disturbed compared to other associations of the 
alliance. They occur throughout the Forest-Steppe and Steppe zone of Ukraine 
on hollow slopes with leached chernozem. 

 The distribution of the association  Festuco rupicolae-Caricetum humilis  Klika 
1939 corresponds to the natural range of  Carex humilis  Leys. These are the most 
common, transformed meadow steppes of Western Podillya and along spurs of 
the Central Russian Upland, occurring on different slopes and soils under grazing 
pressure (Korotchenko and Didukh  1997 ; Abduloeva and Didukh  1999 ; Didukh 
and Korotchenko  2000 ; Abduloeva  2002 ; Homlya  2005  ) . Cover ranges from 60% 
to 95% and species richness is 18–40 per 100 m 2 . The stands, having well-developed 
vegetation mats and a high presence of xeromesophytic forbs, occur on sod-chernozems 
over carbonate limestone rocks (marl, limestone, sandstone), often with outcrops, 
sometimes on gypsum, or on eroded areas that were previously used in agriculture. 
The association represents the initial and intermediate stages of disturbance caused 
by overgrazing. 

 On eroded loess or chernozem soils, at the top or middle parts of slopes of vary-
ing steepness and exposure (5–40°), develop stands of the  Botriochloetum ischae-
mii  (Krist. 1937) Pop 1977 association. Grass cover ranges from 50% to 100% 
and the vegetation has 20–36 species per 100 m 2 . Mats are well-developed, with 
rootstock species, such as  Bothriochloa ischaemum  (L.) Keng,  Poa angustifolia  
L. and  Elytrigia repens  (L.) Nevski. There is sometimes a shrub layer of 
 Chamaecytisus austriacus  (L.) Link. Stands of this disturbed, secondary 
grassland are well represented on hollow slopes with leached chernozem in the 
Forest-Steppe and Steppe zones of Ukraine (Korotchenko and Didukh  1997 ; 
Abduloeva and Didukh  1999 ; Krasova and Smetana  1999 ; Kontar  2000 ; 
Abduloeva  2002 ; Kuzemko  2004  ) . 

 The association  Festucetum valesiacae  (Solodkova et al. 1986) Tkachenko et al. 
 (  1987  )  represents the most anthropogenically altered community of the alliance 
 Festucion valesiacae  (Photo  5.3 ). This vegetation develops under constant and 
extensive grazing pressure and occupies the largest areas in the Forest-Steppe and 
Steppe zones of Ukraine (Korotchenko and Didukh  1997 ; Krasova and Smetana 
 1999 ; Kontar  2000 ; Kuzemko  2004 ; Korotchenko et al.  2009b  ) . It occurs on 
slopes of different exposure and on plateaus. Soils are poorly developed chernozems 
on rendzinas, or loesses exposed to erosion processes. Slope steepness ranges from 
10 o  to 45 o  and species richness (under extensive grazing) is 37 per 100 m 2 . Cover 
depends on grazing intensity and ranges from 65% (under strong grazing) to 95% 
(under moderate grazing). There is no shrub layer. In this vegetation species with a 
wide ecological amplitude, able to withstand moderate anthropogenic pressure and 
disturbance (e.g.,  Artemisia austriaca  Jacq.,  Verbascum lychnitis  L.,  Echium vul-
gare  L.,  Nonea pulla  DC.,  Medicago minima  (L.) Bartal.,  Achillea millefolium  L., 
 Centaurea rhenana  Boreau,  Securigera varia  (L.) Lassen et al.) occur. 

 The alliance  Artemisio-Kochion prostratae  Soo 1964 includes rather xerophytic 
communities with a poorly developed sod layer and a number of typically southern 
species in their  fl oristic composition ( Astragalus sulcatus  L.,  Artemisia austriaca  
Jacq.,  Phlomis pungens  Willd. etc.). These communities are abundant in the southern 
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part of the Forest-Steppe and Steppe zones in narrow strips on the well-drained 
but eroded hilltops, on poor, dry and leached chernozem soils (Bayrak  1997 ; 
Korotchenko and Didukh  1997 ; Korotchenko et al.  2009a  ) . The most widespread 
are the plant communities belonging to the  Agropyro pectinato-Kochietum prostratae  
Zolyomi 1958 corr. Soό 1959 association. They occur on steep slopes (25–45°) of 
southern, sometimes eastern exposure on well-washed sandy chernozem soils. 
Vegetation cover is rather diffuse (cover 60–80%), and sods are scarce. The association 
is dominated by xerophytic species, such as  Agropyron pectinatum  (M. Bieb.) 
P. Beauv.,  Kochia prostrata  (L.) Schrad.,  Galatella villosa  (L.) Rchb.f. and others. 

 The communities of the alliance  Artemisio marschalliani-Elytrigion intermediae  
Korotchenko et Didukh 1997 develop under severe erosion and drainage. They occupy 
steep loess slopes of different exposure (steepness 35–45°), although sometimes 
they occur on intensely eroded plain areas with leached soil and on the lower parts 
of steep slopes of southern exposure. Cover is relatively high with 70–90%. A shrub 
layer is often present and well-developed, consisting of  Chamaecytisus austriacus  
(L.) Link., sometimes together with  Cerasus fruticosa  (Pall.) Woronow. A charac-
teristic feature of the association is the dominant position of rootstock grasses 
( Elytrigia intermedia  (Host) Nevski,  Bromopsis inermis  (Leyss.) Holub, etc.), poor 
sod development and a patchy occurrence of forbs. These communities are poor 
in species and disturbed compared with the typical meadow-steppe. Characteristically, 
the  fl oristic richness of the associations of this alliance decreases from south to 
north. They occur sporadically throughout the Forest-Steppe and Steppe zones of 
Ukraine (Korotchenko and Didukh  1997 ; Honcharenko  2000 ; Abduloeva  2002  ) . 

 The communities of the alliance  Centaureo carbonatae-Koelerion talievii  
Romaschenko, Didukh et V.Sl. 1996 are found on the southern spurs of the Central 
Russian Upland, in areas with chalk outcrops, which form different varieties of 
carbonate-rich chernozem soils. Communities occur on steep (35°) slopes of different 
exposure; still steeper chalk outcrops are occupied by plant communities of the class 
 Helianthemo-Thymetea  Romaschenko, Didukh et V.SI. 1996. Sometimes shrubs of 
 Caragana frutex  (L.) K. Koch are present. The communities have well-developed 
sod layers formed by  Carex humilis  Leys.,  Stipa capillata  L.,  S. pulcherrima  K. Koch 
and  Festuca valesiaca  Gaudin. Stands are  fl oristically rich, combining typical steppe 
species ( Salvia nutans  L.,  Thalictrum minus  L.,  Adonis vernalis  L.,  Jurinea arach-
noidea  Bunge,  Oxytropis pilosa  (L.) DC.,  Polygala sibirica  L.) and calciphylic 
endemic species ( Androsace koso-poljanskii  Ovcz.,  Onosma tanaitica  Klokov, 
 Centaurea carbonata  Klokov and others). They occur on the banks of the Oskol and 
Siversky Dinets rivers and in hollow systems of their basins (Romashchenko et al. 
 1996 ; Korotchenko and Didukh  1997  ) . 

 The Crimean Mountains and foothills are marked by a signi fi cant diversity of 
steppe vegetation types. In particular, the alliance  Carici humilis-Androsacion  
Didukh 1983 comprises the primary petrophytic meadow steppes of the yailas 
(mountain pastures) in the western and central parts of the Crimean Mountains at 
altitudes of 300–1,500 m. On the higher yailas at an altitude of 600–800 m in the 
eastern part of Mountain Crimea, communities of the  Adonidi-Stipion tirsae  Didukh 
1983 alliance occur (Didukh  1983 ; Didukh and Vakarenko  1984 ; Vakarenko  1997  ) . 
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Those of the alliance  Veronici multi fi dae-Stipion ponticae  Didukh 1983 occur on 
the rich chernozems or stony eroded soils of piedmont Crimea. Main species are 
 Stipa ucrainica  P. Smirn.,  Stipa poetica  Klokov and  Bromopsis cappadocica  
(Boiss. & Balansa) Holub aggr. Also obligate petrophytes related to species of the 
Mediterranean ‘tomillares’ are part of the  fl oristic composition of this vegetation.  

    5.2.2    Anthropogenic In fl uences on Steppe Vegetation 

 There are several forms of anthropogenic in fl uence on the steppes in Ukraine, 
causing destruction and strong changes in the natural vegetation. Foremost is the 
destruction of the integrity of the soil cover as a result of ploughing, mining opera-
tions and excavations. There is no doubt that the two last types of human activities 
destroy steppes only locally, in places of minerals deposits or at important historical 
places. Generally, these processes were and are under the control of the govern-
ments of the former Soviet Union and Ukraine, but big steppes areas in Crimea, 
the Black Sea Lowland and the Donets’k Upland illegally were destroyed by “black” 
archeologists and miners of coal and sandstones, mining by hand, during the last 
20 years. In some places, especially in the south of the Lugans’k region, this still 
occurs at a catastrophic scale. 

 Ploughing up virgin steppes began at the time when man adapted to settled 
life and mastered agriculture. But, it long had local effects in the Steppe zone of 
the modern Ukraine, because the Ukrainian steppes were very little inhabited till the 
eighteenth century. At that time the Russian Empire began its policy of consolidation 
of its southern borders, defending them against Mongol-Tatar and Turkish forays. 
In connection with this a lot of new settlements were founded in the Steppe zone, 
including the agriculture colonies of Germans, Swiss, Serbs and others. As a result 
the total area of tilled steppes gradually began to increase. 

 The Soviet Power saw extensive agriculture as the main vehicle for development 
of the country, with the result that during the years 1922–1941 and 1945–1960 all 
plain steppes in the territory of modern Ukraine were tilled completely. Even some 
reserves did not escape this common lot. N.S. Khrushchev (Head of the Communist 
Party of the Soviet Union) signed an ukase on ploughing up most of the “Askania-
Nova” Reserve and declared that: “To give a Soviet citizen a notion about steppe, 
300 ha is enough”, a phrase that very good describes Soviet policy at that time. 

 Agriculture in the Steppe Zone fell into decay after the disintegration of the 
Soviet Union, and as result many formerly tilled lands gradually became fallow 
lands. During the  fi rst years these areas are occupied by annual weeds, but with 
lapse of time they are replaced by typical steppe plants ( Festuca  L. and  Stipa  L. 
species and others) or long-rhizomatous grasses ( Elytrigia repens  L. and others). 
Whether the fallow lands develop into secondary steppes or mesophytic weed 
formations depends on the presence or absence of steppe areas with their store of 
diaspores near these fallow lands. Today we can observe both regenerating steppes 
and formations dominated by  Elytrigia repens  on formerly tilled steppes. 
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 Other forms of anthropogenic in fl uence on steppes in Ukraine are mowing, grazing 
and burning. Mowing stimulates the vegetative development of a number of species 
( Caragana frutex  (L.) K. Koch,  Chamaecytisus ruthenicus  (Fisch. ex Wol.) Klask.) 
that have underground stems which allow the formation of dense thickets. 

 Attempts to stabilize steppe ecosystems demonstrated that only the option of 
annual mowing prevented the accumulation of organic matter and thus can partially 
stabilize meadow steppe vegetation. Mowing once in 2 years ensures the rapid 
increase of the productivity of the vegetation, soon saturates the species richness, 
and increases the thickness of the layer of organic matter. Mowing 4 years succes-
sively and then skip 1 year is not unfavourable for the development of shrub meadow 
steppes with  Chamaecytisus ruthenicus  (Fisch. ex Wol.) Klask. The best option 
for these shrub steppe communities is mowing every 1 or 2 years. The density of 
 Chamaecytisus ruthenicus  is strongly related to the frequency of mowing and burning, 
as this shrub grows rapidly and profusely after the removal of aboveground biomass 
(Tkachenko  2004  ) . 

 It was found that a mowing regime with any regularity makes it impossible 
to completely stabilize the meadow steppe ecosystem in the Forest-Steppe zone, 
while in some semi-desert steppes of the Black Sea biosphere reserve it was reported 
to be quite an adequate measure. 

 Controlled grazing by ungulates is currently poorly tested on different types of 
steppe communities due to  fi nancial dif fi culties and organizational problems. 
However, in some unprotected steppe areas spontaneous periodic cattle grazing can 
be observed. On the one hand it ensures the reduction of biomass and reduces litter 
accumulation. On the other hand it contributes (in case of overgrazing) to a reduction 
in species diversity and the development of depleted steppe communities of the 
 Festucion valesiacae  alliance with a signi fi cant participation of common ruderal 
species. Therefore the intensity and frequency of grazing must be controlled. 

 Fires are of great importance for steppe life, especially since the drastic decrease 
in the number of hoofed steppe animals. But its in fl uence may be both positive and 
negative: it depends on the frequency and the season of the burn. Burning out 
the mulch in steppe formations once in 10–12 years in an autumnal burn has very 
favorable effects on the development of a xerophytic vegetation and prevents 
the development into a mesophytic type. More frequent and/or spring burning of the 
steppes reduces the numbers and population area of some species which leads to 
 fl oristic impoverishment of the plant communities. This is illustrated in the values 
for the changes in area sizes, density and numbers of individuals of two  Tulipa 
gesneriana  L. populations in Table  5.1  (Peregrym et al.  2009b  )  (Photo  5.4 ).   

 Unfortunately, steppe burning is not controlled in Ukraine, so that the majority 
of areas, even protected ones, are on  fi re every year and sometimes both in spring 
and autumn. Mostly local people start these  fi res in order to clean the pastures from 
last year’s herbs or for entertainment. It demonstrates the very low level of ecological 
understanding of a large part of the Ukrainian population. 

 It is interesting to note that there are several groups of steppe plants in the 
Ukrainian natural  fl ora that are very much used by local populations for different 
aims. First of all these are the spring  fl owers ( Tulipa  species,  Crocus reticulatus  
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Steven ex Adams,  Hyacinthella pallasiana  (Steven) Losinsk.,  Adonis vernalis  
L.,  Pulsatilla pratensis  (L.) Mill. s.l. and others) which are collected in huge quan-
tities for bouquets and sold. Another group concerns plants which are transplanted 
from the  fi eld to domestic front gardens or graves (e.g.,  Paeonia tenuifolia  L.,  Iris 
pumilla  L.,  Ornithogalum  species and others). A last group concerns medical plants 
( Adonis vernalis  L.,  A. wolgensis  Steven ex DC.,  Thymus  species,  Salvia  species 
and others). Many of these species, especially those from the  fi rst and second 
groups, are rare and vanishing plants in Ukraine and are included in the Red Data 
Book of Ukraine. They received this status as a result of the unlimited use of these 
resources by local people.  

    5.2.3   Conservation of Steppe Vegetation 

    5.2.3.1   Changes in Steppe Vegetation as a Result of Conservation 

 An attempt to effectively conserve steppe vegetation was the introduction of an 
absolute protection regime. It has both positive and negative aspects. The good side 
is the preservation of areas with true steppe vegetation from ploughing and terracing. 
The negative impacts are indirect and more complicated. It lies in the increase of 
plant litter accumulation and the subsequent mesophytization of the steppe. 

  Photo 5.4    Flowering of  Tulipa gesneriana  L. ( T. schrenkii  Regel.) on Kuyuk-Tuk Island after an 
autumn  fi re in the Azov-Syvash National Natural Park (Kherson region) (Photo by M. Peregrym)       
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 Several important mechanisms of development of steppe vegetation were 
described by Tkachenko  (  2004  ) . Under absolute protection steppe development 
goes together with a signi fi cant accumulation of organic matter. As a result nitro-
philic plants with long rhizomes increase. Usually these species are the precur-
sors of shrub-forest vegetation. The direction and speed of that succession 
depends on the moisture and thermal regime, and salt and nitrogen content, 
which are, in turn, affected by the stand structure as it develops and which may 
accelerate the succession process. Therefore, management of grasslands and 
steppes should decrease the accumulation of organic matter content and retard 
the succession process. 

 Long-term monitoring in the department of the Ukrainian Steppe Natural Reserve 
“Mykhaylivska Tsilina” demonstrated that absolute protection leads to constant 
expansion of rootstock grasses in all protected steppe areas and a decrease of the 
role of bunchgrasses. Bilyk  (  1957  )  concluded that the introduction of absolute 
protection in “Mykhaylivska Tsilina” has contributed to the prairie fi cation of 
the steppe ecosystems. 

 The conservation of steppe biodiversity requires a vast diversity of steppe 
ecosystems. Steppes need a diversi fi cation of use and protection regimes that 
would not lead to their destruction or degradation. Such an approach does not 
completely exclude the existence of areas with absolute protection, but their area 
should not exceed 25% of the reserve. A correct management is needed to maintain 
steppe vegetation within the Forest-Steppe zone. In the Steppe zone resources are 
suf fi ciently limited to prevent succession into scrub and forest and steppe communities 
can maintain their stability with no signi fi cant changes. This is particularly apparent 
for the grass steppes of the  Astragalo-Stipion  Didukh  1998 . 

 Today, the optimal categories for the protection of steppe areas are preserves 
or sanctuaries. They make it possible to introduce different modes of land manage-
ment. Grazing and mowing do not require the exclusion of lands from the protected 
area, and the preserve itself may cover an area of any size (from several to hundreds 
of hectares). At the same time, the disadvantage of preserves is that nobody is 
of fi cially liable for their condition.  

    5.2.3.2   Steppes in Natural Reserve Network of Ukraine 

 Ukraine has the long history of steppe conservation which probably began in the 
Scythian time. In those times the  fi rst prototypes of steppe reserves appeared in 
the Steppe zone. Those were high places (hills, ridges, and mountains) with stone 
images which had a religious meaning and limited man’s activities (Dzybov  1983  ) . 

 One of the  fi rst reserves with the aim of conserving steppe vegetation was 
created in the South of the Russian Empire (now the Kherson region, Ukraine) in 
1898 by the son of a German colonist, Friedrich Falz-Fein, in their estate “Askania-
Nova” and had a total area of some 520 ha (Falz-Fein  1997  ) . A little earlier (in 1894) 
a similar precedent aimed at the creation of steppe reserves had taken place in the 
territory of modern South-East Ukraine. Count Vorontsov-Dashkov, by consent of 
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the Minister of Agriculture of the Russian Empire, allocated three steppe areas 
in the modern Lugans’k and Donets’k regions of Ukraine for V.V. Dokuchaev’s 
investigations on steppes; from then on these areas were protected (Melnik  2000  ) . 
It was one of the  fi rst and good examples of steppe conservation in Europe. 

 The number of state and local reserves in which steppe vegetation was under 
protection increased during the next decades in Ukraine, but the period from 1940 
till 1960 was, for different political and economical reasons, and as a results of 
the Second World War, very unfavorable for nature conservation in the country. 
Today steppes in Ukraine are under government protection in 2 Biosphere Reserves, 
11 Natural Reserves, 14 National Natural Parks, nearly 20 Regional Landscape 
Parks, and more than 100 state and local botanical, zoological, geological, or land-
scape reserves (Table  5.2 ). Besides, all these protected areas are part of the National 
Ecological Network of Ukraine, according to the laws on the National Ecological 
Network and also on the State Program for forming the National Ecological Network 
of Ukraine in the period 2000–2015. Main aim of this program is creation and 
development of a network of natural and semi-natural areas which will be connected 
by ecological corridors for the migration of animals and plants. Undoubtedly, the 
program promotes improvement of nature conservation, and the creation of new 
National Natural Parks and Regional Landscapes Parks during the last 10 years is an 
important gain. But bad  fi nancing of the National Program by the Government 
and problems with the allotment of lands for new reserves and ecological corridors 
has led to a breach of ful fi llment with respect to the timescale for the development 
of the Network. This considerably diminished the positive effects of the Program.  

 Unfortunately, these numbers fall short of qualitative characteristics, and Ukrainian 
steppes still are in danger of vanishing. For example, some National Natural Parks 
only exist on paper (Dzharylgach National Natural Park, National Natural 
Park “Tuzlovs’ki Lymany”), while others (National Natural Park  “ Buz’kyi Gard ”,  
National Natural Park “Biloberezhzhia Sviatoslava”) received only regional status 
and as yet have no Government support. Besides, many National Natural Parks don’t 
own the land on which they are situated and there is therefore a great uncertainty of 
their implementation. Many other problems exist with state and local reserves, 
and a main problem for the majority of the reserves is that they aren’t marked by any bor-
ders or marks whatsoever. As result local people often are unaware of the existence 
of local reserves near villages or cities and continue to exploit them unlimited. 

 Some valuable natural and semi-natural steppe territories still remain without 
protection, especially in the Kerch Peninsula in Crimea, and in the Lugans’k and 
Donets’k regions. These are not plain areas, but these steppes are situated on slopes 
of gullies, hills and mountains or in former military areas, and their plant cover 
is rich and natural. Besides, the results of  fl oristic investigations by Moysiyenko 
and Sudnik-Wójcikowska  (  2006a,   b  )  show that kurgans, or burial mounds, urgently 
need protection, because they are peculiar refugia of typical and rare steppe plants 
among the completely tilled steppes of the Black Sea Lowland. The urgency 
and importance of conservation of these steppe areas are very high, especially in 
the context of the coming new law on the sale of land in Ukraine as planned by the 
Government and Verkhovna Rada of Ukraine for 2012.  
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    5.2.3.3   Conservation of Rare Species and Associations 
of the Ukrainian Steppes 

 The history of conservation of rare plants and associations of the Ukrainian steppes 
is closely associated with the history of the Red and Green Listings in the former 
Soviet Union and modern Ukraine. The  fi rst list of rare and endangered species 
of the Ukrainian natural  fl ora including steppe plants ( Eremurus spectabilis  
M.Bieb.,  Paeonia tenuifolia ,  Bulbocodium versicolor  (Ker.-Gawl.) Spreng. and others) 
was published by Kotov  (  1962,   1964  ) , though data about the rarity of some species 
have been reported since the end of the nineteenth century (Taliev  1896,   1899 ; 
Lavrenko  1927 , and others). Next Chopyk  (  1963,   1970,   1978  )  presented three 
editions of the list of rare and endangered species of the natural  fl ora of Ukraine, in 
which rare steppe species ( Adonis vernalis  L.,  Calophaca wolgarica  (L. f.) DC., 
 Otites graniticolus  Klokov and others) were analyzed in a separate chapter. These 
lists formed a good basis for the preparation of the Red Data Book of the Ukrainian 
SSR (Sytnik  1980  )  which got of fi cial status and was recommended as a tool for 
the development of effective methods of nature conservation. The Red Data Book 
covers 151 species of vascular plants including 32 steppe species (21.2%). 

 The publication of the second edition of the Red Data Book of Ukraine in 1996 
(Shelyag-Sosonko  1996  )  was a turning point in the nature conservation in the 
country because that Red Data Book of Ukraine had the status of a National 
Law and imposes a ban on any use of rare plants listed in it. The total number of 
vascular plants in this edition was 439 species, including 121 steppe species (27.6%). 
The third edition, published in 2009, contained 611 species of vascular plants of 
which 145 or 23.7% are steppe species (Didukh  2009b  ) . 

 An inventory showed that the majority of the rare and endangered steppe 
species have natural populations in the Ukrainian Reserves and National Natural 
Parks (Onyshchenko et al.  2002 ; Popovych  2002  ) , though some (e.g.  Ornithogalum 
oreoides  Zahar.,  Iris furcata  M. Bieb.,  Astragalus sareptanus  A. Beck. and others) 
do not. 

 Species included in the IUCN Red List, the European Red List and the Annexes 
of the Bern Convention have special protection status in Ukraine. 41 species of the 
Ukrainian steppe  fl ora ( e.g.,  Hyacinthella pallasiana  (Steven) Losinsk.,  Colchicum 
fominii  Bordz., 5 species of  Stipa  and others) are included in the IUCN Red List, 
corresponding to 38.7% of all species of the Ukrainian natural  fl ora included in the 
list. The Annexes of the Bern Convention contain 63 species of the  fl ora Ukraine of 
which 14 or 22.2% are steppe species (e.g.,  Paeonia tenuifolia ,  Achillea glaberrima  
Klokov,  Centaurea pseudoleucolepis  Kleopow and others). The European Red 
List includes 178 Ukrainian species of which 60 or 33.7% are steppe species 
(e.g.,  Cymbochasma borysthenica  (Pall. ex Schlecht.) Klokov & Zoz,  Astragalus 
dasyanthus  Pall.,  Elytrigia stipifolia  (Czern. ex Nevski) Nevski and others). 

 The  fi rst edition of the Green Data Book of the Ukrainian SSR was published 
in 1987. Main aim of the publication was the recommendation of rare and disappearing 
plant formations for conservation. It included 26 steppe formations (e.g.,  Amygdaleta 
nanae ,  Elytrigieta stipifoliae , and 13 formations dominated by  Stipa  species). 
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This book was worldwide the  fi rst that recommended the conservation of plant 
formations. The second edition of the Green Data Book of Ukraine of 2009 contained 
25 herb and bush steppe formations and 8 xerophytic herb and bush formations 
of outcrops and sands. All these rare steppe formations occur within the Ukrainian 
Reserved Lands.   

    5.2.4   The Future of the Steppes 

 During the last decade agricultural activity has conspicuously decreased throughout 
the territory of Ukraine. This is seen in the decrease of livestock numbers and, 
hence, in grazing intensity. For the steppe ecosystems this is a rather positive trend 
as it leads to their recovery. However, complete cessation of grazing is negative, as 
it contributes to the accumulation of organic matter and causes mesophytization and 
promotion of rootstock grasses instead of sod grasses. 

 A second trend in modern agriculture in Ukraine is the decrease of tilled  fi eld 
area, and the increase of fallow  fi eld area. These fallows can gradually develop into 
steppe vegetation when suf fi cient steppe plant diaspores are available and soil types 
are suitable. Such “renewable” areas are important in the development of an eco-
logical network in Ukraine. 

 Large areas of steppe are currently threatened in yailas in mountain and piedmont 
Crimea. This is due to the intense construction in this region, massive unauthorized 
seizure of lands by the Crimean Tatar population and unorganized development of 
non-sustainable tourism. 

 Global Climate Change also is expected to have an affect on the ecosystem level. 
The expected drying of the climate will promote the decomposition of humus in 
the Ukrainian steppes and as a result mesophytic and more nitrophilous species 
(meadow and bush plants) may increase and some steppes may change to forest. 
Besides, leaching will decrease the quality of humus in the soils, and in fact this has 
been observed in Ukrainian steppe reserves since 1985 (Didukh  2009a  ) . As a result 
of this, steppes may be transformed to meadow and forest communities when strictly 
protected, but anthropogenic in fl uences may re-direct these processes and lead to 
invasions of foreign species. Global Climate Change also may affect the distributional 
ranges of species, e.g. with species with broad ecological amplitudes increasing and 
those with very narrow ecological amplitudes decreasing.  

    5.2.5   Governmental Policy on Steppes in Ukraine 

 Solving several problems at Government level, together with the continued devel-
opment of the National Ecological Network and the creation of new protected 
territories, will give opportunities for recultivation and provide solid, effective and 
long-term conservation of the steppes of Ukraine. 
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 Problem 1. Steppes do not constitute a category on their own in the National 
Cadastre of Lands of Ukraine but belong to the category “Pastures and eroded 
lands”. This makes it impossible to accurately calculate the territorial extent of 
the steppe area. As a consequence steppes are not taken into account during the 
preparation of new state laws, programs and also during allotment of lands for 
private or state needs. Therefore, inclusion of the new category “Steppes” in the 
National Cadastre of Lands of Ukraine, followed by an accurate inventory of all 
steppe areas, is an important target. 

 Problem 2. The State Program “Forests of Ukraine” was begun by the Ukrainian 
Government in 2002. Main aim of the program is to increase forests cover to 19–20% 
of the country and reforming Ukrainian Forestry according to European standards 
by 2015. Ex facte, it is a very good program, but unexpectedly its basic realization 
was begun in the Steppe zone. Foresters resolved to create new pine forests on steppic 
slopes of gullies, hills and mountains. As a consequence, many steppes areas were 
ploughed up for new forest plantations, but the new forests didn’t grow because the 
young pines perished under the steppe conditions which are atypical for the pines. 
Now several public organizations and initiative groups of scientists try to reach out 
to the Ukrainian Government calling for changing this situation (Peregrym et al. 
 2009a  ) . Results so far are none, because practice has shown that the Program 
“Forests of Ukraine” is a good vehicle for corruption at different state levels. 
Thus, urgent changes in the State Program “Forests of Ukraine” on a legislative 
level are a necessary condition for the conservation of the Ukrainian steppes, as the 
Program presently has disastrous effects. 

 Problem 3. As yet, there is no purposeful state program on the sustainable use, 
conservation and recultivation of steppes whatsoever, in contrast to the program for 
the other major zonal type of vegetation in Ukraine (forests). This demonstrates that 
steppe areas have no priority in the National Policy at present. Undoubtedly, the 
development and approval of a state steppe program will promote the more effective 
use and conservation of these unique areas in the country.       
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  Abstract   Romania still has extensive dry grasslands that are outstanding in diversity 
and conservation status compared to European standards. Land-use change is 
one of the greatest threats to biodiversity and conservation of these grasslands. Litter 
accumulation was proved to have a prime role in governing community processes in 
dry grassland following abandonment by affecting the regeneration from seed of 
constituent species. Accumulated litter reduces bare soil surface and lowers light 
availability below adequate levels for seedling emergence and thus decreases 
microsite quantity and quality. Besides these mainly negative physical effects, shown 
in experiments, it was found that there can be a chemical pressure on germinating 
seeds as well, since plant leaves of one of the most common dominant species in 
abandoned sites ( Stipa pulcherrima ) contains allelopathic substances with documented 
inhibiting effect on different processes related to regeneration from seeds of 
co-occurring grassland species. Because of the mainly negative effects of litter on 
seed germination, re-introduction of a management regime which comprises litter 
removal, e.g. mowing or grazing, can restore the plant diversity and open vegetation 
structure of the dry steppe-like grasslands in Romania, and probably elsewhere.      

    6.1   Continental Steppe-Like Grassland in Romania 

 Species-rich dry grassland communities still occur in low-intensity farming systems 
in many European countries. Their characteristic species are adapted to human 
land use, and grassland diversity is strongly related to past and current management 
practices (Poschlod and WallisDeVries  2002  ) . 

 In Romania, a large variety of grassland types exist (Sanda et al.  2008 ; Doniţă 
et al.  1992  ) , and their occurrences are determined mostly by geographic position, 
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geomorphology, soil type, and land use. In some regions, e.g. in the Transylvanian 
Basin (central Romania), extended dry grasslands still exist that are outstanding in 
diversity and conservation status compared to European standards. An international 
team sampled Romanian dry grassland stands dominated by  Stipa capillata ,  S. 
lessingiana ,  S. pulcherrima ,  S. tirsa ,  Bothriochloa ischaemum ,  Brachypodium 
pinnatum ,  Briza media ,  Bromus erectus ,  Festuca rupicola ,  F. pallens ,  Helictotrichon 
decorum ,  Sesleria heu fl erana , as well as  Carex humilis  and  C. tomentosa , and 
analysed their scale-dependent diversity patterns. In the Romanian grasslands very 
high species richness values were found at all spatial scales (0.0001–100 m 2 ), being 
similar to values previously recorded from semi-dry grasslands in the White 
Carpathians or from alvar grasslands in the hemiboreal zone. The highest richness 
values occurred in semi-dry basiphilous grasslands dominated by  Brachypodium 
pinnatum , and it appears that the maximum diversity values at 0.1 m 2  (43 vascular 
plant species) and at 10 m 2  (98) are possibly the highest ever recorded in any plant 
community worldwide (Wilson et al.  in press ; Todorova et al.  in preparation ). 

 Steppe-like grasslands in Romania are of a special interest because they are considered 
to be relic vegetation types from the Late Glacial that escaped Holocene woodland 
invasions (Illyés and Bölöni  2007 ; Kuneš et al.  2008  ) . For this reason, they harbour 
many plant species of eastern and southern origin as well as several endemic taxa. 
Such vegetation types are typical for steep, south-facing slopes with eroded carbonate 
chernozemic soils on clayish or marly substrate in the Transylvanian Basin, where 
the climate is temperate continental, with an annual precipitation of 520–690 mm 
with a summer peak (June, July, August), and a mean annual temperature of 8.4–9.7°C 
(Kun et al.  2004  ) . This region represents the westernmost outpost of the distribution 
for many species of Siberian or Pontic origin (e.g.  Nepeta ucranica ,  Cephalaria 
uralensis ,  Centaurea ruthenica ,  Peucedanum tauricum ; see Soó  1942  ) . These grasslands 
represent an important link between eastern European grasslands dominated by feather 
grass species ( Stipa  spp.) and central European dry and semi-dry grasslands (Photos 
 6.1  and  6.2 ). In addition, due to their high species richness and the occurrence of rare 
and endangered species, continental dry steppe-like grassland belong to the priority 
habitat type 62C0 (Ponto-Sarmatic steppes) of the Habitats Directive of the European 
Union (European Commission  2007 ; Gafta and Mountford  2008  ) .   

 This conservation interest revealed a serious lack of data regarding the actual 
state and vegetation dynamics caused by changes in management of these xeric 
grassland types in the Transylvanian Basin (Cremene et al.  2005 ; Enyedi et al.  2008 ; 
Ruprecht et al.  2009  ) .  

    6.2   Land-Use Changes and Their Effects 
on Steppe-Like Grassland 

 Traditional management of steppe-like grasslands in the Transylvanian Basin 
was grazing by sheep or cattle from spring to autumn. Through the last 50 years, 
land-use has changed in this region, greatly in fl uencing several dry grassland sites 
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(Enyedi et al.  2008 ; Ruprecht et al.  2009  ) . Livestock numbers have decreased due 
to the low pro fi tability, which generated a large-scale abandonment of grassland 
areas. Because these grassland types have the lowest productivity (600 g m −2  year −1  
dry matter) among the region’s grasslands, they were the  fi rst to be abandoned. 
Likewise, some stands have been converted to plantations of non-indigenous 

  Photo 6.1    Species-rich steppe-like grassland dominated by feather grass species ( Stipa  spp.) in 
the Transylvanian Basin (Photo by Anna Szabó)       

  Photo 6.2    On shallow soils  Salvia nutans  colours the species-rich steppe-like grasslands (Photo 
by Anna Szabó)       
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species, such as  Pinus nigra  or less often  Robinia pseudoacacia  for both pro fi t and 
erosion control, others are periodically burned to control for litter accumulation 
and shrub encroachment, while many of the stands are long-term unused and 
abandoned from any management. 

 At a global scale, land-use change is one of the greatest threats to biodiversity 
and ecosystem functioning, and restoration interventions often fail, both because of 
abiotic, e.g. atmospheric nutrient deposition and acidi fi cation, and biotic constraints, 
e.g. under-representation of target species in the seed bank and dispersal drawbacks 
in a fragmented landscape (Bakker and Berendse  1999  ) . 

 Both with agricultural abandonment and with intensi fi cation of agricultural 
use, plant diversity in semi-natural grassland communities dramatically changes 
(Luoto et al.  2003 ; Wellstein et al.  2007a  ) . For example, abandonment of a pasture 
adapted to grazing can have signi fi cant effects on the composition of the vegetation. 
The often experienced decrease in species numbers is mainly due to (1) an increasing 
cover and biomass of a few highly productive species, which exert strong competitive 
effects on subordinate species, and (2) the accumulation of dead plant remains, 
i.e. litter, which interfere with seed germination and seedling establishment (Bosy 
and Reader  1995 ; Kahmen et al.  2002  ) . 

 In line with the above mentioned general trends, in a study on steppe-like grasslands 
in the Transylvanian Basin, Enyedi et al.  (  2008  )  found that grazed and long-term 
abandoned sites differ in their vegetation structure, species composition, and diversity. 
Grazed stands have a more open structure (with 20% bare soil surface) and harbour 
more species than abandoned stands. Especially, rosette-forming and hemi-rosette 
species (e.g.  Hieracium praealtum  subsp.  bauhinii ,  Sanguisorba minor ,  Leontodon 
crispus ,  Astragalus monspessulanus ,  Stipa lessingiana ,  Potentilla cinerea ,  Koeleria 
macrantha ,  Festuca rupicola  and  Dichanthium ischaemum ) are more abundant in 
grazed stands, while abandoned stands are characterised by a strong dominance 
of  Stipa pulcherrima , a closed structure (3% bare soil surface), higher portion of 
erosulate species (e.g.  Teucrium chamaedrys ,  Vinca herbacea ,  Galium verum  and 
 Coronilla varia ), litter accumulation (30% litter cover compared to no litter cover in 
case of grazed stands) and lower species richness.  

    6.3   Community Processes in Dry Grassland Following 
Abandonment: The Prime Role of Litter 
in Affecting Seed Germination 

 The regeneration of plants from seeds is a process that can be broken down into 
several conditional components, such as reproductive fertility and seed production, seed 
viability, germination, seed resource-based initial seedling growth (radicle elongation, 
leaf expansion), autotrophic seedling growth and establishment. As such, it is a 
particularly vulnerable stage in the life cycle of many plant species, and the suppression 
of seedling recruitment can have serious consequences for population viability and 
species diversity (e.g. Tilman  1993 ; Zobel et al.  2000  ) . It is known that litter affects 
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seed germination and seedling establishment and thus may determine the fate of 
species in a community or govern community processes (reviewed by Facelli and 
Pickett  1991 ; Xiong and Nilsson  1999  ) . Litter effects are complex, i.e. physical 
(e.g. affecting light availability, soil humidity, temperature and its amplitude, protecting 
the seeds from predators, acting as a mechanical barrier for establishing seedlings) 
and chemical (e.g. affecting soil nutrient content, releasing secondary metabolic or 
decay compounds with potential toxic effect upon species), and their outcome 
depends on a delicate balance between facilitative and inhibitory effects, determined 
by environmental conditions and life history characteristics of species. 

 Litter accumulation may reduce the availability of suitable microsites for 
recruitment (safe sites) and thus regeneration possibilities for most plant species 
(Bergelson  1990  ) . Expectedly, dry grasslands are more prone to negative effects of 
litter accumulation due to their low productivity and open structure. Typical plant 
species of these habitats are adapted to a high proportion of bare soil, high levels 
of irradiation as well as high temperatures at the soil surface, and are thus expected 
to be especially sensitive to changes in micro-environmental conditions caused by 
the accumulation of plant litter. 

 Several studies have found that reintroducing disturbance is favourable for 
seedling establishment through the increased availability of safe sites for recruitment 
(e.g. Hofmann and Isselstein  2004 ; Eskelinen and Virtanen  2005  ) . In a 2-year  fi eld 
experiment we assessed the effect of litter removal alone and in combination with 
vegetation cutting on natural seedling emergence and seedling survival in two, 
long-term abandoned steppe-like grassland stands in the Transylvanian Basin 
(Ruprecht et al.  2010a  ) . Since Foster and Gross  (  1998  )  have found that litter 
and living above-ground biomass have additive effects on seedling emergence, we 
expected a higher impact of a combination of litter removal and vegetation cutting 
than of litter removal alone. Treatments were applied in 1 m × 1 m main plots with 
eight replications and seedling establishment was observed in two 25 cm × 25 cm 
subplots designated within each main plot. 

 Our treatments increased the percentage of bare soil and the availability of light 
on the soil surface compared to the control. In accordance with altered physical 
conditions, the treatments signi fi cantly affected the emergence of dry grassland 
species, and the effect was consistent across sites and during the two study years, 
however, the number of seedlings appearing in the  fi rst year (3,383 seedlings in 
2006) was twice as high as in the second (1,560 seedlings in 2007). Litter removal 
alone or in combination with vegetation cutting signi fi cantly increased the cumulative 
seedling number compared to the control in the  fi rst year of the study, and this effect 
was close to signi fi cance in the second year (Fig.  6.1 ). This difference may be 
attributed to differences in weather conditions between the 2 years, since 2006 
was a rainy and 2007 a dryer year, or traced back to the high germination values 
from the seed bank already in the  fi rst study year (Ruprecht et al.  2010a  ) .  

 Litter removal alone had no effect on seedling survival compared to the control 
in any of the two sites and 2 years, and in turn, seedling survival was signi fi cantly 
enhanced by the combination of the treatments (litter removal and vegetation 
cutting). Contrary to our expectations that under harsh environmental conditions, as 
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in case of the studied dry grassland system, litter may exert facilitative effects 
and increase seedling survival through increase of water availability (e.g. Eckstein and 
Donath  2005 ; Ruprecht et al.  2010b  )  and by attenuating extremes in soil temperature 
(e.g. Weltzin et al.  2005  ) , our results indicate that denser living and dead biomass 
had an additive negative effect on seedling survival. 

 As shown by monthly observations over these 2 years (Ruprecht et al.  2010a  ) , 
 fi eld germination of dry grassland species occurred mostly in wet periods during the 
year, with a highly synchronised germination peak in early spring (March or April). 
Seedlings counted and determined during the 2 years belonged to 72 grassland 
species, and of those general grassland species, such as  Teucrium chamaedrys , 
 Dorycnium pentaphyllum  subsp.  herbaceum ,  Asperula cynanchica , as well as 
typical dry-grassland species of conservation interest, such as  Veronica spicata  
subsp.  orchidea ,  Campanula sibirica , and  Dichanthium ischaemum , were the most 
abundant. Germination of the majority of species (74%) was favoured by one (22%) 
or both (52%) treatment types at least at one of the sites. Additionally, there were 
 fi ve species, three of them typical or rare dry grassland species with high conservation 
value ( Euphorbia seguierana ,  Veronica prostrata , and  Cephalaria uralensis ) and 

  Fig. 6.1    Results of a 2-year (2006, 2007)  fi eld experiment conducted in two, long-term abandoned 
steppe-like grassland sites (Suatu, Puini) in the Transylvanian Basin, Romania. Effect of applied 
treatments (K = control, L = litter removal, L + C = litter removal and vegetation cutting with 
clippings removed) on the cumulative number of seedlings (mean ± SE) appeared in the two 
subplots (25 cm × 25 cm) of each experimental main plots (n = 8). Results of a factorial ANOVA. 
Lines below the bars indicate signi fi cance as revealed by orthogonal contrasts between the treat-
ments: K vs. L and L + C, L vs. L + C; the interruption in the line of K vs. L/L+C for 2006 indicates 
a signi fi cant difference at p < 0.05; for 2007 this difference was close to statistical signi fi cance 
(Based on Ruprecht et al.  2010a  )        
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formerly not present in the established vegetation, which germinated exclusively in 
managed plots. These species germinated very probably from the seed bank since 
most of them are known to build up a persistent seed bank (Csontos  2001  ) , and their 
germination was likely stimulated by increased light availability through litter 
removal and vegetation cutting. Contrary to the  fi ndings of former studies that 
challenged the re-establishment of dry grassland species from the seed bank after 
apparent disappearance from the vegetation (e.g. Halassy  2001 ; Wellstein et al. 
 2007b  ) , these results reveal that even after long-term abandonment of dry grassland 
for 40 years, litter removal alone or in combination with vegetation cutting may 
enhance the re-emergence of rare and even locally apparently extinct plant species 
(Ruprecht et al.  2010a  ) . 

 Our  fi ndings demonstrate that in abandoned grassland, accumulated litter reduces 
bare soil surface and lowers light availability below adequate levels for seedling 
emergence and thus decreases microsite quantity and quality. Re-introduction of a 
management regime which comprises litter removal, e.g. mowing (cutting combined 
with biomass and litter removal by raking) or grazing (biomass removal and trampling-
induced litter erosion), can promote re-emergence of species-rich grasslands from 
long-term abandoned, species-poor sites.  

    6.4   Allelopathy as an Important Driver of Community 
Assembly and Succession in Steppe-Like Grassland 
Through Its Negative Effects on Recruitment 

 Allelopathy, i.e. the leaching or volatilization of phytotoxins from plant tissues, is 
considered as one possible mechanism acting on seed germination, but also on 
seedling establishment (Bosy and Reader  1995  ) . Chemicals involved are generally 
secondary metabolites, mainly simply structured, low molecular weight compounds, 
such as coumarins, terpenoids, phenolics or tannins. Within a community, espe-
cially the dominant plant species may exert a strong in fl uence on the performance 
(e.g. germination) of co-occurring species (Quested and Eriksson  2006  ) , but also on 
ecosystem processes. Hence, to understand these interactions and the potential 
in fl uence of dominant species on ecosystem processes, it is necessary to identify 
plant species with strong allelopathic effects on other species, but equally important 
is to reveal the differential susceptibility of community constituents to these toxins. 
It is important to mention that not only living plant parts but also decaying material 
(senescent plant parts, litter) can release phytotoxins, thus exert allolopathic effects 
(Bonanomi et al.  2006  ) . 

 We investigated possible chemical effects of the most common dominant species 
in abandoned steppe-like grassland,  Stipa pulcherrima , on the germination of co-
occurring dry grassland species by an experimental series: (1) a laboratory experiment 
in climate chambers; (2) a pot experiment under controlled watering (intermittent and 
frequent); and (3) a  fi eld seed sowing experiment in a grassland stand.
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    1.    In the laboratory experiment seeds of eight species were put to germinate in 
Petri-dishes under two constant (10°C and 20°C) and two  fl uctuating (5/15°C 
and 10/25°C) temperature regimes, with 12 h of light and 12 h of darkness. One 
group of samples was watered with the aqueous extract of  S. pulcherrima  leaves 
and the other with distilled water. We found that the leaf extract signi fi cantly and 
strongly reduced percentage germination (on average by between 41% and 95%) 
of the seven co-occurring grassland species, but not of  S. pulcherrima  seeds, 
compared to controls (watering with distilled water) (Fig.  6.2 ). This outcome 
appeared to be prevalent across all different temperature regimes, the effect of 
the extract being signi fi cantly lower only at 10°C constant temperature than 
in the temperature regimes with higher daytime temperatures (Ruprecht et al. 
 2008  ) . In addition,  Stipa  leaf extract signi fi cantly delayed germination by about 
1.5 weeks on average, and reduced the radicle length of seedlings, which, under 
natural conditions, can have serious consequences for the establishment success 
and survival of seedlings under the harsh  fi eld conditions, with only a relatively 
narrow time window favourable for germination (see above). Missing the favourable 
period for germination and/or slow seedling growth as a consequence of reduced 
radicle protrusion in the presence of leaf extract may be fatal for the recruitment 
and survival of species in this dry grassland system (Ruprecht et al.  2008  ) .  

    2.    In the controlled pot experiment we tested the effect of different litter types on 
the germination of eight dry grassland species, using three natural litter types 
differing in decaying state and composition ( S. pulcherrima  fresh leaves, partly 
decomposed leaves, mixed partly decomposed plant material) and an arti fi cial 
litter (cut cloth of synthetic  fi bres), with two levels of water addition. By using 
the arti fi cial litter as well we intended to separate physical and chemical litter 
effects, since the plastic litter was expected not to release nutrients and inhibitory 
chemical substances. Surprisingly, we found almost no differences in the effect 
of arti fi cial and natural litters on the germination of grassland species. Conversely, 
we found a difference between the three natural litter types in their effect on seed 
germination. Under frequent watering, probably because of more intensive leach-
ing of chemical substances,  Stipa  fresh leaves exerted a signi fi cant negative effect 
on the germination of two species,  Dichanthium ischaemum  and  Jurinea mollis , 
and a similar, close to signi fi cant trend was observed on the germination response 
of  Viola hirta , compared to the other natural litter types (Fig.  6.2 , Ruprecht et al. 
 2010b  ) . This result, although substantially weaker, is in line with the  fi ndings of 
the laboratory experiment, where the aqueous extract of  Stipa  leaves also inhibited 
seed germination.   

    3.    In the  fi eld experiment we conducted seed sowing of six dry grassland species 
in small plots (25 cm × 25 cm) designated within a long-term abandoned 
grassland site while applying litter removal or litter removal and arti fi cial litter 
application as treatments. We used the same arti fi cial litter as in the pot experiment, 
applied in the same quantity as natural litter (30 g plot −1  which corresponds to 
470 g m −2 ). We followed the germination of the six sowed species during 
13 month and compared cumulative germination between treatments and 
the control (natural litter left intact). We found that arti fi cial litter represented a 
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more suitable environment compared to natural litter for seed germination of 
two out of the six species sowed in  fi eld plots. This can be explained by the 
negative chemical effects of natural litter, since the two litter types had similar 
physical properties (Fig.  6.2 ).     

 The results of the three experiments are slightly different regarding the allelo-
pathic potential of  S. pulcherrima  fresh or senesced leaves (representing the largest 
quantity in the natural litter). Based on the  fi ndings of the laboratory experiment it 

  Fig. 6.2    Results of an experimental series on chemical effects of  Stipa pulcherrima  leaf extract 
( 1 ) or  S. pulcherrima  fresh and senesced leaves ( 2  and  3 ) on the germination of in total 18 plant species, 
typical constituents of steppe-like grasslands. One species was used in all the three experiments, 
two species in two experiments and 15 in only one of the experiments. Asterisks denote signi fi cant 
differences at p < 0.05,  n.s . non signi fi cant effect (Based on Ruprecht et al.  2008,   2010b  )        

(1) Laboratory experiment

(2) Controlled pot experiment

(3) Field seed sowing experiment
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Dorycnium pentaphyllum subsp. herbaceum

Dorycnium pentaphyllum subsp. herbaceum
Muscari tenuiflorum
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is unambi guous that  S. pulcherrima  is exerting strong negative effects on different 
processes related to regeneration by seeds of co-occurring grassland species, but 
such effects appeared to be weaker and more species-speci fi c in the pot and 
 fi eld experiments. 

 GC-MS analysis of the aqueous extract of  S. pulcherrima  leaves detected more 
phenolic compounds (e.g. o-hydroxy-benzoic acid, trans-cinnamic acid, 4-hydroxy-
benzoic acid, 4-hydroxy-3-methoxy-benzoic acid) with known allelopathic effect 
in the fresh than in the senescent leaves, very probably because allelopathic 
substances are produced more intensely in the  fi rst part of the vegetation period, 
while towards the autumn plant synthesis could switch to storage, as we observed 
the appearance of glycerine or arabinitol in the autumn-leaves of  S. pulcherrima  
(Ruprecht et al.  2010b ; and see also Datta and Sinha-Roy  1975 ; Bokhari  1978  ) . 
This explains why we have found signi fi cant differences between the inhibiting 
effects of  S. pulcherrima  fresh leaves on the germination of two test species in the 
pot experiment as compared to that of senescent leaves (Fig.  6.2 ). Also in the  fi eld 
situation, the chemical impact of senesced leaves (natural litter) affected the 
germination performance of only two out of the six test species, and this suggests 
that under close-to-natural (pot) or natural ( fi eld) conditions allelopathic effects 
can be alleviated, e.g. possibly by microbial activity degrading the allelochemicals 
(Lankau  2010  ) . Other studies, even on the same target species, often found varying 
results concerning the strength and importance of allelopathic inhibition, suggesting 
that the process may depend on the speci fi c environmental context (e.g. Bais et al. 
 2003 ; Blair et al.  2006  ) . In addition, as a very important aspect of chemical 
interactions, we found that the degree of susceptibility to allelopathic substances 
released by the dominant species in the studied dry grassland system is highly 
species-speci fi c (Fig.  6.2 ). 

 Under close-to-natural or natural conditions physical litter effects proved to 
be more important than chemical effects in determining germination success 
(Ruprecht et al.  2010b  ) , which is in concert with other studies on dry grassland 
(e.g. Rotundo and Aguiar  2005 ; Amatangelo et al.  2008  ) . However, we emphasize 
that chemical litter effects should not be underestimated, since species-speci fi c 
chemical interactions can be important drivers of community processes in steppe-
like grassland. 

 Our experiments in the  fi eld and under controlled conditions clearly have 
demonstrated the negative effects of the accumulation of litter on the regeneration of 
dry grassland species. But our experiments also showed that appropriate management 
regimes, involving the removal of litter or living plant material from abandoned 
grasslands, that have decreased in apparent species numbers, can restore the plant 
diversity and open vegetation structure of the dry steppe-like grasslands in Romania, 
and probably elsewhere.      

  Acknowledgement   Participation at the conference “Eurasian Steppes: Status, Threats and 
Adaptation to Climate Change”, organised in the Hustai National Park, Mongolia, brought new 
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  Abstract   In Hungary a countrywide vegetation mapping project carried out between 
2003 and 2006 provided immense, detailed data on the current status of the forest-steppe 
vegetation (MÉTA database). In addition, two fundamentally important historical 
sources from the late eighteenth century have been analyzed recently. Using these 
sources we reconstruct and evaluate the past history and current status, and forecast 
the expected future of the vegetation types within the forest-steppe zone. 

 We show that by the end of the eighteenth century most forest-steppe habitats had 
undergone considerable change. While steppe woodlands had largely disappeared, 
large areas of sand steppes and closed steppes on chernozem remained and were used 
for grazing, some having been degraded into dune areas with windblown sand. 

 As a result of man’s activities, including mechanized land-use, the forest-steppe 
vegetation underwent great changes during the past 200 years. We review these 
changes. In the past decades cessation of mowing and grazing is problematic. Presently, 
approximately 251,000 ha (6.8%) of the total of 3,700,000 ha of forest-steppe vegetation 
have survived in Hungary, of which only 5.5% of the stands may be considered natural, 
38% semi-natural, 46% moderately degraded, and 10% strongly degraded. 

 We predict future trends in the forest-steppe vegetation by evaluating (1) past 
trends, (2) current threats and regeneration potential, and (3) expected climate change. 
Important threats are (1) spread of invasive species; (2) abandonment of traditional 
land-use; (3) drop of the groundwater table due to regulation and draining, (4) plowing; 
(5) overgrazing; (6) excessive wild game populations; (7) afforestation; and (8) forest 
management practices. They will lead to further decline and fragmentation of most 
dry vegetation types, and we predict that steppe woodlands on loess and sand will 
almost fully disappear in the coming decades, though lack of grazing may lead to 
the extension of Juniperus-Populus scrub in sand dune areas.     
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     7.1   Introduction 

 Information on past changes of the vegetation in any studied landscape may greatly 
help to interpret the current situation and predict future changes (Rackham  1980 ; 
Pickett  1989  ) . This is particularly true in the case of the forest-steppe vegetation in 
Hungary. Compared to deciduous forests and grassland habitats in the mountain 
ranges, this vegetation has been transformed by humans to such a great extent that 
its current pattern and dynamics may be hardly understood by direct contemporary 
studies (Biró  2006 ; Molnár  2007  ) . 

 The forest-steppe is a distinct vegetation zone in the transitional belt between the 
climatic zones supporting closed forests and steppes. It incorporates a large number 
of different vegetation types, including those that are much more broadly distributed 
than the zone itself, and are thus not exclusively linked to this vegetation zone (for 
edaphic factors, for example). Characteristics of the zone are determined by speci fi c 
vegetation types that are primarily restricted to this zone (climatically zonal and 
intra-zonal communities) (Berg  1958  ) . 

 The characteristics of the East-European forest-steppe, including physiognomy, 
structure, biogeographical and ecological patterns, vegetation dynamics and post-
glacial history, have already been described in detail (Aliokhin  1950 ; Artushenko 
 1970 ; Berg  1958 ; Lavrenko  1956,   1981 ; Lavrenko et al.  1991 ; Lavrenko and 
Karamysheva  1993 ; Tarasov et al.  1998,   2000  ) . However, botanical knowledge on 
the past changes, current status and expected changes of this forest-steppe vegeta-
tion is much less, and has not yet been reviewed. For Hungary, until recently such a 
review was not even possible, because of lack of quantitative data, and available 
data on past changes concerned only few locations. However, the past 10–15 years 
have brought great progress in this  fi eld. 

 A country-wide vegetation mapping project carried out between 2003 and 2006 
provided data on the current status of the forest-steppe vegetation, which were degrees 
of magnitude more detailed than ever before (the MÉTA-program, see Molnár    et al. 
 2007b ; Horváth et al.  2008  ) . The overall goal of the project was to collect a great 
variety of information on the natural vegetation as part of the natural heritage of 
Hungary. 199 persons completed the project in about 7,000  fi eld days. 

 Recent studies on vegetation history have also yielded new results. New locations 
(e.g., the drier, interior part of the Hungarian forest-steppe zone) have been researched 
and dating methods became more re fi ned. In addition, two fundamentally important 
historical sources from the eighteenth century have been botanically analyzed 
(the    outstandingly detailed diary of the botanist Pál Kitaibel with data from thousands 
of locations in Hungary, and the 1:28,800 scale maps and supplementary country 
description of the First Military Survey with a detailed legend and full coverage of 
the territory of Hungary) (Biró  2006 ; Molnár  2007  ) . These sources are particularly 
important, because they allow the reconstruction of the environment from before 
the beginning of major landscape transformations (river regulation, development 
of dispersed farmsteads, plowing up the steppe, adoption of intensive agricultural 
technologies). 
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 The new methods and data gave us the unique opportunity within the Eurasian 
forest-steppe zone to reconstruct and evaluate the past history, describe the current 
status, and forecast the expected future of each vegetation type in detail. Here we 
outline the Holocene history of the 13(15) most signi fi cant vegetation types of the 
forest-steppe zone in Hungary, and describe their status at the end of the eighteenth 
century with the changes since then (Table  7.1 ). We also provide information on 
their current extent and condition along with their regeneration potential and threat-
ening factors.  

 The following vegetation types are discussed (codes of the Hungarian Habitat 
Classi fi cation System are in parentheses, Bölöni et al.  2007  ) : Closed steppe on 
chernozem soil (H5a) ,  Artemisia  steppe on loess and clay cliffs (I2), Steppe woodland 
of  Quercus  on loess (M2), Continental deciduous steppe thicket (M6), Open sand 
steppe (G1), Closed sand steppe (H5b),  Juniperus ,  Populus  steppe woodland 
and scrub (M5), Steppe woodland of  Quercus  on sand (M4),  Artemisia  steppe on 
solonetz soil (F1a),  Achillea  steppe on meadow solonetz (F1b), Saline meadow (F2), 
Tall herb meadow steppe on solonetz soil (F3), Annual vegetation of salt lakes and 
mud- fl ats, and vegetation of saline  fl ats (F5),  Puccinellia  meadow (F4), and Steppe 
woodland of  Quercus  on saline soil (M3). 

 Forest-steppe and forest-steppe-like vegetation also occur on the foothills and 
even at higher regions in the mountain ranges. These are, however, either extra-
zonal communities, such as relic stands of  Spiraea  shrubberies, now found only 
locally in the mountains, or are secondary or edaphic in origin as the  Brachypodium 
pinnatum -dominated vegetation developing after forest clearing, and grasslands on 
calcareous and siliceous bedrock, respectively. These are not treated here (as salt 
marshes are also left out of the analysis). Because of their small area, we do not 
discuss the isolated stands of closed  Acer  and  Tilia  forests, which represent the cool 
continental forest-steppe vegetation (Fekete  1965  ) , and the forest-steppe-like  Pinus 
sylvestris  forests (Pócs  1966  ) . Because the literature on the forest-steppe vegetation 
in Hungary has been published mostly in Hungarian, our paper also serves as an 
introduction to this literature for the international scienti fi c community.  

    7.2   The Hungarian Forest-Steppe – Biogeographical 
Background 

 By far the largest part of the Great Hungarian Plain has been considered by most 
Hungarian botanists as part of the forest-steppe biome (Soó  1926,   1929,   1931,   1960 ; 
Borhidi  1961 ; Zólyomi  1957,   1989 ; Varga  1989 ; Zólyomi and Fekete  1994  ) . There, 
the annual precipitation ranges from 450 to 600 mm (250–350 in the vegetation 
period and 200–250 from November to April), and the mean annual temperature is 
10–11°C (17–18 in the vegetation period and 3–4 from November to April) (HMS 
 2000  ) . The forests are composed typically of oaks (mostly  Quercus robur ), while 
the steppes are dominated by  Festuca  and  Stipa  species. It is still debated, however, 
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whether the driest innermost parts of the plain still meet the criteria of the 
forest-steppe biome, or should be regarded as representatives of the steppe zone. 
Although the severity of summer droughts in this area does not reach the aridity 
level experienced in the zone of typical  Stipa  steppes, the length of the arid period 
is longer and water de fi cit well exceeds that observed in the area of the East European 
forest-steppe zone. About 40% of the years are so-called steppe years with weather 
characteristics typical of the steppe zone (Borhidi  1961 ; Kun  2001  ) . 

 The forest-steppe vegetation in Hungary is the westernmost representative of the 
Eurasian forest-steppe (Soó  1926,   1960 ; Zólyomi  1989 ; Niklfeld  1973 –1974) with 
some small outposts in Austria and the Czech Republic. The largest continuous 
steppe of Central Europe, the Hortobágy, also is found in Hungary (most of it is 
preserved now in a national park). 

 There are two types of forest-steppe distinguished within the European forest-
steppe with broad-leaved forests. These are the continental and the sub-Mediterranean 
forest-steppes (Borhidi  1961 ; Niklfeld  1973 –1974). The continental forest-steppe is 
characterized by closed and rather mesic  Quercus  forests and adjacent lush, forb-rich 
meadow steppes. This continental forest-steppe extends from the east as far as 
Podolia, and also occurs in isolated patches in the eastern part of the Carpathian 
Basin (Transylvania), and in the Gödöllő Hills in north-central Hungary (Fekete 
 1965 ; Niklfeld  1973 –1974). The sub-Mediterranean forest-steppe is spread out in a 
long strip to the south and southwest of the continental forest-steppe and appears 
in several disjunct patches at the foothills of Cis Caucasia, the Crimean Peninsula, 
in Bessarabia and southern Moldova, and along the lower Danube in Romania and 
Bulgaria (Lavrenko  1970 ; Niklfeld  1973 –1974). Most of the forest-steppe in the 
Carpathian Basin also belongs to this type especially in the western and central parts 
of Hungary. The main and typical communities of this forest-steppe type are dry and 
open woodlands and parklands of  Quercus  spp. developed under the partial in fl uence 
of the submediterranean climate, and with a variable number of submediterranean 
 fl oristic elements (one of the commonest is  Quercus pubescens ). Forest and steppe 
plants exhibit similar distributional pattern: species numbers of the two groups 
show decreasing gradients towards the driest and warmest central part of the plain 
(Fekete et al.  2010  ) . The lack of chorological symmetry may presumably indicate 
the lack of the true steppe biome in the Carpathian Basin. 

 Characteristic of the Hungarian forest-steppe is its mosaic structure. The zonal 
arrangement of climate, soil types and vegetation so typical of Eastern Europe 
is disrupted here, and replaced by a mosaic landscape (Kádár  1975 ; Varga  1992  ) . 
Owing partly to relief and pedological features, the forest-steppe zone is discontinuous: 
loess tables and plateaus and sand dune areas are fringed by river valleys with saline 
vegetation at the margins and in depressions. Zonal forest-steppe vegetation has 
developed on loess and humus-rich sand, whereas the vegetation on saline soils and 
wind-blown sand is intra-zonal. Extra-zonal forest-steppe vegetation occurs on the 
southern slopes and rocky outcrops in the surrounding hills and mountains (Zólyomi 
 1958,   1989 ; Jakucs  1961 ; Soó  1964 ; Borhidi  2003 ; Illyés and Bölöni  2007  ) . 

 The Hungarian forest-steppe exhibits the characteristics of the more eastern 
forest-steppe, and also displays some unique features, which are generally attributed 
to submediterranean climatic in fl uences and their isolated geographical situation 
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(being surrounded by the high mountains of the Carpathians). For these reasons, it 
is regarded a distinct biogeographical unit, the Pannonian Biogeographical Region, 
 fi rst mapped out by Soó  (  1933  ) , and recently by Varga (Varga  2003 ; European 
Environmental Agency  2006  ) . The Pannonian Region is the western neighbour of 
the Pontic Region. 

 Presently we consider that most of the Great Plain (with exception of its marginal 
areas) was part of the forest-steppe zone throughout the entire Holocene (Magyari 
et al.  2009  ) . It is likely that most of the  fl oodplains and parts of the sand dunes and 
fens were covered with forests, whereas the loess tables and plateaus were probably 
wooded only to a small extent. The saline areas, however, may have been almost 
completely devoid of woody vegetation. Plowing up the forest-steppe habitats 
started as early as the Neolithic Age. The plowed areas became truely extensive 
probably by the Bronze Age. By the eleventh century, most of the area suitable for 
agriculture had been plowed. The process of forest loss, however, is not known in 
detail, but it seems that the decreasing trend has been continuing over millennia. 
The forest cover reached its minimum by the end of the eighteenth century (Zólyomi 
 1936,   1952 ; Járai-Komlódi  1966,   1987 ; Fairbairn  1992,   1993 ; Sümegi  1998 ; Gyulai 
 2001 ; Sümegi et al.  2000,   2006 ; Jakab et al.  2004 ; Magyari et al.  2009 ; Molnár 
 2009  )  (Photos  7.1 ,  7.2 ,  7.3 ,  7.4 ,  7.5 ,  7.6 ,  7.7  and  7.8 ).          

    7.3   The Data Bases 

 In this paper, we use the units of the Hungarian Habitat Classi fi cation System 
(Bölöni et al.  2007  ) , which is the most frequently used and thoroughly tested 
system of vegetation classi fi cation in Hungary. In this system, a unit includes 
all plant communities that occur in similar habitats, and have similar species com-
position and physiognomy (Bölöni et al.  2011  ) . For a detailed phytosociological 
description of forest-steppe plant communities see Borhidi  (  2003,   2012  ) . Species 
names follow Király  (  2009  ) . 

 Our reconstruction of the Holocene history of the vegetation is based on available 
relevant literature data. Since we were primarily interested in the development of 
the current vegetation, we mostly reviewed the data since the Boreal Period (and 
sometimes the Late Glacial Period). Unfortunately, for several reasons signi fi cantly 
less information is available on the Holocene history of the Hungarian forest-steppe 
than needed. First, only a few sites have remained that are suitable for paleobotanical 
research (few bogs, swamps and mires, extensive saline areas, and dry habitats). 
Second, the location of the pollen source (whether moor or the adjacent steppe 
habitat) is uncertain in the case of several taxa (i.e.  Quercus  spp., Poaceae). Finally, 
the pollen of several characteristic species or species groups are indistinguishable 
from that of other species or even sometimes other genera. As a consequence, it is 
not possible to determine, e.g., the proportion of  Quercus robur  versus  Q. pubescens  
in steppe woodlands, or the exact habitat (whether dry steppe on chernozem soil or 
saline soil, or even arable land) of  Artemisia  and Chenopodiaceae species, and not 



2157 Past    Trends, Present State and Future Prospects of Hungarian Forest-Steppes

even to identify the major grasses of the steppes to at least the generic level ( Stipa , 
 Festuca ,  Bromus , etc.). Nevertheless, the more recent research (e.g. Sümegi  1998, 
  2004,   2005a,   d ; Sümegi et al.  2006 ; Jakab et al.  2004 ; Magyari  2002 , Magyari et al. 
 2009  )  has modi fi ed the results of earlier works (e.g. Rapaics  1918 ; Zólyomi  1936, 
  1952 ; Járai-Komlódi  1966,   1987 ; Győrffy and Zólyomi  1994 ; Medzihradszky and 
Járainé Komlódi  1995  )  in many details. 

 For the reconstruction of the vegetation at the end of the eighteenth century (Biró 
 2006 ; Molnár  2007  )  two main sources were used: (1) the  fi eld notes of Pál Kitaibel 
(Gombocz  1945 ; Lőkös  2001  ) , and (2) maps of the First Military Survey of Hungary 
( 1783–1785 ) and the supplementary written description. Kitaibel was a traveling 
 fi eld botanist being way ahead of his time in many respects. As a botanist, he described 
many plant species new to science, and at the same time he had a very broad interest in 
other  fi elds (balneology, geology, ethnography, etc.). His diary, which was continually 
written during his journeys, is very detailed. Of the more than 1,500 pages of the 
diary, about 500 pages touch on areas of forest-steppe vegetation. While traveling 
on a wagon, Kitaibel usually took only short notes at any given locale. Nonetheless, 
his several thousand data outline many features of the vegetation of the Great Plain 
in his days. By reading his diary, we were able to follow his path on the sheets 
of the First Military Survey. We identi fi ed old scienti fi c plant names mostly with 
the help of the work of Sándor Jávorka  (  1926 –1945). The data were sorted by 
habitat types. 

 Features of the landscape are shown on the maps of the First Military Survey 
(1:28,800, 1783–1785) in such great detail that the characteristics of the plains at 
the end of the eighteenth century may be much better determined than from any 
other maps of that time. The so-called Country Description, a supplement to the 
maps, contains short notes on the quality of the roads, the condition of the forests, 
the quality of meadows and grazing  fi elds, and topographical features for each map 
sheet and each settlement (Borbély and Nagy  1932  ) . These data were also sorted by 
habitat types. 

 We were able to recover such a large amount of data for saline habitats from the 
 fi eld notes of Kitaibel that we could analyze them by the COCKTAIL algorithm 
(Bruelheide  2000  )  and the JUICE software (Tichy  2002  ) . The JUICE software 
groups individual species that more frequently co-occur than expected by chance. 
Accidental species only infrequently occurring in saline habitats and/or species 
typical of other habitats were grouped into “pseudo-species” to simplify analysis 
(such as species of dry steppe on chernozem soils, meadow species, arable weeds). 
We listed all signi fi cant species groups and individual species, and also provided 
the  fi rst few non-signi fi cant species or species groups in parentheses, because the 
program was designed for analyzing phytosociological samples, whereas we worked 
with fragmentary species lists. 

 Most of the information on the present state of forest-steppe habitats was 
derived from the MÉTA database (Molnár et al.  2007b ; Horváth et al.  2008  ) . Data 
were collected from a survey using the so-called MÉTA method (Molnár et al. 
 2007  b  ) . This is a vegetation mapping method, supported by satellite images, which 
applies a grid of hexagonal cells in which vegetation is mapped directly in the  fi eld. 
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  Photo 7.1    Species   -rich meadow steppe on 
a hillside ( Festuca rupicola ,  Brachypodium 
pinnatum ,  Salvia pratensis ,  Inula hirta ,  Cham-
aecytisus austriacus ,  Euphorbia glareosa ) 
(Photo by Zs. Molnár)       

  Photo 7.2    The     fl at landscape of a loess tableland 
with intensive agricultural areas and degraded 
remnants of grasslands along intermittent water-
courses and roadsides       

  Photo 7.3    A sand dune area with  Festuca 
vaginata  and  Stipa borysthenica  grasslands and 
 Juniperus communis - Populus alba/canescens  
woodlands and scrub. Invasive species ( Robinia 
pseudacacia ,  Ailanthus altissima ,  Pinus nigra , 
 Asclepias syriaca ) are present (Photo by 
Á. Molnár)       

  Photo 7.4    Aerial view of a section of the 
forest-steppe landscape with sand dunes, pine 
plantations and abandoned arable  fi elds of 
varying age with  Robinia  invasion       

The survey was based on cells with an area of 35 ha each (267,813 cells cover the 
entire territory of Hungary). Habitat types were listed per hexagon, then the area, 
habitat condition based on naturalness values, spatial pattern, connectedness, and 
threatening factors were estimated and recorded for each habitat type. For standard-
ization of mapping, three different pre-printed data sheets and two detailed guides 
(Mapping Guide and Habitat Guide) were prepared, and  fi eld trainings were 
organized (Molnár et al.  2007b ; Bölöni et al.  2007  ) . 

 One hundred contiguous hexagons formed a MÉTA quadrat (35 km 2 ), the basal 
unit of distribution maps. The total number of quadrats was 2,813. For the preparation 
of distribution maps, SQL queries (Horváth and Polgár  2008  )  were carried out per 
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  Photo 7.6    A well-structured forb-rich saline 
meadow steppe developed on an ancient 
 fl oodplain (and with some salt in deeper soil 
layers) with  Peucedanum of fi cinale ,  Aster 
punctatus ,  A. linosyris ,  Artemisia pontica , 
 Limonium gmelini  and  Iris spuria . This is the 
dominant vegetation of the glades in steppe 
woodlands on saline soil (Photo by T. Baranyai)       

  Photo 7.5    One of the last remnants of the 
open steppe woodlands on sand with closed 
sand steppe in the openings ( Quercus robur , 
 Pyrus pyraster ,  Crataegus monogyna ,  Festuca 
wagneri ,  Iris variegata ) (Photo by Á. Molnár)       

  Photo 7.7    A  fi ne-scale vegetation mosaic in an 
area with salt-affected soil. The various vegeta-
tion types follow a particular pattern from the 
highest to the lowest terrain:  Achillea  and  Artemisia  
steppes with  Festuca pseudovina  and  Artemisia 
santonicum , vegeta tion of saline  fl ats with 
 Camphorosma annua  and  Puccinellia limosa , 
saline meadows with  Alopecurus pratensis , and 
salt marshes and lakes with  Bolboschoenus 
 maritimus  (Photo by Zs. Molnár)       

  Photo 7.8    A saline landscape with special 
geomorphological and vegetation patterns. This 
is the most widespread steppe type in Hungary. 
On the loess tablelands among saline steppes, 
arable  fi elds are typical       

habitat and per MÉTA quadrat. The so-obtained data were quality-checked, which 
included the deletion of apparently erroneous data and the estimation of missing 
values (ca. 6% of the total). 

 We used a naturalness-based attribute in the MÉTA-database (Table  7.2 ) to 
characterize overall quality of vegetation stands in the  fi eld. This attribute quanti fi es 
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habitat quality according to the following scale: 1: completely degraded, 2: heavily 
degraded, 3: moderately degraded, 4: semi-natural, 5: natural (see details in Németh 
and Seregélyes  1989 ; Molnár et al.  2007  b  ) . Naturalness values integrate variables 
related to structural properties and species richness into a single number. Though 
the estimation of naturalness values includes subjective elements, we took great 
care to standardize the method during the MÉTA project (Molnár et al.  2007  b ; 
Bölöni et al.  2007  ) .  

 For the assessment of endangerment, we listed a number of potential threatening 
factors and evaluated their effect on each habitat unit. Then we estimated the 
cumulative area of the affected habitat unit for each factor (Table  7.3 ). The effective 
threatening factors (the ones that are most likely to affect the survivorship of the 
habitat type in a MÉTA hexagon in the next 10–15 years, Molnár et al.  2007  b , 
Molnár et al.  2008c ) were selected from a list of 28 factors. Severity of threat was 
not recorded. We developed 12 synthetic indicators from the threatening factors by 
thematic grouping, which we then used for the evaluation of general endangerment 
of each habitat unit (interpretation of the 12 indicators is explained in detail in 
Molnár et al.  2008c ). We ordered the indicator values across habitats and within 
factors according to their rank, and then averaged these ranks across factors 
(Molnár et al.  2008c ).  

 Regeneration potential of a focal vegetation unit was assessed at the spatial scale 
of the MÉTA quadrats (i.e. with regard to all other units detected in the quadrat, 
Table  7.4 ). We evaluated three regeneration scenarios (for more details see Seregélyes 
et al.  2008  ) : (1) regeneration success of an existing stand following moderate 

   Table 7.2    Percentage of stand area of each habitat type per degree of naturalness based on the 
MÉTA database   

 Naturalness value 

 Code  Short name  2  3  4  5  Total area (ha) 

 H5a  Closed steppe on chernozem soil  25  62  12  0  25,000 
 I2  Vegetation of loess/clay cliffs  59  18  23  0  95 
 M6  Steppe thickets  0  38  30  32  3 
 M2  Steppe woodland on loess  8  62  30  0  100 
 G1  Open sand steppe  22  44  31  3  10,700 
 H5b  Closed sand steppe  20  55  23  1  28,000 
 M5  Juniperus-Populus woodland and scrub  6  33  48  12  3,000 
 M4  Steppe woodland on sand  10  41  42  7  290 
 F1a  Artemisia steppe on solonetz soil  2  34  54  10  33,800 
 F1b  Achillea steppe on solonetzi soil  12  58  29  1  46,000 
 F2  Saline meadow  5  41  48  6  93,000 
 F3  Saline meadow steppe  28  41  29  3  1,120 
 F4   Puccinellia  meadow  1  13  52  34  7,000 
 F5  Vegetation of saline- and mud- fl ats  1  19  43  37  2,500 
 M3  Steppe woodland on saline soil  21  57  22  0  130 

 All habitats together  10.3  45.9  38.2  5.5  250,738 

  2: heavily degraded, 3: moderately degraded, 4: semi-natural, 5: natural (for details see Bölöni 
et al.  2008a,   b  )   
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   Table 7.4    Percentage of stand area of each habitat type with at least medium regeneration potential, 
based on the MÉTA database   

 Code  Short name  (1)  (2)  (3) 

 H5a  Closed steppe on chernozem soil  67  37  27 
 I2  Vegetation of loess/clay cliffs  63  19  18 
 M6  Steppe thickets  69  59   7 
 M2  Steppe woodland on loess  53  30   2 
 G1  Open sand steppe  76  45  34 
 H5b  Closed sand steppe  84  30  20 
 M5  Juniperus-Populus woodland and scrub  96  90  65 
 M4  Steppe woodland on sand  23  13   0 
 F1a  Artemisia steppe on solonetz soil  99  78  64 
 F1b  Achillea steppe on solonetz soil  100  93  78 
 F2  Saline meadow  99  78  62 
 F3  Saline meadow steppe  76  59  44 
 F4   Puccinellia  meadow  100  75  32 
 F5  Vegetation of saline - and mud - fl ats  95  58  12 
 M3  Steppe woodland on saline soil  46  44   0 

  For details see Seregélyes et al.  2008  
 Three types of regeneration potential were assessed:  1 : on site following disturbance,  2 : in other 
adjacent habitat units, and  3 : on old- fi elds separately. Note that the habitat types totals can add up to 
more than 100%  

disturbance or degradation; (2) successful development in a different habitat type 
following environmental change (e.g. development of steppe vegetation in a dried-
out meadow); (3) successful development in vegetation-free areas, i.e. the ability to 
colonize abandoned old- fi elds. Although the evaluation of regeneration potential is 
necessarily subjective, we standardized the evaluation method as much as possible. 
In the Habitat Guide we (1) speci fi ed the factors that determine regeneration potential 
of a certain habitat type, and (2) for each vegetation type we provided a detailed list 
of examples for each regeneration scenario (we described about 720 examples 
altogether, Bölöni et al.  2003 ,  2007 ; Molnár et al.  2007  b  ) .   

    7.4   The Vegetation of the Hungarian Forest-Steppe 

    7.4.1   Closed Steppe on Chernozem Soil (Habitat Code: H5a) 

 These are closed steppes on humus-rich chernozem soils typically developed over 
loess, and dominated usually by  Festuca rupicola . Most of the surviving stands 
occur on slopes in the lowland or on foothills (Virágh and Fekete  1984 ; Zólyomi 
and Fekete  1994 ; Horváth  2002 ; Illyés and Bölöni  2007 ; Bartha  2007a  ) . 

 Characteristic, dominant and constant species are:  Bothriochloa ischaemum , 
 Brachypodium pinnatum ,  Bromus inermis ,  Carex humilis ,  Chrysopogon gryllus , 
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 Elymus hispidus ,  Festuca rupicola ,  Koeleria cristata ,  Poa angustifolia ,  Stipa 
capillata ,  Stipa joannis  ( S. pennata ),  S. pulcherrima ,  Adonis vernalis ,  Ajuga 
laxmannii ,  Allium paniculatum ,  A. rotundum ,  Astragalus austriacus ,  A. dasyanthus , 
 A. onobrychis , Chamaecytisus austriacus agg. ,  Crambe tataria ,  Dorycnium  spp., 
 Euphorbia pannonica  ( E. glareosa ),  Fragaria viridis ,  Galium glaucum ,  Hypericum 
elegans ,  Inula germanica ,  Linaria biebersteinii ,  Nepeta parvi fl ora ,  Phlomis tuberosa , 
 Plantago media ,  Ranunculus polyanthemos ,  Rapistrum perenne ,  Salvia austriaca , 
 S. nemorosa ,  S. nutans ,  Taraxacum serotinum ,  Teucrium chamaedrys ,  Thalictrum 
minus ,  Viola ambigua.  

 The cold-continental steppes (including meadow steppes and semi-desert-like 
vegetation) of most of the Great Hungarian Plain were transformed into warm 
continental steppes during the early Holocene (Nyilas and Sümegi  1991 ; Sümegi 
et al.  2000 ; Sümegi  2005b  ) . These steppes persisted essentially uninterrupted till 
their transformation into arable lands, since forest development was prevented by 
climatic conditions, grazing,  fi res and human in fl uences (see Medzihradszky et al. 
 2000 ; Magyari et al.  2009  ) . The late glacial steppes were dominated by grasses, 
 Artemisia  and Chenopodiaceae species, although other species, such as  Helianthemum , 
 Scabiosa ,  Knautia arvensis ,  Trifolium ,  Sedum ,  Achillea ,  Leontodon ,  Taraxacum , 
 Centaurea scabiosa  agg. were also recorded (Járai-Komlódi  1966 ; Sümegi  2005b ; 
Sümegi et al.  1999 ,  2006 ; Magyari  2002  ) . These genera reveal very little about the 
actual species composition and degree of dominance in the steppe vegetation 
(perhaps they suggest the presence of a kind of meadow steppe). It is not known 
what species of grasses formed the matrix of these steppes, how many and what 
kind of forbs were intermixed, and to what degree the vegetation was closed. 

 The Holocene steppe vegetation of present-day Hungary is also little known. 
It is often assumed that the loess tablelands were covered with forest-steppe with 
scattered  Quercus  woodlands, although certain parts of the plains may have been 
continuously treeless (Zólyomi  1936,   1952 ; Járai-Komlódi  1966 ; Sümegi et al. 
 1999 ; Magyari  2002 ; Magyari et al.  2009 ; Sümegi  2005a,   b  ) . Plowing up the steppes 
started in the Neolithic age, and continued with only small interruptions (Fairbairn 
 1992,   1993 ; Sümegi  1998 ; Gyulai  2001  ) . The  fi rst major period of destruction of 
steppes on chernozem soil may have been the eleventh to fourteenth centuries, when 
the country was characterized by a large number of small settlements and intensive 
land use (see Győrffy  1966 ; Blazovich  1985  ) . Changes in the settlement structure, 
such as desertion of small villages and development of rural towns, a process 
starting in the second half of the thirteenth century and increasing in intensity 
throughout the fourteenth century (Blazovich  1985  ) , may have resulted in at least 
the partial regeneration of the steppe vegetation over large areas. 

 Referring to this vegetation type, Kitaibel wrote: the grassland stands are 
“ essentially old fi elds. ” He documented rather species-rich stands only at a few 
places, which suggests that along the roads he traveled such steppes did not occur. 
Many of the specialist, characteristic steppe species were found on the unplowed 
strips between arable lands and on earthworks marking the boundary between 
settlements. Kitaibel reported the occurrence of  Crambe tataria  at several locations. 
This species was probably quite widespread and occurred adjacent to and even on 
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arable land. At times he also observed  Salvia nutans  in unbelievable amounts 
(“ everywhere across the grazing  fi eld from right to left ,  as if it had been sown ”). 
It is apparent from the comparison of maps of the First Military Survey and current 
soil maps that a substantial part of the loess tables east of the Tisza river was covered 
with arable land in addition to extensive steppes. 

 Steppes of the Great Plain were almost completely transformed to arable land by 
the end of the twentieth century. Sizeable steppe areas have survived in gullies west 
of the Danube, on the foothills of mountain ranges, and on elevated terrain embedded 
in saline steppes. Part of the stands situated on slopes is in good condition and 
appears stable over time (Virágh and Fekete  1984 ; Horváth  2002 ; Bartha  2007a  ) . 
The stands on level ground, however, are degraded almost without exception 
(Tóth  1988 ; Molnár  2007  ) . Steppe remnants on kurgans, earthen forti fi cations and 
on unplowed sections among arable  fi elds are sometimes the only survivors of this 
vegetation type (Zólyomi  1969a ; Csathó  2010  ) . Invasive species, though spreading, 
are not yet abundant. The formerly grazed and currently abandoned stands, parti-
cularly on foothills, at places have been invaded by shrubs, and typically show an 
accumulation of dead organic matter (Bartha  2007a  ) . Mainly stands next to arable 
land are threatened by plowing (Csathó  2010  ) . Their capacity for regeneration 
is limited. Good regeneration on old fi elds has been observed only on foothills 
(in abandoned vineyards). This type of steppe vegetation covers about 25,000 ha 
(of which ca. 6,000 ha are on foothills and slopes). Hardly 10% of the stands are in 
good condition (naturalness 4 and 5). All stands next to arable lands and those 
in good conditions are greatly threatened (Fig.  7.1 ).  

    7.4.2   Artemisia Steppe on Loess and Clay Cliffs 
(Habitat Code: I2) 

 This is the characteristic open vegetation of loess/clay cliffs and steep slopes with 
 Kochia prostrata  and  Agropyron pectiniforme  as dominant species. It also occurs on 
kurgans. Too steep loess cliffs are not suitable for the development of this vegetation 
just like cliffs invaded by  Robinia pseudacacia  or  Lycium barbarum . The southern 
slopes of kurgans host usually species-poor stands. Fragmented stands can survive 
even on the most disturbed kurgans. 

 Characteristic, dominant and constant species are:  Agropyron pectiniforme  ( A. 
pectinatum ),  Bothriochloa ischaemum ,  Bromus hordeaceus ,  B  .   tectorum ,  Poa bul-
bosa ,  Stipa capillata ,  Allium sphaerocephalon ,  A.  fl avum ,  Anthemis tinctoria , 
 Artemisia austriaca ,  A. campestris ,  A. pontica ,  Bassia sedoides ,  Brassica elongata , 
 Ephedra distachya ,  Iris pumila ,  Kochia prostrata ,  Lappula patula ,  Linaria genisti-
folia ,  Linum austriacum ,  Sedum  ( Hylotelephium )  maximum ,  Xeranthemum 
annuum.  

 The lower parts of loess cliffs often turn into vertical walls, where the microclimate 
is rather extreme with strong insolation and only 100–200 mm annual precipitation. 
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As a consequence, these habitats are inhabited by cryptogamous communities, mainly 
mosses. They are extra-zonal desert communities exhibiting  fl oristic similarities to 
the vegetation of gypsum deserts in southern Spain and the cryptogamous desert 
vegetation of the climatic loess deserts in the Dead Sea area. Based on the current 
distribution and ecological characteristics of many of the moss species in this 
vegetation it is presumed that these communities are very old. Several species may 
have been part of the xeric  fl ora of the late Tertiary, and survived through the glacial 
period when they had large areas of distribution (Pócs  1999  ) . The cold-continental 
dry steppes in the Carpathian Basin were transformed into warm-continental steppes 
during the Holocene. Characteristic species of the former (i.e.  Krascheninnikovia 
ceratoides ,  Bassia prostrata ) found refuge in extreme habitats, such as loess cliffs 
(Zólyomi  1936,   1952 ; Járai-Komlódi  1966 ; Zólyomi and Fekete  1994  ) . There is 
hardly any palynological evidence of the presence of this vegetation type during the 
Holocene (but see Jakab et al.  2004  ) . Since the Neolithic Age, and even more since 
the Bronze Age, it may have developed also in secondary habitats on the southern 
slopes of abandoned earthworks and kurgans. 

 Kitaibel observed this habitat type ( Bassia prostrata ) at several places. He also 
recorded repeatedly  Agropyron pectiniforme , but mainly in closed steppes (the species 
also is listed among plants growing on kurgans). 

