Contemporary processes of Mongolian pastoral ecosystems degradation
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Objectives: Our task was to study a response to grazing both the structure and productivity of plant communities in the main types of Central Mongolian steppe ecosystems under changing climate.
Location/ecosystem:
Grasslands of Mongolia, used mainly as natural pastures, occupy an area of 672,292 km2, i.e. almost 55% of the country. Among them meadow-steppes are distributed on the area of 110,559 km2 (9%), moderately dry steppes - 185,324 km2 (15%), dry steppes - 237,040 km2 (19,3%), and desert steppes - at 139,369 km2 (11,3%) (Ecosystems of Mongolia, 1995). Basically, the disturbance reaches a stage III (moderate disturbance), but in some cases, it trespasses this level (near settlements, wells, along roads, etc.). In recent decades the increased loads have changed natural balance and, in connection with vulnerability of semi-arid and arid ecosystems, contributed to their degradation and desertification. This is primarily due to the burgeoning numbers of herders and their livestock. Since 1980-s till 2008, the total livestock number has increased almost twice - from 23,0 to 44,3 million (State of the Environment, 2009). At the same time, the herd structure was changed; the goats’ number increased by 3-4 times. All this adversely affected the pastures in Mongolia, in general, and in its central part, in particular.
Methods:
Studies of transformation of pastureland vegetation in comparison with analogues inside natural reserves were performed by transect method at plots along the Trans-Mongolian railroad Sukhebaatar - Ulaanbaatar - Dzamyn-Uud, which intersects the most typical steppe plant communities: mountain-meadow, true, transitional, dry, very dry and desertified. Duration of protective regime in these areas varies from 30 to 50 years. In the series of derivative communities on the grazed plots we recorded changing phytocenotical position of species; nanofitizm, thinning the plant cover, reducing production of aboveground phytomass; expansion of digressive-active species of grasses and vegetative-active bushes. The main criterion for site selection within the plots was their close proximity (no more than 10-20 m apart) and the same soil and geomorphological conditions, but with different modes of use (reserved or pasture).
Collection of field data was carried out using standard methods. Bushes inventory were on squares 0,25-1 ha. In each community detailed geobotanical descriptions were done on area of 100 m2. To determine number, projective cover and productivity of herbaceous plants in each sector there were laid out 1 m2 plots in 3-5-fold iteration. At the same time soil studies were conducted.
Results:
Comparison of grazed communities with their landscape and ecological analogues under protected regime showed a decrease in total phytomass as a result of overgrazing, even at the stage of moderate disturbance in all the studied types of steppes. Thus, behind the fenced zone near railroad  a value of aboveground phytomass reaches 271.1 g/m2 (mountain-meadow steppe), 188.2 g/m2 (meadow steppe), 261.4 g/m2 (genuine steppe), 164 2 g/m2 (dry steppe) 15.5 g/m2 (very dry steppe) 22.9 g/m2 (desert steppe). In the grazed area under moderate level of disturbance aboveground phytomass decreased in 1,2-2,0 times depending on the type of steppe communities.
Dominants, both by projective cover, and biomass, under reservation in each subzone are, respectively: Stipa grandis, Allium senescens, S. baicalensis, S. krylovii, Allium odorum, S. gobica. Under the influence of grazing dominant species change. On one hand, the communities undergo successions, when the grasses are replaced with shrub (Caragana microphylla, C. pygmaea, C. stenophylla, C. korshynskii) and dwarf semi-shrub (Artemisia frigida and A. adamsii) life forms. On the other hand, introduction of digressive-active perennial and annual species occurs. On sites with significant anthropogenic disturbance such species as Artemisia dracunculus, A. palustris, Carex duriuscula, Convolvulus ammanii, Potentilla acaulis, Sibbaldianthe adpressa, Veronica incana go to the dominant position, and thus are considered as indicator species of pasture digression in Mongolia (Yunatov, 1950; Chogny, 1988; Gunin, Miklyaeva, 2006). 
In mountain-meadow steppe under moderate level of disturbance subdominants take place of dominants. Festuca sibirica is replaced with Agropyron cristatum. In the community with Caragana we observed an increasing role of Caragana pygmaea, and a grass Stipa grandis became subdominant. In the community with dominance of Stipa sibirica bushes and shrubs (Caragana pygmaea, C. microphylla and Artemisia frigida) became dominants, and Stipa sibirica is strongly suppressed by grazing.
On the plots of meadow steppe under grazing xerophytization processes appear and so the role of Artemisia frigida in community structure increases. Onion community can be totally replaced with that of Artemisia frigida, and in communities where an edificator is more resistant to grazing impacts (for example Stipa baicalensis) the changes are not as dramatic. Although Stipa baicalensis remains the dominant species, its phytomass decreases sharply.

