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Eurasia contains the world's largest contiguous rangelands, grazed for millennia by mobile pastoralists' livestock. This paper reviews evidence from one Eurasian country, Kazakhstan, on how nomadic pastoralism developed from some 5,000 years ago to the present. We consider a timespan covering pre-industrial, socialist and capitalist periods, during which pastoral social formations were organized in terms of kinship, collective state farms, and private farms and ranches. The aim is to understand how events over the last 100 years have led to the sequential dissolution and re-formation of the social units necessary to manage livestock across a wide expanse of spatially heterogenous and seasonally variable rangeland ecosystems. It is argued that the social scale of extensive livestock management must be tailored to the geographical scale of biotic and abiotic conditions. The paper starts by pointing out the long duration of mobile pastoralism in the Kazakh rangelands and provides an overview of how events from the late 17th C onwards unraveled the relationships between Kazakh nomads' socio-economic units of livestock management and the rangeland environment. At present, mobile animal husbandry is not feasible for the majority of Kazakh livestock owners, who operate solely within small family units without state support. These reformulated post-Soviet livestock grazing patterns are still undergoing rapid change, influencing the composition of rangeland vegetation, wildlife biodiversity, and rates of carbon sequestration. By concentrating capital and landed resources, a minority of large-scale pastoralists have been able to re-extensify by combining mobility with selective intensification, including an increased reliance on cultivated feed. Current state and international efforts are leaving out the majority of small-scale livestock owners and their livestock who are unable to either intensify or extensify at sufficient scale, increasing environmental damage, and social inequality.
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INTRODUCTION

The Eurasian rangelands contain spatially heterogenous, seasonally variable and climatically unstable natural resources extending over large geographical scales (Matley, 1994a). Over millennia, humans have been able to exploit these resources by matching the geographical scale of environmental variability with appropriate socio-political institutions for herding domesticated grazing animals on an extensive basis. These rangelands comprise the world's largest contiguous area of grazing (Babaev and Orlovsky, 1985; Mirzabaev et al., 2016), comprising 25% of the world's total rangelands and over 6% of the total world land area (FAOSTAT “permanent pasture”) (see Figure 1).
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FIGURE 1. The main types of rangeland in Eurasia Source: https://www.grida.no/resources/13199.


At 1.9 million km2 (FAOSTAT, 2020), pasture constitutes 86% of the agricultural land area of modern Kazakhstan. Most of this pastureland is semi-arid to arid, receiving <300 mm precipitation per annum (often in the form of snow rather than rain). The pastures cover multiple ecological zones, from sandy desert dominated by woody shrubs and ephemeral spring bulbs, to short and long-grass steppes on the plains, and alpine meadows grazed by livestock in summer at altitudes of up to 3,000 m (Gilmanov, 1996; Asanov et al., 2003; Van Veen et al., 2003). The climate is severely continental, with very cold and snowy winters in which temperatures may fall to −30C, and hot dry summers with maximum temperatures of 50C (ibid.). A defining feature of much of the pastureland is that arable agriculture is impossible without irrigation.



ARCHAEOLOGICAL EVIDENCE

Archaeological evidence indicates that mobile pastoralists and their livestock have occupied these lands for at least 5,000 years (Frachetti et al., 2012). The Eurasian region was the locus for the domestication of goats, sheep, horses, and Bactrian camels (Larson and Fuller, 2014; Taylor et al., 2020) between 10.5 and 4 thousand years ago. Recent interdisciplinary research by archaeologists, climate scientists and ecologists is uncovering more about the complex relationships between nomadic migrations, settled farming, climate change, and environmental conditions in the last millennia–“as scholarship focuses on the ways in which pastoralists, of various degrees of mobility, exploited geographically variable, and annually shifting climatic conditions to find pasture for their herds” (Brooke and Misa, 2020, p. 3). Since pre-historic times, nomadic pastoralist groups have tracked climatic changes and vegetation heterogeneity across ecozones, seasonally moving their livestock long distances latitudinally, shorter distances altitudinally (Khazanov, 1984; Gilmanov, 1996; Frachetti et al., 2012, 2017), or made relatively short-distance moves combined with significant use of foddering (Ventresca Miller et al., 2020a). Archaeological research in Kazakhstan suggests that in the prehistoric past, “pastoralist mobility was likely similar to what we see in the ethnographic record: seasonal mobility patterns of variable distance that brought populations between known ecological zones as they seasonally came into various stages of productivity” (Frachetti, 2015, p. 9).