 The present-day stands of this vegetation type seem to be stable, although invasive 
species are spreading ( Robinia pseudacacia ,  Lycium barbarum ,  Prunus institia , 
 Ailanthus altissima ). Certain habitat patches are afforested with  Robinia pseudacacia . 
The stands directly adjacent to arable  fi elds are often plowed. The total area of this 
vegetation type is about 95 ha. It was found at 152 locations in Hungary. The condition 
of only hardly one quarter of all the stands is rather natural. They are threatened 
and have limited regeneration potential (Fig.  7.1 ).   

    7.4.3   Steppe Woodland of  Quercus  on Loess 
(Habitat Code: M2) and Continental Deciduous Steppe 
Thicket on Loess (Habitat Code: M6) 

 These are low or moderately tall mixed oak forests ( Quercus robur ,  Q. pubescens ) 
on deep, humus-rich soils developed over loess with usually a dense shrub layer and 
forest and steppe species in the herb layer (M2), as well as thickets of  Amygdalus 
nana  ( Prunus tenella ),  Cerasus  ( Prunus )  fruticosa  and  Rosa  species ( R. gallica , 
 R. pimpinellifolia ) forming small patches in grasslands and fringes of xerothermo-
philous forests (M6) (Zólyomi  1957,   1958  ) . 

 Characteristic, dominant and constant species are:  Acer tataricum ,  A. campestre , 
 Cotinus coggygria ,  Crataegus monogyna ,  Fraxinus ornus ,  Ligustrum vulgare , 
 Prunus spinosa ,  Pyrus pyraster , Quercus pubescens ,  Q. robur ,  Q. petraea s.l. , 
 Q. cerris ,  Ulmus minor ,  Viburnum lantana ,  Adonis vernalis ,  Ajuga laxmannii , 
 Buglossoides purpurocaerulea ,  Carex humilis ,  Dictamnus albus ,  Festuca rupicola , 
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 Nepeta pannonica  ( N. nuda ),  Peucedanum cervaria ,  P. alsaticum ,  Phlomis tuberosa , 
 Polygonatum odoratum ,  Pulmonaria mollis ,  Stipa capillata ,  Tanacetum corymbosum , 
 Thalictrum minus i n woodlands, and  Amygdalus nana ,  Cerasus fruticosa ,  Colutea 
arborescens ,  Crataegus monogyna ,  Prunus spinosa ,  Rosa spinosissima ,  R. gallica , 
 Adonis vernalis ,  Brachypodium pinnatum ,  Dictamnus albus ,  Festuca rupicola , 
 Fragaria viridis ,  Geranium sanguineum ,  Inula ensifolia ,  I. hirta ,  Iris variegata , 
 Peucedanum cervaria ,  Phlomis tuberosa ,  Stipa  spp . ,  Vinca herbacea , in steppe 
thickets. 

 The extent and characteristics of steppe woodlands and thickets growing on the 
Great Plain during the Holocene are not known. Based on the estimates of several 
authors (Zólyomi  1952 ; Járai-Komlódi  1966 ; Jakab et al.  2004 ; Sümegi  2005a,   c ; 
Sümegi et al.  2006  ) , large areas were treeless on the loess tables and plateaus (at 
most 10–20 [−30]% woodland cover). This is directly or indirectly supported by the 
richness of the steppe  fl ora, the occurrence of steppe animals, the behavior of 
nomadic peoples, and the occurrence of chernozem soils without signs of forest 
presence (see Medzihradszky et al.  2000  ) . The regeneration potential of steppe 
woodlands on level loess tables with a dry climate and often very homogeneous 
habitats without refugia, and where the effect of human land use is more intense, is 
likely to be lower than on the topographically more diverse foothills and sand dune 
areas with a variety of habitats. 

 Kitaibel observed steppe woodlands on loess only on few occasions, most of 
them at the margins of the plains. According to his  fi eld notes, there were nearly no 

  Fig. 7.1    Present    distribution of forest-steppe habitats on loess in Hungary. The background  gray 
color  indicates potential distribution of dry vegetation on loess (Based on Zólyomi  1989  )        
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trees, except for some  Salix  and in most areas even shrubberies were rare. At one 
location, however, the now extinct  Spiraea crenata  was abundant. On the sheets of 
the First Military Survey, the lack of forests on the dry loess tables is particularly 
noticeable. 

 Today, rather natural steppe woodlands are found only at the margins of the 
plains and on loess-covered slopes west of the Danube. Its total area is less than 100 
ha (for their current conditions see Lendvai and Kevey  2008  ) . Only about a dozen 
stands of steppe thickets have remained on the Great Plain. They are small, usually 
degraded, and thus greatly endangered (Fig.  7.1 ).  

    7.4.4   Open Sand Steppe (Habitat Code: G1) 

 These are drought-tolerant shortgrass steppes with at most 75% vegetation cover, 
occupying loose, humus-poor sand in the Great Plain and more infrequently in hilly 
regions and foothills. The dominant species are drought-tolerant tussock grasses 
( Festuca vaginata ,  Stipa borysthenica ). Formerly, their stands formed mosaics 
partly with steppe woodlands of  Quercus  or  Juniperus  and  Populus  scrub, as well as 
with  Molinia  meadows located in depressions. It is an endemic community. 

 Characteristic, dominant and constant species are:  Bothriochloa ischaemum , 
 Bromus tectorum ,  B. squarrosus ,  Carex liparicarpos ,  Festuca vaginata ,  F. wagneri , 
 Koeleria glauca ,  Poa bulbosa ,  Secale sylvestre ,  Stipa capillata ,  S. borysthenica , 
 Achillea ochroleuca ,  Alkanna tinctoria ,  Alyssum tortuosum ,  A. montanum  subsp. 
 gmelini ,  Arenaria serpyllifolia ,  Artemisia campestris ,  Centaurea arenaria , 
 Colchicum arenarium ,  Corispermum nitidum ,  C. canescens ,  Dianthus serotinus , 
 D. diutinus ,  Ephedra distachya ,  Euphorbia seguierana ,  Fumana procumbens , 
 Gypsophila fastigiata  subsp.  arenaria ,  Iris humilis ,  Kochia lani fl ora ,  Linum hirsutum  
subsp.  glabrescens ,  Medicago minima ,  Onosma arenaria ,  Polygonum arenarium , 
 Potentilla arenaria ,  Salsola kali ,  Silene borysthenica ,  S. conica ,  Syrenia cana  
( Erysimum canum ),  Teucrium chamaedrys.  

 The sand dune areas of the Great Plain were formed during the ice age, and were 
naturally mobilized several times until recently (Lóki et al.  1995 ; Jakab et al.  2004 ; 
Sipos and Kiss  2006  ) . Areas of shifting sand were also generated by overgrazing. 
The vegetation of shifting sand is one of the most dynamic communities of Hungary 
(regarding changes in forest cover and in the dominance-structure of species) 
(Fekete  1992 ; Biró and Molnár  1998 ; Bartha  2007b ; Biró et al.  2007,   2008 ; Bartha 
et al.  2008a,   b,   c  ) . There are no direct data on the forest cover of the dunes, but it is 
likely that they were not forested completely at any time throughout the Holocene 
(Jakab et al.  2004 ; Sümegi et al.  2005  ) . Thus, at least parts of the grassland vegetation 
are likely to be continuous from the late glacial and the early postglacial (Boreal) 
periods. Also, it is not known since when  Festuca  and  Stipa  species have been the 
dominant grasses of these open steppes. 

 In the description of Kitaibel, the current  fl ora of shifting sand may be recognized, 
but in a much more open and treeless landscape. The maps of the First Military 
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Survey show extensive treeless sand dune areas with very few arable lands, tree 
plantations, orchards and vineyards (Biró and Molnár  1998  ) . At that time, the open 
sand steppes formed an extensive, partly contiguous system of habitat patches in 
the sandhill area between the Danube and Tisza Rivers (Biró  2003  ) . The primary 
species stabilizing sand dunes in the nineteenth century was  Festuca vaginata  
(Fekete  1992 ; Biró and Molnár  1998  ) . 

 With the diminishing effect of wind and declining frequency of overgrazing 
since the nineteenth century, natural closure of the vegetation has been taking 
place and shrubs have been spreading. Today,  Juniperus communis ,  Populus alba , 
 P. nigra ,  P. canescens , and  Crataegus monogyna  are common, sometimes 
abundant, in most sand dune areas. Shifting sand dunes disappeared, and vegetation 
cover increased strongest in communities dominated by  Festuca wagneri  (Fekete 
et al.  2002  ) . Afforestation of shifting sand and the simultaneous establishment of 
orchards and vineyards with the development of a network of distant farms 
commenced in the nineteenth and were completed in the twentieth century. As a 
result, the total area of open sand steppes was reduced to 6–8% of their original 
size (Biró  2008  ) . 

 Invasive species ( Asclepias syriaca ,  Robinia pseudacacia ,  Ailanthus altissima , 
for example) have been spreading rapidly, although mainly in the secondary or 
more degraded stands, and in old fi elds and plantations adjacent to them (Botta-
Dukát  2008 ; Czúcz et al.  2011  ) . Today, these steppes are rarely plowed, but their 
afforestation is still in progress. Their total area is 10,700 ha, of which only 
one third is rather natural. It is because many tracts of arable land have been 
abandoned recently in sandy habitats, which undergo relatively rapid regeneration 
(Csecserits and Rédei  2001 ; Bartha  2007c ; Bartha et al.  2008b,   c  ) , and thus are 
classi fi ed in this habitat category. The vegetation type is a bit endangered 
(Fig.  7.2 ).  

    7.4.5   Closed Sand Steppe (Habitat Code: H5b) 

 Closed dry and semi-dry steppes on humus rich sandy soils. The minimum cover of 
the herb layer is 50%. They occur in almost every sandy region of the country. 

 Characteristic, dominant and constant species are:  Bothriochloa ischaemum , 
 Carex humilis ,  Chrysopogon gryllus ,  Festuca wagneri ,  F. rupicola ,  Holoschoenus 
romanus  ( Scirpoides holoschoenus ),  Koeleria cristata ,  Phleum phleoides ,  Poa 
angustifolia ,  Stipa capillata ,  S. borysthenica ,  Achillea ochroleuca ,  Adonis vernalis , 
 Anemone sylvestris ,  Anthericum liliago ,  A. ramosum ,  Asperula cynanchica ,  Aster 
linosyris ,  Astragalus austriacus ,  A. dasyanthus ,  A. exscapus ,  A. asper ,  Chamaecytisus 
ratisbonensis ,  Colchicum arenarium ,  Dianthus giganteiformis  subsp.  pontederae , 
 Filipendula vulgaris ,  Geranium sanguineum ,  Inula salicina ,  Iris aphylla  subsp. 
 hungarica ,  Iris humilis ,  I. variegata ,  Peucedanum arenarium ,  Plantago media , 
 Potentilla arenaria ,  Pulsatilla pratensis  subsp.  hungarica ,  P. patens ,  Salix repens  
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subsp . rosmarinifolia ,  Salvia pratensis ,  Scabiosa canescens ,  Senecio  ( Tephroseris ) 
 integrifolius ,  Silene borysthenica ,  Teucrium chamaedrys ,  Trifolium alpestre , 
 Veronica pallens  ( Pseudolysimachion incanum ),  V. spicata  ( Pseudolysimachion 
spicatum ) .  

 The habitat of closed sand steppes is completely suitable for forests (Magyar 
 1961  ) . Despite this, the available, but not yet decisive historical data suggest that 
it was only partially forested during the last 10,000 years (Jakab et al.  2004 ; 
Sümegi et al.  2005  ) . In the  fi rst half of the Holocene, there might have been 
more extensive steppe woodlands in sandy habitats, the disappearance of which 
probably took place during the past 5–6,000 years (see Sümegi et al.  2005  ) . From 
the late Neolithic Age to the eighteenth century, most of the closed steppe stands 
may have been plowed up (many of them even several times), or were at least 
grazed for several thousand years. It is unknown how many sand steppe species 
had disappeared by the eighteenth century. The decline in the number of steppe 
species from the mountain ranges to the center of the sandhill area is very evident 
today (Fekete et al.  1999,   2010  ) . Our  fi eld experience and earlier  fl oristic data 
suggest that similarly to salt steppe woodlands, the steppe  fl ora is richer in the 
vicinity of sand steppe woodlands than at sites having been treeless for long. 
This phenomenon may be explained by less intense land use, a great diversity of 
microclimatic sites, a small-scale variation in habitat conditions, and, as a conse-
quence of all these, by a great variety of microrefugia (Molnár  1998 ; Molnár et al. 
 2008    d  ) . 

 Judged from his species lists, Kitaibel probably observed mostly disturbed 
and species-poor, weed-infested, supposedly secondary stands (many of them 
may have been old fi elds). Floristic data, mainly from the nineteenth century, 
indicate an altogether rich steppe  fl ora (see Molnár et al.  2008    d  ) . According to 
the sheets of the First Military Survey, the plowing of closed sand steppes 
already began at the end of the eighteenth century, although most of the sandy 
habitats with humus-rich soil were still covered with almost completely treeless 
sand steppe. 

 During the nineteenth century, almost 100% of the closed sand steppes were 
plowed up. Apart from some military grounds, this vegetation survived only in refugia 
(fringes and glades of sand steppe woodlands, rather humus-rich depressions 
among sand dunes, dune tops in marshy and saline environments). Owing to draining 
of wetlands in the second half of the twentieth century, many secondary and species-
poor, atypical stands have developed from former calcareous fens and  Molinia  
meadows (Molnár et al.  2008    d  ) . Certain stands are invaded by shrubs, others by 
invasive species (e.g.,  Robinia pseudacacia ). Litter accumulation is pronounced in 
stands recently freed from grazing. It undergoes slow regeneration, often in small 
areas, because old fi elds in this habitat occur mostly at the edges of sand dunes 
and as enclosures in wetlands. Sand steppes developed from drained meadows are 
often plowed up. The total area of closed sand steppes is 28,000 ha, of which only a 
few percent is found in their original habitat. Only one quarter of the stands are 
considered natural (naturalness 4 and 5). The more species-rich stands are greatly 
endangered (Fig.  7.2 ).   
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    7.4.6    Juniperus-Populus  Steppe Woodland and Scrub 
(Habitat Code: M5) 

 These are open woodlands or scrub dominated by  Juniperus communis  and/or 
 Populus alba  and  P. canescens  on sandy soils with low to moderate humus content. 
This species poor, open vegetation type is typically poor in forest species, and forms 
a mosaic with open sand steppes (G1). It is most widespread on the Great Plain, in 
the sandy region between the Danube and Tisza rivers. 

 Characteristic, dominant and constant species are:  Berberis vulgaris ,  Crataegus 
monogyna ,  Juniperus communis ,  Ligustrum vulgare ,  Populus alba ,  P. canescens , 
 P. nigra ,  Rhamnus catharticus ,  Brachypodium sylvaticum ,  Convallaria majalis , 
 Geum urbanum ,  Hieracium umbellatum ,  Lithospermum of fi cinale ,  Polygonatum 
odoratum ,  P. latifolium ,  Vincetoxicum hirundinaria ,  Viola hirta ,  V. odorata.  

 Although  Juniperus communis  is a widespread species on the sand dunes today, 
very few data on its occurrence are available from the past 10,000 years (Járainé 
Komlódi  1985  ) . It may have appeared in the landscape 2,000 years ago simultaneously 
with the decline of  Quercus  followed by  Carpinus  and  Fagus . 

 According to the hypothesis of Gábor Fekete (Fekete  1992  ) , the surfaces of sand 
dunes well above the groundwater table are settled, in the absence of habitat speci fi c 
woody species, by the generalist  Juniperus communis  and/or  Populus alba  and 
 P. canescens  ‘borrowed’ from  fl oodplain forests. Thus, this scrub is the edaphic climax 
community in the successional series of sand dunes. With regard to the origin of 

  Fig. 7.2    Present distribution of forest-steppe habitats on sand in Hungary. The background  gray 
color  indicates the potential distribution of sand vegetation (Based on Zólyomi  1989  )        
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 Juniperus-Populus  scrub, other hypotheses have also been put forward. Soó     (  1960  )  
does not exclude the possibility that  Juniperus-Populus  scrub may develop from 
closed  Quercus  forests via degradation, though he also accepts the view that this 
vegetation may be part of the natural successional series of primary succession on 
sand dunes. Simon  (  1985  )  argues that the direct successional vegetation development 
from open sand steppe via  Juniperus-Populus  scrub to  Quercus  woodlands is possible. 
These opposing views stem partly from the fact that stands of oak trees are still present 
in certain sand dune areas, whereas the forest  fl ora is completely absent in others. 

 Phytosociological material documenting the species composition of  Juniperus-
Populus  scrub is very scant. The only published phytosociological tables are from 
Szodfridt  (  1969  ) . Based on these data, he explicitly rejects the idea that  Juniperus-
Populus  scrub may develop from  Quercus  woodlands via degradation. Based on the 
position of this community on dunes, two types were described. The  fi rst is found 
on top of the dunes, in which species typical of sand steppes are still dominant, 
whereas in the other type, growing in depressions, already some species of open 
forests and closed steppes with broad ecological tolerances (mostly shrubs) appear. 
There are only very few exclusive forest species (while mesophilous forest plants 
are completely absent), even though oak woodlands and forests are not absent in the 
studied landscape. 

 In the sand dune areas of Hungary, several types of  Juniperus-Populus  scrub may 
develop depending on the geomorphology of the dunes. They primarily differ in the 
dominance relations of the two edifying species, which is determined by their 
dynamics (for instance,  Populus  species grow larger and form denser stands in 
concave, more favorable sites, from which  Juniperus  is gradually excluded owing 
to strong shading). The position of these types relative to one another and the 
occurrence of these types as a series is characteristic of the landscape (Babos  1955  ) . 

 As of today, there are no relevant data available from the Holocene to test the two 
hypotheses (data from landscape analyses currently support both). The total absence 
of extensive  Juniperus  scrub in the sandhill area between the Danube and Tisza 
rivers during much of the Holocene cannot be excluded either. In evaluating the 
hypotheses, it is important to consider that there are fully grown  Quercus robur  
and  Q. pubescens  trees in the dry sand dunes, and it is also possible that  Quercus  
woodlands could not develop in certain sand dune areas during the last millennia 
due to continual forest clearing,  fi res and heavy grazing. 

 At the time of the First Military Survey, most sand dune areas in the Kiskunság 
were treeless (Biró  2003  ) . Often, even open  Populus  woodlands and thickets were 
missing there. Even Kitaibel recorded only loose groups of  Populus  trees on sand 
dunes with typical species of the sand steppe  fl ora in between. 

 During the nineteenth century, the sparse woodlands of the dunes extended in 
area (Biró  2008 ; Biró and Molnár  2009  ) , which was partly a spontaneous process, 
and partly the result of afforestation to stabilize shifting sand. It is possible that 
 Populus nigra  has become a typical species of the sand dune  fl ora this way (Molnár 
 2003  ) . One reason for their depauperate forest  fl ora may be just their secondary 
origin (besides their open canopy and dry habitat conditions). Their regeneration 
potential is very good, particularly in sand steppes, but also in old fi elds. The presence 
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of invasive species in the stands is typical ( Robinia pseudacacia ,  Ailanthus altissima , 
more recently  Prunus serotina , Juhász and Bagi  2008 ; Juhász et al.  2009 ; Botta-Dukát 
et al.  2008  ) . Certain stands are under intensive forest management (Babos  1955  ) . 
Grazing in this vegetation has almost stopped by now. Their total area is about 3,000 
ha. Almost two thirds of the stands are rather natural (naturalness 4 and 5). It is not 
endangered (Fig.  7.2 ).  

    7.4.7   Steppe Woodland of Quercus on Sand (Habitat Code: M4) 

 These are steppe woodlands developed on humus-rich sandy soils and dominated by 
 Quercus robur . They are represented both by rather small groups of trees or more 
extensive stands. In the landscape, they typically form a mosaic with sand steppes. 
Their shrub layer is generally tall and rather dense.  Festuca rupicola  and  Poa 
angustifolia , together with the so-called forest-steppe species are common in the 
herb layer (Hargitai  1940 ; Soó  1943  ) . 

 Characteristic, dominant and constant species are:  Berberis vulgaris ,  Betula pendula , 
 Chamaecytisus ratisbonensis ,  Cornus sanguinea ,  Corylus avellana ,  Crataegus 
monogyna ,  Euonymus europaeus ,  Fraxinus angustifolia  subsp.  pannonica , 
 Ligustrum vulgare ,  Malus sylvestris ,  Populus alba ,  P. tremula ,  Pyrus pyraster , 
 Quercus robur ,  Q. pubescens ,  Rhamnus cathartica ,  Rosa elliptica ,  R. gallica ,  Salix 
rosmarinifolia ,  Viburnum lantana ,  Anemone sylvestris ,  Brachypodium pinnatum , 
 B. sylvaticum ,  Campanula bononiensis ,  Clinopodium vulgare ,  Convallaria majalis , 
 Cucubalus baccifer ,  Dictamnus albus ,  Gentiana cruciata ,  Geranium sanguineum , 
 Hieracium umbellatum ,  Iris variegata ,  Jurinea mollis ,  Lithospermum of fi cinale , 
 Lychnis coronaria ,  Melampyrum cristatum ,  Origanum vulgare ,  Peucedanum cervaria , 
 P. oreoselinum ,  Polygonatum odoratum ,  Silene conica ,  Tanacetum corymbosum , 
 Thalictrum minus ,  Trifolium alpestre.  

 It is assumed that the extent of forests in areas of dry sand was greater in the  fi rst 
half of the Holocene, and much smaller afterwards. Based on indirect evidence, 
these woodlands were perhaps composed of  Tilia  and  Ulmus  in addition to  Quercus  
(see Járai-Komlódi  1966,   1985 ; Jakab et al.  2004 ; Sümegi et al.  2005  ) . In the Middle 
Ages, much more extensive woodlands existed in certain areas, but they were far in 
between (Hargitai  1940  ) . 

 It may be inferred from the  Descriptio  of the First Military Survey that most of 
the wooded areas were  Quercus  woodlands, most of them with a 15-year clearing 
cycle (Molnár  1998  ) . Data from Kitaibel suggested the heavy use of these forests 
along with their protection (for example, dense  Salix  hedgerows protecting them 
from grazing). 

 The stands have shrunk to a fraction of their original size during the past 
200 years. They were transformed to arable land to a lesser, and tree plantations,  fi rst 
 Robinia  then  Pinus , to a large extent. The formerly short clearing cycle was gradually 
increased to 25, then 40 years, and grazing in the forest was abandoned. Owing to 
water regulation carried out in the region in the twentieth century, the groundwater 
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table has dropped 2–3 m, and the oaks started to die (Molnár  1998  ) . The forests 
have been degraded  fi rst by the invasion of  Robinia pseudacacia , more 
recently by  Prunus serotina , and at places by wild game populations (wild boar, 
fallow deer) well exceeding carrying capacities. Most of the stands are surrounded 
by  Robinia  plantations. Several of the original species went locally extinct (for 
example  Majanthemum bifolium ,  Dracocephalum austriacum ). Establishment of 
oak plantations by currently adopted forestry methods is hardly successful (Molnár 
 1998  ) . The total area of this vegetation type is ca. 290 ha. This is one of the most 
endangered vegetation types in Hungary. Half of the stands are degraded, and their 
regeneration potential is the lowest among all. Despite their legal protection, stands 
are cleared even today by forestry companies (Fig.  7.2 ).  

    7.4.8      Artemisia    Steppe on Solonetz Soil (Habitat Code: F1a) 

 These steppes occur in the Carpathian Basin on saline, mainly solonetz soils that are 
periodically (but rarely and then only slightly) moist for a short time. They are 
shortgrass steppes dominated by  Festuca pseudovina  and  Artemisia santonicum  as 
the most frequent co-dominant species. Large stands (the so-called  puszta ) are 
typical. This vegetation type is usually rich in halophytic species, whereas species 
of wet meadows and dry steppes on chernozem soils are rare. It also hosts a number 
of endemic taxa. 

 Characteristic, dominant and constant species are:  Festuca pseudovina ,  Hordeum 
hystrix ,  Poa bulbosa ,  Allium vineale ,  Artemisia santonicum ,  Bassia prostrata , 
 Bupleurum tenuissimum ,  Cerastium dubium ,  C. pumilum ,  Erophila verna ,  Gypsophila 
muralis ,  Limonium gmelini ,  Lotus tenuis  ( L. glaber ),  Myosotis stricta ,  Ornithogalum 
tenuifolium ,  Plantago schwarzenbergiana ,  Podospermum canum ,  Ranunculus 
pedatus ,  Scilla autumnalis ,  Trifolium retusum ,  T. angulatum ,  T. parvi fl orum  ( retusum ), 
 Veronica arvensis.  

 Sümegi et al.  (  2006  )  consider the Hortobágy steppe as an almost completely 
treeless saline landscape (with graminoids,  Plantago maritima ,  Artemisia santonicum , 
many Chenopodiaceae, among them supposedly  Atriplex tatarica ,  Suaeda  spp.) at 
the end of the Glacial Period and through the Holocene. In the interior of the roughly 
100,000-ha-large Hortobágy, the pollen of  Fagus ,  Carpinus ,  Fraxinus  and  Tilia  
were absent throughout the entire Holocene (as opposed to the nearby  fl oodplains). 
These data suggest that the current stands of  Artemisia  steppe of the Great Plain 
may have directly descended from former salt steppes in earlier parts of the Holocene 
(Somogyi  1965 ; Sümegi et al.  2000,   2006  ) . It is not known, however, how much the 
species pool has changed since the late Glacial Period, and for how long  Festuca 
pseudovina  and  Artemisia santonicum  have been the dominant species. 

 We identi fi ed the following species group in the 92 detailed lists of salt steppe 
species of Kitaibel, which were recorded during his journeys through the Great Plain 
around the turn of the eighteenth to nineteenth century.  Artemisia santonicum -group: 
 Artemisia santonicum ,  Limonium gmelini ,  Bromus hordeaceus ,  Achillea collina , 



232 Zs. Molnár et al.

 Plantago maritima , ( Festuca pseudovina ), ( Podospermum canum ), ( Puccinellia 
limosa ), ( Atriplex hastata ). This list recalls the  Artemisia  salt steppe for contemporary 
botanists. The written and often very apt descriptions of Kitaibel, which were based 
on great  fi eld experience, also indicate that he saw the saline steppes east of the 
Tisza River the same as we see them today. Species frequencies in the 92 species 
lists also correspond well to the current situation. On the sheets of the First Military 
Survey prepared between 1783 and 1785, the saline steppe cannot be recognized, 
but it is likely that the grassy  fi elds mentioned in the description as “ moist from 
rain ” were not part of the  fl oodplain, but of saline steppe. Robert Townson, a British 
explorer, traveling through the Hortobágy almost the same time (1799) as did 
Kitaibel, describes the Hortobágy unambiguously as a desolate land and depicts it 
as an immense barren land devoid of trees (apud Nyilas  1999  ) . 

 The extension of  Artemisia  steppes has been reduced by plowing, amelioration 
and establishment of rice paddies during the past 200 years, although substantially 
less compared to other forest-steppe habitats. The degree of weed infestation is limited 
( Bromus hordeaceus ,  Hordeum hystrix ), and the condition of many stands has 
improved in response to decreasing overgrazing in the past 30–40 years. They are 
almost completely free of invasive species. A long-term threat is leaching of the upper 
soil layer prompted by dropping groundwater levels, which results in the replacement 
of the halophytic species by generalist ones. On suf fi ciently saline soils, the  Artemisia  
steppe has high regeneration potential, and can develop even in old fi elds. It is one 
of the least endangered vegetation types in the forest-steppe zone in Hungary. 
Its total area currently is 33,800 ha, two thirds of which are in rather natural condition 
(naturalness 4 and 5) (Fig.  7.3 ).  

    7.4.9    Achillea  Steppe on Solonetz Soil (Habitat Code: F1b) 

 This is a secondary, species-poor and usually shortgrass community growing 
typically on meadow solonetz soil. It is dominated generally by  Festuca pseudovina  
and  Achillea setacea  and/or  A. collina , which are associated with other pseudo-
halophytic species, dry grassland species and generalist meadow species (it is usually 
poor in  Achillea asplenifolia  and stenohalophytic species). It occurs on drained or 
naturally dry former  fl oodplains and may also develop from  Artemisia  steppes 
following leaching of the soil. 

 Characteristic, dominant and constant species are:  Carex stenophylla ,  Cynodon 
dactylon ,  Festuca pseudovina ,  Koeleria cristata ,  Lolium perenne ,  Poa angustifolia , 
 Achillea setacea ,  A. collina ,  Bupleurum tenuissimum ,  Cardaria  ( Lepidium )  draba , 
 Euphorbia cyparissias ,  Inula britannica ,  Limonium gmelini ,  Plantago lanceolata , 
 Podospermum canum ,  Ranunculus pedatus ,  Scleranthus annuus ,  Trifolium 
fragiferum.  

 Data on its Holocene history are not available. Because of the regular relocation of 
riverbeds during the Holocene (Somogyi  1965 ; Sümegi et al.  2000  ) , and the presumed 
periodical leaching of saline soils (Somogyi  1964,   1965  ) , its occurrence may have 
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been rather frequent in the past. There is no reference to this vegetation type in the 
notes of Kitaibel. 

 In the past 200 years, its area could have multiplied. It is the dominant habitat 
type in unplowed, but drained  fl oodplains. It may develop in place of riparian forests 
after their clearing (Molnár and Borhidi  2003  ) . It is often weed-infested, particularly 
when heavily grazed or when the soil is drained or leached, but invasive species are 
rare. It may develop in old fi elds or from ameliorated  Artemisia  steppes and drained 
saline meadows. It easily regenerates, even in old fi elds. Its total area is 46,000 ha, 
but only less than one third of the stands are in rather “natural” conditions (naturalness 
4: low cover of weeds, dominance of  Festuca  and  Achillea ). It is not an endangered 
vegetation type (Fig.  7.3 ).  

    7.4.10   Saline Meadow (Habitat Code: F2) 

 These are seasonally inundated tallgrass meadows growing on solonetz or 
solonchak meadow soils. Their habitat typically is covered with water from October 
till May or June, and the soil remains moist throughout much of the year. They are 
less diverse on solonetz soils, where characteristic tussocks on small mounds of mud 
are formed, and this contributes to increased naturalness and species diversity. 

 Characteristic, dominant and constant species are: on solonetz:  Alopecurus 
pratensis ,  Beckmannia eruciformis ,  Glyceria  fl uitans  subsp.  poiformis ,  Oenanthe 
silaifolia ,  Plantago schwarzenbergiana; Ranunculus lateri fl orus ,  R. sardous , 
 Rorippa sylvestris  subsp.  kerneri , on solonchak:  Carex distans ,  Festuca arundina-
cea ,  Juncus gerardii ,  Puccinellia limosa ,  Achillea asplenifolia ,  Linum perenne , 
 Orchis laxi fl ora  subsp.  palustris  ( Anacamptis palustris ),  Rhinanthus angustifolius  
subsp.  serotinus ,  Scorzonera parvi fl ora ,  Taraxacum bessarabicum ,  Triglochin 
maritimum.  

 It is unknown whether or not these meadows were originally forested, though 
the former existence of forests in these habitats is very unlikely not only for the 
presence of salts in the soil, but also for the widely  fl uctuating water regime and 
the heavy soil (Debreczy in Molnár and Kun  2000  ) . Sümegi  (  2005b  )  demonstrated 
the presence of regularly desiccating, but not  fl ooded meadows in the Hortobágy 
during the Holocene, which could have been saline meadows. 

 We identi fi ed three species groups in the species lists of Kitaibel: (1)  Beckmannia  
group:  Lythrum virgatum ,  Beckmannia eruciformis ,  Trifolium fragiferum ,  Glyceria 
poiformis  subsp.   fl uitans , meadow species, ( Festuca pratensis-arundinacea ), (marsh 
species), ( Alopecurus geniculatus ) and ( Alopecurus pratensis ); (2)  Ranunculus 
lateri fl orus  group:  Ranunculus lateri fl orus ,  Elatine alsinastrum ,  Rorippa sylvestris  
subsp.  kerneri ,  Eleocharis palustris ,  Glyceria poiformis  subsp.   fl uitans , marsh 
species,  Alopecurus geniculatus , ( Plantago tenui fl ora ) and (meadow species); 
(3)  Achillea asplenifolia - Agrostis stolonifera  group:  Festuca arundinacea-
pratensis ,  Achillea asplenifolia ,  Agrostis stolonifera , (fen species), ( Carex distans ), 
( Juncus compressus ). 
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 The  Beckmannia  group suggests the presence of characteristic, wet saline meadows 
with ample supply of water, whereas the  Ranunculus  and  Achillea-Agrostis  groups 
indicate muddy habitats with heavily grazed (possibly by cattle) vegetation and 

  Fig. 7.3    Present distribution of forest-steppe habitats on saline soils in Hungary. The background 
 gray color  indicates the potential distribution of saline vegetation in general, and that of saline 
steppe woodlands in particular (Based on Zólyomi  1989  )        
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solonchak meadows, respectively. Maps of the First Military Survey depict the 
non- fl ooded (possibly saline) meadows only irregularly, and thus the reconstruction 
of their original extent is not reliable. According to Kitaibel,  Alopecurus pratensis  
was a common and typical species of saline meadows also at his time. 

 Saline meadows on solonetz soils have become substantially drier in the past 
200 years, and their extension also decreased. Nevertheless, a very large number 
of stands have survived due to their heavy soils and the topographical features 
(many small local depressions that are very costly to drain) of their habitats. The 
extension of saline meadows on solonchak soils, however, has been drastically 
reduced. The groundwater table has dropped, sometimes as much as 2–3 m (Pálfai 
 1994  ) , and the soil has been leached. Invasive species are rare. Plowing threatens 
mainly the stands on sand. They regenerate well, even in old fi elds and after ame-
lioration of the habitat. When left unmanaged, leaf litter accumulates rapidly, and 
diversity drops. Its total area is 93,000 ha, making it the most common habitat 
type in Hungary. More than half of its stands are in conditions close to natural 
(naturalness 4 and 5). It is rather threatened on solonchak soils, but not on solo-
netz (Fig.  7.3 ).   

    7.4.11   Saline Tall Herb Meadow Steppe (Habitat Code: F3) 

 These saline meadow steppes are dominated by meadow steppe and dry steppe spe-
cies as well as halophytes; primarily Apiaceae and other tall herbs determine their 
structure. They occur mainly in the eastern part of Hungary on solonetz soils. Their 
habitat is typically wet in the spring and dry in the summer. The most frequent char-
acteristic species are  Aster punctatus ,  Artemisia pontica  and  Peucedanum of fi cinale . 
The more mesic variant resembles tallgrass meadows and is rich in characteristic 
species and species of meadow steppes, whereas the drier variant is rather short and 
represents a transitional stage towards  Achillea  steppes. The species-richest stands 
are linked to steppe woodland of oaks on saline soils or hardwood ( Fraxinus ,  Ulmus , 
 Quercus  )  gallery forests, but most of the stands occur now in non-wooded environ-
ments. Similar habitats occur as far to the East as Mongolia (Varga  1989  ) . 

 Characteristic, dominant and constant species are:  Alopecurus pratensis ,  Festuca 
pratensis ,  F. rupicola ,  F. pseudovina ,  Phragmites australis ,  Artemisia pontica , 
 Aster linosyris ,  A. punctatus ,  Clematis integrifolia ,  Dianthus pontederae  ( D. gigan-
teiformis  subsp.),  Filipendula vulgaris ,  Fragaria viridis ,  Iris spuria ,  Limonium 
gmelini ,  Lotus angustissimus ,  Lychnis  fl os-cuculi ,  Peucedanum of fi cinale ,  Plantago 
schwarzenbergiana ,  Rumex pseudonatronatus ,  Serratula tinctoria ,  Seseli varium , 
 Veronica spicata  ( Pseudolysimachion spicatum ),  Viscaria vulgaris  ( Lychnis viscaria ) .  

 These saline meadow steppes may have been continuously present in the eastern 
part of the Great Plain since at least the Late Glacial Period, which is suggested by 
fossil pollen of  Thalictrum  sp.,  Peucedanum  sp.,  Filipendula ulmaria , and 
 Sanguisorba of fi cinalis  found at the margin of the Tisza  fl oodplain (Magyari  2002 ; 
Sümegi  2004  ) . More detailed data, however, are not available. 
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 Kitaibel described stands of  Peucedanum of fi cinale  at several locations. 
The co-occurring species there were essentially the same as those today, but the 
number of stands linked more strongly to  fl oodplains may have been higher. Analysis 
using the JUICE software resulted in the following species group:  Peucedanum 
of fi cinale-Aster punctatus  group:  Peucedanum of fi cinale ,  Aster punctatus ,  Artemisia 
pontica , dry steppe species,  Clematis integrifolia ,  Eryngium planum ,  Peucedanum 
alsaticum . This list completely concurs with the  fl ora of characteristic contemporary 
stands. Contrary to our expectation, Kitaibel recorded  Peucedanum of fi cinale  
only infrequently suggesting that this kind of meadow steppe was uncommon on 
 fl oodplains and their margins even 200 years ago. The First Military Survey does 
not provide information. 

 During the past 200 years, many of its stands have been plowed or afforested. 
Others dried up, which has lead to the development of vegetation of shorter 
stature with an atypical species composition. They are sometimes infested by 
weeds. Stands adjacent to forests may be invaded by shrubs. They have limited 
regeneration potential, although some of the typical species readily enter old fi elds 
where they may become abundant (i.e.  Aster punctatus ). The total area of this 
community is barely 1,120 ha, one third of which is in good condition (naturalness 
4 and 5). It is endangered (particularly the species-rich stands) (Fig.  7.3 ).  

    7.4.12    Puccinellia  Meadow, Annual Halophytic Vegetation 
of Salt Lakes and Vegetation of Saline Flats 
(Habitat Code: F4 and F5) 

 In the most saline habitats of Hungary, three main community types are distinguished: 
(1) annual halophytic vegetation of salt lakes and mud- fl ats (F5); (2) vegetation of 
saline  fl ats embedded in dry saline steppes as small patches (F5); and (3) closed 
 Puccinellia  meadows (F4). These communities are rich in Pannonian endemics, and 
exhibit pronounced continental characteristics. They develop on strongly saline soils 
that are under water early in the vegetation period, but then dry out completely. On 
solonchak soils, precipitation of crystallized salts on the ground surface is common. 

 Characteristic, dominant and constant species are:  Crypsis aculeata ,  C. alope-
curoides ,  C. schoenoides ,  Cyperus pannonicus ,  Pholiurus pannonicus ,  Puccinellia 
limosa ,  P. festuciformis  subsp.  intermedia ,  Aster tripolium  subsp.  pannonicus , 
 Atriplex littoralis ,  Bassia sedoides ,  Camphorosma annua ,  Chenopodium chenopo-
dioides ,  C. glaucum ,  Lepidium crassifolium ,  Matricaria chamomilla  var.  salina , 
 Myosurus minimus ,  Plantago maritima ,  P. tenui fl ora ,  Plantago schwarzenbergiana , 
 Rorippa sylvestris  subsp.  kerneri ,  Salicornia prostrata ,  Salsola soda ,  Spergularia 
media ,  S. salina ,  Suaeda pannonica ,  S. maritima ,  S. salinaria.  

 We assume that stands of considerable size may have existed continuously in 
Hungary since the Pleistocene. However, direct evidence is very scarce, because the 
survival chance of pollen grains is greatly reduced by soil salinity and soil cracking. 
Furthermore, it is very dif fi cult to distinguish among Chenopodiaceae pollen 
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(but see fossil evidence for the occurrence of  Suaeda  and  Atriplex tatarica  in the 
Hortobágy steppe, Sümegi et al.  2006  ) . Before the draining of wetlands, several 
hundred salt lakes of variable ages occurred on the Great Plain (Molnár  1979 ; Boros 
and Biró  1999  ) . Surprisingly,  Polygonum aviculare , which is considered an indicator 
species of human disturbance (trampling by humans and livestock), has been a 
regular companion in the communities on saline mud- fl ats in the Hortobágy through-
out the Glacial and Postglacial periods (Sümegi et al.  2006  )  suggesting that it is a 
natural component of these communities. 

 Kitaibel observed similar habitats at many places. He often recorded salt harvests 
by sweaping, and even the collection of soda (sodium carbonate). Once he describes 
the vegetation zones of a salt lake: open water in the center with  Bolboschoenus 
maritimus , then  Puccinellia limosa  outward, followed by other species ( Plantago 
maritima ,  Podospermum canum ,  Lepidium crassifolium ,  Camphorosma annua ). 
This perfectly corresponds to the vegetation zones of current salt lakes with white 
water. We identi fi ed the following six species groups by analyzing the 92 species 
lists of Kitaibel with the JUICE software: (1)  Pholiurus  group:  Trifolium angula-
tum ,  Ventenata dubia ,  Pholiurus pannonicus , arable weeds,  Bromus hordeaceus  and 
 Myosurus minimus ; (2)  Hordeum hystrix-Lepidium ruderale  group:  Matricaria 
chamomilla  var.  salina ,  Polygonum aviculare ,  Hordeum hystrix ,  Lepidium ruderale , 
 Bromus hordeaceus ,  Pholiurus pannonicus , ( Artemisia santonicum ) and ( Plantago 
tenui fl ora ); (3)  Matricaria chamomilla  group:  Bromus hordeaceus ,  Matricaria 
chamomilla  var.  salina , arable weeds,  Lepidium perfoliatum ,  Festuca pseudovina , 
( Myosurus minimus ), ( Podospermum canum ) and ( Lepidium ruderale ). (4)  Suaeda 
maritima  group:  Suaeda maritima ,  Salicornia prostrata ,  Suaeda pannonica , 
 Scorzonera parvi fl ora ,  Aster tripolium ,  Atriplex hastata ,  Crypsis aculeata , 
( Spergularia maritima ); (5)  Lepidium crassifolium  group:  Lepidium crassifolium , 
 Camphorosma annua , ( Plantago maritima ), ( Aster tripolium ); (6)  Puccinellia 
limosa-Lepidium crassifolium-Camphorosma annua  group:  Camphorosma annua , 
 Lepidium crassifolium ,  Puccinellia limosa ,  Limonium gmelini ,  Plantago maritima , 
( Lepidium ruderale ), ( Atriplex hastata ). 

 The  fi rst three groups indicate disturbed stands on solonetz soils. The cause of 
disturbance may be regular trampling, grazing, and partly the inclusion of secondary 
stands at the margin of arable  fi elds into the species lists. The fourth and  fi fth group 
represent species characteristic of salt lakes and saline  fl ats on solonchak soils, 
respectively, whereas the sixth group includes the generalist species of  Puccinellia  
meadows and saline  fl ats. In the latter cases the species lists also correspond to 
the current situations. 

 In the First Military Survey, the Austrian military of fi cers sometimes attached 
some texts to salt lakes, such as “ Himmelteich ” (a lake from the sky), and “ dries up 
completely by summer ”. These data most likely refer to temporal intermittent lakes 
without concentrated in fl ow. The tiny salt lakes and muddy surfaces in the salt 
steppes are not depicted on the maps, however. 

 In the past 200 years, these habitats dried up considerably, or their soil often 
became leached. Certain stands were plowed up or ameliorated. Most of the salt 
lakes in sandy areas have completely dried up in the last third of the twentieth 
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century, whereas salt lakes on heavy solonetz soils suffered less from drought (there 
the spread of  Bolboschoenus  causes some problems). Their vegetation rapidly 
regenerates in suitable habitats, but regeneration ability sharply drops on leached 
soils. Soil leaching is followed by colonization of meadow, marsh or steppe species, 
and the development of a closed vegetation cover. Salt accumulation on the surface 
has ended at many places. Invasive species are missing. Only heavy overgrazing 
may cause moderate weed infestation. The total area is approximately 9,500 ha. 
The condition of around 80% of the stands is close to natural (as the degraded ones 
are often classi fi ed into other habitat types). They are not threatened on the short run 
(except for salt lakes, which are endangered), but on the long run leaching may 
result in the transformation of many stands (Fig.  7.3 ).  

    7.4.13   Steppe Woodland of  Quercus  on Saline Soils 
(Habitat Code: M3) 

 These are open woodlands on saline soils dominated by  Quercus robur . The stands 
rarely reach a height of 15 m, and form a habitat mosaic with saline tall herb meadow 
steppes, halophytic communities, dry steppes and reed beds. Forest elements are 
mixed with steppe and halophytic species. This habitat occurs almost exclusively in 
the eastern part of Hungary. 

 Characteristic, dominant and constant species are:  Acer tataricum ,  Crataegus 
monogyna ,  Fraxinus angustifolia  subsp.  pannonica ,  Ligustrum vulgare ,  Malus syl-
vestris ,  Prunus spinosa ,  Pyrus pyraster ,  Quercus robur ,  Ulmus minor ,  Agropyron 
caninum ,  Alopecurus pratensis ,  Arum orientale ,  Aster punctatus ,  Betonica 
of fi cinalis ,  Brachypodium sylvaticum ,  Carduus crispus ,  Carex melanostachya , 
 Corydalis cava ,  Cucubalus baccifer ,  Doronicum hungaricum ,  Lathyrus niger , 
 Melampyrum cristatum ,  Melica altissima ,  Peucedanum of fi cinale ,  Poa nemoralis , 
 Polygonatum latifolium ,  Pulmonaria mollis ,  P. of fi cinalis ,  Ranunculus  fi caria ,  Scilla 
vindobonensis ,  Serratula tinctoria ,  Viola cyanea-odorata.  

 A substantial portion of the current stands of steppe woodlands on saline soil 
may have developed from hardwood gallery forests by means of water loss in their 
habitat, which has been witnessed in the past 150 years, and as a consequence, 
canopy gaps developed. We propose this hypothesis on the basis of indirect historical 
evidence, literature data (Máthé  1933 ; Soó  1960 ; Zólyomi and Tallós  1967 ; Zólyomi 
 1969b,   c ; Molnár  1989  ) , and the examination of current stands. This hypothesis was 
put forward  fi rst by Máthé  (  1933  ) . Later it was accepted by Soó (for example 
Soó  1960  )  as opposed to Zólyomi (Zólyomi and Tallós  1967 ; Zólyomi  1969b,   c  ) . 
Another group of saline steppe woodlands may represent stands that developed 
before draining and water regulation. They may have occurred in  fl oodplains where 
the soil had a deep saline soil horizon, and which gradually dried out as a consequence 
of changes in the course of rivers (see Somogyi  1965  ) . This origin is suggested 
by the geographical situation of certain stands that are now bordered by ancient 
riverbeds and oxbows, which were naturally cut-off from the river many centuries 
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ago. Habitat desiccation and salinization thus may have taken place before water 
regulation, which represented only the second step in their development. 

 On the Great Plain, Kitaibel observed ‘forests on saline soils’ at several locations, 
which were rather similar to those today, but exhibited more pronounced gallery 
forest characteristics. He also described forests growing in  fl oodplain and/or saline 
environments with large amounts of  Peucedanum of fi cinale  and  Aster punctatus.  
During the First Military Survey, data making this vegetation type reliably recognizable 
were not collected (only the continuous existence of the present forests on saline 
soil may be demonstrated, but not their saline character 200 years ago). 

 During the past 200 years, the size of the few remaining stands further decreased, 
and some even disappeared. The canopy has been closing, and the glades have been 
invaded by shrubs owing to the cessation of grazing and cutting. The forest interior 
tended to become atypical (species-poor) rather than weedy. Spread of invasive 
species has started. Some of the stands are still intensively managed, while most of 
them are under legal protection. Several saline areas have been afforested with 
 Quercus robur . A portion of these plantations have opened up, and the rather old 
stands gradually attain steppe woodland physiognomy. The regeneration ability of 
these steppe woodlands is generally good in glades, poor in plantations, and zero in 
old fi elds. Their total area is barely 130 ha, although with the directly adjacent closed 
forest patches – that are classi fi ed in a different habitat type: closed lowland  Quercus  
forests (L5) – it is twice as large. Barely one  fi fth of the stands are in good condition 
(naturalness 4 and 5). It is a strongly endangered vegetation type (Fig.  7.3 ).   

    7.5   Past Trends in the Hungarian Forest-Steppe Habitats 

 It was at the end of the eighteenth century that the spatial and temporal density, 
reliability and detail of vegetation data suddenly increased in Hungary. At that 
time the  fi rst detailed data on the extension, species composition and land use his-
tory of almost all forest-steppe habitats were collected (Kitaibel’s diary, First 
Military Survey, Biró  2006 ; Molnár  2007  ) . Luckily, this was before river regula-
tion and afforestation programs were launched in Hungary (Tóth  1997  ) . The data 
indicate that most forest-steppe habitats already had undergone considerable 
transformation by this time. Steppe woodlands on loess had almost completely 
disappeared (in fact we do not even now their extent during the entire Holocene). 
Steppe woodlands on sand were already missing in many sand areas and those 
that remained became thin and patchy. The steppe woodlands on saline soils were 
also small in size. Large sections of the forest-steppe area were treeless and even 
shrubless. Roughly 20% of all the forests may have been steppe woodland (mostly 
on sand), 67% were wet or mesic forest on  fl oodplains and along rivers and rarely 
swamps, and 13% were individual trees or groups of trees and shrubberies. Around 
63% of the forests were dominated by  Quercus robur  (Biró and Molnár  2009  ) . 
According to both Kitaibel and the First Military Survey, the most common woody 
vegetation types were gallery forests, steppe woodlands on sand and shrubberies. 
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The forests were cleared usually in short cycles (<20 years) and/or were heavily 
grazed. For these reasons the species number and abundance of forest herbs were 
small (Molnár  1998  ) . 

 According to the data of Kitaibel and the First Military Survey (Biró  2006 ; 
Molnár  2007  ) , there were large areas covered with sand steppes and closed steppes 
on chernozem soil, most of which were used for grazing (although part of them had 
already been plowed up). The most typical farming method – besides the three- fi eld 
rotation – was switching between crop cultivation and grazing in several-year cycles. 
Marshes, as well as saline and sand dune areas were, however, plowed up only very 
sporadically. The “struggle” between grazing land and arable land was apparent in 
the landscape. Dune areas with wind-blown sand were extensive and occupied an 
area larger than expected under natural conditions because of excessive grazing. 
They were mostly treeless ( Populus  stands were rare,  Juniperus  was almost fully 
absent), and many of them were shifting dunes. The grassy vegetation (dominated 
by  Festuca  and  Stipa  spp.) was open and heavily grazed. The area of closed steppes 
on chernozem soil, which were extensive during the entire Holocene, further 
expanded following a minimum in the Middle Ages. As the several-hundred-year-
old regenerating old fi elds were very widespread, species-rich stands may have been 
rather sporadic. Most of the characteristic steppe species even then occurred on 
roadsides and in the unplowed strips between arable  fi elds. 

 According to the descriptions of Kitaibel, both the solonetz and solonchak areas 
were very similar to those of today (species composition, zonal arrangement of com-
munities, land use). Their extension may have reached its maximum then (Kitaibel 
saw only few arable  fi elds on saline soil). His data suggest heavy grazing. Kitaibel’s 
data also show that the saline vegetation did not undergo signi fi cant changes during 
the past 200 years (see Molnár  1996  b,   2003 ; Molnár and Borhidi  2003  ) , and paleo-
biological evidence suggests the continuity of this vegetation since the end of the 
Last Glacial Period (Sümegi et al.  2000,   2006  ) . We emphasize this, because the 
extensive (thousands of hectares) steppes on solonetz soil were considered secondary 
and no more than 150 years old until recently in the Hungarian botanical and pedo-
logical literature (see Szabolcs  1961 ; Jakucs  1976 ; Varga and Sipos  1993  ) . 

 The forest-steppe vegetation experienced great changes during the past 200 years 
(Table  7.1 ). Former trends continued (degradation, plowing) and new processes started 
due to motorized technologies in agri- and sylviculture. Amelioration and plowing of 
saline soils along with transformation into rice paddies started (though the latter 
attempts have been given up). Indigenous  Quercus  forests have been replaced by 
 Robinia  and  Pinus  plantations (still ongoing), and sand dunes have been afforested 
(now slowing down). Draining of wetlands has lead to soil leaching, and colonization 
of non-salt-tolerant species has resulted in the development of atypical vegetation. 
In the second half of the twentieth century, the spread of invasive species has intensi fi ed 
and eventually has become a widespread and harmful process. Another threatening 
factor arising in the past decades is the cessation of mowing and grazing. 

 Based on a comparison of the latest vegetation map showing the potential natural 
vegetation (Zólyomi  1989  )  and the actual data of the MÉTA database, approxi-
mately 251,000 ha (6.8%) of the total of 3,700,000 ha of forest-steppe vegetation 
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have survived until today (Figs.  7.1 ,  7.2  and  7.3 ). Habitat types that survived most 
extensively and in the largest patches are those on saline soil, which are unsuited for 
crop and intensive hay production (184,000 ha, which is at least 27% of the original 
area). Fragments with sizes of several thousands or even several tens of thousands 
of hectares are not infrequent. Although stands of the open sand steppe with sizes of 
several hundreds hectares still remain, of the overall 1,300,000 ha of forest-steppe 
on sand, only 42,000 ha remain (3.3%). Most stands of the closed steppe, however, 
are secondary, developed from drained wet meadows. The greatest decline in the 
extent of forest-steppe vegetation occurred on loess. Of its former 1,730,000 ha, 
barely 1.5% are left. A substantial portion of them is fragmented and restricted only 
to roadsides in certain parts of the country (Zólyomi  1969a ; Csathó  2010  ) . Presently, 
they remain to a large extent as enclosures in saline steppes instead of on large 
loess tablelands, and as dry derivatives of meadows. The woody component of 
the Hungarian forest-steppe has almost completely disappeared from the loess 
tablelands and saline soils and has been drastically reduced on sand.  

    7.6   The Present Status of the Hungarian 
Forest-Steppe Habitats 

 The condition of only 5.5% of the stands may be considered natural, 38% semi-natu-
ral, 46% moderately degraded, and 10% strongly degraded (or barely to moderately 
regenerated), based on the combined data of all forest-steppe habitat units in the 
MÉTA database. The rest of the stands (2.5%) has been degraded to such a degree that 
they can no longer be identi fi ed. The degree of degradation of the stands seems to 
greatly depend on the suitability of the habitat for crop production, soil condition, and 
the secondary origin of stands. The proportion of rather natural stands exceeds 80% 
only in the case of  Puccinellia  meadows and the annual vegetation on saline and mud-
 fl ats. This number is around 60% in  Artemisia  steppe and  Juniperus-Populus  scrub, 
and 12–25% in closed steppe on chernozem soil and on sand, in the vegetation of loess 
and clay cliffs, and in steppe woodland on saline soil and on loess tablelands.  

    7.7   Future Prospects of the Hungarian 
Forest-Steppe Habitats 

 We considered three approaches for predicting future trends in forest-steppe vegetation 
in Hungary: (1) extrapolation of past trends, (2) current threats and regeneration 
potential, (3) expected climate change and expected changes in land use. 

 According to the MÉTA database, the most in fl uential factors threatening the 
forest-steppe vegetation are (1) spread of invasive species; (2) abandonment of 
traditional land-use (and, as a consequence, spread of shrubs and accumulation 
of leaf litter); (3) drop of the groundwater table due to regulation and draining, 
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(4) plowing; (5) overgrazing; (6) excessive wild game populations; (7) afforestation 
of grassland habitats; (8) forest management practices (Molnár et al.  2008c )   
(Table  7.3 ). 

 The most successful and common invasive species are  Robinia pseudacacia , 
 Asclepias syriaca ,  Ailanthus altissima ,  Elaeagnus angustifolia , and more recently 
 Prunus serotina.  In view of predicted climate change and changes in land use we 
expect new invasive species to appear (Walther et al.  2009  ) . 

 After a peak in the 1980s, the number of domestic animals kept on grazing 
 fi elds has been declining in Hungary for 25 years. Today mostly sheep graze on the 
steppe, while only a few percent of the cattle herds graze in the  fi eld. The vegetation 
of abandoned or undergrazed  fi elds gradually changes: leaf litter accumulates, 
certain species (for instance,  Alopeurus pratensis ,  Elymus repens ,  Bothriochloa 
ischaemum ) become overdominant, the abundance of short plants decreases (such 
as  Thymus  spp.,  Potentilla arenaria , annuals), while shrubs and invasive species 
start spreading. 

 It may seem surprising that groundwater directly in fl uences around 55% of the 
forest-steppe vegetation in Hungary. These are primarily forest-steppe habitats on 
saline soils and steppe woodlands on sand. The explanation for the latter is that 
these woodlands are dominated by  Quercus robur , a rather mesic tree of the 
lowlands. Under current climatic conditions, this oak can be an edifying species 
in the forest-steppe on sand only if its roots reach down to the groundwater. 
In areas covered with sand, however, the groundwater table has dropped drastically 
(3–5 m, Pálfai  1994 ; Szilágyi and Vorosmarty  1997  )  in the past decades, and 
therefore these forests can barely regenerate themselves, and even older trees die 
off (Molnár  1998  ) . 

 The regeneration potential of different forest-steppe habitat units is greatly 
different (Seregélyes et al.  2008  ) . It depends on the dispersal abilities of species 
making up the local vegetation, which tends to be good in species of open sand 
steppe and saline mud- fl ats (Bartha et al.  2008a,   b,   c ; Csecserits and Rédei  2001 ; 
Czúcz et al.  2011 ; Biró  2006 ; Molnár  2007  ) , and on the speed of regeneration, 
which is rather low for forests and closed steppes on chernozem soil (Bartha  2007a ; 
Molnár and Botta-Dukát  1998 ; Molnár  1996a  ,   1998  ) . It also depends on the spatial 
characteristics of the neighbouring landscape, such as the presence of suitable 
sources of propagules (Molnár and Botta-Dukát  1998 ; Czúcz et al.  2011  )  and 
availability of habitat patches for colonization. Unfortunately, steppe woodlands, 
which are among the rarest vegetation types of Hungary, are also the ones with 
the lowest regeneration potential among all Hungarian habitat units. This may be 
the consequence of (1) their strong fragmentation, (2) the spread of invasive species, 
(3) the reduced survival and reproductive success of oaks (due to the increasing 
frequency of arid years and a decrease in the groundwater table, Molnár  1998  ) , and 
(4) the inherently slower regeneration of dry woodlands. We anticipate further 
decline in the regeneration potential of almost all forest-steppe habitat units because 
of the expected harmful changes in land use, the spread of invasive species, and the 
predicted increase in aridity. 
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 We may provide only crude estimates on the effects of expected climate 
change on forest-steppe habitats (Czúcz et al.  2009,   2010  ) . It is likely that 
increasing aridity will facilitate transformation of habitats, spread of invasive 
species, changes in land use, and will affect the level of under- or over-utilization 
(Fekete and Varga  2006 ). The strength of these effects, however, may greatly 
depend on the forecasted energy crisis (Czúcz et al.  2010  ) . Forecasts based on 
statistical distribution models (SDM) are, however, not suf fi ciently reliable 
because of the many artifacts these models produce. 

 As we have shown, most of the forest-steppe vegetation in Hungary has been 
exterminated and replaced by arable land, plantations and settlements. Although ca. 
two-thirds of the remnants are under legal protection (Horváth et al.  2003 , 
unpublished), the ef fi ciency of protection measures is variable. In the past decades, 
conservationists have abandoned the approach of focusing exclusively on reserves, 
and conservation strategies have been developed for entire regions with varied 
landscapes (Natura  2000  network, EU agri-environmental schemes). We believe, 
however, that the of fi cial bodies of conservation are not yet prepared for the 
expected changes in land use and climate. They have to face two issues simultaneously: 
(1) how to maintain disappearing traditional land use, which fundamentally 
contributes to the survival of the natural heritage (see Molnár et al.  2008a      ) , and 
(2) how to maintain the ability of natural habitats to regenerate and to adapt to 
the forecasted climate and land-use change (Bartha  2007a ; Seregélyes et al.  2008 ; 
Czúcz et al.  2010  ) . 

 Considering the past changes and current situation of natural habitats, we think 
that, of all forest-steppe habitat units in Hungary, steppe woodlands on loess and 
sand will almost fully disappear in the coming decades owing to the concerted effects 
of improper forest management and spread of invasive species. We further expect 
signi fi cant degradation and reduction in area of tall herb saline meadow steppes 
due to increased aridity and plowing, and of closed steppes on chernozem soil, steppe 
thickets and closed steppes on sand due to spread of shrubs and other invasive species, 
as well as plowing. Degradation of the vegetation on loess and clay cliffs and open 
sand steppe also is expected owing to the spread of invasive species in both, and 
afforestation in the latter. The area of  Puccinellia  meadows, vegetation of saline and 
mud- fl ats, saline meadows and steppe woodlands on saline soils will further decrease 
due to increasing aridity and leaching. The extent of the secondary  Achillea  steppe 
will probably increase (although it may be partly plowed up) as a consequence of 
leaching of the soil of saline  Artemisia  steppes and drying of saline meadows. 
Saline  Artemisia  steppes seem to be relatively stable, although soil leaching, and thus 
their slow transformation, are ongoing processes. As a long-term outcome of lack of 
grazing, the extension of  Juniperus-Populus  scrub in sand dune areas may increase 
(though this may be hindered by invasive species) despite the increasingly arid climate. 

 In sum, we predict further transformation, invasion of weeds, and fragmentation 
of the forest-steppe habitats in Hungary – although at different speeds and to different 
degrees depending on habitat types – and, as a consequence, the decline of their 
resilience and regeneration potential.      
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  Abstract   Dry steppe-like grasslands are of the most endangered habitats in Slovakia 
since the natural distribution of suitable sites supporting this vegetation is limited. 
These sites are refuges for many rare thermophilous species of plants and inverte-
brates, and signi fi cantly contribute to the biodiversity of the European landscapes. 
The land use of dry grasslands in Slovakia experienced some dramatic changes in 
the last decades. The most crucial factor negatively in fl uencing the biodiversity of 
grassland habitats is cessation of traditional extensive management activities, aban-
donment, afforestation, ploughing and building that resulted in area reduction, frag-
mentation, and degradation of dry grasslands. We summarise the actual results of 
rather intense dry grassland research in eastern Central Europe from the perspec-
tives of (I) their establishment history, (II) variability and classi fi cation, and (III) 
conservation and management. Summarizing the actual archaeological and palyno-
logical knowledge we polemicize about the potential existence of original dry grassland 
sites in the contact zone of the Western Carpathians and the Pannonian Basin where 
the steppe-like vegetation occurred continually since the Holocene. An overview of 
phytosociological and habitat classi fi cation of the steppe-like grasslands according 
to results of the newest surveys and expert perspectives is given including a call 
for need of revision of the classi fi cation of some European natural habitat types 
of community interest but with an unclear delimitation. Practical management 
recommendations, based on the ecological requirements of dry grassland habitats, 
are discussed.  
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  Abbreviations  

  AT    Austria   
  CZ    the Czech Republic         

    8.1   Introduction 

 Slovakia is located in the eastern part of Central Europe. It includes the biogeographical 
regions of the Western Carpathian Mountains and the adjacent northern part of the 
Pannonian (= Carpathian) Basin. There, the dry grasslands occur in the colline belt of 
the peri-Carpathian mountains (e.g. Považský Inovec Mts, Tríbeč Mts, Krupinská 
planina Mts, Slovenský kras Mts) and the lowland landscapes of the Pannonia 
(Fig.  8.1 ). The dry grassland vegetation in Slovakia is mostly restricted to smaller 
extra-zonal stands, although in some attributes of structure and species composition it 
is similar to the zonal forest-steppe (lesosteppe) in central Eurasia. Central European 
dry grasslands are western outposts of the vast steppes of Russia and the Ukraine 
(Walter  1974 ; Bohn and Neuhäusl  2000–2003  ) . The forest-steppe zone enters 
Central Europe along the Danube River (Horvat et al.  1974 ; Illyés and Bölöni  2007  ) . 
The precise location of the zonal forest-steppes in Central Europe differs in various 
sources although the main area is considered to be located in the Great Hungarian 
Plain (Bohn and Neuhäusl  2000–2003 ; Illyés and Bölöni  2007  )  (Fig.  8.2 ).    

    8.2   History of Dry Grassland Sites 

 In Central Europe, dry grasslands have existed since the Pleistocene. They occurred 
in vast areas in lowlands and hilly landscapes with a dry continental climate, harsh 
winters and short summers (Frenzel et al.  1992 ; Chytrý et al.  2007 ; Kuneš et al. 
 2008  ) . In the full and late glacial the mountain areas of the Carpathians were covered 
by taiga and hemiboreal forest while towards to the west and southwest the forests 
tended to be increasingly open or patchy gradually passing into the generally treeless 
tundra and steppe landscapes (Kuneš et al.  2008  ) . The occurrence of thermophilous 
species was conditioned by repeated series of their retreat and expansion due to 
the climatic oscillations in the Quaternary ice ages and interglacial stages (Hewitt 
 1999  ) . In the interglacials the distribution areas of plant and animal species expanded 
back to their previous ranges from the cold-stage refugia located in southern Europe 
(Iberian, Apennine and Balkan peninsulas), Caucasus and Caspian Sea area through 
various migratory routes (Willis and Whittaker  2000 ; Ložek  2009  ) . However, many 
topographically sheltered refugia with favourable microclimates were located also 
in the present temperate zones (Hewitt  2000  ) . The recent occurrence of thermophilous 
species of continental, Pontic-Pannonian and sub-Mediterranean distribution in the 
Pannonian Basin is explained by the survival of some species with wide ecological 
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amplitudes in micro-refugia located directly in this area, while some other species 
re-colonised Pannonia before and during the early Holocene along the lower Danube 
(Magyari et al.  2010  ) . Since there are only a limited number of pollen analyses in 
the Eurasian steppe zone and also only few fossil and phylogeographic studies 
available it is dif fi cult to appraise the distribution of rare and endemic thermophilous 
species in the Pannonian Basin and other areas (Hewitt  2004  ) . 

  Fig. 8.1    Location    of the dry grassland sites in Slovakia. They occur on warm slopes in the colline 
belt of the peri-Carpathian mountain ranges and in lowland areas of the Pannonian Basin       

  Fig. 8.2    The distribution of the forest-steppe and steppe zones in Eurasia. The detail shows the 
approximate location of the forest-steppe zone in the Pannonian Basin (Source:   http://wwf.org/    , 
modi fi ed by D. Dúbravková)       

 

 

http://wwf.org/
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 With climate amelioration and forest expansion in the Holocene dry grasslands 
became fragmented and restricted to the driest landscapes (south facing slopes, dry 
plateaus) while the forest occupied areas with a humid and cold mesoclimate such 
as north-facing slopes and valleys (Ložek  1971 ; Chytrý et al.  2007  ) . In Central 
Europe the dry grasslands may have existed even before man settled down, although 
these might not necessarily have been identical with the recent communities 
(Poschlod and Wallis De Vries  2002  ) . Their spatial extent, however, might have 
been in fl uenced by human activities (Pott  1996 ; Bieniek and Pokorný  2005  ) . 
Humans lived in the lowland and hilly landscapes of the Pannonian Basin since 
the Palaeolithic (about 2 million years BC). As the climate turned warmer their 
numbers gradually increased. Agricultural activities in this area started about 
7000–6000 BC. The colline areas in Slovakia, particularly the south-western and 
south-eastern margins of the Western Carpathians that are in direct contact with the 
Pannonian Basin, were colonised by groups of early farmers in the early Neolithic 
(5500 BC). They entered current Slovakia from the south along the Danube and the 
Tisza Rivers and their tributaries (Hajnalová  2007  ) . In these two main corridors, 
via which farming spread to new areas, archaeobotanical sites contain the oldest 
macro-remains of cultivated plants excavated in Slovakia (Fig.  8.3 ). Farming in the 
montane basins of the Central Western Carpathians appeared later.  

 Present hypotheses on the character of the vegetation in Central Europe at the 
time of arrival of the Neolithic farmers differ considerably. Some authors assume that 
the landscape was covered by deep mixed deciduous forests (Küster  1995  )  while 
others claim that Europe’s original vegetation were not the closed forests, but rather 
a more open, park-like landscape of sparse deciduous forests with forest pastures 
and small grassland stands maintained by the grazing of large primeval herbivores 
(Vera  2000 ; Sádlo et al.  2005  ) . As there are very few reliable palynological data from 
the territory of Slovakia, the following text is based on literature from the adjacent 
regions and archaeological interpretations on site density. ‘The deep forests theory’ 

  Fig. 8.3    Distribution    of Neolithic and Aeneolitic archaeobotanical sites in Slovakia (Hajnalová 
 2007  )        
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induces that forest clearing by the slash-and-burn management started near human 
settlements in the loess areas of the Pannonian Basin about 6000 BC and in the 
northern areas of the Carpathians some 1,000–2,000 years later. Regarding the 
sparse population density at those times, the forest clearings might not have left any 
considerable marks in the landscape and the process of forest re-colonisation in the 
cleared stands might have been rather quick (Krippel  1986  ) . It is assumed that this is 
the reason why pollen spectra and archaeological  fi ndings dating from those times 
do not correlate (Dresslerová and Pokorný  2004  ) . Deforestation started to be of a 
considerable intensity only in the early and full Bronze Age (about 1000 BC) due to 
the spread of mining and processing of metal, improving the farming techniques 
and allowing population increase (Lang et al.  2000–2003 ; Illyés and Bölöni  2007  ) . 
Large-scale forest clearing as a consequence of the expansion of farming (cultivating, 
pasturing and hay making) even in the less fertile areas continued with some 
intermissions until the Modern Time. In the montane areas, e.g. in the Považský 
Inovec Mts, forests were decimated during the Turkish wars in the seventeenth 
century. People made charcoal and created pastures for their herds, and  fl ocks 
sheltered in the mountains (Kňazovický  1962  ) . In Central Europe the area covered 
by forests was the smallest at about 1700 (Sádlo et al.  2005  ) . 

 ‘The open woodland with treeless formations theory’ (Vera  2000  )  assumed that 
at the time of the arrival of the Neolithic farmers the landscape was covered by open 
forest with steppe-like enclaves (Sádlo et al.  2005  ) . Much has since been written 
against, as well as in support of Vera’s theory, and several specialists now agree 
that it can be relevant, although probably not everywhere and not in the exact 
way as it was presented (Szabó  2009  ) . The theory is also supported by a substantial 
archaeobotanical analysis (Bogaard  2004  )  which has presented new facts on the 
establishment of Neolithic farming in the loess areas of Central Europe. The 
Neolithic farmers most probably situated their  fi elds at the treeless stands naturally 
occurring in the landscape. Analyses have dismissed the theory of cyclic slash-and-
burn cultivation and, instead, demonstrated the intensive cultivation of permanent 
plots (Bogaard  2004  ) . Diverse archaeological studies from Slovakia, the Czech 
Republic and Poland (Hajnalová  1989 ; Opravil  1999 ; Bieniek  2002 ; Bieniek and 
Pokorný  2005  )  document archaeobotanical  fi ndings of macro-remains of seeds 
and awns of feather grass ( Stipa pennata  s.l.) in thick layers dated as Neolithic. 
This potentially edible plant typical for steppe vegetation most probably played a 
role in the economy of the Neolithic settlers as a material for insulation or for 
making mattresses. Local gathering, rather than distant transport, best explains the 
presence in considerable quantities of this xerothermic grass in the remains of 
Neolithic settlements (Bieniek  2002  ) . The natural occurrence of small steppe stands 
with xerothermic grassland vegetation in the landscape of Central Europe of those 
times has now repeatedly been proved by pollen analyses (Nalepka et al.  1998 ; 
Bieniek and Pokorný  2005  ) . Some authors suppose that due to its utility value 
feather grass might have been transported and planted in new areas outside its original 
range (Behre  1988 ; Bakels  1992  ) , but considering the ecological requirements of 
the species, and the dif fi culties to get it established, this theory is most probably 
improper. Summing up, it is likely that steppe-like sites with feather grass naturally 
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occurred in south-western Slovakia at the times of establishment of farming in this 
area (about 5000–3000 BC). 

 The subsequent climate changes since the Bronze Age (since about 2500 BC) 
induced in most areas of Europe spontaneous afforestation. However, during 
this period humans maintained the treeless stands in the landscape of Central 
Europe and increased the distribution of dry grasslands by forest clearing and 
extensive livestock grazing (Bieniek and Pokorný  2005  ) . The anthropogenic 
in fl uences changed the natural boundaries of vegetation belts, induced secondary 
migrations of some species, and thus caused the creation of the secondary plant 
communities replacing the original (natural) vegetation. Xerophilous grassland 
communities developed gradually at sites where  Quercus, Quercus-Carpinus  and 
eventually  Fagus  forests have been cleared on slopes of warm expositions at low 
altitudes and on former  fi elds. Xerophytes and steppe species entered these sites 
from patches of natural steppes located nearby and as seeds transported in the fur 
of grazing animals. 

 The problem of a primary or a secondary origin of recent dry grassland sites in 
the contact zone of the Western Carpathians and the Pannonian Basin is dif fi cult to 
solve without local palynological studies. The origin of dry grasslands in the more 
oceanic areas of Western Europe is different. There the  fi rst farming communities 
appeared later (at about 4000 BC) and established themselves in a different 
climatic zone and another natural vegetation type than the humans dwelling in the 
Carpatho-Pannonian region. Based on pollen studies and archaeology, it seems that 
deforestation and maintenance of the treeless sites in Western Europe is a result 
of the activities of the Neolithic farmers (Pott  1996  ) . Their activities caused the 
establishment of steppe-like vegetation outside its zonal ranges and isolated glacial 
steppe refugia (Behre  2000  ) . Thus the dry grassland sites in Western Europe are 
considered to be of secondary origin. As we showed earlier, this is not valid for the 
Carpatho-Pannonian region. A very characteristic feature of eastern Central Europe 
is the co-occurrence of recent dry grassland sites and the areas inhabited and 
cultivated by humans since the prehistory (Ložek  1999 ; Bieniek and Pokorný  2005  )  
(Fig.  8.4 ). We may interpret this fact in two ways: (I) the Neolithic settlements were 
established in areas of natural distribution of historical (and also recent) steppe-like 
vegetation, or (II) the dry grasslands subsequently developed at the sites of former 

  Fig. 8.4    Comparison of the recent distribution of dry grassland sites ( left ) and the Neolithic 
archaeobotanical excavation sites in Slovakia ( right ). The  red marks  show the co-occurrence of 
archaeological and dry grassland sites       
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Neolithic settlements and farmland. Whatever the case, it is a fact that recent species-rich 
dry grasslands occur near archaeological sites that document the agricultural 
activities of Neolithic farmers (e.g. the hilly landscapes on the south-western edges 
of the Western Carpathians: Dolní Věstonice-Děvín – CZ, Lančár-Chríb, Nitra, 
Levice, Kamenín, Bíňa, Čenkov, Štúrovo, and on the north-eastern edge of the 
Pannonian Basin: Zádiel-Včeláre, Košice; Fig.  8.4 ), in the Bronze and Iron Ages as 
well as in the Great Moravian era since about the ninth century (e.g. Ducové, 
Dražovce, Lupka, Zobor, Bíňa), on the medieval castle hills (e.g. Čachtice, Devín, 
Turňa nad Bodvou, Krásna Hôrka, Sirotčí hrádek – CZ, Dívčí hrady – CZ, Falkenstein – 
AT) and at religious sites (e.g. a belfry hill Lančárska zvonica, calvaries in Nitra and 
Beckov). The dry grassland vegetation at those sites has repeatedly been studied 
(Maglocký  1979 ; Vozárová  1986 ; Unar  2004 ; David  2009 ; Dúbravková et al. 
 2010a  ) . Those prehistoric settlements were set up at naturally sheltered sites with a 
favourable meso-climate and fertile soil, located mainly on loess terraces and slopes 
along the river valleys, e.g. along the Morava, Dudváh, Hron, Žitava and Nitra Rivers 
(Ložek  1999 ; Bogaard  2004 ; Hajnalová  2007  ) . Due to the long-term agricultural 
utilization of the land ( fi elds, pastures, and meadows), soil erosion and occasional 
 fi res prevented later establishment of forest at these sites. The hypothesis on the 
existence of original dry grassland sites, where steppe-like vegetation occurred 
continuously since the Holocene in the landscape of the Carpatho-Pannonian region, 
is supported by some palynological studies, analyses of fossil mollusc communities, 
plant macro-remains as well as by isolated relict occurrences of taxa typical for 
continental steppes, such as  Helictotrichon desertorum  subsp.  basalticum  (Podpěra 
 1904 ; Chytrý et al.  2007  ) .   

    8.3   Variability and Classi fi cation of Dry Grasslands 
in Slovakia 

    8.3.1   Phytosociological Classi fi cation 

 In the phytosociological classi fi cation system the Central European dry grasslands 
belong to the class  Festuco-Brometea  Br.-Bl. et Tüxen ex Soó 1947 which includes 
dry and semi-dry grasslands and Euro-Siberian zonal steppes and forest-steppes 
(Mucina  1997  ) . The class comprises several orders. The order  Festucetalia valesiacae  
Br.-Bl. et R. Tx. ex Br.-Bl. 1949 includes the dry grasslands and steppes on deep 
to relatively shallow soils dominated by narrow-leaved tussock-forming grasses 
mostly fescues and feather grasses (e.g.  Festuca pseudodalmatica, F. rupicola, 
F. valesiaca, Stipa capillata, S. joannis, S. pulcherrima, S. tirsa , etc.). The species 
composition is speci fi c due to the occurrence of rare species of continental (e.g. 
 Astragalus austriacus, A. danicus, A. exscapus, Carex supina, Crambe tataria, 
Festuca valesiaca, Chamaecytisus ratisbonensis, Iris pumila, Oxytropis pilosa, 
Potentilla arenaria, Stipa capillata, S. dasyphylla, S. tirsa ), sub-Mediterranean 
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(e.g.  Cleistogenes serotina, Fumana procumbens, Chrysopogon gryllus, Melica 
transsilvanica,   Stipa eriocaulis ), and Pontic-Pannonian distribution (e.g.  Cruciata 
pedemontana, Gypsophila paniculata, Inula ensifolia, Linum hirsutum, Ranunculus 
illyricus, Tithymalus glareosus ). Based  fi rst of all on different geological substrates, 
and with some corresponding differences in  fl oristic composition, the Slovak 
dry grasslands of the order  Festucetalia valesiacae  are divided into two alliances. 
The alliance  Festucion valesiacae  Klika 1931 includes narrow-leaved continental 
steppe-like communities on alkaline to neutral soils developed over loess,  fl uvial 
sediments, carbonate and volcanic rocks (Michálková  2007a ; Dúbravková et al. 
 2010b  )  (Photo  8.1 ). The alliance  Koelerio-Phleion phleoidis  Korneck 1974 is 
restricted to the acidic soils poor in minerals, such as granite, gneiss and quartzite 
(Photo  8.2 ). The vegetation includes some acidophilous species (e.g.  Acetosella 

  Photo 8.1    Dry grassland of the  Festuco valesiacae-Stipetum capillatae  Sillinger 1930 association 
in the Malé Karpaty Mts, Devínska Kobyla Nature Reserve. In the background there is the paleonto-
logical sandstone site Sandberg, a Tertiary seabed. The stand is dominated by  Stipa capillata, 
Festuca valesiaca  and  Koeleria macrantha . The species in  fl ower are  Jurinea mollis, Lotus borbasii, 
Dorycnium pentaphyllum  and  Dianthus pontederae  (Photo by D. Dúbravková, May 15, 2006)       
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vulgaris ,  Agrostis vinealis ,  Armeria vulgaris ,  Jasione montana ) although the overall 
species composition is similar to the alliance  Festucion valesiacae . This vegetation 
occurs in Slovakia only at a few localities, since the distribution of suitable sites is 
limited (Michálková  2007b  ) .   

 Besides the closed to semi-closed steppe-like dry grasslands there occur open 
Pannonian, rocky, dry grasslands on calcareous substrates with  Carex humilis  and 
 Festuca pallens  ( Bromo pannonici-Festucion pallentis  Zólyomi 1966) and dealpine 
 Sesleria albicans -dominated grasslands ( Diantho lumnitherii-Seslerion  (Soó 1971) 
Chytrý et Mucina in Mucina et al. 1993) in Slovakia (Janišová and Dúbravková 
 2010  )  as well as the sub-xerophilous vegetation of the alliances  Cirsio-Brachypodion 
pinnati  Hadač et Klika ex Klika 1951 and  Bromion erecti  Koch 1926 (Škodová 
 2007a,   b  ) . These, however, are not a topic of the current paper.  

    8.3.2   Classi fi cation at the Habitat Level 

 The dry grassland communities of the alliance  Festucion valesiacae  present in 
Slovakia could be classi fi ed within three different natural habitat types: 6210 
Semi-natural dry grasslands and scrubland facies on calcareous substrates, 6240*    
Sub-Pannonic steppic grasslands, and 6250* Pannonic loess steppic grasslands 

  Photo 8.2    A fragment of acidophilous dry grassland in a horse pasture on quartzite (Biele Karpaty 
Mts, Skalický vrch). The dominant grasses are  Agrostis capillaris ,  Anthoxanthum odoratum  and 
 Festuca rupicola ;  Steris viscaria  is in  fl ower (Photo by J. Košťál, May 13, 2009)       
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(Stanová and Valachovič  2002 ; European Commission  2007  ) . The contents of these 
habitat types overlap a great deal, and this makes the classi fi cation extremely 
complicated. Due to the absence of internationally standardized information, the 
European Community has accepted these vague units as Natural Habitat Types of 
Community Interest according to Annex I of the Habitats Directive (92/43/EEC), 
although such types have unclear delimitations and are not supported by data 
(Dúbravková et al.  2010b  ) . They were designated using an inappropriate combination 
of two criteria: (I) occurrence of phytogeographically important (sub-)continental 
and Pannonian species, and (II) type of geological substrate. Applying the results of 
recent international comparative studies of grassland habitat diversity (Botta-Dukát 
et al.  2005 ; Illyés et al.  2007 ; Dúbravková et al.  2010b  )  might help to re-evaluate the 
delimitation of habitat types and establish better criteria for international habitat 
classi fi cation and subsequent effective monitoring of endangered habitats. 

 One of the most important environmental factors affecting the variability of 
(sub-) xerophilous vegetation of the class  Festuco-Brometea  is soil moisture (Chytrý 
et al.  2007  ) . For this reason we suggest to classify the biotope types according to 
this criterion into the following two proposed categories. The  fi rst unit would include 
more xerophilous vegetation dominated by narrow-leaved grasses (xerophilous 
 Festuca  and  Stipa  species). It could be called ‘narrow-leaved dry grasslands’ and 
include both the recent 6240* and 6250* habitats. Such a unit would comprise the 
alliance  Festucion valesiacae  (dry grasslands on loess, calcareous and volcanic 
substrata) as well as the  Koelerio-Phleion phleoidis  (dry grasslands on acidic substrata) 
and it might be subsequently divided into a few sub-units according to the type of 
substrate. On the other hand, the ‘broad-leaved semi-dry grasslands’ would represent 
the more humid habitat type dominated by  Bromus erectus  and  Brachypodium 
pinnatum . From the phytosociological point of view it would include vegetation of 
the alliances  Bromion erecti  and  Cirsio-Brachypodion pinnati . In the current 
habitat classi fi cation it partly represents the 6210 habitat. A similar habitat 
classi fi cation is used in practise in the habitat classi fi cation scheme of the Czech 
Republic (Chytrý  2001  ) . It has repeatedly been pointed out that the Slovak habitat 
classi fi cation published by Stanová and Valachovič  (  2002  )  needs revision 
(Michálková et al.  2006 ; Dúbravková and Janák  2011  ) .   

    8.4   Conservation and Management of Dry Grasslands 
in Slovakia 

    8.4.1   Socio-economic Perspectives on Land-Use Change 

 The peculiar species-rich composition of the Central European dry grasslands is a 
result of long-term agricultural activities. The xerophilous grasslands were used for 
ages as low-productivity pastures which could be occasionally moved in more 
humid years (Poschlod and Wallis De Vries  2002  ) . The sites in Slovakia are often 
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located at dif fi cult terrain situations, mostly on steep and rocky slopes, and thus 
were usually used for grazing of smaller animals such as sheep and goats. However, 
destitute farmers used to graze there all their livestock, including a few cows, horses, 
sheep, and goats (Barańska et al.  2010  ) . The dry grasslands were managed in a 
traditional way until about the end of the 1960s (Buček et al.  2006  ) . The main reason 
for cessation of the low-intensity grazing practice was the intensi fi cation of agri-
cultural production during the period of communism in former Czechoslovakia 
(1948–1989). Private land was collectivised, the majority of former farmers started 
to work in industry, the number of livestock kept privately in the countryside 
decreased rapidly, and thus the area that was grazed decreased. The state farming 
companies tended to enormously intensify the production, and accordingly the 
animals of low pro fi tability (sheep and goats) were replaced by a higher number of 
cows. The dry grasslands could not compete in fodder productivity with the less dry 
grasslands and meadows, and therefore some substitute ‘progressive’ utilisation of 
the dry habitats was applied. Many steppe-like grassland sites were thus destroyed 
by afforestation (Zlinská  2000  ) , ploughing (Deván et al.  2006  ) , and mining, or they 
were abandoned which led to degradation of their extraordinary species composition. 
Similar unsuitable and even detrimental management was applied in other post-
communistic countries (Meshinev et al.  2005 ; Buček et al.  2006 ; Illyés and Bölöni 
 2007 ; Molnár et al.  2008 ; Ruprecht et al.  2009 ; Barańska et al.  2010  )  and in the 
Western Europe as well (Wallis De Vries et al.  2002  ) . 

 Although the variability of steppe-like grasslands in Slovakia is considerable, 
their actual status as regards land use and conservation is not optimistic. The major-
ity of the dry grasslands maintained until today are located in nature protection 
areas, such as national parks and reserves, and also there the traditional low-intensity 
grazing was ceased a long time ago and the sites became abandoned. Other dry 
grasslands occur near villages on fragments of formerly communal pastures which 
used to be grazed at low intensity, even during the communist days, by a few animals 
privately kept in the countryside (Buček et al.  2006  ) . After 1989 the land was returned 
to the private owners. But the modern land holders have only limited experience and 
few facilities for an active management of the sites, and thus many dry grasslands 
remain abandoned. Farming seems not to be pro fi table in modern society, and even 
though agro-environmental payments are provided, very few dry grassland sites 
have been managed in an effective and habitat-friendly way. Extensive sheep and 
goat grazing, which is the most suitable management practice for preserving the 
biodiversity of the steppe-like habitats, is done only at a few sites located in areas of 
nature conservation (Rajcová  2010  ) . 

 We also mention the negative impact of the past activities of the of fi cial State 
Conservation Agency. Due to lack of knowledge on the ecology of grasslands and 
the linkage between species richness and management, since the 1960s conserva-
tionists avoided any disturbance activities, including grazing and mowing, in the 
grasslands located in nature conservation sites (Buček et al.  2006 ; Mládek et al. 
 2006 ; Barańska et al.  2010  ) . This was detrimental for dry grasslands in the protected 
areas, and what is more, it raised mistrust by locals towards the conservationists 
when they recently encouraged them to graze and mow the stands, where such activities 
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were prohibited in the past (Šuvada pers. comm.). Present-day nature conservation 
strategy emphasizes using the same management methods as were applied traditionally 
by our farming ancestors. The problem is, however, that only a few people remember 
in detail the past routines performed regularly at particular sites. This knowledge on 
e.g. the right timing of pasturing, ways of open-air sheep penning,  fl ock and shepherd 
migration, as well as rotational pasturing, is gradually disappearing as elder persons 
pass away. But this precious information results from age-old human experience 
and should be protected as a part of the cultural heritage of Slovakia.  