In the plant communities of genuine steppe the participation of Leymus chinensis and Carex duriuscula increases. The role of Stipa baicalensis is reducing, and on plots with forb-sagebrush-grass community, proliferation of Artemisia adamsii and Potentilla acaulis occurs.
In communities of dry and desert steppes with long-term pasture use one can observe complete change of subdominant species. This greatly increases the role of bushes and shrubs, and very often replacement of some herbaceous species with others that can be regarded as a sign of biological desertification. The most vividly these processes develop in ecosystems of Middle-Gobi aimag, which can serve as a representative area for the greater part of Mongolia. In this regard, study of spatial features of the desertification of pasture vegetation has particular importance.

An important sign of degradation and desertification of pastureland ecosystems in the sub-zone of dry steppes is the invasion of desert-steppe species Ephedra sinica into plant communities. To a great extent this is typical for somons (districts) Gobi-Ugtal, Ada-Tsag, Erdene-Dalai. In the desert steppes in the south-western part of the aimag (somons Sayhan-Obo, Delger-Khangai, Huld, Erdene-Dalai), alkaloid inedible desert perennial Peganum nigellastrum shows significant development. Previously, these signs of degradation were found in the mountain-steppe ecosystems of South Gobi aimag and dry ecosystems of Central aimag (Gunin et al, 1993; Kazantseva et al, 2008).
The general trend in population dynamics of plant communities in Middle-Gobi aimag is reduction of major phytocoenotic characteristics. Investigations in 2009 revealed that the projective cover in communities did not exceed 31%, and mostly equal 9-12%. Aboveground phytomass varied between 0.4-4.3 kg/ha. Everywhere pastures are clogged with annual and biennial species (Artemisia scoparia and A. pectinata); their proportion in community structure often exceeded 50%.
The most common indicators of degradation and desertification of pastureland ecosystems in the Middle-Gobi aimag are spread of multiroot onion Allium polyrrhizum and formation of monodominant onion communities, together with progressive inhibition of grasses. Different types of steppes were abundant here in the 1970-1980-s, but now they are completely replaced with monodominant onion communities of Allium polyrrhizum that previously were not noted.
Living condition of Allium polyrrhizum in mature onion communities was the best in the dry steppes. There were 48 tussocks of Allium polyrrhizum per 1 m2, all of them alive and vegetated. In the desertified steppes we found up to 31 tussocks per 1 m2, 88% of them vegetating. In the quiescent state was 3-4% of tussocks, of which the dead were not more than 20%, the rest were at the stage of extinction. In the desert steppes the number of onion tussocks decreased to 17 per 1 m2, out of which 70% vegetated. Analysis of resting tussocks showed that 17% of them were dead, 70% were under withering away, the rest in moderate to severe stages of oppression.
Simultaneously, in these same communities we assessed the state of tussocks of grasses. In dry steppes in satisfactory condition tussocks of Stipa krylovii were noted in Stipa+onion communities with Caragana. The number of vegetative tussocks was here 13-17 per 1 m2. In desertified steppes number of Stipa krylovii tussocks was significantly lower than that of onion (1-3), in a state of rest were 15-40% of them, whose analysis showed that 17-20% of dormant tussocks were dead, others were at the stage of extinction. In the desert steppes we revealed 3-9 tussocks of Stipa klemenzii and S. gobica per 1 m2, of which more than 70% of individuals were in a dormant state, but the dead ones were only 17%. Thus, we can conclude that in the Middle-Gobi aimag almost universally observed a decrease of phytocenotic role of indigenous edificators – steppe grasses and feather grasses like Stipa krylovii and S. klemenzii, and their replacement with desert species: Ephedra sinica, Allium polyrrhizum and Peganum nigellastrum.
Climate conditions analysis suggests that at present in the central part of Mongolia ecosystems are exposed to arid climate. However, it will be erroneous to consider climate as a primary factor in pastures degradation. This is confirmed by work carried out at submeridional transect Sukhbaatar - Ulaanbaatar - Dzamyn-Uud, where on isolated from grazing steppe areas degradation was not apparent with such intensity as in the aimag.
Conclusions:
From our point of view, the main source of degradation of pastures is overgrazing. Currently, the existing loads on pastures far exceed their natural forage capacity. To remedy this situation is necessary to introduce measures which reduce the loads. First measure should be to organize monitoring of pasturelands and on this basis rotate them. In addition, a complex of social and economic activities should be done:
1. Regulation of grazing loads by implementing stricter control of pastures.
2. Optimization of a herd: return to balanced five-species herd, along with the reduction of goats’ number.
3. Introduction of progressive taxation for herders.
4. Repair and restoration of network of wells and water points.
Finally, in terms of developing actions to counter expansion of areas of low productive, inedible or poisonous species, and their penetration into plant communities of the steppe zone it is necessary to organize a scientific-experimental station for pasture improvement.