The floral and faunal biodiversity and landscape conditions now present in the Eurasian rangelands is an outcome of millennia of human use through mobile livestock husbandry (Spengler, 2014), in combination with climate change, the adoption of new technologies, and changing socio-political institutions. In the human migrations of mixed herding and farming “sheep led the way” (Frachetti et al., 2012, p. 15) between 5000 and 2000 BCE1 and “…while climate certainly played a role, steppe cultures forged the pastoral systems that would exploit variations in the ecological uniformity of the grasslands. In so doing, they set in motion forces of anthropogenic change…” (Brooke and Misa, 2020, p. 17–18).

Against this archeological background, this paper examines the historical record over the last two centuries and outlines how pastoralist livestock management and land use systems in Kazakhstan have been altered by changes in socio-political institutions and economies. We argue that the geographical scale of environmental heterogeneity within the temporally and spatially varied climate regime of Eurasia has required particular kinds of social organization to effectively exploit rangeland resources. The social scale of extensive livestock management has had to match the geographical scale of livestock mobility required by the biotic and abiotic conditions. The present-day conditions on the Kazakh rangelands are the result of interactions between humans and livestock stretching back millenia. Sustaining the rangeland heterogeneity will require livestock-keepers to continue operating at scale, as documented by the environmental impacts of current declines in livestock mobility.


A Century of Dynamic Human Influence on the Kazakh Rangelands

Starting with the early written record, we outline a chronology of three national socio-political upheavals over the last 100 years, each of which led to pertubations in the socio-political organization of pastoralism in the rangelands. In the 18th and 19th centuries, Kazakh pastoralists practiced pre-industrial nomadism, characterized by localized kinship-based production units operating within a hierarchical political organization. In the early 20th century these institutional arangements were forcibly displaced by a collectivized socialist system in which the state assumed responsibility for supporting mobile husbandry. In the late 20th century, state socialism was replaced by a capitalist economy in which individual families employed private economic resources to maintain livestock mobility.

This century of changes in livestock management has left lasting effects on the rangeland ecology and on the pastoralists' economic, social and cultural life. The conclusion speculates about the changes that may be expected in the near future as a result of current institutional arrangements and management practices.




CLANS, CLIENTS AND SOCIAL STRATIFICATION

From the earliest explorers to present-day social scientists, descriptions of Kazakh social organization and customs have referenced “clans.” In this review, we use the generic term with an intentional absence of deep enquiry into its often subtle and changing meaning. Outsiders' interpretations of what is a “clan” [ulu or ru in Kazakh) has varied through historical periods, has been incorporated into opposed politico-ideological agendas, and is still debated among contemporary social scientists—particularly political scientists and social anthropologists (e.g., Schatz, 2004; Collins, 2006; Sneath, 2007). No doubt the concept has undergone similar internal shifts in meaning throughout Kazakhs' own historical experiences.

Earliest written accounts by Russians about Kazakh clans (e.g., Levshin, 1832) were initially summarized in English language works such as Hudson (1938), and later in Olcott's magisterial work (1995). In the context of the social organization of Kazakh nomadic movements with livestock—the central enquiry of this review—these sources generally agree that regular seasonal movements to graze livestock in mobile encampments were undertaken by the aul, a co-residential grouping formed around a core of patrilineally related kinsmen. Here we could think of a clan as an opportunistic aggregation “flexible and scaled at multiple levels. Contingent upon prevailing ecological conditions and constellations of external threats” (Schatz, 2004, p. 27), groups would form and fracture at different times. Thus the size of the migratory unit changed over time as households aggregated or dispersed according to season, pasture condition and labor requirements—with much larger aggregations in summer and smaller groups in winter (Masanov et al., 2001).

Still, having invoked the term, it behooves us to attempt some clarity in our application in this review, while remaining agnostic about the competing definitions. In the context of the social organization of Kazakh nomadic movements with livestock—the central enquiry of this review—these sources generally agree that regular seasonal movements to graze livestock in mobile encampments were undertaken by the aul, a co-residential grouping formed of members of a minimal segmentary patrilineage.

Intersecting and cross-cutting any discussion of kin-based nomadic livestock production systems—past and present—is the question of social stratification and class formations among Kazakh livestock-keepers. For the past, we only have written records of views expressed by Kazakh informants but written in other languages by geographers, administrators, ethnographers, and historians at different stages in the turbulent and often violent political-economic changes of what has become the modern state of Kazakhstan. Ultimately, the extent of class-like divisions between Kazakh groups in the historical period remains hazy. Comparison with other pastoral peoples (e.g., Bradburd, 1980; Sikana and Kerven, 1991; Borgerhoff Mulder et al., 2010; Murphy, 2015) indicates that frequent cycles of livestock accumulation followed by losses due to climate events, disease, conflict or conquest lead to fluctuations in the membership of a livestock wealth strata. As families and even clans entered or left a livestock wealth strata among the Kazakhs, there were associated oscillations for required labor and means of survival among differentiated livestock-keeping groups. Such instabilities in the distribution of means of production for the Kazakhs—livestock and labor—were and are still handled through patron-client relationships. The rigidity of these relationships may be shallow, over time, however.