    8.4.2   Environmental Perspectives on Abandonment 

 The majority of xerophilous plant species naturally occurring in the dry grassland 
habitats are week competitors that can only establish and persist in nutrient-poor 
stands with a low intensity of competition (Bylebyl  2007  ) . Such grasslands are either 
naturally open (such as rocky dry grasslands of the  Bromo pannonici-Festucion 
pallentis ) or managed (grasslands of the  Festucion valesiacae  and  Koelerio-Phleion 
phleoidis ). Management is therefore crucial for maintenance of the species compo-
sition of xerothermophilous steppe-like grasslands (Virágh and Bartha  1996 ; Enyedi 
et al.  2008  ) . Cessation of the traditional management (sheep and goat grazing) as a 
result of a low economical pro fi tability and changes in lifestyle cause rather quick 
successional changes in these valuable habitats. If not managed, litter accumulates and 
changes the micro-climatic conditions at the sites. This results in an unfavourable 
alteration of the temperature and humidity at soil surface as well as shading and the 
formation of a mechanical barrier preventing germination and establishment. 
Therefore, species with short life cycles (annuals, biennials)  fi rst disappear from 
the abandoned stands (Černý et al.  2010  ) . But the germination of the perennials, 
e.g.  Eryngium campestre , is also negatively affected by shading and strong competition 
(Bylebyl  2007  ) . 

 During the  fi rst years of abandonment, the sites pass a ‘ruderal successional 
stage’ with a higher abundance of species such as  Echium vulgare ,  Anthemis 
tinctoria ,  Bromus sterilis , etc. (Bylebyl  2007  ) . This stage is usually followed by a 
‘grass stage’ with an increased dominance of sub-xerophilous (e.g.  Brachypodium 
pinnatum ,  Bromus erectus ) and mesophilous grasses (e.g.  Arrhenatherum elatius , 
 Avenula pubescens ). Due to the accumulated litter more water is retained and, by 
its decomposition, higher amounts of nutrients (P, N) cycle in the ecosystem. 
Nitrogen, originating from the industry and traf fi c, also is augmented (by about 
5 g/m 2 /year) through aerial deposition (Willems et al.  1993 ; Bobbink et al.  1998 ; 
Wallis De Vries et al.  2002  )  and is a serious problem in today’s nature conservation. 
An increase in nutrients, particularly of phosphorus, leads to the decline of 
oligotrophic species and of species richness (Willems et al.  1993 ; Chytrý et al. 
 2009  ) . Since the nutrients persist in the soil for a long time, the vegetation changes 
induced may remain constant for decades. Abandoned stands with nutrient 
additions are often invaded by expansive ( Calamagrostis epigejos ) and alien 
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species (e.g.  Ambrosia artemisifolia ,  Eleagnus angustifolia ,  Lycium barbarum , 
 Robinia pseudoacacia ,  Stenactis annua ) (Domán et al.  1997 ; Buček et al.  2006 ; 
David and Záchenská  2010  ) . In the advanced stage of succession polycorm-forming 
shrubs (e.g.  Crataegus  spp.,  Prunus spinosa ,  Rubus  spp.) and other woody species 
(e.g..  Cerasus fruticosa ,  C. mahaleb ,  Spiraea media ,  Quercus  spp.,  Fagus sylvatica , 
 Pinus sylvestris ) intrude the sites and develop layers of high cover. Such 
spontaneously overgrown sites rapidly decrease in species richness.  

    8.4.3   Management Recommendations 

 To maintain the species-rich dry grasslands it is necessary to suppress the uncon-
trolled spread of shrubs and trees at the abandoned sites by manual or mechanical 
clearing. This is an important precondition for maintaining the light-demanding 
xerophilous species (Bylebyl  2007  ) . Absence of the woody species, however, does 
not guarantee the sustainability of dry grasslands. Another important step toward 
long-term persistence of rare steppe species is regular biomass removal (by grazing, 
eventually mowing and occasionally a  fi re) and topsoil disturbance (by grazing, 
trampling). The disturbance provides creation of gaps with bare soil within the 
dense grass and litter sod and this allows the seeds to germinate. Germination of 
small-sized seeds is more disturbance-dependent than that of larger seeds (Burke 
and Grime  1996    ; Kupferschmid et al.  2000 ). While practising any management 
action it is important not to perform it simultaneously in the entire area of the site. 
A section of the site (each time a different one) should remain untouched so that the 
variability in vegetation structure is maintained. Variability of habitats and presence 
of different successional stages in the landscape supports the diversity of inverte-
brates (Wallis De Vries et al.  2002 ; Cremene et al.  2005  )  and the occurrence of rare 
and endangered plant species (Enyedi et al.  2008 ; Ruprecht et al.  2009  ) . 

 The most convenient management of dry grasslands is grazing by sheep and 
goats in low intensity (Photo  8.3 ). These light-weight animals are suitable for 
grazing sites at slopes with a shallow soil (Háková et al.  2004  ) . The proper mix of 
animals is three sheep to one goat. A sheep is a selectively grazing animal which 
grazes the stand to a short height (about 3 cm), and thus the biomass removal is 
suf fi cient. Goats, however, graze the stand to a taller-height, preferring grasses in 
 fl ower, bark and leaves of woody species and thus reduce the height of shrubs 
(Mládek et al.  2006  ) . In low-productivity stands the native breeds of grazing animals 
are the most suitable ones because they are best adapted to the nutrient-poor fodder, 
the climate and the terrain situation (Calaciura and Spinelli  2008  ) . The animals 
prefer spring pasture when the fodder is fresh. At the end of April, when the grazing 
usually starts, the stand should not be too wet and muddy and the height of the grass 
must reach at least 5 cm. Strong trampling in spring causes damage to the vegetation 
sod. Therefore ‘one-shot walk-through grazing’ is positive for the vegetation but 
permanent grazing could harm some species. Later in the season (in July, August) 
the grass turns dry and less tasty. The grazing becomes more selective and many 
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ungrazed patches are created. However, grazing later in the season does not endanger 
the sensitive species and the majority of plants may produce ripe seeds that can be 
transported in the animal fur to other sites.  

 Spontaneous seed dispersal rarely exceeds a distance of 25 m in dry grasslands. 
For effective site regeneration and maintenance of the biodiversity seed transport 
from the species-rich sites located nearby might be necessary (Stamp fl i and Zeiter 
 1999 ; Barbaro et al.  2001  ) . This can best be achieved through herding sheep, as 
seeds show a high attach potential to sheep fur (Bylebyl  2007  ) , and rotating 
pasturing with  fl ocks grazing a stand for 3–4 weeks (Poschlod et al.  1998 ; Calaciura 
and Spinelli  2008 ; Háková et al.  2004 ; Barańska et al.  2010 a). The recommended 
animal density is 5 animals per hectare (Barańska et al.  2010  ) . Annual grazing is 
preferred, but stands in good condition could be grazed once in several years 
(Buček et al.  2006  ) . 

 Other types of management action such as mowing, mulching and burning may 
also be applied, although only under speci fi c circumstances and regulations. Mowing 
showed to be an effective way to eliminate expansive grasses e.g.  Brachypodium 
pinnatum ,  Bromus erectus  and  Calamagrostis epigeios  (Willems et al.  1993 ; Klimeš 
et al.  2008 ; Házi et al.  2010  ) . It has to be done twice a year and preferably late in the 
growing season (August, September). 

  Photo 8.3    Extensive grazing management of steppe-like grasslands with  Festuca valesiaca  in the 
Hainburger Berge Mts in NE Austria (Hundsheimer Berg Nature Reserve). The pasture was divided 
into a few sections by solar-powered electric wire fences and the  fl ock rotated through the sections 
according to the stage of grass growth (Photo by K. Hegedüšová, June 27, 2007)       
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 Where there are few farming animals available, mulching recently became a 
popular and relatively cheap management action. But mulching does not cause 
seed transport and does not remove biomass; it disrupts the solid litter layer 
and even long-term mulching does not cause a negative change in species composi-
tion (Kahmen et al.  2002  ) . 

 Burning is another cheep management action, but it is not recommended 
because, if applied regularly, the species composition shifts to a variant that very 
much resembles the herbaceous layer of a fallow (Kahmen et al.  2002  ) . If applied, 
the stands must be burnt in a mosaic pattern and only once in 15–20 years 
(Háková et al.  2004  ) . While a combination of grazing and infrequent burning 
increases the species richness of dry habitats, burning without grazing leads to a loss 
of species (Noy-Meir  1995  ) . 

 An effective method of restoring degraded dry grasslands and former  fi elds is the 
import of fresh hay from species-rich sites. Compared to seed sowing, a thin layer 
of hay serves not only as a source of seeds but also creates proper conditions for 
germination and establishment (Kiehl and Pfadenhauer  2007 ; Házi et al.  2010  ) . 

 To further the proper management of dry grasslands in Slovakia, we prepared 
guidelines (a management model) for land owners, farmers and the State’s nature 
conservancy which are collectively responsible for management of the steppe-like 
sites (Dúbravková and Janák  2011  ) . The models and the level of their implementation 
will also be used to design the rules concerning agro-environmental payments. 
This may positively motivate land holders and set a high standard for habitat-friendly 
management activities. The management models for all types of grassland habitats 
in Slovakia are published at   www.daphne.sk/mm/manazmentove-modely    .       
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  Abstract   In Spain, the extensive, largely treeless areas in semi-arid environments 
are considered as steppes, dominated by small shrubs, with forbs and grasses (dwarf 
shrub steppes). The main factor for their occurrence seems to be climatic continen-
tality and drought. 

 The Iberian steppe vegetation contains plant species of South Mediterranean 
Irano-Turanian and of Mediterranean Saharo-Sindian af fi nities. The Mediterranean-
Irano-Turanian element consists of eastern steppe species that spread through the 
Mediterranean basin, with many vicariances at generic level .  The Mediterranean-
Saharo-Sindian element of the Iberian steppes consists of plants derived from the 
Tertiary subtropical  fl ora of the open African spaces. Plant endemism reaches 42% 
in the Iberian steppes. 
 The steppes harbour steppe bird communities with highly endangered species. 
Steppe birds in general depend very much on the structure of the vegetation. Many 
bird species are seriously at risk, while processes, like agricultural intensi fi cation, 
abandonment of grazing, changes of land use, and construction activities, cause 
degeneration and destruction of many steppe areas.  

        9.1   Iberian Steppes in Perspective 

 One of the fascinating features of the Iberian vegetation concerns the presence of 
steppe areas. Although the Iberian peninsula is one of the European areas with 
the largest forest areas, – about a quarter is covered by trees (26% according to 
WWF-Spain  2009  )  –, it is far from the mythically referred “squirrel traveller”, 
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attributed to Pliny and Strabo. Accordingly, in ancient times the continuity of the 
Iberian forests was such that a squirrel could travel the peninsula from coast to 
coast through the treetops, without descending to the ground (Costa et al.  1997  ) . 
This story is highly questionable in the light of paleogeographic and  fl oristic data 
that point to the persistence, throughout the Holocene, of steppe areas related to 
extensive cold steppes that developed during the glacial periods (González-
Sampériz  2004  ) . 

 In Spain the largely treeless areas in semi-arid environments are considered as 
steppes. Most of these open formations are dominated by small shrubs, mixed with 
forbs and grasses, and thus are dwarf shrub steppes, differing considerably in struc-
ture from the grassy Russian steppes. The main factor seems to be the climatic 
continentality and drought: the Spanish steppes mostly occur on upland plains and 
plateaus surrounded by mountain ranges causing rain shadows. 

 The Mediterranean region is located in an ecotone position between the Holarctic 
and Paleotropical realms and carries plants with a cold, continental desert af fi nity 
(biome VII) and others with a thermophilic, arid or semi-arid af fi nity and with a 
subtropical root (Biome III) (Walter  1977,   1984  ) . Accordingly, typical of the Iberian 
steppe vegetation is the co-occurrence of plant species of South Mediterranean 
Irano-Turanian and of Mediterranean Saharo-Sindian af fi nities. Additionally, the 
Iberian steppes harbour endemic, Ibero-North African taxa, with small distribution 
areas in the more arid parts of the Iberian peninsula. 

 The  Mediterranean-Irano-Turanian element  of the Iberian steppes consists of 
eastern steppe species that spread through the Mediterranean basin in the latter half 
of the Tertiary as the Mediterranean Sea desiccated and the Alpine orogeny took 
place (Jäger  1971 ; Suárez et al. 1992). The Tethys Sea was gradually reduced, in the 
late Miocene (Messinian period), and the drying-up Mediterranean basin was con-
verted into a series of brackish lagoons, surrounded by extensive halophytic steppes. 
These complex events facilitated the emergence of a steppe environment and stimu-
lated the evolution of the thorny-cushion (‘tragacanthic’) life form in several shrubby 
species in the Mediterranean high mountains, above the level of cloud condensa-
tion, as well as the establishment of ‘species of dry af fi nity’ lower down (Sainz 
Ollero and Dominguez Lozano  2011  ) . Many  fl oristic vicariances at generic level 
( Salsola ,  Suaeda ,  Astragalus ,  Artemisia ,  Stipa ,  Microcnemum ,  Gypsophila , 
 Thymelaea ,  Juniperus  sect.  Sabina , etc.), and some remarkable disjunct occurrences 
( Pistacia atlantica ,  Krascheninnikovia ceratoides ,  Microcnemum coralloide ) docu-
ment these processes. 

 The  Mediterranean-Saharo-Sindian element  of the Iberian steppes consists of 
plants derived from the Tertiary subtropical  fl ora of the open African spaces, which 
had savanna-like landscapes (Quézel  1978  )  and gave rise to landscapes related to 
hot deserts. The esparto grass ( Stipa tenacissima ) is probably the best example of 
this  fl oristic element which is so prominent in the Maghreb countries. The forma-
tions in which esparto dominates precisely delineate the Mediterranean thermo-
philic steppes in Spain as well as in northern Africa. Other characteristic species of 
this element are  Periploca laevigata ,  Maytenus senegalensis ,  Ziziphus lotus , 
 Whitania frutescens  and,  Launaea arborescens.  
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 Endemism is considerable in the Iberian steppe areas. Already the classic work of 
Willkomm  (  1852  )  highlights the existence of 126 Iberian endemics (42%) in a total of 
302 steppe species. The  fl oristic peculiarity of the Iberian steppes is further augmented 
by the abundance of Ibero-Mauretanian species with small distribution areas. 

 Probably the most signi fi cant endemics in this steppe  fl ora are the three endemic 
woody crucifers which are ancient and evolutionary isolated taxa (paleoendemics) 
(Gómez Campo  1981  ) , whose distribution areas are fragmented and small, and 
clearly re fl ect their relict character. These are  Vella pseudocytisus  (basin of the 
Tagus, Hoya de Baza steppe near Teruel),  Boleum asperum  (Monegros, valley of the 
Ebro) and  Euzomodendron bourgaeanum  (Tabernas, Almería). 

 In the gypsum steppes endemics are very abundant. Willkomm  (  1852  )  already 
mentioned 32 endemic species of the gypsum steppe, and Mota et al.  (  2009  )  listed 
69 gypsophilous species in a total of 140 species which occur in these habitats.  

    9.2   Landscape Diversity in Iberian Steppes 

 Given the amplitude of the concept of ‘steppe’, particularly as used in Spain, it is 
dif fi cult to precisely delineate their distribution in the Iberian peninsula. While in 
the Iberian steppes the major differences have to do with substrates (Sainz Ollero 
 2003 ; Sainz Ollero et al.  2010 ; García Antón et al.  2002  ) , all the steppes have in 
common an aridity above the mean value which limits the presence of trees. In some 
cases the aridity is related to the general climate, as in the Murcia-Almeria sector, 
but in many others it is the local phenomenon of a rain shadow caused by surround-
ing ridges, as in the Ebro basin and interior plateaus. Often continentality exacer-
bates the local climatic conditions favouring stable steppe formations, as happens in 
the ‘parameras’. These terrains are very characteristic of the Iberian peninsula and 
are located at altitudes of 1,000–1,200 m along the periphery of the Iberian System. 
They constitute the primary habitat of forest-steppe, open, treeless vegetation in a 
mosaic with  Juniperus  (‘sabinares’ and ‘enebrales’) and  Pinus  (‘pinares’) stands, 
and of thorn scrub (‘aulagares’) and dwarfshrubs (‘tomillares’). Soil-related con-
straints are complementary factors of great importance that often determine the 
presence of steppe. Here we mention the nutrient-poor lithosols, as in La Serena and 
other parts of the basement in the western peninsula, and the evaporite substrates 
from Miocene ancient lakes that are rich in marl-gypsum materials and salt. 
Endorheic depressions are frequent in the inland basins (Ebro, Tagus, Duero, Hoya 
de Baza and Guadix   ) (Fig.  9.1 c).  

 The  fi rst maps of Willkomm  (  1896  )  and Reyes Prosper  (  1915  )  (Fig.  9.1a , b) show 
a series of nuclei located in the interior depressions on Tertiary substrates (Oligocene 
and Miocene) in the basins of the Duero, the Tagus (steppes of La Mancha) and the 
Ebro, and in the semi-arid area of Murcia-Almeria, the driest part of the Iberian 
peninsula. Reyes Prosper delineated larger spaces, but they essentially coincide 
with those of Willkomm. Ornithologists (De Juana et al.  1988  )  suggested larger 
areas, determined by the distribution of steppe birds. These extensions would also 
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include the ‘parameras’ of the Iberian System, the sparse grasslands of Extremadura 
and the Sierra Morena, and the region of the Serena or the valley of Alcudia, and 
also some cereal steppes. In the Iberian peninsula there are large areas where cereal 
crops are extensively cultivated once in 2 years. This practice results in wide open 
spaces that are fallow in the year between cultivations (‘Iberian dry farming’ in the 
terminology proposed by Dantín Cereceda  1916  ) . These terrains are very favour-
able for the maintenance of steppe birds.  

    9.3   Particularities of the Various Iberian Steppes 

    9.3.1   The Valley of the Ebro 

 This is one of the most extensive and characteristic steppe areas, although it is very 
fragmented by cultivation. The main factors determining the steppe character here 
are continentality, rain shadow, saline substrates. In the  fl ora the Irano-Turanian 

  Fig. 9.1    ( a ) Distribution of the Iberian steppes according to Willkomm  (  1896  ) , and ( b ) Reyes 
Prósper  (  1915  ) , ( c ) distribution area of  Ononis tridentata , a gypsophilous legume, which closely 
coincides with the distribution of the edaphoxerophilous steppes       
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element ( Krascheninnikovia ceratoides ,  Microcnemum coralloides ,  Gypsophila 
perfoliata ) is represented. 

 Among what appear to be better conserved areas we mention the Bardenas Reales 
de Navarra; the bad-lands of the Monegros (Alfajarín, Valmadrid, Saso de Osera, 
being small areas in between crop  fi elds); the plains on the right bank of the Ebro 
(refuge of the Lomaza of Belchite and the ornithological reserve “El Planerón”, 
protected now as a Special Protection Area (SPA, Birds Directive EEC/79/409)); 
“Tomillar de Alfés & Mas de Melons” in Lleida, one of the few steppe areas of 
Catalonia; the sector of the endorheic saline Bujaraloz-Sástago and Chiprana. 

 Irrigation programmes, promoted by the Government of Aragon, have distorted 
much of the best steppe areas of the Monegros and in the area of the Bujaraloz-
Sástago salt complex. These irrigation projects use the surplus of water in the basin 
of the Ebro, coming from the Pyrenees.  

    9.3.2   Semi-arid Southeast: Murciano-Almeriense Sector 
and Albacete 

 In these areas the most typical climatic steppes are located on a wide range of 
substrates. There are interior sub-desert areas (Tabernas); outcrops of gypsum and salts 
(Sorbas); areas of quartz or slate (Sierra de Cabrera, Filabres, higher part of Alhamilla); 
marine sediments (Campo de Nijar, nowadays covered by greenhouses, Photo  9.1 ); 

  Photo 9.1    ‘Espartales’ ( Stipa tenacissima  steppes) and greenhouses in the Campo de Nijar 
(Almeria) (Photo by H. Sainz Ollero)       
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“dalias” which are  fi elds known to the Romans as “campus spartarius” for their 
extensive formations of esparto ( Stipa tenacissima ) (Photo  9.2 ); continental sedimen-
tary rocks of lime and clay (Hellín, Albacete); dolomite and lime stone areas (Sierra 
Gador); and volcanic areas (Cabo de Gata).   

 Characteristic of the  fl ora is a marked endemism ( Euzomodendron bourgeanum , 
 Antirrhinum charidemi ,  Teucrium intricatum ,  T. turredanum ) and notable North 
African or Saharo-Sindian in fl uences at the level of shrubs or bushes ( Periploca 
laevigata ,  Maytenus senegalensis ,  Ziziphus lotus ,  Stipa tenacissima ,  Whitania frute-
scens ,  Launaea arborescens ) and succulents or herbaceous species ( Androcym-
bium gramineum ,  Fagonia cretica ,  Caralluma europea ,  Mesembryanthemum 
cristallinum ). 

 The Murcian steppes extend inland into the basin of the Segura (Cieza, Yecla) 
reaching the ‘espartales’ (Stipa communities) and ‘yesares’ (gypsum vegetation) of 
the province of Albacete (Hellín) and the salt marsh of Cordovilla. These are for-
ested steppes in which the ‘espartales’ occur between stands of  Pinus halepensis , 
with  Sideritis serrata  as one of the most notable endemic species. This area 
extends to Almansa, where the steppes are colder, and reaches to the formations 
of the ‘parameras’ of the Iberian System with thorny-cushion species, such as 
 Genista pumila.   

  Photo 9.2    Expansion of cereal crop  fi elds in the ‘espartales’ ( Stipa tenacissima  steppes) of 
Albacete (Photo by H. Sainz Ollero)       
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    9.3.3   Depressions of Baza and Guadix in the Province 
of Granada 

 These are steppe areas formed by the orographic isolation imposed by various Betic 
mountain ranges (Sierra Nevada and Baza to the South, Cazorla, la Sagra and 
Revolcadores to the North, Maria, Estancias and Filabres to the East). Beside 
these, the marine and continental sediments with a predominance of marl-chalky 
material, and endorheic saline areas, where halophytic formations are very well 
developed, are also important. To be mentioned is the presence of shrubs stands of 
great biogeographical signi fi cance, such as  Vella pseudocytisus  or  Krascheninnikovia 
ceratoides.   

    9.3.4   La Mancha and the Basin of the Tagus 

 Nowadays the steppe areas of La Mancha are very much reduced due to the exten-
sion of crop cultivation. They only persist on the gypsum areas of lower agricultural 
interest, on steep slopes in the basin of the Tagus (Aranjuez) and near some salty 
lakes (in the la Sagra area). In general the steppes of this zone are considered as 
secondary, as oak forests appear to be the potential climax vegetation, except in the 
Campo de Montiel (with ‘sabinares’ of  Juniperus thurifera ) or on the Quaternary 
sands of river basins or at Ciudad Real (with ‘pinares’ of  Pinus pinea ).  

    9.3.5   La Serena (Badajoz), the Valley of Alcudia (Ciudad Real) 
and Other Parts of Extremadura (‘llanos’ of Trujillo and 
Cáceres) 

 These steppe areas are located on early Paleozoic substrates and are very different 
from the rest of the Iberian peninsula. They consist of poor pastures of therophytes 
or hemicryptophytes, in which woody species are rare. It is an area mostly covered 
by ‘dehesas’ (savanna-like landscapes) and forest stands of  Quercus  in which the 
steppes are small enclaves. They occur on poor soils (lithsols), or at higher altitudes, 
which are relatively cold and affected by drying winds (‘paramos’).  

    9.3.6   The Duero Basin, Tierra de Campos and the Environment 
of Villafá fi la 

 These steppes are very limited in area, occurring among extensive croplands, on 
sedimentary substrates or Tertiary evaporites (marl-chalky and salty) which are 
unfavorable for forests. Their uniqueness was already noted by Willkomm  (  1852  ) .  
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    9.3.7   ‘Paramos’ of the Iberian System and the Basin 
of the Duero: Soria, Palencia (“El Cerrato”), Burgos, 
(“La Lora, Masa and La Bureba”), Segovia, Guadalajara, 
Cuenca, Zaragoza (Gallocanta Environment) and Teruel 

 The steppes of the ‘paramos’ are among the most original and better represented 
landscapes of the Iberian peninsula. These ‘paramos’ are high (900–1,200 m), more 
or less  fl at zones on carbonate substrates of the Tertiary (Messinian limestone, 
formed some 6 million years ago by the silting of the interior lakes of the Iberian 
depression), or on Mesozoic carbonate substrates (Jurassic dolomites and lime 
stones) which surround the Iberian System and the eastern part of the Central 
System. The vegetation consists of a mosaic of thorny bushes (‘aulagares’,  Genista 
scorpius ,  G. pumila ,  Erinacea anthyllis ) or dwarfshrub and grassy formations 
(‘tomillares’, ‘salviares’, ‘esplegares’, with  Thymus vulgaris ,  T. praecox ,  Salvia 
lavandulifolia ,  Lavandula latifolia ,  Helianthemum spp. ,  Teucrium polium ,  Poa ligu-
lata ,  Festuca hystrix ,  Koeleria vallesiaca ) that appear next to forest stands of 
 Juniperus thurifera , and sometimes of  Quercus faginea  or  Q. ilex  subsp.  ballota . It 
is a terrain with fossilized landscapes since the last ice age in which the cold 
Mediterranean steppes and the juniper forests (‘sabinares’) have undergone few 
changes. The harshness of the weather conditions (continentality, cold and drying 
winds), together with a karstic lithology that does not favor the retention of mois-
ture, explains why there is little competition with deciduous trees. These appear in 
the periphery of the ‘paramos’, in warmer or less arid areas.   

    9.4   Changes in Use of the Landscape 

 Most characteristically the steppes have been used for herding sheep and, in the 
dryer areas, goats. Centuries ago, the usage was more intensive than it is today. 
Often the usage for herding has been complemented with dry agriculture. Of course 
this cultivation has been restricted to parts that, because of their topography, are 
suited, e.g. valleys. Besides that, hunting for small animals has been popular, 
because of the abundance of hare and partridge, and other steppe birds. Nowadays, 
in some regions, hunting is even one of the most pro fi table usages. Other kinds of 
minor usage, as for example the picking of ‘esparto’ ( Stipa ), have been restricted to 
some local areas. 

 Concerning the Ebro valley, it has been said that the landscape in Roman 
times was formed of open boscages of pines and junipers with enclaves of halo-
phytic scrub around salines. From old ages, its usage was con fi ned to herding, 
agriculture, hunting and gathering of wild plants. This changed profoundly dur-
ing the Middle Ages, and apparently the boscages had disappeared by then. The 
role of transhumance in the disappearance of trees in these landscapes has been 
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subject of debate; the usage of agriculture was subordinated to that of herding, 
but it is not clear if this was also the case in Aragon. Besides that, there were 
strict rules concerning the use of the grazing lands. 

 After the Mesta, a powerful medieval sheep holders association, was abolished 
in 1835/1836 the use for agriculture intensi fi ed, which put an end to the remaining 
trees. The ‘pastos’ and ‘dehesas’ in the Monegros, for example, were transferred 
into the cultivation of grain on a large scale. Nevertheless, it was obligatory to cul-
tivate the land only once every 2 or more years, and leaving the borders between 
plots uncultivated. 

 Since the 1970s the introduction of mechanization and the use of fertilizer and 
pesticides allowed an intensi fi cation of agricultural use. As a consequence the diver-
sity of the landscape has further diminished. Other areas have been put to industrial 
use, house-building and irrigation. 

 The development of the ‘paramos’ has been more or less the same, although the 
point of departure here was different, with more variation in the type of boscages 
and the abundance of different kinds of tree species. The usage also was more vari-
able and extensive, with a growing importance of herding in accordance with the 
preponderance of the Mesta. From the still remaining boscages the changes in 
usage for herding can be analyzed, along with their clearance and their use for 
 fi rewood. 

 This change did not begin with the Middle Ages. According to Fidalgo Hijano 
 (  1987  )  already in the twelfth century laws were introduced to protect boscages. But 
in the eighteenth century the deforestation had already advanced considerably. The 
expropriation of church property in the period 1837–1855 (known as Mendizabal y 
Madoz) worked out similarly here as in the Ebro Valley and proliferated the use of 
dry cultivation (Bauer Manderscheid  1980  ) . In aerial views these changes in the 
landscape, brought about by the increase of dry cultivation, still can be observed. 
Yet, the intensi fi cation brought about by mechanization, fertilization, etc. did not 
happen here, due to the low earning capacity of the small and dif fi cult-to-reach plots 
of land. Only the change in the system of use from once every 2 years into yearly 
production has in fl uenced the landscape to some extent. 

 Other in fl uences have come with changes in the way the sheep are herded in 
some areas. Herds have grown bigger, and sometimes they are con fi ned into 
restricted plots of land where the sheep can roam freely. But in recent years sev-
eral steppe areas became undergrazed, and locally grazing was completely aban-
doned because of the poor income it generated. This lack of grazing degraded 
many steppe areas. Besides the use for herding sheep and goats, until recently the 
gathering of grasses ( Stipa  – raw material for paper production) has been sub-
stantial. The steppe landscape has also altered because of the plantation of 
boscages of pines and other trees since the 1960s and again recently, by the con-
struction of wind turbines, Other changes in recent decades include the extension 
of the cultivation area of crop trees (olive, vine), irrigation, disappearance of 
traditional fallows, and, particularly in coastal areas, uncontrolled urbanization 
(Bota et al.  2005  ) .  
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    9.5   Conservation Efforts 

 With the development of the Natura 2000 network, at least on paper, there has been 
a remarkable progress in cataloging areas for conservation. Numerous steppe areas 
have been declared as Special Protection Area (SPA, Birds Directive EEC/79/409) 
and Special Area of Conservation (SAC, Habitats Directive EEC/92/43). This draws 
a much more encouraging picture than the one which was presented by Suárez et al. 
(1992) or the one which was presented at the International Symposium for the 
Conservation of Steppe Birds and their Habitat, held in Valladolid (Castilla and 
León, Spain) in 1995. The importance of the steppe ecosystem, its unique landscape 
and relevance to steppe birds, seems to have got through to society and policy mak-
ers. There are currently 30–35 areas of the Natura 2000 network that have been 
proposed for its steppe characteristics, including important areas, such as the 
Monegros in Aragon, the Bardenas Reales in Navarre, the desert of Tabernas, Cabo 
de Gata or Sorbas in Almeria, the Altos of Barahona, the junipers of Cabrejas or the 
moors of Layna in Soria, the moorland of Maranchón in Guadalajara, the valleys of 
the Cerrato in Palencia-Burgos, La Serena in Badajoz, etc. In addition, many cereal 
steppes have been designated as SPAs in Castilla y León, Castilla-la Mancha and 
Madrid. Within the SACs important gypsum areas (Cuenca alcarria, valley of the 
Tagus) and salinas (Saladares of Cordovilla and Agramón in Albacete; La Mancha 
lagoons, etc.) are included. However, claims for a National Steppe Park in the valley 
of the Ebro, or in the semi-arid area of Almeria-Murcia, continue to meet opposition 
from local communities. This is especially the case in Aragon, where plans for irri-
gation in the Monegros, or the promotion of a large Casino, collide with conserva-
tion interests. 

 The notion of the importance of these unique ecosystems, depending on tradi-
tional use, is recognizable in the statements of environmental policy makers. 
However, few concrete conservation actions have been taken so far to reverse the 
processes of degradation and destruction which affect many areas. 

    9.5.1   New Proposed Project on Steppe Conservation in Aragon 

 A new conservation and investigation project on the steppes in Aragon has been 
developed. The objective of this project is to investigate the effect of abandonment 
of grazing on the biodiversity of the steppe ecosystem, and to apply the Ecosystem 
Approach for the conservation of biodiversity. More speci fi cally, it is aimed at 
determining the role of pastoralism in the maintenance of habitats of endangered 
steppe birds and plants, and investigating the social economic conditions of exten-
sive livestock breeding. 

 The steppes of Aragon are of great European importance with many bird and 
plant species included in the Habitat Directive. These steppes are primary grasslands 
similar to areas in North Africa and the steppes of Central Asia (Suárez et al.  1992  ) . 
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In Aragon the steppes count for the largest steppe bird communities of Spain with 
highly endangered species such as the great bustard ( Otis tarda ), the little bustard 
( Otis tetrax ), the common stone curlew ( Burhinus oedicnemus ), the lesser kestrel 
( Falco naumanni ), the ash harrier ( Circus pygargus ) and the Ricotí lark or DuPont 
lark ( Chersophilus duponti ). These birds are faced with declining populations at a 
national and/or international level, and are directly dependent on the steppe ecosys-
tems. Among the plant species there is a high level of endemism (42%). 

 The project is proposed to be carried out on a site in the ‘Muelas del Jiloca’, a 
Special Protection Area (SPA, Birds Directive EEC/79/409) and Special Area of 
Conservation (SAC, Habitats Directive EEC/92/43) in the state of Aragon, in a 
semi-arid steppe on calcareous and gypsum soils (Braun-Blanquet and De Bolos 
 1987  ) . The vegetation consists mainly of Mediterranean shrub steppes, and on sites 
with gypsum soils the vegetation consists of gypsum steppe:  Gypsophiletalia  (1520), 
a priority habitat type in the Habitat Directive (92/43/EEC) .  The area harbours a 
community of steppe birds, such as the skylark ( Alauda arvensis ), the DuPont lark 
( Chersophilus duponti ), the spectacled warbler ( Sylvia conspicillata ), the little bus-
tard ( Tetrax tetrax ), the black-eared wheatear ( Oenanthe hispanica ), the short-toed 
lark ( Calandrella brachydactyla ), and the calandra lark ( Melanocorypha calandra ). 
Some of them are highly endangered. Steppe birds in general depend very much on 
the vegetation structure, and are often limited to sites with rather open vegetation of 
a very speci fi c height (Photo  9.3 ).  

 On these steppes there is a long history of extensive grazing by sheep (Photo 
 9.4 ), which maintains a rather open vegetation with many typical plants and birds. 
During the last decade there has been a drastic reduction in the number of herdsmen, 

  Photo 9.3    Black-bellied Sandgrouse ( Pterocles orientalis ) breeding on the dry open plains of the 
Spanish steppes (Photo by A. Portero Garces)       
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because of the bad socio-economic situation of extensive livestock breeding. 
Without adequate measures, it is foreseen that this negative trend will continue and 
extensive livestock breeding will disappear. Nowadays, in the rural areas of Aragon 
only about 4,000 herdsmen remain.  

 On the Muelas del Jiloca the number of sheep has diminished to 1,650,000, 
almost half since 1990. But due to the abandonment of grazing the vegetation has 
changed dramatically. It is to be expected that within the next decades this will lead 
to a much denser and higher vegetation and, consequently, a loss of habitat for pro-
tected plant and steppe bird species. 

 The general goal of the conservation project is to promote the conservation of the 
steppes in Aragon, and to improve the livelihoods of herdsmen who are dependent 
on these ecosystems and vice versa. The project themes are: (1) studying the effects 
of abandonment of grazing on the biodiversity and functioning of the steppe ecosys-
tem; (2) studying the effects of  fi re and cutting on the rejuvenation of the steppe 
vegetation; (3) studying the consequences of the social-economic situation of the 
herdsmen for the continuation of pastoralism; (4) development of future perspec-
tives and strategies for an Ecosystem Based Adaptation to the abandonment of pas-
toralism. These themes will be researched by means of inventories, experiments, 
measurements and interviews. 

 An innovative aspect of this project is the implementation of the ecosystem 
approach developed by the IUCN (Shepherd  2004  ) ,    aimed at promoting the conser-
vation and sustainable use of the ecosystem in an equitable way. In this project the 

  Photo 9.4    Herdsman with sheep on a stubble  fi eld in the steppe area (Photo by M.A. van 
Staalduinen)       

 



2859 Iberian Steppes

primary stakeholders, the herdsmen, will be involved in the management of the 
area, by using the grazing of sheep as a tool for nature conservation. Grazing plans 
will be developed by using the traditional knowledge of the herdsmen together with 
ecological knowledge of the steppe vegetation. The results of the study will be 
applied for the development of restoration methods, a monitoring programme, and 
contracts for environmental services by herdsman. This will  fi nally result in guide-
lines for conservation management, and an improvement and diversi fi cation of 
income for the herdsman. 

 This project is seen as important, because solid action is urgently needed in order 
to prevent a further degradation of the steppes and a total abandonment of extensive 
livestock breeding in Aragon, Spain.       
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  Abstract   In a close comparison of grazed and protected stands along a long 
submeridian transect next to the trans-Mongolian railway (Sukhe-Bator – Ulaanbaataar 
– Dzamyn-Ud) across several subzones of the Mongolian steppes we studied cover, 
species composition, and aboveground phytomass. In about all main types of 
steppe overgrazing led to the spread of bushes. In mountain-meadow and meadow 
steppes overgrazing tends to lead to dominance of  Artemisia frigida  and  Caragana 
pygmaea;  in true and dry steppes with  C. microphylla  and  Artemisia frigida;  in 
deserti fi ed (dry) and desert steppes with  Caragana stenophylla  and  C. korshinskii.  
Subdominants, depend on subzonal type of steppe and can include  Artemisia 
adamsii ,  Carex duriuscula ,  Convolvulus ammanii ,  Leymus chinensis ,  Potentilla 
acaulis  and  Sibbaldianthe adpressa.  When grazing loads increase it can to strongly 
monodominant communities.      

    10.1   Introduction 

 In the twentieth century the steppe ecosystems of Eurasia have been subject to 
intensive anthropogenous in fl uence mainly because their natural properties proved 
favorable for human settlement and economic development. The result was a 
practically utter annihilation of steppe ecosystems in Central and Eastern Europe, 
and a signi fi cant transformation of steppe ecosystems in Western Siberia, Kazakhstan 
and Transbaikalia. In Mongolia steppe ecosystems have not yet lost their natural 
potential as the country has a scarce population and preserves the traditional 
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cattle-breeding way of life. However, here 50–60% of the pastures are subject to 
moderate disturbances, and 20–25% to strong disturbances (Gunin et al.  1998  ) . 
The strongly increased animal load of the past decades has disrupted the natural 
balance and, because of the high vulnerability of semiarid and arid ecosystems, this 
promotes their degradation and deserti fi cation. This has resulted,  fi rst of all, from 
the increase in the number of cattle breeders in many regions of Mongolia to the 
extent that one can speak of a “cattle-breeding boom” that, in the opinion of many 
authors, presently resulted in “the true revolution” in the agricultural sector of the 
national economy (Muller and Bat-Ochir  1996 ; Graivoronsky  1997  ) . This is primarily 
due to the burgeoning numbers of herders and their livestock. From the 1980s till 
2008, the total number of livestock has increased almost twice – from 23.0 to 44.3 
million (State of the Environment  2002 ,  2009 ). At the same time, the herd structure 
changed: the number of goats increased 3–4 fold. The weak development of an 
infrastructure for cattle-breeding facilities has, from an ecological point of view, led 
to an unreasonable increase in the number of goats in the central part of Mongolia. 
This is particularly obvious in the majority of suoms (districts) of the Selenga, 
Central and Eastern-Gobi aimags (regions). During the past two decades, the total 
number of livestock has increased there 1.5–2 fold. At the same time, the number of 
goats increased 3–4 fold. All this adversely affected the pastures in Mongolia in 
general, and in its central part in particular. Given this situation we argue that the 
results of scienti fi c studies into the basic laws of transformation of steppe ecosystems 
as a result of pastoral use should be used as guidelines; those results can be used 
to assess the character of the changes in the plant communities as digressive or 
regenerative processes, and de fi ne the conditions of optimal functioning of the 
steppe ecosystems in view of their economic and nature protection value. 

 Our main task here was to study the reaction of the structure and ef fi ciency of 
the plant communities of the basic types of steppe ecosystems of Central Mongolia 
on the effect of grazing. We consider structure and ef fi ciency the most sensitive 
parameters that will allow an estimation of pasture condition and anthropogenic 
disturbance, and an assessment of the character of the transformation of the steppe 
ecosystems under pastoral use. 

 As known, an important feature of the Daurian-Mongolian sector of the Eurasian 
steppes is their cover with bushes, due to the dominance of various species of bushes, 
subshrubs and dwarf semi-shrubs belonging to the genera  Caragana ,  Artemisia , 
 Spiraea ,  Armeniaca ,  Amygdalus ,  Dasiphora , and others (Karamysheva  1961 ; 
Karamysheva and Khramtsov  1995  ) . Therefore, some researchers distinguish a spe-
cial category of bushy steppes within the Asian steppes (Yunatov  1950 ; Kuminova 
 1960 ; Kalinina  1954  )  and even classify this group as a special type of vegetation 
(Bykov and Stepanova  1953  ) . However, none of these authors did see the bushy 
steppes as a result of pastoral digression (degradation) under in fl uence of wild and 
domestic animals. Moreover, based on Yunatov’s work  (  1950,   1954  ) , the well-
known expert on the vegetation of Mongolia, it was believed that the nomadic type 
of economy and the huge area of pastures in Mongolia did not promote “a wide-
spread pastoral digression” (Yunatov  1950 : 121). As a matter of fact, Gorshkova and 
Lobanova  (  1972  )  and Gorshkova  (  1973  )   fi rst proved that intensely degrading 
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processes and strongly disturbed pastures occurred in the Transbaikalian steppes, 
but she limited their distribution to the steppes of Southern Siberia, not including 
the steppes of Mongolia. The foremost woody species that expands under grazing 
and forms secondary communities is  Artemisia frigida  (Miroshnichenko  1964 ; 
Chogny  1988  ) . Comparative analysis of the environment and  fl oristic structure of 
steppe communities of the European and Asian parts of the steppe area has ascer-
tained, that the large  fl oristic variety in endemic and relic bushes in the steppes of 
Mongolia, as compared to the plain steppes of the European part of Russia, is 
caused not only by variation in the soil-lithological structure of the substrate 
(Lavrenko et al.  1991 ; Lavrenko and Karamysheva  1992  )  and the history of the 
 fl oral composition (Kamelin and Gubanov  1993 ; Kamelin  1994,   2004  ) , but also by 
their long period of intensive pastoral use (Dinesman and Bold  1992  ) . 

 Based on these  fi ndings we assume, that during the more than 1,000 years of 
pastoral use of the steppes of Mongolia many bush species, which are more xerophytic 
in comparison with typical species of the steppes (grassy plants such as true grasses 
and sedges, and forbs), were widely distributed in and characteristic for petrophytic 
and psammophytic habitats but gradually established themselves in the typical zonal 
steppe communities as these steppe communities became degraded as a result of 
grazing pressure. This hypothesis can possibly be con fi rmed in two ways: by carrying 
out long-term geobotanical monitoring of the restoration of the disturbed vegetation 
cover in plots protected from external anthropogenous in fl uence; and by carrying out 
parallel studies on the vegetation cover in representative areas of steppes that for a 
long time have been protected from pastoral and agricultural use (e.g. within military 
polygons, meteorological stations, zones of restriction of railways, etc.).  

    10.2   Our Transect Study 

 In regions of nomad cattle breeding the main problem in assessing the in fl uence of 
grazing on the condition of the pasture ecosystems is the absence of a control to 
compare the grazed pastures with in order to de fi ne the character of the changes. 
In Mongolia such reference plots with areas of up to several tens of hectares 
have been found along the Trans-Mongolian railway: Sukhe-Bator – Ulaanbaataar – 
Dzamyn-Ud and its branch lines to the cities of Erdenet and Sharyn-Gol (Fig.  10.1 ). 
These plots have been free from grazing for some 30–50 years. 

 In 2006 we did simultaneous studies on the transformation of the vegetation 
cover of grazed and non-grazed pastures in 10 key plots located along a submeridian 
transect along the railway and crossing the typical communities in the main subzones 
of the steppe: mountain-meadow steppe, meadow steppe, true steppe, dry steppe, 
transitional very dry steppe, and desert steppe (Fig.  10.1 , Table  10.1 ). Observations 
were carried out within a short period (25 July–25 August 2006) during the maximal 
development of the dominant species, allowing the comparison of the state of the 
vegetation cover in the different subzones and comparison of grazed and non-grazed 
plots. In the derivative communities in the grazed plots we registered the following 
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qualitative and quantitative changes in structure: change in the phytocoenotic 
positions of species; nanophytism (reduction in the sizes of plant individuals); 
amount of herbage, reduction of primary and gross aboveground phytomass; 
expansion of grass and bush species typical of digressive stages. Grazed and non-
grazed (protected) plots were compared and the degree of grazing disturbance 
(by livestock) was determined by an earlier approved technique (Gunin and 
Vostokova  1989  ) . Selected plots in a polygon were no more than 10–20 m apart 
and had identical soil and geomorphological conditions.   

 Field data were gathered using standard techniques: In each plot detailed geo-
botanical descriptions in an area of 100 m 2  were made. Calculations of the number, 
projected aerial cover, and productivity of plants were based on three plots of 1 m 2 . 
The aboveground phytomass was harvested, sorted by species and dried at 105°C. 

  Fig. 10.1    Geographical position of the polygons along the Trans-Mongolian railroad Sukhe-Bator 
– Ulan-Bator – Dzamyn-Ud and climate-diagrams in the main subzones of the steppe ecosystems 
(meadow, true, dry, and desert steppe). Polygon labels and communities studied are listed in 
Table  10.1        
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For bushes we measured height, greatest and smallest diameter of the crown, and 
calculated the number of branches in subplots of 0.5 and 1.0 ha. Crown projection 
areas and volumes (based on crown projection and height) of individual bushes 
were calculated. Total projected cover of the bushes was calculated from crown area 
and number of individuals. Their aboveground phytomass was calculated in the same 
way. Weight of the average bush individuals was calculated using the technique of 
Slemnev  (  1969  ) . In some plots we only counted the number of bushes and calculated 
their aboveground phytomass and projected cover from the weight and crown 
projection area of average individuals of these species as measured in adjacent plots 
or adjacent polygons (Slemnev et al.  2005  ) . Furthermore, in each plot we collected 
soil samples from different genetic horizons to determine their natural humidity.  

    10.3   Dynamics in the Steppes 

 The submeridian transect is located between 43° and 51° N and crosses Mongolia 
in its central part. From the orographical point of view, the transect crosses four 
large geomorphological areas: the Orkhon-Selenga middle-high mountains, the 
low-mountain massifs of Southwestern Khentei, the central part of the Gobi, and the 
Eastern-Gobi depression (Geomorphology of MPR  1982    ). Average absolute heights 
of the relief decrease from north to south from 2,000 m to 600 m a.s.l. Characteristic 
elements of relief along the transect are the aeolian sandy deposits on slopes of 
low mountains, on plains, and in depressions. In most cases they have the character 
of a turf-covered, ancient relief, accumulated by the wind, and only in windy, sandy 
corridors (the valley of the Tuul River, Eastern-Gobi depression, etc.) they sometimes 
serve as the reservoirs of sandy material blown into adjacent landscapes. 

 Plantgeographically, the territory of the transect lays in the Central-Asian (Daur-
Mongolian) subarea of the Eurasian steppe area (Lavrenko  1970 ). Traditionally the 
vegetation of the steppe zone in Mongolia is classi fi ed into six height-zone and 
zone-belt types of steppes: “cryophyte-forb-tussock-grass; meadow grass-forb, 
forb-grass and sedge; forb-tussock-grass; dry tussock-grass and rhizome-grass; 
deserti fi ed tussock-grass and desert semi-shrub-tussock-grass steppes” (Lavrenko 
et al.  1991 : 119–130). Based on data of meteorological stations along the railway 
(Namkhaijantsan  2002  )  and an analysis of soil-geomorphological parameters on 
the map “Ecosystems of Mongolia”  (  2005  )  we classi fi ed the steppe ecosystems 
along the transect as: true, dry, deserti fi ed (very dry), and desert steppes, which are 
zonal vegetation types, and mountain-meadow and meadow steppes which occur 
as separate mosaic units on raised massifs and in intermountain hollows and val-
leys (Table  10.2 ).  

 As Table  10.2  shows, the categories of steppes can differ 2–2.5 times in 
moisture, and 5–7 times in dryness index. The moisture characteristics of the steppe 
types (mountain-meadow, meadow, true, dry, deserti fi ed and desert) are respectively: 
humidi fi ed, moderately damp, moderately dry, dry, very dry, and extra-dry. 
Precipitation and evaporation show seasonal and perennial rhythms. Rainfall occurs 



296 S.N. Bazha et al.

   Ta
bl

e 
10

.2
  

  H
yd

ro
-t

he
rm

al
 r

eg
im

e 
of

 s
te

pp
e 

ec
os

ys
te

m
s 

in
 M

on
go

lia
 (

A
cc

or
di

ng
 to

 B
er

es
ne

va
 a

nd
 R

ac
hk

ov
sk

ay
a 

 19
78

 ; N
og

in
a 

 19
89

 ; N
am

kh
ai

ja
nt

sa
n 

 20
02

 ; 
G

ad
zh

ie
v 

 20
02

  )    

 T
he

 m
ai

n 
ty

pe
s 

of
 s

te
pp

e 
ec

os
ys

te
m

s 

 T
he

rm
al

 r
eg

im
e 

 Pr
ec

ip
ita

tio
n 

 In
di

ce
s 

 t I  
 t V

II
  

 t ye
ar
  

 A
 t  

 Pe
ri

od
 w

ith
 t 

>
 5

° 
 X

 ye
ar
  

 R
/L

 x  
 Ik

 

 1.
  M

ou
nt

ai
n-

m
ea

do
w

 s
te

pp
e  

(w
et

).
 

C
ry

op
hy

te
-f

or
b-

gr
as

s 
on

 c
he

rn
oz

em
-l

ik
e 

an
d 

da
rk

-c
he

st
nu

t s
oi

ls
 

 −
21

.0
 

 10
–1

2 
 −

3.
0 

 32
.5

 
 12

0–
12

5 
 >

30
0 

 1.
3–

1.
5 

 <
80

 

 2.
  M

ea
do

w
 s

te
pp

e  
(m

od
er

at
el

y-
w

et
).

 G
ra

ss
-f

or
b 

on
 d

ar
k-

ch
es

tn
ut

 s
oi

ls
 

 −
22

.8
 

 17
.5

 
 −

1.
5 

 40
.3

 
 13

5–
15

0 
 25

0–
30

0 
 1.

7–
2.

0 
 80

–1
00

 

 3.
  T

ru
e 

st
ep

pe
  (

m
od

er
at

el
y-

dr
y)

. F
or

b-
tu

ss
oc

k-
gr

as
s 

on
 d

ar
k-

ch
es

tn
ut

 a
nd

 c
he

st
nu

t s
oi

ls
 

 −
21

.8
 

 20
.0

 
 0.

2 
 41

.8
 

 16
0 

 20
0–

25
0 

 2.
6–

3.
0 

 10
0–

12
0 

 4.
  D

ry
 s

te
pp

e .
 T

us
so

ck
-g

ra
ss

 o
n 

ch
es

tn
ut

 s
oi

ls
 

 −
20

.0
 

 21
.5

 
 0.

5 
 41

.5
 

 16
5 

 15
0–

20
0 

 5.
0 

 13
5–

16
0 

 5.
 V

er
y 

dr
y 

st
ep

pe
. D

w
ar

f 
se

m
ib

us
h-

tu
ss

oc
k-

gr
as

s 
on

 li
gh

t-
ch

es
tn

ut
 s

oi
ls

 
 −

18
.5

 
 21

.7
 

 1.
3 

 40
.2

 
 17

5 
 12

0–
15

0 
 6.

0–
7.

0 
 >

16
0 

 6.
  D

es
er

t 
st

ep
pe

 . D
w

ar
f 

se
m

ib
us

h-
tu

ss
oc

k-
gr

as
s 

an
d 

tu
ss

oc
k-

on
io

n 
on

 b
ro

w
n 

so
ils

 
 −

19
.0

 
 23

.0
 

 3.
4 

 42
.5

 
 18

5 
 <

12
0 

 7.
5–

10
.0

 
 >

16
0 

  E
xp

la
na

tio
n 

of
 c

ol
um

ns
: 

t I , 
an

nu
al

 a
ve

ra
ge

 a
ir

 t
em

pe
ra

tu
re

 i
n 

Ja
nu

ar
y;

 t
 V

II
 , 

an
nu

al
 a

ve
ra

ge
 a

ir
 t

em
pe

ra
tu

re
 i

n 
Ju

ly
; 

t ye
ar
 , 

an
nu

al
 a

ve
ra

ge
 a

ir
 t

em
pe

ra
tu

re
; 

A
 t , 

am
pl

itu
de

 o
f 

ai
r 

te
m

pe
ra

tu
re

 in
 a

 y
ea

r;
 t 

>
 5

,–
 p

er
io

d 
w

ith
 a

ir
 te

m
pe

ra
tu

re
 >

5 
(d

ay
s)

; X
 ye

ar
 , a

nn
ua

l a
ve

ra
ge

 s
um

 o
f 

pr
ec

ip
ita

tio
n 

(m
m

);
 R

/L
 x , 

in
de

x 
of

 d
ry

ne
ss

 ; 
Ik

, i
nd

ex
 o

f 
w

in
te

r 
co

nt
in

en
ta

lit
y 

(I
k    

=
  S

 t <
 0

/ S
 X

 h , 
w

he
re

 X
 h , 

so
lid

 p
re

ci
pi

ta
tio

n,
  S

 t <
 0

, s
um

 o
f 

ai
r 

te
m

pe
ra

tu
re

 f
or

 th
e 

pe
ri

od
 w

ith
 t 

<
 0

°C
)  



29710 Pastoral Degradation of Steppe Ecosystems in Central Mongolia

in summer (June–August). Sevast’yanov and Tserensodnom  (  1994  )  showed 
perennial rhythms in northern and southern Mongolia. The data for the last 10 years 
(1996–2005) (Fig.  10.2 ) show this too for the northern (Selenga middle-high 
mountains, southwest spurs of Khentei) and the southern half (Gobi, Eastern-Gobi 
depression) of the transect.  

 Aboveground phytomass is closely related to seasonal moisture availability 
(amount of precipitation and natural humidity of the soils). Therefore, and because 
of their seasonal and perennial variability, we compare phytomass values of plots 
under pastoral use and non-grazed plots using the results obtained from 2001 to 
2003 as a control (Miklyaeva et al.  2002 ; Gunin et al.  2003 ).  

    10.4   Mountain-Meadow Steppes 

 Mountain-meadow steppes have been investigated on three polygons. The  fi rst 
polygon (XXXIII) is located on a  fl at-hilly area south of the railway Darhan – 
Sharyn-Gol. Absolute heights are 882–885 m (Fig.  10.1 , Table  10.1 ). The non-grazed 
fragment carried a [ Caragana pygmaea ] -Stipa sibirica + S.baicalensis + Galium 
verum  plant community on dark-chestnut soil. There we counted 36 species; the 
projected cover was 41.5%, the total phytomass 207.7 g/m 2 . Grasses, mostly  Stipa 
sibirica  and  S. baicalensis , made up more than 85% of the phytomass. The perennial 
forbs  Galium verum  and  Veronica incana  were common . Caragana pygmaea  made 
up 8.3% of the phytomass (Fig.  10.3 , Table  10.3 ). Onions ( Allium  spp.) and sedges 
(Cyperaceae) played an insigni fi cant role. Annual plants were absent.   

  Fig. 10.2    Precipitation dynamics along the Trans-Mongolian railroad.  1 , Barunkhara;  2 , Nalaikh; 
 3 , Choir;  4 , Dzamyn-Uud;  5 , Shamar       
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 In the grazed part of the polygon, the forb- Stipa  community was trans formed 
into a [ Caragana pygmaea ] -Artemisia frigida + Stipa baicalensis +S. sibirica+ Carex 
duriuscula  community. We counted 29 species; cover and total aboveground 
phytomass were reduced. A dwarf semi-shrub  Artemisia frigida  had become 
dominant and made up more than 30% of the phytomass and cover (Fig.  10.3 , 
Table  10.3 ). Here  Caragana  had almost three times more phytomass as compared to 
the non-grazed plot. The grasses were represented only by  Stipa baicalensis  and 
 S. sibirica;  their phytomass was reduced 7-fold in comparison with the ungrazed 
plot.  Carex duriuscula  had increased in phytomass and cover, and there were annual 
and biennial species ( Artemisia scoparia  and  Dontostemon integrifolia ) present. 

 The second polygon (XXXII) is located at a height of 873–875 m also to the 
south of the railway Darhan – Sharyn-Gol (Fig.  10.1 , Table  10.1 ). The non-grazed 
area carried a [ Caragana pygmaea ] -Stipa grandis + Artemisia scoparia + Galium 
verum  community on thick dark-chestnut soil of loess-like loams. The aboveground 
phytomass in this community was highest (271.1 g/m 2 ), the number of species was 
35, and the cover reached 35.9%. The dominant  Stipa grandis  contributed 64.2% to 
the total phytomass. Other grasses present were  Stipa sibirica  and  Cleistogenes 
squarrosa.  Perennial forbs made up 4.9% of the total phytomass; of these the most 
widespread was  Galium verum . The co-dominant and annual sagebrush  Artemisia 
scoparia  made up about 9% of the phytomass; other monocarpic herbs were scarce. 

  Fig. 10.3    Participation of life forms in the aboveground phytomass in the communities of mountain-
meadow steppes (in % of the total aboveground phytomass on a research plot). ( a ) [ Caragana 
pygmaea ] -Stipa sibirica ,  S. baicalensis + Galium verum ; ( b ) [ Caragana pygmaea ] -Artemisia 
frigida + Stipa baicalensis ,  S. sibirica + Carex korshinskyi ; ( c )  Festuca sibirica + Stipa krylovii 
+ Carex pediformis ; ( d )  Agropyron cristatum + Stipa krylovii + Carex pediformis + Koeleria cristata ; 
( e ) [ Caragana pygmaea ] -Stipa grandis + Artemisia scoparia + Galium verum ; ( f ) [ Caragana 
pygmaea ] -Stipa grandis + Artemisia scoparia + Kochia prostrata + Carex korshinskyi        
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 Kochia prostrata  was important and  Caragana pygmaea  formed a bushy layer with 
more than 11% of the total cover and phytomass.  Carex korshinskyi  and the onions 
 Allium odorum  and  A. senilis  were rare (Fig.  10.3 , Table  10.3 ) .  

 Under grazing, the community was transformed into a [ Caragana pygmaea ] -Stipa 
grandis + Artemisia scoparia + Kochia prostrata + Carex korshinskyi  community 
on dark-chestnut, carbonate-rich soil on loess-like loams. There were 26 species in 
the community, and the total phytomass was 233.7 g/m 2 . Cover was a little bit higher 
than in the non-grazed plot due to an increase of  Caragana pygmaea , which was 
dominant, and its share in the phytomass had increased 3-fold. Clumps of  Caragana  
under grazing were broken up; the majority of individuals contained 1–2 shoots. 
Large  Stipa  spp. had the same phytomass and cover as in the non-grazed plot, while 
the annual  Artemisia scoparia  had increased 1.7-fold in phytomass.  Kochia 
prostrata  had a reduced cover, but formed a signi fi cant phytomass.  Carex korshinskyi  
had increased, while perennial forbs had diminished in the community. The main 
species in this category were  Iris tigridia  and  Veronica incana , but they made up 
less than 1% of the stand’s phytomass. The pasture was used for winter grazing and 
during our research it was in a good condition. 

 The third polygon (II) represents an abrupt stony slope with northern exposition 
in the southwestern extremity of Khentei with a maximal height of 1,655 m 
(Fig.  10.1 , Table  10.1 , Photo  10.1 ). The vegetation here was a  Festuca sibirica + Stipa 
krylovii + Carex pediformis  community on soils with rubble. Here we found the 

  Photo 10.1    Polygon II represents a mountain-meadow steppe with northern exposition in 
the southwestern extremity of Khentei. The non-grazed part has a  Festuca sibirica + Stipa 
krylovii + Carex pediformis  and  Agropyron cristatum  community. Under pastoral use (at the upper 
side of the photo) the dominant  Agropyron cristatum  increased its share in the phytomass and 
cover. The proportion of  Festuca sibirica  and  Stipa krylovii  became less (Photo by authors)       
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highest species number (47); the cover of the community was about 40%, and the 
aboveground phytomass 150.7 g/m 2 . In the community structure grasses dominated 
forming 75% of the phytomass and more than 67% of the cover. All grasses had a 
good vital condition; their reproduction frequency ranged from 80% up to 100%. 
The dominant  Festuca sibirica  made up more than 40% of the cover and phytomass. 
 Stipa krylovii  and  Agropyron cristatum  were important and  Carex pediformis  was 
subdominant with more than 13% of the phytomass. Other perennial herbs contrib-
uted 11% of the phytomass; the most important being  Thalictrum petaloideum , 
 Galium verum ,  Carum carvi , and  Artemisia dracunculus.  Other species contributed 
less than 1% to the phytomass (Fig.  10.3 , Table  10.3 ).  

 Under grazing, in immediate proximity of the ungrazed plot, an  Agropyron 
cristatum + Stipa krylovii + Carex pediformis + Koeleria cristata  community 
occurred. It had a cover of 32.7%, and the total phytomass was 1.5 times less than 
in the ungrazed plot. Grasses made up more than 46% of the phytomass and cover. 
The dominant  Agropyron cristatum  had increased its share in the phytomass and 
cover. The share of  Festuca sibirica  and  Stipa krylovii  had become less, as had 
 Koeleria cristata . There occurred 19 perennial forb species and their share in the 
phytomass had increased in comparison with the ungrazed plot. The stand also 
contained poorly edible and inedible species ( Bupleurum scorzonerifolium , 
 Saussurea salicifolia ) .   

    10.5   Meadow Steppes 

 Meadow steppe was studied in two polygons. Polygon XXXVIII is located on a 
high, inundated terrace of the Khara-Gol River at a height of 699 m (Fig.  10.1 , 
Table  10.1 ). The ungrazed plot supported a  Stipa baicalensis + Allium odorum  
community on inundated, turfen, loamy soil. The community contained 16 species, 
but with a high cover: 47.7%, and a total phytomass of 188.2 g/m 2 . Grasses were 
predominantly tussock species:  Cleistogenes squarrosa ,  Koeleria cristata , and  Stipa 
baicalensis. Stipa baicalensis  formed 96% of the phytomass; other grasses less 
than 1% (Fig.  10.4 , Table  10.3 ).  Allium odorum  was subdominant. Among dwarf 
semi-shrubs  Artemisia frigida  and  A. adamsii  were conspicuous .  Perennial forbs 
( Astragalus sp. ,  Thermopsis dahurica ) were not important .   

 The  Stipa baicalensis + Cleistogenes squarrosa + Carex duriuscula  community 
was found under grazing. The species number was low (12 species), and cover and 
total phytomass were 2.2–2.5 times less than in the ungrazed plot. The tussock 
grasses  Stipa baicalensis  and  Cleistogenes squarrosa  were dominants, contributing 
73.8% to the total phytomass (Fig.  10.4 , Table  10.3 ).  Carex duriuscula  played a 
signi fi cant role and the dwarf semi-shrub  Artemisia frigida  was more common than 
in the ungrazed plot. The perennial  Potentilla bifurca  occurred, as well as the annual, 
resp. biennial,  Artemisia scoparia  and  Dontostemon integrifolius.  

 Polygon XXXVII is located 8–10 km from Darhan on a high terrace at 703 m 
(Fig.  10.1 , Table  10.1 ). In the ungrazed plot an  Allium senescens + Cleistogenes 
squarrosa  community occurred on a chestnut sandy soil. The community contained 
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31 species, had a cover of 31.5%, and a phytomass of 176.2 g/m 2 . The dominant 
 Allium senescens  made up 74% of the phytomass and 63.5% of the cover. The sub-
dominant  Cleistogenes squarrosa  accounted for 24.5% of the total phytomass 
(Fig.  10.4 , Table  10.3 ). Participation of other species was less than 1%. 

 Under grazing, in the immediate proximity of the fence, the  Allium sene-
scens + Cleistogenes squarrosa  community was transformed into an  Artemisia 
frigida + A. scoparia + Cleistogenes squarrosa + Carex duriuscula  community on a 
typical chestnut light-loamy soil. Species number was reduced to 20 and cover was 
high (more than 55%). Phytomass was 1.5 times less than in the non-grazed plot and 
amounted to 113.8 g/m 2 . The dominants were  Artemisia  species. The dwarf semi-
shrub  Artemisia frigida  made up about 80% of all phytomass and 62.8% of the 
cover, while the annual  Artemisia scoparia  contributed 6.3% to the phytomass. 
Participation of onions and grasses was sharply reduced. The subdominant grass 
 Cleistogenes squarrosa  formed 6% of the phytomass;  Agropyron cristatum  and 
 Stipa baicalensis  were scarce . Carex duriuscula  formed a signi fi cant part of the 
cover. Of the perennial plants  Potentilla acaulis  was common .   

    10.6   True Steppes 

 In the true steppe two polygons were studied. Polygon XXXV is located on the 
highest terrace of the Khara-Gol River south of the railway Darhan – Erdenet at 
789 m (Fig.  10.1 , Table  10.1 , Photo  10.2 ). The soil is dark-chestnut. The non-grazed 

  Fig. 10.4    Participation of life forms of plants in aboveground phytomass in the communities of 
meadow steppes (in % of the total aboveground phytomass on a research plot). ( a )  Stipa baicalensis 
+ Allium odorum ; ( b )  Stipa baicalensis + Cleistogenes squarrosa + Carex duriuscula ; ( c )  Allium 
senescens + Cleistogenes squarrosa ; ( d )  Artemisia frigida ,  A. scoparia + Cleistogenes squarrosa 
+ Carex duriuscula        
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fragment of this steppe carried a [ Caragana microphylla ] -Stipa baicalensis  
community consisting of 15 species. Its cover was 46.8%, and its phytomass 
261.4 g/m 2 . About 90% of the cover and phytomass was formed by  Stipa baicalen-
sis .  Leymus chinensis  and  Stipa sibirica  were also present. Participation of  Carex 
duriuscula  was insigni fi cant (less than 1%). The forb  Cymbaria daurica  occurred 
and the shrub  Caragana microphylla  formed only 0.4% of the phytomass (Fig.  10.5 , 
Table  10.3 ).  

 Under pastoral use, outside the fence, a [ Caragana microphylla ] -Allium odo-
rum + Carex duriuscula + Leymus chinensis + Stipa baicalensis  community had 
developed on dark-chestnut light-loamy soil. It contained 19 species and its total 
phytomass was 2.3 times less than in the non-grazed plot. Its cover had increased, 
basically on account of  Carex duriuscula  and  Leymus chinensis , which formed 65% 
and 18.8% of the total cover, respectively (Fig.  10.5 , Table  10.3 ). They dominated 
the phytomass. The role of dense-tussock grasses was reduced: the phytomass of 
 Stipa baicalensis  18-fold and  S. sibirica  was totally absent in the grazed commu-
nity. Phytomass of  Caragana microphylla  had increased to 2.7%. 

 Polygon XXVI in the true steppe was 5 km northeast of the Arashant railway 
station at the bottom part of a slope at 1,280 m (Fig.  10.1 , Table  10.1 ). The soil is 
chestnut with rubble and carbonates. The non-grazed plot carried a  Stipa baicalen-
sis + Convolvulus ammanii + Bupleurum scorzonerifolium  community with 31 
species, a cover is 36.4% and a total phytomass of 212.4 g/m 2 .  Stipa baicalensis  
made up more than 60% of the phytomass (Fig.  10.5 , Table  10.3 ). The tussocks of 

  Photo 10.2    True steppe polygon XXXV on the terrace of the Khara-Gol River. The non-grazed 
fragment ( right side ) is covered by  Stipa baicalensis  with  Caragana microphylla . Under pastoral 
use ( left side )  Carex duriuscula  and  Leymus chinensis  are dominants (Photo by authors)       
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 Stipa baicalensis  were well represented and all shoots were reproductive and 
reached a height up to 100 cm. Perennial forbs formed 18% of the phytomass. 
 Bupleurum scorzonerifolium  and  Convolvulus ammanii  were well developed. 
 Artemisia adamsii  contributed 9.6% to the phytomass, while the other dwarf semi-
shrubs  Alissum lenense  and  Artemisia glauca  occurred here and there. All species 
showed a good vital condition and  fl owered or set fruit.  

 Under grazing the vegetation was an  Agropyron cristatum + Stipa krylovii , 
 S. baicalensis + Leymus chinensis + Artemisia adamsii + Potentilla acaulis  com-
munity on light-brown, thin soil on very rubbly, loamy proluvium. Its cover was 
only 28.3% with 104.7 g/m 2  of phytomass. There were 28 species.  Artemisia 
adamsii  dominated;  A. glauca  and  A. frigida  were quite rare. Grasses made up 
more than half of the phytomass.  Stipa baicalensis  was 9.5 times less and the 
number of tussocks had strongly decreased but, nevertheless, this grass played an 
appreciable role in the community structure (13.8% of the phytomass) (Fig.  10.5 , 
Table  10.3 ). While  Stipa krylovii  was as abundant as in the non-grazed plot, 
 Cleistogenes squarrosa  and  Koeleria macrantha  contributed less than 1%, and 
 Agropyron cristatum  had increased in comparison with the non-grazed plot, as well 
as  Leymus chinensis .  Convolvulus ammanii ,  Cymbaria dahurica ,  Heteropappus 
hispidus ,  Iris tigridia ,  Potentilla acaulis ,  P. bifurca ,  P. multi fi da ,  Sibbaldianthe 
adpressa , and  Taraxacum dealbatum  occurred, with  Potentilla acaulis  being 
abundant (26.8% of the cover and 16.2% of the phytomass). Annual and biennial 
species were rare.  

  Fig. 10.5    Participation of life forms of plants in aboveground phytomass in the communities of true 
steppes (in % of the total aboveground phytomass on a research plot). ( a ) [ Caragana microphylla ] -
Stipa baicalensis ; ( b ) [ Caragana microphylla ] -Carex duriuscula + Leymus chinensis + Stipa 
baicalensis + Allium odorum ; ( c )  Stipa baicalensis + Allium anisopodium + Bupleurum scorzon-
erifolium ; ( d )  Agropyron cristatum + Stipa krylovii ,  S. baicalensis + Leymus chinensis + Artemisia 
adamsii + Potentilla acaulis        

 



308 S.N. Bazha et al.

    10.7   Dry Steppes 

 In the dry steppe we studied only one polygon: XV, located at 138 km south of 
Ulaanbaataar on a nearly  fl at to rolling plain at 1,334 m (Fig.  10.1 , Table  10.1 ). 
Under non-grazed conditions the community was a [ Caragana microphylla ] -Stipa 
krylovii  community of 27 species with a cover of 70% and phytomass of 164.2 g/m 2  . 
Stipa krylovii  was dominant both in cover and mass .  It was in a good vital condition 
with all shoots reproducing and up to 80 cm tall.  Caragana microphylla  formed 
more than 24% of the phytomass and 26% of the cover; the average diameter and 
height of bushes were 112 and 29 cm, respectively. Practically all individuals 
showed rich fructi fi cation. The onions  Allium bidentatum  and  A. tenuissimum  
formed 3.1% of the phytomass. The forbs, including  Cymbaria daurica , 
 Haplophyllum davuricum , and  Scorzonera capito , contributed 3.4% to the phyto-
mass and the dwarf semi-shrub  Artemisia frigida  less than 1% (Fig.  10.6 , Table  10.3 ). 
Annual and biennial plants were insigni fi cant. 

 Under grazing, close to the non-grazed plot near the fence, the vegetation was a 
[ Caragana microphylla ] -Artemisia frigida + Salsola pestifera  community with 21 
species, a sparse cover and 1.2 times less aboveground phytomass.  Caragana micro-
phylla  had become a dominant, contributing 69% to the total phytomass (mainly 
consisting of perennial branches) and more than 28% of the cover (Fig.  10.6 , 
Table  10.3 ). Its clumps had broken up and as a whole they were smaller in size. 
 Artemisia frigida  had become a subdominant. Grasses were very poorly developed 
and their contribution in the community was insigni fi cant. The mass of  Stipa 
krylovii  was 39 times less in comparison to the non-grazed plot, its individuals were 

  Fig. 10.6    Participation of life forms of plants in aboveground phytomass in the communities of 
dry steppes (in % of the total aboveground phytomass on a research plot). ( a ) [ Caragana 
microphylla ] -Stipa krylovii ; ( b ) [ Caragana microphylla ] -Artemisia frigida + Salsola pestifera        
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undersized and most of their shoots were not reproducing. Cover and phytomass of 
 Allium bidentatum  had remained the same. The group of forbs were enriched by 
 Astragalus sp. ,  Bupleurum scorzonerifolium , and  Potentilla bifurca  and annual and 
biennial species had increased as well as sedges;  Salsola pestifera  dominated. In 
this plot we clearly observed the encroachment of bushes.   

    10.8   Transitional Very Dry Steppes 

 In the transition zone between dry and desert steppes polygon XIV was studied, 
located near to the top of a  fl at hill at 1,220 m a.s.l., and 28 km south of Choir city 
(Fig.  10.1 , Table  10.1 ). The non-grazed plot supported a [ Caragana stenophylla ] -
Allium odorum ,  A. bidentatum + Cleistogenes squarrosa + Stipa gobica + S. kry-
lovii + Kochia prostrata  community with 31 species, a cover of 13.2%, and the very 
low phytomass of only 15.7 g/m 2 . The community is formed by species characteris-
tic of the dry steppe ( Stipa krylovii ,  Allium bidentatum  and  A. odorum ) and some 
dominants of the desert steppe ( Stipa gobica ,  Allium mongolicum  and  A. polyrrhi-
zum ). Tussock grasses made up 22.7% of the total phytomass. The share of onions 
was 33.4%, and the good vital condition of  Allium odorum  and  A. bidentatum  was 
conspicuous .  These species dominated in terms of cover (29 and 15.2% respec-
tively). Perennial forbs contributed 10% of the phytomass and annual and biennial 
species 18.5%.  Caragana stenophylla , with 2.6% of the phytomass, formed the 
bushy layer. The dwarf semi-shrub  Kochia prostrata  was subdominant and made up 
12.1% of the phytomass (Fig.  10.7 , Table  10.3 ).  

  Fig. 10.7    Participation of life forms of plants in aboveground phytomass in the communities 
of transitional very dry steppes (in % of the total aboveground phytomass on a research plot). 
( a ) [ Caragana stenophylla ] -Allium odorum ,  A. bidentatum + Cleistogenes squarrosa + Stipa 
gobica + S. krylovii-Kochia prostrata ; ( b ) [ Caragana stenophylla ] -Stipa krylovii + Cleistogenes 
squarrosa + S. gobica + Allium bidentatum + Sibbaldianthe adpressa        
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 Under grazing the community was transformed into a [ Caragana stenophylla ] -
Stipa krylovii + Cleistogenes squarrosa + S. gobica + Allium bidentatum +Sibbaldianthe 
adpressa  community with 29 species. The grassy cover was sparse (9.3%) and the 
total phytomass was 1.5 times less than in the non-grazed plot (10.3 g/m 2 ). Grasses 
formed 20.4% of that phytomass, and most of it was  Stipa krylovii . C leistogenes 
squarrosa  also was common .  As in the ungrazed plot  Allium bidentatum  was 
also dominant in this community, but its cover and phytomass was less.  Caragana 
stenophylla  made up 11.6%; semi-shrubs 10.6%. Forbs contribute up to 34% to the 
phytomass.  Sibbaldianthe adpressa , which is an indicator of vegetation degradation, 
was in good vital condition . Artemisia frigida  was a common dwarf semi-shrub .   

    10.9   Desert Steppes 

 In the desert steppe we studied polygon XXX, located on a  fl at sandy plain, 30 km 
north of the Mongol-Chinese border, at 979–990 m a.s.l. (Fig.  10.1 , Table  10.1 , 
Photo  10.3 ). Its vegetation was a [ Caragana korshinskii ,  C. stenophylla ] -Stipa 
gobica + Asparagus gobicus + Allium mongolicum  community on brown desert-
steppe soil with 11 species, a cover of 16.3% and a phytomass of 22.4 g/m 2 . As a 
result of the droughty conditions in the Gobi-part of Mongolia during the  fi rst half of 
the summer of 2006, the retarded development of the vegetation was obvious, and 

  Photo 10.3    Desert steppe polygon XXX, located on a  fl at sandy plain, 30 km north of the Mongol-
Chinese border. Its vegetation on the non-grazed plot is a [ Caragana korshinskii ,  C. stenophylla ] -
Stipa gobica + Asparagus gobicus + Allium mongolicum  community (Photo by authors)       

 



31110 Pastoral Degradation of Steppe Ecosystems in Central Mongolia

many species were in poor vital condition.  Caragana stenophylla  and  C. korshinskii  
were well developed and made up 21.4% of the phytomass. In a plot of 50 × 50 m we 
counted 32 specimens of  C. korshinskii  having an average diameter of 76 cm and a 
height of 52 cm; in that area we also counted 232 specimens of  Caragana stenophylla  
of 53 cm high and with a ratio of live shoots to dry ones of 7:10. 78.2% of the total 
phytomass consisted of herbaceous plants. The dominant in cover and phytomass 
was  Stipa gobica;  it contributed more than 60% to the total phytomass (Fig.  10.8 , 
Table  10.3 ). Of the forbs  Asparagus gobicus  was the most important species with 
8%. In this community, only  Allium mongolicum  was in a rather good vital condition. 
 Cleistogenes songorica  and the annual  Tribulus terrestris  had plenty of shoots.   

 Under grazing, the vegetation had strongly changed. Here we investigated two 
plots (at the eastern and western sides of the railway). On the eastern side the 
vegetation was a [ Caragana korshinskii ,  C. stenophylla ] -Asparagus gobicus + Allium 
mongolicum + Stipa gobica  community on a poor, brown, sandy desert-steppe soil. 
There were 16 species. The herbage was scarce, its projective cover being 14.4%, 
and its phytomass 11.7 g/m 2 . The bushy layer formed 40.2% of the phytomass. 
 Caragana  species were in good vital condition. The number of  Caragana korshin-
skii  shrubs in the plot area had increased 4-fold, but their size had decreased (their 
average diameter 1.5-fold, their height 1.7-fold). The number of  C. stenophylla  
shrubs had remained the same as in the ungrazed plot, but their height was 1.2 times 
smaller, and the total number of shoots had increased. Perennial forbs made up most 
of the phytomass, particularly  Asparagus gobicus  with 23.1%. The annual  Tribulus 
terrestris , an indicator of grazing, was common.  Allium mongolicum  was in good 

  Fig. 10.8    Participation of life forms of plants in aboveground phytomass in the communities of 
desert steppes (in % of the total aboveground phytomass on a research plot). ( a ) [ Caragana 
korshinskii ,  C. pygmaea ] -Stipa gobica + Asparagus gobicus + Allium mongolicum ; ( b ) [ Caragana 
korshinskii ,  C. pygmaea ] -Asparagus gobicus + Allium mongolicum + Stipa gobica ; ( c ) [ Caragana 
korshinskii ,  C. pygmaea ] -Asparagus gobicus + Allium mongolicum + Cleistogenes songorica+ 
Stipa gobica        
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vital condition and made up 10.3% of the phytomass.  Stipa gobica  8.6% but it was 
everywhere grazed off and its tussocks were trodden.  Cleistogenes songorica  and 
 Haplophyllum davuricum  were common. 

 On the western side of the railway, on a strongly sandy, brown desert-steppe 
soil, the pasture was a [ Caragana korshinskii ,  C. stenophylla ] -Asparagus gobi-
cus + Allium mongolicum + Cleistogenes songorica + Stipa gobica  community with 
14 species, a low cover of 11.8%, and a phytomass of 10.6 g/m 2 .  Caragana  species 
formed more than 60% of the phytomass. The number of  Caragana korshinskii  
shrubs was 8 times higher than in the ungrazed plot, but their average diameter was 
1.6 times smaller and their height almost 2 times. The number of  C. stenophylla  
shrubs had remained the same, but their total number of shoots had increased. 
From the herbaceous plants,  Asparagus gobicus  dominated and made up 9.4% of 
the phytomass and more than 8% of the cover.  Cleistogenes songorica  formed 
18.6% of the projective cover, but was bitten off everywhere, and it contributed only 
4.7% to the phytomass (Fig.  10.8 , Table  10.3 ).  Stipa gobica  had kept the same mass, 
but its tussocks were trampled and severely fragmented. Among the annuals  Tribulus 
terrestris ,  Setaria viridis , and  Salsola collina  were found .   

    10.10   Conclusion 

 Our researches in ten polygons along the Trans-Mongolian railway, covering the 
main types of steppe, have revealed the structure and aboveground phytomass of the 
plant communities and their dominants and subdominants. We found a reduction in 
phytomass in ecologically analogous communities as a result of (over)grazing even 
though the stage of grazing disturbance was assessed as of medium intensity in all 
these steppe communities. Thus, in the grazed vegetation along the railway, the 
aboveground phytomass was reduced 1.2–2.0 fold as compared to the non-grazed 
equivalent plots (Fig.  10.9 ).  

  Fig. 10.9    Aboveground phytomass of the zonal communities along the Trans-Mongolian railroad 
Sukhe-Bator – Ulan-Bator – Dzamyn-Ud       
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 In the steppe communities along our transect, when protected from grazing, the 
dominants, both in terms of cover and phytomass, are  Stipa grandis ,  Allium senescens , 
 S. baicalensis ,  S. krylovii ,  Allium odorum ,  S. gobica , respectively. Grazing causes two 
important processes to happen. On the one hand, herbaceous plants are replaced by 
woody bushes ( Caragana microphylla ,  C. pygmaea ,  C. stenophylla ,  C. korshynskii ) 
and dwarf semi-shrubs ( Artemisia frigida  and  A. adamsii ) and thus pasture lands are 
encroached by bushes. On the other hand, perennial and annual species that thrive 
well in degrading pasture land invade. Our observations showed that in grazed plots 
 Artemisia dracunculus ,  A. palustris ,  Carex duriuscula ,  Convolvulus ammanii ,  Potentilla 
acaulis ,  Sibbaldianthe adpressa  and  Veronica incana  become important in different 
sections along the transect. These species are known as indicators of pastoral digression 
(degradation) in Mongolia (Yunatov  1950 ; Chogny  1988 ; Gunin and Miklyaeva  2006  ) . 
Thus, our results correspond to those of Graivoronsky  (  1997  )  for Transbaikalia and of 
Chogny  (  1988  )  and Miroshnichenko  (  1964  )  for Mongolia. 

 In  mountain-meadow steppe  at medium intensity of disturbance dominants are 
replaced by subdominants:  Festuca sibirica  was replaced by  Agropyron cristatum , 
and in the  Stipa grandis  community  Caragana pygmaea  increased and  Stipa gran-
dis  became a subdominant. In the community dominated by  Stipa sibirica  bushes 
and dwarf semi-shrubs ( Caragana pygmaea ,  C. microphylla , and  Artemisia frigida ) 
increased to dominance and  Stipa sibirica  was strongly declining. 

 In  meadow steppe  grazing triggered the xerophytization processes and the 
increase of  Artemisia frigida . Onion vegetation could be replaced completely by 
 Artemisia frigida , but  Stipa baicalensis  communities proved more stable against 
pastoral in fl uence and changes were not cardinal.  Stipa baicalensis  remained a 
dominant species, but its phytomass became sharply reduced. 

 In  true steppe  grazing induced an increase of  Leymus chinensis  and  Carex 
duriuscula , while the role of  Stipa baicalensis  was reduced, and in the forb-sagebrush-
grass community  Artemisia adamsii  and  Potentilla acaulis  increased, probably 
because of strong grazing pressure, but also the occurrence of many rodents in the 
community may stimulate this development. 

 In  dry steppe,  under long-term grazing, there was a total change in subdominants: 
semi-shrubs and dwarf semi-shrubs strongly increased and herbaceous species 
decreased. As the top soil became drier under grazing, euxerophytes, such as 
 Caragana microphylla  and  Artemisia frigida , increased 

 The strong expansion of  Caragana  under grazing was clearest in  desert steppe,  
where  Caragana korshinskii  and  C. stenophylla  even could become dominants, 
particularly on sandy soils.  

    10.11   Assessing Pastural Conditions of Mongolian Ecosystems 

 As has been shown (Bazha et al.  2008 ; Danzhalova  2009  )  the use of direct  fi eld 
measurements (species composition, cover, aboveground phytomass, growth form 
of dominant species) for the assessment of the degree of degradation of the 
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vegetation due to grazing and anthropogenic disturbance leads to ambiguous results. 
Morphometric and reproductive parameters of the dominant species change as 
the role of the species in a community changes under the in fl uence of grazing, 
especially in the  fi nal stages of degradation and are therefore only of limited use. 
For a reliable assessment it proved necessary to apply additional criteria. We suggest 
to use ratios of  fi eld-measured variables to quantify bush encroachment, invasiveness, 
and palatability. 

  Bush encroachment.  In order to quantitatively assess bush encroachment in 
degrading vegetation under prolonged grazing pressure, we suggest to use the weight 
ratio of species with woody shoots (bushes, semi-shrubs, and dwarf semi-shrubs) to 
that of herbaceous species. 

 The values of that ratio in the ungrazed steppe communities discussed here are 
always lower than 1.0 and range from 0.01 in meadow steppes to 0.9 in desert 
steppes. In the grazed equivalent communities the values are always higher and vary 
from 0.3 to 9.6 (Table  10.4 ).  

 On this basis is it possible to evaluate bush encroachment. Considering a ratio of 
2.0 or higher as typical of a very high degree of disturbance, we classify the follow-
ing communities into that category: [ Caragana pygmaea ] -Artemisia frigida + Stipa 
baicalensis ,  S. sibirica + Carex duriuscula  community in the mountain-meadow 
steppes (XXXIII);  Artemisia frigida ,  A. scoparia + Cleistogenes squarrosa + Carex 
duriuscula  community in the meadow steppes (XXXVII); [ Caragana microphylla ] -
Artemisia frigida + Salsola pestifera  community in the dry steppes (XV); [ Caragana 
korshinskii ,  C. stenophylla ] -Asparagus gobicus + Allium mongolicum + Stipa 
gobica  and [ Caragana korshinskii ,  C. stenophylla ] -Asparagus gobicus + Allium 
mongolicum + Cleistogenes songorica + Stipa gobica  communities in the desert 
steppe (XXX) (Table  10.4 ). 

  Invasiveness.  The role of typical steppe dominants and species that typically 
indicate vegetation degradation varies in communities under grazing pressure 

   Table 10.4    Coef fi cients of bush encroachment, invasiveness, and palatability in the main types of 
steppe communities in Central Mongolia   

 Type 
of steppe 

 Polygon 
number 

 Coef fi cient of bush 
encroachment 

 Coef fi cient 
of invasiveness 

 Coef fi cient 
of palatability 

 Non-
grazed  Grazed 

 Non-
grazed  Grazed 

 Non-
grazed  Grazed 

 Mountain-
meadow 

 XXXIII  0.1  2.0  0.2  6.7  33.0  6.2 
 XXXII  0.2  0.6  0.5  2.1  8.2  3.6 
 II  –  –  0.2  1.3  15.0  3.9 

 Meadow  XXXVIII  –  –  0.01  1.3  234.2  8.4 
 XXXVII  0.01  3.9  0.4  74.9  292.6  11.7 

 True  XXXV  –  –  0.07  3.4  –  – 
 XXVI  0.1  0.3  0.4  2.7  3.8  1.2 

 Dry  XV  0.3  6.5  0.5  17.9  25.5  14.9 
 Very dry  XIV  0.2  0.3  0.7  1.3  2.5  2.2 
 Desert  XXX  0.9  3.8–9.6  1.1  5.9–19.8  11.1  7.2–19.8 
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(Miklyaeva and Fakhire  2004 ; Miklyaeva et al.  2004  ) . It is most reliable to evaluate 
invasiveness by the weight ratio of invasive and native species. 

 All our grazing-protected communities (except the desert steppe) score values of 
invasiveness of less than 1.0; in fact, the value ranges between 0.01 in the meadow 
steppes and 1.1 in the desert steppes. In the equivalent grazed communities values 
are higher and vary from 1.3 to 75. 

 Using the ratio of invasiveness, and considering a value of 5.0 or higher as indic-
ative of highly invaded communities, we classify the following communities into 
that category: [ Caragana pygmaea ] -Artemisia frigida + Stipa baicalensis ,  S. sibir-
ica + Carex duriuscula  community in the mountain-meadow steppes (XXXIII); 
 Artemisia frigida ,  A. scoparia + Cleistogenes squarrosa + Carex duriuscula  com-
munity in the meadow steppes (XXXVII); [ Caragana microphylla ] -Artemisia 
frigida + Salsola pestifera  community in the dry steppes (XV); [ Caragana korshin-
skii ,  C. stenophylla ] -Asparagus gobicus + Allium mongolicum + Stipa gobica  and 
[ Caragana korshinskii ,  C. stenophylla ] -Asparagus gobicus + Allium mongoli-
cum + Cleistogenes songorica + Stipa gobica  communities in the desert steppes 
(XXX) (Table  10.4 ). 

  Palatability.  An analysis of the fodder quality of plant communities is necessary 
for the economic evaluation of steppe ecosystems. The factor of palatability esti-
mates the proportion of edible and inedible species in the total phytomass. It is 
de fi ned as the weight ratio between well edible and a satisfactorily edible species on 
the one hand and poorly edible and inedible species on the other. For the evaluation 
of palatability of the steppe species we applied the recommendations and data pub-
lished by well-known experts (Tsatsenkin and Yunatov  1951 ; Yunatov  1954 ; Gunin 
and Vostokova  1989 ; Kurkin  2005  ) . 

 The values of phytomass palatability in our steppe communities (Table  10.4 ) 
vary strongly, from 1.2 up to 292.0 irrespective of community type and grazing 
regime. Apart from the fact that in all grazed communities the values are lower 
(except for the desert steppe), it seems not possible to clearly categorize our com-
munities in terms of disturbance based on the palatability ratio. Most likely, better 
data on the fodder value of these species are needed,  fi rst of all on the contents of 
digested protein, alkaloids, and etherial oils (Ermakova and Mikheev  1969 ; 
Nechaeva  1970 ; Mirkin et al.  1988  ) . On the other hand, palatability of plants is an 
ambiguous variable which depends on plenty of factors: the kind of grazing animal 
and their number, the season of the year, climatic conditions, and the geographical 
locations of the pastures (Nechaeva  1987 ; Kurkin  2005  ) . But animal husbandry 
specialists have shown that such data are not suf fi cient (Shagdarsuren  2005  )  .  

 Based on the above results, in the investigated plant communities  fi ve stages of 
pastural degradation of the steppe have been detected. To these  fi ve stages we should 
add another one, the sixth stage of domination of annual plants and little participation 
of species of the previous stages. These six stages make up three levels of disturbance 
as shown in Table  10.5 .  

 We have shown that it is possible to quantitatively assess the stages of pastural 
degradation in steppe communities and that coef fi cients of bush encroachment 
and invasiveness are the most effective for diagnosis. The coef fi cient of bush 
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encroachment is most useful to distinguish the higher degrees of degrading 
disturbance, while the coef fi cient of invasiveness proves its functionality in all 
stages of pastural disturbance. 

 We conclude to observe that, as a result of increased grazing pressure in Central 
Mongolia during the past 20 years, plant communities with strongly to very strongly 
disturbed vegetative covers have begun to prevail. The main cause for this degradation 
of the pastures is overgrazing. Currently, the existing animal loads on the pastures 
far exceeds their natural forage capacity. To remedy this situation it is necessary to 
introduce measures which reduce the loads. The  fi rst measure should be to organize 
monitoring of pasturelands and on this basis rotate grazing. In addition, a complex 
of social and economic activities should be realized:

    1.    Regulation of grazing loads by implementing stricter control of pastures.  
    2.    Optimization of herd composition: return to the balanced  fi ve-species herd, along 

with the reduction of the number of goats.  
    3.    Introduction of progressive taxation for herders.  
    4.    Repair and restoration of the network of wells and water points.     

 Finally, in terms of developing actions to counter the expansion of areas with 
low-productive, inedible or poisonous species, and their invasion into the plant 
communities of the steppe zone, it is necessary to set up a scienti fi c, experimental 
research station for pasture improvement.      
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  Abstract   Deserti fi cation is among the most serious environmental and socio-economic 
problems in the world. In northern China, aeolian deserti fi cation has resulted in 
dunes in the Chinese steppe zone. It is not only an issue of ecological and environ-
mental problems, but also of social economic problems, which lead to soil erosion, 
degradation of vegetation, destruction of ecosystems, loss of biodiversity, decline of 
steppe productivity and descent of ecosystem services. We found that compositions 
and diversities of plant species and functional types (PFT) differed between the 
dune  fi xation stages in the Chinese steppe zone. The different PFTs may represent 
different strategies adaptive to the local habitats, and thus, may play different roles 
in communities. Therefore, our results may be applied for the restoration of  fi xed 
habitats from shifting sands.      

    11.1   Deserti fi cation Problem in the Chinese Steppe Zone 

    11.1.1   De fi nition of Deserti fi cation 

 The United Nations Convention to Combat Deserti fi cation (UNCCD) de fi ned 
deserti fi cation as land degradation in arid, semi-arid, and dry sub-humid areas 
resulting from various factors, including climatic variations and human activities. 
It encompasses both biophysical and social factors (Thomas  1997 ; Reynolds 
 2001 ; Reynolds et al .   2007  ) . Deserti fi cation has been high on the agenda of global 
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environmental issues since the 1970s, though the concept was  fi rst used in 1940s 
(Thomas  1997  ) . And nowadays, it is one of the most serious environmental and 
socio-economic problems at global scale, especially in arid, semi-arid and dry 
sub-humid areas of Africa, Central Asia, Australia and northern China (Liu and 
Wang  2007  ) . It is reported that more than 250 million people are directly in fl uenced 
by deserti fi cation worldwide. In addition, about one billion people in 110 countries 
are at risk of being affected by deserti fi cation (Ayoub  1998 ; Guo et al .   2010  ) .  

    11.1.2   Deserti fi cation in Northern China 

 China is one of the countries mostly affected by deserti fi cation (Guo et al .   2010  ) . 
In China, deserti fi cation has been considered in terms of water erosion, salinization 
and aeolian deserti fi cation (Wang and Zhu  2003  ) . Aeolian deserti fi cation, 
speci fi cally, is de fi ned as land degradation in arid, semi-arid, and parts of dry sub-
humid areas, characterized by former non-desert areas being replaced by desert-like 
landscapes with sand drift activities, caused by excessive human activities under 
susceptible ecological conditions (Zhu and Liu  1984  ) . If not otherwise speci fi ed, 
here “deserti fi cation” refers to aeolian deserti fi cation. 

 In northern China, aeolian deserti fi cation is the most common type of deserti-
 fi cation, and it occurs widely (Zhao et al .   2005a,   b  ) . During the past 50 years, 
deserti fi ed land increased rapidly, with a rate of 1,560 km 2  year −1  in the 1960s–1970s 
(Zhu et al .   1981  ) , 2,100 km 2  year −1  in the 1980s (Zhu and Wang  1990  )  and 
3,600 km 2  year −1  in the 1990s (Wang et al .   2003  ) , amounting to 38.57 × 10 4  km 2  
and accounting for 15% of the northern Chinese territory (Wang et al .   2004  ) . 
The direct economic loss caused by deserti fi cation is approximately 54.1 billion 
RMB Yuan year −1  (Zhang et al .   1996  ) . 

 Steppe in northern China (Photo  11.1 ), as a land and vegetation type, mainly is 
used for the development of animal husbandry, including meadow steppe, typical 
steppe and desert steppe. In China this occurs in Inner Mongolia, Ningxia, Shaanxi, 
Hebei, Shanxi, Gansu, Jilin, Heilongjiang, Qinghai and Tibet and it extends over 
about 3.1 × 10 6  km 2  (Lü et al .   2005  ) . In this region, the environment is ecologi-
cally fragile. Moreover, steppe degradation and deserti fi cation is a common phe-
nomenon because of human-mediated activities, such as overgrazing, land 
reclamation and mining (e.g. Zhu et al .   1981 ; Zhang  1994 ; Wang and Zhu  2001 ; Li 
et al .   2002 ; Zhao et al .   2005a,   b  ) , as well as of climatic factors (Hai et al.  2003 ;    Sun 
and Li  2002  ) . According to statistics, degraded steppe in China accounted for 
50.2% of the available steppe area nationwide in 1995. Degraded steppe in the 
northern pasturing area of China amounted to around 10% in the 1970s, 30% in 
the 1980s, and 50% in the 1990s. Today, steppe in China has been degrading rapidly 
at a speed of 20,000 km 2  year −1  (Lü et al .   2005  ) . It is reported that, in 2003, the area 
of deserti fi ed (severely degraded) steppe in China (mainly occurring in northern 
China) was 450,806 km 2 , accounting for 32.9% of the whole country’s steppe, among 
which 7,1919 km 2  in Gansu, 117,460 km 2  in Qinghai and 258,040 km 2  in Inner 
Mongolia (Lü et al .   2005  ) .   
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    11.1.3   Sandlands in the Chinese Steppe Zone 

 Speaking of the deserti fi cation problem in the Chinese steppe zone, the inland dune 
ecosystems in China have to be mentioned, as they represent the most deserti fi ed 
regions in the Chinese steppe zone. The term “sandland” is used speci fi cally for 
these inland dune areas in the steppe zone. Among these inland sandland ecosys-
tems, the most representative and area-largest sandland ecosystems are: Mu Us 
Sandland (Photo  11.2 ), Otindag Sandland, Horqin Sandland and Hulunbeir 
Sandland, all of which occur in the semi-arid temperate steppe region of northern 
China historically covered by highly productive grasslands (Fig.  11.1 ) (Chinese 
Academy of Sciences  1985 ; Li  2006  ) . Presently, however, they are covered by 
aeolian mobile dunes (with a vegetation cover <15%), semi- fi xed dunes (with a 
vegetation cover of 15–40%) and  fi xed dunes (with a vegetation cover >40%) 
(Wang et al .   2009  ) . The four sandlands cover in north–south direction about 10° of 
latitude, and stretch east–west across a longitude of 16°. Mean annual precipitation 
ranges from 250 to 450 mm, mean annual temperature from −2.5°C to 7.7°C. 
The soil type is mainly an aeolian sandy soil. The vegetation of the sandlands is 
non-zonal. It contains or is even dominated by many shrub species, for instance, 
those of genera  Artemisia ,  Caragana ,  Hedysarum  and  Salix  (Photo  11.3 ) .     

  Photo 11.1    Steppe grassland near Ordos, Inner Mongolia, China (Photo by M. Dong)       
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  Photo 11.2    Deserti fi ed lands in Mu Us Sandland, Inner Mongolia, China (Photo by M. Dong)       

    11.1.4   Possible Reasons for Deserti fi cation in Northern China 

 The deserti fi cation in the Chinese steppe zone is not only an issue of ecological and 
environmental problems, but also of social economic problems, which lead to soil 
erosion, degradation of vegetation, destruction of ecosystems, loss of biodiversity, 
decline of steppe productivity and descent of ecosystem services. Furthermore, it 
threatens the living conditions of residents and people in nearby areas, especially 
those in the Beijing-Tianjin Region, and hampers the sustainable development 
of the regional economy and society (Liu  2004 ; Chu  2005 ; Chu et al .   2006 ; Cheng 
et al .   2007  ) . The large amount of dust transported into eastern China and the 
North Paci fi c is caused by the rapid deserti fi cation in the sandland region (e.g., the 
dust particles transported over long-distances from Otindag Sandland accounted 
for 20.9% of the dust mass in Beijing during dusty days) (Chinese Academy of 
Sciences  1985 ; Zhuang et al .   2001 ; Cheng et al .   2005  ) . 

 Many factors may have contributed to the degradation of the steppe in northern 
China, including changes in land use, overgrazing, and climatic  fl uctuations. In 
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Otindag Sandland, both the densities of grazing animals and human beings have 
exceeded the threshold of the carrying capacity of the grassland (Jiang  2002  ) ; in 
the Xilin River Basin, anthropogenic factors (especially overgrazing) are primarily 
responsible for the steppe degradation (Tong et al .   2004  ) . 

 The sandland in the Chinese steppe zone is a particular land type and also a 
special habitat for plants (Photos  11.3  and  11.4 ). Changes in the habitat are 
accompanied by vegetation succession (Chinese Academy of Sciences  1985  ) . 
Therefore, research on vegetation changes on the different habitats (mobile 
dunes, semi- fi xed dunes and  fi xed dunes) of the sandland is essential for under-
standing their causes and dynamics and helpful to the rational use of their 
resources (Zhao et al .   2007  ) .     
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  Fig. 11.1    The environmental features of Mu Us Sandland, Otindag Sandland, Horqin Sandland 
and Hulunbeir Sandland (From Qiao et al .   2011 )       
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  Photo 11.3    Degraded steppe land near Ordos, Inner Mongolia, China, with different degrees of domi-
nance of  Artemisia ordosica  and, in the foreground,  Hedysarum laeve  (Photo by M.J.A. Werger)       

  Photo 11.4     Psammochloa villosa , a pioneer clonal grass species in Mu Us Sandland, Inner 
Mongolia, China (Photo by M. Dong)       
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    11.2   Plant Functional Types Across the Dune Fixation 
Stages in the Chinese Steppe Zone 

 A plant functional type (PFT) is a group of species which share similar traits 
(morphological and physiological attributes), function in similar ways and show 
similar responses to environmental conditions. It provides a logical link between the 
physiological characteristics and life-history strategies at the individual level 
and the ecological processes that operate at the ecosystem level (Walker  1992 ; 
Chapin  1993 ; Noble and Gitay  1996 ; Paruelo and Lauenroth  1996 ; Diaz and Cabido 
 1997 ; Gitay and Noble  1997  ) . In the past decades, a lot of studies on vegetation 
succession and restoration of sandlands have been done, usually with the focus on 
the variation in species composition during these processes (e.g. Chang and Wu 
 1997 ; Li et al.  1999,   2001 ; Shen  1999 ; Guo  2000 ; Guo et al .   2000 ; Zhao et al .   2003, 
  2007 ; Liu et al .   2004 ; Zhang et al .   2004  )  but rarely from the angle of PFTs (but see 
Chu et al .   2006  ) . Understanding the functional aspects of PFTs, as based on life 
span, photosynthetic pathway, reproductive mode and growth form (Table  11.1 ) 
and the PFT diversity across dune  fi xation stages of sandland helps to clarify the 
dynamics of the vegetation and to assess the potential of the constituent species for 
the restoration of the habitat and vegetation of the deserti fi ed sandland.  

 Our  fi eld investigation for the four sandlands, which was carried out in August of 
2007, revealed that the semi- fi xed and  fi xed dunes shared the same PFT richness 
and diversity (Shannon index) and both were signi fi cantly higher as compared to the 
mobile dunes (Fig.  11.2 ).  

 A correspondence analysis (CA), one of many ordination techniques, indicated 
that different dune  fi xation stages  fi ltered distinct PFTs.   The mobile dunes of the 
four sandlands all shared the same dominant PFT annual-C 

4
 -nonclonal-forb, in 

terms of richness and Importance Value (IV) (Figs.  11.3  and  11.4 ). In addition, 
annual-C 

4
 -nonclonal–grass was also a dominant PFT in the mobile dunes at Otindag 

and Hulunbeir Sandlands while perennial-C 
3
 -clonal-shrub was a subdominant PFT 

in the mobile dunes at Horqin Sandland (Figs.  11.3b , c, d and  11.4b , c, d).   

   Table 11.1    Plant functional types (PFTs) in northern Chinese sandlands, based on life span, 
photosynthetic pathway, reproductive mode and growth form   

 Plant functional type (PFT)  Life span 
 Photosynthetic 
pathway 

 Reproductive 
mode  Growth form 

 Annual-C 
3
 -nonclonal-forb  Annual  C 

3
   Non-clonal  Forb 

 Annual-C 
4
 -nonclonal-forb  Annual  C 

4
   Non-clonal  Forb 

 Annual-C 
4
 -nonclonal-grass  Annual  C 

4
   Non-clonal  Grass 

 Perennial-C 
3
 -clonal-forb  Perennial  C 

3
   Clonal  Forb 

 Perennial-C 
3
 -clonal-grass  Perennial  C 

3
   Clonal  Grass 

 Perennial-C 
3
 -clonal-shrub  Perennial  C 

3
   Clonal  Shrub 

 Perennial-C 
3
 -nonclonal-forb  Perennial  C 

3
   Non-clonal  Forb 

 Perennial-C 
3
 -nonclonal-shrub  Perennial  C 

3
   Non-clonal  Shrub 

 Perennial-C 
4
 -clonal-grass  Perennial  C 

4
   Clonal  Grass 
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  Fig. 11.3    Correspondence analysis ( CA ) biplot for the percentage of species number per PFT (%) 
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3
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4
 -
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4
 -nonclonal-grass,  4  perennial-C 

3
 -clonal-forb,  5  perennial-C 

3
 -clonal-

grass,  6  perennial-C 
3
 -clonal-shrub,  7  perennial-C 

3
 -nonclonal-forb,  8  perennial-C 

3
 -nonclonal-shrub, 

 9  perennial-C 
4
 -clonal-grass       
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 The semi- fi xed and  fi xed dunes of the sandlands showed locality-speci fi c 
characteristics in richness and IV of dominant PFTs, probably because they possess 
an intense spatial heterogeneity of habitat compared to the homogeneous envi-
ronment of the mobile dunes. In semi- fi xed dune stages in Mu Us Sandland, 
perennial-C 

3
 -nonclonal-shrub and annual-C 

4
 -nonclonal-grass were the dominant 

PFTs (Fig.  11.3a ), while in the Otindag, Horqin and Hulunbeir Sandlands the PFT 
annual-C 

3
 -nonclonal-forb was dominant (Fig.  11.3b , c, d). In terms of IV the PFT 

perennial-C 
3
 -clonal-shrub was important in the Mu Us, Otindag and Hulunbeir 

Sandlands, and in Horqin Sandland it was the PFT perennial-C 
3
 -clonal-forb. 

 In  fi xed dune stages all four sandlands had the same prominent PFT in terms 
of richness and IV, namely perennial-C 

3
 -nonclonal-shrub (Figs.  11.3  and  11.4 ). 

There were general trends showing that perennial-C 
3
 -clonal-shrubs were major 

components of the vegetation in semi- fi xed dunes and perennial-C 
3
 -nonclonal- 

shrubs in  fi xed dunes, while annual-C 
4
 -nonclonal-forbs dominated at mobile dunes, 

both in terms of IV and percentage of the total number species per PFT. Additional 
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 fi eld investigations at Mu Us Sandland, which were performed in August of 2007, 
showed that the primary productivity of the vegetation was positively correlated 
with PFT diversity in all three dune  fi xation stages (Fig.  11.5 ).   

    11.3   Plant Functional Types Applicable to Restoration 
of Shifting Sands 

 The  fi ndings in Mu Us Sandland, Otindag Sandland, Horqin Sandland and Hulunbeir 
Sandland suggest that not only species but also PFT composition and diversity 
of vegetation differ between the dune  fi xation stages in the Chinese steppe zone. 
Different PFTs may represent different strategies adaptive to the local habitats, 
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  Fig. 11.5    Relationships between PFT diversity and primary productivity of vegetation across 
dune  fi xation stages in Mu Us Sandland. ( a ) mobile dune, ( b ) semi- fi xed dune, and ( c )  fi xed dune       
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and thus, may play different roles in communities (Song and Dong  2002 ; Chu et al .  
 2006  ) . Therefore, our results may be applied for the restoration of  fi xed habitats 
from shifting sands. 

 Perennial C 
3
  clonal shrubs (the PFT of perennial-C 

3
 -clonal-shrub) seemed to 

have a more stable performance in terms of important values and the percentage of 
species number per PFT, and were relatively more important, and therefore probably 
better adapted for growth in mobile dune, semi- fi xed dune and  fi xed dune habitats. 
That may be a consequence of their growth habits. That is, in mobile dunes, the 
instability of the sandy substrate together with the dry and windy climate makes it 
dif fi cult for plants to establish and survive (Liu et al .   2005  ) . Perennial C 

3
  clonal 

shrubs, such as  Artemisia halodendron ,  A. intramongolica ,  A. ordosica ,  A. sphaero-
cephala ,  Hedysarum leave, Periploca sepium  and  Salix psammophila,  have many 
properties, which make them adaptive to the harsh environmental conditions in 
mobile dunes (e.g. Fahn  1964,   1990 ; Fahn and Cutler  1992 ; Danin  1983,   1996 ; 
Huang and Gutterman  1998,   1999,   2000 ; Yuan et al .   2008  ) . For instance ,  all of 
them have dense brushy growth forms that are helpful in reducing wind speed 
and  fi xing-sand effectively; they have strong survival characteristics under condi-
tions of sand burial and wind erosion, e.g. the ability to sprout adventitious roots 
from the stems buried by sand (Li et al .   2010a,   b  ) . 

 At the stage of semi- fi xed dunes, perennial C 
3
  clonal shrubs are the dominants 

(Fig.  11.3 ). These dominants can induce small-scale heterogeneity in soil nutrients, 
forming small fertile islands, where litter and nutrients accumulate, and the structure 
of topsoil under their canopies improves (Li et al .   2008  ) . This, in turn, is more and 
more bene fi cial for the growth of perennial herbs, mosses and algae. Gradually, 
the shifting sands become  fi xed, and the composition and functioning of the vegeta-
tion tends to that of the climatic climax (steppe) (Guo  2000 ; Piao et al .   2006  ) . 
Thus, perennial C 

3
  clonal shrubs can play a vital role in the early restoration stages 

of sandland vegetation in the Chinese steppe zone. Proper manual planting of these 
species in mobile and semi- fi xed dunes can speed up the restoration of shifting sands 
to steppe on the sands of the northern Chinese steppe zone.      
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  Abstract   At the end of 1950s the population of the saiga antelope ( Saiga tatarica ) 
in the North-West Pre-Caspian region counted over 800,000 individuals. Estimates 
of 2008 suggested that about 18,000 saigas were left, in a reduced range area, 
and after the severe 2009–2010 winter the population has declined to only 8,000 
animals. To understand the present conditions a detailed study was conducted using 
our own  fi eld observations (2003–2008), all available literature data over more than 
50 years, and long-term data of several meteorological stations located in the area 
of saiga habitation. Results show that the main reasons for the catastrophic decline 
in saiga numbers were decreases in the number of adult males and in general fertility 
of the females. Juvenile mortality in recent years stayed within the limits of long-term 
 fl uctuations. The weight of newborn saigas does not differ (and presently is even 
higher) from that at the end of the 1950s. Comparison of our observations with 
data on  fl uctuations in average annual temperature and rainfall showed that there 
was no direct effect of climatic factors on the state of this population. Accordingly, 
in the North-West Pre-Caspian region additional measures should be urgently taken 
to secure the survival of this unique ungulate.      
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    12.1   Introduction 

 In 1992, at the World Summit in Rio de Janeiro, the majority of the countries of the 
World have signed the Convention on biological diversity (CBD) (Convention on…  1995 ). 
Despite a certain progress in realizing the requirements of the CBD since then, rates 
of biodiversity reduction and infringement of functions of various ecosystems con-
tinue to cause serious concerns to the world community. As the international project 
“Millennium ecosystem assessment” (2001–2005) has shown it is urgently necessary 
to take additional measures without which the tasks of sustainable development can-
not be implemented. One such “tool” can be the application of an ecosystem approach 
for conservation of biodiversity, as was decided upon at the Second meeting of the 
Conference of parties of the CBD (Jakarta    1995). As intended the ecosystem approach 
aims to guarantee the achievement of three purposes facing the CBD, namely: preser-
vation, sustainable use and fair and equal distribution of all bene fi ts received from the 
genetic resources. Implementing the ecosystem approach, it is necessary to take into 
the account the spatial and temporary changes in the ecosystem and the certain inertia 
of some ecological processes. Furthermore, this approach envisages the maintenance 
of interaction of all sectors of the economy and society and it was proposed to decen-
tralize systems of management in order to provide the operatively necessary balance 
of most of the various interests. The IUCN (Shepherd  2004  )  has pointed out that such 
an approach requires that attention is given to  fi ve stages: (1) Identi fi cation of the 
interested parties and speci fi cation of the sizes of ecosystems; (2) the characteristics 
of structure, functions and management of ecosystem; (3) identifying the contrasting 
economic interests that have effects on the ecosystem and its populations; (4) verify-
ing the possible in fl uences of ecosystems on adjacent territories and introduction of 
adaptive management; (5) a clear choice of the long-term purposes and  fl exible 
approaches to their achievement. We try to consider these  fi ve stages in our assess-
ment of the dynamics of the Saiga antelope, a key steppe species, and suggest mea-
sures to solve the urgent problems on conservation of this antelope in the North-West 
Pre-Caspian region (Neronov et al.  2005 ; Bol’shakov et al.  2009  ) . 

 The Saiga antelope ( Saiga tatarica ) is a critically endangered migratory ungulate 
of the steppes and semi-deserts of Eurasia. Since the collapse of the Soviet Union 
in 1991, numbers of saiga populations have declined by more than 90%. The inter-
national awareness of the critical situation concerning the saiga led to the listing 
of this species in Appendix II of CITES in 1995 and as a critically endangered 
species in the IUCN Red List in 2002. In 2004 the critical situation of the saiga 
in its whole range was re fl ected in resolutions adopted by CITES COP-13 and 
IUCN WCC held in Thailand. 

 Two subspecies of the saiga are currently recognized:  Saiga tatarica mongolica,  1  
which inhabits the small steppe area in the west of Mongolia, and  Saiga tatarica 

   1   The Appendix-II listings of saiga antelope by the CMS and CITES have been updated to include 
two species,  Saiga tatarica  and  Saiga borealis  in accordance with Wilson and Reeder  (  2005  ) . 
However, this proposal has to be evaluated in the light of further genetic and morphological studies 
of modern and fossil specimens of saigas.  
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tatarica,  which occupies the vast plains of Central Asia and the Pre-Caspian region. 
Massive seasonal migrations have been described particularly for  Saiga tatarica 
tatarica  in Central Asia. 

 During its evolution the saiga became very well adapted to the harsh and unpredict-
able conditions of an extreme environment. Despite its rather sheep-like body shape, 
the saiga antelope is one of the fastest terrestrial vertebrates, capable of reaching 
speeds of up to 80 km per hour. Individuals have a short life span and adults achieve 
high reproductive rates, adaptations that allow for rapid demographic recovery 
following particularly severe climatic episodes. The males are crowned with a pair 
of light yellow and waxy horns they use as effective weapons in their  fi ghts with 
other males. By the 1920s, over-harvesting had almost completely eliminated the 
saiga from most of its range. Intensive hunting and land-use development in steppe 
in the late nineteenth and early twentieth centuries reduced global saiga populations 
to only a few hundreds. Before the 1990s, the Soviet Union’s closed borders supported 
the antelope population by cutting off international trade routes. Saiga hunting was 
banned from 1919 until the 1950s, allowing numbers to recover to nearly two million, 
and sending the antelope from near extinction to the most numerous ungulate in the 
Soviet Union (Lushchekina and Struchkov  2001  ) . The amazing recovery was in part 
due to the animal’s high fecundity – saiga females begin breeding in the  fi rst year of 
life and give birth to their  fi rst lamb during the second year. Older females are 
capable of bringing two and even three lambs at once.  

    12.2   Four Populations and Their Historical Dynamics 

 In addition to a population in the North-West Pre-Caspian region, three further 
populations of  S. t. tatarica  are known in Central Asia: the Ural, the Ustyurt and the 
Betpakdala populations. It is known that some herds from Ustyurt in Kazakhstan 
can migrate to adjacent territories in Uzbekistan and Turkmenistan. Saiga herds of 
the North-West Pre-Caspian population can migrate from Kalmykia to Dagestan 
and other adjacent territories in Russia. During the period between 1980 and 1994, 
total saiga numbers  fl uctuated at around 670,000–1,251,000 individuals. During the 
same period, single population estimates were as follows: North-West Pre-Caspian 
population, with 142,000–430,000; Ural population, with 40,000–298,000; 
Ustyurt population, with 140,000–265,000; and Betpakdala population, with 
250,000–510,000 individuals. All four  S. t. tatarica  populations experienced severe 
population declines after 1998. The annual rate of population decline during 
1998–1999 was roughly 35%, and reached a dramatic 56% drop during 1999–2000. 
The 2002 census revealed the following numbers for the North-West Pre-Caspian, 
Ustyurt, Ural and Betpakdala populations: 19,500, 19,100, 6,900 and 4,000, respec-
tively (Milner-Gulland et al.  2001,   2003  ) . 

 Saiga aggregations vary in size throughout the year (Photo  12.1 ). Larger herds 
are recorded during the reproductive season, but they also have been observed 
during other parts of the year. During winter, large herds are better able to remove 
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the super fi cial layer of snow and reach the needed forage resources. During summer, 
large herds may offer individual animals temporary relief from the massive attacks 
by blood-sucking insects. Most importantly, the herding behavior of saigas offers 
better protection and early warning against predators, particularly wolves that are 
common in many parts of the Eurasian steppes.   

    12.3   Decline of the Saiga in the North-West 
Pre-Caspian Region 

 At the beginning of the twenty- fi rst century, the saiga’s range within the North-West 
Pre-Caspian region shrank very much. Not so long ago many herds, some with 
more than a 1,000 animals, of this unique species freely moved across the grassland 
habitats in the territories of the Republic of Kalmykia and Astrakhan oblast. 
Sometimes they even went to Dagestan Republic, Rostov and Volgograd oblasts. 
In the middle of 1980s, during the cold winters with lots of snow, animals occurred 
within 10–15 km from the city of Astrakhan. Today it is a very rare occasion to see 
saigas, even in very remote parts of the steppe. Therefore, information about its 
present migrations is almost lacking. In the late 1950s the North-West Pre-Caspian 

  Photo 12.1    Thirsty saigas at watering place on a hot summer day (Photo by Tatiana Karimova)       
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population of the saiga antelope counted over 800,000 individuals. Population 
estimates from 2008 suggested that approximately 18,000 saiga remained in the 
region (Neronov and Lushchekina  2009  ) . And on top of that, recent media reports 
indicate that the severe 2009–2010 winter has catastrophically reduced the region’s 
herds to only 8,000–9,000 animals. 

 The reasons for such a decline are numerous. Some authors (Bukreeva  2002 ; 
Sidorov and Bukreeva  2007 ; Bliznyuk  2009  )  relate it to long-term cyclic  fl uctuations 
in reaction upon gradual changes in the habitat and range of the species. Danilkin 
 (  2005  )  explains it as a result of uncontrolled and disastrous exploitation of the 
species and the absence of appropriate protection. Based on the results of studies 
into the saiga’s feeding it was assumed, that the decrease in numbers results from 
shortage of preferred forage because of changes in vegetation cover in the main 
places of their distribution area (Abaturov  2007 ; Larionov  2008  ) . These hypotheses 
demand additional study and veri fi cation. Anyhow, we believe that the development 
of agriculture and particularly the construction of irrigation channels had a serious 
impact and drastically diminished saiga numbers and changed its nomadic behavior. 

    12.3.1   The Effects of Irrigation Works 

 The development of irrigation systems and other large infrastructural works usually 
have a very great impact on the habitats and landuse of an area, and therefore on 
its wildlife. For example, the lake-rich Sarpa Depression had been good for the 
saiga, especially so in the spring, when it would grow lush with ephemeral plants 
and where female saiga preferred to deliver their young, became largely isolated in 
the early 1960s due to the construction of Sarpa Irrigation Facilities. In 1981–1982 
the Sarpinskaya and Chernozemelskaya irrigation systems were put in operation. 
Their total length is about 500 km and the irrigated area measures about 62,000 ha. 
As a result the saiga range has been decreased to 20,000–23,000 km 2  and the 
number of animals at that time was estimated at about 160,000–200,000 (as against 
600,000–700,000 in 1977–1978). 

 The spasm of economic reconstruction in the region was growing more and more 
frenetic. In the late 1970s, the Sarpa Depression saw the launch of a new irrigation 
project, the Kalmyk–Astrakhan Facilities intended to transform this area into a 
rice estate. While this mammoth establishment was rapidly devouring what was left 
of the saiga’s favorite spring pastures, the remaining steppe tracts in the western 
parts of Kalmykia and adjacent provinces were turned into a uniform mass of 
plowed  fi elds, interrupted only by the newly-built canals and roads. As a result, 
its usual summer retreats in such areas as the Ergeni Heights and the Kuma—
Manych Inter fl uve were practically eliminated (Lushchekina and Struchkov  2001  ) . 
The construction of the Volga-Chograi canal started in the second half of 1980s 
(80 km of its bed was excavated to a depth of 20 m). This also brought changes in 
the patterns of migration routes and in saiga’s numbers. The impact of this huge 
canal, if it had been completed, could have further decrease the range of the saiga 
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and their numbers. Fortunately, the construction of the canal was stopped and only 
80 km of very steep slopes of part of the canal remind us of this groundless project 
(Lushchekina and Struchkov  2001  ) . 

 The development of irrigated agriculture in these regions, coupled with the 
building of arti fi cial waterways and reservoirs to “improve” the quality of natural 
pastures in the drier central and southern parts of Kalmykia, affected its saiga 
population in a number of ways. Apart from depriving it of important habitats, 
irrigation facilities reduced its usual summer mobility by creating additional sources 
of drinking water. And since the animals came to stay there in large numbers, the 
nearby pastures were increasingly overgrazed. Furthermore, an expanding network 
of water distribution channels (which eventually reached a total of over 1,300 km) 
vastly impaired their seasonal migrations. Built  without paying heed to the animal’s 
existence, the irrigation trenches are known to have caus ed heavy casualties among 
the saiga, most of which occurred among the newborns accompanying their mothers 
on the way from the birth sites. In May of 1977, for example, over 14,000 saiga 
(most of them lambs of 3–10 days old) were found dead along a 5 km-long portion 
of an irrigation trench in central Kalmykia, having failed to make it through the 
water that was being pumped into its bed while they tried to cross it. As the irrigation 
network was growing longer and denser, so was the network of transportation 
routes. In 1960, the total length of paved roads in Kalmykia was just about 100 km; 
by 1986, it was 1,604 km. Like canals, the roads increasingly hampered the animal’s 
migrations and became a powerful eliminative factor.  

    12.3.2   Effects of Changes in Livestock Keeping 

 On the eve of the Great October Revolution, sheep comprised about two-thirds of 
the entire livestock population in the North-West Pre-Caspian region, followed by 
cattle (~20%) and horses (~13%). During the 1920s, the sheep section grew up 
to 74%, while those of cattle and horses dropped, respectively, to 16% and 7.5%. 
The collectivization drive of the 1930s furthered this tendency a little bit, by pushing 
sheep up, and horses down, a few percent more. But it was during the 1960s that 
Kalmykia was subjected to the most dramatic changes in the structure of its 
livestock population ever since the advent of the Soviet power: in just one decade, 
the percentage of sheep reached 85 or more, while the fraction of horses sunk below 
the level of 1%. There was an unprecedented explosion of sheep in the area. In the 
early 1960s, their total number was somewhere about two million head, over 
two times more than it had been one decade before. This soon led to forage de fi cits, 
which provoked haphazard attempts to “improve” the natural pastures by turning 
them into  fi elds to cultivate more fodder. During the 1960s, Kalmykia saw over 
150,000 ha of its pastureland plowed under in pursuit of this goal. Of course, it 
resulted in the fragmentation of the saiga range, competition for forage with livestock 
and in isolation of some sub-populations. 
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 In the early 1970s, under state controlled plan-based economic policies, sheep 
numbers more than doubled, and stayed at over 800,000 heads for about 20 years. 
During these years, the bulk of the sheep industry was represented by large agri-
cultural enterprises, which overexploited the grasslands. Grazing intensi fi ed up to 
a point where some pastures were grazed year-round. The intensive grazing 
caused widespread wind erosion and vegetation degradation (Zonn  1995  ) . Due to 
overgrazing, southern Russia was called “Europe’s  fi rst anthropogenic desert” in the 
mid-1990s (Saiko and Zonn  1997  ) . It is believed that the degradation of pastures has 
been caused by the large number of Merino sheep which have some morphological 
and behavioral features unsuitable for grazing on poor dryland sand pastures all 
year around. Many traditional breeds of livestock used in the territory of the Republic 
of Kalmykia before the Second World War have disappeared during the mass 
evacuation of Kalmyks to Siberia in 1943. Currently there are attempts, supported 
by the Government of the Republic of Kalmykia, to restore traditional animal 
husbandry and some original mutton-wool fat tail sheep previously used by Kalmyks 
have been imported from Mongolia and China for this purpose. 

 However, following the breakdown of the USSR in 1991 livestock populations 
dropped by almost an order of magnitude and remained low until around 2000. 
Large collective and state-owned farms were no longer subsidized after 1991, resulting 
in broad-scale de-collectivization and abandonment. And drastic socioeconomic 
changes often lead to changes in disturbance agents. In arid grassland this can be 
the substitution of grazing by  fi re. And this is precisely what happened in the 
North-West Pre-Caspian region in later years.  

    12.3.3   Effects of Fires 

 Fires shape vegetation structure and composition, and may result in ecosystem 
degradation, hydrologic changes, soil disturbance, and shrub encroachment. The res-
toration, conservation and management of arid grasslands thus require solid informa-
tion on their  fi re regime and its changes over time. 

 The livestock decline in Kalmykia after 1991 allowed the vegetation to recover 
and led to an increase of grassy fuels and ultimately in an increase in grassland  fi res. 
A study using remote sensing provides estimates of the trend in burned area for 
the arid grasslands of the North-West Pre-Caspian region. Its main  fi nding (Dubinin 
et al.  2010  )  was a dramatic increase in burned areas starting in the late 1990s. The 
area burned each year jumped from almost no  fi res in the 1980s to large-scale 
burning, covering up to 20% of study area in a single year after the mid-1990s. 
Since 1998, on average 1,381 km 2  burned per year (9% of the study area). At this 
rate, the entire area will burn every 11 years. Fires occurred almost exclusively 
during the driest season of the year. Unfortunately, no data on lightning occurrences 
and dry thunderstorms exist for the area, but our  fi eld experience suggests that they 
are rather rare. Thus we assume that most of the  fi res are human-caused, resulting 
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from carelessness (e.g., widespread use of old machinery, smoking, etc.), transportation, 
mainly to and from local herding enterprises, hunting activities, including 
techniques of illegal poaching of the saiga antelope.  

    12.3.4   Poaching and Hunting 

 Since the early 1980s, saiga populations have suffered from illegal poaching 
and trade. The demographic effect of periodic summer droughts, occasional severe 
winters, the spread of some acquired diseases, and pressure of predators, have been 
magni fi ed by heavy hunting activity with dramatic results for the majority of herds. 
Hunting and particularly poaching were connected with a demand for saiga horns 
for the Chinese traditional medicine market. Such trade through “open” frontiers 
was a source of hard currency for a number of people involved in this illegal business 
(Sokolov et al.  1991  ) . More recently, in Russia, against a background of drastic 
declines in livestock, saigas have been targeted for meat consumption and this 
added to the overall pressure on their populations. In the 1990s, during the period 
of increased poaching, the calculated number of annual losses in the saiga population 
amounted to approximately 20,000–25,000 individuals (Bukreeva  2002  ) . Because 
of selective shooting of saiga males their numbers were reduced from 16.7–30% in 
favorable years till to 6.4–8.2% in 1992–1993, and from 12.3% to 0.9% in 1995–2000. 
As a result the sex-age structure of the saiga population was essentially altered and 
its reproduction became reduced.  

    12.3.5   Consequences 

 Under all these anthropogenic impacts the North-West Pre-Caspian saiga popula-
tion has changed to a semi-settled way of life and in recent years practically 
all year-round they live within the limits of strictly protected areas – the Biosphere 
Reserve “Chernye Zemli” (Republic of Kalmykia) and the Sanctuary “Stepnoi” 
(Astrakhanskaya oblast). Our observations and interviews with local people and 
staff of different conservation organizations showed radical changes in the 
migrations of saigas in their territory of the North-West Pre-Caspian region and a 
new pattern of concentration at more or less safe, strictly protected areas. The herds 
make small movements which have a circular character and are dif fi cult to call 
real migrations. Very often poaching and wild  fi res push such nomadic roamings 
from place to place. In August 2002 it was the  fi rst time during the recent 10 years 
that several herds (in total more than 5,000 animals) migrated over a long distance 
(about 150 km) from the southeast to the north. Return migration of these herds 
happened in October 2002 but unfortunately, due to poaching, they lost very many 
adult males. This has altered sex-age structure of the saiga population and affected 
its reproduction.   
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    12.4   Rutting Dynamics of the Saiga 

 For an estimation of the present condition of the saiga population, that is important to 
give strength to a strategy of conservation and sustainable use of the resources of this 
valuable game species, we need solid and detailed scienti fi c data, including those on 
breeding processes during different periods. Using literature data (Bannikov et al. 
 1961 ; Tsapliuk  1966 ; Bliznyuk  1982 ; Zhirnov  1982 ; Sidorov and Bukreeva  2007  )  and 
our own observations (2003–2008) we analyse long-term changes in the periods and 
places of mass rutting of saigas. In this analysis we extensively used various kinds of 
maps (vegetation, soil cover, density of roads and others) and we paid special attention 
to the landscape structure of the North-West Pre-Caspian region (Fig.  12.1 ).  

 At the end of the 1950s, the ruts of saigas in the North-West Pre-Caspian region 
were observed practically on all territories of the Chernye Zemli (Fig.  12.2 , Photos 
 12.2  and  12.3 )   . In the 1970s, due to the anthropogenous transformation of the 
Sarpa lowland and the consequent increase in unrest there, saiga ruts had shifted to 
separated, not connected sites in the eastern, southern and southwest parts of the 
Chernye Zemli (Bukreeva  2002 ; Bliznyuk  2009  ) . In the 1990s, during the rut, saigas 
began to concentrate in one, rather large aggregation, in a southeastern part of 
the Chernye Zemli, and during the last decade ruts of saigas were observed in the 
same territory – where the saiga also lambed – i.e. within the limits of the Biosphere 
reserve “Chernye Zemli” and adjacent to it the Sanctuary “Stepnoi”. Our analysis of 
the monthly averages of the meteorological stations of Yusta and Komsomolsky 
(Fig.  12.3 ), located in the distribution area of the saigas, showed that the amount of 
precipitation in December in the Chernozemelsky district in the 1990s (on average 
11.8 ± 7.2 mm) has decreased compared to the 1950s (on average 24.6 ± 9.5, Mann–
Whitney U = 14.0, P = 0.01). During the same period the precipitation seems to have 
increased in the Yustinsky district (on average 16.6 ± 11.1 mm in the 1950s against 
21.2 ± 12.9 mm in the 1990s) though here the result is statistically not signi fi cant 
(Mann–Whitney U = 36.5, P = 0.31). These changes, in our opinion, can have led to 
displacement of places of the saiga’s rut from the north (Yustinsky) to more south-
ern areas of the Chernye Zemli where the proportion of snow in the precipitation is 
rather insigni fi cant. Within 2001–2007 the amount of precipitation in December in 
the Yustinsky (23.2 ± 16.7 mm) and Chernozemelsky (22.7 ± 6.9 mm) districts was 
approximately similar. Nevertheless, the rutting places of the saiga, remained con-
centrated in the southern areas of the Chernye Zemli and this is, most likely, due to 
the absence of unrest and the availability of suitable habitats.     

 Unlike the location of the rut, the periods of the rut did not undergo essential 
changes, and if some changes occurred in particular years it is possible to explain 
these by weather conditions. In 1957 mass mating was observed from December 
16–17 till December 24–26 and lasted 5–7 days. In harems there were from 2–3 up 
to 25–26 females, and the harems occurred at 100–150 m from each other (Bannikov 
et al.  1961  ) . In 1959 mass mating took place later – from December 21–22 to 
December 28–30 (Zhirnov  1982  ) . Bliznyuk  (  1982  )  reported that in the period 1972–
1977 mass rut came to an end by December 20–25, and this means that it occurred 
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at approximately the same time as in the end of the 1950s (the second decade of 
December). 1959 was an exception when, because of winter harvesting, the rut 
of saigas shifted to the end of December (Bannikov et al.  1961  ) . In the 1990s the 
rut was also observed in the second decade of December, except for 1995 and 
1996 when mass mating was observed in the beginning of December – from 
December 5–10 and from December 8–14, respectively. In 1998 mass mating 
happened later – from December 28 till January 8 (Bukreeva  2002  ) . During the last 
8 years the rut occurs at approximately the same time – in the second decade of 
December (from 12 to 25), though 2006 was again an exception, as the rut was 
earlier – from December 9–20.  

  Fig. 12.1    Landscape-geographical districts of the Republic of Kalmykia and adjacent territories 
(After Zonn  1995  ) . Northern: clay-solonchakous;  2  Southern: sandy-loamy (“Chernye Zemli”);  3  
Pre-Ergenyisky: light chestnut – solonetz – loamy;  4  Western: agricultural (chernozem);  5  North-
Dagestansky: sandy-loamy;  6  Western: plain-loamy, agriculture and pasturable       
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    12.5   Fertility of Saiga Females 

 As for the rut, our data show that, since 2003, lambing of the saigas also occurs in 
one aggregation located in the territory of the Biosphere Reserve “Chernye Zemli” 
and adjacent to the Sanctuary “Stepnoi”, that are quiet and do not make the saigas 
nervous and that harbour good habitat conditions for them. The birth of the young 
usually occurs at daily average temperatures around +15.9°C (according to the 
Utta meteorological station). The date of beginning of mass lambing directly 
depends on the dates of the rut (r = 0.83, p < 0.001) and is less dependent of the 
weather conditions during that period. 

 The general fertility of the females in period 1999–2003 and their participation in 
breeding have considerably declined. Dryness of adult and young females increased: 
in 1999 10% and 48.0%, respectively, in 2000 8.8% and 50.0%, in 2001 76.1% and 
97.2%, in 2002 22.2% and 66.7%, in 2003 53.8% and 77.8% (Bannikov et al.  1961 ; 
Bliznyuk  2009,   1982 ; Zhirnov  1982 ; Zhirnov and Maksimuk  1998 ; Bukreeva  2002  ) . 
The reduction in the proportion of pregnant females is correlated with the low num-
ber of males in the population during the rut. For example, in 2000 the proportion of 

  Fig. 12.2    Rut sites of the saiga       
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males during the rut was only 0.9%, and in 2002 about 0.6% (Sidorov and Bukreeva 
 2007  ) . The past few years the proportion of adult males in the population increased 
– up to 12.5% in 2006–2007 but the proportion of pregnant females continues to 
remain low. Analysis suggested that the low fertility of saigas in 2001 and 2003 may 
be connected with droughty conditions during the whole of 2000 and in the summer 
months of 2002, which has led to deterioration of forage resources. Thus, the decrease 
in fertility of saiga females may result both from insuf fi cient numbers of males in the 
population and rather adverse weather conditions. 

  Photo 12.2    Adult saiga male at winter pasture before rut (Photo by Nadezhda Arylova)       

  Photo 12.3    Saiga females at spring pasture before lambing (Photo by Valery Maleev)       
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 For last 10 years the production of young animals (in the age of up to 4 months) 
per female has almost halved in comparison with the 1950s (0.7 and 1.2, respectively) 
(Fig.  12.4 ), and death rates of the young in their  fi rst days of life in the period 
1999–2008 was on average 11.1%. That is quite comparable to values of the end 
of the 1950s – 9.5%. The mortality rates of the young in the  fi rst days after birth 
re fl ect the viability of the newborns (if it did not result from extreme weather 
conditions during the lambing) (Bliznyuk  2009 ; Kühl et al.  2009b  ) . Data obtained 
by us indirectly testify to normal current embryogenesis in the saiga females. 
Only during some years (1994, 1998–2000 and 2007) a signi fi cant percentage of 
the mortality of newborn saigas (on average 16.4%) have been caused by adverse 
weather conditions (a cold snap and rains) during the lambing (Bliznyuk  2009  ) . 
Average weight of newborn saigas during the last years (1998–2008) was 3.49 ± 0.22 kg 
which is signi fi cantly more than during the earlier period (1957–1997: 3.19 ± 0.28 kg) 
(Mann–Whitney U = 35.5, P = 0.01). The weight of newborn males in the period 
1998–2008 (3.6 ± 0.2 kg) is also signi fi cantly more (Mann–Whitney U = 6, P = 0.03) 
than before 1997 (3.26 ± 0.3 kg). Weights of females for these periods are statisti-
cally not different (3.39 ± 0.17 kg and 3.11 ± 0.26 kg, respectively) (Mann–Whitney 
U = 7.5, P = 0.053) (Fig.  12.5 ). Minimal average weights of newborn males and 
females (3.02 kg and 2.9 kg, respectively) were observed in 1994 (Bliznyuk  2009 ; 
Bukreeva  2002  ) , and maximal ones in 2008 (3.9 ± 0.4 kg (n = 89) and 3.7 ± 0.4 kg 
(n = 67), respectively).   

 Since the course of embryonal development of the future offspring is de fi ned by 
the feeding conditions of pregnant saiga females as from the second month after 
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  Fig. 12.3    Average monthly precipitation in December 1951–2007 ( 1  meteostation Yusta,  2  meteo-
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fertilization (Abaturov  2007 ; Bliznyuk  2009  ) , our results indirectly testify that 
in the zone of saiga habitation the provision of forage from the middle of the last 
century has not undergone essential changes. Published data on fertility show that 
the percentage of females with double embryos (without taking dry females into 
account) at the end of the 1950s and in the period 1993–2003 was approximately 
identical: 39.1 ± 9.3% (see Fig.  12.5 ). Thus, the stability in weight of the newborn 
saigas, most likely, is not related to an increase in the percentage singles (which 
obviously have more weight than lambs from twins).  
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  Fig. 12.4    Lamb crop per female in the population ( 1 ,  2 ) and mortality of the newborn animals 
during their  fi rst days of life ( 3 ,  4 )       
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  Fig. 12.5    Weight of newborn saiga ( 1 : males,  2 : females) and proportion of females with twin 
embryos ( 3 ) in the period 1958–2008       
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    12.6   Sex Rates 

 From 1998 to the present males among newborns are signi fi cantly more frequent 
(on average 52.7%) than in the period 1957–1997 (on average 49.4%) (t 

27
  = −2, 4, 

n 
1
  = 18, n 

2
  = 11, P = 0.024). Earlier it was supposed, that some prevalence of males 

among newborns is characteristic for periods of high population numbers and that 
they are less when population numbers are low (Bannikov et al.  1961 ; Zhirnov 
 1982  ) . Our observations of the last decade have not con fi rmed this hypothesis. 
In the period 1999–2008 males prevailed among newborn saigas, while population 
numbers still remain at a low level. It is possible in this species numbers are 
regulated by intrapopulation mechanisms and that a shortage of males in the 
population leads to a higher frequency of them among the newborn. A number of pub-
lications (Bannikov et al.  1961 ; Zhirnov  1982 ; Bliznyuk  1982 ; Zhirnov et al.  1998 ; 
Bukreeva  2002  )  and our own observations have shown, that from the 1970s till now 
there is a serious disbalance in the sex ratio of adult animals in the saiga population 
(Fig.  12.6 ). Up to the 1990s the proportion of adult males in the population remained 
rather high (about 18–19%), however, the second half of the 1990s is characterized 
by a signi fi cant decrease in males (up to 10% on average) though the proportion 
of newborn males essentially did not vary. At the moment of the beginning of the 
rut the share of adult males, as a result of selective hunting at the end of the 1990s, 
considerably decreased (on average up to 4%) and in 2000 the share of males was 
only 0.9% (Bukreeva  2002  ) . During the last years females prevail in saiga herds, 
also in young animals, but the share of adult males in the population has started to 
increase gradually: up to 12.5% over 2006–2007 .  

 Thus, our analysis shows that, while saiga numbers decreased within the limits 
of the North-West Pre-Caspian region, the proportion of adult males decreased 
catastrophically and there was an increase of dryness and decrease in the general 
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  Fig. 12.6    Dynamics of the sex-age structure of the saiga population in the North-West Pre-Caspian 
region (August, 1949–2007).  1 : proportion of males;  2 : proportion of females;  3 : proportion of 
youngsters born per year, both sexes       
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fertility of the females. The additional increase in a number of dry females in separate 
years seems to be related to extremely dry conditions during the vegetative period. 
However, even under these conditions, breeding females maintain a high fertility. 
Nevertheless, the production of young animals over all females in the population 
halved in comparison with more favorable periods, but it does not result from higher 
mortality of the young during the  fi rst days of their life. Young mortality stayed 
within the limits of long-term  fl uctuations and even decreased during the last years. 
The weight of newborn saigas practically does not differ (and presently is even 
higher) from that at the end of the 1950s when the numbers of saigas were high.  

    12.7   Current Constraints of Saiga Conservation 

 In order to save the saiga’s genepool the Government of the Republic of Kalmykia 
has given the Center for Wild Animals of Kalmykia 800 ha of land in the Yashkul 
district (near the Ermeli settlement) with good natural pastures, for the construction 
of enclosures and to start a program of saiga captivity breeding. The Ermeli breeding 
center now has a good number of saigas of different ages, several enclosures 
have been fenced, a laboratory has been build and a permanent water and energy 
supply (including from renewable sources) has been installed. Still a lot more land 
belonging to this Center is available for grazing and haymaking. Since nearby 
there are some villages promoting the traditional husbandry and sustainable use of 
saigas ideally a model farm could be established, which might produce (following 
to traditional technologies) milk products, wool, meat and also handicrafts as an 
additional income for rural people within the saiga range. Numerous ecotourists 
and groups of students/school children visiting the Center would be good customers 
for the above products. 

 In cooperation with the Center, and using its enclosures, it will be possible to 
conduct some experiments on the rational use of pastures capacity by livestock 
and saigas to prevent future deserti fi cation and wild  fi res as well. Demonstrating a 
successful business model at the farm should attract rural people from neighboring 
areas and provide the know-how to apply in their own lives to improve their living 
standards. Such combined experience of saiga breeding and traditional sheep and 
cattle husbandry with intensive use of fenced pastures should help to promote saiga 
conservation and to provide people with additional income. 

 Within the frame of the international project supported by the Darwin Initiative, 
a team of specialists interviewed people living in villages within the saiga’s range. 
Results showed that local people have very little knowledge about the role of the 
saiga in the steppe ecosystems and their conservation status. Seventy- fi ve percent of 
the respondents stated that unemployment was the primary factor driving saiga 
exploitation. The dramatic decline in saiga numbers due to poaching appeared to be 
directly linked to the collapse of rural economies within the Republic. Among local 
people, 41% admitted to poaching saiga; of this group, 65% said that they hunted 
saiga for their own meat consumption and 35% hunted to sell the horns. 
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 In connection with the developed situation, in 1998 the Order of the President of 
Republic Kalmykia “On strengthening protection of the saiga, prohibition of trade 
and sports hunting up to 2001” has been published. By a Decree of the President of 
Republic Kalmykia (# 133 on 25.07.2001) “On emergency measures on protection 
and conservation of a Kalmyk population of saiga” this interdiction has been 
prolonged up to 2010, and in May, 2009 the new Decision (# 155) on banning 
commercial and sports hunting on saiga up to 2013 has been adopted. However 
these legislative measures yet have not brought desirable results: among wild ungu-
lates in Kalmykia illegal hunting on saiga continues to be at the  fi rst place (Namrova 
 2000  ) . Social and economic surveys of settlements in the region of Chernye Zemli 
has shown (Medzhidov et al.  2005 ; Kühl et al.  2009a  )  that the very low standard of 
living of the population in rural areas in Kalmykia and absence of real sources of 
earnings force people to engage in poaching, because on the “black” market horns 
and meat of saiga are in great demand. Besides survey results have shown that 
the local population is badly informed and does not know that hunting on saiga is 
forbidden (only 46% of people heard about it) (Medzhidov et al.  2005 ; Kühl et al. 
 2009a  ) . In our opinion, these facts only show a limited part of the practice of poaching 
and the damage thereof, unfortunately, is much larger. 

 Besides the impact of poaching on the saiga population, it is necessary to mention 
the considerable rise in the numbers of wolves. This now has become the most 
important factor in the regulation of saiga numbers in the North-West Pre-Caspian 
region. Taking into account the very low saiga numbers, if wolves take even only 
5–6 saigas per day this causes a signi fi cant damage to the population and can lead 
to the full disappearance of this species from the territory of Russia. 

 Accordingly, the development and application of new radical and effectual 
measures for its saving are required. First of all, some strengthening anti-poaching 
measures and not only by means of law enforcement bodies, but also with help of 
the local population should be introduced. Keeping in mind the present status of 
the saiga population in the North-West Pre-Caspian region, it is very necessary to 
regularly monitor the situation. To this end it is necessary to use new methods to avoid 
any additional negative impacts on the animals. Quantitative estimation of numbers 
of animals is a major need for an adequate management of the population’s status. 
The latest aerial counts of saiga numbers in the North-West Pre-Caspian region 
were conducted 5 years ago. Since then numbers and also the sex-age structure 
of the population have been determined by estimations of experts during ground 
observations on the pedestrian and automobile routes with an extrapolation towards 
uninspected territories. Considering the shyness of the saiga, its gregarious instinct, 
its fast moving over long distances, and also its non-uniformity of distribution over 
the territory, it is dif fi cult to guarantee precise observation for a long time and from 
close distance. Therefore, expert estimations are subjective and contain serious 
errors. Besides, since the 1970s aerial counts of the saiga are being conducted 
during the lambing season (Maksimuk et al.  1977  )  when about 90% of the saiga are 
concentrated in a limited territory. The low- fl ying aircraft or helicopter causes huge 
damage to the population, making the animals nervous in such important period of 
their life. This cause  fl ights of animals from the lambing grounds, also by pregnant 
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females, and this adversely affects their condition and future fertility (frequently 
females gave birth ‘on the run’). 

 For reliable counts we believe it necessary to implement the use of infrared 
shooting which is possible even at night .  It has already been shown that it is the most 
reliable and safe method for wild life counts (Chernook  2009  ) . To assess the 
patterns of saiga migration during different seasons it is possible to tag animals 
with satellite collars (Dubinin et al.  2009  ) . In order to investigate saiga nutrition 
it is possible to use cuticular-corpological (Larionov  2008  )  and phytolithic analyses 
of their excrements (Karimova et al.  2010  ) . The hormonal analysis of their excre-
ments can be used also for the determination of their fecundity and the proportion 
of females participating in the reproduction, instead of shooting pregnant females 
(Arylova et al.  2006  ) . Reproductive success can be estimated by observations along 
transects crossing the lambing grounds. By using such methods of inventory, 
developed and used by us in the period 2003–2008 during implementation of the 
Darwin Initiative project, we obtained valuable data suitable for their further statis-
tical processing. 

 Monitoring the saiga population in this way does not only provide the necessary 
scienti fi cal data on the conditions of the population but also to create conditions for 
growth of its numbers. As soon as number of animals has reached a level, at which 
a diminishing of their numbers does no longer threaten the population’s existence, 
it will be possible to introduce the sustainable use of these valuable resources. 
Basing on experience of other countries (Pirot et al.  2000 ; Tishkov and Petrova 
 2002  ) , we consider that to this purpose it is the extremely important to start the 
introduction of the ecosystem approach without further delay in the North-West 
Pre-Caspian region. This should be combined with a territorial form of wildlife 
management,  fi rst of all in existing protected areas. Presently, various protected 
areas have been created within the North-West Pre-Caspian region (The compiled 
list of specially protected natural territories of the Russian Federation  2001  ) . 
Protecting different habitats within the Chernye Zemli Biosphere Reserve 
established in 1990 has been an important step in conserving the saiga population. 
Three sanctuaries with lower levels of protection were also created, restricting land 
use and access of motorized vehicles. These lands provide refuges to the saiga during 
the lambing period in May, when more than 70% of the North-West Pre-Caspian 
population gathers there to give birth. And here the animals are relatively safe from 
poachers. Yet the existing protected areas are not enough to save the saiga. Not only 
that they cover too small a portion of the animal’s range. But they also are  fi xed in 
space, while the herds of animals are not. Considering the character of the saiga it 
is expedient to connect these protected areas into an ecological network that will 
provide safety for saiga herds even during their migrations (Lushchekina et al. 
 2005  ) . It is absolutely necessary to establish ecological corridors between protected 
areas. In some cases it will be necessary to restore the previous capacity of pastures 
within the saiga range and make safe crossings of some obstacles (cannels, roads, 
pipelines, etc.). In order to create such an ecological network based on the require-
ments of the ecosystem approach and the preservation of the saiga population 
additional legislative decisions and coordinated actions of the nature protection 
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organizations within the North-West Pre-Caspian region are required. Without these 
conditions the stated tasks will not be realized. Uncoordinated protection measures, 
as practised by various organizations and departments in the Republic of Kalmykia 
until recently, cannot save the saiga. In order to successfully implement the 
ecosystem approach, it is necessary that management should be decentralized to a 
integration level that will allow to provide the necessary balance of the various 
interests. Considering that many ecosystems earlier were used by the saiga underwent 
essential transformations during the agricultural development, priority should be 
given to habitat restoration of places used for breeding and seasonal migrations 
of the saiga. Now the responsibility for the protection and monitoring of the 
saiga population is transferred to the Ministry of Natural Resources, Protection 
of the Environment and Development of Energetics of the Republic of Kalmykia. 
For the preservation and restoration of saiga numbers it is extremely important to 
achieve a close interaction of this Ministry with other republican departments and 
with corresponding federal territorial institutions. Another major condition for the 
successful implementation of all actions is the support of the local population, which 
should be directly interested in the preservation of the saiga. While expanding the 
programs of education for sustainable development within the framework of the 
United Nations Decade (2005–2014), efforts of local administrations and education 
systems should be focused in such way that a wide participation of the public and 
youth organizations is guaranteed.  

    12.8   Outlook 

 Experience from former years, when legal saiga harvesting brought essential income 
to the State budget, convince us that now, with the system of a hunting economy in 
place, the creation of a special Saiga Watch Service is necessary. Powers of this 
Service should be stipulated by the Law on the Animal World or in special acts, and 
the Service itself should have the resources necessary for the implementation of a 
complex of actions. In order to work successfully the Service should maintain close 
contacts with various ministries and with other organizations responsible for nature 
conservation. Applying an ecosystem approach for conservation of biodiversity 
with widening of the participation of the local population we should learn from the 
experience in other countries, also with respect to different forms of game ranching 
on grounds which are not used in agriculture. For conservation, restoration and 
sustainable use of the saiga a project as CAMPFIRE project, begun in Zimbabwe 
in 1989 is obviously possible for us (Neronov et al.  2005  ) . This project provided 
transfer of the rights to using bioresources from federal bodies directly to rural 
communities and covered a territory with more than 250,000 residents. The latest 
publications on this project state that in the area not only the infrastructure of the 
rural settlements, planning of land tenure and well-being of the local residents have 
been improved, but also an increase in the number of game animals was observed. 
Successful introduction of the ecosystem approach in the North-West Pre-Caspian 
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region could become a concrete contribution to the CBD and directly to the National 
strategy on conservation of biodiversity (National Strategy…  2001 ). Owing to the 
many different values of the saiga, the strongly increased interest in this unique spe-
cies from the side of the international organizations and local authorities and poten-
tials of applying an ecosystem approach for the conservation of fragile arid 
ecosystems in the North-West Pre-Caspian region, UNDP/GEF in May 2010 
launched a project entitled “Improving the system and mechanisms for management 
of protected areas in the steppe biome of Russia” in which the Chernye Zemli ecore-
gion is selected as one of the pilot sites and the saiga is a key species of this project. 
We hope that this project, in combination with all other efforts mentioned above, 
will help to restore the numbers of the saiga in the North-West Pre-Caspian region 
to the higher level observed some years ago and that it will permit to start a sustain-
able use of its resources.      
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  Abstract   The    Przewalski’s horse – Takh in Mongolian – is the last surviving genuine 
wild horse, and a close relative of the domestic horse. The Takh once roamed the 
steppes of Central Asia and Europe, but since the 1960s has gone extinct from the 
wild. The Reintroduction Project for the Takh was set up to bring back the species 
to its Mongolian homeland. A breeding programme was started to build a new pop-
ulation and secure its genetic basis. In Germany and the Netherlands several semi-
reserves were established, where the Takh were able to adapt to live in large open 
territories. The best adapted second-generation Takh were chosen to be released 
back into the wild. The  fi rst transport of 16 Takh took place in 1992. Ultimately, 84 
Takh have been re-introduced to Hustai National Park, and they adjusted well. Each 
year new foals added to the population and in 2009 the population had grown to 260 
horses. Wolves are the main predators in Hustai National park.      

    13.1   Introduction 

 When the last wild tarpan, a species of the wild horse, died in the wild in Ukraine 
in 1879, scientists in Europe declared that this was the end of the existence of the 
wild horse on earth. It was a sensation, however, when in 1881, the Russian scientist 
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L.S. Poliakov announced that there were still wild horses to be found in Central 
Asia (Wit and Bouman  2006  ) . Poliakov had analyzed the hide and skull, which the 
Russian colonel Nikolai Michailovich Przewalski in 1878 had brought from his 
expedition in the border area of Kazakhstan, Kyrgizia, China and Mongolia, in Inner 
Asia. After a detailed study of the specimen and a comparison of the skull and hide 
with 22 species of  Equidae , Poliakov came to the conclusion that it was indeed an 
unknown wild horse. In honour of its discoverer the species was given its of fi cial 
name,  Equus przewalskii  Poliakov 1881.  

    13.2   Historical Distribution 

 In prehistoric times there were many different species of wild horses. They had a 
wide distribution covering the entire Eurasian steppe belt from Europe to eastern 
Asia    (Bouman and Bouman  1994 ; Wit and Bouman  2006  ) . The earliest graphic 
accounts of Przewalski-like wild horses stem from about 20,000 years ago, from 
cave paintings in Italy, western France and northern Spain. This is an indication that 
Przewalski-like horses might have been rather abundant at that time. 

 After the last ice age, at around 10,000 BC, the steppes across large parts of Europe 
and Asia became afforested. Some of the wild horses adapted to these changes, while 
other horses retreated further into the steppe. In the Mesolithic (10,000–8,000 BC) 
and Neolithic (8,000–3,000 BC) horses became rare. They had been wiped out in 
most of southern Europe, surviving in small populations in central Europe and in 
larger numbers on the eastern European plains. During the third millennium BC, sev-
eral of these wild horses were domesticated in the steppes east of the Dnjepr. 

 After the domestication of wild horses and the rise of many equestrian nomadic 
peoples on the plains of Eurasia, the numbers of wild horses decreased drastically 
and only a number of marginal populations survived. In eastern Europe the tarpan 
remained, while Przewalski’s horses survived east of the Urals in the steppes of 
Asia. Persistent hunting by man ultimately caused Przewalski’s horses only to survive 
in the most remote areas of the present border zone of Mongolia and China. 

 The very  fi rst written account of Przewalski’s horses originates from Tibet. The 
monk Bodowa recorded their existence around 900 AD. By medieval times the Takh 
or Takhi – as the Mongolians call this wild horse – must have been a rarity in 
Mongolia and in the Chinese provinces of Xinjiang and Gansu. In 1500 an of fi cial 
decree was issued that prohibited hunting of the Takh. 

 Being very hard to catch, the rare and agile Takh has been an object of reverence 
to the equestrian Mongolians for a long time. Mongolian Khans gave digni fi ed visi-
tors noble riding horses or sometimes a genuine Takh caught in the wild. 

    13.2.1   Last Refuge 

 In the beginning of the twentieth century the Przewalski’s horses had retreated from 
the rich steppe areas to the semi-deserts in the south, their last refuge. Unlike the 
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wild asses, they do not really thrive in semi-deserts and deserts, the steppe being 
their original habitat. In 1926 hunting Takh in its last remaining area was of fi cially 
prohibited. But this law was not suf fi ciently enforced and could not save the species 
in the wild. 

 The years following the Second World War saw a drastic decline in numbers of 
Przewalski’s horses in the wild. In the 1960s and 1970s many Mongolian and 
Russian expeditions were sent out to locate any remaining wild Takh, but to no 
avail. The very last observation of Takh in the wild was in 1969 by the Mongolian 
scientist Dovchin at the Gun Tamga well in the Dzungarian Gobi in southwest 
Mongolia. 

 The Dzungarian Gobi, a vast stretch of desert and desert-steppe enclosed by 
mountains, is not the optimum environment for wild horses, as it is situated at the 
fringe of the horse’s natural range (Wit and Bouman  2006  ) . Here, in the period 
October–March the nomadic herdsmen descended with their livestock from the 
Altai mountains in the north to the Gobi desert. During the winter their animals 
grazed on the arid steppes on the lower mountain slopes, where the domestic animals 
not only competed for food with Przewalski’s horses, wild asses and Mongolian 
gazelles, but also for the few watering places at distances of up to 30 km. Until 1950 
it was forbidden to herd livestock in the area south of the Honin-Us source, that lies 
some 40 km north of the border with China. In the border zone of Mongolia and 
China competition was mainly with the livestock owned by the border armies as the 
local nomads were not allowed to enter this militarised zone. 

 The survival situation for the Takh changed dramatically for the worse when in 
1945 and 1947 permission was granted to Kazakhs from China to relocate in south-
western Mongolia. Having no livestock of their own the Kazakhs hunted to satisfy 
their needs, and unlike the Mongolians, they relish horsemeat. Thus, hunting 
pressure increased. While out in the wide open steppe with plenty of streams the shy 
Takh could stay out of reach of hunters, they were unable to avoid ambush at the 
scarce sources of water that they had to frequent. Moreover, the extremely cold 
winters of 1945, 1948 and 1956 also took their toll. Millions of cattle died and 
wildlife in general suffered greatly. For Przewalski’s horses, already a rarity, the 
situation was disastrous. Its numbers shrunk to near extinction, and modern weaponry 
killed off the last specimens in the wild.   

    13.3   Reintroduction of Takh 

 After the discovery of the Takh by colonel Przewalski, between 1898 and 1903 
several attempts were made to capture Przewalski’s horses and bring them to Europe 
(Wit and Bouman  2006  ) . However, it turned out to be impossible to catch adult 
horses: they were too shy and too fast. Only foals could be caught, with many stal-
lions and mares being killed when they tried to defend their young. The transport to 
Europe was long and strenuous and many foals perished. In the end only a mere 54 
horses reached their destination alive. Some of the foals were sold to the owners of 
large estates such as Baron F.E. von Falz-Fein (who in 1874 had established a large 
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natural reserve at Askania Nova, the Ukraine, on which the Przewalski’s horses 
roamed as in the wild), the Duke of Bedford (Woburn, United Kingdom), and Frans 
Ernst Blaauw (Gooilust, The Netherlands). Others were sent to zoos in Europe and 
North America. In the period 1930–1950 a few more Przewalski’s horses were 
captured, but most soon died. 

 When it became evident that no Przewalski’s horses had survived in the wild, 
the preservation of the entire species became fully dependent on the population 
in captivity. Back in the early 1900s when the wild horses were  fi rst brought into 
captivity, it became clear that the foals that had been captured had great dif fi culty 
adapting to zoo life. Moreover, only a few of the mares produced foals and thus 
the numbers grew very slowly. The captive population suffered severe blows 
during the Second World War: just 31 horses survived and it seemed that the 
species was going to extinction. But then a few horse lovers decided to take 
action. 

 In the 1950s Dr Erna Mohr (Hamburg) initiated the International Studbook for 
Przewalski Horses, that was later continued by Prague Zoo. In 1974, Jan Bouman 
and Annette Groeneveld used the studbook as their guiding principle when they 
began to construct pedigrees of all living Przewalski’s horses, back to the  fi rst foals 
caught in the wild (Bouman  1998 ; Wit and Bouman  2006  ) . Now, for the  fi rst time, 
it became clear that out of the original 54 wild foals that had reached Europe alive, 
the genetic characteristics of only 12 animals were present in the entire world 
population. Various breeding lines had died out and inbreeding had increased to an 
alarming degree. 

 In 1976 the Third International Symposium for the Preservation of the 
Przewalski horse was organised by Munich Zoo. Jan and Inge Bouman ventilated 
their grave concern regarding the preservation and the continued existence of the 
species in captivity and called for international cooperation by all Przewalski’s 
horse breeders. The Munich symposium recommended all interested parties to 
consult the ‘Bouman studbook inventory system’ for breeding Przewalski’s horses 
in zoos. 

 In 1977 the Foundation for the Preservation and Protection of the Przewalski’s 
Horse (FPPPH) was founded. The main focus of interest of the new foundation was 
the reintroduction of captive-bred Przewalski’s horses into the wild. In 1979 the 
reintroduction plan for the Przewalski’s horse started as an of fi cial project. In that 
year the North American zoos that kept Przewalski’s horses decided to collaborate 
in a cooperative breeding programme and in 1986 the European zoos followed 
suit. The  fi rst phase of the reintroduction project consisted of the establishment of 
semi-reserves in 1980 by the Foundation Reserves for the Przewalski’s Horse 
(FRPH) (Fig.  13.1 ). This new foundation was a joint initiative of the WWF-The 
Netherlands and the FPPPH. The objective was to breed a reservoir of Przewalski’s 
horses with a diverse genetic background obtained from West-European, North 
American and Russian zoos. The purpose of the programme was to reduce inbreed-
ing, to improve the  fi tness of Przewalski’s horses and to increase their chances of 
surviving in the wild. Their release in nature reserves in The Netherlands and 
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Germany would give them the chance to run wild. The breeding in the semi-reserves 
proved to be very successful. Within 10 years the Foundation had more than 60 
Przewalski’s horses in the different semi-reserves.  

 Remarkable progress was made in the 1980s and 1990s, also in zoos. The 
renewed attention for cooperative breeding programmes in zoos, with the emphasis 
on strategic breeding, resulted in a population ‘explosion’ of the Przewalski’s horse 
in captivity. In 1990 the number of horses had increased to 961. Some zoos were 
even confronted with limiting facilities to accommodate their population of 
Przewalski’s horses. The time was ripe to reintroduce the Przewalski’s horse into 
the wild. 

 The search for suitable areas for reintroducing Przewalski’s horse would focus 
on areas in Soviet Inner Asia and Mongolia (Bouman  1998 ; Wit and Bouman  2006  ) . 
Three essential criteria were used for site selection: (1) ful fi lment of the habitat 
requirements of the Takh, such as suf fi cient forage, water and shelter; (2) existing 
predator populations should not impose a too high predation pressure; (3) no 
possibility of contact with feral or domestic horses, with which Przewalski’s horses 
readily hybridise. In cooperation with Prof. Vladimir Sokolov a total of seven 
potentially suitable areas were identi fi ed: in Ukraine, eastern Kazakhstan and two in 
Siberia, and in Mongolia the Dzungarian Gobi, western Zhavkhan Province, and 
Hustai Nuruu reserve. 

 After visiting several sites in Soviet Inner Asia that proved to have overgrazed 
grasslands, the area at Zaisan in the steppe of Tarbagatai in eastern Kazakhstan 
appeared to meet many of the set requirements. However, there happened to be 
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  Fig. 13.1    The locations of the semi-reserves that provided the Przewalski’s horses that were sent 
to Hustai Nuruu       
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little local interest in reintroducing Przewalski’s horses at this site, and the idea 
was rapidly abandoned. In Mongolia the situation was different. Here the Tahk was 
a national symbol, praised in many ballads and folk tales for its swiftness and 
force, and the Mongolians were very keen on the return of the wild horse. In 
Mongolia  fi rst the Dzungarian Gobi, the desertic area surrounded by mountains 
and which had been the last refuge of the Przewalki’s horses before their extinction 
from the wild, was assessed. However, although the area was still sparsely popu-
lated, the conclusion had to be drawn that the factors that had contributed to the 
wild horses’ extinction were still present. In that area with little natural resources 
the competition for grass and water with wild asses, Mongolian gazelles and 
domestic livestock would be very tough. The Zavkhan Province site also was dis-
carded as it was hard to access and bring the Takh. Thus, Hustai Nuruu emerged as 
the most suited site. 

 Hustai Nuruu is an easily accessible steppe area situated at a 100 km south 
west of Ulaan Baatar, the capital of Mongolia. The reserve area occupies 
50,600 ha at elevations ranging from 1,100 to 1,840 m above sea level and is 
located at the southern edge of the forest-steppe zone (Van Staalduinen  2005 ; 
Wallis de Vries et al.  1996  ) . The area comprises mountains, plains, dunes and a 
river valley, and several vegetation types of the forest-steppe and typical steppe 
zones can be found. The largest part of Hustai Nuruu is covered with steppe veg-
etation with several grass species, among others  Stipa krylovii , and a variety of 
herbs and legume dwarf-shrubs. Only 5% of the total area of Hustai National 
Park is covered by forest,  Betula platyphylla  forest, which grows on northern 
slopes of the mountains. Tiny streams  fl ow from these mountains and fuse lower 
down in larger valleys. 

 It was concluded that in Hustai Nuruu the Przewalski’s horse would stand a better 
chance to survive than in the dry Dzungarian steppe with practically no water 
(Wit and Bouman  2006  ) . The good accessibility was an advantage for building up 
an adequate reserve staff, an effective control system and good co-operation with 
Mongolian scienti fi c institutes, and later also proved favourable to attract tourists, 
and thus income for the reserve. MACNE (the national organization of nature con-
servation in Mongolia) was positive about the proposal and the government of the 
province offered its fullest support. 

 In June 1992 the  fi rst transport of Takh from The Netherlands to Mongolia 
took place, consisting of 8 horses from the FRPH semi-reserves in The 
Netherlands (Bouman  1998  )  and 8 from the semi-reserve in Askania Nova 
(Ukraine). In 1994, 1996, 1998 and 2000 another 68 Przewalski horses arrived 
in Hustain Nuruu (Fig.  13.1 ). All transports were organized and  fi nanced by the 
Foundation FRPH (Photos  13.1  and  13.2 ). After arrival the Prezwalski horses 
were released into three large enclosures for an initial adaptation period of 
1–2 years. After that the horses were released and lived as free roaming groups 
(Photos  13.3  and  13.4 ). From 1992 to 2000 there have been  fi ve transports with 
a total of 84 Przewalski’s horses to Hustai Nuruu. In 1998 Hustai Nuruu received 
the status of National    Park.      
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  Photo 13.2    Release of a Przewalski’s horse in Hustai Nuruu (Photo by I. Bouman)       

  Photo 13.1    Transport of the crates with Przewalski’s horses to Hustai Nuruu (Photo by I. Bouman)       
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  Photo 13.3    Prezwalski’s horses in autumn in Hustai Nuruu National Park (Photo by I. Bouman)       

  Photo 13.4    The Prezwalski’s horses seem well adapted to the severe, cold winter (Photo by I. 
Bouman)       
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    13.4   Population Dynamics 

 The dynamics of a population are driven by two major sets of factors: those that 
contribute to its increase (‘gain components’) and those that cause it to decline 
(‘loss components’). In the case of the Przewalski’s horses at Hustai National Park 
a completely new population had to be built up. Gain components comprised the 
addition of imported horses from the semi-reserves in Europe and the additions to 
the population by births (Boyd and Bandi  2002  )  (Photo  13.5 ). Conversely, the loss 
components consist of reduction due to mortality. From 1993 until the end of 2004 
237 foals were born (Wit and Bouman  2006  ) . In the same period the mortality of the 
imported Przewalski’s horses was 57% (48 dead horses out of a total of 84) and the 
mortality of the wild-born horses (foals, juveniles and adults) 49% (116 deaths out 
of a total of 237).  

 In 2009 the population had grown to 260 horses. The growth percentage of the 
Takh population during 2001–2009 (the period without new import) was 9.1%. 
Compared to the annual growth rate of 20% for feral horses in the USA (Berger 
 1986  )  and to the average growth rate of 32.5% for the Camargue horses (Duncan 
 1992  )  the growth of the population of free living horses in Hustai National Park is 
slow. However, Duncan  (  1992  )  considered the growth rate of the Camargue horses 
as very high and argues that this is due to the high annual survival rates of the horses 

  Photo 13.5    A foal accompanied by mares (Photo by I. Bouman)       
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in this predator-free environment. Duncan  (  1992  )  also stated that ungulates such as 
wildebeest and buffalo in the Serengeti have much lower growth rates with the 
populations increasing by 10% per year after the rinderpest had been eradicated 
(Sinclair and Norton-Grif fi ths  1979  ) . 

 The high mortality rate of foals in Hustai National Park, which averaged 40.2% 
from 1993 to 2007, is a matter of concern since foals are the only gain component 
nowadays. This mortality rate is much higher than for foals from North American 
feral horse populations, which average 8–10% a year. Factors in fl uencing foal 
mortality in Mongolia are:

    • General condition of the foals.  The winters in Mongolia are long and severe. 
When the foals are weakened they are more susceptible to infection and become 
an easy prey for wolves.  
   • Wolf pressure.  Predation by wolves on foals is increasing.  
   • Individual variation . When captive-bred animals are released into the wild, it 
cannot be expected that the off-spring of each animal is equally successful in 
adapting to the wild.  
   • Foaling season.  Foals born in early spring, in late autumn or during winter have 
a lower chance of survival.    

 Predation by wolfs on foals is increasing (Hovens and Tungalaktua  2005  ) . In the 
period from 1993 to 2004 of the total of 237 foals 59 (25%) were killed by wolves 
or died from injuries caused by wolves. In the  fi rst 6 years only 14 foals (16%) were 
killed by wolves. In 2002 12 foals (32%) were killed, in 2003 14 (48%) and in 2004 
10 (27%). This high percentage of kills by wolves is a reason for concern now that 
the Takh population is still relatively small (Photo  13.6 ).  

 The Wolf ( Canis lupus ) and the Lynx ( Lynx lynx ) are the only large predators in 
Hustai National Park (Wit and Bouman  2006  ) . Lynxes are rare but wolf density is 
relatively high. The number of wolves which den in the park and the direct environ-
ment was estimated at some 25 animals (2004). While the presence of wolves has 
been a matter of concern since the start of the reintroduction project, because wolf 
pressure seems to be a limiting factor for building up the Takh population, in the 
future, when the number of Takh has reached the carrying capacity of the Hustai 
National Park (estimated at some 500 Takh), the presence of wolves may be an asset 
in keeping the Takh population healthy. 

 Several ecological factors may play a role in the occurrence of years of high wolf 
predation on foals, such as the large number of foal killed by wolves in 2004. This 
might be explained by the drought of the year before. Because of a very dry summer 
which resulted in low forage availability, many tarbagans (marmots,  Marmota 
sibirica ) were in a bad condition before hibernating. During their winter sleep many 
died in their burrows, because of insuf fi cient fat reserve. The subsequent shortage of 
marmot prey probably strengthened the wolves’ pressure on foals. 

 In Hustai National Park the hunting of wolves is prohibited. In the surrounding 
buffer zone, herdsmen and hunters from Ulaan Baatar like to hunt them. As long as 
wolves carry a risk for the slowly growing Takh population the park staff decided 
that considerable attention will be given to preventive actions in order to control 
undesirable wolf impact. 
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 The reintroduction project of the Takh in Hustai National Park shows to be a 
great success in nature conservation in the steppe. An important steppe animal, on 
the brink of its extinction, is brought back to the wild, and an ecological key component 
of the local steppe ecosystem is restored.      
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  Abstract   In the Late Pleistocene vast steppe landscapes covered the territory of 
Yakutia. Global climatic changes in the Quaternary have transformed the vegetation 
cover, and now only isolated “islands” of steppes remain, being unique objects of 
Yakutian nature and very attractive for scienti fi c investigation. They are con fi ned to 
prominent parts of terraces above  fl oodplains, south-facing slopes of river valleys, 
and xerophytic belts of depressions in the taiga formed as a result of thermokarst 
processes (alases). Used as a natural fodder land, Yakutian steppes experience 
signi fi cant anthropogenic stresses. They suffer from overgrazing and recreation load 
and gradually transform into ruderal communities. This can be aggravated by modern 
changes in climate, since warming and raising humidi fi cation are fatal for xerophytic 
vegetation formed under the harsh conditions of an ultra-continental climate. For 
conservation of the unique extrazonal steppe landscapes special recovery methods 
for disturbed vegetation are required as well as the establishment of steppe reserves 
in the regions with the highest biodiversity of steppe communities.      

    14.1   Introduction 

 Steppes are unique objects of Yakutian nature and very attractive for scienti fi c inves-
tigation. In Yakutia they represent patches of extrazonal vegetation, i.e. vegetation 
that is common in another climatic zone but occurs outside that zone in landscapes 
with special environmental features. The isolated “islands” of steppes in Yakutia 
(Fig.  14.1 ) are con fi ned to prominent parts of terraces above  fl oodplains, south-facing 
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slopes of river valleys, and xerophytic belts of depressions in the taiga formed as a 
result of thermokarst processes (alases).  

 In Yakutia steppes occur in regions characterized by an arid climate and loamy soils 
underlain by calcareous bedrocks: the Central-Yakutian Lowland and mountain-valley 
landforms of the Yana and Indigirka River basins. A small forest-steppe “island”, situated 
opposite the Olyokma River mouth (South-West Yakutia), is considered to be a con-
necting link between Yakutian and Prebaikalian steppe landscapes. Steppe vegetation 
is also recorded beyond the Polar Circle on properly insolated parts of relief in the Lena, 
Olenyok, and Middle and Lower Kolyma River valleys (Skryabin and Karavaev  1991  ) . 
The so-called tundra-steppes (Yurtsev  1981 ; Koropachinsky  1996  )  should be mentioned 
as well. They are con fi ned to calcareous screes on the slopes of river valleys (Fig.  14.1 ). 

 The soils under steppes in the central regions are of the frozen chernozem type. 
Usually they represent complicated soil complexes covered with mozaics of 

  Fig. 14.1    Distribution of steppe vegetation in Yakutia       
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steppe and meadow steppe vegetation. The steppe soils of the Yana-Kolyma region 
(North-East Yakutia), on the contrary, are more homogenous, mostly belonging to a 
peculiar type of ‘mountain shallow chernozems’ (Skryabin and Karavaev  1991  ) . 

 Floristically, the Yakut steppes have many features in common with Prebaikalian 
and Transbaikalian-Mongolian steppes, having borrowed many plant species from 
there. Partially, species from xeric vegetation of the north-western regions of North 
America also contributed to the steppe  fl ora of Yakutia. This especially refers to the 
Indigirka and Kolyma River basins.  

    14.2   Steppe Types of Yakutia 

 Classi fi cation of steppe vegetation is based on  fl oristic composition, life forms, and 
response to hydrothermal conditions. Accordingly, the Yakut steppe may be divided 
into true and meadow types; microtherm, hemicryophytic and microtherm-cryophytic 
types; bunchgrass and rhizomatous types (Andreyev et al.  1987 ; Yurtsev  1981  ) . 
According to an ecological- fl oristic classi fi cation, the Yakut steppes belong to the 
class  CLEISTOGENETEA SQUARROSAE  Mirkin et al. 1986 ex Korolyuk 2002. 