KIN-BASED NOMADISM IN THE TSARIST PERIOD

Starting in the late 1700s, we have written material from the Russian imperial period on how the Kazakh nomads managed their livestock by tracking between ecological zones to seasonally-available grazing areas in order to avoid areas of temporary feed insufficiency, snow and/or cold, and to take advantage of natural forage surpluses in other areas (Khazanov, 1984; Olcott, 1995). The nomadic pastoralists accessed the pasture and water resources of the rangelands in extended family groups that moved and resided together in each season (Olcott, 1995; Aldashev and Guirkinger, 2017). Termed aul, these groups consisted of between 5 to 80 yurts (portable felt tents made from sheep wool) and had settled winter quarters made of durable materials (e.g., mud bricks and wood). The characteristics of the environment and the availability of water and pasture resources had an impact on the size of the camps because these factors determined the size of the herd that each aul possessed (Ohayon, 2004). A Kazakh nomadic camp in southwest Kazakhstan was photographed around 1860 (Figure 2).


[image: Figure 2]
FIGURE 2. Nomad migration, Syr Darya Oblast circa 1860 (now present-day Kazakhstan) Source: Turkestan Album, 1860s https://www.wdl.org/en/item/10987/#additional_subjects=Ethnographic+photographs&page=7. This photograph is from the ethnographical part of Turkestan Album, a comprehensive visual survey of Central Asia undertaken after imperial Russia assumed control of the region in the 1860s. Commissioned by General Konstantin Petrovich von Kaufman (1818–1882), the first governor-general of Russian Turkestan, the principal compiler was Russian Orientalist Aleksandr L. Kun, assisted by Nikolai V. Bogaevskii.


The aul consisted of several conjugal families founded by direct male descendants of the same ancestor, hence a patrilineage (Ohayon, 2005). The aul was headed by elder men known as aksakal (literally “white beard”), who were charged with the protection of his pasturelands and people (Olcott, 1995). The elders would choose an individual termed bii to represent the clan in negotiations between other clans and auls, meet annually to decide on the routes for the season's migrations and allocate access to winter pastureland. The biis were expected to defend their groups' access to pastures, as well as arbitrate disputes (Martin, 2001). They were lesser nobles who represented lineage groups of Kazak nomads in negotiating annual migratory routes between clans, and also had a military role (Martin, 2001). A collection of groups “which might consist of 100 auls or more, migrated within an established geographic zone” (Olcott, 1995, p. 17).

This scale of nomadic movements managed through kin-centered social units started being curtailed when the northern pastures of the Kazakh nomadic pastoral tribes were effectively brought under the control of the Russian government, fortified and made available for settlement by Slavic peasants (Wendelken, 2000; Khodarkovsky, 2002). The colonial settlers' occupation in the 18th and 19th C of the fertile steppe used seasonally by Kazakh nomads became a “decisive destabilizing factor for the Kazakhs” (Kappeler, 2001, p. 189). As the extent of new Slavic peasant farming moved further south from the Russian borders, the nomads had to retreat with their livestock to the drier southern areas. “As far as the Russian government was concerned, the newly acquired lands were empty spaces belonging to no one…for the [Kazakh] nomads on the other hand, the same lands were indispensable pastures in common possession of the ulus [clans] or another aggregate nomadic unit” (Khodarkovsky, 2002, p. 216). When confronted with demands by the Russian frontier authorities to seek permission to use pastures and pay fees for crossing the rivers of the northern steppes, the Kazakhs responded with astonishment: “The grass and water belong to Heaven and why should we pay any fees?” (ibid.).

In the 19th C, numerous regional variations of nomadism and semi-nomadic pastoralism were recorded by Russian ethnographers and administrators in the territory that later became Kazakhstan (Federovich, 1973; Guirkinger and Aldashev, 2016; see Figure 3). The pastoralist mode of production varied according to three main factors: type of terrain (plains vs. mountains), climate regime (arid to wetter), water supplies (rivers and ground water), and associated pasture soils and vegetation. The plains-based nomadic economy depended on long distance migrations with grazing livestock, extending up to 1,000 km or more (Federovich, 1973) on a north-south axis throughout the year, traversing between the northern steppe, semi-desert, and desert in the south, where overwintering took place. Semi-nomadic groups also existed with permanent winter quarters. The mountain-centered livestock production system involved vertical transhumance, with settled winter bases in the valleys or semi-steppes around the mountains and transiting upland to alpine meadows for pasturing in the summer, with distances between summer and winter pastures often over 100 km (ibid.).
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FIGURE 3. Kazakh nomadic seasonal movements at the end of the 19th C. Source: Kerven (2004), Ferret (2014), based on (Federovich, 1973).