 Most xeric and poor in species are the bunchgrass steppe communities (order 
 Stipetalia krylovii  Kononov et al. 1985) with predomination of  Psathyrostachys 
caespitosa ,  Agropyron cristatum . The forb component is represented by  Alyssum 
obovatum ,  A. lenense ,  Eritrichium sericeum ,  Chamaerodos erecta.  Such communi-
ties occupy insigni fi cant areas on dry, properly insolated, eroded slopes of river 
valleys or alas depressions (Photo  14.1 ).  

  Stipa spp . prevail in coenoses growing on sodded soils. The calcareous slopes in 
the middle reaches of the Lena River (300–200 km south of Yakutsk) bear rocky 
variants of steppe vegetation of the order  Stipetalia krylovii , i.e. communities of 
 Stipa krylovii  and  Psathyrostachys caespitosa  with participation of petrophytic species 
( Artemisia santolinifolia ,  Youngia tenuifolia ,  Patrinia rupestris ,  Orostachys mala-
cophylla ,  Thalictrum foetidum , etc.). 

 More common are the forb-bunchgrass steppes growing on humus-rich meadow-
chernozem soils with predomination of  Festuca lenensis  ( Festucetalia lenensis  
Mirkin in Gogoleva et al.  1987  )  in aggregation with other steppe grasses:  Koeleria 
cristata ,  Poa botryoides ,  Stipa spp. , sometimes  Cleistogenes squarrosa . The abundant 
forb component consists of xeric and mesoxeric species:  Veronica incana ,  Artemisia 
commutata ,  Silene repens ,  Onobrychis arenaria ,  Potentilla nivea ,  Carex duriuscula , 
 Potentilla bifurca  and  Thymus spp . 

 Similar steppe formations are observed in the North-East of the republic, in the 
Yana, Indigirka and, partially, Kolyma River basins (Photo  14.2 ). Starting from the 
upper reaches of all their numerous tributaries, this steppe vegetation is traced along 
the Yana and Indigirka valleys reaching 69 NL and 68 NL, respectively. The climatic 
and orographic peculiarities of this region are re fl ected in the botanical composition 
of those steppes. First of all, they contain a cryophilous component represented 
by  Calamagrostis purpurascens ,  Dracocephalum palmatum ,  Poa glauca , etc. 
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Cold-resistant mountain steppe species ( Helictotrichon krylovii ,  Poa botryoides , 
 Festuca lenensis ,  Artemisia bargusinensis ) form communities as high as 1,200 m 
above sea level.  

 The order  Festucetalia lenensis  also comprises meadow steppes con fi ned to the 
landscapes with more favourable moisture conditions: ridges of river terraces, forest 
margins. These communities combine the features of both forb- Festuca  steppes and 
forb meadows. The grass component still consists mainly of the same xerophilous 
grasses, but the forb component is dominated by mesic and xeromesic species:  Pulsatilla 
 fl avescens ,  Carex pediformis ,  Bromopsis pumpelliana ,  B. korotkiji ,  Agrostis trinii ,  Aster 
alpinus ,  Lychnis sibirica ,  Dianthus versicolor ,  Euphorbia discolor ,  Veronica longifolia , 
 Sanguisorba of fi cinalis ,  Geranium pratense , etc. (Photo  14.3 ). In the North-East rich 
forb meadow steppes are found in river valleys ( Bromopsis pumpelliana ,  Pulsatilla 
patens s.l. ,  Delphinium grandi fl orum ,  Heteropappus biennis ,  Castillea rubra ,  Poa 
botryoides , etc.). The Indigirka River terraces bear tracts of meadow steppes composed 
of the endemic species  Helictotrichon krylovii  (Karavaev  1958 ; Skryabin  1968  ) . The 
forests are fringed with meadow steppe communities on slope summits ( Helictotrichon 
krylovii ,  Calamagrostis purpurascens ,  Arnica iljinii ,  Pulsatilla patens s.l. , etc.). 
Apparently, such meadow variants of steppes with a cryophylous component occur 
even farther North, in the Subarctic tundra region (middle reaches of the Anabar River, 

  Photo 14.1     Psathyrostachys 
caespitosa  community on an 
eroded slope of an alas (Photo 
by E. Troeva)       
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North-West Yakutia, 71° NL). In the Upper Kolyma and Middle Indigirka River basins 
bunch sedge steppes are found with  Carex pediformis  with participation of  Poa glauca , 
 Eremogone tschuktschorum ,  Dianthus repens.   

 Fragments of hemicryophytic steppes (according to Yurtsev’s  (  1981  )  interpretation) 
were discovered in the lower reaches of the Kolyma River. They are con fi ned to slopes 
of hydrolaccolites and lake depressions in the lowland boggy tundra. The communi-
ties are composed of  Carex spaniocarpa  with participation of  Trisetum spicatum , 
 Potentilla hookeriana ,  Armeria scabra ,  Polemonium boreale ,  Arnica iljinii ,  Koeleria 
asiatica ,  Astragalus alpinus , etc. These coenoses are characterized by a pronounced 
moss-lichen layer of  Polytrichum piliferum ,  Cetraria cucullata ,  C. islandica ,  Cladonia 
cocciferra ,  Alectoria ochroleuca ,  Dactylina arctica . Data on such steppe communities 
are very scarce, but according to their  fl oristic composition they are meadow steppes, 
and their moist conditions impede the growth of bunchgrass species there. 
Anthropogenic activity and invasion of tundra species have resulted in degradation of 
these unique landscapes of cold steppes (Yurtsev  1981 ; Andreyev and Per fi lyeva  1975 ; 
Andreyev and Galaktionova  1981 ; Koropachinsky  1996  ) . 

 Rhizomatous  Carex  steppes represent strongly degraded landscapes with pre-
domination of  Carex duriuscula . They occupy vast territories in the most populated 
areas of Central Yakutia and the Middle Indigirka River basin. Cherosov et al. 
 (  2005  )  proposed to consider the  Carex duriuscula  communities with a pronounced 

  Photo 14.2     Festuca lenensis  steppe on the south-facing slope of the Adycha River valley (North-
East Yakutia) (Photo by E. Troeva)       
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anthropogenic component ( Artemisia jacutica ,  Lappula squarrosa ,  Lepidium 
densi fl orum ,  Leptopirum fumarioides ) as vegetation of the synanthropic class 
 ARTEMISIETEA VULGARIS  Lohmeyer et al. in R. Tx. 1950 (alliance  Artemisio-
Caricion duriusculae  Czerosov 2005, order  Onopordetalia acanthii  Br.-Bl. et 
R. Tx. ex Klika et Hadac 1944). The diagnostic species of the alliance  Artemisio-
Caricion duriusculae  (Gogoleva et al.  1987 ; Cherosov et al.  2005  )  are synanthropic 
species, as well as a number of steppe species that withstand overgrazing and thus 
occur both in typical and pasture variants of steppe communities and synanthropic 
coenoses:  Artemisia commutata ,  Carex duriuscula ,  Koeleria cristata ,  Leymus chinensis , 
 Poa transbaicalica ,  Potentilla bifurca ,  Potentilla conferta ,  Veronica incana , 
 Heteropappus biennis , with  Carex duriuscula  and  Potentilla bifurca  often becoming 
dominant. Disturbed steppe vegetation also features rather common species of the 
class  ARTEMISIETEA VULGARIS  ( Carduus crispus ,  Leonurus quinquelobatus , 
 Melilotus albus ,  Melilotus of fi cinalis ,  Tanacetum vulgare ), and the order 
 Onopordetalia acanthii  ( Astragalus danicus ,  Carduus nutans ,  Descurainia sophia , 
 Lappula squarrosa ,  Rumex thyrsi fl orus ) (Cherosov et al.  2005  ) . 

 Communities with equal participation of  Carex duriuscula  and natural xero-
philous species ( Artemisia commutata ,  Koeleria cristata ,  Veronica incana , etc.) 
should, however, be included in the alliance  Festucion lenensis  of the class 
 CLEISTOGENETEA SQUARROSAE . 

  Photo 14.3    Rich forb meadow steppe in the Amga River valley (Central Yakutia) (Photo by 
E. Troeva)       
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 Petrophytic steppes on calcareous bedrocks are an intrinsic component of the moun-
tainous dry landscapes of Yakutia. First of all, they are the communities of  Elytrigia 
jacutorum  in the river basins of the Aldan Tableland (the Tokko, Amga, Buotama, 
Maya and other rivers) (Photo  14.4 ).  Elytrigia jacutorum  forms various associations 
with steppe xerophytes and mesoxerophytes ( Thesium refractum ,  Artemisia commu-
tata ,  Silene repens ,  Euphorbia discolor ,  Carex pediformis ,  Galium verum , etc.) and 
with participation of petrophytic forbs ( Youngia tenuifolia ,  Artemisia santolinifolia , 
 Thalictrum foetidum ,  Orostachys spinosa  and the shrub  Juniperus sibiricus ) (Skryabin 
 1976 ; Koropachinsky  1996 ; Zakharova  2005 ; Zakharova et al.  2010  ) .   

    14.3   The Effects of Changes in Climate 

 The precise distribution of steppe landscapes over Yakutia is of special interest in 
the light of global climate change. It is known that the spatial dynamics of their 
distribution on a geochronological scale coincides with changes in the Quaternary 
warming and cooling periods. Many publications have been devoted to the recon-
struction of landscapes of the past and their dynamics due to periodical climate 

  Photo 14.4    Petrophytic steppe communities of  Elytriga jacutorum  on calcareous slopes of the 
Tokko River valley (South-West Yakutia) (Photo by E. Troeva)       
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change in the territory of modern Yakutia (Tolmachev  1954 ; Skryabin and Karavaev 
 1991 ; Giterman  1985 ; Kozhevnikov and Ukraintseva  1996 ; Tomskaya  2000 ; 
Ukraintseva  2002 ; etc.). Interpretation of such paleodata helps to predict the possi-
ble spatial-temporal dynamics of the steppe vegetation. Studies on the reconstruc-
tion of Pleistocene vegetation are based on analyses of spores and pollen spectra 
buried in the soils, as well as on plant macro-remains found in stomachs of speci-
mens of the mammoth fauna. 

 One view states that the most cold-resistant mountain steppe plants ( Helictotrichon 
krylovii ,  Poa botryoides ,  Festuca lenensis , etc.), reaching to 1,200 m above sea level 
on south-facing slopes, evolved during the Neogene or Early Anthropogene in 
alpine regions of northern Eurasia (Skryabin and Karavaev  1991 ; Sakalo  1963  ) . 
Belova  (  1970  )  stated that petrophilous steppes became an integral part of the vege-
tation of mountain systems of Prebaikalia during the Zyrian cryochrone (70–10 Ka 
BP), whereas the thermophilic xerophytes ( Stipa krylovii ,  Agropyron cristatum , 
 Koeleria cristata ,  Psathyrostachys caespitosa ) migrated to the North from zonal 
southern steppes. 

 According to Skryabin and Karavaev  (  1991  ) , penetration of zonal steppe species 
to Central Yakutia and their further advance to the North-East took place during one 
of the interstadials characterized by a warm and dry climate, while the following 
glaciation eliminated pre-glacial and interglacial vegetation over vast territories. 
This explains the isolated remains of steppe landscapes in separate sheltered habi-
tats, hundreds of kilometres away from their modern zonal distribution area. 

 However, having reviewed published data, Protopopov and Protopopova  (  2010  )  
prove that the peak of steppe distribution in Yakutia falls in the period of the Sartan 
glaciation (30–10 Ka BP), when the climate was much colder and more arid. Then, 
summer temperatures where higher than at present, and air humidity was much less. 
Forest tracts decreased abruptly and changed into meadow steppe landscapes bor-
dering the tundra in the North. In the Yana-Kolyma Lowland the only forest forming 
species was  Larix cajanderi . In Central Yakutia there were islands of  Pinus-Larix  
forests with participation of  Betula . 

 A number of the steppe species in Central Yakutia originate from the 
Transbaikalian and Mongolian steppes. The steppe vegetation east of the Verkhoyansk 
Range is genetically related to the North American xerophytic landscapes via the 
Beringian Bridge. The species growing there ( Koeleria cristata ,  Artemisia frigida , 
 Carex duriuscula ) are main edi fi cators in the prairies of North America (Yurtsev 
 1974,   1981 ; Skryabin and Karavaev  1991  ) . Meadow steppe associations, in combi-
nation with  Salix  shrubberies, represented rich fodder lands for large herbivorous 
representatives of the mammoth fauna (mammoths, bisons, woolly rhinoceros) that 
are now extinct. During that period steppes became a zonal vegetation type in 
Yakutia. Bordering on the tundra in the North, they formed a unique type, the Arctic 
steppe. That combination was possible under the special climatic conditions of that 
period. Hot summers and extremely cold winters most likely induced rigorous 
thermokarst processes resulting in changes in microrelief. Dry air and desiccating 
soil on prominent parts of the relief favoured the growth of xerophytes, while inten-
sive melting of frozen grounds saturated soils with moisture in light depressions 
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providing suitable conditions for the growth of tundra-bog species. Probably, the 
modern associations with  Carex spaniocarpa  in the Lower Kolyma River basin rep-
resent relic remains of such landscapes. During the warming and climatic optimum 
of the Holocene, the vegetation in the territory of Yakuita obtained features that 
strongly ressemble modern ones. 

 The results of numerous studies on paleoclimate (Monin and Shishkov  1979 ; 
Budyko  1980 ; Tomirdiaro  1980 ; Giterman  1985 ; Tomirdiaro and Chyornenky  1987 ; 
Konischev  1995 ; Stuiver et al.  1995 ; Solomina  1999 ; Vasilchuk and Kotlyakov 
 2000 ; Al fi mov et al.  2003 ; Kienast et al.  2005 ; Andreyev et al.  2007 ; etc.) showed 
that there is a difference of 6–12°C between temperatures in the Holocene and mini-
mum temperatures in the Pleistocene. Data for North Yakutia (zones of tundra and 
near-tundra sparse forests) (Table  14.1 ) show that the winter temperatures of the 
Late Pleistocene were 4–8°C lower as compared to those in the Holocene.  

 As to the summer temperatures, Al fi mov et al.  (  2003  )  proved that Late Pleistocene 
July temperatures in northern Yakutia were 2–4°C higher than those of today. This 
yielded increased evaporation rates and climate aridization. Thus, the climate of the 
Late Pleistocene was sharply continental and very arid. These very conditions 
became optimal for the development of microtherm steppes on a scale that made 
them a zonal vegetation type. And the subsequent reduction in area occupied by 
steppe landscapes down to the isolated islands during several tens of millennia can 
be explained by climate change. Similar processes of cold steppe reduction were 
described for Prebaikalia (the south of East Siberia) (Belova  1985  ) . 

 As shown in Table  14.1 , the temperatures of modern Yakutia approach those of 
the Holocene. And the warming process is still in progress. The global warming 
observed in the twentieth century is apparent in all regions of Russia. According to 
the Climate Change    Bulletin the warming in all Russia, from the end of nineteenth 
to the end twentieth century, manifested itself as an overall rise in the mean annual 
air temperature by approximately 10°C during this period. Data from meteorological 
and geocryological stations of the former USSR show a trend of climate warming in 
most regions of the North during the last three decades    (Israel et al.  1999  ) . Discussing 
climate warming, Maximov et al.  (  2010  )  cited data of investigations based on the 
model of paleoclimatic reconstruction based on CO 

2
  concentration measurements 

(Budyko et al.  1991 ; Gavrilova  1993  ) . The results strongly suggest that the most 

   Table 14.1    Average winter and January temperatures in North Yakutia 
during the Late Pleistocene and Holocene as compared to modern 
temperatures, °C   

 Late Pleistocene, 
40–10 Ka BP 

 Holocene, 
10–5 Ka BP  Modern period a  

 Winter  −29 to −33  −25 to −27  −28.0 to −30.3 
 January  −45 to −48  −38 to −40  −29.3 to −31.9 

  According to Vasilchuk and Kotlyakov  (  2000  ) , NASA Langley Research 
Center:   http://eosweb.larc.nasa.gov     
  a Tertile temperature values at a height of 2 m  

http://eosweb.larc.nasa.gov
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drastic warming will take place in the northern parts of the continents, i.e. at high 
latitudes, particularly in wintertime. Thus, if the global warming amounts to 2°C, 
then the average January temperature at 40–80º NL will rise by 2–12°C; in case it 
amounts to 4°C the January rise is expected to be 6–20°C. The warming in sum-
mertime will be inconspicuous (2–3 times as less, i.e. a rise of 4–6°C). Since the 
winter at high latitudes is longer than the summer, this will affect the annual 
temperatures. 

 Does this mean that the areas occupied by steppe landscapes will continue to 
reduce in area? We think that the reason of such a reduction during the Late 
Pleistocene-Holocene was not temperature rise as such, but the decrease in aridity. 
Although the Holocene featured some increase in humidity, the estimated average 
annual total of precipitation during the Sartan cryochrone reached 190–200 mm 
(Belova  1985  ) , which is even less than the modern values of the most arid regions 
of Yakutia. 

 The data from Table  14.2  may serve as an indirect con fi rmation. They represent 
climatic indices of the regions where the extrazonal Yakut steppes occur, as well as 
the zonal steppes in the south of East Siberia (Selenga-Onon Province), which are 
very similar in  fl oristic composition.  

 According to physiographic regionalization, the steppes of Transbaikalia (or Dauria) 
belong to the Central Asian steppe subzone and are situated in the Selenga-Onon 
province of the forest-steppe zone of the Transbaikalian mountain country (Fig.  14.2 ) 
(see also Kirilyuk et al. this volume). The winters in the south of East Siberia are 
milder as compared to those in Central and North-East Yakutia. However, the climate 
aridity as expressed by the precipitation-evaporation ratio, is two or more times 
higher. Hence, provided climate warming is accompanied with an increase in 
humidity and a decline in continentality, the steppe areas of Yakutia may face the 
risk of extinction. Besides, intensive thawing of frozen grounds will change the 
moisture conditions of the soils, making them more favourable. Under such conditions, 
the true steppes will gradually transform into their meadow variants. The xerophytic 
vegetation will remain in microrefugia at the most prominent parts of the relief with 

   Table 14.2    Climatic characteristics of Transbaikalia and Yakutia   

 Selenga-Onon Province  Central Yakutia  Verkhoyansk Region 

  January  
 −24°C to −28°C  −38°C to −44°C  −38°C to −48°C 
  July  
 16°C to 18°C  16°C to 18°C  12°C to 14°C 
  Number of days with snow cover  
 Up to 160  Up to 240  Up to 240–280 
  Annual precipitations, mm  
 Up to 400  Up to 300  Up to 400 
  Precipitation - evaporation ratio  
 −200  −100  100 

    http://www.ecosystema.ru/08nature/world/geoussr/2-2-2.htm      

http://www.ecosystema.ru/08nature/world/geoussr/2-2-2.htm
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proper drainage and insolation. After  fi nal retreat of the cryolithozone and desiccation 
of the soils the steppe landscapes may restore, but only provided that the hydrother-
mal coef fi cient will remain at the same level as the present one. However, such 
vegetation will be similar to that of southern regions, since cold-resistant xerophytes 
will never  fi nd proper conditions for growth. To con fi rm this hypothesis additional 
complex investigations are required, including microclimatic studies of steppe land-
scapes. On the other hand, even provisional geobotanical and  fl oristic analyses of 
steppe vegetation may partly give an answer to this matter.   

    14.4   Climatic Effects on Geobotanical and Floristic Patterns 

 The climate in Yakutia changes considerably from south to north, and this is re fl ected 
in coenotic and  fl oristic patterns in the steppes. To illustrate this, the transformation 
in communities in which  Festuca lenensis  is important was analysed along a south-
west – north-east climatic gradient. In Table  14.3  the basic climatic parameters of 
the regions in which these communities were studied are given, acquired from satel-
lite data for the period of the 1980s to the 2000s. As shown in the table, climatic 
parameters become harsher in south-west – north-east direction. The most arid and 
cold conditions are observed at the site in North-East Yakutia, whereas the site in 
South-West Yakutia features a mild climate.  Festuca lenensis  steppes are best devel-
oped in Central Yakutia, being con fi ned to ridges of terraces above  fl oodplains, dry 
belts of alas depressions, and insolated valley slopes, where anthropogenic impact 

  Fig. 14.2    The Steppe belt in Russia. The small box indicates the Transbaikalian steppes of the 
Selenga-Onon Province. The homogeneous  grey colour  de fi nes the borders of the continental part 
of Yakutia       
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is observed. As the abundance of this species diminishes, other xerophytic grasses 
become dominant. In the north-east and south-west, the steppe communities with 
 Festuca lenensis  occur only on warm slopes with a southern aspect. Besides, in 
South-West Yakutia  Festuca lenensis  never plays a dominant role.  

 Change in  fl oristic composition due to climatic differences can be demon-
strated by a cluster analysis of the coeno fl oras of steppes with  Festuca lenensis  
along the gradient (south-western, central and north-eastern regions) (Fig.  14.3 ). 
The analysis involved nearly 80 vegetation plots of steppes with  Festuca lenensis , 
situated on properly insolated slopes of valleys or alas depressions and experi-
encing a minimum of anthropogenic impact (valley communities were not 
included due to strong grazing effects). The cluster analysis yielded  fi ve speci fi c 
coeno fl oras which did not differ in geographical elements (according to 
Sekretareva  2004  ) : all the clusters feature predomination of boreal-steppe and 
boreal latitudinal elements, as well as Eurasian and Asian longitudinal elements 
in the  fl ora. The diagram shows the distinct character of the mesoxerophytic 
coenoses of South-West Yakutia (cluster 1). They are rather rich: 68 characteris-
tic species, including species growing in Southern and Central Yakutia 
( Goniolimon speciosum ,  Allium ramosum ,  Heteropappus biennis , etc.). However, 
in Central Yakutia they occur in other types of plant communities.  Festuca len-
ensis  does not dominate in the steppes of South-West Yakutia; it is a subordinate 
species in  Stipa ,  Psathyrostachys  or  Agropyron  communities. In contrast with 
similar coenoses in Central Yakutia, these communities are less xeric, probably 
because there is more precipitation in the south-west. The Central Yakutian 
steppes with  Festuca lenensis  consist of two different coeno fl oras. The xeromes-
ophytic communities (cluster 2) are con fi ned to forest edges where moisture con-
ditions are more favourable and more stable. Accordingly, they are rich meadow 
steppes (103 species) and characterized by a pronounced mesophytic element 
( Poa pratensis ,  Hordeum brevisubulatum ,  Potentilla stipularis ). Since Central 
Yakutia is a densely populated region, anthropogenic effects are apparent even in 
relatively intact landscapes. Hence, the vegetation cover there often contains 

   Table 14.3    Long-term climatic averages of the geobotanical study sites   

 Region (GPS 
coordinates where 
geobotanical data 
were collected) 

 Average 
maximum 
temperature of 
July, °C 

 Average 
minimum 
temperature of 
January, °C 

 Monthly averaged 
insolation incident 
on a horizontal 
surface 
(kWh/m 2 /day) 

 Monthly 
averaged 
precipitation 
(mm/day) 

 North-East Yakutia  21.05  −39.69  5.12  272.27 
 (68 N, 135 E) 
 Central Yakutia  25.04  −37.52  5.61  329.38 
 (62 N, 129 E) 
 South-West Yakutia  23.77  −31.89  5.37  390.53 
 (60 N, 120 E) 

  NASA Langley Research Center,   http://eosweb.larc.nasa.gov      

http://eosweb.larc.nasa.gov
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ruderal species ( Saussurea amara ,  Artemisia mongolica ,  A. jacutica ). The role of 
 Festuca lenensis  is least pronounced in these steppes. The mesoxerophytic 
steppes with  Festuca lenensis  in Central Yakutia (cluster 3) are found on open 
and properly drained habitats. This explains the impoverishment of its coeno fl ora 
(58 species) at the expense of mesophytes. Under drier conditions, the role of 
 Festuca lenensis  increases and, sometimes, it becomes dominant. However, this 
may also result from anthropogenic effects. Cluster 4 (53 species) represents the 
mesoxerophytic variants of steppes with  Festuca lenensis  in North-East Yakutia. 
They differ from central and south-western steppes by the presence of such spe-
cies as  Artemisia lagopus ,  Dracocephalum palmatum ,  Calamagrostis purpura-
scens , which indicate the cryophytic character of these communities. On the 
other hand, the petrophytic component ( Thalictrum foetidum ,  Orostachys spinosa , 
etc.) makes them related to the steppes of South-West Yakutia. Xeric variants of 
 Festuca lenensis  steppes (cluster 5, 10 species) are con fi ned to the steepest and 
most eroded slopes. Under such conditions only the core species of the Yakutian 
 Festuca lenensis  steppes occur:  Veronica incana ,  Artemisia commutata ,  Carex 
duriuscula ,  Euphorbia discolor.   

 Comparison of cover-abundance values and moisture conditions (Table  14.4 ) 
proves that  Festuca lenensis  becomes a dominant species under the xeric and cold 
conditions of the north-east. This can be explained by the disability of other xero-
phytic bunch grasses to compete with  Festuca  under such unfavourable conditions. 
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  Fig. 14.3    Results of Ward’s analysis (Euclidean distances) for the coeno fl oras of steppes with 
 Festuca lenensis  in Yakutia.  1  – mesoxerophytic steppes of South-West Yakutia,  2  – xeromeso-
phytic steppes of Central Yakutia,  3  – mesoxerophytic steppes of Central Yakutia,  4  – mesoxero-
phytic steppes of North-East Yakutia,  5  – xerophytic steppes of North-East Yakutia       
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Consequently, increases in temperature and moisture conditions will cause a decline 
of  Festuca lenensis ’ dominance in favour of xeromesophytes and mesophytes.  

 The abovementioned con fi rms the signi fi cance of climatic aridity and continen-
tality for the microtherm steppes of Yakutia. Northwards, thermophilic xerophytic 
grasses ( Stipa spp. ,  Psathyrostachys caespitosa ,  Elytrigia jacutorum ) gradually 
decrease giving way to such cold-resistant species as  Festuca lenensis . However, the 
main core of xerotherm and xeropetrophytic species ( Pulsatilla patens s.l. ,  Veronica 
incana ,  Carex duriuscula ,  Euphorbia discolor ,  Ephedra monosperma ,  Allium spp. , 
 Thalictrum foetidum ,  Orostachys spinosa ,  Alyssum obovatum ,  Agropyron cristatum , 
etc.) remains present throughout the whole latitudinal gradient, provided the climate 
is rather dry there. In the North they  fi nd favourable habitats in the most insolated 
and dry parts of the relief. Decrease of aridity is accompanied by enrichment of 
steppe communities by xeromesophytic and mesophytic species which, with further 
decline of continentality and rise of precipitation, force out the xerophytes trans-
forming these landscapes from steppes into meadows.  

    14.5   Effects of Elevation 

 Climatic (particularly temperature) parameters strongly correlate with altitudes 
above sea level. Hence, the analysis of  fl oristic change in steppe coenoses along an 
altitudinal gradient can demonstrate possible transformations of steppe coeno fl ora 
due to global warming or cooling. Yakutia is a territory with a rather complex oro-
graphic structure and ranges in elevation from lowland tundra (0 m above sea level) 
to mountain systems in the south and north-east of the republic (the highest point is 
Pobeda Mnt., 3,147 m a.s.l. in the Chersky Range). The steppe formations occur 
both in lowlands and on mountain slopes. However, it should be taken into consid-
eration that climatic characteristics of regions at a height of, for instance, 600 m a.s.l. 
for latitudes 58 NL and 68 NL are not comparable due to strong effects of latitude 

   Table 14.4    Correlation of cover-abundance values of  Festuca lenensis  
and moisture conditions in steppe coenoses in Yakutia (Ya)   

 Ecological indices 
values (moisture) a  

 Cover-abundance 
values b  

 NE Ya, xeric  49.4  4 
 NE Ya, mesoxeric  52.7  3–4 
 C Ya, mesoxeric  52.7  1–3 
 C Ya, xeromesic  55.4  +−2 
 SW Ya, mesoxeric  51.8  1–2 

   a  Based on the ecological indices for Siberia by Korolyuk et al.  (  2005  )  
  b  Based on the Mirkin’s (Mirkin et al.  2001  )  scale (from ‘+’ = up to 1% 
through ‘5’ = 50–100%)  
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on temperature. For example, the uppermost sites where the cryoxerophyte  Festuca 
lenensis  is found are at about 1,200 m a.s.l. at 63 NL, 480 m at 65 NL, and 255 m at 
68 NL. Therefore, we decided to focus on a certain region and not to involve in the 
analysis the whole vast territory of the republic (over 3 million km 2 ). The middle 
reaches of the Indigirka River (65–66 NL, 143 EL) were selected as we had suf fi cient 
geobotanical data along an altitudinal gradient from 190 to 1,020 m a.s.l. for this 
region. Considering that the average vertical temperature gradient is 6.5 K km −1  
(Khromov and Petrosyants  1994  ) , the difference in temperature along the gradient 
is about 5.4° K (or 5.4°C). The steppe vegetation here occupies both river valleys 
and slopes of southern aspects. The valley is home for meadow steppes predomi-
nated by  Pulsatilla multi fi da  and  Helictotrichon krylovii  with participation of xer-
omesophytic forbs ( Castillea rubra ,  Cerastium arvense ,  Linum perenne ,  Oxytropis 
spp. , etc.); degraded landscapes are covered with  Carex duriuscula  communities .  
The slopes bear more xeric variants of steppe coenoses with  Koeleria cristata , 
 Orostachys spinosa ,  Selaginella rupestris , etc. At the border of steppe and forest, 
where forest communities stabilize moisture conditions,  Helictotrichon krylovii  
meadow steppes appear again. 

 About 50 plots were used in the analysis. Simple correlation of  fl oristic data and 
altitudinal values yield a pattern of plant response to change in temperature. For the 
most characteristic species of the local steppe  fl ora (occurring with a constancy of 
over 50%) the maximum and minimum altitudinal levels of occurrence were 
recorded (Fig.  14.4 ). There is no strict con fi nement of species to a certain altitude. 
However, the diagram shows four clear patterns in the altitude-temperature relations 
of the coeno fl ora of the Indigirka basin steppes.  

 Pattern I is shown only by  Pulsatilla multi fi da . It covers the widest range in alti-
tude (and therefore temperatures), and runs from valley landscapes (190 m a.s.l.) to 
subalpine shrubberies of  Pinus pumila  (960 m a.s.l.). Pattern II comprises the species 
that occur from the valleys to the upper limits of the steppe communities, i.e. about 
800 m a.s.l. Pattern III comprises the species that occur from 400 to 800 m a.s.l. It 
should be noted that the uppermost river terraces in this region are at 400–450 m a.s.l., 
marking the transition from valley  fl oor to slopes. For instance, the endemic species 
of North-East Siberia  Helictotrichon krylovii  appears from about 400 m, covering 
wide terraces and climbing up to the upper limits of the steppe communities. These 
are the species of warm and light slopes. Pattern IV comprises the arctic-alpine spe-
cies  Dracocephalum palmatum  occurring from 470 m a.s.l. up into the belt of sub-
alpine shrubberies (1,096 m a.s.l.). 

 In sum, at altitudes below 400 m rich meadow steppes occur growing under 
favourable temperature and moisture conditions, while over 400 m the air tempera-
ture is so low that the steppe communities occupy the most insolated and dry slopes. 
Low temperatures at this altitude are con fi rmed by the appearance of the arctic-
alpine species  Dracocephalum palmatum  and  Calamagrostis purpurascens.  These 
are the so-called microtherm-cryophytic steppes. Beyond 800 m a.s.l., where it is 
still colder, the forest-steppe landscape is gradually replaced by subalpine vegeta-
tion in which only isolated patches of steppe vegetation occasionally occur. We 
have as yet no precise data on limiting temperature values, but based on the results 
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given above it seems that a difference of about 2°C is enough for the replacement of 
prevailing vegetation types.  

    14.6   Anthropogenic Impacts 

 Another factor affecting the spatial dynamics and qualitative composition of steppe 
communities is anthropogenic impact. Since the eleventh to twelfth centuries, the 
times when the stock-raising tribes settled in Yakutia (Basharin  1956  ) , steppe land-
scapes have served as natural fodder lands, mostly as pastures. The extreme climatic 
conditions (cold winters lasting 9 months, short droughty summers, cold soils, and 
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  Fig. 14.4    Altitudinal ranges for some representative steppe species of the Indigirka River basin 
(North-East Yakutia)       
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perennially frozen grounds) forced the nomadic migrants to change their lifestyle, 
switching to settled cattle-breeding. During their centuries-old history the Yakuts 
have worked out the system of scattered stock keeping in small alases and in river 
valleys. The size of the livestock pool was determined by the capability to maintain 
them in droughty years. And today, like in ancient times, herds of horses and cattle 
graze on grasslands of the valleys of the Lena, Tatta and Amga Rivers, in taiga 
alases (Photo  14.5 ), as well as in steppe landscapes of North-East Yakutia (the Yana 
and Indigirka River basins) (Gavrilyeva et al.  2010 ; Andreyev  1974  ) . Unfortunately, 
nowadays the fodder lands are misused. Due to absence of management they often 
experience year-round grazing loads. This leads to degradation of the vegetation of 
pastures aggravating both their quantitative and qualitative characteristics. For 
instance, studies of the early twentieth century (Dolenko  1913 , Abolin  1929  )  show 
the predominance of  Festuca-Stipa  communities on the above- fl oodplain terraces of 
the Middle Lena River (Yakutsk vicinity), while presently only fragments of these 
communities occur there, most of the area being covered with degraded anthropo-
genic vegetation with  Carex duriuscula  as the dominant species.  

 The problem of pasture degradation in the valley landscapes of Yakutia was  fi rst 
raised in the 1960s–1970s (Ivanova  1967,   1981 ; Ivanova and Per fi lyeva  1972  ) . 
Grazing effect on alas steppe vegetation was studied in the 1990s (Mironova  1992 ; 
Gavrilyeva  1998 ; Ivanov et al.  2004  ) . Ivanova  (  1981  )  assumed that primary steppe 

  Photo 14.5    An alas vegetation in Central Yakutia. Xerophytic communities are con fi ned to the 
upper dry belt (slopes) of the depression (in the foreground of the photo) (Photo by M.J.A. 
Werger)       
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formations, like in South Siberia, represented complex communities containing four 
grass species:  Stipa krylovii ,  Festuca lenensis ,  Koeleria cristata , and sometimes 
 Cleistogenes squarrosa  being observed in the Lena River valley and its slopes. 
Grazing would lead to transformation of multidominant steppe communities into 
less complex, monodominant communities. Ivanova supported this theory by obser-
vations on steppe formation on high  fl oodplains. But original monodominant 
 Festuca lenensis  steppes are found in North-East Yakutia (the Adycha River basin). 
In our opinion this is not a result of grazing but it is explained by the rather harsh 
environmental conditions in that region. 

 When grazing starts,  Stipa krylovii  is eliminated  fi rst, being most vulnerable to 
trampling and most preferred by the animals.  Festica lenensis , being more tolerant 
to unfavourable anthropogenic in fl uence, often becomes the only dominant species 
in the steppe communities. Further load leads to replacement of  Festica lenensis  by 
 Carex duriuscula.  

 For alas vegetation Mironova  (  1992  )  and Gavrilyeva  (  1998  )  de fi ned three stages in 
the degression series indicative of light, moderate and strong grazing loads, respectively. 
Accordingly, under light grazing the xerophytic vegetation of the upper belts of alases 
typically support a  Koeleria cristata-Carex duriuscula  formation, the other species still 
being vital and reproductive. The next stage signi fi es replacement of the abovementioned 
communities by  Elytrigia repens-Taraxacum ceratoforum-Carex duriuscula  featuring 
invasion of synanthropic species, more tolerant to grazing ( Artemisia spp. ,  Saussurea 
amara ,  Plantago depressa , etc.). Strong grazing results in remarkable changes in  fl oristic 
composition with predomination of synanthropic species ( Artemisia jacutica , 
 Descurainia sophia ,  Lappula squarrosa ,  Polygonum aviculare ). Grass species are elimi-
nated, often bare ground and solonetzic spots appear. 

 Ivanova  (  1981  )  offered another degression series for pastures of valley landscapes. 
She discerned  fi ve stages that are worth of detailed consideration (Fig.  14.5 ). 

    I.     Lack of grazing.  The soil is always covered with abundant litter of dead plant 
parts. The grass stand is represented by 3–4 grass species of which the tall 
bunch grasses  Stipa krylovii ,  Poa botryioides  or  Elytrigia jacutorum  often dom-
inate. The well-developed litter layer favours moisture accumulation, which in 
turn determines the presence of mesic species.  

    II.     Moderate grazing . Trampling results in the gradual transition of the litter layer 
into the humus soil horizon. This ensures soil richness. The stage is also char-
acterized by the destruction of the original four-grass  fl oristic structure of the 
steppes. Communities become monodominant ( Stipa krylovii ,  Agropyron cris-
tatum ,  Koeleria cristata ,  Festuca lenensis , etc.). Pasture species appear, though 
in low abundance.  

    III.     Strong grazing . Tall grasses that are characteristic for stage I disappear. Pasture 
species are regular and abundant. Trampling results in soil packing that upsets 
its capillary conductance and, consequently, yields desiccation and salt accu-
mulation. The steppe has a more xerophytic appearance with participation of 
halophytes.  Festuca lenensis  still plays the dominant role in this stage. Along 
with the  Festuca lenensis  formations,  Koeleria cristata  steppes also indicate 
strong grazing. The  fi rst develop on light soils with proper drainage, while the 
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latter occur on heavier substrate. The  Koeleria  formations are typically poorer 
in species and often contain ruderal plants ( Lepidium densi fl orum ,  Lappula 
squarrosa ) (Zakharova et al.  2010  ) .  

    IV.     Overgrazing .  Festuca lenensis  and  Koeleria cristata  give way to  Carex durius-
cula . Modern valley landscapes in the middle reaches of the Lena River pre-
dominantly bear  Carex duriuscula  anthropogenic steppes, while  Festuca 
lenensis  communities are of secondary importance.  

    V.     Grass elimination .  Carex  steppes are replaced by communities composed of 
ruderal species.     

 In our view dominance of  Koeleria  and  Carex duriuscula  indicates a rather strong 
grazing load, not light grazing. While the classi fi cation of Mironova  (  1992  )  and 
Gavrilyeva  (  1998  )  explicitly addresses alas vegetation, Ivanova’s  (  1981  )  classi fi cation 
refers to degradation of steppe vegetation in valley landscapes, but applies to xeric 
alas vegetation as well, since communities with  Stipa krylovii ,  Psathyrostachys 
caespitosa  and  Fesuca lenensis  (stages I and II according to Ivanova) are common 
on the slopes of alas depressions (Gogoleva et al.  1987  ) . Thus, Mironova-Gavrilyeva’s 
stages 1–3 correspond to Ivanova’s stages III to V, respectively. Therefore we con-
sider Ivanova’s classi fi cation more comprehensive and we will use it here. 

 Grazing results in a change of  fl oristic composition and physical characteristic of 
soils. Let’s discuss both factors separately. 

 Quantitative changes in vegetation due to pasture degradation were studied for 
alas vegetation (Gavrilyeva  1998 ; Ivanov et al.  2004  ) . Alases with the following 
usage regimes were considered: no grazing – strict grazing control – lack of grazing 
control – overgrazing. Over this grazing gradient species composition impoverished 
and species richness dropped from 16–28 to 7–14 species in steppe communities 
that were year-round used for grazing. Productivity decreased more than two-fold, 
basically because of the elimination of natural forb species ( Dianthus versicolor , 
 Thalictrum simplex ,  Linum perenne ,  Campanula glomerata , etc.). Xerophytes 
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  Fig. 14.5    Scheme of dominant species replacement in the degression series of steppe communi-
ties (After Ivanova  1981  )        
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( Carex duriuscula ,  Koeleria cristata ) and ruderals ( Polygonum aviculare ,  Lepidium 
densi fl orum ,  Lappula squarrosa ,  Potentilla bifurca , etc.) increased. The sharp 
change in  fl oristic composition is also expressed in the low values of Jaccard’s 
 (  1901  )  coef fi cient (Table  14.5 ). Signi fi cant pasture loads led to decreasing cover 
values and shortening of the vertical pro fi le with most phytomass concentrating 
nearer to the soil surface (Figs.  14.6  and  14.7 ). As the diagrams show, the quantita-
tive characteristics of communities with strict grazing control exceed those for intact 
pastures. This proves that total absence of grazing is not the best for a proper soil-
vegetation cover. Despite the rich  fl oristic composition, such ungrazed vegetation is 
ecologically not stable but experiences shrub invasion, and litter accumulation neg-
atively affects the grass stand.    

 Pasture and recreational degradations feature similar ecological consequences. 
However, each type of anthropogenic impact has its own peculiarities. Recreation 
usually does not lead to loss of phytomass and grazing leads to more pronounced 
changes in  fl oristic composition (Seledets  1976  ) . 

 Grazing and trampling modify the structure and physical characteristics of the 
soil. Packed soils feature poor capillary conductance resulting in desiccation and 
salt accumulation in the root-inhabiting layer. Table  14.6  shows that soils below 
pastures with strict grazing control have the best water permeability, even better 
than intact communities. The same pattern is shown in soil density along the grazing 
gradient (Ivanov et al.  2004  ) . Similar transformation of steppe communities is 
observed in valley landscapes as well. Over half a century ago Alyokhin  (  1950  )  
favoured moderate grazing, since cattle destroys last-year’s plant remains by con-
sumption or trampling, thus favouring better growth of plants the following spring. 
Hence, controlled browsing and regular surface improvement of pastures provide 
optimal conditions for retaining the ecological balance in steppe communities and 
their natural self-regulation (Ivanov et al.  2004  ) .  

 While pasture rotation and regulation of pasture load is important, reconstruction of 
degraded pastures needs top soil improvement by mechanical treatment together with 
application of mineral fertilizers (Matveyev  1981  ) . But nevertheless, also then ruderal 
species, especially of  Artemisia , increase. Thus, additional sowing of desirable grasses is 
required. Since the 2000s the agrosteppes method (Dzybov and Denschikova  2003    ) 
designed for the steppe zone of Russia, seems an attractive alternative. The method 
implies recovery of disturbed stands by sowing of mixtures of natural grass seeds col-
lected from intact communities with a rich species diversity and high cover values. An 
advantage of this method is that a minimal technogenic treatment is applied. The results 
of a 5-year experiment (Nezdiyminoga  2009,   2010  )  under the conditions of Central 
Yakutia (hot and arid summer, high soil salinity) demonstrated the recovery of the vegeta-
tion in degraded landscapes, with increased cover and predomination of natural species 
from intact communities, provided that similarity in ecological conditions and species 
composition of the degraded and intact communities (cf. Korolyuk et al.  2005  )  is observed 
(Table  14.7 ). The agrosteppe method has proved its effectiveness for impoverished xeric 
vegetation situated in the urban area under conditions of insuf fi cient moisture and soil 
salinity on dry terraces of the Middle Lena River valley. The recovery succession appeared 
to take 4–6 years under Yakutian conditions compared to 2–3 years in southern Russia.   
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   Table 14.7    Cover value dynamics of steppe communities reconstructed by the 
agrosteppe method   

 Parameters 

 Years 

 2004  2005  2006  2007  2008 

 Number of species  19  9  9  9  9 
  Cover,%  
 Total  60  60  70  75  80 
 Steppe and meadow grasses  25  40  55  75  80 
 Weed species  35  20  15  +  + 

  From Nezdiyminoga  (  2009  )   

   Table 14.6    Water permeability of frozen alas soils under pastures with various loads of grazing, 
mm/h   

 Hour of observation 

 Pastures with various regimes of usage 

 Intact meadow 
steppe 

 Year-round 
grazing 

 Lack of grazing 
control 

 Strict grazing 
control 

 1st  77  46  320  147 
 2nd  64  26  244  215 
 3rd  45  33  133   88.5 

  According to Ivanov et al.  (  2004  )   
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  Fig. 14.7    Height of grass stand of xerophytic communities in alases under various grazing loads       
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  Fig. 14.6    Cover values of xerophytic communities in alases under various grazing loads       
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    14.7   Outlook 

 After having become a dominating landscape and then having declined as a result of 
climatic  fl uctuations during the Quaternary, the remaining steppe vegetation of Yakutia 
experiences signi fi cant anthropogenic stress. Thanks to the fact that some remaining 
steppe landscapes are located in remote and uninhabited areas, the biodiversity of the 
steppe vegetation has a chance to be preserved. However, the most common types of 
steppe (especially the meadow and true bunchgrass variations) suffer from overgrazing 
and recreation load and gradually transform into ruderal communities. 

 We believe that aridity of the climate is one of most important and essential con-
ditions for the existence of steppes. Hence, changing climatic factors aggravated by 
anthropogenic impact may result in serious and sometimes irrevocable and unpre-
dictable consequences, from the elimination of steppe species from communities to 
a strong reduction of the area of steppe landscapes due to forest expansion. Modern 
geobotanical studies in the north-east of Yakutia (the Indigirka River basin) prove 
that forest communities give way to steppe vegetation in the course of post- fi re suc-
cession affected by anthropogenic and zoogenic impact (Troeva et al.  2010  ) . 
However, despite this, inevitable temperature increases and rise of air humidity will 
yield environmental conditions that are unfavourable for the growth of xerophytic 
plants. And this will lead to a reduction in biodiversity both at the  fl oristic and the 
community levels. 

 For conservation of the unique extrazonal steppe landscapes, remnants of the 
Late Pleistocene, establishment of steppe reserves is required in the regions with the 
highest biodiversity of steppe communities, i.e. the Indigirka and Yana River basins. 
Such protected areas should be of small size and under controlled and restricted 
human activity.      
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  Abstract   One of the most remarkable natural peculiarities of Dauria is an alteration 
of dry and wet stages within about 30-year climate cycles, which affect habitats and 
biota very strongly. During dry stage biomass and bioproductivity decrease, some 
habitat types diminish or disappear. Most of species both aquatic and terrestrial 
survive drought using different adaptations. The vegetation is adapted to climate 
cycles and resiliently reacts with  fl uctuations and cyclical successions. The distribu-
tion areas of many ground vertebrates pulsate in concord with the climate cycles. 
But the continuing warming gradually destroys the complete reversibility of these 
processes and leads to aridization: the dry stage of the cycle has mostly negative 
consequences including a decreasing sustainability of the ecosystem complexes and 
shifts in the range limits and migration routes of animals. Many vertebrate species 
barely survive.      
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    15.1   Introduction 

 In the last decades considerable climate changes of a global character are taking 
place. However, at the regional level they differ much from the general global level, 
and have peculiar features per region. Even greater differences between regions are 
observed in the ecosystems’s reactions to climatic variability, which to a great extent 
depend on the natural and economic conditions of the regions. 

 One of the regions that is ecologically strongly dependent on climate changes is the 
Daurian steppe. Dauria lies in the northern part of Central Asia. Most of the Daurian 
steppe area is situated in North-East China and East Mongolia; the Russian part is 
con fi ned to Zabaikalsky Krai and Buryat Republic. In terms of the WWF Terrestrial 
Ecoregions of the World the Daurian Forest-Steppe covers the Nenjiang River grass-
land, the Daurian forest-steppe, the Mongolian-Manchurian steppe, and the Selenge-
Orkhon forest-steppe eco-regions (Olson and Dinerstein  1998  ) . These grassland areas 
are united by geographic location, annual and multi-year rhythms in ecological 
factors, and structure and composition of communities (Tkachuk et al.  2008  ) . 

 The region lies at 600–800 m above sea level, comprises mainly plains and rolling 
relief, and has an ultra-continental climate. Low winter temperatures (in the Russian 
part the average January temperature is −25°C) result in deep freezing of the soils 
and the formation of permafrost pockets. This favors the cryophytic character of the 
Daurian steppes. The spring is cold, windy and dry, while most of the rainfall coin-
cides with the highest annual temperatures during the second half of the summer. 
This leads to a highly intensive cycling of nutrients in the short summer period and, 
as a result, to the formation of primarily poor, shallow soils. Widespread occurrence 
of stony soils explains the important role of long-rooted herbs, not only in meadow 
steppe, but also in typical steppe communities (Gadgiev et al.  2002 ). 

 The Central Asian Steppe Sub-Region of the Eurasian Steppe Region (Lavrenko 
 1970  )  has a  fl ora that is notably different from that of the steppes to the west, with 
genera such as  Cymbaria ,  Saposhnikovia ,  Filifolium ,  Panzeria ,  Schizonepeta , 
 Stellera ,  Lespedeza , etc. The  Stipa  spp .  dominating the Daurian steppes belong to 
 Capillatae , different from those of western steppes. Communities dominated by 
 Filifolium sibiricum (Asteraceae) ,  Leymus chinensis ,  Stipa baicalensis (Poaceae)  are 
not found in other grassland areas (Karamysheva  1993  ) . The most typical steppe 
communities are dominated by  Stipa krylovii ,  S. baicalensis ,  Leymus chinensis , 
 Artemisia frigida , etc. Shallow salt lakes with halophytic vegetation around them are 
also characteristic of the region. Grass-dominated grassland communities are inter-
mingled with other vegetation types (wetlands, saline vegetation, forest groves, bush, 
etc.) and should be described and preserved only in a broader landscape context. 

 The animal world of Dauria is diverse. There are species here whose main 
distribution area is much farther to the east, west or south (Japanese or Red-crowned 
crane ( Grus japonensis ), Manchurian tsokor ( Myospalax psilurus epsilanus ), 
Mongolian gerbil ( Meriones unguiculatus ), Common crane ( Grus grus ), etc.). 
Among the endemics of Dauria are the Mongolian gazelle ( Procapra gutturosa ) 
(up to 90% of the world population of the species lives here), Daurian hedgehog 
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( Mesechinus dauuricus ), Daurian souslik ( Spermophilus dauricus ), Mongolian 
lark ( Melanocorypha mongolica ), Upland buzzard ( Buteo hemilasius ) and others. 
A peculiar feature of the animal world is its variety of bird species determined by 
the narrowing of the global migration routes of birds in the Dalainor-Torey depression 
(Goroshko  2009  ) . The number of transitory migrants in the region’s ornithofauna is 
not less than 45%. Here more than 40 bird species are registered, which are listed 
both in the Red List of IUCN and the national Red Data Books of Russia, Mongolia, 
and China. 

 On the whole an important peculiarity of the region is that the amount of endemic 
natural communities in Dauria, which have been formed with participation of different 
 fl oras and faunas under conditions of permanent climate changes, is much higher 
than the amount of endemic species. 

 Daurian steppes, which were included by WWF into the list of 200 globally 
important eco-regions, possess a high level of biodiversity for a steppe zone. Under 
the conditions of global warming and the cyclical changes in moisture availability 
characteristic for the region, appreciable changes in species composition, abundance 
and spatial distribution of wildlife take place. Here we discuss the direct and indirect 
impacts of the main consequences of climate changes on communities of wildlife 
and vegetation, and give examples.  

    15.2   Peculiarities of the Region’s Climate Change 

 The climate of the eco-region is discussed taking the Onon-Argun inter-river area, 
which has been monitored instrumentally for a long time, as an example. The climate 
of the adjacent parts of the eco-region located in Mongolia and China alter accord-
ingly, but there is a tendency of a considerable decrease in the annual amount of 
precipitation from the east (foothills of the Great Hingan) to the west. Average 
annual air temperatures in the Onon-Argun area change throughout the territory 
from low positive degrees to the degrees below −3°C. Long-term changes in air 
temperature at different meteorological stations vary correspondingly. The longest 
series of observations at the meteo-station Nerchinsky Zavod gives the possibility to 
estimate century changes in air temperature (Fig.  15.1 ).  

 In the chart of average annual temperature (Fig.  15.1 ) three periods can be 
distinguished. From the middle of the nineteenth century till the beginning of the 
twentieth century there was an increase in temperature. Then up to the middle of 
the twentieth century the trend was about zero. In the early 1950s a new period 
of warming began. The rise in temperature in that period is characteristic of the entire 
area between the Argun and the Onon rivers (Fig.  15.2 ). Moreover, at the transition 
from the 1980s to the 1990s a leap in temperature occurred and the last two decades 
stand out with especially high temperatures. In that period during 7 years (1990, 
1993, 1995, 1998, 2002, 2007, 2008) the average annual temperature exceeded the 
highest values of the previous year. The highest temperatures were registered in 
2007 and 2008, but over the entire two decades on average the annual temperature 
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stayed equally high. This pattern in temperature changes is seen more or less equally 
in the data of all observation points located in different parts of the Onon-Argun 
inter-river area.  

 In the period 1951–2009 the average annual temperature in the study area 
increased by 1.9°C, and in different parts of the study area the linear trend showed 
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  Fig. 15.1    Long-term changes in average annual air temperature according to the data of the Nerchinsky 
Zavod meteo-station during the period of 1848–2009. Original series and polynomial trend       
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  Fig. 15.2    Long-term changes in average annual air temperature for the Onon-Argun inter-river 
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increases from 1.5°C up to 2.2°C during 59 years (Fig.  15.2 ). This trend is statistically 
signi fi cant (p < 0.05). It led to an increase of the period with positive temperatures 
in the northern part of the Daurian steppe from 165–167 to 173–179 days. 

 The strongest increase has been registered in February, and only slightly lower in 
March and April. These 3 months take half of the total increase in average annual 
temperatures. The lowest  fi gures are for the period of October–December. Thus the 
strongest increase is observed in spring, the least in autumn. For the cold period of 
the year (October–April) the rise in air temperature amounts to 2.4°C over 59 years; 
for the warm period of the year (May–September) to 1.3°C (p < 0.05). 

 The amount of precipitation in the Onon-Argun inter-river area is uneven. Its annual 
quantity alters throughout the study area from less than 300 mm in the environs of 
the Torey lakes to more than 400 mm in the north-east of the area. 

 The distribution of precipitation in the Onon-Argun inter-river area over the year 
is extremely uneven (Fig.  15.3 ). The largest amount falls in summer and is on aver-
age about 68% of the annual total, and the largest quantity comes in July (around 
27% of annual total). During the 3 winter months only 3% of the precipitation falls, 
with in January and February each less than 1% of the annual total (or around 3 mm 
per month).  

 The amount of precipitation in the Onon-Argun inter-river area decreased since 
the middle of last century by 45 mm on average, which is about 13% of the annual 
total. But the trend is statistically not signi fi cant at the 5% level. 

 Long-term changes in precipitation are cyclic, and in South-eastern Transbaicalia 
cycles are most vividly apparent within the timespan of a century (Obyazov  1994  ) . 
From 1955 to 1963 there was a period with above average precipitation, followed, 
up to 1982, by a below average period. In 1983 a wet period started again, lasting to 
1998. 1999 was the beginning of a new dry period, and it is as yet hard to say when 
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  Fig. 15.3    Annual distribution of the precipitation in the Onon-Argun inter-river area       
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that ends. In any case during 2008–2010 no clear changes in river  fl ow and lake 
levels were noticeable. 

 Thus, up to two full cycles in precipitation occurred in the Onon-Argun inter-
river area over the past 60 years (Fig.  15.4 ). Apart from these decennia-long cycles 
also cycles of another wave length occur in the area, including a 4–5 year cycle 
(Obyazov  1994  ) . Cycles identi fi ed are based on classical statistical methods for 
analyzing climate change, in particular by the construction of residual mass curves 
(Vladimirov  1990  ) .  

 As regards the annual distribution of the precipitation, in the entire Zabaikalsky 
krai precipitation in the cold period increased since 1955, causing a rise in snow 
cover of 2–7 cm, or 20–50% of the average snow height. Another clearly recogniz-
able trend is that in the dry phases of the 30-year humidi fi cation cycle the average 
snow height is higher than in wet phases. At the station in Nizhny Tsasuchey, in two 
analysed dry periods (1964–1982 and 1999–2010) in the winter months (November–
March), there was 31.7% more precipitation (20.17 mm versus 15.31 mm) than in 
the corresponding wet periods (1955–1963 and 1983–1998). 

 The correlation between quantity of precipitations and air temperature is very weak. 
 Long-term changes in river  fl ows in the Onon-Argun inter-river area are highly 

correlated. The average correlation coef fi cient for the study area is 0.8, the highest 
ones, exceeding 0.9, being characteristic of the rivers of the Onon basin, and also 
between the Onon and the Shilka rivers, and the lowest (less than 0.6) between the 
rivers of the Argun and the Onon basins. This synphasic and cyclic pattern is clearly 
shown in Fig  15.5 . In the period 1956–2008 two full cycles can be distinguished: 
from 1956 to 1964 a full- fl ow phase of 9 years, followed by a low- fl ow phase of 
18 years (from 1965 to 1982), and again a full- fl ow phase of 15 years (1983–1998). 
In 1999 a low- fl ow phase began and is still continuing.  
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  Fig. 15.4    Residual mass curve of average annual totals of atmospheric precipitation in the Onon-
Argun inter-river area       
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 Inter–year changes in annual  fl ow of most rivers in the Onon-Argun inter-river 
area show a negative trend. The annual mode of  fl ow from 1956 to 2008, general-
ized for the area, decreased by 0.53 l/c 

*
 km 2 , or by 21%. The inter–year  fl ow changes 

in the warm period of the year (May–September) are strongly determined by the 
amount of precipitation in this period. 

 Inter–year changes in precipitation and  fl ow occur synphasically (Fig.  15.6 ) and 
the correlation coef fi cient between the observation series of  fl ows of all the rivers in 
the Shilka basin and the average total of precipitation exceeds 0.7.  
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 Lake levels also directly depend on precipitation and correlate with river  fl ows. 
For instance, Fig.  15.7  shows clear phases in measured water levels in the Torey 
lakes. It should be noted that by June 2009 Lake Barun-Torey had completely dried 
up, while just before its  fl oor contained only shallow large puddles, which appeared 
after rains.   

    15.3   In fl uence of Climate Cycles on Habitats 

 Climate changes in the Daurian eco-region, especially humidi fi cation cycles and 
continuing warming, cause habitat alteration and even habitat disappearance. 
The most intensive changes occur in wetlands, which are important intrazonal 
biotopes of the steppe zone. In dry phases of the cycles all small rivers and most of 
the springs, and up to 90–98% of lakes dry up. Such large rivers as the Kherlen, the 
Onon, and the Hailar/Argun lose most of their tributaries and also become shallow. 
By 10 June 2009 one of the largest water bodies of the region – Lake Barun-Torey 
– had completely dried up (except for small puddles at the spots of spring outlets) 
(Fig.  15.8 ). At that time the levels of Lakes Dalainor, Buir-Noor, and Khukh-Noor 
also fell considerably.  

 In    Lake Barun-Torey the saline that formed after drying up gradually is getting 
overgrown and turning into a meadow and steppe (this will be described further on). 
The lake depression, devoid of water (551 km 2  in 1999), instead of being an aquatic 
ecosystem inhabited by aquatic organisms and organisms that live near water, includ-
ing thousands of tons of  fi sh, (Photo  15.1 ) became part of the terrestrial ecosystem. 
Presently, it harbors animals that are absolutely not associated with water, for 
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  Fig. 15.7    Long-term changes in the level of Lake Barun-Torey       
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  Fig. 15.8    Changes in area of Lake Barun-Torey ( left ) and Lake Zun-Torey ( right ) from 2001 to 
2009       

 example, Mongolian gerbils and gazelles. Disappearance of water sources in steppes 
makes steppe habitats unsuitable for animal species that need waterings. We address 
this further on. Following disappearance of the lakes, or their substantial shallowing 
and salinization, near-water macrophytes also degrade, in particular  Phragmites aus-
tralis , and shrubs wither. The same occurs in the drying rivers. Thus, tall shore and 
 fl oodplain vegetation turns into meadow and steppe habitats. Islands and spits of the 
lakes that were nesting areas for loads of waterfowl and near-water birds, including 
colonial ones (only on the Torey lakes in wet periods there were up to 17 islands 
inhabited by masses of birds), cease to be such and lose their signi fi cance.  

 In the beginning of dry periods tall herbaceous vegetation, including  fl oodplain 
vegetation, disappears faster due to the increasing intensity of steppe  fi res. Thus, in 
1996–1997 50–70% of the steppes and  fl oodplains burned. Large tussock grasses 
and bushes re-grow slowly after  fi res. Increasing evaporation on burnt areas in dry 
periods contributes to further drying of  fl oodplains, and the level of groundwater 
falls as well. Therefore, restoration of the lake’s level and of the river’s  fl ow with the 
start of a wet phase slows down. 

 Increased number of  fi res in dry phases of the cycles limits spreading of forest 
habitats. Fires to a great extent annihilate insular pine forests ( Pinus sylvestris ) in 
the steppe zone, and move the forest boundary to the north (in part of the region 
under consideration) or upwards (on mountain ridges). For instance, in the Tsasuchey 
pine forest, in the course of the current dry phase the number of  fi res has grown 
sixfold in comparison with the previous wet phase. Changes in temperature and 
moisture regime caused repeated increase of windy days in the pine forest and 
lengthened  fi re-danger periods. As a result, emergence of high  fi re danger occurred 
not only in spring but also in September–October and in 1999–2010 more than 75% 
of the pine forest burned out. The number of forest  fi res in the region as a whole 
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  Photo 15.2    Consequences of drought and overgrazing in the Daurian steppe (Dornod aimag, 
Mongolia) (Photo V. Kirilyuk)       

  Photo 15.1    Dead  fi sh on the bank of Torey lakes in the dry period of climatic cycle (Photo 
O. Goroshko)       
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known data on withering of forest tracts and belts in the Russian and the adjacent 
Mongolian territory.  

 The impacts of dry phases in the 30-year humidi fi cation cycle on steppe habitats 
proper reveal in general a decline in their sheltering features (lower height and 
density of vegetation, almost complete disappearance of long-stemmed grass plants) 
and foraging qualities (lower biomass of vegetation). And, especially in the southern 
part of the study area, aridization leads to total xerophytization of the plant cover 
with, in some communities, a decrease in species. Also, salt-tolerant species spread 
to dried-up water basins and  fl ows. Some aspects of these processes are considered 
in more details in the next section. 

 Similar to the pulsation of the boundary between the steppe and forest-steppe 
zones, shifts of the steppe – desert boundary take place. Changes in steppe habitats 
towards the end of the dry phase can cause deserti fi cation. However, if they result 
from relatively short cycles these processes are usually reversible. Most steppe species 
have adaptations to survive unfavorable periods and subsequently quickly restore 
their abundance. Yet, in some periods, vast stretches of steppe become almost unin-
habitable for most steppe animals, as they approach desert conditions (Photo  15.2 ).  

 It is extremely dif fi cult to assess whether these changes are due to natural factors 
or not, as considerable parts of the steppes of the Daurian eco-region are under 
severe pressure of pasture cattle-breeding. Numbers of free-grazing livestock, though 
subject to regulation by natural factors, are also arti fi cially maintained high by 
humans, and this harms the ecosystems. 

 With the beginning of a wet phase rivers and lakes  fi ll with water, and this 
process goes much faster than drying. Then ground vegetation, growing densely in 
river beds and on lake  fl oors, is  fl ooded and rots. The processes of destruction of 
large amounts of organic matter with simultaneous re- fi lling and warming up of the 
water in the shallow basins give a sharp rise in the reproduction of plants and 
animals of all trophic levels. In the steppe zone many intrazonal aquatic and near-
water habitats with rich foraging bases re-appear. The foraging capacity of the 
steppe biotopes sharply increases, many water sources appear, and shelter conditions 
improve. In the most humid part of the steppe zone the area with bush and tree 
vegetation starts increasing. 

 The most important limiting factor for many non-migrating and non-hibernating 
animals is the (height of the) snow cover. Areas with a continuous snow cover of 
20 cm or more thick, and areas with a  fi rm and ice-encrusted snow cover of 10–12 cm 
thick, are uninhabitable for most steppe species. 

 On the whole, the habitats of the Daurian eco-region are subject to cyclic changes 
with strong amplitudes. Accordingly, the amount of biomass of living organisms 
differs many-fold between dry and wet phases. Thus, food supply and other condi-
tions for life and reproduction differ. During the dry phase, which is the most critical 
for many vertebrate species, a few habitat refugia remain, e.g. large rivers and river 
 fl oodplains, lakes that don’t dry up, southern slopes of hills with outcrops of rocks 
and ravines in the north of the steppe zone and northern slopes in the south of it. 
In the unbroken landscapes of the steppe such relatively favorable habitats depend 
on variation in local conditions. 
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reached a maximum by the middle of the dry period. In 2007, in Zabaikalsky krai 
only, according to of fi cial statistics, about 2,500 forest  fi res were registered, which 
destroyed more than 350,000 ha of forest. 

 Drought also directly in fl uenced the forests. Isotherms correlated with the 
distribution of permafrost (−2.5°C is the southern boundary of the area of insular 
permafrost, −7.5°C the boundary of the continuous permafrost area) were actively 
moving to the north. In the past 40–50 years the shift amounted to several hundreds 
of kilometers in some places. The southern boundary of the permafrost area moved 
further north than 52° northern latitude, having come close to the limit of perma-
frost retreat in the known geological periods of the interglacial (Shesternev et al. 
 2008  ) . Retreat of permafrost is accompanied by subsidence of the groundwater 
level in the current dry period, which together with insuf fi cient humidity of the air 
causes further drying of soils and a gradual increase of xerophytic species in plant 
communities. Because of moisture de fi cits, not only in the areas of former perma-
frost, partial or complete withering of  Pinus ,  Larix , and even more, of  Betula  and 
some other small-leaved trees occurred in a strip of up to 100–150 km wide along 
the southern boundary of the forest zone. As a result steppes are shifting north 
more rapidly. A clear indicator of this is the general withering of arti fi cial forest 
belts in South-East Transbaikalia (Annenhonov  2008  ) . Figure  15.9  summarizes the 

  Fig. 15.9    Withering of forest belts and tracts of forest on southern slopes in the forest-steppe 
zone;  1  boundary of the expansion of withering of small-leaved species ( Betula pendula ,  Populus 
suaveolens ,  P. tremula ) in tree stands of the forest-steppe according to Annenhonov  (  2008  ) ;  2  
points of complete or partial (more than 50%) withering of tree stands in forest belts or tracts of 
forest on southern slopes according to data of our research in 2008–2010       
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 The high dynamics in habitats in the Daurian eco-region are accompanied by 
strong leaps in bioproductivity, and these support the high biodiversity of the 
Daurian steppes, including the abundance of many mammal and bird species.  

    15.4   In fl uence of Climate Cycles on Vegetation 

 The indigenous vegetation consists mainly of steppes, forests and tree groves, and 
vegetation of river valleys and lake depressions. Their spatial pattern depends on 
climate and soil conditions. 

 In the northern part of the Daurian region, along the foothills of the Hentei, 
Great Hingan and other mountain ranges, so-called “exposition forest-steppe” 
occurs where forests cover northern slopes, while grasslands and xerophytic shrubs 
occupy southern ones.  Ulmus pumila  also forms groves on southern slopes. Forests 
consist of  Larix gmelinii ,  Pinus sylvestris ,  Betula pendula  and  Populus tremula .  P. 
sylvestris  can form large forest islands on sands along river valleys. Savanna-like 
landscapes with sparse trees of  U. pumila  or  P. sylvestris  occur in some places 
(Photo  15.3 ).  

  Photo 15.3    Small-tussock grass – herbaceous steppe with  Pinus sylvestris  (“Pine savanna”) in 
eastern part of Mongolia (Photo T. Tkachuk)       
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 Bush-steppe communities with  Ulmus macrocarpa ,  Spiraea aquilegifolia ,  S. media , 
 S. pubescens ,  Armeniaca sibirica  and also  Artemisia gmelinii  communities are 
derivatives of the broad-leaved forests of past geological periods and typical of 
contemporary Daurian landscapes. Their grass layer contains both xero- and meso-
phytic species, which alternately prevail in years with different humidity. Such a 
dual composition is typical of plant communities in Dauria (Dulepova  1993  ) . 

 Steppe    is the main zonal vegetation type in Dauria. It is subdivided according to 
degrees of humidity into three subtypes: meadow steppes, typical steppes and dry 
steppes. 

 Meadow steppes are found mostly in the north and north-east of Dauria. For example 
 Stipa baicalensis  steppes occur in the east along the Argun river and its tributaries. 
Steppes dominated by the rhizome graminoid  Leymus chinensis  are more abundant 
in southern valleys of Transbaikalia and North-East Mongolia (Grubov  1959 ), espe-
cially in lake depressions. Another characteristic formation is the  Filifolium  steppe 
(Photo  15.4 ). They occupy mountain slopes and planes mostly in forest-steppe land-
scapes.  Filifolium sibiricum  ( Asteraceae ) forms both meadow and typical steppe 
communities and is perfectly adapted to the ultra-continental climate. Often herba-
ceous and grass-herbaceous meadow steppes occur.  

 Typical steppes occupy vast areas. Small-tussock steppes with  Festuca litvinovii , 
 F. valesiaca ,  Poa botryoides ,  P. attenuata ,  Cleistogenes squarrosa  are wide-spread 

  Photo 15.4     Filifolium sibiricum-Koeleria cristata  steppe at Russian part of Argun river basin. 
Inset:  Filifolium sibiricum  (Photo T. Tkachuk)       
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both in forest-steppe and steppe landscapes. Large-tussock steppes dominated by 
 Stipa krylovii  (Photo  15.5 ) occupy plains in the south of Transbaikalia and North-
Eastern Mongolia.  

 Dry steppes form a continuous belt only in Central-Southern Mongolia. Here 
prevail mainly gramineous dry steppe species:  Stipa krylovii ,  Agropyron cristatum , 
 Cleistogenes squarrosa ,  Koeleria macrantha ,  Artemisia frigida , as well as species 
of the desert steppe:  Stipa klementzii ,  S. glareosa ,  Cleistogenes songorica , etc. 
(Karamysheva  1993  ) . 

 Petrophytic variants of all steppe subtypes are wide-spread and occur mostly on 
tops of steppe hills (Photo  15.6 ). Such species as  Chamaerhodos tri fi da ,  Arctogeron 
gramineum ,  Orostachys spinosa ,  Stellaria scherleriae ,  Eremogone capillaris , etc .  
are typical for them.  

 Complex relief oversets latitudinal zonal and subzonal borders and makes them 
dif fi cult to recognize. So, enclaves of forest-steppe are spread far southwards, and 
also patches of dry steppes are found on southern slopes in the forest-steppe zone in 
Russian Dauria. 

 In  fl oodplain wetlands (Photo  15.7 ) meadows with grasses (of the genus 
 Calamagrostis ) and tussock sedges ( Carex schmidtii  and others) prevail as well as 
groves of  Salix  spp.  Phragmites australis  communities and several species of wild 
fruit trees ( Crataegus  sp.,  Padus avium ,  Malus baccata , etc.) are also common.  

  Photo 15.5     Stipa krylovii  steppe at Daursky Biosphere Reserve (Russia) (Photo T. Tkachuk)       

 



  Photo 15.7    Floodplain of Onon river with complex of meadows with thickets of  Salix  spp .  and 
other bushes (Photo I. Glushkov)       

  Photo 15.6    Petrophytic steppe with  Scutellaria baicalensis  in the Daursky Reserve (Photo 
T. Tkachuk)       
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 The bottoms of small depressions and shores of salt and brackish lakes are 
occupied by salines. Patches of small salines also spread in steppe areas. Their veg-
etation is dominated by annual chenopods ( Suaeda corniculata ,  Kochia densi fl ora , 
 Atriplex sibirica ,  A. patens , etc.), perennials such as  Artemisia anetifolia  and  A. 
laciniata , and the dwarf shrub  Kalidium foliatum . In big depressions they are sur-
rounded by meadows with  Puccinellia  spp.,  Hordeum brevisubulatum ,  Leymus 
chinensis  and  Iris lactea  and also  L. chinensis  steppes. Communities of the large 
tussock grass  Achnatherum splendens  are common in depressions and may also 
fringe lower slopes of steppe hills, where ground water is shallow.  Achnatherum  
steppes usually include some halophytic species ( Limonium aureum ,  Saussurea 
amara ,  Iris lactea ). 

 As the pattern of vegetation types mentioned closely depends on small differences 
in relief and some related habitat conditions,  fl uctuations in climate considerably 
affect the temporal and spatial diversity, changing the distribution of species and 
composition of communities over time in a cyclic manner. 

 We studied vegetation dynamics along a  fi xed transect between the Torey lakes 
in the  Daursky  Biosphere Reserve during 2002–2010 (Tkachuk and Zhukova  2010  ) . 
The transect is about 4 km long, and includes steppe, halophytic meadows, pioneer 
halophytic vegetation and dense stands of hydrophytes ( Phragmites australis  and 
 Bolboschoenus planiculmis ). 

 The sequential distribution of the vegetation along the transect is shown in 
Fig.  15.10 . The lowest, recently dried-up parts of the transect carry halophytic pioneer 
vegetation with patches of hydrophytes (Photo  15.8 ). The 1st lake terrace and lake 
shores, which became dry 2–4 years ago, support halophytic meadows, and the 
highest part of the transect, on the 2nd and 3rd terraces, steppe vegetation. The vegeta-
tion belts are much wider at the Barun-Torey depression than at that of Zun-Torey.   

 Vegetation dynamics along this transect during 9 years are illustrated in 
Fig.  15.11 . The main trends are the areal increase of all vegetation types together 
and the disappearance of the shore line vegetation. The strong increase of pioneer 
vegetation and hydrophytes in 2004 is caused by the rapid retreat of the shore-line 
and connected elongation of the transect. The hydrophytes later decrease as the 
ground water level falls. Halophytic meadows increase from year to year, especially 
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  Fig. 15.10    Scheme of vegetation distribution along the  fi xed transect between the Zun-Torey and 
Barun-Torey lakes. Relative width of the  fi elds in the diagram corresponds to width of the vegeta-
tion zones in the transect       
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  Photo 15.8    Patches of  Bolboschoenus planiculmis  and sparse  Suaeda corniculata  on the dry bottom 
of Barun-Torey lake (Photo T. Tkachuk)       
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  Fig. 15.11    Change of different vegetation types in the monitored transect in the period 
2002–2010       
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since 2005. This sudden increase comes with a lag of 1 year behind that of the 
pioneer vegetation. The increase in steppe vegetation is insigni fi cant.  

 The dynamic successional vegetation pattern between the Torey lakes (as well as 
at other drying lakes) is similar to that of other salty steppe lakes in Central Asia 
(Vostokova  1983 ; Zhao et al.  2010 ), though some details are typical for the Daurian 
steppe region. 

 Newly dried-up sites are  fi rst colonized mainly by a few annual chenopod species 
and, nearly at the same time, by  Tripolium vulgare ,  Argusia rosmarinifolia , 
 Knorringia sibirica ,  Puccinellia tenui fl ora  and  P.macranthera . In the second year 
 Suaeda corniculata  fully covers the sites, except where some large, local patches of 
 Phragmites australis  and  Bolboschoenus planiculmis  already existed. Dense patches 
of  Ph. australis  outside the lake zone remain for some 3–5 years or more and those 
of  B. planiculmis  for 1–2 years, though these species survive in communities 
inde fi nitely in low abundance or as tubers ( B. planiculmis ). 

 The 1st and 2nd lake terraces, as well as shores dried-up for 3 or more years, 
carry halophytic meadows which rapidly expand from year to year: in our transect 
from 90 m in 2002 to 3,140 m in 2010. In the next few years they turn into meadows, 
mostly  Puccinellia tenui fl ora  meadows (Photo   15.9  ), and locally also  Carex reptabunda  
meadows. Some of these meadows persist already for 8 years. The  Puccinellia  
meadows are succeeded by  Hordeum brevisubulatum  meadows. The zone of  Hordeum  

  Photo 15.9     Puccinellia tenui fl ora  meadow on the bottom of the dried-up Barun-Torey lake (Photo 
T. Tkachuk)       
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meadows shifts only meters per year at the expense of the  Puccinellia  meadows, 
and in turn is replaced by  Leymus chinensis  meadow and than by  L. chinensis  steppe. 
This  Leymus  belt shifts slowly down the terrace slope: at the bottom displacing 
meadows while at the top being displaced by typical steppe.  

 The typical steppe area on the 2nd and 3rd lake terraces (Photo  15.10 ), domi-
nated by  Stipa krylovii ,  Artemisia frigida  and  Allium polyrhizum , increased hardly 
(from 460 m in 2002 to 550 m in 2010). Long-term climatic cycles that are thought 
to have caused the drying-up do not immediately affect these communities and 
 fl uctuations in species abundance seem reactions on short-term  fl uctuations in 
precipitation, and perhaps also to grazing intensity. Climate-dependent  fl uctuation 
dynamics are characteristic of steppe vegetation, and Dulepova  (  1993  )  described 
these for the northern part of Dauria (Eastern Transbaikalia). They are brought 
about by various mechanisms, e.g.  fl uctuations in the amounts of seeding and ger-
mination, survival of seedlings, different numbers of annual shoots in tussocks and 
on other perennial plants that change the competition between species differing in 
drought tolerance but coexisting in the same communities. Some annual chenopods 
become very abundant in some rainy years but remain in the community only in the 
seed bank during a sequence of dry years. Overgrazing also can affect abundances, 
especially in dry years. And other species, with perennating organs such as bulbs 

  Photo 15.10     Artemisia frigida  –  Stipa krylovii  steppe on the terraces of the Torey lakes (Photo 
T. Tkachuk)       
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and rhizomes ( Lilium pumilum ,  Gagea pauci fl ora ,  Bolboschoenus planiculmis ), can 
stay dormant during unfavorable years and re-appear aboveground in better years.  

 The vegetation of the Daurian steppe and lake complexes seems adapted to cyclical 
climate changes and is resilient as regards species composition and biological 
features, as apparent from vegetation  fl uctuations and cyclical succession. The stron-
gest effects of climate cycles on the vegetation are observed at lake depressions where 
a cyclical succession with a change in vegetation types takes place. The steppe vegeta-
tion is more resistant to climate changes and shows mostly short-term  fl uctuations.  

    15.5   In fl uence of Climate Cycles on Wildlife 

 Climate changes in fl uence vertebrate animals both through transformation of habitats 
and directly. A convincing example of indirect impact is the drying up and shallow-
ing of water basins and courses, which are the natural habitat for aquatic animals 
and the main habitat for animals that live near water. In such cases aquatic organisms, 
including  fi sh, die completely (Photo  15.1 ) or survive in near-dormant regenerative 
stages, including larvae and roe at remaining survival stations. Also the Golden 
Carp ( Carassius auratus gibelio ) can preserve its vitality for some time after the 
water basin has dried up by burying itself in the silt. In the Uldza river basin, where 
in fact no  fi sh is left due to drying, carps remain so far only in Lake Khukh-Noor – 
the deepest reservoir of the basin. 

 Changes in depth and mineralization of the water of the lakes and rivers also lead 
to the loss of suitable nesting sites, including islands, and changes in the availability 
of foraging items. This actually caused considerable changes in the composition of 
waterfowl and near-water birds nesting at the Torey lakes (Fig.  15.12 ).  
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  Fig. 15.12    Change in species composition of the nesting fauna for the main groups of waterfowl 
and near-water birds at the Torey lakes in the period 1994–2009       
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 With transformation of the lake ecosystem numbers of individuals change at 
even higher rates than species composition, including the numbers of the very rare 
Relict Gull ( Larus relictus ), for which low-water periods in the  fi lling stage are 
more favorable (Fig.  15.13 ).  

 Great Cormorants ( Phalacrocorax carbo) , whose numbers on the Torey lakes 
reached a maximum of more than 2,200 in 2001 (Tkachenko and Obyazov  2003  ) , 
had stopped nesting altogether by 2010. This was due  fi rst to dying of  fi sh (2006–
2007) and then the disappearance of the last island. After that cormorants spread 
without forming large colonies over the vast area of forest-steppe and southern 
taiga, up to the Baikal where they hadn’t been for some decades. With the disap-
pearance of islands and the impoverishment of forage availability at the Torey lakes 
other colonial birds have stopped nesting too: Gray Heron ( Ardea cinerea ), Herring 
Gull ( Larus cachinnans ), Caspian Tern ( Hydropogne caspia ), Black-winged Stilt 
( Himantopus himantopus ), Black-capped Avocet ( Recuvirostra avosetta ), White-
winged Tern ( Chelidonias leucopterus ), Common Tern ( Sterna hirundo ), the rare 
Little Gull ( Larus minutus ), Gull-billed Tern ( Gelochelidon nilotica ) and Whiskered 
Tern ( Chelidonias hybrida ). 

 During the wet phases millions of waterfowl pass through the Daurian steppes 
using thousands of forage-rich lakes for resting and feeding before rushing across 
the taiga to the tundra. But as the lakes dry up the broad steppe zone becomes almost 
insurmountable for waterfowl, and their migration routes change. The total numbers 
of all ducks in nine steppe districts of Zabaikalsky krai decreased 59-fold from 1999 
to 2009, which is caused by the shift of migration routes to the east, to the foothills 
of the Great Hingan, and to the west, to the Hentii region (Goroshko  2011  ) . These 
ridges stretch far south and, thanks to their rivers, provide waterfowl with suitable 
conditions for a stop-over during their migration. It makes the  fl ight across dry 
steppe and desert shorter. 

  Fig. 15.13    Number of nests of  Larus relictus  at the Torey Lakes in the period 1967–2001 
(Tkachenko and Obyazov  2003  )        
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 With the rivers and lakes drying up almost all White-naped Cranes ( Grus vipio ) 
have moved from the steppe to the forest-steppe for nesting. Total numbers of nest-
ing White-naped Cranes during the last dry cycle fell sharply (Fig.  15.14 ), which led 
to a general reduction of the western population of the species.  

 The only steppe crane species in the region, the Demoiselle ( Anthropoides virgo ), 
although not inhabiting wetlands, also greatly depends on water sources for raising its 
nestlings. Demoiselles nest along river  fl oodplains, lakes shores, at springs or wells. 
Sharp reductions of water bodies during drought lead to a decrease in total numbers 
and in the numbers of breeding birds. While in the previous wet phase the population 
density in the Torey depression and the basin of the Onon river in its middle reaches 
was 1.1 individuals per km 2  (Goroshko  2002  ) , and in the Kherlen basin and to the 
south of it 0.3–0.8 individuals per km 2 , by the end of the current dry phase, in 2007–
2010, these  fi gures were only 0.1–0.3 and 0.01–0.05 individuals per km 2 , respectively. 
Thus its population density has decreased from 4-fold to 250-fold. At the same time 
the number of Demoiselles has increased remarkably in the forest-steppe zone. 

 The Great Bustard ( Otis tarda dybowskii ), an inhabitant of meadow steppes and 
lake depressions covered with tall plants, moves to the forest-steppe zone in dry 
periods, and through wide-open river valleys and across agricultural lands also to 
the southern part of the forest zone. That also caused considerable numbers of 
bustards to move from Mongolia to Russia in the  fi rst decade of the 2000s. 

 Populations of the most typically steppe birds also experience dips in dry periods. 
Especially hard conditions can occur in huge parts of the southern dry steppes, 
where the grass cover degrades due to drought and high densities of livestock. 
In June 2008, in the south of Sukhebaatar aimak in Mongolia, for example, where 
almost no grass cover was left, the total population density of all counted birds was 
7.9 individuals per km 2 , most of them small species, and the proportion of Asian 
Short-toe Lark ( Eremophila alpestris ) was 44%. Among the larger birds along 
273 km of census routes the population density of the Demoiselle was only 0.01 
individuals per km 2 , that of the Saker Falcon, Upland Buzzard and Raven also very 
low at about 0.004 individuals per km 2 , and that of the Steppe Eagle ( Aquila rapax ) 
even lower at 0.002 individuals per km 2 . At the same time in the south-west of 
Eastern aimak, where vegetation was relatively abundant as a result of scattered 
rains, the density of the total bird population exceeded 1,000 individuals per km 2 . 

 During dry periods the distribution areas and patterns of many mammal species 
changes considerably. The home range of the Raccoon Dog ( Nyctereutes procyonoides ) 
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very strongly so. This species expanded to the eastern part of the Daurian steppes in 
the middle of the twentieth century having moved from the east (Peshkov  1967  ) . 
By 1999, the Raccoon Dog, though preferring rivers and lakes, was common almost 
everywhere and occupied meadow steppe, forest and shrub habitats in the Russian 
and adjacent parts of the eco-region. At the Torey lakes its numbers amounted to 
some thousands. By 2008 there were no dogs left there. On the whole their numbers 
and distribution in this part of Dauria reduced very drastically and the Raccoon Dog 
now only inhabits the  fl oodplains of large rivers, such as the Onon and the Argun. 
Moreover, its population density in survival stations has not increased. 

 In the south of the region the distributions of the Fox ( Vulpes vulpes ), Eurasian 
Badger ( Meles meles ) and Wolf ( Canis lupus ) have become diffuse, as these spe-
cies need watering places. Most of the southern occurrences of the Long-tailed 
Souslik ( Spermophilus undulates ) on the right bank of the Onon have disappeared. 
The Siberian Roe deer ( Capreolus pygargus ) penetrated deep into the steppe zone 
in wet periods, and depending on the availability of waterings it occurred not only 
in insular forests, groves and  fl oodplains, e.g. along the Uldza river, but also in hilly 
herbaceous steppes with  Salix -scrub in depressions. By 2007–2008 the limits of its 
range had moved up to 100 km to the north (Fig.  15.15 ). Similarly, following the 
disappearance of habitat fragments with trees and shrubs, as well as shallow waters 

  Fig. 15.15    Southern limit of the range of the Siberian Roe Deer ( Capreolus pygargus ) in 1996 and 
in 2007       
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with  Phragmites  and  Salix , the southern limits of Wild Boar ( Sus scrofa ), Red Deer 
( Cervus elaphus ), Eurasian Lynx ( Lynx lynx ) and Mountain Hare ( Lepus timidus ) 
have noticeably shifted northward.  

 At the same time, some dry steppe species, particularly Siberian Jerboa ( Alactaga 
sibirica ) and Mongolian Gerbil ( Meriones unduiculatus ), spread northward during 
the drought years, though not rapidly: the Gerbil extended its range to 10–15 km to 
the north of the Torey lakes, and the Jerboa locally several tens of kilometers farther 
to the forest-steppe through steppe ledges. 

 Special attention deserves the Mongolian gazelle ( Procapra gutturosa ), the most 
numerous and typical ungulate species in the region. In the period 1994–2010 we 
observed and censused the population, mapped calving areas, seasonal distribution 
and migration routes, and analysed the space-time dynamics of the species. 
In the studied part of the Daurian steppe eco-region, mainly within East Mongolia, 
there are two large populations of gazelle, the North Kherlen and Matad ones, 
comprising from 700,000 to 1,600,000 individuals in spring (Olson et al.  2005 ; 
Kirilyuk  2011 ). Dispersion in connection with drought began in both populations 
but the Matad one is restricted in its movements by arti fi cial barriers on the 
Mongolian-Chinese frontier, and thus alterations in the space structure of this 
population were not natural. The North Kherlen population started to move north-
ward, also in Russia, after 1998, the last year of the wet phase (Kiriliuk  2007  ) . 
By 2010 the northern boundary of its range had shifted by 70–120 km (Fig.  15.16 ). 

  Fig. 15.16    Change in the distribution of the North Kherlen population of the Mongolian Gazelle 
( Procapra gutturosa ) from 1998 to 2010       
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The distance of autumn migrations, the yearly range used by the population, and the 
locations of their calving areas changed, but to a different degree per year, and due 
to different environmental factors. These movements sometimes involved more than 
50,000–100,000 individuals.  