There were social distinctions according to a family's economic position in the community, in addition to an aristocratic genealogically-calculated hierarchy [see detailed discussion in Martin (2001), based on earlier sources]. The former aristocratic rulers (White Bones) were mostly co-opted or subjugated in the Tsarist period. By the late 1800s, Russian administration had eroded the large territorial and political units of the Kazakh upper levels of aristocracy, including the bii (Wendelken, 2000). At this time, the term bii seems to have become transcribed as bai [e.g., in Olcott, 1995]. Bai is a general Kazakh term for a rich person, who would own many livestock; possibly this conflation of terms may have occurred as the Russian administrators sought to co-opt the bii (Ohayon, 2005; Sneath, 2007), who were elites in the Kazakh social structure. The position of bais (bailar; kz) as local leaders was strengthened as some Kazakh nomads began to settle into villages and Russian authorities empowered and paid the bailar, in a form of indirect rule, to collect taxes and maintain social order for the Russian administrators (Wendelken, 2000; Ohayon, 2005). As the bii became richer through Russian contact, a bii could be termed a rich man–a bai–as a consequence. As Russian settlement in the northern regions disrupted the Kazakh migratory routes, this lessened the larger-scale patronage and defensive ties which had previously existed between auls and higher-level social units, by breaking up the large territories of political power within a hierarchical social system (Martin, 2001). This increased Kazakhs' dependence upon their smaller aul groups, and a new social production system emerged based around the aul obshchina (ru) or “community,” a partly-sedentarised community based on communal land use and herding of livestock.

Some of the need for nomadic movement was reduced when in the latter 19th C, the influx of Russian settlers and traders in the north created new markets for Kazakh livestock, particularly cattle, and in response, Kazakh pastoralists started to keep more cattle in addition to sheep in the northern steppe regions adjacent to the Slavic settlers (Olcott, 1995). But cattle, being less suited to long-distance migrations to avoid the worst of the frigid winters, needed more supplementary feed. Some intensification of pastoralism then occurred, when adoption of scythes, more efficient than the pre-existing hand sickles, permitted richer Kazakh nomads to harvest more hay to sustain their livestock, especially cattle, over the long bitter winters. One effect was to lessen the need for longer migrations to warmer locations and permit households to keep more animals (Kazakh Academy of Sciences, 1980; Matley, 1994b; Aldashev and Guirkinger, 2017). Thus, greater Kazakh sedentarization was possible and in some cases necessary, due to the expropriation of pastures by the Russian administraton for Slavic settlers (Kazakh Academy of Sciences, 1980). Wealthier Kazakhs even began to use hay mowers and hayland was one of the first types of agricultural land which richer Kazakh pastoralists sought to secure for exclusive use (ibid.).

Commercialization led to increasing economic differentiation among Kazakh pastoralists as livestock wealth became more concentrated into the hands of a few bailar, who had gained more recognized local level political power. “An increasing percentage of the total herd was held in an ever smaller number of hands” (Olcott, 1995, p. 99). However, even by the 1920s in northern Kazakhstan, the social and economic patronage obligations between richer and poorer related families in an aul meant that, as one elderly informant noted “rich people' does not mean one person” (Kerven, 2003). Different auls would be richer or poorer in livestock, with one richer and senior male in the lineage responsible for decisions on livestock management. The historical records of that period confirm this (Ohayon, 2005). By the end of the 19th C the number of yurts in an aul was reduced to 4 or 5 on average, while richer families, with larger herds and flocks, incorporated poorer people who carried out basic tasks in exchange for their upkeep in the aul encampment (Ohayon, 2004).



ENVIROMENTAL IMPACTS OF THE RUSSIAN COLONIAL PERIOD ON THE RANGELANDS

For the course of the Tsarist Russian period, there is scant evidence on environmental impacts of the changes to Kazakh mobile pastoralism wrought by the two major land use alterations: increasing colonization by Slavic peasant farmers which reduced nomadic access to the better-watered steppes, and the trend among Kazakh nomads to partially settle and grow feed and fodder crops. One historian's view was that “The nomadic livestock raising upon which was based the economy of desert region was so well-adapted to natural conditions that the landscape was very little modified, even in the sandy deserts which are very sensitive to the modification by man” (Federovich, 1973). Masanov (1990) likewise suggests that this system is one reason why environmental impact during this period was so minimal, as grazing pressure tracked vegetation availability without causing a negative impact on the environment.