 Climatic factors bring direct threats to animals as well. In 1998, because of 
unusually high rainfall in June and August, Roe deer, Daurian hedgehogs 
( Mesechinus dauuricus ), Tolai hares ( Lepus capensis ), Daurian ptarmigans ( Perdix 
dauurica ) and some rodent species lost considerable parts of their litter. In Mongolian 
gazelles epizooty of necrobacillosis because of hooves’ swelling killed 85–90% of 
the young and 20–30% of 1-year-old and adult individuals. Abundant snowfalls at 
the beginning of 2001, 2003 and 2010 caused mass death among Mongolian 
gazelles, Raccoon Dogs and Corsak foxes ( Vulpes corsac ). 

 Great heat at the end of June 2010 (for more than a week the day’s temperature 
rose to 43–49°C) led to the death of more than half of the nestlings of steppe eagles 
( Aquila rapax ) and upland buzzards ( Buteo hemilasius ). Mongolian gazelles, 
having mass calving at that time, lost 67–85% of their young, despite the species’ 
adaptation to heat. 

 Fires accompanying droughty periods are among the most powerful catalysts for 
the movements of animals. Instantly destroying forage and shelter, steppe  fi res force 
wild ungulates to move away. In spring,  fi res directly kill eggs and nestlings of 
ground-nestling birds, which prevail in the steppe, as well as young mammals, 
especially also hedgehogs and other not-so-fast animals. Autumn  fi res destroy plant 
forage for 7–8 months to come and have a long-term negative effect. The  fi rst large 
steppe  fi re caused by an initial manifestation of the coming of the dry phase, in 
1996, in East aimak, Mongolia, covered 70% of the territory. Immediately after 
the  fi re thousands of Roe deer, Wild boars and Manchurian deer moved to Russia. 
The following year  fi res occurred again, and after 1998, when the period of dry 
years de fi nitely had set in, the movement of these ungulates to Russia continued. 

 The fact that in the dry phase the snow cover, on average, is thicker than in the 
wet, has important limiting consequences. Winters with much snow, therefore, 
occur in the years with a low grass cover, which leads to the death of many birds and 
animals, and also the numbers of wintering bird species decrease considerably. 
Deep snow cover, which is not characteristic for the steppe, is a disaster for beasts 
and birds, because under the in fl uence of winds snow in the steppe very quickly 
turns to a hard icy crust that blocks access to fodder, and for ungulates it also makes 
motion more dif fi cult. Deep snow causes high mortality among hares due to greater 
vulnerability to predators. The distribution limits of Pallas’ cat ( Otocolobus manul ) 
coincide with the boundary of the steppe zone, but in the environs of the Argun, 
where the snow frequently is deeper, the distribution limit of Pallas’ cat is far from 
the steppe boundary, and is determined by the depth of the snow cover; Pallas’ cats 
cannot survive where the average multi-year maximum snow depth is more than 
16–17 cm. 

 Increased duration of the warm period, on the other hand, improves the living 
conditions for some species and can facilitate the expansion of their area. For exam-
ple, the Daurian hedgehog needs a minimum warm period of 160–165 days for 
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successful reproduction, and that is why, with warming and deforestation, it moves 
northward where its existence is limited by the duration of the warm period or the 
forest border.  

    15.6   Conclusions 

 Due to clear cyclic changes in humidity habitats in the Daurian eco-region change. 
During dry phases habitats with tall plants, which provide much foraging capacity 
and good protection, reduce in area, and most of the wetlands vanish completely, 
while in wet phases they appear again and provide a sharp rise in bioproductivity. 

 The vegetation of Dauria is adapted to cyclical climate changes and resiliently 
reacts with  fl uctuations and cyclical succession. 

 In dry phases the steppe border in the south gives way to the desert, and in the 
north it shifts the forest limit; in wet phases the reverse processes take place. Most 
of the species, both aquatic and terrestrial, survive drought using different adapta-
tion strategies. The most important are: surviving in few refuge habitats; persisting 
in the dormant phase of the life cycle; survival of non-reproductive adult individuals. 
The distribution areas of many ground vertebrates pulsate in concord with the cyclic 
changes in humidity. But the continuing warming gradually destroys the complete 
reversibility of these processes and leads to aridization. 

 On the whole, in Dauria the dry phase of the humidi fi cation cycle of about 
30 years, which occurs against the background of global warming, causes remark-
ably strong changes in nature, which have mostly negative consequences: the level 
of biological diversity falls, as well as the sustainability and productivity of natural 
ecosystem complexes, the biomass of living organisms decreases, the borders of the 
ranges and the migration routes of mammals and birds shift. Many vertebrate species 
 fi nd themselves on the brink of survival.      
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  Abstract   The characteristics of the forest-steppe of Middle Siberia, and its distinctive 
features in comparison with the forest-steppe within the plains of the European 
territory of Russia and Western Siberia are discussed and the main features of the 
vegetation of islands of forest-steppe within the northern and southern subzones are 
given. We made a spatial and temporal analysis of the present state of the soils of 
forest-steppe geosystems within the Nazarovskaya Depression in the context of cli-
mate change and found regularities in its variability, and determined changes in the 
differentiation of the organic matter. The dynamics in soil moisture deposition vary 
according to long-term precipitation cycles. Our experimental data prove that the 
humus state of the soils changes both in space and time. An increase of the mean 
annual air temperature over the past two decades under a suf fi cient amount of pre-
cipitation caused the greatest changes in the humus state of dark-grey wood soil and 
weakly-leached chernozem on slopes with forest-steppe. During the more than 
20 years of observation the contents of total carbon, humic acids and insoluble resi-
due have increased up to threefold. These signs give evidence of a tendency in the 
present development of the southern Siberian island forest-steppe towards the for-
mation of islands of natural steppe, which can be considered a landscape response 
to global and regional changes in the natural environment.      

    16.1   Introduction 

 Southern Siberia has a continental climate, a complicated topography, and a varied 
pattern of geological and geomorphological structures. As a result the forest-steppes 
in the area serve as a dynamic model of the interactions between the two major 
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types of natural environment, namely forest (taiga in the context of Middle Siberia) 
and steppe. The main characteristic feature of the zone of forest-steppe is that here 
two types of geosystems (forest and steppe) can co-exist. The forest-steppe in southern 
Siberia is heterogeneous and encompasses plains as well as mountain expanses. 

 Within the plains of the European territory of Russia and Western Siberia forest-
steppe can occupy large patches on environmentally analogous sites and form eco-
logically similar biogeocenoses, while in Middle Siberia forest-steppe is different 
from place to place. While in the West the forest-steppe forms a distinct, continuous 
zone between the forest zone and the steppe zone, the forest-steppe of Middle 
Siberia does not form a continuous zone but occurs in the form of isolated islands 
amid the taiga. Within such islands steppe vegetation and, consequently, steppe 
soils occupy terraces of valleys of present-day water courses as well as of ancient 
dry valleys, whereas forest vegetation predominates on watersheds. 

 Forest-steppes in Middle Siberia occur in the form of islands on ‘plakor’ areas. 
A ‘plakor’ is a  fl at or gently sloping near-watershed area, characterized by a deep 
groundwater table and by the absence of signi fi cant washout or accumulation, and 
as a consequence the vegetation and soil correspond closely to the landscape forms. 
Here the forest-steppes do not consist of an alternation of patches of forest and open 
steppe, but constitute a combination of park forests on watersheds with steppes 
occupying steep slopes and dry valleys (Khotinsky  1961  ) . Quite in contrast with the 
very gradual zonal-geographical transitions from forest-steppe landscapes to either 
zonal forest or zonal steppe landscapes, the natural boundaries between the compo-
nents of the forest-steppe happen to be very sharp. This is characteristic for forest-
steppe landscapes under a temperate continental climate. With an increase of 
continentality and aridity the sharp boundaries between separate patches of forests 
and steppes disappear and become gradual. So far the ecological and landscape char-
acteristics of the southern-Siberian forest-steppes have been poorly investigated. 

 Within the Middle Siberian Upland three areas form the forest-steppe zone: 
Krasnoyarsk-Kanskaya, Irkutskaya and Angara-Lenskaya (Richter  1960  ) . The 
Achinskaya forest-steppe of Middle Siberia is transitional between the forest-steppe 
of Middle and Western Siberia. The Krasnoyarskaya and Kanskaya forest-steppes 
occupy the footslopes (piedmont) and intermontane hollows and are separated by 
the low forested uplifts of the Kemchugskoye Upland and the Southern Yeniseisky 
Ridge. Middle Siberian forest-steppe depressions are marked by a complex geol-
ogy, the presence of carbonate rocks, and severe erosional dissections. Apart from 
the present-day river valleys, a dense network of dry valleys, small ravines and lake 
beds has developed here. In the zone of the Middle Siberian forest-steppes the 
proportion of tilled lands approaches 50% of the total area. Natural vegetation is 
preserved only on steep slopes unsuitable for plowing and in isolated patches on the 
watersheds and terraces. 

 The southern Siberian forest-steppes have a special place in the system of land-
scape zones. They occur in the form of isolated islands among continuous forest 
areas, where the northern taiga unites with the mountain taiga of southern Siberia. 
Subtaiga represents a transitional belt of different width from the forest-steppe to 
the forest zone and belongs to the subzone of the so-called ‘grass small-leaved and 
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coniferous forests’. In this landscape zone the greatest changes took place under the 
in fl uence of human economic activity. In the south the forest-steppe and subtaiga 
are limited in their occurrence by the mountain systems of the Eastern Sayan and 
the Kuznetsk Alatau. This area is located close to the center of Asia, at large dis-
tances from oceans and seas, in the region of attenuation of Atlantic air streams and 
of signi fi cant in fl uence of Arctic air. It occupies the contact zone of plain and 
mountain expanses.  

    16.2   Vegetation Patterns and Steppe Types 

 Forest-steppes, which occur in the form of islands, are characterized by an intricate 
pattern of plant communities that are representative of other zones and subzones. 
The zonal vegetation types (forests with a grass layer and meadow steppes) are 
con fi ned to watersheds and gentle slopes covered with a layer of Quarternary deposits. 
Cenoses that differ in environmental and ecological characteristics alternate at short 
intervals and create a complicated, motley pattern of vegetation cover, which has no 
parallel elsewhere in the entire area of the forest-steppe zone (Gerasimov et al.  1964  ) . 

 According to their vegetation cover forest-steppes in the form of islands are 
divided into northern and southern subzones. In the former one considerable areas 
of watersheds are occupied by open ‘wood-meadow grass forests’ of  Betula pendula  
Roth.,  B. pubescens  Ehrh,  Pinus sylvestris  L., and  Larix sibirica  Ledeb. Steppe 
cenoses are con fi ned to the dry valleys and southern slopes of dissected watersheds. 
Belts of dark-coniferous ‘spruce ( Picea obovata  Ledeb.)- fi r ( Abies sibirica  Ledeb.) 
or birch ( Betula pendula  Roth. and  B. pubescens  Ehrh) swamp forests’ stretch along 
narrow cold river valleys. As regards soils, grey wood soils and chernozems (leached 
and ordinary) predominate. 

 In the southern subzone forests on watersheds disappear.  Pinus sylvestris  L. and 
 Larix sibirica  Ledeb. give way to  Betula pendula  Roth. and  B. pubescens  Ehrh 
which grow under conditions of increased moistening on north-facing slopes, in 
river valleys, in swales and other lowlands. Forest cover amounts to only 5–12%. 
True steppes, as well as stony and desert steppes, cover the steep southern and west-
ern slopes of watersheds. The vegetation cover of the valleys is also diverse: ‘birch 
( Betula pendula  Roth. and  B. pubescens  Ehrh) woods’ and ‘aspen ( Populus tremula  L.) 
meadows’ are well-developed in  fl ood plains, while ‘steppe, saliferous, and saline 
meadows’ are found on low terraces. In the southern Krasnoyarskaya forest-steppe 
there are small patches of true steppes, the so-called ‘steppe cores’ (Cherepnin 
 1956  ) . Meadow steppes differ greatly in species composition, variation in seasonal 
aspect, and the developmental rhythm of their vegetation from other steppe types. 
They are situated on ‘plakors’ or in topographic depressions under conditions of 
continuous moistening, which is shown by signs of gleization at a depth associated 
with the layer of long-term seasonal freezing of the soils (Yerokhina and Lyubimova 
 1960  ) . The  fl owering maximum coincides with the temperature maximum, and 
there is no summer dormancy. 
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 Different conditions prevail on steep convex south-facing slopes under 
‘small-sod-grass ( Festuca cinerea ,  Koeleria cristata ,  Artemisia frigida ,  Agropyrum 
cristatum ,  Poa botryoides ,  Carex pediformis  C.A.Mey,  Carex duriuscula  C.A.Mey) 
and large-wormwood-feather-grass ( Stipa krylovii ,  Artemisia glauca  Pall. ex Willd., 
 Artemisia frigida ,  Artemisia scoparia  W. et K.,  Artemisia dracunculus  L.,  Festuca 
valesiaca ,  Koeleria cristata ,  Cleistogenes squarrosa ) steppes’ on normal shallow 
chernozems. In winter snow here is blown off, and soils strongly freeze up to the 
depth of more than 2 m, while in the spring they thaw late. The soils of these steppes 
are characterized by a changeable hydroregime. In spring and summer they are dry; 
in late summer and in autumn they become humid. The developmental rhythm of 
this steppe vegetation is closely connected with the moisture conditions. These dry 
and cold steppes of the Mongolian type (Gerasimov et al.  1964  )  differ drastically 
from the true steppes of the Russian and Western Siberian Plains, but they are similar 
to the steppes of Khakasia. 

 Previously meadow steppes occupied large areas of watersheds in the southern 
forest-steppe. They were remarkable for their great species richness, thick grass 
cover and rich colors (Cherepnin  1961  ) . To date these steppes are almost entirely 
tilled. Meadows are con fi ned to  fl ood plains and terraces above  fl ood-plains of low 
river valleys. While in the northern subzone of forest-steppes there are considerable 
areas of natural hay fi elds ( fl oodplain, forest, watershed, and steppi fi cated meadows 
on slopes), in the southern subzone considerable areas of meadows have a hum-
mocky topography, are salinized and are of little use. 

 In the southern subzone of forest-steppes forests are con fi ned to northern slopes 
and occupy small areas. In saucer-shaped hollows amid arable lands there occur 
isolated birch ( Betula pendula  Roth. and  B. pubescens  Ehrh) forest stands. In addi-
tion to birch woods, pine ( Pinus sylvestris  L.) and pine-larch ( Pinus sylvestris  L.- 
 Larix sibirica  Ledeb.) forests occur here. 

 On the whole, in the vegetation cover of the forest-steppe the following series of 
complexes of different origin and age are distinguished: (1) true, dry and stony 
steppes of the Mongolian type; their occurrence has an island character (within the 
Kanskaya and Krasnoyarskaya forest-steppes they from isolated patches); (2) the 
complex of salt desert vegetation; (3) park pine ( Pinus sylvestris  L.) and birch 
( Betula pendula  Roth. and  B. pubescens  Ehrh) tall-grass forests, in their species 
composition and developmental rhythm similar to the mountain forests of the Sayan 
and the Kuznetsk Alatau; (4) forb meadow steppes and birch ( Betula pendula  Roth. 
and  B. pubescens  Ehrh) forest stands; this is likely to be the youngest complex of 
vegetation of the forest-steppes. Its developmental rhythm completely corresponds 
to the current climatic conditions (Gerasimov et al.  1964  ) .  

    16.3   Processes 

 The total of natural processes of movement, exchange and transformation of matter 
and energy gives an insight into the geosystem’s functioning. To learn about the 
functioning of a geosystem as an integral system necessitates to study individual 
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functional links, namely, the hydrological cycle, mineral metabolism in the 
plants – soils system (the biogeochemical cycle) and other elementary processes. 
They provide an idea of the dynamics of a geosystem (   Isachenko  1991 ). 

 Here I present a spatial and temporal analysis of the present state of the soils of 
forest-steppe geosystems within the Nazarovskaya Depression in the context of 
climate changes. 

    16.3.1   The Setting    

 The forest-steppe of the Nazarovskaya Depression (Photos  16.1  and  16.2 ) is situ-
ated at the interface of two geomorphological provinces, namely, the Altai-Sayan 
mountain region and the Western Siberian Plain. In the south the low Solgonsky 
Ridge (the Eastern Sayan) separates it from the Chulymo-Yeniseiskaya Depression, 
whereas in the north the Arga Range (spurs of the Kuznetsk Alatau) separates it 
from the Western Siberian Plain. The Nazarovskaya Depression stretches east–west 
for 180 km, north–south up to 70 km. Morphologically, the Depression is divided 
into three parts: the southern cuesta-ridge (actual elevations of 400–600 m), the 
central hill and the northern plain (200–300 m).   

 Its climate is determined by its inland position at the interface of the mountain 
systems of Southern Siberia, the Central Siberian Plateau and the Western Siberian 
Plain and, of course, by the atmospheric circulation pattern. The thermic regime is 
continental and highly variable in time. Mean January air temperature is −16°C to 
−20°C, July 17–18°C, while the yearly mean temperature is below zero at all 
weather stations (except for Sharypovo). Temperature at the open soil surface in 
January is −18°C to −21°C, in July 20–22°C, and the yearly mean approaches 0°C. 
The soil freezes up to a depth of 1.5–2.0 m; continuous freezing of the upper hori-
zons starts in late October, while its complete thawing occurs only mid July (Bufal 
et al.  1983  ) . 

 The precipitation pattern is intricate. On the plain it averages 450–520 mm annu-
ally and it tends to increase east-, south- and south-eastwards to the foot of the spurs 
of the Kuznetsk Alatau and the Eastern Sayan (Drozdov and Grigorieva  1963  ) . The 
south of the Depression has the lowest precipitation values. Accordingly, two types 
of climate are distinguished: type III 3 C for the central and southern parts, charac-
terized by moderately insuf fi cient moistening, a moderately warm summer and a 
moderately severe dry winter, and type II 3 D for the mountainous surroundings, 
characterized by optimum moistening, a moderately warm summer and a moder-
ately severe winter with plenty of snow (Grigoriev and Budyko  1959  ) . 

 The landscapes of the Nazarovskaya Depression and its mountainous surroundings 
are heavily disturbed. Within the low-hill territory the natural vegetation cover is 
preserved at only 5–10% of the area, while in the rest of the territory it is substan-
tially transformed as a consequence of felling,  fi res, overgrazing, and recreation. 
The gently rugged plain surface of the depression belongs to the forest-steppe belt, 
while the mountainous surroundings belong to the forest belt of the lower hills. The 
forest-steppe belt is dominated by the communities of the ‘birch ( Betula pendula  



  Photo 16.1    Forest-steppe of the Nazarovskaya Depression (forb-feather-grass facies), Solgonsky 
Ridge (Eastern Sayan) (Photo Irina B. Vorobyeva)       

  Photo 16.2    Forest-steppe of the Nazarovskaya Depression (grass- Artemisia  facies), Solgonsky 
Ridge (Eastern Sayan) (Photo Irina B. Vorobyeva)       
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Roth. and  B. pubescens  Ehrh) steppi fi cated sedge-gramineous-leguminous-tall grass 
association group’ in combination with steppe on the slopes of the ridges or on the 
‘plakor’ surface. The low-hill belt is dominated by the forests of the ‘birch ( Betula ) 
and larch ( Larix ) sedge-gramineous-tall grass association group’ on the southern 
slopes and of the ‘tall grass group’ on the northern ones. Almost the entire territory 
is affected by agricultural activities; therefore, the remaining natural vegetation is 
characterized by various degradation stages. 

 The soils of the Nazarovskaya Depression and its mountainous surroundings are 
cryogenic soils, namely, chernozems, grey wood, sod forest, podzolic, sod-calcareous, 
meadow-chernozem, bog, meadow-bog, alluvial meadow, saline, and alkali soils. 
Ordinary and leached chernozems are frequent on steppi fi cated sites. Grey wood 
soils are located on the northern and eastern slopes with birch ( Betula pendula  Roth. 
and  B. pubescens  Ehrh) and mixed tall grass forests. Meadow-chernozem soils of 
different thickness occupy bottoms of small ravines and areas adjacent to the slopes. 
As a whole the soil cover is modi fi ed by agricultural activity, and is subjected to 
wind and water erosion to a different extent. 

 Antropogenic transformation of the landscapes of southern Middle Siberia pro-
ceeded non-uniformly. It is strongest in the forest-steppe and steppe zones. The 
degree of agricultural development of lands (63%) exceeds several times the value 
for Russia, and the percentage of tillage (43%) is one of the highest in the country. 
Moreover, the fuel and energy resources of southern Siberia had their effects: it 
provides the major part of standard quality coal (85%), including 74.4% of coal 
suitable for industrial use (the Kansk-Achinsk basin). Cities, production localities 
and industrial facilities are distributed irregularly, and are connected by roads and 
railways, making a giant technogenic network that affects the environment.  

    16.3.2   Measurements 

 I monitored the role of the hydrothermal conditions of typical biogeocoenoses (facies 
2, 3, 5 and 7 in Fig.  16.1 ) in the mountainous surroundings of the Depression, The 
hydrothermal conditions strongly determine the processes of organic matter transfor-
mation in the soils and are one of the main characteristics of geosystem functioning. 
Thus, they are a good indicator of climate change in this area. The facies of the 
northwest-facing slope include trans-eluvial ‘forb-sedge-gramineous-meadows’ 
with leached shallow chernozem (2) and trans-accumulative ‘forb-feather-grass’ at 
the site of felled open forest with a dark-grey wood soil (3). The slopes are rather 
steep (25–30°), stony and have a shortened soil pro fi le (often not exceeding 50 cm), 
often with rock outcrops.  

 Southeast facing facies are trans-eluvial with ‘meadow-steppe forb-gramineous’ 
vegetation on weakly-leached chernozem of middle thickness (5) and eluvial with 
‘forb-feather-grass’ vegetation on ordinary calcareous chernozem (7). Here slopes 
are more gentle (10–15°), less stony and with a thicker soil pro fi le. There are pro-
nounced  fi ssures at its surface as a result of strong freezing of soils with a heavy texture. 
They are 3–5 cm wide at the surface and fade at a soil depth of 40–60 cm. In this zone 
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of  fi ssures a peculiar hydrothermal regime is being created. In spring an additional 
quantity of melting water enters these  fi ssures and bring heat, which contributes to 
earlier and faster soil thawing. In summer better aeration conditions are created here. 
Monthly mean temperatures at the soil surface from September till April are below 
zero, and only from May till August they are above zero. Soil surface temperatures 
are highest in July and lowest in February. 

 Hydrothermal observations were made in July. By that time, the soil organic mat-
ter at different locations acquires relatively stable values. On a heterogeneous sur-
face the soil temperature regime depends on slope exposure. Differences in moisture 
content of the soils of the facies are determined by the distribution of snow cover, 
peculiarities of spring snow melting on differently facing slopes and, correspond-
ingly, of soil unfreezing, and their saturation with winter-spring moisture.  

    16.3.3   Results 

 The identical curves of the temperature response of the soils to solar radiation indi-
cate that, during the past 20 years, the temperature regime in the 0–20 cm soil layer 
at different locations in the middle of the vegetative season is formed in the same 
way. In the period 1986–2005 the amplitude of temperature  fl uctuations in the cold 
period of the year (November–March) was higher than in summer. Mean air 
temperatures increased in all seasons, except in winter, when the monthly mean air 
temperature had an insigni fi cant negative trend. The total precipitation showed the 
reverse tendency. Precipitation was generally close to normal (444 mm) with devia-
tion towards both an increase (up to 668 mm) and a decrease (up to 276 mm); thus, 
the amount of precipitation may differ more than twofold (Fig.  16.2 ). The bulk of 
precipitation falls in the warm season (April–October).  

 The warming of the last decades manifests itself in the middle latitudes of the 
Northern hemisphere mainly in the cold season (summer temperatures do not show 
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  Fig. 16.1    Scheme of the Ashpansky experimental landscape-geochemical pro fi le (in m)       

 



43316 Changes in the Southern Siberian Forest-Steppes

tendencies for warming), whereas in the previous period of warming (1910–1940) 
it occurred simultaneously in winter and in summer. Climatic monitoring showed 
that the years 1998–2008 were the warmest ones in the Northern hemisphere for 
the entire period of instrumental meteorological observations (Vyrkin and 
Nechayeva  2007     ) . 

 In the view of the heavy practical use of the forest-steppe territories, investigations 
into the deposition of productive moisture in soils both in space (on differently 
facing slopes) and in time are gaining special relevance. These parameters are of 
the utmost interest not only as an average for a vegetative period, but also for each 
season (Table  16.1 ). In spring moisture deposition in the 0–50 cm soil layer is very 
variable here but large enough for the development of plants, even on the dry 
upper parts of southern and western slopes. In summer moisture deposition is also 
suf fi cient in all locations, though less than in spring. In autumn deposits increase 
as compared to summer.  
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  Fig. 16.2    Yearly mean air temperature and total precipitation ( a ), and monthly mean air tempera-
ture and precipitation in July ( b ) according to data from the station Sharypovo       
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 Maximum moisture accumulation in the dark-grey wood soil of facies 3, formed 
at the site of felled forest on the northwestern slope, points to a different develop-
ment here (forest type) than in the steppe facies 5 and 7 on the southeastern slope. 
This points to a potential return to the native forest, perhaps with the preservation of 
some elements of the steppe type of environment. 

 During the period 1986–2008 moisture deposition on differently facing slopes, 
in the 0–20 and 0–50 cm soil layers of facies 3 and 7, increased in total and in 
 fl uctuation range (Tables  16.2  and  16.3 ). Location is important too as a comparison 
of the data for facies 2 and 5 show. Soil moistening is of course related to precipita-
tion and re fl ects long-term precipitation cycles.   

   Table 16.2    Moisture deposition (mm) and water-soluble ions (kg/ha) in soils for the period 
1987–1989   

 Facies 
 Soil layer 
(cm)  Moisture  Mineral carbon  Organic carbon 

 Northwestern slopes 
 2  0–20      -28 88 (60)

53
         -7 16 (9)

10

        -79 331 (252)
204

   

 0–50      -105 177 (72)
132

        -29 98 (69)
57

        -823 1,690 (867)
1,181

   

 3  0–20      -83 99 (16)
93

        -54 229 (175)
131

        -841 1,740 (899)
1,154

   

 0–50      -153 216 (63)
192

        -123 460 (337)
291

        - (1,575 3,055 1,480)
2,097

   

 Southeastern slope 
 5  0–20      -39 70 (14)

55

        -50 124 (74)
86

        -515 1,119 (604)
1,122

   

 0–50      - (96 158 62)
128

        -83 210 (127)
151

        -932 2,212 (1,280)
1,563

   

 7  0–20      -34 59 (25)
45

        -120 172 (52)
154

        -420 1,325 (905)
780

   

 0–50      -101 144 (43)
367

        -467 593 (126)
526

        -933 3,062 (2,129)
1,752

   

  Note: The numerator gives the range of values with in brackets the values’ interval and the denomi-
nator gives mean values  

   Table 16.1    Moisture deposition in the 0–50 cm soil layer of differently facing slopes   

 Northwestern slope  Southeastern slope 

 Seasons  Facies 2  Facies 3  Facies 5  Facies 7 

 1987–1989  a  b  a  b  a  b  a  b 

 Spring  1,114  22  2,580  52  1,433  29  1,723  35 
 Summer  1,170  24  2,211  44  1,257  25  1,223  24 
 Autumn     697  14  1,988  40  1,094  23  1,276  25 

  Note: Moisture deposition (ton/ha):  a  – total,  b  – weighted mean at a depth of 0–50 cm  
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 Soil temperature is in fl uenced by the amount of heat near its surface and by 
diffusive factors of available heat. The main factor of heat diffusion by soil is 
moisture. If on the soil surface there is a large amount of moisture, the bulk of 
absorbed heat energy is spent on its evaporation. Since the surface temperature in 
this case does not increase, only an insigni fi cant gradient is formed, which hardly 
contributes to the heat  fl ow into the soil. If the soil surface is dry, absorbed energy 
heats it up and generates a signi fi cant temperature gradient that provokes consider-
able heat  fl ow into the soil (Hanks and Ashcroft  1985  ) . 

 Correlation of air and soil temperatures is one of the crucial conditions for the 
growth and development of plants. Their normal functioning requires roots to be 
situated in a cooler environment than aboveground organs. When the root layer is 
warmer than the air, respiration dominates over assimilation. Plants growing under 
the conditions of the soil temperature being warmer than the air temperature are 
able to survive; they then develop a deeper root system and reduce their height 
growth (Bessolitsina et al.  1991  ) . 

 In the forest-steppe zone during most of the vegetative period plants function 
under a favorable temperature regime with the soil temperature at a depth of 15 cm 
in July at 5–7°C below the air temperature. Situations when, under the excessive 
heating of the soil surface and its 0–10 cm layer, the soil temperature exceeds the air 

   Table 16.3    Moisture deposition (mm) and water-soluble form of elements (kg/ha) in soils for the 
period 2006–2008   

 Facies 
 Soil layer 
(cm)  Moisture  Mineral carbon  Organic carbon 

 Northwestern slopes 
 2  0–20      -30 45 (15)

38

        -20 23 (3)

22

        -447 818 (371)

633

   

 0–50      -111 147 (36)

129

        -70 122 (52)

96
        -1,414 1,965 (551)

1,690
   

 3  0–20      -82 130 (48)

112

        -49 102 (53)

81
        -2,262 3,096 (834)

2,771

   

 0–50      -149 235 (86)

204

        -127 172 (45)

154

        -3,938 4,636

4

(598)

,250
   

 Southeastern slope 
 5  0–20      28 72 (44)

55

-         48 123 (75)

82

-         731 797 (66)

766

-    

 0–50      70 131 (61)

110

-         - (1711 62 288 )

199

        -1,195 1,547

1

(352)

,414
   

 7  0–20      - (428 74 6)

58
        - (11984 203 )

151
        -1,023 1,684

1

(661)

,246

   

 0–50      - (7688 164 )

133

        (143 281 559

0

)

48

-         -1,703 3,094 (1,391)

2,382

   

  Note: The numerator gives the range of values with in brackets the values’ interval and the denomi-
nator gives mean values  
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temperature, are likely to occur on the southern steppi fi cated slopes. In facies 3 
the air temperature in July is a factor 1.5 higher than in the upper soil layers 
(Table  16.4 ).  

 During the past 20 years mean annual air temperature fell below the norm in 
1987, 1996 and 2006. In 2008 it was 2.3°C, which is the result of increasing air 
temperatures in winter, late autumn and early spring. 

 Changes in moisture deposition and heat supply occur in accordance with the 
dynamics of hydrothermal conditions and the cyclic development of the principal 
parameters of the soil climate. As regards yearly total precipitation the identi fi cation 
of long-term cycles is important. Most distinct are 7- and 9-year cycles in precipitation 
variability. Here a secondary cyclicity is observed between the nearest years of 
maximum and minimum values with an average duration of 3–4 years. In the mid-
1980s precipitation values in summer time were below the norm. It resulted in the 
reduction of the deposits of moisture in the 0–20 and 0–50 cm layers in the soils of 
the south-eastern slope (Figs.  16.3  and  16.4 ). In those years, the annual mean air 
temperature amounted to 0.9°C.   

 Thermal and water regimes of soils are considered as ecological factors regulat-
ing the organic matter metabolism, which is a part of the biogeochemical carbon 
cycle and one of the leading landscape-forming processes. I observed indices of the 
 fi nal metabolic stage: the destruction block. It includes production of mobile organic 
compounds, which then migrate in the composition of soil solutions. The number of 
these compounds at the time of observation serves as a manifestation of an important 

   Table 16.4    Correlation coef fi cients between air temperature ( T ) at a height of 1.5 m and soil 
temperature at different depths   

 Facies  Index  T of air  Surface 
 At a depth 
of 5 cm 

 At a depth 
of 10 cm 

 At a depth 
of 15 cm 

 2  T of air  1.00 
 Surface  0.91  1.00 
 At a depth of 5 cm  0.83  0.89  1.00 
 At a depth of 10 cm  0.84  0.89  1.00  1.00 

 3  T of air  1.00 
 Surface  0.82  1.00 
 At a depth of 5 cm  0.68  0.86  1.00 
 At a depth of 10 cm  0.56  0.80  0.88  1.00 

 5  T of air  1.00 
 Surface  0.80  1.00 
 At a depth of 5 cm  0.77  0.80  1.00 
 At a depth of 10 cm  0.78  0.62  0.88  1.00 
 At a depth of 15 cm  0.80  0.62  0.83  0.92  1.00 

 7  T of air  1.00 
 Surface  0.76  1.00 
 At a depth of 5 cm  0.88  0.70  1.00 
 At a depth of 10 cm  0.77  0.65  0.91  1.00 
 At a depth of 15 cm  0.75  0.60  0.93  0.93  1.00 
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soil property, namely, ‘soil moment’ (Sokolov and Targulyan  1976  )  and is an indicator 
of the dynamic state of a geosystem in that point in time (Martynov  1985 ; Nechayeva 
et al.  2004  ) . 

 Observations since 1986 of the mobile form of carbon compounds showed the 
tendency in the development of the organic matter metabolism in the soils (Figs.  16.5  
and  16.6 ). This metabolism is getting more active the last years, as suggested by an 
increase in the amount of water-soluble organic matter in the soils of facies 2 and 3 
on the northwestern slope and a decrease in the soils of facies  5  and  7  on the 
southeastern slope.   

 Thus, temporal changes in the mobile organic matter re fl ect the dynamic state of 
forest-steppe geosystems in the context of global and regional changes of external 
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  Fig. 16.3    Changes in precipitation (mm) and deposits of moisture (mm) in the 0–20 and 0–50 cm 
soil layers in facies  2  ( a ) and  3  ( b ) on the northwestern slope       
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factors as well as of soil climate (temperature and moisture deposits) on slopes of 
different exposure. 

 As the soil develops over time, along with the ‘soil moment’, the historically 
formed property of a ‘soil memory’ becomes clear, in which humus substances play 
a special role, due to the fact that humus acids (humic acids (HA) and fulvic acids 
(FA)) are the products of the humi fi cation process, which proceeds under any hydro-
thermal conditions in the presence of dead plant material. 

 The structure and composition of humus compounds are unsteady (variable) but 
stable enough within a certain framework set by the hydrothermal conditions under 
which they are formed and they correlate with climate characteristics (Grishina  1986  ) . 
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  Fig. 16.4    Changes in precipitation (mm) and deposits of moisture (mm) in the 0–20 and 0–50 cm 
soil layers in facies  5  ( a ) and  7  ( b ) on the southeastern slope       
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 Throughout, the correlations between climate indicators and values of the ratio 
HA: FA were signi fi cant. Furthermore, HA correlated signi fi cantly with thermal 
conditions (air temp., t > 10°C, soil temp., etc.), and FA with precipitation (Targulyan 
and Goryachkin  2008  ) . 

 HA represent an accumulative component consolidated by the mineral part of 
the soil, while FA partially form complexes with HA, and partially migrate deeper 
into the soil. 

 In the Nazarovskaya Depression at facies 2 on the northwestern slope, carrying 
forest-steppe, the soil is characterized by a high content of humus, an abruptly 
decreasing distribution of carbon in the soil pro fi le, a very high concentration of 
nitrogen in the organic matter, a medium degree of humi fi cation, and a humate-fulvate 
type of humus. The soils of facies 5 and 7 on the southeastern slope have a high 
content of humus, a gradually decreasing carbon content down the pro fi le, a high 
concentration of nitrogen in the organic matter, a high degree of humi fi cation, and a 
humate or fulvate-humate type of humus (Vorobyeva  2004,   2005  ) . 

  Fig. 16.5    Dynamics of soil humidity and water-soluble carbon (C org.) in soils of facies  2  ( a ) and 
 3  ( b ) on the northwest slope       
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 Qualitative and quantitative characteristics of humus vary greatly in soils of 
different facies as a consequence of differences in the composition of the vegetation 
and the ecological conditions of decomposition of dead organic remains. 

 Humus accumulation in soils is affected by the annual input of organic material 
and its loss as a result of mineralization. In years that differ in hydrothermal condi-
tions this effect changes. In steppe soils black humic acids prevail; they are water-
soluble and in moist periods migrate into the deeper soil layers, resulting in the 
formation of thick humus horizons. In forest soils brown humic acids predominate; 
they are weakly-soluble in water, and thus their migration is restricted and humus 
horizons are thin (Kobak  1988  ) . 

 Under the strong continental climate of the area the intensity and pace of the 
processes differ compared to those within the European territory: they are slower in 
spring and increase only by mid-summer. The organic remains decompose during a 
short summer period, concentrating in a thin layer in the top soil. 

 In 2007, after a period of more than 20 years, the content and reserves of humic 
acids, fulvic acids, and the unhydrated residue had increased by a factor of 1.5–5, 
1.2–3.5, and 1.2–2, respectively (Fig.  16.7 ). Such changes can be seen in all soils, 

  Fig. 16.6    Dynamics of soil humidity and water-soluble carbon (C org.) in soils of facies  5  ( a ) and 
 7  ( b ) on the southeast slope       
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  Fig. 16.7    Comparison of deposits of carbon of humic acids ( a ), fulvic acids ( b ), unhydrated residue 
( c ) and total carbon ( d ) at different depths of soils of facies  2 ,  3 ,  5 , and  7  in 1986 and 2007       
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but with different intensity. Thus, in the soils of the northwestern slopes a low degree 
of humi fi cation of the organic matter (the proportion of humic substances in the 
composition of the organic matter) in leached chernozem changed to a medium 
degree over time, while the humate-fulvate and fulvate humus types were replaced 
by a fulvate-humate type. In the dark-grey wood soil the low degree of humi fi cation 
increased up to the medium degree, and the humate-fulvate humus of the upper part 
of the soil pro fi le transformed into a fulvate-humate humus, and still deeper into 
humate humus (Table  16.5 ).    
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    16.3.4   Conclusion 

 The study into the spatial and temporal dynamics of the organic matter in 
forest-steppe geosystems in the south of Middle Siberia showed a clear connection 
to changing climatic conditions. We found regularities in the variability, and deter-
mined changes in the differentiation of the organic matter. Dynamics in soil mois-
ture deposition vary as a result of long-term precipitation cycles. 

 Temperatures in the root soil layer depend on a host of factors, including the 
structure of the vegetation cover and land forms (slope steepness, exposure). 

 Temporal changes in the mobile organic matter re fl ect the dynamic state of the 
forest-steppe geosystems in relation to changes in the global and regional soil cli-
mate (temperature and moisture deposition) on differently facing slopes. And the 
soil water regime determined differences in humus composition. 

 My experimental data proved that the humus state of the soils changes both in 
space and time. An increase of the mean annual air temperature over the past two 
decades under a suf fi cient amount of precipitation caused the strongest changes in 
the humus state of dark-grey wood soil and weakly-leached chernozem on the slope 
with forest-steppe. The increase in the amount of humic acids in the soils indicates 
that the steppe geosystem changes. 

 During the more than 20 years of observation the contents of total carbon, humic 
acids and insoluble residue increased up to a factor 3. These signs are evidence of a 

   Table 16.5    Types of soil humus of the facies on the slopes, %   

 Horizon  Depth (cm)  C 
org

   C 
ha

  + C 
fa
   C 

ha
   C 

fa
   C 

ha/fa
   C 

ins
   C 

ha/org.·100%
   C 

ins/org·100%
  

 Northwest slopes 
 Leached chernozem of trans-eluvial facies 2 
 A   0–12  10.05  4.55  2.35  2.20  1.07  5.50  23  55 
 AB  12–26   6.00  3.90  1.75  2.15  0.81  2.10  29  35 
 BC  26–31   4.00  2.70  1.05  1.65  0.64  1.30  26  33 
 Dark-grey wood soil of trans-accumulative facies 3 
 Ad   1–5  11.31  5.15  3.10  2.05  1.51  6.16  27  54 
 A1   5–10  10.14  4.85  2.25  2.60  0.87  5.29  22  52 
 AB  10–18   8.48  5.05  2.35  2.70  0.87  3.43  28  40 
 B  18–34   6.21  4.55  3.00  1.55  1.94  1.66  48  27 
 BCg  34–55   4.79  3.10  2.60  0.50  5.20  1.69  54  35 

 Southeast slopes 
 Weakly-leached chernozem of trans-eluvial facies 5 
 Ad   0–7   6.70  3.40  2.15  1.25  1.72  3.30  32  49 
 A1   7–21   6.24  3.10  2.35  0.75  3.13  3.14  38  50 
 AB  21–47   3.65  2.70  1.65  1.05  1.57  0.95  45  26 
 B  47–75   5.10  0.95  0.60  0.35  1.71  4.15  12  81 
 Ordinary calcareous chernozem of eluvial facies 7 
 Ak   0–19   9.32  3.90  2.15  1.75  1.23  5.42  23  58 
 Bk  19–28   2.67  1.75  1.15  0.60  1.92  0.92  43  34 
 BCk  28–65   1.10  0.60  0.17  0.43  0.40  0.50  15  45 

  Note:  C  Carbon,  C  
 org 

  organic,  C  
 ha 

  humic acids,  C  
 fa 
  fulvic acids,  C  

 ins 
  insoluble residue  
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tendency in the present development of the southern Siberian forest-steppe towards 
the formation of islands of natural steppe. And this can be considered a landscape 
response to global and regional changes in the factors governing the natural 
environment.       
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  Abstract   Long-term monitoring of permafrost in Mongolia showed that permafrost 
under the in fl uence of climate warming is ubiquitously degrading at different rates. 
The average trends of the increases in active layer thickness and mean annual ground 
temperature are 5–20 cm and 0.1–0.3°C per decade, respectively. These trends of the 
last 15–20 years are higher than those of the previous 15–20 years. Furthermore, 
the degradation of permafrost in the Hövsgöl mountainous region is more intense 
than in the Hentei and Hangai mountainous regions. Experimental results have 
shown that vegetation cover, especially moss cover, forest, and dense grass, are natural 
insulators that maintain lower soil temperature and higher soil moisture by lowering 
the evaporation rate. Hence, intense grazing may accelerate the degradation of per-
mafrost. Since permafrost plays an important role in the maintenance of ecosystems 
in this region, the recent degradation of permafrost may lead to signi fi cant changes 
in ecosystems, especially in the soil thermal state and moisture content.      

    17.1   Introduction    

 The Fourth Report by the International Panel on Climate Change documented recent 
changes in permafrost and seasonally frozen ground due to climate change in all 
northern latitudinal regions (Solomon et al.  2007  ) . In addition to climate warming, 
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anthropogenic disturbances, including overgrazing, land cultivation, forest clear-cutting, 
mining, engineering construction, and forest  fi res, adversely in fl uence permafrost, 
thus having impact on the ecosystem (Cannone et al.  2003 ; Cheng and Li  2003  ) . 
Disturbance of the soil surface, especially of the vegetation and snow cover, is of 
main in fl uence on the permafrost because of the thermal insulation effect of vegeta-
tion and snow cover on the permafrost systems. And this is considerably more 
important in the southern fringe of permafrost zones than in high-latitudinal zones 
(Kudryavtsev et al.  1974  ) . Permafrost in semi-arid regions like Mongolia plays 
an important role in the hydrology. It acts as an impenetrable layer for ground water, 
thus making the ground water available to vegetation (Price  1971 ; Harris  1998 ; 
Walker et al.  2003,   2004  ) . 

 The recent degradation of permafrost under the in fl uence of climate warming has 
a direct impact on permafrost ecosystems. For example, permafrost degradation 
may cause shifts in the boundary of an ecosystems (Jorgenson et al.  2001  ) , enhance 
the release of CO 

2
  (Lee et al.  2010 ; Schuur et al.  2009  ) , emit nitrous oxide (Elberling 

et al.  2010  )  from previously frozen soil, enhance methane release from a thermokarst 
lake (Desyatkin et al.  2009  ) , promote or inhibit plant growth (Jarvis and Linder 
 2000  ) , and decrease surface soil moisture in arid and semi-arid regions (Cui and 
Graf  2009  ) . 

 Permafrost monitoring is of considerable scienti fi c and practical signi fi cance, 
because without knowledge about the permafrost degradation process, it is dif fi cult 
to assess and predict the impacts of permafrost degradation on ecosystems. 
Accordingly, since the early 1990s, most countries with permafrost have conducted 
long-term permafrost monitoring within the framework of international and national 
programs (Brown et al.  2000 ; Burgess et al.  2000 ; Nelson et al.  2004  ) . 

 In Mongolia, the effects of climate warming and human activities on permafrost 
have been monitored within the framework of several international projects in the 
recent years. The long-term (10–38 years) monitoring of permafrost in Mongolia 
has been conducted within the framework of the Circum-arctic Active Layer 
Monitoring (CALM) and the Global Terrestrial Network for Permafrost (GTN-P) 
programs since 1996 (Sharkhuu  1998,   2003 ; Sharkhuu et al.  2008  ) . In addition, the 
monitoring of changes in permafrost under the in fl uence of climate change and human 
activities, and studies on the thermal insulation effect of the vegetation cover in 
six valleys along the north-eastern shore of Hövsgöl Lake, Hövsgöl region, northern 
Mongolia, was carried out within the framework of the Hövsgöl Global Environment 
Facility/World Bank (GEF/WB) Project in the period of 2002–2007 (Goulden et al. 
 2005 ; Etzelmüller et al.  2006 ; Sharkhuu et al.  2006,   2007  ) . Long-term monitoring 
of the ground temperature regime in the Nalayh depression and Terelj Valley near 
Ulaanbaatar in the Hentei region, central Mongolia, has been conducted by Japanese 
and Mongolian permafrost researchers within the framework of the Institute of 
Observational Research for Global Change (IORGC) project since 2002 (Jambaljav 
et al.  2008 ; Ishikawa et al.  2005  ) . In order to extend the monitoring of permafrost in 
Mongolia, the Institute of Geography, Mongolian Academy of Sciences, drilled and 
instrumented several 10 m deep boreholes in 2009 and started monitoring these. 
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 Here we summarize and review the results of the above studies on the long-term 
monitoring of permafrost under the in fl uence of climate warming in Mongolia. 
In addition, we present preliminary results of observations and experiments on the 
insulation effects of different vegetation covers on soil temperature, moisture 
content, and active layer at the Dalbay and Hustai study sites in the Hövsgöl and 
Hentei regions (Sharkhuu et al.  2007,   2010 ; Sharkhuu and Anarmaa  2008  ) .  

    17.2   Climate Warming and Grazing 

 According to climate change studies (Natsagdorj et al.  2000  ) , the mean annual air 
temperature in Mongolia has increased by 1.56°C during the last 60 years. While 
the winter temperature increased by 3.61°C, the spring-autumn temperature increased 
by just 1.4–1.5°C. The mean annual air temperatures increased by 1.8°C in western 
and northern Mongolia and by 1.4°C in central Mongolia. In contrast, the mean 
annual air temperature of southern and eastern Mongolia increased by only 0.3°C in 
the period of 1940–1990. 

 A greater increase in air temperature in northern latitudes is predicted by IPCC 
models. While the increase of 1.6°C in annual air temperature in Mongolia is greater 
than the global average temperature increases (IPCC  2007  ) , the increase of mean 
annual air temperature in central and eastern Yakutia (higher latitudinal regions) is 
three times as strong as in Mongolia (Gavrilova  2003  ) . 

 Most of the observation sites for permafrost monitoring in Mongolia are located 
around the weather stations of Hatgal (on the southern shore of Hövsgöl Lake in 
the Hövsgöl region) and Buyant-Ukhaa (near Ulaanbaatar in the Hentei region). 
There, our studies on the insulation effects of vegetation cover on permafrost and 
seasonally frozen ground are also conducted. Figure  17.1  shows the linear trends 
of increase in the mean winter (MWT), summer (MST), and annual (MAT) air 
temperatures at these weather stations. The trends of increase in the mean annual 
air temperatures at the Hatgal and Buyant-Ukhaa weather stations are 0.35°C 
and 0.30°C per decade, respectively, but these trends change over time: the mean 
annual air temperatures at the Hatgal weather station increased by 0.61°C in the 
period of 1963–1989, and by 0.84°C in the period of 1990–2003 (Nandintsetseg 
and Goulden  2005  ) .  

 In addition to a warming climate, Mongolia faces major environmental concerns 
related to human activities, such as pollution due to mining, overgrazing near settle-
ment areas near water sources, abandonment or mismanagement of cultivated land, 
and clearance of forests (Corsi et al.  2002  ) . These activities, along with engineering 
construction in certain areas, have caused the destruction of the vegetation cover, thus 
causing permafrost degradation. Among those activities overgrazing is the major issue 
because livestock husbandry is very common and important agricultural practice in 
Mongolia. The sub-sector of livestock husbandry employs 47.9% of the total popula-
tion and accounts for 30% of the country’s exports (Batima et al.  2005  ) . Livestock 
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numbers never exceeded 23 million during the period 1921–1990 (FAO  2006  ) , but it 
reached 33.6 million in 1999 and approximately 50 million in 2009, causing a reduc-
tion in pastureland and deserti fi cation (compare other chapters in this volume). 

 Destruction of the vegetation cover, a shift in the biome boundaries of forest 
and steppe regions, and deserti fi cation will affect the ground temperature regime, 
possibly causing permafrost degradation (Jorgenson et al.  2001 ; Yang et al.  2004  ) . 
The thermal insulation effect of vegetation and snow covers on permafrost in the 
southern fringe of permafrost zones is more important than in high-latitudinal zones 
(Kudryavtsev et al.  1974  ) . Hence, small changes in vegetation and/or snow cover 
may cause bigger changes in permafrost conditions. 

 To properly investigate this, the insulation effects of vegetation cover on perma-
frost and seasonal frozen ground were studied in Hövsgöl National Park in the 
Hövsgöl region and Hustai National Park in the Hentei region. Since both areas 
were designated as national parks in 1992, limited grazing was permitted there in a 
restricted zone only. This forced several families to either move out of the Hustai 
park area or decrease the number of their livestock, which resulted in a decrease of 
46.1 km 2  of agricultural land and an increase of 166.5 km 2  of mountain steppe area 
(Bayarsaikhan et al.  2009  ) . In contrast, grazing has become a more serious issue in 
the Hövsgöl park area due to the increased numbers of livestock and population. 
Nomad herders traditionally move approximately 20–25 km per season from place 
to place to ensure the recovery of pastureland between grazing periods. This move-
ment is restricted to within 5 km in the valleys along the eastern shore of Lake 
Hövsgöl and results in overlapping pastureland between seasons, and between 
families. Moreover, a steppe plant community encroached into natural communities 
due to clear cutting, forest  fi res, and the draining of previously marshy areas; there-
fore, more families have moved into the area of the Hövsgöl park (Goulden et al. 
 1999  ) . The Dalbay and Borsog Valleys in the Hövsgöl region are included in the 
strictly protected area of the park; thus, grazing is prohibited there. Nevertheless, 
three families settled in Dalbay and the impact of grazing has become apparent in 

  Fig. 17.1    Mean winter ( MWT ), summer ( MST ) and annual ( MAT ) air temperatures at the Hatgal, 
(Hövsgöl region) and Buyant-Ukhaa (Hentei region) weather stations       
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the recent years. Other valleys, where permafrost monitoring has been conducted 
within the framework of the Hövsgöl GEF/WB project, are Turag, Shagnuul (both 
heavily grazed valleys), Noyon, and Sevsuul (both moderately grazed valleys); 
these valleys are not located in the restricted zone of the park (see Table  17.8 ).  

    17.3   Permafrost Conditions 

 Territory with underlying permafrost occupies almost two - thirds of Mongolia, 
predominantly in the areas surrounding the Hentei, Hövsgöl, Hangai and Altai 
Mountains, and it is located on the southern fringe of the Siberian continuous 
permafrost zone (Fig.  17.2 ). The territory is characterized by mountain and arid-
land permafrost. It is sporadic to continuous in its extent. The temperature of the 
permafrost is close to 0°C in most areas. This makes it thermally unstable under the 
in fl uence of climate change and human activities. In continuous and discontinuous 
permafrost zones, talics are found on steep south-facing slopes, under large river 
channels and deep lake bottoms, and along tectonic fractures with hydrothermal 
activity. In sporadic and isolated permafrost zones, frozen ground is found only 
on north-facing slopes and in  fi ne-grained and moist deposits. The lowest limit of 
sporadic permafrost is found at an altitude between 600 and 700 m above sea level, 
while the lower limit of continuous permafrost on south-facing slopes ranges 
from 1,400 to 2,000 m in the Hövsgöl and Hentei mountains and from 2,200 to 
3,200 m in the Altai and Hangai mountains. The average thickness and mean annual 
temperature of the permafrost in the continuous and discontinuous zones are 50–100 m 
and −1 to −2°C in valleys and depressions, and 100–250 m and −1 to −3°C in moun-
tains. Permafrost in Mongolia has a low to moderate ice content in unconsolidated 

  Fig. 17.2    Permafrost map and monitoring sites of Mongolia:  1  Permafrost monitoring sites,  2  
Continuous and discontinuous permafrost,  3  Islands of permafrost,  4  Sporadic permafrost       
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sediments. Ice-rich permafrost (>20% by weight) is characteristic of lacustrine 
and alluvial sediments in valleys and depressions. Ice wedges are found in the 
Darhad depression, Hövsgöl region. The thickness of the active layer is 1–3 m in 
 fi ne-grained soils and 4–6 m in course material. Cryogenic features such as frost 
heaves, cracks, icings, thermokarst terrain, soli fl uction lobes and sorted polygons 
are abundant in Mongolia (Gravis et al.  1974 ; Sharkhuu  2000,   2003  ) .   

    17.4   Permafrost Monitoring and Studies of Insulation 
Effect of Vegetation Covers 

    17.4.1   Methodology of Permafrost Monitoring 
and Vegetation Cover 

 The primary parameters being monitored are the thickness of the active layer (ALT) 
and the mean annual permafrost temperature at the level of zero annual amplitude 
(10–15 m deep) (MAGT), as well as the temperature gradient (TG) of the permafrost 
(see Fig.  17.3a ). Temperature measurements in the all boreholes were made using 
identical thermistors at corresponding depths, and were carried out on approxi-
mately the same dates of each year. We used moveable thermistor strings, made at 
the Geothermal Laboratory of the Melnikov Permafrost Institute, Siberian branch, 
Russian Academy of Sciences. The accuracy of the temperature measurements by 
Russian-calibrated thermistors (MMT-4 model) is 0.02°C. The thermistor resistance 
was measured by a multimeter (MB-400 model). In all boreholes the thickness of 
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the active layer was determined by interpolation of ground temperature pro fi les, 
obtained by borehole temperature measurements usually in late September. 
Four-channel temperature data loggers HOBO U12 were installed in 25 monitoring 
boreholes. In addition, Stow-Away or UTL-1 miniature data loggers were placed in 
seven boreholes. Accuracies of measurements of ground temperatures by using 
HOBO U12 and miniature data loggers are 0.03°C and 0.25°C, respectively. 
The interval time of temperature recordings by the data loggers was 90 min. Besides, 
six boreholes have permanent thermistor strings. Boreholes near Ulaanbaatar have 
permanent thermistor strings, and ground temperature measurements were made 
monthly. Monitoring of frost heaving, thermokarst and icing was based on leveling 
measurement with Russian leveling equipment of the model HB-1.    

 Each borehole was designed to prevent air convection and was protected against 
damage by passing people. All re-drilled boreholes with depths of 10–15 m were 
cased by parallel steel and plastic pipes of 3–5 cm diameter with the mouth of the 
pipe at depths of about 15–20 cm and covered by soil (see Fig.  17.3b ). The empty 
space outside of the casing pipe in all the boreholes was  fi lled with sand. 

 The primary parameters being measured for studying vegetation cover were 
plant biomass, soil temperature and soil water content. Live (green) and dead (litter) 
plant biomass was sampled from a 0.5 × 0.5 m 2  and weighed after drying at a room 
temperature for more than 48 h. Soil temperatures down to 50 cm with intervals of 
10 cm were measured by a digital thermometer with an accuracy of 0.1°C in 
speci fi cally prepared holes, and in others soil temperatures at 10 and 50 cm depths 
were recorded by miniature data loggers (UTL-1 or StowAway). Soil surface 
temperatures under different vegetation covers were monitored by data loggers. 
Soil samples were collected for determining soil water content, using either a hand 
auger or by a trowel in speci fi cally prepared holes. Active layer depths at observation 
sites were usually determined by using a 1.8 m long steel rod-probe. More detailed 
descriptions of methods used for insulation effects of vegetation cover are given 
by Sharkhuu et al.  (  2007,   2010  )  and Sharkhuu and Anarmaa  (  2008  ) .  

    17.4.2   Monitoring Sites for Permafrost and Vegetation Cover 

    17.4.2.1   Monitoring Sites for Permafrost 

 At present, there are 16 permafrost monitoring sites, consisting of 46 boreholes of 
GTN-P and CALM in Mongolia (see Fig.  17.2 ). According to the TSP borehole 
depth classi fi cation, there are 19 surface (SU) boreholes with depths of 5–9 m, 17 
shallow (SH) boreholes with depths of 10–25 m, 6 intermediate (ID) boreholes 
with depths of 25–125 m, and 4 deep (DB) boreholes with depths of 130–200 m. 
In the last 5–15 years, additional boreholes with depths of 10–15 m were drilled in 
locations near old boreholes in which temperature measurements were made 
15–40 years ago. Most of the DB and ID geological boreholes are located at the 
Buren-khan and Ardag monitoring sites in the Hövsgöl region. Except for seven DB 
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and ID boreholes, all of the boreholes were prepared by dry drilling. Currently, all 
boreholes are situated in natural conditions without thermal disturbance. In addi-
tion, we monitor changes in plant biomass, soil temperature and moisture content at 
the sites of the permafrost monitoring boreholes. 

 We selected six typical boreholes, two from each mountainous region, as examples 
for presenting the initial results of permafrost monitoring. The characteristics of 
the boreholes are presented in Table  17.1 . Detailed information on all the boreholes 
for permafrost monitoring can be found at borehole metadata, hosted by the GTN-P 
and CALM websites (GTN-P  2010 ; CALM  2007  ) . Boreholes are referred to 
by their borehole name, which includes CALM coding (e.g., Baganuur M1A), while 
sites are referred to by their names without additional speci fi cations (e.g., Baganuur). 
One site may contain several boreholes or observational/experimental plots.   

    17.4.2.2   Study Sites for Vegetation Cover 

 The key experimental sites chosen for studying the thermal insulation effect of the 
vegetation cover were Dalbay Valley on the eastern shore of Hövsgöl Lake and 
Bayan-Spring Valley in Hustai National Park, 100 km west of Ulaanbaatar in the 
Hentei region. 

 Dalbay Valley is located in the mountain forest-steppe in the Taiga sub-province 
of the highlands of the eastern shore of Lake Hövsgöl and has three ecosystems in 
close proximity: (1) semi-arid mountain steppe on a permafrost-free south-facing 
slope, (2) riparian area with marshy tussocks and shrubs in the valley bottom, 
underlain by permafrost, and (3) boreal forest dominated by  Larix sibirica  on a 
north-facing slope, underlain by permafrost. The Hustai National Park also is 
located in mountain arid steppe and the sporadic permafrost zone. The landscape 
consists of mountains with altitudes of 1,400–1,842 m and river valleys. A small 
fraction is covered by a birch forest dominated by  Betula platyphylla  and  Populus 
tremula  (Bayarsaikhan et al.  2009  ) . 

 The studies on the effects of vegetation cover on permafrost can be divided into 
two main studies: (a) comparative studies on the insulation effects of different vege-
tation covers (moss, grass, shrub, and forest cover in Dalbay Valley, and grass and 
forest cover in Hustai area) and (b) experiments with vegetation cover manipulation 
in both Dalbay and Hustai. In addition, we compared the insulation effects of grass 
and/or sedge-dominated vegetation in different aspects at both Hövsgöl and Hustai. 

      Comparative Plots for Studying Insulation Effects of Different Vegetation Covers 

 Four types of plots (a–d) were established for recording soil surface temperatures in 
the Dalbay valley area:

   a1: a plot of which the vegetation cover was clipped,  
  a2: under a dense grass cover,  
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  b1: under 0.5 m high dense shrub ( Salix glauca ),  
  b2: under 1.8 m high dense shrub ( Salix  sp.),  
  c1: under sparse  Larix  forest,  
  c2: under dense  Larix  forest,  
  d1: in forest without a moss cover,  
  d2: in forest under a 10 cm thick moss cover of  Rhytidium rugosum ,  
  d3: ditto but a 20 cm thick moss cover of  Rhytidium rugosum ,  
  d4: ditto but a 30 cm thick moss cover of  Rhytidium rugosum  (Sharkhuu et al.  2007  ) .    

 In Hustai, three types of plots (a–c) were established on the north-facing slope 
of Hoshoot:

   a1: a plot from which the vegetation cover was removed,  
  a2: under dense grass,  
  b: under dense shrub,  
  c: under  Betula  forest.     

      Manipulating the Vegetation Cover 

 Experimental plots (2 × 2 m) with different treatments were established on south-
facing and north-facing slopes and riparian areas in both Dalbay and Hustai. 
Each experimental site in Dalbay Valley consisted of three treatments: control 
(C – vegetation cover left intact), clipped (B – green vegetation cover was clipped 
monthly but litter was left intact),    and cleared (A – green vegetation and litter 
cover were removed monthly). Bayan-Spring Valley of Hustai consisted of only two 
treatments: control (C) and cleared (A) (see Photo  17.1 ).  

 In addition, we included some data from observations conducted in the Borsog, 
Shagnuul, and Turag Valleys near Dalbay Valley as additional data. These valleys 
vary in insulation effects of their vegetation cover due to different grazing pressures.     

     Photo 17.1    The Dalbay ( a ) and Hustai ( b ) experimental sites for studying the thermal insulation 
of grass cover (Photos Anarmaa in 2006 and 2007)       
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    17.5   Findings 

    17.5.1   Recent Degradation of Permafrost Under 
the In fl uence of Climate Warming 

    17.5.1.1   Active Layer 

 The thickness of the active layer in Mongolia varies over the wide range of 1–1.5 to 
5–8 m, depending on ground texture and its temperature-moisture regime. However, 
on average the ALT is 2.5–4.0 m. The thickest active layer has been observed in 
January-February in boreholes, such as M1a and M3, located at sites at which 
permafrost is characterized by a high MAGT and a low-medium ice content or at 
sites with bedrock. The full refreezing of such a thick active layer continues until 
February-April. A relatively shallow active layer is characteristic of boreholes 
(e.g. M6a, M7a, and M8) located at sites at which permafrost is characterized by 
a relatively low MAGT or an ice-rich  fi ne sediment. The shallow active layer 
thoroughly refreezes in November-December. 

 ALT in all CALM boreholes of Mongolia increased at different rates, depend-
ing on changes in the mean annual air temperature, the environmental and ground 
conditions of regions, and human activities, especially the grazing regime (see 
Fig.  17.4  and Table  17.2 ). For instance, no substantial change of ALT was observed 
in the Chuluut, Terkh, and Sharga boreholes, which have ice-rich and  fi ne-grained 
sediments and a shallow thawing depth. In contrast, the active layer depth in 
the Burenkhan and Argalant increased at rates of 25–40 cm per decade, and 
this rate appeared to be characteristic of areas with a deep active layer. Regional 
trends exist regardless of these differences in ground characteristics; the estimated 
average increase in ALT varied over the range of 0.2–1.5 cm year −1  in the Hangai 
and Hentei regions and 0.3–2.4 cm year −1  in the Hövsgöl region (Sharkhuu and 
Anarmaa  2005  ) . The ALT measurements at the Hatgal borehole, which is 
composed of sandy gravel with relatively low ice content, suggest that the degra-
dation of permafrost during the last 15–20 years was relatively more intense 
than in previous years. More speci fi cally, the ALT at the Hatgal site was 3.6 m in 
1969, 4.0 m in 1983, and 4.7 m in 2004 according to the interpolation of ground 
temperature values.  

 As stated above, we observed changes in the ALT. However, ALT in most 
boreholes in 2009 was less than in the previous 2 years. Moreover, ALT in the 
Hövsgöl region varies greatly from year to year due to a deep seasonal freezing 
and thawing of the ground. Hence, we cannot conclude that ALT in all of the 
monitored boreholes has been increasing signi fi cantly in recent years. In addition, 
we lack long-term monitoring data. Likewise, no signi fi cant trend of increase in 
active layer thickness was observed in Alaska and Siberia (Brown et al.  2000 ; 
Romanovsky et al.  2003  ) .  
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  Fig. 17.4    Trends of increase in the active layer thickness in the selected boreholes       

   Table 17.2    Changes in ALT, MAGT, and TG in the selected boreholes   

 Region 
 Borehole name 
and number  Measured years  ALT, cm 

 MAGT at 10–15 m 
depth, °C 

 TG at 15–50 m 
depth, °C m −1  

 Hentei  Baganuur M1a  1976  355  −0.45  0.020 
 1996  390  −0.07  0.005 
 2009  830  −0.06  0.005 

 Argalant M3  1989  600  −0.48 
 1999  600  −0.33 
 2009  830  −0.19 

 Hangai  Terkh M6a  1969  205  −2.04  0.022 
 2002  210  −1.55  0.011 
 2009  220  −1.35  0.007 

 Chuluut M7a  1969  125  −0.72  0.038 
 2002  142  −0.51  0.025 
 2009  180  −0.43  0.019 

 Hövsgöl  Sharga M8  1968  265  −2.35  0.026 
 2002  285  −1.67  0.010 
 2009  280  −1.54  0.007 

 Burenkhan M4a  1987  285  −1.00  0.026 
 1996  370  −0.75  0.020 
 2009  390  −0.40  0.014 
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    17.5.1.2   Mean Annual Ground Temperatures 

 The mean annual ground or permafrost temperatures (MAGT) in Mongolia vary 
from 0 to −0.5°C in sporadic permafrost zones and from −1 to −3°C in continuous 
permafrost zones. As an example, the ground temperature regime down to the 
depth of yearly zero amplitude in the Terkh borehole M6a is presented in Table  17.3 . 
The mean annual ground temperature gradually increases with depth. The mean 
winter (average of December, January and February) ground temperature increases 
until a depth of 4–5 m and then decreases between 6 and 14 m. The mean summer 
(average of June, July and August) ground temperature decreases until a depth of 
6 m and then increases deeper than 6 m. The depth of the yearly zero amplitude 
temperature is approximately 14–15 m. The time lags for the mean summer soil 
surface temperature to penetrate to depths of 1, 4, and 10 m are 1, 5 and 7 months, 
respectively. Meanwhile, the time lag for the mean winter soil surface temperatures 
to penetrate to depths of 1, 4, and 10 m are 1, 3 and 5 months, respectively. The rela-
tively short time lag for achieving a winter temperature at a deeper depth is caused 
by the high thermal conductivity of the frozen state of the active layer.  

 An increase in MAGT is a direct indicator of the warming and degradation of 
permafrost. During the last 10–40 years, the MAGT in all boreholes increased 
at different rates, varying from 0.01°C to 0.04°C year −1 . This wide range is caused 
by variations in local landscape, topography, and ground conditions, such as texture 
and thermal conductivity (see Fig.  17.5  and Table  17.2 ). For example, the highest 
rates are observed in the Ardag and Burenkhan boreholes on mountain watersheds 
and slopes, composed of bedrock with a high thermal conductivity. In addition, the 
rates of increase in MAGT were 0.27°C per decade on south-facing slopes, 0.19°C 
on north-facing slopes, 0.23°C in the upper watershed, and 0.11°C in the valley 
bottom of the Burenkhan Mountain area (Sharkhuu  1998  ) . These changes show that 
the rate of increase in MAGT in bedrock or sandy sediments with high thermal 
conductivities is higher than that in unconsolidated and/or ice-rich  fi ne sediments 
with low thermal conductivities, and the rate on south-facing slopes is higher 
than that on north-facing slopes. On a regional basis, the average trend in the 
increase in MAGT in different regions follows the pattern of the increase in mean 
annual air temperature in those regions. The increase in MAGT at a depth of 10–15 m 
in the Hövsgöl Mountain region reaches 0.02–0.03°C year −1 , but in the Hangai and 
Hentei Mountain regions it does not exceed 0.01–0.02°C year −1 . As compared to the 
Tsagaan nuur borehole (measured since 1989), the relatively low rate of increase 
of temperature in the Sharga borehole (measured since 1968) shows that the perma-
frost is degrading more intensively during last 15 years than during the previous 
15–20 years (1970–1980s). 

 The average increases in the MAGT of permafrost in Mongolia are similar to 
those in central Asian and European mountain territories (Harris et al.  2003 ; Zhao 
et al.  2008a,   b  ) . However, increases in the MAGT of permafrost in Mongolia are 
lower than in eastern Siberia and Alaska (Osterkamp and Romanovsky  1999 ; 
Gavrilova  2003 ; Pavlov and Perlshtein  2006  ) . For instance, the increases for the 
period of the late 1970s to the middle 1990s are 0.05–0.08°C year −1  in Siberia 



458 N. Sharkhuu and A. Sharkhuu

(Pavlov and Perlshtein  2006  ) , but the increases in permafrost table temperatures 
between 1987 and 2001 are 0.14°C year −1  at the West Dock and Franklin Bluffs sites 
and 0.21°C year −1  at the Deadhorse site in northern Alaska (Romanovsky et al. 
 2003  ) . These trends are consistent with observed higher mean annual temperatures 
in high-latitude areas and suggest that continuous permafrost in those regions is 
degrading more rapidly than permafrost at lower latitude.  

    17.5.1.3   Ground Temperature Gradients 

 In a hypothetical situation with homogenous earth material, ground temperature is 
linearly related to depth. A distortion from this linear relationship can arise from 
changes in thermal conductivity of different earth materials and also from changes 
in soil surface temperature  fl uctuation. Any change in ground surface temperature 

   Table 17.3    Mean winter, summer and annual ground temperatures, and its yearly amplitude (°C) 
at different depths in the Terkh borehole M6a (September 2009–2010)   

 Borehole depth, m  0  1  2  4  6  10  14 

 Mean winter T  −22.72  −7.53  −1.70  −0.69  −0.73  −1.04  −1.16 
 Mean summer T  15.00  3.11  −0.60  −1.53  −1.82  −1.41  −1.24 
 Mean annual T  −2.91  −2.15  −1.55  −1.41  −1.36  −1.21  −1.19 
 Yearly amplitude T  40.78  15.23  5.19  2.94  1.74  0.50  0.17 
 Max/Min T month  Jul/Jan  Aug/Feb  Sep/Mar  Dec/Apr  Jan/May  Feb/Jun  Apr/Aug 

  Fig. 17.5    Trends in increase in the mean annual permafrost temperatures in selected boreholes       
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penetrates slowly downwards. Based on this downward penetration, an occurrence 
time of a ground surface temperature anomaly can be inferred from the depth of 
a perturbation in a ground temperature gradient, which can be obtained from 
borehole temperature measurements. Theoretically, perturbations of homogenous 
earth material at the depth of 25, 80, and 250 m correspond to surface temperature 
pulses that occurred 10, 100, and 1,000 years ago (Harris and Chapman  1997  ) . 
We compared the temperature gradients of different depth intervals and assumed 
that the temperature gradient in the upper part of a thermal pro fi le re fl ects the recent 
history of the ground surface temperature. A decrease in the temperature gradient 
in the upper part indicates an increase in ground surface temperature, and a corre-
sponding recent degradation of permafrost. 

 Changes in the temperature gradients of permafrost in two 200 m deep boreholes, 
M5b and M5c at the Ardag Mountain watershed site in the Hövsgöl region, which 
are composed of dolomite and limestone, are presented here as an example. 
Permafrost thickness in these boreholes is 210 m in M5b and 160 m in M5c. 
The temperature gradients, estimated from temperature measurements made in 
1987 in borehole M5b, are 0.009°C m −1  for the range of 20–80 m depth, and 0.007°C m −1  
for the range of 80–200 m depth. The temperature gradient in the upper depth of 
20–80 m was 0.002°C m −1 , according to temperature measurements that were 
made in 2008 in the same borehole. The temperature gradients in the borehole M5c 
were 0.003°C m −1  in the upper 20–60 m and 0.009°C m −1  in the lower 60–200 m in 
2008. The similar temperature gradients in the upper parts of these two boreholes, 
which were estimated from 2008 measurements, and the comparable temperature 
gradients in the lower parts in both boreholes, which were estimated from old and 
recent measurements, support our assumption that a distorted temperature gradient 
of the upper part would represent a recent surface temperature change. The assump-
tion could be challenged by potential changes in thermal conductivity of the ground 
and complications related to it. However, the reduced temperature gradient in the 
upper part is a ubiquitous phenomenon in all the monitored boreholes. In addition, 
a simple calculation of how fast a temperature anomaly would propagate down to 
a given depth was done for the Burenkhan and Darhad deep boreholes, which 
are also located in the Hövsgöl region (Sharkhuu et al.  2007  ) . According to this 
calculation, the temperature change at 30–40 m depth can reach its maximum within 
15–30 years after a positive surface temperature pulse in the Darhad borehole. 
Similarly, the maximum temperature change at 80–100 m depth can be reached 
within 20–40 years in the Burenkhan boreholes. The temperature gradient in the 
upper part of the Darhad borehole pro fi le would then correspond to a warming trend, 
which occurred in the early 1980s, and in the upper part of Burenkhan borehole 
pro fi le, would represent a warming trend of the early 1960s (Sharkhuu et al.  2007  ) . 
The difference in the periods of the warming trends was caused by climate change 
at those sites and thermal conductivity of the sediments in the boreholes. The deeper 
penetration of the ground surface temperature change in the Burenkhan borehole is 
caused by dolomite-dominated bedrock with high thermal conductivity. Nonetheless, 
the estimated years for the soil surface temperature anomaly to reach the depth of 
40–80 m correspond to the observed decrease in the temperature gradient in the 
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Ardag boreholes. In general, the temperature gradients in the upper part of permafrost 
decreased in almost all monitored boreholes of Mongolia. The permafrost or ground 
temperature gradients at a depth of 15–50 m of the selected boreholes decreased by 
0.01–0.02°C m −1  during the last 40 years (see Table  17.2 ).     

    17.5.1.4   Some Cryogenic Processes and Phenomena 

 Ongoing thermokarst and thermo-erosion processes in the Hövsgöl, Hangai, 
and Hentei mountain regions are direct indicators of the degradation of ice-rich 
permafrost under the in fl uence of recent climate warming. We present some land 
forms of thermokarst and thermo-erosion processes in the Darhad depression 
(Hövsgöl region, Photo  17.2 ), Chuluut valley (Hangai region, Photo  17.3 ), and Nalayh 
depression (Hentei region, Photo  17.4 ) as examples   .    

 The thermokarst depressions and the thermoerosional riverbanks with an average 
vertical extent of 3–7 m are characteristic of the Darhad depression. Some can 
reach 15–25 m (Photos  17.2a , b). Due to recent climate change, active thermokarst 
processes, such as thermokarst lakes and deep hollows with a vertical extent of 
1–5 m, are observed everywhere in the Darhad depression. Newly formed cracks due 
to thaw settlement of ice-rich sediments are sometimes observed along a thermokarst 
lake shore, but dates for those formations have not yet been determined. In addition 
to ice-rich sediments, ice wedges are observed in steep exposures along the ther-
moerosional banks of the Sharga-ganga River and ice wedge polygons on the land 
surface are widespread here. The melting of ice wedges along polygonal hollow 
channels resulted in 2–3 m deep subsidence cavities on the permafrost table, and 
incidents of large herds (yaks and horses) falling into the cavities have occurred 
recently (Sharkhuu et al.  2007  ) . 

 As shown on a river bank exposure and a 36 m deep borehole pro fi le, the Chuluut 
River valley bottom is composed of ice-rich lacustrine sediments consisting of 
clay with mostly 5–20 cm, maximally 50–80 cm thick, ice layers, and nets 
(Photo  17.3a ). The volumetric ice content of the lacustrine clay is about 20–50%. 
The permafrost thickness in the valley is 15–30 m. Data from measurements over 
the period 1969–1987 show that the rate of collapse of the 6–8 m high Chuluut 
River banks due to thermo-erosion was estimated to be in the range of 15–30 cm 
year −1  (Sharkhuu  1998  ) . There are numerous pingos and thermokarst lakes of different 
sizes and evolutionary stages in the valley bottom. The uneven distribution of ground 
ice leads to a highly uneven thaw settlement and surface subsidence of active 
thermokarst, both in spatial and temporal dimensions (see Photo  17.3b ). Leveling 
measurement data taken at one of the active thermokarst sites in the Chuluut valley 
is presented in Table  17.4 . According to a communication with local people, the 
thermokarst processes at this site began in the late 1980s and led to maximum 
subsidence in the mid and late 1990s. The data further showed that a maximum 
subsidence of up to 25–40 cm year −1  was observed during the formation of an incipient 
thermokarst lake in the period of 1996 to 1998. The rate of thermokarst subsidence 
decreased from 15–25 cm year −1  in 1999–2001 to 0–8 cm year −1  in 2005–2009. 
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  Photo 17.2    Thermoerosion bank ( a ) and thermokarst lake ( b ) in the Darhad depression, Hövsgöl 
region (Photos Anarmaa in 2004 and 2005)       

  Photo 17.3    Thermoerosion bank ( a ) and thermokarst spring and pond ( b ) in the Chuluut valley, 
Hangai region (Photos Sharkhuu in 1969 and 2002)       

  Photo 17.4    Thermokarst lake ( a ) and pingo ( b ) in the Nalayh depression, Hentei region (Photos 
Sharkhuu in 1999 and 2005)       
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Its average rate in the period of 1999–2009 was 10–15 cm year −1 . Water discharge 
in a channel from the thermokarst pond was 1.2 L sec −1  in 1999 and 0.9 L sec −1  in 
2002. In addition, water discharge in a new spring channel from the newly subsiding 
ravine was 0.3 L sec −1  in 2002.  

 A small thermokarst lake basin in the Nalayh depression is composed of ice-rich 
lacustrine sediment consisting of silt and clay with mostly 5–20 cm thick ice layers 
(Photo  17.4 ). The estimated value of the volumetric ice content in the sediment is 
approximately 20–40%. The permafrost thickness is approximately 40 m, and the 
active layer thickness is 1.3 m. The water level in the lake is decreasing: from 3 m 
in 1999 to 1.8 m in 2009. Until 2002, a 4–5 m high pingo, located in the middle of 
the lake, was surrounded by lake waters (Photo  17.4a ). In late August 2004, thaw 
slumping of a 1.3 m thick active layer on the permafrost table (a pingo ice core) 
occurred on the south-eastern slope of this degrading pingo (see Photo  17.4b ). 
According to leveling measurement data, the south-eastern part of the pingo top was 
subsided by 50 cm in 2005, 40 cm in 2006, and 45 cm between 2007 and 2009. This 
subsidence was caused by melting of the pingo ice core from its table.   

    17.5.2   Insulation Effect of Vegetation Cover on Permafrost 
and Seasonally Frozen Ground 

    17.5.2.1   Insulation Effect of Vegetation Cover in Discontinuous 
Permafrost Zone in Taiga – Forest-Steppe (Hövsgöl 
National Park) 

      Insulation Effects of Different Vegetation Covers 

 The results of the observation on the insulation effect of different vegetation 
covers in Dalbay Valley in the Hövsgöl region showed that the mean summer sur-
face temperatures under different vegetation covers were reduced signi fi cantly, 
compared to the plots without vegetation cover. Moreover, taller dense shrub and 
forest cover greatly reduced summer surface temperature compared to shorter dense 

   Table 17.4    Thermokarst subsidence (cm) in the Chuluut Valley in the period 1999–2009   

 Benchmark 
points  1999  2000  2001  2002  2003  2004  2005  2006  2009  Total  Depth 

 Bank of ravine 
slope 

 19  21  23  18  13  15  8  4  2  123  251 

 Spring channel  18  23  26  17  14  11  9  3  1  122  526 
 Top of 

rest-mound 
 21  19  13  9  6  3  3  1  0  75  338 

 Dry hollow 
bottom 

 25  23  19  22  16  9  8  5  2  129  600 

 Level of water 
pond 

 19  24  22  18  15  13  9  6  3  129  712 



46317 Effects of Climate Warming and Vegetation Cover on Permafrost of Mongolia

shrub, sparse forest, and grass cover (Table  17.5 ). Although the mean winter 
temperature under dense grass, shrub, and forest are warmer compared to sparse 
or no vegetation cover due to accumulation of a relatively loose and thick snow 
cover, the insulation effect of snow against cold temperature cannot compensate 
for the insulation effect of vegetation against warm temperature in summer (see 
MAT in Table  17.5 ). Different from regions with thicker snow covers, in this region 
the insulation effect of vegetation is more important than that of snow. The data 
suggest that permafrost may thaw if grassland encroaches into forest, and this is 
also predicted by the HadCM3 model simulation of climate change in Mongolia 
(Dagvadorj et al.  2009  ) . Comparisons of summer surface temperatures between 
plots without a moss cover and plots with moss covers of varying thickness show 
that moss is also an important insulator. The differences in mean annual tempera-
tures under moss cover with a thickness of 10, 20, and 30 cm are due to a thermal 
offset caused by a difference between frozen and thawed moss covers (Table  17.5 ). 
In general, moss is very susceptible to grazing and drought, and Van der Wal and 
Brooker  (  2004  )  reported that moss thickness is affected by grazing. These authors 
argued that grazing may reduce a moss cover and thus increase soil temperature, 
and this may positively in fl uence grass growth. The authors also suggested that this 
shift in vegetation composition may occur as a result of grazing pressure and of 
increased global temperature. As a result, the arctic may shift from a carbon sink 
to a carbon source owing to permafrost degradation and enhanced decomposition.   

      Manipulation of Vegetation Cover 

 The experiment in the valley bottom of Dalbay Valley showed that the removal of either 
only litter or green plants and litter caused considerable increases in soil temperature 
and active layer thickness and decreases in soil moisture. Compared to the control plot 
in riparian area, the soil moisture content (down to 1 m in depth) decreased by 6.1% 

   Table 17.5    Averaged data from year-round temperature records under different vegetation covers 
in the Dalbay Valley: Mean winter ( MWT ), summer ( MST ), and annual ( MAT ) soil surface temperatures, 
the yearly amplitude ( A ) and differences in summer surface temperatures between a plot without 
vegetation cover and plots under different vegetation covers ( STD ), °C   

 Vegetation cover  MWT  MST  MAT  A  STD 

  Air temperature    −23.9    10.8    −5.3    18.8    –  
 No vegetation cover  a1  −13.7  12.4  1.1  14.7  0 
 Dense grass  a2  −11.1  10.2  0.9  11.9  2.2 
 50 cm high dense shrub  b1  −11.4  8.8  0.7  11.3  3.6 
 1.8 m high dense shrub  b2  −7.4  7.4  0.6  7.8  5.0 
 Sparse forest  c1  −14.8  8.6  0.7  13.0  3.8 
 Dense forest  c2  −11.7  7.5  0.6  10.5  4.9 
 No moss cover  d1  −11.5  11.9  −0.6  27.1  0.0 
 10 cm thick moss cover  d2  −8.7  8.9  −0.7  21.8  3.0 
 20 cm thick moss cover  d3  −7.2  6.9  −0.8  18.9  5.0 
 30 cm thick moss cover  d4  −5.3  2.7  −1.3  14.3  9.2 
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in the B plot (only green plants were clipped), and by 10.2% in the A plot (green plant 
and litter cover were removed). This suggests that vegetation covers decrease evap-
oration. Another study conducted in the same study area suggested, however, that the 
effect of vegetation on soil moisture varies seasonally (Liancourt et al.  2012  ) . In addi-
tion, the active layer thickness increased by 10 cm in B and 45 cm in A (Table  17.6 ). 
The differences in soil surface temperature among treatments were only 0.1–0.2°C, 
which is relatively small, but the measurements were made in October. The increases 
in soil temperatures at 100 cm depth are 0.3°C in B and 0.5°C in A, compared to 
control (Table  17.6 ).  

 Compared to the control plot, the active layer thickness increased by 11 cm in B 
and 51 cm in A on a north-facing slope (Table  17.7 ), while ALT increased 10 cm in 
B and 45 cm in A in the riparian area. These differences are due to sandier texture 
of soil on north facing than soil on riparian sites. The soil surface temperature dif-
ferences between the control plot and A and B plots were less on the north-facing 
slope than those on the riparian site and south-facing slope. These differences can 
be explained by certain biotic and abiotic conditions such as solar radiation, plant 
biomass, and surface wetness, and show the importance of microclimatic and topo-
graphical differences.  

 Table  17.8  shows the differences of the active layer thickness, mean annual 
ground temperature, and estimated permafrost thickness among valleys that differ 
in grazing pressure. Although soil and topographic conditions are slightly different, 
relatively shallow active layers and low permafrost temperatures in the Borsog and 
Dalbay valleys, compared to the Shagnuul and Turag valleys, might be caused by 
the insulation effect of the vegetation cover. This suggests that overgrazing, as it 
reduces the vegetation cover, has an adverse impact on permafrost.    

    17.5.2.2   Insulation Effect of Vegetation Cover in Sporadic Permafrost 
Zone in the Arid Steppe (Hustai National Park) 

      Insulation Effects of Different Vegetation Types 

 Table  17.9  summarizes the initial results of observations on the thermal insulation 
effect of the forest on the Hoshoot north-facing slope, Hustai National Park. 

   Table 17.6    Soil temperature, moisture, and active layer thickness, measured 7 October 2006, in 
three plots differing in vegetation cover, in the riparian zone of Dalbay Valley   

 Treatments 
 Biomass 
(g m −2 ) 

 Active layer 
thickness (cm) 

 Ground temperature, °C  Soil water content, % 

 10 cm  50 cm  100 cm  10 cm  50 cm  100 cm 

 Control (C)  625  128  0.8  1.7  1.0  61.3  50.2  30.2 
 With only 

litter (B) 
 375  138  0.9  2.0  1.3  55.2  43.0  38.9 

 Without green 
plant and 
litter (A) 

 135  173  1.1  2.5  1.5  51.1  40.3  33.6 
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Compared to the plots with sparse grass, the mean summer (MST) and annual 
(MAT) soil surface temperatures, and the yearly amplitude (MYA) in the plots 
under sparse  Betula  forest with dense grass were less by 2.3°C, 0.6°C, and 1.7°C, 
respectively. However, the mean winter (MWT) soil surface temperature was 
warmer by 0.8°C due to the accumulation of a relatively thicker and looser snow 
cover in the forest than in the sparse grassy plots without forest. The temperature 
differences between the plots with and without forest were least during February, 
March, October, and November. In addition, the yearly and daily temperature ampli-
tudes at the plot without forest were larger than those at the plot with forest.  

 The average soil surface temperatures measured in May and August under 
different vegetation cover on the Hoshoot north-facing foot slope are presented in 

   Table 17.7    Active layer thickness and mean summer soil surface temperatures, measured 7 October 
2006, in three plots in Dalbay   

 Location of the 
treatment plots 

 Active layer thickness, cm  Surface temperature, °C 

 Control (C) 
 With litter 
only (B)  Bare (A)  Control (C) 

 With litter 
only (B)  Bare (A) 

 South-facing slope  –  –  –  12.7  –  15.8 
 Riparian area  128  138  173  8.2  11.5  13.4 
 North-facing slope  102  113  153  8.8  10.8  10.7 

   Table 17.9    Thermal insulation effect of forest on the Hoshoot north-facing slope: mean winter 
( MWT ), summer ( MST ), and annual ( MAT ) soil surface temperatures, yearly amplitude ( MYA ), snow 
thickness and snow density   

 Vegetation cover 

 Plant 
biomass, 
g cm  − 3   MWT, °C  MST, °C  MAT, °C  MYA, °C 

 Snow 
thickness, 
cm 

 Snow 
density, 
g cm  − 3  

 Sparse  Betula  
forest with 
dense grass 
cover 

 510  −10.7  16.2  0.7  14.9  6  0.18 

 Sparse grass 
without forest 

 230  −11.4  18.4  1.3  16.6  4  0.22 

 Difference  280  0.8  −2.3  −0.6  −1.7  2  −0.04 

   Table 17.8    Active layer thickness, MAGT and estimated permafrost thickness in four valleys 
differing in the numbers of livestock and plant biomass   

 Valley  Borsog  Dalbay  Shagnuul  Turag 

 Livestock number, sheep units  51  530  3,001  3,330 
 Plant biomass, g m  − 2   660  585  48  116 
 Active layer thickness, m  2.1  1.4  4.3  4.8 
 Mean annual ground temperature, °C  −0.91  −1.25  −0.56  −0.42 
 Estimated permafrost thickness, m  35  45  25  20 
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Table     17.10 . Compared to the plot without vegetation cover (the grass cover was 
clipped monthly), the soil surface temperatures in the plots under dying  Betula , 
dense shrubs, and a grass cover with a biomass of 280 g m −2  were cooler by 4.9°C, 
7.7°C, and 5.5°C, respectively. The thermal insulation effect of the vegetation 
cover might have been higher during June and July. Even though the  Betula  forest 
is dying due to soil moisture limitation (Bayarsaikhan et al.  2009  ) , its thermal insu-
lation effect was comparable to that of coniferous forest in Dalbay Valley. In con-
trast, the thermal insulation effects of dense shrub and grass cover were higher than 
of those in Dalbay.   

      Manipulation of the Vegetation Cover 

 The average January soil surface temperature of the control plot with grass cover of 
402 g m −2  biomass in the Bayan meadow was 7.6°C warmer than the A plot without 
grass and litter cover (Table  17.11 ). However, it was colder by 5.4°C and 5.0°C in 
April and May. In contrast to the control plot, which had thick and loose snow cover, 
the plot without vegetation cover had little or no snow cover. Thus, the thermal 
insulation effect of both a thick snow and a vegetation cover in winter increased the 
soil surface temperature in the control plot and strongly protected the soil from deep 
freezing. Compared to the plot without vegetation cover, the soil temperature at 
50 cm depth in the control was 2.4°C warmer in winter but by 1.5°C cooler in sum-
mer. During the spring and fall there was no great difference.  

 In Bayan Valley, the summer soil surface temperatures of the control plots with 
vegetation cover were 2.9°C cooler on the north-facing slope, and 1.5°C on the 
south-facing slope than those in plots of which the vegetation cover was removed 
monthly (Table  17.12 ). In general, vegetation biomass positively correlates to the 
summer thermal insulation effect of the vegetation cover (Sharkhuu  2007  ) .  

 The average monthly subsurface summer soil temperatures and moisture con-
tents (measured at 10 cm intervals from the surface down to 50 cm depth) of the 
control plots with vegetation cover (C) and the plots without vegetation cover (A), 
on south-facing and north-facing slopes and at the meadow of Bayan Valley, are 

   Table 17.10    Soil surface temperatures (°C) under different vegetation covers and their temperature 
insulation effects compared to a plot without vegetation cover at Hoshoot north-facing slope   

 Vegetation cover  May 12–31 
 Temperature 
difference  Aug 1–7 

 Temperature 
difference 

 Average 
difference 

 No vegetation cover  15.7  0  20.0  0  0 
 Under grass (biomass 

is 280 g/m 2 ) 
 9.2  −6.5  15.5  −4.4  −5.5 

 Under dense shrub  6.2  −9.4  14.1  −5.9  −7.7 
 Under dying birch forest  11.6  −4.0  14.3  −5.7  −4.9 
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presented in Table  17.13 . The average soil temperatures were at a minimum in June 
and a maximum in July. The average subsurface soil temperatures of the control 
plots in Bayan meadow were cooler by 2°C than those in the controls on a north 
slope and by 3.6°C compared to the controls on a south slope. Soil temperatures of 
plots without grass cover were always higher than the soil temperatures of plots 
with natural vegetation cover, independent of slope in this region. The differences 
in average summer soil temperatures between control plots and plots without veg-
etation cover were approximately 1.3°C on both south-facing and north-facing 
slopes. The differences were smallest in June and largest in August.  

 The average subsurface soil moisture content at the south-slope control plots at 
Bayan was 10.5% less than that of the control plots in the meadow and 3.2% 
less than that of the north-slope control plots. The subsurface soil moisture contents 
of the plots without grass cover on both slopes were always lower than that of the 
plots with natural grass cover. This difference was highest in June on the south slope, 
and in July on the north slope. As the north slope contained more soil moisture, the 
difference between the controls and the plots without vegetation cover was twice as 
large here than on the south slope (Table  17.13 ).     

   Table 17.11    Thermal insulation of 402 g m   –2  vegetation cover at Bayan meadow site, °C   

 Date of 
temperature 
recording 

 Soil surface  At 50 cm depth 

 Control (C)  Cleared (A)  Difference  Control (C)  Cleared (A)  Difference 

 Jan 5–20  −7.3  −14.9  7.6  −3.9  −6.3  2.4 
 Apr 7–9  0.5  6.0  −5.4  −1.1  −1.1  0 
 May 11–Jun 6  8.5  13.5  −5.0  1.0  2.4  −1.5 

   Table 17.12    Thermal insulation of grass cover at the Bayan observation sites on north and south 
slopes   

 Soil surface 
temperatures, °C 

 North-facing slope  South-facing slope 

 With grass 
(biomass 383 g m −2 ) 

 Without 
grass 

 With grass 
(biomass 173 g m −2 ) 

 Without 
grass 

 May  9.63  13.14  12.72  14.43 
 June  13.17  16.59  16.67  18.16 
 July  16.34  18.61  18.32  19.49 
 August  15.11  17.33  16.63  18.34 
  Average    13.56    16.42    16.09    17.61  
 Max  16.34  18.61  18.32  19.49 
 Min  9.63  13.14  12.72  14.43 
 Amplitude  6.71  5.47  5.60  5.06 

  Difference in average   2.86  1.52 
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    17.6   Conclusions 

 Increase in active layer thickness and mean annual ground temperature, decrease 
in the permafrost temperature gradient, and some active thermokarst and thermo-
erosion processes indicate that permafrost in Mongolia is degrading under the 
in fl uence of recent climate warming. The trends of the increase in the average 
ALT and MAGT are 0.5–2.0 cm year −1  and 0.01–0.03°C year −1 , respectively. Recent 
climate warming leads not only to the increases in ALT and MAGT, but also to a 
signi fi cant decrease in soil moisture content, which is a main controlling factor in 
semi-arid ecosystems. Permafrost acts as an impermeable layer to ground water and 
makes it available to vegetation; thus, the degradation of permafrost leads to more 
arid conditions in certain areas. 

 The rate of permafrost degradation varies depending on local conditions. 
According to borehole measurements, the degradation rate in bedrock is more than 
that in unconsolidated sediments, is greater for permafrost in ice-poor substrates 
than that in ice-rich ones, and quicker on south-facing slopes than on north-facing 
slopes. Meanwhile, permafrost degradation under the in fl uence of climate warming 
in Mongolia has been more intense during the last 15–20 years than during the 
previous 15–20 years (1970–1980). Permafrost in the Hövsgöl Mountain region 
(at a higher latitude) is degrading more intensely than in the Hangai and Hentei 
Mountain regions (at a lower latitude). The recent degradation of permafrost in 
Mongolia is similar to that in central Asia and European mountain territories. 
However, the recent degradation of permafrost in Alaska and eastern Siberia is more 
intense than in Mongolia. 

 Vegetation cover is a natural thermal insulator which reduces summer soil 
temperature and evaporation, thus maintaining shallow active layers in a continuous 
and discontinuous permafrost zone. The thermal insulation effects of moss, forest, 
shrub, and dense grass covers are more important to maintain a low ground 
temperature and shallow active layer in the continuous and discontinuous perma-
frost zone in the taiga Ð    forest-steppe zone of Mongolia than in high-latitudinal 
zones of the North. Even a sparse steppe vegetation cover has a signi fi cant thermal 
insulation effect on subsurface soil temperature, moisture and seasonal freezing 
regimes of the arid steppe zone of Mongolia. In addition to climate warming, 
overgrazing by livestock in Mongolia is a major factor for soil surface disturbance, 
adversely affecting permafrost. Therefore, it is important to protect the vegetation 
cover, particularly forest, in order to prevent further degradation of permafrost 
and ecosystems under the in fl uence of climate warming. As a result of perma-
frost degradation during the last 40 years, the southern boundary of the permafrost 
zone in Mongolia retreated by 80–120 km, and the altitudinal belt of permafrost 
distribution increased by 150–200 m. This estimate is based on data of altitudinal 
and latitudinal changes in MAGT in Mongolia (Sharkhuu  2000  ) .      
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  Abstract   China has 400 million ha of grassland, 72% of which is temperate 
grassland, including meadow steppe, typical steppe, and desert steppe. Some 90% of 
the grassland is degraded to different degrees. We present an overview of the indica-
tors of various stages of degradation. The degradation is caused by long-term inap-
propriate use of the grassland in interaction with climate change. The most important 
causes are the explosive growth of the human population and livestock numbers in the 
Chinese grassland domain, together with the growing demand for economic improve-
ment. We brie fl y review the effects of overgrazing, frequent mowing, transformation 
into cropland, and overharvesting of useful plants, and discuss the laws installed and 
measures taken to address these problems and manage grassland properly. Though the 
past decade has shown promising improvements, it is still a long way for China to 
achieve the goal of sustainable economic development and grassland conservation.      

    18.1   Overview of Chinese Grassland 

 Grassland in China covers an area of 400 million ha, taking up approximately 41% 
of the national territory. The dominant type is temperate grassland, which mainly 
occurs in northern China. It covers an area of 287 million ha, accounting for 72% 
of total grassland area. Alpine grassland and tropical - subtropical grassland account 
for the remaining 28% (Chen  2008 ; Squires et al.  2010 ; Suttie et al.  2005 ). 
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  Temperate grassland  in China is part of the great Eurasian grassland area. It extends 
from the Northeast Plain, across the Mongolian Plateau and the Loess Plateau, to 
mountainous regions in Xinjiang. Along this line, grassland changes from meadow 
steppe, typical steppe, to desert steppe, principally due to a decline in precipitation. 

  Meadow steppe  is a zonal vegetation type in temperate semi-humid regions. The 
dominant species are semi-xeric, perennial tussock grasses and rhizomatous grasses, 
as well as semi-xeric and mesic herbage. Some semi-xeric dwarf shrubs often occur 
scattered in the community. The meadow steppe lies within the forest/grassland 
transition zone. It is the most humid grassland type, and is concentrated in the east 
of the grassland belt of China, such as the low mountains and highlands on the 
piedmonts of Daxinganling and some upper mountain grasslands. The Hulunbeier 
grassland and the Xilingol grassland consist for a large part of meadow steppe. 

  Typical steppe  is formed under a temperate semi-arid continental climate. The main 
species are xeric and eurytopic xeric perennial bunch grasses, with, under certain 
conditions, shrubs and semi-shrubs. Temperate typical steppe is the most widely 
spread and also the most representative grassland type in China. It is mainly located 
in western parts of the Hulunbeier Plateau, most of the Xilingol plateau, the 
northern slopes of the Yinshan Mountain and the southern hills of Daxinganling 
(Photos  18.1 ,  18.2  and  18.3 ).    

  Photo 18.1    Typical steppe at Xilingol, Inner Mongolia (Photo Z. Chen)       
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  Photo 18.2    Slightly degraded steppe at Xilingol, Inner Mongolia (Photo Z. Chen)       

  Photo 18.3    Severely degraded steppe at Xilingol, Inner Mongolia (Photo Z. Chen)       
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  Desert steppe  is a common vegetation type in temperate arid areas. Dominant 
species are often small perennial xeric tussock grasses, together with some xeric 
and super-xeric shrubs and semi-shrubs. It is constrained to the narrow area 
westward from typical steppe zone, between 75–114°E and 37–47°N in China. 
This includes mid-western Inner Mongolia, northern Ningxia, mid-Gansu, and 
Xinjiang. Desert steppe is under the strong in fl uence of the Mongolian high pressure 
system and weakly touched by the south-east monsoon blowing from the Paci fi c 
Ocean to inland. It has a continental climate with an average annual precipitation of 
150–250 mm. The soil is brown calcic with a low fertility. 

 Temperate steppe constitutes the main body of Chinese grassland. It covers more 
than half of northern China, showing clear zonal patterns along latitude, longitude, 
and altitude. 

  Latitudinal zonality . The temperate grassland extends across 17° of latitude in 
China. This leads to marked differences in thermal conditions and plant responses 
between the north and the south. Species in the north are generally cold-resistant, 
such as  Stipa grandis ,  Stipa krylovii, Leymus chinensis, Filifolium kitamura , etc. 
In the south, however, plants are generally thermophilic, such as  Stipa bungeana , 
 Bothriochloa ischaemum , etc. 

  Longitudinal zonality . The temperate grassland stretches over 44° of longitude. 
Consequently, the distance from the oceans varies dramatically. Therefore, con-
tinentality increases and precipitation decreases from east to west, and thermal 
conditions changes accordingly. Vegetation zones, however, do not run strictly 
parallel to longitude but vary along a gradient in southeast-northwest direction, due 
to the in fl uence of terrain relief. From east to west, the meadow steppe zone, typical 
steppe zone, and desert steppe zone appear sequentially. 

  Altitudinal zonality . There are several mountain ranges located in the temperate 
grassland area of China, including the Altai Mountains, the Helan range, the Daqing 
range, and so on. The altitudinal zonation of the vegetation is obvious in these 
ranges, especially on high mountains. From the bottom up there appears mountain 
grassland, mountain deciduous broad-leaved forest, mountain cold temperate 
coniferous forest, subalpine shrub, subalpine meadow, alpine meadow, alpine scree, 
and the glacier and nival zone, sequentially. 

 Temperate steppe, as the main part of Chinese grassland, is concentrated in North 
China, where environmental conditions are harsh. These regions are inhabited by 
ethnic minorities. The grassland provides an important environmental asset in 
their livelihood as it harbors essential resources for the social and economic devel-
opment of the people, and they are increasingly concerned about the degradation 
of the temperate grassland. 

  Alpine grassland  occurs in alpine regions and on high plains with elevations gener-
ally above 4,000 m and the climate varying from arid, sub-arid, to semi-humid. In 
China, it is mainly located on the Tibetan Plateau and some high mountains, such as 
the Tianshan and Kunlunshan ranges in Xinjiang, and the Qilianshan range in 
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Qinghai and Gansu provinces. Semi-xeric and xeric-mesophytes cold-resistant 
perennial herbage and small semi-shrubs are common. Physical conditions are harsh 
in alpine meadow areas, characterized by a cold climate. Annual average temperature 
is about 0–4°C, and annual rainfall around 300–400 mm. The soil is mainly an 
alpine steppe soil, usually with a thin loose sod layer and a light-colored humus 
layer. Soil organic matter content is high, usually more than 3%. 

  Tropical and subtropical grassland  occurs in the regions south of the Yangtze 
River in China. It is formed after deforestation or abandonment of croplands, with 
types of secondary  herbosa  dominated by perennial herbs, secondary shrub  herbosa  
scattered with shrubs or trees, and secondary savanna in some hot-dry valleys in 
Southwest China. Annual average temperature is generally 14–22°C. In most of the 
area there is abundant precipitation, from 800 mm on average to as high as 2,000 mm. 
The soil types include yellow earth, yellow brown earth, and mountain red earth. 
They are shallow and of low fertility.  

    18.2   The Degradation of Chinese Temperate Grassland 

    18.2.1   Degradation Indicators of Chinese Temperate Grassland 

 Some scientists in China argue that the grassland degradation is a systemic 
deterioration of both the biological communities (plants, animals, and microbial 
communities) and their environments under the interactive effects of human activities 
and natural forces, which is demonstrated by damage of the ecosystem structure and 
functions. This means, that grassland degradation refers not only to degeneration 
of the vegetation, but also to land deterioration (   Chen  1990  ) . Other scientists, 
emphasizing the process of succession, suggest that grassland degradation means 
a retrogressive process, which leads the ecosystem away from its climax under 
the interference of human activities such as grazing, land reclamation, and mowing 
(Li  1990  ) . During the degrading succession, the ecosystem structure and functions 
gradually change, as indicated by a lower energy  fl ow, an unbalanced material cycle, 
and an increase of entropy. The grassland then may reach a de fl exed climax at a 
lower energy  fl ow rate or lose its capability of maintaining ecosystem functions 
(Li  1997  ) . The degree of grassland degradation, therefore, is denotable in terms of 
environment, biological composition and ecosystem function. Table  18.1  shows the 
indicators of different degradation stages for typical steppe ecosystems (Chen and 
Wang  2000  ) .  

 About 90% of the Chinese grassland has been or is under degradation, according 
to a report of more than a decade ago by the    National Environmental Protection 
Bureau of China ( 1999 ). The degradation of temperate grassland has attracted a lot 
of attention since it concerns most of the Chinese grassland area and plays a funda-
mental ecological role.  
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    18.2.2   Causes of Temperate Grassland Degradation 
in China 

 Grassland degradation is the result of interactive effects of climate change and long-
term inappropriate human activities. The latter, including overgrazing, improper 
mowing, cultivation, overharvesting and so on, are the main cause. 

 The explosive increase of the population, coupled with a growing demand 
for economic improvement, are the underlying forces of irrational human activities. 
For example, the Baiyinxile Ranch occupies an area of 3,730 km 2  in Xilingol, in 
a typical steppe area. It had only 20 employees in 1950 upon establishment. 
This  fi gure increased by more than 200 times in 12 years and reached 5,139 in 1962. 
The peak value was in 1982, with a population of 12,959. In 2000 it decreased to 
10,210, about 510 times that in 1950. With population growth, livestock numbers 
rose as animal husbandry was the principal source of income. The total number was 
1,023 in 1950, and reached a high of 252,248 in 1999. This is an increment of 
almost 240 times. At the same time, livestock composition shifted in response to 
market demand. This imposed further pressure on the grassland. Before 1975, large 
animals, such as horses and cattle, increased rapidly. The total number of horses 
got up to 17,261 in 1975, and declined thereafter. In contrast, the fraction of small 
animals, such as sheep and goats, especially goats, grew quickly after the 1980s. 
For instance, the number of goats was only 2,283 in 1962, but it rose by 13 times 
to 29,674 in 1997, owing to a large demand for cashmere, which due to sharply 
increasing prices, made goat raising pro fi table. 

    18.2.2.1   Overgrazing 

 It has been proved by plenty of experiments that overgrazing has serious negative 
effects on the vegetation (Photos  18.1 ,  18.2  and  18.3 ). Besides, overgrazing also has 
adverse effects on grassland soil (Jia et al.  1997  ) . The top 0–5 cm soil layer was 
impacted most severely. Animal trampling led to compacted surface soil with a 
higher bulk density and hardness. For example, after 6 years of continuous heavy 
grazing, i.e. 6.67 sheep ha −1 , soil bulk density was 1.286 g cm −3 , 1.06 times of that 
in a non-grazed plot (1.209 g cm −3 ). Surface hardness under heavy grazing was 
34.71 kg cm −2 , compared to 30.93 kg cm −2  in a lightly grazed plot with a stocking 
rate of 1.33 sheep ha −1 . 

 The temperate grassland in China has long been overgrazed, in fact since the 
explosive growth of the human and livestock populations. More animals consequently 
led to less grassland area per animal. At Baiyinxile Ranch, one animal occupied an 
average area of 350 ha of grassland in 1950 but this had become only 1.5 ha in 2000. 
In the Inner Mongolia Autonomous Region, each sheep unit had 4.1 ha of pasture in 
1947, a rather low grazing intensity. Till 1965, together with the large increase in 
livestock number, the  fi gure declined to 0.97 ha per sheep unit. This stocking rate 
exceeded the carrying capacity of the grassland. That situation did not change in the 
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following two decades, as the livestock number oscillated around 70 million sheep 
units. A survey showed that the grassland was overgrazed in 65 out of 108 banners, 
thus in approximately 60.2% of all pasture banners in the temperate grassland region 
at that time (Wu  1995  ) . Since 1999 the overstocking problem accelerated in many 
areas (Squires et al.  2009  ) . In 2006, the average rate of overstocking was about 34% 
across China, whereas it was about 40% in Gansu and even 70% in some areas in 
Xinjiang (Han et al.  2008 ; Jin and Zhou  2009 ). It was estimated that presently the 
overloading rate averages about 20–30% above the carrying capacity of natural 
grassland in China (Liu  2010  ) .  

    18.2.2.2   Frequent Mowing 

 The principal land use regimes of the Chinese temperate grassland area are grazing 
and mowing. Both have similar in fl uences on the grassland in terms of material 
cycling. Experiments demonstrated that the mowing frequency affected the forage 
production greatly (Zhong et al.  1991  ) . After 5 years, the aboveground biomass was 
113.8 g.m −2  under an annual mowing treatment and this was only 76% of that of a 
biennially mown plot. Mowing at high frequency did not prove to be a sustainable 
way of grassland management. However, due to the increase in livestock numbers, 
particularly the stock in winter, rotational mowing was gradually replaced by annual 
mowing as the mowing  fi eld area became limited. Consequently, the nutrient output 
exceeded the natural input and the nutrient de fi ciency resulted in a decrease in 
grassland productivity.  

    18.2.2.3   Cultivation 

 Flat and fertile land with a deep soil and  fl ourishing vegetation has long been 
considered as reclaimable wasteland. Since 1949, the Chinese grassland area has 
experienced several surges of cultivation to address food shortage. Up to the 1960s, 
a total of 6.67 million ha of grassland were reclaimed. An area of 6.67 × 10 4  ha of 
grassland was transferred into cropland during the three periods of large-scale 
reclamation in northwest China between the 1950s and 1970s. Till the early 1990s, 
there were several periods of large-scale grassland reclamation again throughout 
China. According to a survey of the Chinese Academy of Sciences, in one decade 
around 1988, as much as 970,851 ha of grassland became cultivated in 33 banners 
in eastern Inner Mongolia (Photo  18.4 ). 

 Food production in grassland areas consisted mostly of extensive cultivation. 
Little input and extensive management led to a fast loss of soil organic matter after 
land conversion. Furthermore, low rainfall and strong winds, especially in spring 
when cropland was hardly covered, resulted in severe soil erosion. Fine soil particles 
were blown away and land was severely degraded. Different from overgrazing-induced 
grassland degradation, cultivation generally caused fast and patchy sandi fi cation 
and degradation.    
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  Photo 18.4    Large areas of steppe have been lost due to cultivation; here at Hulenbeier, Inner 
Mongolia (Photo Z. Chen)       

  Photo 18.5    Grazing in spring should be intermittently (Photo Z. Chen)       
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    18.2.2.4   Overharvesting 

 There are a large number of medicinal plants and economic biological resources, 
including liquorice ( Glycyrrhiza  spp.), ephedra ( Ephedra sinica ), Anemarrhena 
( Anemarrhena asphodeloides ), Astragalus  (Astragalus mongholicus ), mushrooms 
( Agaricus campestris ), Nostoc ( Nostoc commune ), in the temperate grassland in 
China. Long-term digging, raking and cutting activities seriously damaged the 
grassland vegetation and soil, leading to grassland degradation. This was striking 
on the Ordos Plateau, where grassland vegetation was severely impaired due to 
long-term harvesting of liquorice and ephedra. Collecting 1 kg liquorice caused 
damage on 0.53–0.67 ha of grassland. It was estimated that harvesting damaged 
26,700 ha of grassland per year in this region. Collection of Nostoc damaged 
1.3 × 10 7  ha of grassland per year in Inner Mongolia, accounting for 19.5% of its 
total grassland area, of which 4 × 10 6  ha were totally destroyed.  

    18.2.2.5   Other Causes 

 The temperate grassland regions in China are rich in mineral resources, including 
coal, oil, natural gas, salt, saltpeter, soda and so on. Exploitation of mineral ores 
greatly promoted local economic development in pastoral areas in recent years. 
Nevertheless, it also negatively affected grassland through compacting by vehicles, 
tailings, mine dumps and so on. That induced grassland degradation and 
deserti fi cation around mineral sites. Once degraded, it was extremely dif fi cult and 
slow to recover. 

 Grassland degradation brought about a series of ecological, environmental, 
and economic issues, such as reduction of biodiversity, productivity, and farmer 
income and living standards, as well as deterioration of ecosystems and the environ-
ment. Hence, there is an urgent need to restore degraded grasslands.    

    18.3   Management of Degraded Temperate Grassland 
in China 

 The Chinese government has taken a series of measures to protect rangeland and 
deal with grassland degradation. The most important were legal measures, imposed 
by the implementation of ‘The Law on Grasslands of the PRC’. Financial and 
infrastructural measures were taken by carrying out large engineering projects 
to attract investments and improve roads, markets, and information necessary for 
ef fi cient grassland management. Technical measures were adopted, making use of new 
technologies to prevent degradation and facilitate rehabilitation. Degenerated grass-
lands are being categorized and managed accordingly. 
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    18.3.1   Managing Grassland in Accordance with the Law 

 The Chinese government attaches great importance to temperate grassland manage-
ment. It promoted rangeland management according to the law so as to guarantee 
long-term sustainability of animal husbandry and the grassland ecosystem. As a 
milestone, on June 18, 1985, the NPC Standing Committee passed the “Law on 
Grassland of the People’s Republic of China”. It was put into force on October 1st 
of the same year. Around the beginning of the twenty- fi rst century, the temperate 
grassland attracted public attention again with the increasing frequency and 
intensity of dust and sandstorms, as well as other ecological and environmental 
concerns in northern China. In order to strengthen the conservation of grassland 
and ensure its sustainable use and development, in September 2002, the State 
Council issued “Some recommendations on promoting grassland protection and 
construction”. The “Law on Grassland” was amended by the Standing Committee 
of the National People’s Congress in December 2002, further solidifying the legal 
foundation for grassland conservation and management.  

    18.3.2   Stimulating Investment by Key Projects 

 Since 1978, the Chinese government has paid more attention to grassland manage-
ment. A series of key engineering projects were established and accomplished to 
promote investment and technological development in grassland management. Most 
of the projects were implemented since 2000, including the Grassland Re-
vegetation Project, the Forage Grass Seed-base Construction Project, the Grassland 
Fencing Project, the Returning Cultivated Land to Grassland Engineering Project, 
the Beijing-Tianjin Sand Source Control Engineering Project, the Grassland Fire 
Control Engineering Project, and the Grassland Rodent and Pest Control Engineering 
Project, etc. A huge sum was invested through these projects. The central state alone 
already invested more than 16.4 billion RMB, of which over 10.0 billion RMB was 
given to the Returning Cultivated Land to Grassland Engineering Project. The engi-
neering measures signi fi cantly improved grassland conservation and prevented fur-
ther degradation in some areas. In 2007 grassland monitoring showed that the 
vegetation coverage increased by 16% on average in engineering areas. The eco-
environment had improved to a certain degree (Liu  2008 ; Duan et al.,  2011  ) .  

    18.3.3   Promoting Scienti fi c Grassland Management 

    18.3.3.1   Balancing the Grassland and Livestock 

 With the legal basis and  fi nancial support, advanced science and technology 
becomes the key for successful grassland management. The root cause of grassland 
degradation is the imbalance between forage demand by livestock and that 
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available through grassland production and other ways at both farm and regional 
levels. Therefore, farmers and herdsmen are obliged to keep the fodder-livestock 
balance in order to maintain the grassland in good shape. To accomplish this goal, 
the Ministry of Agriculture of the People’s Republic of China promulgated 
“Measures for the Balance of the Fodder and Livestock” in 2005. It ordained that 
the following principles should be adhered to in fodder-livestock balancing 
work: (1) strengthening grassland protection and promoting local development; 
(2) determining the number of household animals according to the availability 
of fodder and increasing the number of livestock only when fodder availability 
increases; (3) making a categorization of the grassland’s status and manage 
the grasslands accordingly; and (4) proceeding in an orderly and gradual way. 
To avoid overloading with animals, speci fi c technical measures should be taken 
by farmers and herdsmen or governments, including promoting the forage base 
construction, purchasing forage, applying pen-feeding to release grazing 
pressure, shortening the animal production cycle, optimizing the livestock 
structure, enlarging the grassland areas contracted by individual farmers through 
legally transferring the rights for grassland use (Decree of the Ministry of 
Agriculture of the People’s Republic of China  2005  ) .  

    18.3.3.2   Implementing Measures of Returning Grazing Land to Protected 
Grassland and Intermittent Grazing 

 Under the provision of “Recommendations on strengthening the management 
of Returning Grazing Land to Protected Grassland Engineering” promulgated 
by China’s Ministry of Agriculture in April  2005 , measures, including no grazing, 
intermittent grazing, rotational grazing, fencing and arti fi cial grassland construc-
tion, should be taken to restore the vegetation, improve grassland productivity, 
and promote the equilibrium between ecological protection and socio-economic 
development. 

 Returning grazing land to protected grassland means that grazing should be 
temporarily prohibited in grasslands that are unable to endure further grazing. 
This refers to seriously degraded grasslands under long-term over-grazing, and/or 
under harsh physical conditions and with serious soil erosion. These grasslands 
are rehabilitated for one or more years and permitted to be used again when they 
ful fi ll certain criteria. 

 Intermittent grazing means no grazing during a short period per year, particularly 
in early spring when the grass just turns green. At this stage, overgrazing is extremely 
harmful to forage recovery and growth. Normal grazing is allowed after the vegetation 
is well developed. Temporary prohibition of grazing takes advantage of the self-
renewal and self-repair capacities of grassland ecosystems to improve the environ-
ment and the growth of plants. These measures have achieved much success in the 
rehabilitation of degraded grassland in China. For example, intermittent grazing 
is practiced from early April to late June in the Xilingol steppe, Inner Mongolia 
(Photo  18.5 ). The vegetation had remarkably improved after a 2-months grazing 
stop, as compared to continuously grazed areas. No grazing at the early growing 
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stage promoted biomass accumulation which provided a good foundation for grass 
growth later in the season. As a consequence, the  fi nal forage production was also 
higher (Li et al.  2005  ) . Even better effects were obtained when intermittent grazing 
was practised during several years. Aboveground biomass, vegetation coverage 
and height had increased by 86%, 87.5% and 93% after respectively 1, 2 and 3 years 
of no grazing in spring in the Hulun Buir grassland (Zhu et al.  2008  ) . In addition, 
carbon sequestration was promoted, due to a reduction in ecosystem respiration. 
In a  Kobresia humilis  alpine meadow, ecosystem respiration was 20.7% lower in 
areas that were not grazed in spring as compared to those under continuous grazing 
(Li et al.  2007  ) .  

    18.3.3.3   Promoting Rotational Grazing 

 Rotational grazing is a planned and systematic grazing strategy. The grassland is 
divided into different units and animals graze through these demarcated plots in 
different seasons or years. Rotational grazing can reduce defoliation and animal 
trampling, breaks the life cycle of parasites and infectious diseases, and allows 
for regrowth of the pasture grasses, thus bene fi tting vegetation production. It can 
provide signi fi cant bene fi ts for the animals by means of improved plant composition 
of the vegetation, thus earlier meeting the nutritional requirements of livestock. Due 
to greater utilization, in terms of more plant species being ‘cropped’ by the animals, 
stocking rates can usually be higher and animal production greater. This method can 
also provide for a longer grazing season, reducing the use of stored feeds (Demers 
and Clausen  2002  ) . It has been shown that rotational grazing had very good results 
in grasslands in China. In a desert steppe, the proportion, importance value index, 
and production of both the abundant species  Stipa brevi fl ora  and the dominant 
species  Cleistogenes songorica  were higher in rotationally grazed plots than in the 
continuously grazed area (Li et al.  2003  ) . It was also found that warm-season rota-
tional grazing facilitated the recovery of  Stipa bungeana  grassland (Wu et al.  2005  ) .  

    18.3.3.4   Employing Categorized Management of Degraded Grasslands 

 In China, 90% of the grasslands are degraded to various degrees. They should be 
classi fi ed and different measures should be taken for their restoration (see also 
Table  18.1 ). For grasslands in the category of slight and moderate degradation, the 
principal technique is determining livestock number according to fodder availability, 
so as to keep the balance between feed and livestock. Rotational grazing should be 
adopted to prevent overloading. To prohibit grazing or utilization of this type of 
grassland completely is irrational, however, because grazing may also have bene fi cial 
effects to the grassland ecosystem. The effect of grazing on grassland is largely 
dependent on grazing intensity. Heavy grazing may cause damage to the grassland. 
Moderate grazing, on the contrary, stimulates grass growth, e.g. by the “over-
compensation effect”. Hence, the core is to control the stocking rate. Moreover, 
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measures are recommended to improve forage production in grasslands of this 
category under suitable conditions. These include approaches to improve the soil 
physical properties and fertility, such as soil loosening, shallow ploughing, and 
fertilization, especially with nitrogen. Re-seeding native forage species is also 
acceptable to improve the plant community structure and facilitate the recovery 
of the vegetation. 

 For severely degraded grasslands, arti fi cial assistant measures are hardly effective or 
economic. Aerial seeding and other measures are not encouraged, as the soil seed bank 
is abundant and consequently the effect is unsatisfactory. One suitable countermeasure 
is to fence and enclose such areas to allow natural recovery. Experiments indicate 
that these grasslands are completely repairable given suf fi cient time for natural 
rehabilitation under constant environmental conditions. Recovery was remarkable 
after 3-year fencing of typical steppe in Inner Mongolia, where “fencing and transferring” 
is employed as a strategy to conserve the severely degraded grassland. “Fencing and 
transferring” was accepted as a strategy in the Xilingol League of Inner Mongolia 
in 2000. It implies joint measures of not only fencing and prohibition of grazing, but 
also reduction of livestock numbers, transferring farmers out of their deteriorated 
habitats, as well as transforming grazing into intensive husbandry. 

 The extremely deteriorated regions that can not support human living and livestock 
raising are fenced and prohibited from grazing for the sake of the natural recovery 
of the vegetation. Meanwhile, the scattered housing is abandoned and people are 
moved to towns or newly established villages with suf fi cient supplies of water and 
electricity, convenient transportation, and high accessibility of broadcasting 
and telecommunication services. The immigrants are trained and engaged in labor-
intensive and high-ef fi ciency industries that provide employment opportunities and 
a steadily increasing income to the farmers (Gu and Chen,  2001 ). A huge amount of 
money is needed to ful fi ll the strategy in the whole grassland area. Thus, national 
investment is of fundamental importance. Great progress has been made, but there 
are still many problems to be solved. It is still a long way for China to achieve the 
goal of sustainable economic development and grassland conservation.        
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  Abstract   Agrarian and conservational problems facing the Russian steppes at the 
beginning of the twenty- fi rst century are interrelated. We discuss the background 
and causes of the agrarian landscape degradation in the Russian steppe zone, includ-
ing the virgin land campaign and other steppe exploitation policies, the agrarian 
developments in the steppe zone, the recent regeneration of secondary steppes on 
fallows, and a system of steppe land use modernization based on a restorative and 
adaptive land management concept, as an answer to the present challenges in the 
Russian steppe zone, and serving both ecological and rural economical goals. We 
emphasize that the Russian steppe zone has an excellent potential for pasturing 
animal husbandry and that it allows the development of an adaptive meat industry 
in the Russian steppe areas adjacent to Kazakhstan.      

    19.1   Introduction 

 Russia of recent years achieved some success in social and economical develop-
ment. The crisis of the early post-Soviet years is met; good positions in the produc-
tion of raw materials and in the transport industry, weaponry production and space 
exploration have been maintained. However, characteristic of Russia is that at the 
same time other spheres, the rural economy for instance, remains on average at 
the level of developing countries. The positive trend in the development of agriculture 
in regions with a favorable climate and other natural conditions is off-set by a series 
of crises in the agriculturally peripheral regions, especially in the south-east. At the 
same time, the conservation of land resources which are necessary to save the base 
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of the rural economy, and the restoration of steppe ecosystems, that were almost 
totally lost in the twentieth century, is still beyond governmental priorities. Thus, 
the Russia of nowadays belongs to that majority of developing countries, that do not 
pay due attention to soil resources conservation and ecosystem restoration. Russian 
agriculture is still strongly depending on the quantity of ploughed land and is 
directly related to weather favorability. This dependence of the gross yield output of 
agrarian primary products on the quantity of agrarian land and on weather favorability 
seems inexorable in Russia, something like a “land needle”, analogous to what 
Russians call the “oil needle”, the nearly compulsory reliance of our national budget 
on oil. 

 With a system on this basis, the effects of risk factors are very signi fi cant, and 
that has been convincingly demonstrated in economically dif fi cult periods and years 
of droughts, for example in the period 2008–2010. The tasks of modernization and 
diversi fi cation of the industry, and of the gradual liberation from the “oil needle”, 
are set at Government level, but plans on agricultural development do still not pro-
vide room for measures to liberate the agricultural policy from the “land needle”, 
which captured the agriculture in Soviet days and still enjoys a stable lobby in the 
Russia of today. The recent state of the Russian agricultural belt is the result of its 
historical speci fi city. Situated in the special geographical position between the agri-
cultural west, which was short of land resources and created its own civilization of 
intensive tillage agriculture, and the steppic orient, that supported itself by extensive 
nomadic animal husbandry on boundless pasture ranges, Russia was not short of 
land resources and had natural opportunities to develop its agricultural economy. It 
resulted in the implementation of an extensive agriculture instead of an extensive 
animal husbandry.  

    19.2   The Historical Setting 

 Russian agriculture was born in the forest zone. In the early 2nd millennium A.D. 
agriculture gradually spread to the woodlands and steppes of European Russia. 
However, it was ejected back to the forests for several centuries by the military pres-
sure from steppe peoples. Only in the eighteenth century it began to spread to the 
steppe zone again, and this zone was considered to be the obtained ‘wild  fi eld’, 
“dikoye pole” in Russian – the inexhaustible source of promising fertile arable 
lands. At the same time, a rather more negative than positive attitude to the virgin 
steppes developed, considering it the homeland of war-like nomads. On the one 
hand, there was the rapid development of science and culture and industrial growth 
in Russia, on the other serfdom and technological backwardness remained the basis 
of the rural economy. New lands were increasingly ploughed up for crops and land 
resources were so abundant that there was no economical need to apply advanced 
technologies. 

 Russian science of those days was conscious of this dangerous tendency to unlim-
ited consumption of soil resources. A.T. Bolotov, the founder of Russian agricultural 
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science, was very skeptical about the opinion that the pro fi tability of an estate 
could be increased by increasing the area of ploughed  fi elds, which was commonly 
advocated. He stated that if an estate gets too large an area of ploughed  fi elds, and 
has not enough draft power and hands at its disposal, then the land will be worked 
badly and not in time, there will not be enough dung to fertilize the  fi elds, and 
therefore its crop capacity will be low. He considered that increasing the soil 
fertility would be a much more reliable way to increase the pro fi tability of an estate. 
For instance, he stated in 1784 that “keeping animal husbandry in due proportion 
to crop agriculture is most important for the rural economy. These two things are 
so interrelated that if one is falling out of attention the other is inescapably damaged.” 
(   Berdyshev  1988  ) . 

 Ideas on a rational agriculture were proposed also by other progressive  fi gures 
in eighteenth century Russia. For example, the great Russian military commander 
A.V. Suvorov wrote literally in his instructions to the peasants of his estate: “The 
abundance of  fi elds evokes laziness, which leads to poverty. This means: raise live-
stock, fertilize  fi elds with dung, plough only the  fi elds well supplied with fertilizer, 
turn all the rest into meadows and pastures, and use these to produce fodder” 
(Sovremennik  1992  ) . 

 Russian agriculture nevertheless stuck to the extensive way of development even 
in the nineteenth century. The construction of a continuous railway network and 
Black Sea harbors promoted the export of crops, the demand of which always grew. 
According to contemporaries, this evoked a genuine “wheat fever” over the steppe 
in the south of European Russia. In Ukraine, all plots that could be used for crops 
were ploughed up during this fever (Formozov  1962  ) . 

 In the nineteenth century the steppes of European Russia were completely 
ploughed up, but in the Southern Urals, for instance, arable lands were sown for 
only 20–45%, and that gave some potential to save some steppe and allowed some 
steppes to regenerate (The State Archive of Orenburgskaya oblast  1895  ) . Until the 
Soviet days the rotational fallow system dominated in Russian agriculture. As land 
resources decreased it evolved from a seven- fi eld rotational system to a three- fi eld 
system (The Handbook of the Russian Farmer  1993  ) . But it should be noted that 
even under so modest a share of sown area the agroecological crisis developed and 
the catastrophic failure of crops in 1891 is commonly considered to be its reference 
point. Crop yields in those days strongly depended on how favourable the weather 
conditions during the growing and harvesting seasons were and on the quantity 
of sown lands. The low crop capacity of those days sharply  fl uctuated from 50 
to 1,500 kg per ha (Collected Statistics about changes in population, cattle and 
harvests over Kazakh SSR from  1880  to 1922 1925). As dry crop farming in the 
steppe area expanded, land use optimization of the steppe became more topical than 
ever before. Famous scientists, such as V.V. Dokuchaev, D.I. Mendeleev, K.A. 
Timiryaziev, A.I. Voyeikov, P.A. Kostychev, A.N. Engelgardt, A.A. Izmailskiy, 
D.N. Pryanishnikov tried to  fi nd a solution for the problem of how to adapt the 
Russian rural economy to the landscape diversity of Russia. 

 At the dawn of the Collectivization D.N. Pryanishnikov criticized the increas-
ing trend to shift the crop production to the South-East: “In the urge of gratuitous 
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fertility we left regions that are not subject to droughts almost without agriculture, 
and we not only occupied all area suitable for dry farming, but also begin to plough 
up lands in regions where agriculture is a-priory a gamble and where there is evi-
dently no place for farm expansion” (Pryanishnikov  1965 , p. 343). He considered 
droughts the main threat to agricultural stability, and noted their disastrous effects 
in 1891, 1911, 1921. As an alternative to virgin land campaigns in the steppes, he 
proposed the development of intensive agriculture in the non-black soil areas to 
guarantee the food security for our country. He was convinced that agricultural 
lands in non-black soil areas would provide large enough yields to form crop reserve 
stocks of up to 17 million metric tons (Pryanishnikov  1965  ) . 

 Land use optimization of the steppe was the research theme of V.V. Dokuchaev 
and his school and they wrote works that became considered to be the classics of 
Russian steppe science. A system approach to reforming steppe land management 
was proposed, and a main element proposed was to temporarily take the most 
degraded plots of ploughed lands out of production and conserve these. Later, other 
elements of Dokuchaev’s system became widely applied: afforestation melioration, 
irrigation, etc. But even such a famous scientist did not succeed in shaking the 
extensivation paradigm of rural economical development, and Russia entered the 
twentieth century with a burden of unsolved agrarian problems. Also at the time of 
the achievements of Stolypin’s agrarian reform and large governmental investments 
into rural economical development, the old extensivation paradigm remained unre-
vised. However, it should be noted that in the governmental agricultural recommen-
dations of those days, in addition to stimulating the ploughing up of virgin lands for 
crops in the East, also fodder grass cultivation as the fodder base for the animal 
husbandry was promulgated for the intensely ploughed-up regions of European 
Russia (The Handbook of the Russian Farmer  1993  ) .  

    19.3   The Soviet Years 

 The Soviet government, that declared  fi ghting all the vestiges of monarchy, for 
unknown reasons not only left the extensivation principle of agricultural develop-
ment without revision, but even cultivated it. During the Soviet days the new lands 
“pioneering syndrome” only deepened. The Soviet period became the triumph 
period of the “Transformism” approach in land use and it found its zenith in the 
‘virgin lands campaign’ of 1954–1963. In 1953 a series of governmental programs 
to develop kolkhoz and sovkhoz meat livestock was brought to their close; from 
now on one counted on crops. These changes in agrarian policy won approval from 
specialists in earth science. The typical view of those days is re fl ected, for example, 
by A.I. Perelman’s “The task is the maximal productive use of every plot on the 
earth’s surface; the task is: no fallow land, no virgin land, no waste plot, no mire and 
other ‘bad land’ any more. The task is the extermination of all landscape features 
harmful for people, and the maximal development of the useful features of the 
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landscape” (Perelman  1956 , p. 61). The consequent ploughing up of huge areas of 
land of insuf fi cient soil fertility or with too dry a climate led to the situation that low 
crop capacities were considered normal in those days and it caused crop yields to 
widely  fl uctuate from year to year in strong dependence on weather conditions. 

 At that time, in Russia, against the background of regular failures to factually 
meet planned crop yields and capacity plans, which had as a consequence that 
increasing the sown area was considered as the only way to increase gross grain 
yield, the idea grew that decreases in sown area should be utterly rejected, and this 
attitude still remains at present. This explains why the occurrence of fallow lands is 
commonly considered as evidence of trouble in the rural economy in most of the 
post-Soviet countries. 

 By 1990, the really sown areas in the agricultural regions of Zavolzhia and the 
Southern Urals exceeded the quantity of of fi cially registered arable lands by 
10–15%. This impeded objective assessments of the degree to which the steppe 
really was transformed, as well as of the real crop capacity. In the 1980s approxi-
mately 6.4 million ha were of fi cially registered as arable lands in the Orenburgskaya 
oblast, but each year the sown area was registered at 7.2 million ha, the 0.8 million 
ha more being the so-called “lands for principal improvement” which were low-
quality lands that normally were ploughed once in 5–7 years and in other years lay 
fallow and grew perennial wild grasses, but now were taken into long time use for 
crop growing. Furthermore, over 10,000 ha of unregistered ploughed lands were 
sown in territories of the Ministry of Defense and in conservation areas. Unfavorable 
ecological and economical phenomena, as observed in the steppe zone in the late 
1980s, acquired the character of a challenge to the late Soviet system. The USSR 
did not have time to adequately answer this challenge and handed these problems to 
Russia and the post-Soviet states. 

 The system crisis that emerged rooted in the virgin lands campaign of 1954–1963. 
The characteristic feature of this campaign was that it automatically transformed the 
stage of ploughing up the land into a stage of governmental support of the applied 
land use system: Rather large quantities of grain widely dispersed over huge  fi elds 
could be harvested only with the help of hands from outside, which did not require 
adequate reward (such as students, soldiers, freed prisoners, etc.) This problem was 
aggravated by the circumstance that most of the virgin areas were ploughed up in just 
3 years (1954–1956) and this was followed by the additional ploughing up of mil-
lions of potentially low-productive hectares instead of providing the necessary facili-
ties for the territories already taken into cultivation. Clearly this campaign was not 
well considered, and it was carried out in a frantic rush similar to wartime combat. 
Therefore, instead of using the steppe land in accordance with its natural conditions, 
which in the south-east could have been achieved by gradually evolving the rural 
economy, an a-priory unsustainable system was built by administrations and this was 
permanently supported by the national government. The system was evidently unvi-
able without this support. The state itself became a hostage of this system, socially 
and economically, because the system involved millions of people, tens of millions 
of hectares of agrarian lands and some entire regions of the country. 
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 The late Soviet approach to land management itself manifests the dependence of 
the government of the system. The national economic planning went beyond the 
objective potential of the lands. One of the most important tasks within the Soviet 
land management policy was turning non-used lands into an instrument of rural 
economy. If the properties of a piece of land did not allow it to give a certain eco-
nomic return, then this land should be surely transformed and its properties should 
be improved (Kuznetsov and Proshlyakov  1977  ) . Thus, in declaring the necessity to 
increase crop production capacity, the government virtually considered the increase 
of gross agricultural production output impossible without the involvement of new 
lands. No arguments to conserve pieces of poor land or take low-productive ploughed 
lands out of production were heard. Plans with permanently increasing gross grain 
yield levels required legislative con fi rmation that ploughing further steppe area was 
a priority, and it stimulated the permanent search for reserves to be turned into 
ploughed hectares. The inviolable ploughed  fi eld is the original product of the Soviet 
epoch, a monument of Soviet land management, which now successfully sti fl es the 
development of a sustainable rural economy.  

    19.4   The Post-Soviet Years 

 The weather conditions of the  fi rst post-Soviet years, 1992–1994, were favorable 
for crops, especially in the south-eastern periphery of the agricultural zone. During 
several years, high gross yields of grain were successfully taken in, also thanks to 
the stock of Soviet farming machines. At the same time, very inconsequent and 
contradictory agrarian reforms were implemented under the absence of a common 
concept of agrarian reform in Russia. In the non-black soil zone processes that were 
destructive for the rural economy and unordered fallowing of ploughed  fi elds began 
in the late Soviet period and accelerated brie fl y during the  fi rst post-Soviet years 
(Luri et al.  2007  ) . The degradation of the rural economy in the historical center of 
Russia started to acquire a stage that would make a reversion dif fi cult. The intensive 
encroachment of bushy and woody vegetation on productive agricultural lands in 
the historical core of the Russian state, which grew for centuries around administra-
tive centers, should be considered a serious agrarian and social challenge. 

 The decrease in sown area in the steppe zone began after a series of droughts in 
1995–1996 and after the Soviet farming machines got worn and torn. The extent of 
the sown areas of farms became to a substantial degree determined by their oppor-
tunities to obtain fuel and lubricants, especially on favorable terms. After the drought 
of 1998, when farms lost their seed resources, governments all over all the post-
Soviet countries raised the question of the transformation of ploughed  fi elds to the 
interests of meat livestock raising. For example, in the Orenburgskaya oblast a gov-
ernmental program of meat livestock raising was developed. But it was not followed 
by real activities because the government virtually abandoned the control of the 
rural sector. 
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 However, since 2000 Russia supports a rural economy without a principal 
revision of land management and land use practices. The reincarnation of crop 
priority in the steppe zone encouraged the re-ploughing of fallow lands. While 
annual re-ploughing became an important criterion for rural economical recon-
struction, earlier governmental programs of transformation of ploughed  fi elds 
into pastures or reserves were virtually annulled. In 2009, after a series of favor-
able agricultural years, the Crop Forum in St Petersburg discussed how to achieve 
Russian leadership in crop export again by, amongst others, returning to plough 
fallow lands. Virtually, it amounted to a new virgin lands campaign being started 
with governmental  fi nancial support. On the other hand, with intensive govern-
mental control, the reporting system on ploughed and sown hectares seems more 
acceptable and controllable than one based on indices of ef fi ciency and 
pro fi tability. While in the Soviet period the government directed the rural econ-
omy in such details as the “agronomist-in-chief”, now regional executive author-
ities, applying the instruments of economical in fl uence, rather than a land user 
himself, determine the specialization of a farm. There is still no free agrarian 
market and an agrarian reform is realized only partly. 

 Despite the rather liberal Russian Federation Land Code (The Russian Federation 
Land Code  2010  ) , the real transformation of a ploughed  fi eld into a pasture virtually 
requires an of fi cial permission by an executive authority, which depends on agricul-
tural lobbies and agricultural heavyweights, the main apologists of the radical crop 
approach. Consequently, the position of steppe scientists is weakened under this 
practice; it is virtually impossible to convince the agricultural lobby that ecological 
limitations should be respected and that the land use structure should be optimized. 
Degradation of the soil, which concerns the very base of agriculture, is the only 
argument taken into consideration when deciding on the transformation of ploughed 
 fi elds into pastures. And based on this criterion, already in the late 1980s and early 
1990s Russian scientists developed a theoretical base for a series of approaches to 
agrarian landscape optimization and to adapt agricultural systems to landscape fea-
tures (Mirkin  1994 ; The scienti fi c and technical bulletin…  2002 ; Volodin  2000  ) . 

 In the Orenburgskaya oblast, one of the most ploughed up Russian regions, at 
least four concepts relating to the transformation of low-productive ploughed  fi elds 
were developed. Klimentiev  (  1997 ; Klimentiev and Tikhonov  2001  )  based his ara-
bility criterion on the rate of soil formation to soil erosion; where erosion prevailed 
the land was considered non-arable. He estimated that more than 1.2 million ha of 
such lands, mainly in sloping terrain, were ploughed. 

 Rusanov  (  1998,   2003  )  assessed arability on the basis of its suitability to be 
ploughed. Lands were classi fi ed as suitable, damaged, or degraded. The latter cate-
gory, considered non-arable, comprises 694,700 ha in the Orenburgskaya oblast. 
Rusanov’s system is of fi cially accepted. 

 Both authors consider loamy carbonate-alkaline dark chestnut soils to be 
suf fi ciently suitable for ploughing. However, their criteria did not include an eco-
nomical assessment of the biological potential for agricultural production of the 
land. This limits the applicability of their systems largely to regions where the land 
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value is high and the expenses for contouring the land (either straight or curvilinear) 
are easily repaid, i.e. conditions as found in the central black-soil regions of Russia 
and Ukraine. 

 The landscape-based criteria for the optimization of steppe land use, as devel-
oped in the late 1980s by Chibilyov  (  1992 , 2003) showed that in the Orenburgskaya 
oblast low-productive ploughed  fi elds increased from 10% in the typical black soil 
subzone to 30% in the dark chestnut soil subzone, and that at least 1.8 million ha of 
ploughed  fi elds should be transformed into hay fi elds and pastures. 

 In 2000–2005, within the framework of the project “Conservation of Russian 
steppe biodiversity for sustainable agriculture”, the Institute of the Steppe of the 
Urals Branch of the Russian Academy of Sciences elaborated new approaches to the 
ecological and economical assessment of the biological potential for agriculture of 
land resources in the steppe in view of the developing agrarian land market in Russia 
(Chibilyov et al.  2003 ; Levykin et al.  2005  ) . ‘Possible capitalized income’ was an 
important criterion to determine optimal land use. Agriculture, animal husbandry, 
and ecosystem services were considered; soils were assessed on the basis of a soil 
ecological index, the biological potential for crop production, and the potential fod-
der productivity of the land. The data were evaluated in a cost-bene fi t balance 
assuming certain crop prices (Levykin  2006  ) . It turned out that if the biological 
potential for crop production is less than 1,000–1,200 kg per ha dry farming is 
unpro fi table even on soils in steppe watersheds. 

 Practical implementation of the approach, in the subzone of the southern black 
soils, proved that it is hardly effective, mainly because agricultural farming with 
curvilinear contours, that looks so easy on paper, proved cumbersome. Straight- 
contoured  fi elds, the basis of the agrarian landscape structure, seem appropriate for 
the agrarian landscapes of the steppe (see also Nikolayev  1999  ) .  

    19.5   Coping with the Future 

 The problem of low-productive ploughed  fi elds aggravated due to recent climate 
change. The steppe regions of Zavolzhia and the Southern Urals have undergone 
disastrous June-droughts in 2006, 2009, 2010. In 2010 the Orenburg hydrometeo-
center reported that in the south of the Orenburgskaya oblast the summer maximum 
was more than 5°C above average. Over 1.8 million ha of spring-sown  fi elds were 
written off, and gross grain yield was 0.6 million metric tons, which was 5 times less 
than expected. The steppe land use system proved itself to be completely unready to 
climate change. This furthered the aggravation of the agrarian landscape crisis, 
which presently is a challenge in virtually the entire steppe region in the south-
eastern periphery of the Russian agricultural zone. This challenge can be described 
in its four constituents: economic structure, agroeconomics, soil resources, and eco-
logical constraints.

    1.     Economic structure . The late Soviet centralized structure of the agrarian econ-
omy is still supported despite market requirements. There is no class of  effective 
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land owners, no agrarian land market, no market price for agrarian land. The 
lobby of crop and livestock industries blocks the conditions necessary for the 
development of an adaptive fodder production and an adaptive animal hus-
bandry. Radical agrarian initiatives and new land re-allotments adopt the char-
acter of a new virgin lands campaign.  

    2.     Agroeconomics . Expenditures to support dry farming, independent of their 
sizes, are not repaid. Under a changing climate, dry farming becomes especially 
risky and partly resembles gambling. It is not clear what the minimum crop 
capacity for cost-effective crop farming is.  

    3.     Soil resources . Despite the local application of “resource saving technologies”, 
the crop sector in the South-East is extremely land-demanding and soil-wasting. 
The most important means of agrarian production are being destroyed.  

    4.     Ecological constraints . Under the new virgin lands campaign, the chances that 
key biological objects of the steppe are conserved or restored decreased below 
the critical level. Sustainable development becomes problematic. The activities 
of the extensive crop sector accelerate soil erosion, and this in turn increases the 
greenhouse effect.     

 Presently, we need a governmental declaration af fi rming that the proper answer 
to this challenge requires  fi rst of all a scienti fi cally based restoration of part of the 
semi-natural steppe ecosystems. It is necessary to of fi cially declare that the steppe 
should not only be a crop  fi eld but also a sustainable fodder base for meat animal 
husbandry; it should have conservation areas within the system of Nature Areas of 
Preferential Protection (NAPP); it provides ecosystem services; it harbors aesthetic, 
spiritual, moral, and cultural values; it is an object of game economy, and a base for 
tourism, etc. The opportunity for a complex solution of the problem is not yet lost: 
through paying our debts to steppe nature by restoring groundlessly destroyed land-
scapes we can diversify steppe land use. Leading world experts in nature conserva-
tion suggest that 10% is the necessary minimum area to conserve the ecosystems of 
a natural zone. We consider that conservation embedded in a rational steppe land 
use should be based on the principle, which we named  caespesarium  (from Latin 
 caespes –  sod). This form of land use allows and promotes sod restoration and sus-
tainable use of the steppe through regulated management of the vegetation and other 
bioresources. 

 In all post-Soviet countries, the system of NAPP in the steppe zone still does not 
concentrate on typical, zonal steppe ecosystems and landscapes, but mainly covers 
intrazonal elements, i.e. ecosystems and landscape elements that are restricted to 
special habitats, such as saline or rocky or deep-sandy soils, or lakes and ponds in 
the steppe zone. At the same time, old fallow lands, which are the main and almost 
only lands on which key steppe biological objects (taxa or ecosystem components) 
can survive climate change, are intensively re-ploughed. In this new virgin lands 
campaign, in the years 2008–2010, we observed this on a large scale in the 
Orenburgskaya oblast and adjacent oblasts in Kazakhstan. If this continues unlim-
ited, and with the rapid northward expansion of a drier climate, several of the typical 
steppe biological objects can become extinct, because the steppe climate will persist 
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in the zone where the potential of steppe restoration is completely gone, while the 
remaining patches of zonal steppe will be under a desert climate. Therefore, now it 
is already necessary to form a system of representative steppe genetic reserves based 
on virgin and secondary steppes over the entire steppe area. Furthermore, Dzybov 
 (  2010  )  has shown that within European Russia the agrosteppe method suf fi ces to 
preserve steppe species, but in Zavolzhia and Kazakhstan it is necessary to prevent 
the further ploughing up of old fallow lands as they are secondary steppes in their 
ecology (Photo  19.1 ). Prohibitions are not suf fi cient. The experience with the exist-
ing steppe NAPPs shows that successful steppe conservation and restoration is pos-
sible only by managing the annual phytomass production. This makes it possible to 
use the natural features of steppe production in a favorable combination of steppe 
conservation    and steppe use (Levykin and Kazachkov  2008  ) .   

 Based on present knowledge on the speci fi c requirements of steppes conserva-
tion and the increasing risks of dry farming, we think that the challenge of degrada-
tion of the agrarian landscape can be adequately answered by a consistent 
implementation of the restorative and adaptive land management concept in steppe 
land management; management should be directed at the restoration of semi-natural, 
grass-based ecosystems on extensive stretches of land, and they should be used for 
scienti fi cally based, sustainable, rotational grazing and haying systems, instead of 
(curvilinear) contour ploughing. 

  Photo 19.1    Secondary steppe regenerated in the period 1996–2011 on fallow land, Orenburgskaya 
oblast, Poduralskoye plateau, June 2010 (Photo by S.V. Levykin)       
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 The payback time in pasture animal husbandry is longer than in agriculture or in 
livestock industry, and this is why pasture animal husbandry is less attractive to 
private investors. However, pasture animal husbandry on natural steppe fodder pro-
vides meat and dairy products of unique quality, which are far better than the prod-
ucts of the livestock industry. Under proper marketing, these products of high quality 
can be sold at higher prices. Pasture and industrial livestock products do not  fi ercely 
compete because, in a civilized market where the customer has a choice, they serve 
different customers. The government should support such developments in the 
steppe region. Kazakhstan produces the unique “marmoreal” meat that enjoyed a 
great demand before large stretches of virgin lands in the steppe regions of Zavolzhia 
and Northern Kazakhstan were ploughed up. After the virgin lands campaign, the 
rural economy of these regions was determined by crop production, the sustainabil-
ity of which is questionable. We  fi nd an example in the USA, where a stable demand 
for meat grown on natural grasses was created. The main source of this product is 
American bison, which was on the verge of extinction. As result of the demand for 
ecologically pure products, the number of American bison grew during the last 
15 years 10-fold and reached or even exceeded 500,000 (Gates et al.  2010 ; Redford 
and Fearn  2007 ; The National Bison Association  2010  ) . 

 Russian steppe regions have a good potential for animal husbandry pasturing, but 
this potential cannot be realized until a sustainable fodder source based on grass 
ecosystems is in place (Dzybov  2010 ; Tro fi mov et al.  2010  ) . The problem of a sus-
tainable fodder base can be solved with restorative and adaptive land management. 
Thus, the two agrarian paradigms of steppe land use should be revised. 

 First of all, the forest shelter belt principle in agrarian landscape organization 
should be exchanged for the grass shelter belt principle. We observed forest shelter 
belts in the steppic South-east, grown with high expenses, but nowadays in poor 
conditions and virtually not performing its expected functions. An alternative net-
work of steppe grass shelter belts, that virtually does not require any care, could for 
inde fi nitely long periods of time support ecological corridors and thus optimally 
promote the sustainability of steppe biodiversity, and it could serve as sanitary bar-
riers against spreading of vermin, and as hayland. 

 In the second place, steppe land management should abandon the “inviolable 
ploughed  fi eld” paradigm and the permanent search for new lands for crops. The 
steppic South-east needs new land management planning on the district level, 
directed with priority at a rural economy of adaptive meat animal husbandry, aimed 
at forming a south-eastern “meat belt” (as has been proposed many times by eco-
nomical and political  fi gures of our country). In the Orenburgskaya oblast this belt 
should embrace its southern and south-eastern districts as well as the districts 
Svetlinskiy, Yasnenskiy and Dombarovskiy in the east. This would form a single 
economical territorial complex of over 900,000 ha (Fig.  19.1 ). 

 A network of collaborating plant melioration stations and seed farms is required 
for an effective restoration of the fodder base for an adaptive animal husbandry. But 
a stable sale of primary products is also necessary and requires the development of 
meat processing enterprises within the “meat belt” as well as the establishment of 
droves. The proximity to Kazakhstan of existing and future livestock processing 
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centers in and near the “meat belt” of the Orenburgskaya oblast could be used to 
process livestock grown in    adjacent districts in Kazakhstan. 

 In addition to the problem of a sustainable rural economy, the steppe NAPP 
system needs modernization. The present system is not adequate given the speci fi c 
features of existing steppe ecosystems and also does not cover the most typical 
varieties of steppes (Chernova  2010  ) . Steppe conservation has always been running 
behind steppe ploughing; intrinsically so. In practice, only the remnants left after 
the agricultural colonization of  fl atland and other plain steppes, in other words the 
agrarian badlands, were declared conservation areas. 

 The global character and severity of the disastrous disappearance of the steppes 
of the Northern Hemisphere yet attracted, with a delay of 15 years, the attention of 
the important international conservation organizations. So, the UNDP and the 
Global Environment Facility (GEF) approved in 2009 and started in 2010 the proj-
ect “Improving the Coverage and Management Ef fi ciency of Protected Areas in the 
Steppe Biome of Russia”. This program was started because, despite the evident 
economical growth and  fi nancial achievements by Russia, steppe land use problems 
still remain to be solved virtually at the level of developing countries. The severity 
of the steppe problem in the Northern Hemisphere was such that it was included in 
the priorities of the most authoritative international conservation organization, the 
IUCN. In 2010 this organization promoted a series of large international confer-
ences on contemporary steppe problems, and a thematic group of steppe specialists, 
including Russian scientists and conservationists, was formed (Proceedings 
Mongolia  2010  ) . Explicitly including the Russian steppe problems in an interna-
tional declaration is in itself, of course, not a solution but it may serve as an additional 

  Fig. 19.1    The “meat belt” in the Orenburgskaya oblast       
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argument for a scienti fi cally based approach towards developing schemes for the 
optimal land use of the steppe and their practical implementation. 

 The efforts by the scienti fi c and conservation communities presently have, to a 
certain extent, got attention at the regional level. For example, the Government of 
the Orenburgskaya oblast has seriously thought about the raised issues concerning 
the streamlining of steppe land use in the oblast. Firstly, the regional government 
admitted that, in the oblast, a series of unsolved steppe land use problems indeed 
remains, and that these problems sti fl e the conservation and the restoration of 
steppe ecosystems. Secondly, the Ministry of agriculture, food and processing 
industries of the Orenburgskaya oblast offered in turn concrete directions for the 
optimization of the agrarian land structure: the decrease of lands of fi cially con-
sidered arable by the transformation of all low-productive plots into haylands and 
pastures; the sowing of plots that are being transformed with drought-resistant 
perennial herbs and herb mixtures; the maintenance of crop priority on only the 
most fertile lands; the creation of a land reserve for the restoration of land quality 
apart from the large araes of land that remain to be used and managed according to 
the directed purpose (crop production, pasture animal husbandry); the develop-
ment of afforestation melioration. The of fi cial declaration of this intention to 
consider the above-mentioned problems of steppe land use and offer ways of solving 
these within the target programmes for the development of the Orenburgskaya 
oblast evokes a certain optimism.      
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  Abstract   Risk, in particular climate risk, is inherent in extensive pastoralism, 
mainly because it is carried out in environmental conditions where other forms of 
agriculture are not suitable. Different factors within environmental and socio-eco-
nomic systems compound each other, affecting herders’ exposure to risks and their 
capacity to cope with and recover from shocks and stresses. 

 In Mongolia, the 2009/2010 zud revealed the limited coping capacity of herders 
and institutions, and insuf fi cient preparedness at all levels, questioning the effec-
tiveness of the current disaster risk reduction and management systems. This article 
reviews Mongolia’s current pastoral risk management (PRM) framework, assessing 
its strengths and weaknesses. It then discusses opportunities to strengthen the PRM 
framework by better linking disaster risk reduction, climate change adaptation and 
social protection in order to tackle vulnerability from different angles and with a 
long-term perspective. Opportunities to strengthen social protection and livelihood 
diversi fi cation correspond to a plurality of pathways for pastoralist livelihoods 
which sees them diversifying, becoming more commercialized, or for some herders 
even moving away from the pastoral system through well-prepared exit strategies. 
The proactive use of new opportunities which open up because of climate change 
are also discussed, such as funding for PRM through proactive soil carbon seques-
tration projects, as a necessary complement to existing PRM actions. 

 This paper concludes that the basic know how and technology options for PRM 
are already known. It is essential though, to consolidate and replicate what has 
already been tested successfully. Proactive measures are needed to ensure the 
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 necessary outreach, and provide more sustainable capacity building and policy 
support to disaster risk reduction, hazard preparedness and livelihoods diversi fi cation 
measures.  

  Glossary     

   Aimag     Primary administrative unit: “province”.   
   Bag     Lowest level of the administrative hierarchy, rural “sub-districts”.   
   Bod     Cattle-based animal unit. 1 bod = 1 horse/1 bovine/0.8 camels/8 sheep/8 goats. 

The de fi nition is not standardized and may vary slightly by user.   
   Bog     Sheep-based animal unit.   
   Carbon sequestration     “the process of removing carbon from the atmosphere and 

depositing it in a reservoir”; (UNFCCC  2010  )    
   GDP     Gross Domestic Product   
   Khot Ail     society formed of customary groups of two to ten cooperating households. 

“Fluid group of herding households that cooperate in livestock and pasture man-
agement notably to take advantage of economies of scale”; (Mearns  2004 : 133)   

   Khural     Representative assembly   
   NEMA     National Emergency Management Agency   
   Otor     Movement of livestock to make use of distant pasture to escape drought or 

zud or to prepare animals for winter.   
   PRM     Pastoral Risk Management   
   Social protection     includes “all initiatives that transfer income or assets to the poor, 

protect the vulnerable against livelihood risk and enhance the social status and 
rights of the marginalised”; (Devereux and Sabates-Wheeler  2004  )    

   Sum     Administrative unit below province, rural “district”.   
   Zud     A winter disaster that affects the welfare and food security of pastoral com-

munities through large-scale debilitation and death of livestock, caused by a vari-
able combination of summer drought, heavy winter snow, lower than normal 
temperatures, drifting windstorm and a dangerous spring thaw. Herders’ main 
criteria to de fi ne it are not so much meteorological conditions as its consequences, 
particularly in terms of animal mortality.     

       20.1   Introduction 

 The dry summer of 2009 in Mongolia was a prelude to what is locally known as a 
 zud , a natural disaster triggered by a complex series of extreme meteorological con-
ditions and causing high rates of livestock mortality. The  zud  unfolded in the course 
of the following winter and spring, as heavy snowfalls, extreme cold, spring thaw 
and successive freezing of the snow cover preventing access to grazing (Photos  20.1     
and  20.2 ) compounded each other in causing the death of animals already weakened 
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by the summer drought, and putting herders’ food security and livelihoods at severe 
risk. By May 2010, 7.8 million head were recorded to be dead, with long-term con-
sequences on the 769,106 people affected, or 28% of the population, for whom 
livestock is the major source of income and food. Hardest hit were 8,711 house-
holds who lost all their animals (Photos  20.3  and  20.4 ).        

  Photo 20.1    Animals exposed to snow and extreme cold; no fodder (Photo Ovorhangay Province 
Of fi ce 2010)       

  Photo 20.2    Icy snow cover prohibits access to standing hay (Photo Jim Suttie)       
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  Photo 20.3    Herders camp during Tiger zud 2010 (Photo Ovorhangay Province Of fi ce)       

  Photo 20.4    High animal losses during Tiger zud 2010 (Photo David Hadrill)       
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 Risk, and in particular climate risk, is inherent in extensive pastoralism, mainly 
because this type of livestock rearing is carried out in environmental conditions 
where other forms of agriculture are not suitable. Different factors within dynamic 
environmental and socio-economic systems compound each other, affecting herd-
ers’ exposure to risks as well as their capacity to cope with and recover from shocks 
and long-term stresses. Pastoralists are regularly exposed to various inter-related 
types of environmental and socio- economic risks, including political and institu-
tional ones (Baas et al.  2001  ) . The high risk exposure and the central role of pasto-
ralism in Mongolian culture has kept pastoral risk management high on Mongolia’s 
policy agenda. 

 However, in the 1990s changed framework conditions caused by Mongolia’s 
transition to a market economy called for the development of a new strategy for risk 
management. The preparation of this new strategy was promoted by two FAO 
Technical Cooperation Projects (TCPs) in 1996–2003. Linked to a string of hazard 
( zud ) events between 1999 and 2001, the projects proposed the implementation 
of an articulated pastoral risk management (PRM) framework, which included a 
variety of capacity building measures and technical interventions as part of a broader 
strategy to reduce vulnerability to the risk of natural disasters in Mongolia. PRM 
was then taken forward and further  fi ne-tuned by many actors, spearheaded by the 
government itself with assistance from the World Bank, UNDP and other donors. A 
number of the components of PRM are presently mainstreamed into the Government’s 
livestock, land tenure, deserti fi cation, decentralization and other policies. 

 The evolution of the 2009/2010 crisis, with its heavy toll on households and high 
animal losses, however, revealed limited coping capacity of herders and institutions, 
and insuf fi cient preparedness at all levels. It signalled shortcomings in hazard pre-
paredness and contingency planning, as well as in prevention and emergency mea-
sures, which are known to be effective, and which should have been routinely 
checked and as a matter of course ready for activation when needed. The apparent 
limited capacity of these mechanisms to mitigate the full-blown consequences of 
the 2009/2010 drought and  zud  events questions the effectiveness of the original 
framework and the way it was implemented.  

    20.2   Scope for Enhancing the Pastoral Risk Management 
Framework 

 This article will review the PRM framework and try to assess the strengths and 
weaknesses of the original design. Harder to gauge precisely, on the other hand, is 
the progress and impact of the many related projects and programmes which, 
throughout the last 10 years, have built on the seminal experience of the two FAO 
TCPs. In this sense, three considerations are worth making: in the  fi rst place, an 
important constraint to full effectiveness of measures is the timeframe over which 
the different components were implemented. Probably more time is necessary for 
many of the new arrangements to take root, especially when the direct involvement 
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and active participation of households and communities is a precondition to their 
effectiveness, as is the case of measures regulating access to natural resources or 
land tenure. In the second place, though found effective by initial evaluations, some 
components are only now being scaled up by the Government of Mongolia, and this 
presently limits their potential mitigating and recovery capacity. 1  Finally, external 
changes due to global geopolitical, environmental and economic trends, and notably 
the recent  fi nancial crisis, have in fl uenced national and local scenarios in ways that 
could not be accounted for at the time, with consequences on resilience, coping 
modalities and capacity to respond to extreme weather conditions and other risks. 

 Predicted climate change scenarios throughout the country’s regions require a 
broadening of the strategic PRM framework to include impacts of global warming 
on ecosystems more  fi rmly in the picture. Not only do different factors within 
dynamic environmental and socio-economic systems make livestock-based liveli-
hoods increasingly vulnerable, the very nature of vulnerability is changing, as new 
challenges emerge. The many uncertainties regarding the actual evolution and mag-
nitude of change of weather-related phenomena, and how they will interact with 
each other and the wider physical, social and economic contexts, call for novel and 
 fl exible responses. Greater resilience and robustness of livelihood systems needs to 
be built up and solutions that are sustainable for both environmental and pastoral 
systems, also taking advantage of the positive externalities resulting from a chang-
ing climate, need to be envisaged. 

 In the meantime, reliance on national, regional and global income  fl ows has ren-
dered households’ livelihoods more dependent on the expansions and contractions 
of markets. Environmental degradation, pollution, epizootics, urbanization, com-
peting claims on land and water resources by agriculture and the mining industry 
represent further challenges to the viability of pastoral systems. To face these and 
other endogenous risks which have negatively affected the overall coping capacity 
of systems, an extension and articulation of the timeframe over which measures are 
implemented is necessary, combining short-term emergency interventions with 
medium and long term ones, as was in fact the original intent of the PRM strategy. 
Over the long-term, herder communities’ resilience needs to be reinforced by diver-
sifying the portfolio of income-generating activities, within and beyond livestock-
based livelihoods. Diversi fi cation is critical to relieve the present unsustainable 
pressure of livestock on the rangeland ecosystem, spread risk, enhance commercial 
production towards processing and trade, and make the exit from pastoralism an 
acceptable option for the most vulnerable households. 

 Opportunities to further enhance the PRM framework in this sense include: (i) 
better grazing management practices and land use planning to enhance production, 
(ii) provision of environmental services, stewardship and protection of biodiversity 
and ecosystems (iii) the expansion of ecotourism services, (iv) the promotion of 

   1   For example the innovative Index Based Livestock Insurance Project, supported by the World 
Bank with multi-donor funding, see the IBLIP web site   http://www.iblip.mn/inpro/news.
php?vnewsid=120      

http://www.iblip.mn/inpro/news.php?vnewsid=120
http://www.iblip.mn/inpro/news.php?vnewsid=120
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farming activities, fodder production, value-added livestock processing and quality 
products and (v) improved access to niche markets for livestock products. These 
options correspond to a plurality of pathways for pastoralist livelihoods, in the sense 
of “stepping up” towards a more commercialized livestock-based system, “stepping 
out” by diversifying activities, or even “moving away” from a pastoral system 
through well- prepared exit strategies. 2  Many of these opportunities have already 
been piloted by a number of projects and programmes that agencies have been 
developing in the past 10 years. 

 Besides its expected negative impacts, climate change may also create new 
opportunities: rangelands, for example, at present contain approximately 8% of the 
world’s soil carbon stocks, and with appropriate management this  fi gure has an 
estimated potential to increase by 6% in temperate regions. Carbon sequestration 
could bene fi t households, not only by increasing production potential, but also 
through the payments envisaged for this kind of programmes (Neely et al.  2009  ) . 
This paper will therefore also look into carbon sequestration activities as an aspect 
of an enhanced PRM cycle. By working towards removal of greenhouse gases from 
the atmosphere on the one hand, and increasing land productivity, producing knock-
on environmental bene fi ts and opening up opportunities of tapping into the carbon 
market on the other, carbon sequestration has a potential to contribute to both adap-
tation and mitigation. In terms of a framework for reducing pastoral risk, these 
actions correspond to long-term strategies to enhance livelihood resilience, and to 
recover from the impact of a disaster by offering alternative livelihood options. 

 Disaster risk reduction, climate change adaptation and social protection 3  all have 
the aim of reducing vulnerability, and a more explicit link between these three 
approaches would allow for a greater integration in design, implementation and tar-
geting of vulnerability-reducing interventions. Linking the disaster risk reduction 
and climate change adaptation frameworks to social protection is proposed in this 
paper in order to tackle vulnerability from different ends and with a long-term per-
spective. Accounting for climate change introduces a longer timeframe in the design 
of social protection and risk reduction measures, and it highlights the role of social 
protection interventions to possibly reduce dependence from climate sensitive liveli-
hoods activities in order to maximize their long-term resilience to climate shocks 
(Davies et al.  2009  ) . Indeed, some of the components of PRM developed over the 
years correspond to preventive measures to forestall deprivation and promote 
enhanced income opportunities and capabilities, as envisaged by the social protec-
tion framework. Building on these components, the paper will take a further step in 
the same direction, to indicate ways in which pastoral risk can be prevented and miti-
gated and alternative livelihoods promoted through social protection instruments.  

   2   These scenarios have been proposed as a way forward for pastoralists in the different regional 
setting of the Greater Horn of Africa by Devereux and Scoones  (  2007  ) .  
   3   Social protection includes “all initiatives that transfer income or assets to the poor, protect the 
vulnerable against livelihood risk and enhance the social status and rights of the marginalised” 
(Devereux and Sabates-Wheeler  2004  ) .  
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    20.3   Pastoralism in Mongolia 

 Mongolia is a landlocked country with a territory of 1.56 million km 2  making it one 
of the least densely populated countries in the world, with 2.76 million inhabitants, 
57% of which are settled in urban areas. It is located in the temperate steppe zone of 
Central Asia, with the Gobi desert traversing it along the Southern border with 
China, and many mountain ranges throughout the country. It is generally character-
ised by an extremely cold and dry winter, a dry cold and windy spring (Photo  20.5 ) 
and short summers. Overall precipitation is low. Most of it falls in summer, between 
mid-June to the end of August (Johnson et al.  2006 ; Dagvadorj et al.  2009  ) . Extreme 
weather is characteristic of Mongolian seasons. Although lakes, streams and rivers 
are plentiful in the Northern part of the country, they are concentrated in this region, 
and almost 65% of the territory as a whole has no open water sources.  

 Mongolia’s six distinct rangeland ecosystems – alpine tundra, forest-steppes, 
swamp steppes, grass steppes, desert steppes and desert – present different rainfall 
distribution, soils, elevation, temperatures and vegetation patterns, though extended 
drought and winter snow or ice storms can occur in all (Fig.  20.1 ).        

 About 82% of its total land area is made up of rangeland (FAO  2007  ) , and 76% 
is considered to have potential for agricultural – primarily extensive pastoralist – 
production (Johnson et al.  2006  ) . 

 The rangelands stretch through a continuum from moister equilibrium environ-
ments to the non-equilibrium ones of the desert zones (Swift and Baas  1999  ) . 
The ecological variation induces a vegetation gradient with big differences between 

  Photo 20.5    Unpleasant wake-up after snow storm (Photo Ovorhangay Province Of fi ce 2010)       
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North and South and widely differing rangeland productivity. In line with the 
 ecological regions, Johnson et al.  (  2006  )  classi fi ed six main vegetation zones: 
(i) Alpine Tundra (3% of total area) (ii) Mountain Taiga, (4.1%) (iii) Mountain 
Steppe and Forest-Steppe (25.1%) (iv) Grass Steppe 26.1%, (v) Desert Steppe 
(27.2%) and (vi) Desert (14.5%). Large inter-annual and seasonal changes in tem-
perature and rainfall, and location-speci fi c diverse grazing pressures make it dif fi cult 
to provide operationally useful data on large scale rangeland productivity. Johnson 
et al.  (  2006  )  presented the following ranges of estimated standing crop yields for the 
following vegetation zones: Alpine Tundra 1,050–1,500 kg/ha; Forest-Steppe: from 
1,150 to 1,940 kg/ha; Grass Steppe: 650–1,300 kg/ha; and 290–380 kg/ha in Desert 
steppes. A more recent study on ecological trends in Desert and Forest-Steppe pas-
tureland (Sheehy et al.  2010  ) , which compares range conditions and productivities 
at the same sites in the years 1997 and 2008, revealed a signi fi cant decline in eco-
logical rangeland condition over the last decade.. 

 The long-standing environmental differences resulted in the development of dif-
ferent models of pastoral mobility in the rangeland landscapes, and distinct grazing 
management strategies suitable to different combinations of species according to 
seasonal patterns of vegetation growth. The mobility of herds and  fl exible exploita-
tion of different patches are key to risk spreading in the face of extreme weather 
variability. Goats and camels are best adapted to the deserts and desert steppe, and 
sheep and horses to the steppes. Cattle make up a greater proportion of herds in the 
steppe and forest-steppe region, and in high mountains, cattle are replaced by yak 
(Johnson et al.  2006  ) . However, most herders keep multi-species herds in all ecosys-
tems as a rangeland and risk management strategy, while pastureland management 

88°

50°

46°

42°

Alpine  Zone

Taiga

Forest Steppe

Steppe

Dessert Steppe

Desert 
(MRSM 2010)

4

5

6

1

2

3

50°

46°

42°

92° 96° 100° 104° 108° 116° 120°112°

  Fig. 20.1    Mongolia’s ecological zones       



516 S. Baas et al.

requires grazing segregation of animals. More recently overall herd compositions 
changed for economic reasons in favour of goats. 

 Obviously, livestock is the pastoralists’ principal asset base, and hoarding ani-
mals is practised as another risk-mitigation strategy. Livestock products are the key 
source of pastoralist food production, which is usually complemented by cereal 
consumption (FAO/UNICEF/UNDP  2007  ) . Critically, the relationship with animals 
is central to herders’ identity and sense of self, a factor that is sometimes underval-
ued when designing and implementing policies targeting these groups. Within the 
national economic context, pastoral livestock production constitutes to this day an 
important sector for Mongolia: Livestock numbers have almost doubled from over 
23 million in 1980 to the present 43.3 million heads (FAO/UNICEF/UNDP  2007 ; 
 National Mongolian Livestock Programme draft, December 2009     ) . According to 
2009 data the agriculture sector employs around 34.6% of the total labour force and 
produces 18.8% of GDP, 86.9% of which is livestock production. The livestock 
industry earns around 10% of all export income  (  National Mongolian Livestock 
Program draft 2009  ) . Export of cashmere has become the largest source of income 
for herders with more than 300 goats, while the poorest households gained 20% of 
their income from this source (Kerven  2006  ) . 

 Grazing is accomplished by cooperation between households specialising in dif-
ferent herding tasks (Mearns  1991  ) . Cooperation is also required to build hay 
reserves and accomplish other risk reduction and mitigation tasks. The seasonal 
rangeland productivity determines mobility patterns, and annual and seasonal graz-
ing rotation and emergency reserve pastures are managed accordingly. Migratory 
movements may be classi fi ed by characteristics of the animals moved, duration and 
seasonality. The forest-steppe environments induce predictable seasonal oscillatory 
or transhumant  otor  across shorter distances, and inter-annual movements only 
occur exceptionally. In the wetter steppe and in the mountain steppe regions, move-
ments are more frequent within the same season, while inter-annual movements are 
needed only in bad years. Finally, in the Southern desert steppe and Gobi desert, 
non-equilibrium conditions push herders to cross greater distances in search of 
patch, following more chaotic and opportunistic strategies (Ojima and Chuluun 
 2008  ) . 

 Extreme weather is characteristic of Mongolian seasons, and pastoral systems 
have evolved accordingly, preparing for the harsh and long winter by fattening ani-
mals during the short summer season to build resilience and making hay for winter 
fodder. Consecutive drought, sandstorms, and  zud  events weaken animals progres-
sively, and have ratcheting effects on livestock morbidity and mortality. Particularly 
devastating for herders’ food security and livelihoods are  zuds , complex events 
resulting from a series of successive weather conditions such as long-lasting or sud-
den heavy snowfall, extremely low temperatures and windstorms, leading to high 
livestock mortality due to hunger, freezing or exhaustion in the following spring, 
when the consequences of the  zud  are most apparent (Batima et al.  2006  ) . In all 
areas winter  otor  may be undertaken as an emergency measure to escape  zud  and 
poor winter pasture (FAO  2003  ) . Successful transition through grazing terrains, 
while maintaining spatial separation of pastures used in different seasons, calls for 



51720 Rethinking Pastoral Risk Management in Mongolia

negotiations between groups regarding ordinary, seasonal and emergency access to 
pastureland. 

 During the socialist period, until the early 1990s, land was collectively owned, 
and pasture use seems to have been informally regulated by customary norms as 
well as by formal regulatory institutions (Mearns  2004  ) . Under the centrally planned 
system, pastoral collectives ( negdels) , provided services, social security and most 
importantly, were crucial in assisting herders to cope with and minimize risk by 
transporting animals between pastures, storing emergency feed reserves, clearing 
roads from snow, providing veterinary and breeding services, and mechanisms for 
the insurance and restocking of herds. With the end of collectivisation traditional 
kin and friendship networks ( khot ails ) resurfaced, partially substituting for the 
shrinking state presence. They acted as safety-nets to poorer households, pooling 
risk and coordinating pasture use, though some of the essential services critical to 
the security and sustainability of their livelihoods previously provided by the state, 
and notably transport of animals, maintenance of shelters, water sources and strate-
gic fodder reserves, remained overall lacking. Critically, regulation of pasture use 
and allocation fell through the institutional vacuum created by the retreat of the 
state, with the deep-set traditional ethic of open access prevailing, to the detriment 
of sustainability and equality of access to natural rangeland resources. It has been 
suggested that the present land law, con fi rming public ownership and free access to 
most pastureland, while devolving control of time-partitioning and use of seasonal 
pastures to sub-district ( bag ) level, needs good implementation guidelines and rules, 
rather than further development (Mearns  2004  ) . Attempts to devise secure collec-
tive land tenure arrangements and formalise group membership to coincide with 
customary use, while ensuring mobility and  fl exibility of access, have been part of 
the efforts of projects developing PRM, as described further below. 

 According to the commonly accepted view, the minimum number of heads to 
cover food and other basic requirements sustainably is 100. A household with less 
than 20/30 animals is considered poor, while engagement with the commercial sec-
tor begins with 150/200 heads (FAO/UNICEF/UNDP  2007  ) .  

    20.4   Risk Exposure and Vulnerability of Mongolian Herders 

 Control over different forms of capital, and capacity to access  fi nancial, natural and 
social resources in the context of the broader social and economic environment, are 
general determinants of individual household vulnerability and coping capacity. 
Risks and shocks affect livelihoods differently, according to whether they are cova-
riate, when they hit everybody in a community equally, as with climate-related 
events or a  fi nancial downturn; or idiosyncratic, when events such as illness, death 
or animal theft affect an individual or a single household. The exposure to recurrent 
shocks and stresses coupled with the capacity to successfully cope with uncertain-
ties and recover from them, enhance or diminish underlying systemic, household 
and individual vulnerabilities. 
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 In Mongolia, the most important current risks are snow disasters, or  zuds . Herders 
rank them as the most serious risk, since they can kill several million animals in a 
few weeks. A  zud  is especially dangerous because it creates a covariate risk, affect-
ing all herders in a given area, and making reciprocal help dif fi cult.  Zud  events 
evolve throughout the year and have a progressive impact on herder livelihoods, as 
summer droughts prevent proper preparation of animals and feed reserves, and 
severe winter temperature, windstorms and snow further weaken livestock, who 
often end up dying in great numbers at the beginning of spring. The slow onset and 
cumulative nature of  zud  disasters calls for a sequence of preparedness and response 
measures in answer to its inter-seasonality. 

 The 2010  Tiger zud  (Photos  20.1 ,  20.2 ,  20.3  and  20.4 ) was the latest drastic 
example. NEMA data indicate that almost 9,000 herder families lost all their live-
stock and around. 33,000 families lost more than half their animals. In total more 
than 9.2 million livestock perished nation-wide, effectively decimating rural com-
munities with particularly devastating impacts on smaller-scale herders (with fewer 
than 250 animals) who lost more than 80% of their livestock and face the risk of 
losing even more animals within early summer. Annex  20.1  provides detailed data 
on animal losses by province (aimag) and species. In total 22.1% of the national 
herd was lost. In a normal winter, the average loss of livestock is generally no more 
than 2%. The tremendous loss of livestock in the 2010  zud  is evident also in a com-
parison between the worst four  zuds  of the past 50 years (Table  20.1 ).  

 Key lessons learnt from the 1999–2002  zuds  that struck Mongolia for three con-
secutive winters were that their impacts had long-lasting implications for herders’ 
livelihoods and security, and particularly for women and children. During those 
three  zuds  15,000 herders lost all their animals. Long-term impacts were deepened 
poverty, a lowering of the GDP and an increase in levels of chronic malnutrition and 
maternal mortality. Between 2001 and 2002 the number of herders fell by 4.2%, 
which precisely corresponded to the growth of Ulaanbaatar’s population – the  fi nal 
destination for about 50,000 people. Those families that migrated to cities or pro-
vincial centres faced, and in many cases continue to face, a dearth of basic social 
services. They lack access to electricity, water for drinking and household use, sani-
tation, health care, and pre-schools and primary schools. Similar or even worse 
trends must be expected as long-term impacts of the 2010  zud . 

 Less important, but also dangerous in the overall pastoral risk management con-
text, are droughts, predation, animal disease, animal theft, con fl ict over natural 
resources, market failure, human illness, torrential rain and  fl oods, and bush  fi res. 
Climate change is likely to enhance the risk of  zud  in the future, probably creating 
a more variable climate, with more severe extremes. 

 Vulnerabilities need to be assessed broadly and comprehensively, their interac-
tions understood and factored into any risk management framework and support 
plan, for greater effectiveness and in order to disaggregate interventions according 
to needs. The following section discusses socio-economic and environmental 
sources of vulnerability that affect Mongolian pastoral systems and environments, 
and herder households. 
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    20.4.1   Vulnerability to Socio-economic Risks 

 As discussed, pastoralism is by its very nature exposed to risky natural environments 
and adaptation strategies to environmental stresses have been developed over long 
time frameworks and are built into pastoral management practices. 

 The transition to a market economy in the early 1990s induced major changes 
and long-lasting impacts on the vulnerability patterns of pastoralists, as had already 
happened during the earlier transition to socialism. In terms of risk management, 
there was a major shift after the transition to a market economy, with the risk burden 
transferred from the state and the community to individual households. Previously 
state-owned herds were privatized, the state stopped providing essential services, 
and infrastructure fell into disrepair, while before the transition the state had provided 
supplementary feed during harsh winters, transport between pastures, infrastruc-
tures, and mobile education, health and veterinary services (Fratkin and Mearns 
 2003  ) . Lack of employment opportunities saw new and often inexperienced fami-
lies entering the livestock sector, which became a social safety net of last resort. 
A combination of lack of social capital, labour and skills of new herding households 
often resulted in diminished mobility and concentration of grazing near urban cen-
tres and roads, with consequent untenable pressure on the natural resource base and 
parallel under-use of less accessible but critical seasonal pastures. Herding house-
holds increased from 17% in 1990 to 35% in the mid 1990s (Mearns  2004  ) . Major 
losses during the subsequent  zud  years, between 1999 and 2002, demonstrated the 
sector’s high vulnerability. 

 Over the years, the viability of pastoral systems and their capacity to sustainably 
and equitably provide a living for growing numbers of herder families have been 
further exposed to the gradual erosion of customary pasture and rangeland manage-
ment mechanisms and institutions, but also by the laissez faire state policies adopted 
after de-collectivisation. These were later relinquished, and state presence has been 
building up again in the last decade. 

 Developments were in fl uenced by different levels of skills and interests between 
older and newer herding households. These contributed to mounting inequality and 
reduced incentives towards cooperation and traditional risk-spreading practices of 
asset redistribution and resource pooling. Starker social differences and the commer-
cialization of the sector manifested themselves in a variety of ways. The traditional 
livestock and pasture management strategies of herd diversi fi cation were affected by 
the changing composition of households and groups, notably when poverty entailed 

   Table 20.1    Livestock losses during the past four worst  zuds   a       

 Year  No of livestock lost 

 1999–2000  3.34 million (9.9% of total national herd) 
 2000–2001  4.15 million (13.7% of total national herd) 
 2001–2002  2.18 million (8.3% of total national herd) 
 2010 (to June)  9.73 million (22.1% of total national herd) 

   a  Data provided by National Emergency Management Agency (NEMA) 2010  



52120 Rethinking Pastoral Risk Management in Mongolia

lack of labour, and by export prices of cashmere, which have encouraged a strong 
increase in goat numbers. Reliance on export of raw cashmere translates in an overall 
greater exposure to market  fl uctuations in terms of production and investment, spill-
ing over into shrinking informal social transfer mechanisms. 

 Currently, poorer  khot ails  are unable to provide traditional informal safety nets. 
This has left their members more vulnerable to idiosyncratic shocks which affect 
single households or individuals. At the same time, the customary practices of assis-
tance between wealthier and asset-poor households have often been transformed 
into wage-labour relationships, ultimately depriving the poorest from the bene fi ts of 
the traditional safety nets provided though local risk-pooling institutions (Mearns 
 2004  ) . Ownership of trucks also enhances social differences by giving richer herd-
ers access to better pastures regardless of previous informal arrangements (Blench 
 2007  ) . Greater political clout is also often associated with bigger herds, manifested 
in the possibility of exercising informal pressure on local administrators regarding 
distribution of bene fi ts and management of natural resources (Mearns  2004  ) . 

 Lack of alternative income-generating activities enhances vulnerability espe-
cially of the poorest and less experienced households, and, together with the break-
down of social networks and mounting inequality, can lead them to drop out of 
livestock-rearing altogether, and join the growing number of the unemployed living 
at the margin of urban centres. 

 A Participatory Living Standards Assessment conducted in 2000 found increased 
economic, environmental, social and physical insecurity among Mongolian house-
holds, and evidence of growing poverty and inequality measured in increasing dif-
ferences in herd size (Nixson and Walters  2004  ) . The results were con fi rmed by a 
joint FAO/UNICEF/UNDP food security assessment mission to Mongolia, con-
ducted in 2007 (Table  20.2 ).  

 Access to and information on markets is crucial in order to destock and restock 
pro fi tably, and can make all the difference in terms of gains and losses when disasters 
strike. However, constrained marketing of livestock and livestock production remains 
a main obstacle to sustainable pastoral production, enhancing herders’ vulnerabili-
ties. The high dependence on cashmere markets was already mentioned. Exports of 
meat are also limited, and well below levels of the 1990s (FAO/UNICEF/UNDP 
 2007  ) . Only 3% of the meat produced in the country is processed in the formal sector 
and obsolete technologies result in high losses along the meat food chain. At the end 
of the 1990s three quarters of Mongolia’s processed milk and dairy products were 
imported, after the decline of the dairy industry following decollectivisation. In 2005 
only around 7% of its milk was processed by formal domestic industry, and most 
milk consumed in urban areas was imported, though the industry is reviving also 

   Table 20.2    Increasing inequality of animal ownership between herder households   

 Poor <31 animals  Vulnerable 31–100 animals  Rich >200 animals 

 1991  48%  40%   2% 
 2002  30%  38%  12% 
 2007  19%  27%  29% 

  Source: FAO/UNICEF/UNDP  (  2007  ) , Mongolia National Statistical Of fi ce  (  2007  )   
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thanks to a Government/JICA/FAO project which recommends replicating and 
tailoring piloted commercial dairy units to other aimags and sums (FAO/UNICEF/
UNDP  2007  ) . 

 The recent  fi nancial crisis exposed the vulnerability of the Mongolian economy, 
whose export sector is strongly reliant on primary products. The global recession 
depressed prices for cashmere and other livestock off-take products, hitting the pas-
toralist economy hard, with rural families increasingly unable to afford school fees 
and essential medical care (Walker and Hall  2010  ) . Lack of cash, defaults in loan 
payment and soaring food prices caused a reduction in the use of supplementary 
feed, and failure to prepare animals for winter during the summer preceding the 
2009/2010  zud . Key social support mechanisms, which had generously been 
expanded up until 2008, depended on  fi scal revenue from exports, and the 
Government responded to lack of revenue due to the contraction of commodity 
prices by cutting welfare. This weighed disproportionately on the poorest house-
holds. The collapse of  fi nancing for social assistance later triggered a reform, 
assisted by donors, to achieve  fi scal sustainability and ensure targeting of social 
bene fi ts to the poor (Walker and Hall  2010  ) . 

 The pastoral way of life means herders are self-suf fi cient in terms of meat and 
milk products, but dependant on cash for wheat, totalling half of their energy intake, 
and other staples. Poorer families are often vulnerable to seasonal food insecurity in 
spring, after winter weakening or loss of animals, or following a  zud  event. 
Constrained access to cash also creates vulnerability to the in fl ationary effects on 
food prices provoked by seasonal lack of meat on the market, while  fl ooding of meat 
markets before the winter results in unfavourable terms of trade. Exposure to haz-
ards and lack of diversi fi cation therefore make poor herders in Mongolia the group 
most vulnerable to food insecurity in rural areas, though severe food insecurity is 
more widespread in urban and  aimag  settings where the poorest live (FAO/UNICEF/
UNDP  2007  ) .  

    20.4.2   Environmental Vulnerabilities 

 According to the National Action Plan for Combating Deserti fi cation in Mongolia, 
the great majority of Mongolia’s territory is vulnerable to degradation and 
deserti fi cation. This is due to a combination of climatic variations, including chang-
ing summer rainfall patterns, increasing evapotranspiration, dust and sandstorm 
events and inappropriate natural resource management practices such as overgraz-
ing, deforestation and mining activities, though the relative contribution of each is 
not measurable  (  National Action Program to Combat Deserti fi cation in Mongolia 
draft 2009  ) . 

 A recent study comparing ecological conditions in desert and forest-steppe zones 
across a period of 11 years found changes in ground surface attributes, plant canopy 
cover and standing crop, and plant species composition of fodder, with deterioration 
or lack of improvement of pastures in the desert zone and shift from fair to poor of the 
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ecological condition of the forest-steppe zone. The primary causes of degradation 
were identi fi ed in soil aridity due to changing and decreasing precipitation patterns 
and dominance in herd structure of goats, whose dietary plasticity and capacity to 
access preferred and desirable plant species causes unsustainable pastureland stress 
(Sheehy and Damiran  2009  ) . Lack of water also hindered use of transitional spring 
and fall pastures, increasing the grazing pressure on summer and winter ones. 
Though limited to two zones only, this survey revealed a pattern of degradation that 
is highly symptomatic of the interaction between herd management, climate change 
and rangelands, and of the overall ecological conditions of Mongolian pastureland. 
The strain on pastureland ecosystems caused by overgrazing must be seen in the 
context of relinquished traditional risk management practices, increasing animal 
numbers and weak institutional regulation of grazing management practices. 

 Under the socialist system between 1960 and 1990 livestock numbers were kept 
at 23–25 million constantly (Mearns  1991  ) . Thereafter the overall animal numbers 
soared to 33.5 million by the end of the 1990s (FAO/UNICEF/UNDP  2007  )  and the 
balance of the  fi ve major species (sheep, goat, horse, cattle/yak, camel) shifted sub-
stantially. The number of livestock has now reached 43.3 million, and herd compo-
sition has changed too. Goats are currently 46.1% of the total number of livestock, 
while cattle have decreased by 23.7% compared to 2000  (  National Action Program 
to Combat Deserti fi cation in Mongolia draft 2009  ) . Seeing the devastating impact 
of the increasing animal numbers on rangeland productivity and in particular the 
enhanced pressure caused by goats on ecosystem health, it is mandatory to  fi nd 
ways to reduce their numbers and rebalance herd structures. 

 Human-induced climate change is another factor observed that has been recently 
affecting the country. The ecosystems pastoralists inhabit are particularly sensitive 
to climatic variability and change. Impacts of climate change are predicted to 
increase in the future, with warmer winters, melting of mountain ice and snow caps 
and reduction of groundwater. Annual mean temperatures have already risen in 
Mongolia by 1.8° between 1940 and 2003, with a more pronounced warming of 
winters and an increase of heat wave durations and decrease of cold waves. Annual 
precipitation changes are site-speci fi c. Melting of high mountain glaciers is increas-
ing and permafrost is degrading intensively. Ground water table is decreasing in arid 
regions (Batima et al.  2006  ) . The incidence of drought is also expected to increase 
through climate change in the future, directly affecting the vulnerability of house-
holds and animals to winters. Increased snowfalls are predicted, coupled with 
untimely melting of snow due to shorter cold waves. These will be followed by 
freezing of melt, preventing animals from grazing due to the ice sheet formed on the 
land cover, and likely to have a negative impact on plant growth and animals. These 
predicted trends are likely to enhance the severity of  zud  phenomena in terms of 
livestock mortality (Batima et al.  2006  ) . Climate change is likely to further enhance 
existing vulnerabilities of Mongolian pastoralists due to an increase in climate vari-
ability and the occurrence of more extreme events, shifts in the growing seasons and 
changes in temperature and precipitation. Socio-economic knock-on effects, such as 
migration away from negatively affected areas are also likely, thus increasing the 
pressure on other ecological zones. 
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 On the other hand, the inbuilt capacity of pastoralists to cope with the dif fi cult 
ecological contexts where their way of life evolved is precisely what could make 
them more able than other human groups to cope with the uncertainty of human 
induced climate change. Not only have they been recognised as good managers of 
fragile ecosystems, but also the global importance of rangelands as carbon sinks 
opens new opportunities for them in the context of climate change, through carbon-
sequestration rangeland management practices.   

    20.5   Pastoral Risk Management in Mongolia 

 The previous paragraphs have clearly shown how important systematic risk man-
agement is to maintain sustainable pastoral production and livelihood systems. 

 The ‘pastoral risk management agenda’ developed by FAO/TCP through two 
projects in Mongolia in the late 1990s and early 2000s intended to ensure that mech-
anisms were put in place to address short and longer term causes of risk: in the short 
term the aim was to mitigate potential impacts and enhance better preparedness to 
overcome extreme, sudden and unpredictable shocks. For the medium and long 
term, its components were designed to provide a viable and sustainable long-term 
strategy for pastoralist livelihoods. The most important components of the proposed 
framework, which are still very valid are brie fl y discussed below as well as some 
lessons learnt 4 :

    Strengthening and Empowering Herders and Pasture User Groups  

 The creation and strengthening of herder groups was identi fi ed as a key reform if • 
risk management is to be effective. Herder groups can organise collective action 
and capture economies of scale not available to individual herding households. 
Current efforts at building  fi eld level herder institutions are advancing, but need 
to be continuously extended and reinforced. The current variety of organisational 
forms, although sometimes confusing on paper, can serve as a real life laboratory 
from which lessons can be drawn. This is especially important given that the 
widely varying ecological conditions in Mongolia make it likely that there should 
not be one standard type of herder group or association, but rather that organisa-
tional forms should be adapted to local ecological and economic circumstances 
and interests. 
 Herders forming a group can choose between legal forms. Until 2007, herder • 
groups preferred to register as NGOs. NGOs are legal bodies and can enter into 
legal relationships with other legal bodies including the  sum  government. The 
weakness of the NGO format becomes evident when an organization wants to 
undertake a larger volume of business but cannot, since their legal statute does not 
allow them to. The focus on creating and strengthening pasture user groups (PUG) 

   4   For more details of the framework and speci fi c areas of intervention proposed for herders, as well 
as sum, aimag and national levels please refer to FAO  (  2007  ) .  
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has been pursued successfully by the Green Gold Pasture Management Project, as 
the institutional basis for pasture management; the World Bank’s Sustainable 
Livelihoods Project (SLP phase ii), linked the PUG concept with pastoral risk 
management throughout the country. Discussions about the comparative advan-
tages of different forms of herder organizations are going on, whereas the overall 
importance of herders’ organizations to take a lead role at local level in pasture 
and risk management has become common understanding. However, neither 
herder groups nor PUGs have managed yet to systematically include poor house-
holds as a matter of course, neither were they successful in limiting animal num-
bers. The readiness of poor households to join such institutions needs to be further 
explored as does the willingness of richer households to include them, (in order to 
reduce their vulnerability), and of herder groups or associations to give them addi-
tional support. The associations of PUGs (APUG) federated at sum levels could 
be encouraged to address the issue of poverty and make these associations the 
main defence against impoverishment and the escape from poverty. 
 Herders groups and PUGs should be further empowered to take an increasing • 
role in grazing management, as well as in solving grazing con fl icts, which have 
increased over time, and in reducing overall animal numbers where needed, to 
correspond with location speci fi c and seasonally available grazing resources. 
The authorities together with PUGs should coordinate seasonal migrations so 
that (i) the interests of both parties can be taken into account; and (ii) the number 
of animals entering into certain territories is based on estimates of carrying 
capacities of the pastures. This negotiation task should be progressively taken 
over by the relevant PUGs, herders groups and herder associations.  

   Land Reform and Tenure Security  

 More secure land rights, especially to winter-spring pasture, hay fi elds and camping • 
sites, are critical to better risk management. Good progress has been made on this 
under the provisions of the Land Law. The FAO assessment in 2007 revealed that 
herders recognise that possession certi fi cates could deliver a mechanism to control 
overstocking and degradation of pastures, and theoretically made it possible to 
adjust grazing pressure to pasture carrying capacity. As a result there is increasing 
willingness on the part of herders to take out possession certi fi cates (i.e. sign for-
mal lease certi fi cates with the sum government) for pastures and hay fi elds. 
 However, the legal environment is still not fully satisfactory in this area, and • 
uncertainties persist about the status of pasture lease certi fi cates and the relation-
ship between them and mining permits. The MFA is drafting amendments to the 
existing Land Law in order to create a better legal basis for the possession of 
pastures by herders. 
 Recent studies analysing the current land legislation have indicated that the best • 
way to regulate the access to pasture land would be through community-based 
management based on herder groups (Schulze  2009  ) . Further legislation is there-
fore required to connect the principles of land allocation with group formation so 
that pastoralists have more incentives to form herder groups and be responsible 
for the management of the land (Schulze  2009  ) . The recent draft Law on Pasture 
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Land is a move towards better land tenure laws; however it does not include all 
of the principles required for clear legal land tenure rights (Schulze  2009  ) . Better 
implementation, negotiations and enforcement mechanisms, and procedures 
based on community-based management through herder groups or PUGs could 
be bene fi cial for the development of soil carbon sequestration projects. Collective 
action would lower transaction costs and only that could make such projects 
viable (   Cacho and Lipper  2007  ) .  

   Pasture Management and Pasture Mapping  

 Pasture management needs to be directed towards recovering and sustaining tra-• 
ditional best practices and by re-strengthening seasonal grazing rotation and 
emergency reserve pastures, supported by the new tenure arrangements, espe-
cially the possession certi fi cates for winter campsites and winter spring pastures 
and hay  fi elds, discussed above. The methodology initially developed by the 
Centre for Policy Research (CPR), which involves herders and PUGs drawing 
pasture maps and preparing seasonal grazing plans is instrumental to this. 
National policy should also, where and as appropriate, encourage herders to 
adopt alternative strategies (fencing, improved pastures), especially in areas 
where traditional seasonal rotation of grazing is constrained for any reason. New 
awareness-raising activities may be needed to revitalize commitment for sustain-
able pasture management as a priority for herders and local government. 
 The systematic pasture mapping and management methodology promoted by the • 
WB SLP project has demonstrated its utility, especially when undertaken in col-
laboration with local governments and in areas where land possession certi fi cates 
have been issued. This methodology may be used nationally to improve the qual-
ity of management and reduce con fl icts. Differences in ecology and land use 
mean there should not be a uniform approach to pasture management. Although 
the mapping approach has been widely accepted by herders and local govern-
ments, so far it has not catalyzed better adjustment of livestock numbers to over-
winter carrying capacity.  

   Fodder Production  

 Fodder preparation by households is an important component of winter prepara-• 
tion and risk management. Adequate animal feed stored within the household is 
an essential part of winter preparation. Households make hay, but on a small 
scale. Key issues are,  fi rst, the allocation and security of tenure of hay fi elds to 
households, and second, access to the appropriate technology – especially animal 
powered hay mowers and rakes. Tenure has improved and herder who wish to 
make hay have greater security of tenure. Access to appropriate tools is still 
dif fi cult. Natural hay productivity is low, and there are few proven technologies 
for substantially raising yields. 
 Fodder concentrates are not produced according to demands. Experiments with • 
winter cereal varieties such as of winter wheat or winter barley (for fodder pro-
duction) should be conducted to assess their potentials for enhancing vegetation 
periods and thus yields as basis for enhanced fodder production. Approaches 
to promote fodder concentrate production, through specialized enterprises or 



52720 Rethinking Pastoral Risk Management in Mongolia

possibly as a way of livelihood diversi fi cation among pastoralists were already 
proposed in the original PRM framework but not fully taken up. Constraints and 
new opportunities at this stage – also in light of increasing temperatures and 
numbers of frost-free days due to climate change – should be further 
investigated. 
 Although they exist on paper, it seems that in practice there are at present no • 
signi fi cant, operational emergency fodder funds. The World Bank project 
explored economic models of successful feed and fodder storage. Emergency 
grazing reserves are being rehabilitated. 
 World Bank efforts to develop a viable commercial model of fodder production • 
are worthwhile and should be extended to herders if there were successful out-
comes. Efforts to re-establish inter- sum  and inter- aimag  emergency grazing 
reserves are important, as are efforts to enhance a genuine national emergency 
fodder fund .   

   Enhanced Access to Financial Services  

 Micro- fi nance has a key role to play in pastoral risk management, though so far • 
it has been under-exploited. Credit has become much more readily available in 
the countryside, as a result of the spread of normal banking and savings-and-
loans operations, which are preferable to dedicated pastoral credit operations. 
Index-based livestock insurance (discussed further on), as introduced by the 
World Bank, offers a new approach to risk management. Tailor-made micro-
 fi nance products are needed for herders. Further awareness-raising campaigns 
should be conducted among herders to attract more active use of saving opportu-
nities within the banking system, as well as of micro-credit options. Forms of 
savings other than “savings on the hoof” need to be promoted, since this would 
also have the important side effect of reducing further grazing pressure. An effort 
may be necessary to persuade herders to continue to buy index-linked insurance 
after two or three subsequent years of mild weather.  

   Consequent Winter Preparation and Contingency Planning at Different Levels  

 Winter preparation by herders is an essential element of a risk management strat-• 
egy at household level and above and local government can support herding 
households in this. So far, experience with the preparation of  sum  and  aimag  
level winter preparedness and reports and risk forecasts has been positive. A start 
has been made in preparing contingency plans in conjunction with pasture map-
ping and management planning.  Sum  risk management committees have taken 
on these tasks, and have developed detailed guidelines for the preparation of 
annual risk management plans. Regular evaluation of contingency plans is cru-
cial to share experiences between different ecological and economic zones.  

   Functioning Early Warning and Response System Reaching to the Local Level  

 Current weather forecasting is of a high standard, but distribution and use by herd-• 
ers is still not fully satisfactory. Attempts have been made to improve this, and the 
resulting weather forecast bulletins are in use by of fi cials. Early warning is an 
important part of risk management, and effective early warning bulletins,  covering 
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weather forecasts and other indicators are key to it. It is crucial for warning stages 
to be linked to pre-de fi ned response actions, triggered at de fi ned thresholds and 
well known and agreed upon (as part of the system) by all stakeholders. In this 
regard little progress has been made yet in combining seasonal forecasts with 
adjusting animal numbers to estimated over-winter carrying capacities.  

   Well Targeted Restocking in Post Disaster Contexts  

 A wide variety of restocking exercises were carried out in the wake of the bad  • zuds  
at the start of the 2000s, and some of these have been evaluated and their lessons 
tabulated. Potentially restocking has an important role to play as part of an anti-
poverty strategy. However, it is only a part of such a strategy, useful in certain cir-
cumstances, and not a panacea. Some form of individual or index-linked insurance 
of restocked animals is essential, as restocked households risk being made destitute 
with large debts in case of another  zud  during the repayment period. Several 
restocking exercises carried out in the past ignored the basic lessons available from 
earlier experience. As a result they were unsuccessful, and there has been a back-
lash against restocking. If targeted and undertaken properly though, restocking 
remains a powerful tool in certain well-de fi ned circumstances, and should not be 
ignored (   on social protection see also 20.7.2 below).  

   Well Coordinated Institutionalisation of Risk Management in all Relevant 
Ministries and Agencies  

 Progress has been made in institutionalising risk management within govern-• 
ment agencies and programmes in a sustainable manner. Notable steps include 
the creation of the National Emergency Management Agency (NEMA), as well 
as several important ongoing projects and programmes on PRM, but also the 
creation of  sum  and  aimag  working groups on risk management bringing together 
all stakeholders, including herders, and preparing and approving local risk man-
agement and pasture plans. Good progress has also been made in including 
detailed responsibilities for risk management, in the form of clearly speci fi ed 
outputs, into the job descriptions and civil service contracts of of fi cials at  aimag , 
 sum  and  bag  level (Table  20.3 ).  
 Linkages between the activities of different Ministries have improved, but are • 
not yet consistently implemented: For example, links between programmes to 
build the capacity of herder associations and technical activities, such as well 

   Table 20.3    Examples of relevant actors and projects promoting PRM   

 Government of Mongolia, Ministry of Environment – National Action Plan for combating 
deserti fi cation 

 Government of Mongolia, MFALI – National Mongolian Livestock Programme 
 WB – Sustainable Livelihoods Project (phases 1 and 2) 
 SADC – Livelihoods project “Green Gold Ecosystem Pasture Management Programme” 
 UNDP – National Climate Risk Management Strategy and Action Plan for Mongolia 
 USAID – Development of Herder Alliances in the Gobi Region of Mongolia 
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drilling or repair, where the herder associations might turn out to be the best 
managers of the wells.  

   Technical Capacity Building for Risk Management  

 The risk management agenda introduced a simple plan to manage risk. • 
Nevertheless, this has no effect unless herders and government staff at all levels 
understand and trust the plan, and play their part in its implementation. The con-
tinued upgrading of capacity building at  aimag  and  sum  levels to disseminate the 
knowledge and skills is constantly necessary in risk management. Trainers teams 
will need to be supported until civil society organisations and the private sector 
can provide capacity-building.    
 The above components of the proposed PRM framework constituted an effort to 

assist government, pastoralist households and communities to restore and strengthen 
their resilience to extreme weather events. In general, the framework addressed the 
abilities to better manage socio-economic and environmental vulnerabilities and 
strengthen capacities to cope with uncertainty. 

 While recognizing the positive achievements and impact of several programmes 
and projects with a PRM agenda over the last decade, the lack of suf fi cient funding 
remained the key constraint to up-scaling these reforms for PRM into wide enough 
operation. Some form of  fi scal decentralisation, including use of revenues generated 
from local taxes on pasture or livestock (possibly to be re-established for those ani-
mals in big herds above a maximum ceiling of tax exemption) may be one route to 
follow, though there are many calls and different views on this issue.  

    20.6   Lessons for Pastoral Risk Management Revealed 
by the 2009/2010  Tiger Zud  

 Two assessments conducted between March and May 2010 of the conditions lead-
ing to loss of animals and of the humanitarian response capacity following the  zud  
give some indication of current shortcomings of the pastoral disaster management 
system in Mongolia (UN Mongolia Country Team  2010 ; Hadrill  2010  ) . Some of the 
key observations are summarized below. 

 Even though the National Emergency Management Agency (NEMA) reacted 
quickly to assess needs and was effective in its effort to secure and distribute goods 
at provincial level, several bottlenecks were reported, limiting emergency response 
operations. A major constraint was faced in March, when all available high  fi bre 
animal feed had already been purchased by relief agencies and herders themselves, 
and no more was to be found on the market. Persistent gaps reported included: the 
lack of a common comprehensive needs assessment tool, no geographic mapping of 
interventions to ensure coordination, insuf fi cient coordination between NEMA and 
line ministries, lack of an emergency database and other information management 
tools, the absence of an emergency response supply or contingency plan, absence of 
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snow equipment and snow-removal mobiles – initial access to more remote areas 
was dif fi cult due to snow – and overall communication and equipment shortages 
creating dif fi culties in communication with villages. Insuf fi cient or con fl icting 
information impeded prioritizing of the response actions was also reported. 
Particularly striking was the failure of comprehensive situation analysis, information 
management, and mapping that impeded the effectiveness of the humanitarian 
response, even though there had been long-term investments in terms of resources 
and time by a number of agencies towards the goal of mapping and information 
gathering for better preparedness. 

 The analysis of the 2009/2010  zud  response presented above mainly high-
lights gaps in preparedness for response measures, but the severity of the haz-
ard’s impact was also exacerbated by a set of factors linked to the limited 
implementation of other long-term risk reduction, prevention and recovery 
interventions, included to different degrees in the original PRM framework. 
Among the PRM activities supposedly in place, there was a failure to fatten 
animals during to the previous summer drought; insuf fi cient fodder preparation 
by government and  sums ; too little emphasis on the role of herders organiza-
tions and of locally responsible grazing management, including lack of incen-
tives for de-stocking; limited use of traditional herding skills; changing herd 
structure and lower goat survival capacity in cold weather; overstocking and 
overgrazing; increased ecological vulnerability. These in turn were directly 
affected by policies on  fi scal measures, regulations, incentives and subsidies for 
the livestock and other productive sectors and by market failures at different 
levels. The past years’ food and  fi nancial crises may also have had a multiplier 
effect on the impact of the disaster, eroding asset bases and consumption pat-
terns, and weakening resilience and coping capacity. A key challenge was cer-
tainly to maintain PRM high on the agenda over 10 years without the occurrence 
of extreme events. 

 Through its limited capacity to prevent the full-blown consequences of the 
2009/2010  zud  the ef fi ciency of the original PRM strategy has to be put into ques-
tion, while the possibility that provisions have not been implemented adequately, or 
for a suf fi cient period of time, should also be considered. 

 On the other hand, the lessons from the 2009/2010  zud  recon fi rmed the need for 
and the relevance of the PRM framework described above, and of most of its com-
ponents. As in 2001, similar gaps were identi fi ed in 2010 as the main causes of the 
 Tiger zud  disaster, and similar strategies are now recommended again to strengthen 
PRM. The overall shortcomings in 2010 of preparedness and response measures 
indicate the need for even more capacity building as could be delivered over the 
past years by projects and programmes concerned with building up PRM. The 
conclusions of the assessment about the progress in implementation and streamlin-
ing of PRM in government planning undertaken in 2007 are still valid today: 
capacity needs to be  fi rmly built both downstream and upstream, coordination 
needs to be ensured between institutions at different levels and longer-term vision 
and planning need to be in place (FAO  2007  ) . There is a need for more consistent 
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implementation and wider coverage. But the question of how to enrich and 
strengthen a PRM strategy further is also open to draw in more  fi rmly government 
and herders alike.  

    20.7   Enhancing the Pastoral Risk Management Framework 

 Some of these broader issues indicate that a further effort to rethink the pastoral risk 
framework is called for, taking an evolving national and international economic and 
political scenario into account, and factoring in lessons learned from years of 
implementation. 

 This last section will confront the open question of how to enhance a PRM 
framework considering the unique case and conditions in Mongolia. The possibili-
ties of strengthening the PRM framework in Mongolia are favourable. Unlike in 
many other national contexts, where pastoral systems’ capacity to respond to stress-
ful environments and confront the impacts of climate change is hindered by the 
political, social and economic marginalisation of pastoralists (Nori and Davies 
 2007  ) , in Mongolia pastoralism is recognized as having a central role in forging the 
national identity. Pastoralism is a major economic factor and revenues from exten-
sive herding constitute an important part of the national economy. The recognition 
of the importance of pastoralism and of the viability of its coping and adaptive strat-
egies puts the country at an advantage to exploit them in the global market for envi-
ronmental services and carbon-offset. It will therefore be crucial to value and reward 
the protagonists accordingly (Grahn  2008  ) . 

 The recommended effort to strengthen the current PRM framework in the  fi rst 
place goes in the direction of further consolidating and multiplying what has already 
been done, but broadening its scope and providing more sustainable capacity build-
ing and policy support to disaster risk reduction, hazard preparedness and liveli-
hoods diversi fi cation measures. On top of this, this section will consider additional 
factors, based on the broad need to further increase livelihood resilience of herders 
by strategically linking disaster risk reduction, climate change adaptation and social 
protection strategies. 

 This chapter will thus look at climate change as an opportunity despite persistent 
overstocking of animals, rangeland degradation, lack of markets and mounting 
inequalities, without signi fi cant progress in the reduction of income poverty. From 
a PRM perspective, despite expected negative impacts, climate change is also likely 
to offer a range of new opportunities, both through changing seasonal patterns 
towards enhanced productivity in some ecosystems, and possibly through payments 
coming from global carbon trade mechanisms. 

 The enhancement of a PRM strategy will also turn to social protection mecha-
nisms, since a process of strati fi cation has been ongoing and leading to starker social 
differentiation between pastoral households, re fl ected in livestock numbers and 
composition of herds, use of pastureland and natural resources, mobility patterns, 
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spatial distribution, cooperation mechanisms, different needs, coping strategies and 
capacity, growing impoverishment and food insecurity, and migration to urban 
centres. A sound analysis of this process could offer the basis for a more diversi fi ed 
and evidence-based social protection response to reduce vulnerability of labour 
and asset-poor households and wealthier ones, promoting diversi fi cation within 
livestock-based livelihoods or away from them, according to needs. 

    20.7.1   Diversi fi cation of Livelihood Strategies 
as a Contribution to Enhanced PRM 

 Diversi fi cation of livelihood opportunities as a strategy to adapt to changing condi-
tions is in line with the inbuilt capacity of pastoral systems to be  fl exible and oppor-
tunistic, temporarily or permanently shifting between options according to 
circumstances. If PRM strategies are to be effective, and to make sure that risk is not 
enhanced by compromising on the mobility and  fl exibility of livestock-herding, 
wider livelihood diversi fi cation should be accepted by herders themselves as a 
wholesale alternative (Kirkbride and Grahn  2008  ) . This said, alternative and com-
plementary income generating activities are crucial to curtail the common practice 
of risk spreading by hoarding animals, which severely degrades pastures and is 
increasingly unsustainable on the long run. 

 Poorer, less skilled and therefore more vulnerable households in particular stand 
to gain from “moving away” from the sector, while middle income families with 
viable herds can take advantage of restocking and insurance provisions, building on 
this kind of initiatives envisaged in the PRM framework in 2001 and supported by 
FAO, the World Bank and others over the years. 5  

    20.7.1.1   Ecotourism Services, Stewardship, Protection 
of the Ecosystem and of Biodiversity 

 A long history of co-evolution with the natural environment means that traditional 
mobile and transhumant herding practices and knowledge can be vital for ecosystem 
health and sustainability. And while in the past wildlife conservation has been pitted 
against the presence of pastoralists in protected habitats, it has now been recognised 
that in fact in certain areas wildlife populations and grasslands rely on well-managed 
mobile pastoral systems as an integral part of their existence. Managed livestock 
grazing maintains and enhances biodiversity and the ecosystem services supported 
by biodiversity, including water and nutrient cycles, and maintenance of species habi-
tats by preventing scrub encroachment and removing plant material without cutting 

   5   For example, one of the key areas of the Country Assistance Strategy (CAS) 2009/2010 endorsed 
by the World Bank for Mongolia was “protecting the poor and the vulnerable”, while the consulta-
tion with communities for the 2009–2011 CAS highlighted as one of its pillars “improving rural 
livelihoods and the environment”   http://go.worldbank.org/91J9Y3DGF0      

http://go.worldbank.org/91J9Y3DGF0
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and burning. Livestock mobility can also be regulated to increase soil cover. The 
goods and services provided by pastoralists (biodiversity, combating erosion and 
deserti fi cation as well as carbon sequestration as mentioned above) should be 
acknowledged and remunerated as contribution to an enhanced PRM framework. 
Incidentally, a focus on ecosystem services would also constitute an incentive towards 
recuperating good rangeland management practices and sharing them between more 
and less experienced herders (Table  20.4 ) (Hat fi eld and Davies  2006  ) .  

 Lessons and operative proposals from these projects to generate bene fi ts for 
herders and the environment should be proactively integrated into an enhanced 
PRM framework.  

    20.7.1.2   New Opportunities Arising from Carbon Markets 

 International climate change negotiations have opened up new possibilities for 
funding, especially for mitigation options. Tapping into mitigation funding is not 
yet part of Mongolia’s PRM framework. Once it will be possible to choose win-win 
options, addressing mitigation, adaptation and production in a synergetic way, 
households could greatly bene fi t from these through carbon  fi nance payment and 
increased production potential. 

    20.7.1.2.1   Scope 

 A suitable win-win option for the pastoral landscape from the carbon market is soil 
carbon sequestration which “is the process of removing carbon from the atmosphere 
and depositing it in a reservoir (the soil)” (UNFCCC  2010  ) . Degraded and badly man-
aged soils have depleted carbon stocks, and techniques such as improved rangeland 
management, improved crop management and agro-forestry have shown potential to 

   Table 20.4    Pastoral economics and ecosystem services   

 Examples of projects encouraging expansion of pastoral economics towards provision of 
ecosystem services, including: 

  UNDP Sustainable Land Management for Combating Deserti fi cation  
 Implemented over 2008–2012 in the central and desert steppe, one component supports 

community-based approaches to natural resource management, with a focus on grassland 
and water management and sylvo-pastoralism a . 

  UNDP/GEF Biodiversity conservation in the Altai Sayan Ecoregion  
 The project supports a range of initiatives to promote the development of alternative and 

environment-friendly activities, including sustainable use of non-timber forest products, 
support for traditional economic pursuits and participation in tourism b . 

  WWF Khar Us Nuur National Park  
 An assessment was carried out encouraging WWF to adopt a pro-active role in creating an 

enabling business environment for ecotourism development in KUNNP and its buffer zones, 
ensuring high local community bene fi ts to achieve the twin objectives of rural development 
and conservation. 

   a See   http://www.undp.mn/snrm-slmcd.html     
  b See   http://www.altai-sayan.org/eng/projectoutputs/      

http://www.undp.mn/snrm-slmcd.html
http://www.altai-sayan.org/eng/projectoutputs/
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reverse this depletion, though these practices need to be adapted to each speci fi c local 
environment (   Lal  2004a  ) . 

 In the pastoral landscape improved rangeland management is the most effec-
tive way of sequestering carbon in the soil. The carbon sequestration potential of 
rangeland is high, due to the large global areas of rangeland and their current state 
of degradation, which means that they are far from saturated with carbon. 6  
Different ecosystems have different carbon sequestration potentials, as this poten-
tial is dependent on variables such as climate, soil type, vegetation, and land use 
history (Tennigkeit and Wilkes  2008  ) . Parton et al.  (  1995  )  provide a general indi-
cation that the sequestration rate in temperate steppe, the ecosystem of Mongolia, 
is about 180 tCO 

2
 e per year per km 2 . The pasture area of Mongolia in 2007 was 

1,120,000km 2  (   MRSM  2010 ) and thus the soil sequestration potential of Mongolia 
is estimated at about 200 MtCO 

2
 e per year. This is a huge potential, as it is  fi ve 

times more than Mongolia’s overall greenhouse gas emissions in 2005 (36.5 Mt 
CO 

2
 e) (World Bank  2007  ) . 

 By undertaking speci fi c rangeland management techniques, which either increase 
the carbon inputs in the soil or reduce the carbon losses from the soil, herders could 
tap this huge potential (see Table  20.5     for an overview of management practices). In 
Mongolia many of these techniques have already been adopted through the current 
PRM framework, since many of the practices which enhance the productivity and 
resilience of the land, reducing the vulnerability to natural disasters, also sequester 
carbon. Soil fertility is improved by increasing the organic matter accumulation in 
the soil which: (a) improves soil physical properties, for example by increasing its 
water holding capacity and aeration; (b) improves the soil’s chemical properties, for 
examples by improving nutrient cycling; and (c) improves the soil’s biological 
properties, for example by enhancing faunal activity. Increased decomposition of 
organic matter augments the carbon stored in soil. Increasing the levels of organic 
matter, and the carbon stocks that it entails, can also help enhance and maintain spe-
cies’ growth, biomass and diversity (Lal  2004a,   b  ) . These management practices 
thus bolster the resilience and reduce the risk and vulnerability of pastoralists to 
climate variability and disasters  fi rstly by improving land productivity, which 
increases the economic returns from the land; and secondly by improving the resil-
ience of the land itself, reducing the risks associated with unreliable rains and pro-
longed drought (Neely et al.  2009  ) . 

 Many management practices that sequester carbon are also bene fi cial to other 
environmental processes (Table  20.5 ). Some studies have shown that they maximise 
vegetative cover, therefore reducing erosion by wind and water, while others have 
demonstrated that many of these practices can enhance the ecosystem water balance 
in arid/semiarid environments through enhanced water in fi ltration and retention; 

   6   By improving rangeland management Smith et al.  (  2007  )  estimate that globally rangeland has the 
biophysical potential to sequester 1.3–2 GtCO 

2
 e up until 2030. CO 

2
 e is “the unit of measurement 

used to compare the relative climate impact of the different greenhouse gases. The CO 
2
 e quantity of 

any greenhouse gas is the amount of carbon dioxide that would produce the equivalent global warm-
ing potential” (Carbon Neutral 2010: Global Land Reserve website   http://globallandreserve.com    ).  

http://globallandreserve.com
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there is also some evidence that they could improve biodiversity levels (Conant 
 2010  ) . Soil sequestration in the form of rangeland management is thus a strategy 
that can be used both to adapt to climate change as well as to mitigate it, and because 
of this, it may be a way to link the three related UN conventions on climate change, 
deserti fi cation, and loss of biodiversity (Lal  2004a,   b  ) .  

 As mentioned, such rangeland management practices are not new to Mongolian 
herders and are already part of the PRM framework. The carbon sequestration aspect 
of these practices, however, is a new opportunity and could open up access to  fi nance 
for herders or herder groups. Carbon sequestration projects owned by herders or 
herder groups could obtain support nationally, as Mongolia’s national policy priori-
ties promote reductions of greenhouse gases, improved rangeland management and 
sustainable livelihoods for herders.  

    20.7.1.2.2   Criteria and Barriers to Overcome 

 National support is one of the main criteria required for the development of carbon 
 fi nance projects. Other important criteria include: institutional capacity to develop 
and support the implementation of these practices; clear legal rights for land tenure; 
project size capable of meeting transaction costs; and good scienti fi c documentation 

   Table 20.5    Management practices, which have the potential to either increase carbon sequestration 
or decrease carbon losses from rangelands (Adapted from Tennigkeit and Wilkes  2008 , p. 11)   

 Type of carbon sequestration  Management practice 

 Increases C inputs  Improved grazing management 
  Optimising the stocking rates to not exceed the 

carrying capacity of the land 
  Setting up a rotational, planned, or adaptive grazing 

system 
  Fencing off pastureland from livestock grazing 

 Increases C inputs  Increasing biomass by adding nutrients, water to the soil 
or improving the soil composition 

  Fertilisation 
  Irrigation 
  Introduction of grass species with higher productivity 

or deeper roots 
 Decreases C losses  Managing land use conversion to maintain land use with 

high carbon sequestration potential 
  Converting agricultural land to pastureland 
  Avoiding the conversion of pastureland to agricultural 

land 
  Avoiding the conversion of forests the pastureland 

 Decreases C losses  Fire management 
  To reduce the GHGs, smoke, and ozone forming 

substances released into the atmosphere 
  To maintain shrub cover with higher carbon density 

 Decreases C losses  Introduction of alternative energy to replace dung/shrubs 
as fuel 
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of the impacts of speci fi c management practices on carbon sequestration in the area 
in question (Tennigkeit and Wilkes  2008  ) . Since strengthening rangeland manage-
ment is already part of the PRM framework, the institutional capacity needed to 
include carbon sequestration within PRM should not be very different. More likely 
to be lacking is national expertise, though this should probably increase in the next 
few years through a capacity building programme on Clean Development Mechanism 
(CDM) which is currently being undertaken in Mongolia, funded by the Asian 
Development Bank. While recognizing that currently soil carbon sequestration is 
not recognised under the CDM mechanism – which implies that CDM is not an 
option to obtain funding – the institutional capacity needed for the development of 
soil carbon sequestration projects and CDM projects would be similar, so the CDM 
capacity building process could be bene fi cial for carbon  fi nance projects too. There 
might also be a chance that soil carbon sequestration will be recognised under the 
CDM mechanism in the future. 

 Clear legal rights for land tenure were also identi fi ed as a key issue in the PRM 
framework from the very beginning, and the issue has not yet been fully resolved. 
However, recent studies indicated that the best way to regulate access to pasture 
land would be through community-based management centred on herder groups 
(Schulze  2009  ) . This type of regulation would not only strengthen the PRM frame-
work by achieving one of its initial objectives, it would also be bene fi cial for the 
development of soil carbon sequestration  fi nance projects, as collective action would 
lower transaction costs, making the projects viable (Cacho and Lipper  2007  ) , fur-
ther strengthening the framework. Though this type of project might only be possi-
ble in certain areas of Mongolia where herder groups generally use one or two 
valleys for grazing, while it might not be feasible in areas such as the Gobi, where 
herders move over great distances. 

 In order to integrate carbon sequestration in the PRM framework the latter needs 
to be integrated with more national and regional information on the impacts of 
speci fi c management practices on carbon sequestration. Pilot projects would be a 
good way of obtaining this information, and since Mongolia’s national priorities 
support such projects, they could be promoted and funded by the government.  

    20.7.1.2.3   Soil Carbon Project Development and Possible Funding Sources 

 Projects for soil carbon sequestration could access mitigation  fi nance through the 
voluntary carbon market. This market accepts credits generated from soil carbon 
projects, and its methodologies and procedures for project registration are not too 
complex, unlike the Clean Development Mechanism (CDM) of the regulatory mar-
ket (Seeberg-Elverfeldt  2010  ) . The development of soil carbon sequestration proj-
ects has many initial costs, and it can take more than 2–5 years for money to be 
received from the sale of carbon credits. It is therefore necessary to identify a proj-
ect developer, who can assist in obtaining funding and in the development of the 
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project. Funding for carbon sequestration projects is available from grant programs 
or NGOs. (Seeberg-Elverfeldt  2010  )  

 In the voluntary market, carbon credits are generally purchased by the private 
sector. Most commonly the private sector is driven to buy credits by corporate 
social responsibility or public relations, and it can purchase the credits directly 
from the projects, from companies, or from funds (Seeberg-Elverfeldt  2010  ) . In 
order to sell carbon credits, projects need to show additionality, which means that 
emission reductions or sequestration that has occurred is in addition to any that 
would have occurred without the project; and they need to show permanence, 
indicating that the carbon has been stored for a certain length of time and is not 
re-released into the atmosphere. In order to access the market a carbon sequestra-
tion concept needs to be developed by herder groups. This concept could be linked 
to the overall PRM framework, but it needs to be a separate project, able to dem-
onstrate additionality. 

 A Project Idea Note (PIN) must be put together to provide the details of the proj-
ect including: an overall project description, the estimated greenhouse gas emission 
removals, the environmental and social impacts, project ownership, host govern-
ment laws and policies, and a plan for the project’s  fi nancing. Once a PIN has been 
created a project developer needs to be identi fi ed who has suf fi cient experience to 
prepare the project for the market (companies such as Eco-Security, Carbon Neutral 
Company, World Bank Carbon Finance Unit can do this). In order to access the 
carbon market the project will have to comply with one of the approved standards 
(e.g. the Voluntary Carbon Standard) to show that the project is real, additional, 
measurable, permanent, independently veri fi ed, and unique (Seeberg-Elverfeldt 
 2010  )  (Table  20.6 ).  

 Linking carbon sequestration projects to the PRM framework should signi fi cantly 
strengthen the framework as it could open up funding opportunities for pastoralists, 
constituting an additional incentive for improved rangeland management. These 
projects are not only positive for pastoralists, they are also positive for the govern-
ment of Mongolia, since besides assisting the country to reduce emissions, they also 
meet other national priorities such as decreasing herder vulnerability, reducing risk, 
enhancing pastureland and increasing productivity.   

   Table 20.6    Carbon project document   

 Currently no standard methodologies exist for measuring soil carbon sequestration potentials 
from improved grassland management; however a project is being developed in Qinghai 
Province, in China for such a methodology for the Voluntary Carbon Standard (Wilkes and 
Tennigkeit  2009  ) . Using such an approved methodology increases the likelihood that a 
project will be registered and can be prepared faster (Seeberg-Elverfeldt  2010  ) . The project 
plan will be assembled in a Carbon Project Document, and the project developer needs to 
identify an accredited certi fi er to review and validate this document to ensure transparency. 
Credits from validated projects are then kept in a registry until they are bought (Seeberg-
Elverfeldt  2010  ) . 
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    20.7.1.3   Livestock and Farm-Based Alternative Livelihoods 

 An Action Plan (2010–2015) for the implementation of the National Mongolian 
Livestock Program was recently launched to intensify future efforts in the develop-
ment of the sector by a number of actions. Among these are improving animal 
breeding, raising the veterinary service standard, developing livestock production 
that is adaptable to climatic and ecological changes with strengthened risk manage-
ment capacity, developing targeted markets for livestock and livestock products and 
establishing proper processing and marketing structures and increasing economic 
turnover  (  National Mongolian Livestock Programme draft, December 2009  ) . 
Recognizing that weak implementation of past programmes has greatly hindered 
their effectiveness, and that current state funding is inadequate, the programme 
promises to invest greater and more targeted resources for programmes and policies 
supporting livestock. Though the trade-offs between greater productivity, 
intensi fi cation and commercialization of livestock production and ecological sus-
tainability, are not explicitly addressed, this Action Plan could become another pil-
lar to reduce herders’ exposure to risk and minimize the impact of livestock on 
overgrazed and stressed pastureland. It ties in with the aim of diversifying pastoral 
livelihoods by adding value to livestock production, focusing on quality products 
and developing processing and trade. 

 A diversi fi cation option for herders with important knock-on effects is to engage 
in farming activities, including enhanced small-scale vegetable production, enhanced 
fodder and emergency fodder production. Cropping can bene fi t from distribution of 
improved winter cereal varieties exploiting the changing seasonal cycle induced by 
climate change. By growing leguminous fodder in rotation with cereals, the practice 
of cultivating much needed fodder would also go towards the enhanced PRM objec-
tive of sequestering carbon and mitigating the effects of climate change. 

 An important caveat in designing interventions encouraging partial or permanent 
transition into farming is that under-used and unused land should be identi fi ed to 
this end, with care not to exploit precious patches or use resources presently critical 
for herd transhumance or  otor  movements, in order to avoid further over-exploita-
tion and con fl ict around access.   

    20.7.2   Social Protection Options to Complement 
Pastoral Risk Management 

 A framework to reduce herders’ risk and build their resilience, tying into poverty 
reduction and food security aims and in the context of a changing climate impact-
ing on rangeland and ecosystems that have already been greatly eroded by social, 
economic and environmental shocks and stresses, could bene fi t from a link to 
what has been called  adaptive social protection  (Davies et al.  2009  )  (Table  20.7 ). 
The concept is useful to bring under one label the actions and policies already 
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   Table 20.7    Social protection for pastoral risk management   

 Social protection measure  Aim  Target group 

 Asset transfers  Provide post-disaster relief  Low income HHs with less 
than 100 heads 

  Seed distribution  Protect assets (livestock)  All in emergencies 
  Improved and emer-

gency fodder 
 Diversify income-generating 

activities 
 Skilled HHs with at least a 

100–200 heads base 
(restocking)   Restocking  Enhance productivity through 

appropriate seed and animal 
varieties adapted to CC 

 Unconditional cash/
food transfers 

 Provide relief  Low income HHs with less 
than 100 heads 

 Smooth consumption allowing 
 fl exible risk-taking 
and investment 

 All in emergencies 

 Protect assets and prevent distress 
sales 

 Prevent food insecurity in times of 
crisis 

 Boost local markets (cash) 
 Cash/food for work  Provide relief  Low income HHs with less 

than 100 heads 
 Smooth consumption allowing 

 fl exible risk-taking 
and investment 

 All in emergencies 

 Protect assets and prevent distress 
sales 

 Prevent food insecurity in times 
of crisis 

 Boost local markets (cash) 
 Build community assets (shelters, 

wells, roads, soil conservation) 
 Index-linked insurance  Buffering livelihoods in moments 

of crisis 
 Middle and high income HHs 

with more than 100 heads 
 Restocking 
 Replace animal hoarding as a 

risk-spreading strategy 
 Employment schemes 

and unemployment 
bene fi ts 

 Provide a safety net and alternative 
livelihoods pathways for poor 
herders who have lost all their 
animals 

 Poorest HH with unviable/no 
herds 

 Ex pastoralist urban dwellers 

implemented, as well as the ones proposed in this paper involving livelihood 
diversi fi cation and returns from carbon  fi nance. But more than a matter of simply 
renaming what have been ongoing efforts by international aid agencies and the 
Government of Mongolia, the  adaptive social protection  approach has speci fi c 
contributions to make: it stresses the importance of differentiating pastoral risk 
management interventions by mapping vulnerability and targeting groups accord-
ingly; it points to the urgency of transforming productive livelihoods as well as 
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protecting them from and helping them adapt to climate change; and it indicates 
the need for a long-term perspective for social protection policies, that takes the 
changing nature of shocks and stresses into account and ensures that predictable 
and sustainable social transfer mechanisms are in place (Davies et al.  2009  ) .  

 One of the original background documents developing a PRM approach identi fi ed 
the role of social capital in pastoral economies as “a key determinant of the ability 
of pastoral groupings to survive extreme risk” (Baas et al.  2001  ) . Weak social capi-
tal is both a cause and a consequence of unviable pastoral systems and of the erosion 
of customary practices like herd specialisation and sharing and informal agreements 
on rotational access to pastureland. Success in reconstructing it is therefore key to 
the success of PRM itself, not least for the role of social capital in activating informal 
safety nets capable of assisting households affected by idiosyncratic shocks. 

 A number of projects with a PRM component have been working towards the 
reconstruction of social capital. For example, the Swiss Agency for Development 
and Cooperation’s (SDC) Green Gold project has been developing community-
based pasture management activities by encouraging the formation of pasture-user 
groups (PUGs) between families traditionally using the same pasture. Establishment 
of PUGs is achieved through a deliberative process among herders themselves and 
rati fi ed by the  sum  government. 

 Nevertheless, past projects’ efforts have not proved suf fi cient to reactivate forms 
of cooperation that effectively protect herders, and especially the poorest house-
holds, against risk. Linking into the Government’s present drive, assisted by donors 
and IFIs, to reform its welfare system to make it  fi nancially more sustainable and 
better targeted (Walker and Hall  2010  ) , a range of social protection instruments 
could be developed with the goal of reducing pastoralist groups’ vulnerability, and 
complementing the PRM’s mitigation, relief and recovery objectives. Besides their 
role in smoothing consumption, facilitating long-term investments and building 
assets, predictable social protection interventions allow households to plan over a 
longer timeframe, particularly critical in a context of climate change where eco-
nomic, social and ecological factors are in a high state of  fl ux (Davies et al.  2009  ) . 
The measures proposed here are examples of possible action in this sense, and only 
meant as indications. A comprehensive social protection strategy for herders could 
only be designed and adopted following a proper assessment of the problems, 
opportunities and constraints to their enactment, including  fi nancial ones. It also 
needs to be linked with broader policies adopted by the Government of Mongolia 
for livestock and for poverty reduction. 

 A set of predictable and sustainable social transfer mechanisms targeted accord-
ing to needs, and linked to diversi fi cation strategies, would encourage a plurality of 
pathways for the future of pastoralists. By providing the poorest owners of unviable 
herds with alternative livelihood options and safety nets, it would assist them in 
“stepping out” of pastoralism altogether. Middle-income herders would see the 
opening up of possibilities related to a plurality of productive activities compatible 
and even associated with livestock rearing, including farming, possibly with a par-
tial differentiation of income-generating activities within households. This would 
go in the direction of “moving away”, and probably at least for some on the long 
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term it would mean abandoning herding altogether. But it would give them the time 
and means to transition gradually and adapt to the new state. Bene fi ting from insur-
ance and  fi nancial services, a smaller proportion of owners of large herds would feel 
secure enough to engage in risk-taking activities, “stepping up” into a more com-
mercial sector for livestock and products. Enhancing commercial productivity 
would presumably also facilitate off-take of bigger herds, relieving their pressure on 
pasturelands (Table  20.7 ). 

  Social assistance  is needed for vulnerable herders with less than 30 heads. It is 
also needed for primary consumption and to buy feed and veterinary medicine for 
those who have lost all their animals following a  zud  or other hazard. Therefore, it 
can both function as an ordinary measure to reduce long-term vulnerability, as well 
as providing short-term relief following a disaster. Safety nets can take the form of 
unconditional transfers, or food/cash for work programmes. A recent example of 
the latter in an emergency was a post- zud  carcass removal programme launched by 
UNDP as part of the UN coordinated  zud  response and targeting 60,000 of the poor-
est herder households (UN Mongolia Country Team  2010  ) . 

 Besides being a relief measure in emergencies, continuous  unconditional cash 
transfers  are a means to reduce the vulnerability of the poorest herders by raising 
their income, smoothing consumption, taking moderate economic risks and avoid-
ing negative coping strategies, including protecting their assets from distress sales, 
in particular by preventing non-seasonal sale of animals with low returns. Cash 
transfers can also have multiplier effects on local economies. Seeing the strong 
seasonal variability of income of pastoral economies, it is especially critical that 
they be predictable and regular, to allow recipients to plan, invest and save over the 
long term. 

 If food security and nutrition are a concern and access to markets for a range of 
foodstuffs is not granted, food packages or a mixed cash and food system should be 
contemplated as a possibility, especially in the  fi rst phases of relief. In general, the 
decision of whether to provide cash or food depends on a number of factors. These 
should be assessed in the stages of designing social transfer interventions, and can 
make the balance shift in favour of food in determined circumstances: constrained 
access to markets, as is the case in many regions of Mongolia during the winter 
months; micro-nutrient de fi ciency among the targeted population, as has been found 
among Mongolian herder groups (FAO/UNICEF/UNDP  2007  ) , requiring an input 
of forti fi ed foodstuff;  fi nally, price  fl uctuation and changing value of cash can dimin-
ish their purchasing power and lead to a shift in preference towards food transfers. 

 The wide stretches of land over which pastoral communities are dispersed pose 
a problem in terms of distribution. Ad hoc solutions would need to be envisaged, 
possibly linking delivery to mobile and delocalised education, health and veterinary 
service provision. 

  Cash for work  programs have the additional bene fi t of contributing to adapta-
tion and risk management by building community assets such as shelters, water 
sources and establishing soil conservation projects that enhance resilience, though 
in other settings the assets built have been of low quality, and not maintained follow-
ing the completion of the scheme. A further limit is that they often end up being 
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controlled by the better off, bene fi ting them exclusively. Lessons for the future about 
this kind of programs should be drawn from the World Bank’s Mongolia Poverty 
Alleviation for Vulnerable Groups Project, and its mixed success in achieving the 
objective of creating gainful employment and income for poor people rural 
communities. 7  

 Different  asset transfers  in the form of the provision of animals, seeds, goods and 
services more or less directly promote livelihoods by providing inputs that encourage 
diversi fi cation and risk-taking, including off-farm rural enterprise and industry. 
Assets for income-generating activities need to be suited to local conditions, since 
they have the potential to both reduce and exacerbate climate change. Appropriate 
inputs for the Mongolian context relevant to PRM include but are not limited to 
supplementary fodder and emergency fodder stocks, winter cereal seed varieties 
adapted to changing climate conditions and the longer growing season, restocking of 
locally adapted animal species, alongside training on their value, and on the impact 
on ecosystems of goat prevalence and of climate change. Restocking of herders fol-
lowing disasters needs to be undertaken following stringent selection criteria of 
households, as initially envisaged by the FAO projects piloting PRM. That includes 
proof of herding capacity, labour adequacy, residency away from urban centres, 
obligatory insurance of restocked animals, and a minimum number of animals trans-
ferred to make up a viable herd size (FAO  2007  ) . Unfortunately, these criteria slipped 
over the years in the implementation of other restocking initiatives. Currently restock-
ing programmes should be approached with extreme caution, seeing the unsustainable 
expansion of herd numbers: large-scale distribution of animals as a poverty-reduction 
strategy is to be avoided at any cost, and restocking should principally target herders 
with a viable herd for sustainable livelihoods. 

 In line with the Asian Development Bank’s Social Security Sector Development 
Program implemented since 2001 in Mongolia,  Unemployment bene fi ts and 
employment schemes  are necessary to assist poor herders who have lost all their 
assets after a crisis to recover, and enable them to take up another occupation, and 
to avoid inexperienced unemployed from urban areas to enter the sector. The ADB 
has provided a policy loan, and under its “Employment promotion and improvement 
of working conditions”, it is pilot-testing six livelihood assistance projects, which 
involve conditional cash transfers, compensation packages and livelihood support. 
The ADB has also conducted surveys and made projections on the necessary funds, 
contribution rate, pension level and other factors required for the inclusion of herd-
ers into a basic social pension insurance scheme  (  Asian Development Bank n.d.  ) . 
An option could be to fund an unemployment scheme through  fi scal revenues from 
herds over a certain size, starting taxation above a certain number of animals. 

   7   The project was implemented from 1995 to 2000, with the overall development objective to 
mitigate the adverse effects of Mongolia’s economic transition on vulnerable groups. The public 
works component was successful in creating temporary employment and in halting the deterio-
ration of economic and social infrastructure. Although the duration of employment was too short 
to have an impact on the livelihoods of the poor, and productivity was not enhanced on the long 
run, the infrastructure works themselves contributed to poverty reduction.   http://go.worldbank.
org/KYPG2LENE0      

http://go.worldbank.org/KYPG2LENE0
http://go.worldbank.org/KYPG2LENE0
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 As mentioned in the original pastoral risk management framework, savings and 
credit are necessary seeing the seasonality of the livestock-based production cycle. 
Access to   fi nancial services  might be a way to avoid the expansion of herds as the 
primary route to investment and insurance. Credit would also allow to buy supple-
mentary feed when income is lacking, to promote and enhance livelihoods by invest-
ing in implements, veterinary services, education of children. Credit would produce 
multiplier effects on the pastoral economy, if some herding households, which 
engage in small-scale cultivation would produce supplementary feed as a comple-
mentary income-generating strategy, as mentioned in the previous section on 
diversi fi cation. 

  Herd insurance  is a further critical measure in the direction of avoiding herd expan-
sion as a risk spreading strategy, also serving the purpose of buffering livelihoods in 
moments of crisis and to restock. Spearheaded in 2005 by the World Bank’s SLP 
and initially piloted for 3 years in 3  aimags , selected according to agro-geo-climatic 
variation and different exposure to risk of livestock loss, the Index Based Livestock 
Insurance Project (IBLIP) protects herders against disaster-induced livestock losses by 
index-linking animal deaths to historical mortality rates. Private insurance pays out to 
individual herders over a certain rate of deaths, while in case of a catastrophe affecting 
great numbers of animals and herder families, the state sets in. The IBLIP currently 
covers 14% of herders in 4 pilot  aimags . An evaluation found that all main perfor-
mance indicators had been achieved or exceeded and nation wide scaling up is expected 
by 2013 (  www.iblip.mn    ). Though, in theory the possibility of choosing between insur-
ance and disaster response products sold at different rates, makes the IBLIP accessible 
to herders with different herd size, in practice it might be advisable for the scheme to 
adopt criteria close to the ones mentioned for restocking, and mainly target middle and 
upper income households with viable herds.   

    20.8   Conclusion 

 The original PRM framework proposed in the early 2000s after the transition to a 
market economy, with critical FAO inputs, has been in fl uential in creating new 
policy and project approaches to risk management. The framework included a vari-
ety of capacity building measures and technical interventions as part of a broader 
strategy to reduce vulnerability to the risk of natural disasters in Mongolia. The 
main risk management interventions proposed as part of the PRM framework have 
been adopted, and were further  fi ne-tuned by the government as well as by many 
subsequent large donor-funded projects in the poverty and natural resource manage-
ment area. Important lessons have been learned – not so much leading to changes in 
the PRM agenda itself, as to increasing sophistication in its implementation. 

 In view of the major impacts of the 2009/2010  zud , the question was raised of 
whether the existing PRM strategy has been suf fi cient to comprehensively address 
the environmental, social and economic challenges faced by Mongolian pastoral 
systems since the transition to a market economy. Shortcomings in the implementation 
and in particular the outreach of the PRM framework and risk reducing actions 

http://www.iblip.mn
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emerged. Gaps in operational linkages between long-term PRM activities and the 
mobilization of quick emergency response operations were particularly striking. In 
view of the importance of a functioning PRM system in Mongolia this paper con-
cludes that the basic know how and technology options for PRM are actually in 
place. It is essential though, to further consolidate and replicate what has been tested 
already with success. Proactive measures are needed to ensure the necessary out-
reach, and provide more sustainable capacity building and policy support to disaster 
risk reduction, hazard preparedness and livelihoods diversi fi cation measures. 

 The proposals for enhanced social protection and livelihoods diversi fi cation, 
including a proactive use of new opportunities, such as funding for PRM through 
proactive soil carbon sequestration projects, are suggested as additional compo-
nents of an enhanced background framework constituting a necessary complement 
to existing PRM actions. 

 Seeing the cross-cutting approach proposed here, enhanced cross-sectoral 
engagement will be crucial. This implies working across different line ministries 
and agencies in order to link the disaster risk reduction, climate change adaptation 
and social protection approaches. In Mongolia it requires that actions be consoli-
dated and coordinated, with a close collaboration in this direction between NEMA 
and the Ministry of the Environment, the Ministry of Food, Agriculture and Light 
Industry and the Ministry of Social Welfare and Labour. 

 Fundamental to enhance the resilience of pastoralism, including the bene fi ts 
deriving from an enriched PRM strategy, however, is the need to maintain the 
natural resource base at a sustainable productive level, including through regu-
lated destocking and restocking of animals. Unless this will be accomplished 
foremost, the scope for positive impacts from PRM will remain limited. 
Improved framework conditions for sustainable production have to be addressed 
in parallel. Improving livestock marketing, which was not discussed in this 
paper, is a key challenge for Mongolia to succeed in balancing its stocking rates 
as well as to reduce the vulnerability of herders by making them less dependent 
on limited and malfunctioning markets. Enhancing the engagement of pastoral-
ists in local, regional and international markets is, as well known, dif fi cult but 
highly desirable.                      
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  Abstract   Mongolia is one of the few countries that practices nomadic livestock 
breeding on a large scale. Climate change has a strong impact on Mongolian envi-
ronmental conditions and does affect nomadic livelihoods considerably, often cata-
strophically. Political changes also brought strong changes to nomadic livelihoods. 

 The herders near Hustai National Park are organized in herder groups to better 
conserve their environment, graze sustainably, generate alternative means of income, 
and improve their economical situation. The author heads such a group. The author 
reviews the changes affecting their livelihoods, and tells about the measures they 
take and alternatives they develop to cope with the changes and develop the eco-
nomic basis of their semi-nomadic way of life.     

     21.1   Introduction 

 Mongolia is one of the few countries that practice nomadic livestock breeding on a 
large scale. Even today many rural citizens depend on nomadic livestock breeding. 
Long distance traveling while looking for good pastures has changed into a semi-
nomadic practice which includes the prolonged stay at a winter camp during that 
season. While urban land has been privatized since the mid-1990s, pasture land is 
still commons, and long-term agreements on a winter camp and permissions to 
travel to good pastures in summer time are obtained from a local administration. 

    Ts.   Sanjmyatav    (*)
     Argalant Soum Herder and Head of Tost Herder Group ,   Tov aimag ,  Mongolia       
e-mail:  takhi@hustai.mn   

    Chapter 21   
 Mongolian Nomads and Climate 
Change – A Herder’s View       

     Ts.   Sanjmyatav         
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 The impact of climate change is well noticeable in Mongolia, lying in a cool 
zone in central Asia, far away from oceans. The average annual temperature 
has increased by more than 2°C over the past 70 years. Due to climate change 
precipitation in winter increased, while precipitation in summer decreased. As a 
consequence vegetation yield decreased, the frequency of drought and extreme 
winter conditions increased, and many rivers, springs and lakes fell dry and the 
forest has contracted. 

 Herders are very vulnerable to climate change. Under adverse conditions 
they are unable to stick to their usual life as livestock breeders. In the extreme 
winter of 2009/2010 increased snow cover caused the loss of 6.5 million animals 
in the central and western aimags of Mongolia, and 8,711 herder households were 
left with no animals at all. Therefore, adaptation to climate change is an urgent 
matter for herders. 

 The Hustai Center helps herders in the bufferzone of Hustai National Park 
to adapt to climate change. Thanks to the support of the Hustai Center herders 
establish herder groups and jointly conserve nature and wildlife, use the natural 
resources sustainably, and create alternative means to generate income. The Tost 
herder group of Argalant soum, Tov aimag, is a very good example of this practice 
(Photos  21.1  and  21.2 ).       

    21.2   First Brie fl y About Mongolia 

 Mongolia is located in the cool zone of Central Asia, away from oceans, and has a 
harsh continental climate. Locally temperatures can be down to −50°C in winter and 
up to more than 35°C in summer. Annual precipitation is 250 mm. The mountains 
in the north west of the country are on average 2,500–3,500 m above sea level, while 
the steppes, hills and the Gobi in the south east are 1,000–1,500 m above sea level. 

 The country comprises 1,564,116 km 2  of land and, given its total population of 
just over three million (2009 data), it has the lowest population density of any coun-
try: 1.9 per km 2 . This sparsely populated country comprises many different land-
scape zones, including the alpine zone, taiga, forest-steppe, steppe, desert steppe 
and desert (Fig.  21.1 ).     

 Nomadic livestock breeding has always been of great importance in Mongolia. 
Up to mid-twentieth century this was the main sector of the economy and it pro-
duced about 90% of the gross domestic product. But more recently mining is also 
becoming very important. 

 Nomadic livestock breeding is year round dependent on pastures. From October 
the winter season starts and the land is covered with snow up till next March. 
However, Mongolian animals are resistant to the harsh climate. In winter animals do 
not get supplementary fodder. They dig with their feet in the snow and graze the 
grass they  fi nd under it. Mongolian animals put on fat during summer and autumn 
and that fat provides them with energy in winter time, when there is not enough hay 
in the pasture. The animals are small in size and have a low productivity compared 



  Photo 21.1    Ger (nomadic felt tent) of a herdsman family in the bufferzone (Photo by M.A. van 
Staalduinen)       

  Photo 21.2    Felt making, rolling the moistened wool (Photo by P. Wit)       
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to other countries, but they are hardy. Main source of living for herders are the 
animals. In olden times herders made their living solely on animals: meat and milk 
was used for food, skin was processed and used for clothing and  fl ooring of the ger 
(the dwelling of nomads) and dung was used as fuel. 

 Pasture is part of the commons and is property of the state. That means that a 
herder can use any pasture. In olden times herder families moved around in areas 
with good pastures, but as from the 1960s they started a semi-nomadic lifestyle, 
staying every year at the same winter camp and moving around in summer and 
autumn to put fat on the animals. 

 In recent decades (semi-)nomadic livestock breeding has decreased its share in 
the national economy. This partly is due to a decrease in pasture availability, but 
certainly also to an increase in the human population and the number of animals. 
According to the 2009 animal census there were 44.0 million animals, including 
19.3 million sheep, 19.6 million goats, 2.6 million cattle, 2.2 million horses, and 
0.3 million camels. At the same time there were a total of 171,000 herder families 
in Mongolia.  

    21.3   The Place Where I Live 

 We live in the bufferzone of Hustai National Park (HNP), some 100 km away from 
Ulaanbaatar, capital city of Mongolia. The Przewalskii horse (which is called ‘takhi’ 
by Mongolians), was near extinction, but was brought back to its natural habitat 
from The Netherlands, as from 1992, in an area of 50,600 ha in the Hustai range, 
which was designated a national park (see Chap.   13    , this volume). HNP is rich in bio-
diversity: more than 450 species of vascular plants, 85 species of lichens, 90 species of 

  Fig. 21.1    Landscape zones of Mongolia       
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mosses, 44 species of mammals, such as red deer, roe deer, Mongolian antelope, 
wild boar, wild sheep, wolf, fox, corsac fox, badger, lynx, wildcat, and 221 species 
of birds, such as vulture, eagle, kite, swan, crane, and bustard, have been recorded. 

 The success of the reintroduction of the takhi made HNP famous around the 
world, and it has boosted nature conservation and the study of steppe ecosystems. 
At HNP an average of about 10,000 tourists and researchers from about 50 countries 
visit every year, mainly to see the takhi and other wildlife. 

 Hustai National Center (in short Hustai Center) is a non-governmental organiza-
tion that manages HNP on the basis of an agreement with the government of 
Mongolia. Hustai Center takes measures to improve the livelihood of herders and 
involve herders in conservation of the ecosystem. They try to explain to herders how 
they can adapt to the effects of climate change and deserti fi cation and how they can 
create a strategy for improved livelihood. As part of those efforts 39 herders groups 
were established in the buffer zone of HNP. Herders that live in each others neigh-
bourhood join into such a herder group. Our group, for example, counts ten herder 
households, living in the bufferzone north of HNP. The aim of a herder group is to 
cooperate in nature conservation, improve their livelihood, facilitate the selling of 
their products to the market, and overcome natural hardship. 

 The soums of Altanbulag, Argalant and Bayanhangai in Tov aimag lie in the 
bufferzone of HNP. There are 6,600 people in 1,800 households in these three 
soums. From these, 1,085 are herder households and they had 411,300 animals on 
1 January 2010.  

    21.4   Climate Change and Its Impact in Mongolia 

 The average annual temperature increased by 2.14°C in the past 70 years. In the last 
10 years the increase has intensi fi ed. The number of hot days (more than 33°C) 
increased by 5–8 days over 10 years (Natsagdorj and Dagvadorj  2010  ) . Researchers 
claim that events of extreme coldness in winter decreased but the amount of snow 
increased and summer heath increased. The amount of summer precipitation is 
stable but because of the increase in temperature there is a tendency towards an 
increase of drought. What other changes do these changes in climate bring about 
in Mongolia?

    • Rain characteristics.  Increase in temperature caused changes in rainfall: soft rain 
events decreased while heavy shower events increased; the latter in fact doubled 
in number over the past 20 years. Heavy shower rain provides less moisture to 
the soil and hardly promotes plant growth but harbors an increased risk of  fl oods 
and associated damage.  
   • Drought.  Higher temperatures in the warm season caused less precipitation and 
more droughts. Over the past 67 years there was a decrease in summer precipitation 
in the steppe and Gobi zones of 9.7–17.6%. That’s why 25% of the total land surface 
of Mongolia experiences a drought once every 2–3 years and more than 50% of the 
country experiences it once in 4–5 years.  
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   • Water resources.  A census of surface water showed that 852 rivers out of a total 
of 5,128, 2,274 springs out of 9,306, 1,181 lakes out of 3,747, and 60 mineral 
springs out of 429 dried up.  
   • Ice . In the Mongolian Altai range the amount of ice decreased by 30% in the 
period from 1940 to 2002.  
   • Dust storms.  Because the snow cover in spring thaws earlier and the start of the 
growth season is delayed by 1 month, the number of days with bare soil increased. 
As a result the loose topsoil is blown by the wind and built into more powerful 
‘yellow’ dust storms that reach deep into China and all the way to Korea and 
Japan (Photo  21.3 ).   
   • Deserti fi cation.  78.2% of pasture land is affected by medium to intense 
deserti fi cation according to ground and satellite measurements (Mandakh et al. 
 2007  ) . Also 2.8% of the land is covered by sand.  
   • Vegetation.  In 2006 the area of bare land had increased by a factor 3, compared 
to 1992, and the area covered by forest decreased by one third according to satel-
lite data. Pasture yield decreased by 20–30% (Bolortsetseg    et al.  2010  ) . As the 
spring precipitation decreased by 20%, the growing season of the vegetation was 
delayed by 1 month in the Gobi and steppe zones.  
   • Forest and steppe  fi res.  The frequency of forest and steppe  fi res increased because 
of the drought and the length of the season of  fi re risk also increased. While it 
was common to have  fi res in spring, these days  fi res also occur in autumn, or 
even in summer (in 2002). During the last 10 years 590,000 ha of forest burnt.  
   • Pasture pests.  The distribution area of Brandt’s vole ( Laciopodomus brandtii ) 
increased and caused serious pasture degradation. Furthermore, the grasshopper 
 Eclipophleps tarbinskii  grew in numbers and increased its movement. It seems 
that the lifetime of those animals also increases.  
   • Extreme winters   (Zud).  When there is a lot of snow on the pasture and animals 
cannot reach the plants below the snow cover and thus cannot graze we speak 
of extreme winter. In extreme winters several thousands to several millions 
of animals may die and cause devastation to the herder’s livelihood and the 
economy of the state. Studies showed that the frequency of extreme winters 
increased since 2000.     

    21.5   Changes in My Living Environment    

 I live in the northern part of the steppe zone, bordering on the taiga zone. Mongolian 
researchers say that climate change is most noticeable in the steppe and forest-
steppe zones. Let me mention some changes in my environment (Oyunbileg and 
Tserendulam  2010 ).

    1.    Less pasture yield every year. Even though pasture yield depends on the amount 
of precipitation pasture yield tends to drop. A research team has monitored the 
forest-steppe ecosystem at Hustai Center over a long period. Their studies show 
that the pasture yield in fenced areas is dropping (Fig.  21.2 )   
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  Photo 21.3    Yellow dust storm on the Mongolian steppe (Photo by Ts. Sanjmyatav)       

  Photo 21.4    Withered birch forest (mainly  Betula platyphylla  with some  Populus tremula ) at 
Hustai National Park (Photo by Ts. Sanjmyatav)       
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    2.    HNP contains 1,850 ha of birch forest ( Betula platyphylla  with some  Populus 
tremula ). Seventy percent of that forest dried out during the last 10 years. 
Researchers say that melting of the permafrost caused the moisture de fi ciency 
(Photo  21.4 ).   

    3.    Where there were 11 streams at HNP 10 years ago, seven of them or now dry. 
And the remaining streams carry much less water.  

    4.    The Tuul River passes through HNP to Lake Baigali. The water  fl ow of this river 
diminished and sometimes it has no water at all.  

    5.    Our main source of living, the pasture, is degrading. In winter our herder group 
moves to the area north of HNP, crossing the Hustai range, and in spring time we 
pass the Hustai Range again to get to the Tuul River basin. The Tuul River basin 
carries large human and animal populations in summer and autumn. This causes 
serious degradation of the pasture land. Nutritious plant species are getting less, 
while weeds, such as species of  Chenopodium  and  Artemisia  expand.     

 The steppe zone (in Dundgobi aimag) experienced drought for many years and 
herders had to move far away. Some of them showed up in our territory and herders 
from western aimags that wanted to be close to the market also came to our territory. 
Therefore we have more animals than the carrying capacity allows for and this 
causes pasture degradation.  

  Fig. 21.2    Changes in aboveground biomass (in 100 kg per ha) over the period 2003–2009 in a 
fenced area in the forest-steppe zone at Hustai          
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  Photo 21.5    Women milking goats in the bufferzone (Photo by Bufferzone)       

    21.6   Our Tost Herder Group    

 Changes in climate and society force us to leave nomadic livestock breeding which 
is based on self-suf fi ciency. The Hustai Center provides advise in this process of 
change and encourages establishment of herder groups in the bufferzone of HNP. 

 One of these herder groups is ‘Tost’. It was named after a nearby small mountain. 
At  fi rst, in 2004, the Tost herder group united  fi ve herder households. Presently it 
has expanded to ten households. We have a total of 4,650 animals. This includes 350 
horses, 265 cattle, 2,200 sheep, and 1,835 goats. Traditionally, our living depended 
on animals. We used and still use animals for food and milk in summer and make 
various dairy products. We sell the wool and cashmere of the animals and with that 
money buy consumer products (Photos  21.5  and  21.6 ). But the productivity of the 
local animals is not high. For example, yearly 300 l of milk is produced and a goat 
produces 200 g of cashmere. Cashmere sells for 15,000–30,000 tugrug per kg 
(which amounts to about 12–24 US $ at the average 2010–2011 price level). But 
prices are not stable. Possessing a 100 goats a herder can generate 300,000–600,000 
tugrug a year from cashmere. Consumer demands for cashmere increase every year. 
To meet that demand the number of animals should be increased. But an increase in 

 



556 Ts. Sanjmyatav

  Photo 21.6    Meeting of pastoral women’s collective (Photo by Bufferzone)       

the number of animals will result in the degeneration of the pasture. And in extreme 
winters the animals will die and we will be poor. Therefore we do not want to 
increase the number of animals, but keep it below the carrying capacity and seek to 
generate alternative sources of income. Such alternatives are:  

    1.     Crop farming.  Herders never used to grow vegetables or cereals. Now we are 
growing vegetables. In our neighbourhood there are abandoned crop  fi elds of 
20 years ago. We started cultivating these  fi elds 2 years ago. The herder group 
applied to the soum administration for permission to cultivate some parts of 
the  fi elds for several years. In 2009 our group took 0.5 ha into cultivation and 
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harvested 10.5 tons of potatoes which generated 3.2 million tugrug. Some 
other groups grow cucumbers and tomatoes in a greenhouse to generate income. 
Hustai Center provides  fi nancial support to herders who want to buy seed 
potatoes and procure a greenhouse.  

    2.     Community based tourism (CBT).  Over the last years Hustai Center stimulates 
that herder groups in the bufferzone of HNP host tourists. Now, more than ten 
herder groups are involved in tourism. The lifestyle, traditions and culture of 
nomads is interesting for foreign guests. We show them:

   The traditional way of making dairy products from cow, sheep, or goat milk • 
(curds, butter, yogurt, cheese, dried curd, etc.). Mongolians make drinking 
bags from cow hide and  fi ll these with airag (fermented mare’s milk). It is a 
tasty drink and foreigners like it a lot.  
  Lamb and kid skin can be processed to make warm winter clothes and sheep • 
skin can be processed to make outer covering for winter boots. With this cov-
ering you can herd your animals all day even at minus 20°C.  
  Cow, horse and camel hides can be processed into leather products, such as • 
bridles, hobbles, halters, long ropes for tying livestock, or lassos.  
  Wives are good in sewing traditional clothing and make these for all family • 
members. They show tourists how to sow such traditional cloths and some 
tourists venture to buy Mongolian traditional costumes.  
  We demonstrate how to play Mongolian games, including various games • 
which can be played with ankle bones of sheep or goats.  
  Every year on 11 and 12 July we celebrate our national festival with wres-• 
tling, horse racing, ankle bone shooting, etc. Herder groups organize such a 
festival for tourists at other times.     

    3.    When nomads move they use their carts, drawn by their camels, horses, or 
castrated bulls, to transport their ger (the dwelling of nomads) and other 
household furniture. Tourists are interested to see how this is done, and they 
like to help with the removal and the erection of the ger. They also like to stay 
in the ger.  

    4.    Herders sell cloths and other souvenirs they produce in the souvenir shop of 
Hustai Center.      

    21.7   Our Goals for the Future 

 In order to adapt to the effects of a changing climate, we herders proposed the fol-
lowing goals:

    1.    Improve the organization of and cooperation with herder groups. At the moment 
there is no legal framework covering herder groups. Being legalized is important 
in order to conduct independent activities, to build contacts with other organiza-
tions, and getting loans from the bank. I hope that, in the near future, the 
Mongolian parliament will approve a law on herder groups.  
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    2.    Prioritize nature conservation. Mongolia’s pristine nature is being devastated, 
wildlife is diminishing, and their distribution area decreases because of human 
impact and climate change. For example, there were 13 million marmots in 
1990 against four million now, and at the same time the number of 4.7 million 
Mongolian antelopes was reduced to 1.6 million, 130,000 deer to 10,000, and 
60,000 wild sheep to 15,000 (Samya and Mulenberg  2006 ). In HNP the numbers 
of deer, marmots, and Mongolian antelopes are increasing, but poaching, espe-
cially of marmots, is common. 

 Under such circumstances herder groups should pay attention to conserve 
wildlife in their neighborhoods.  

    3.    Keep the pasture in good condition. Herder groups should keep the pasture in a 
good condition; they should use it on a rotational basis, and should improve the 
pasture (e.g. by sowing seeds of perennial plants). And the state should take 
measures. Presently, pasture land is commons and property of the state. It is open 
for use to anyone and this causes over-exploitation and degradation of the pasture 
land. It is clear that nomadic livestock breeding will go on for some time to come 
and thus privatization of pastures is not possible. Therefore herder groups should 
possess rights for pasture use under long-term (at least 15 years) contracts. 
A draft law on pastures is now being broadly discussed and the state should for-
mulate a decision soon.  

    4.    Generate alternative sources of income. It is important to establish alternative 
sources of income, which are not fully dependent on variation in nature and alter-
ing climatic conditions. For example, small farms that are suited to Mongolian 
conditions could be established.  

    5.    Produce not only traditional products but develop new products. At the moment 
especially new milk products seem promising. Small workshops of herder 
groups can be established that pasteurize milk and package it so that it has a 
long shelf life.  

    6.    Establish a distribution network to the market.      

    21.8   Conclusion 

 The impact of climate change is profound in Mongolia. Even though the number of 
cold days decreased, the number of hot summer days increased, there is more snow 
in winter, and less rain in summer. As a consequence, it is getting drier, pasture 
yields decrease and late rains in spring delay the growing season by 1 month. 
Nomadic livestock breeding is strongly affected by these changes in climate and the 
survival of herders becomes critical. 

 In order to adapt to these changes herder households should join and cooperate. 
Then they can better cope with the natural hardships, improve their livelihoods, 
conserve nature, and  fi nd alternative sources of income. 

 Hustai Center – a non-governmental organization – implemented the program 
‘adapting and developing HNP and its bufferzone under a changing climate’, an 
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international project funded by The Netherlands’ government. It also implemented 
the project ‘developing sustainable livelihoods in the bufferzone of HNP’, again 
funded by The Netherlands’ government in the period 2004–2008. These projects 
helped the herders a lot in adapting to the effects of changes in climate.      
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