Moreover, as livestock in the Eurasian rangelands were periodically decimated by ice and snow disasters (dzhut Kz), these non-equlibrium climatic conditions limited overall numbers and made serious degradation highly unlikely whilst livestock remained mobile (Sludskii, 1963; Robinson et al., 2003; Kerven, 2004). Severe cases of dzhut causing high stock mortality occurred every 10–12 years in the pre-Soviet period, according to Sludskii (1963) who noted that stock numbers would take around 10 years to recover from these events, leading to significant expansion and contraction in numbers. Herbivores in a non-equilibrium climate regime such as Kazakhstan's rangelands are less likely to threaten their overall feed supply since ecological carrying capacity is never reached, without supplementary feed sources (Ellis and Lee, 2003). This situation was to be completely upturned from the 1950s onwards, as we shall discuss later.



COMPRESSION AND COLLECTIVIZATION OF THE NOMADS: EARLY 20THC

Throughout the latter period of Tsarist Russian administration of Kazakhstan's northern regions, this land “had long been viewed as a source of new farms. In the period 1896–1916 it received over one million settler families from European Russia” (Olcott, 1981, p. 124), mainly to the better-watered steppe region of rich grassland which had been the summer grazing area of Kazakh nomads. But the temporary nomadic use of the steppes was “seen as a hindrance to the expansion of grain-growing, as the animals grazed on hundreds of thousands of acres of potential farmland. The colonial settlement policy caused great hardships for the Kazakhs as it severely restricted the access to pasturage…. When the Bolsheviks came to power they made the settlement of the Kazakh nomads an avowed goal” (ibid.).

However, the Bolshevik revolution in 1917 did not immediately change the situation of the nomads and semi-nomads in the Russian-controlled regions of Kazakhstan, as Russian peasants continued to settle further south into the territory (Allworth, 1989). The area of modern Kazakhstan was formally incorporated into the new Soviet Union in 1924. The Russian census of 1926 (just before collectivisation) found that summer migration concerned 65% of the Kazakh population and long distance multi-season migrations only 7–8% (Ohayon, 2004). The frequency of hay making, a propensity to hold cattle and the proportion of entirely sedentary households all increased in this early colonial period—by 1910 it was estimated that only between 2 and 10% of Kazakh houseolds were sedentary (Kazakh Academy of Sciences, 1980).

Some Russian administrators had argued that the nomadic pastoral way of life was a form of environmental adaptation, and that as long as the environment did not change, nomadic pastoralism would continue to exist (Werner, 1997, citing Russian sources). In the 1930s, however, Soviet academics claimed that nomadic societies had developed class relations before the Bolshevik revolution, tribal leaders in nomadic pastoral societies were feudal rich people—bailar–and that nomadism was not efficiently productive (ibid.).

Fluidity of socio-economic strata is mentioned in (Hudson, 1938) writings at a particularly dreadful time in modern Kazakh history (p. 58). “The poor or middle-class Kazak was always in a precarious situation because the loss of his few cattle placed him in complete subjection to the wealthy owners of large herds.” Radlov, writing in 1893, observed that “a Kazak who had lost his animals through drought or a severe winter had no resource but to hire himself out as a worker” (Hudson, 1938, p. 58). These herders did not receive a salary but only food. Such people were referred to as clients of a rich man, and the clients were “his own more or less distant relatives.” Another Russian commentor, Grodekov noted in 1889 that “in strong tribes, the poor people migrate with the rich, remaining always with their group for the sake of the protection afforded by the rich, paying for it with labor” (cited in Hudson, 1938, p. 58).

Under the new Communist government, collective farms termed kolkhozy were started from 1924, as communes were formed around the semi-settled villages governed by the bailar to control livestock, migratory movements, and water points. Then began the brutal programme of enforced nomadic settlement and expropriation of livestock in “the drive for collectivization” (Olcott, 1995). In 1928, under Stalin, livestock began to be confiscated from Kazakh families and placed into kolkhozy. This was the period known as “Stalin's Terror” and the great famine ensued from 1931 to 1934 in Kazakhstan (Kindler, 2018; Thomas, 2018).

From 1930, the main means of Kazakh collectivization was “dekulakization,” the removal from villages of allegedly “well-off” exploitative peasants—kulaks–and others who opposed too openly the program of collectivization, as officials considered dekulakization necessary to enable collective farms to work (Conquest, 1986, p. 193). Among those accused of being kulaks were some of the Kazakh bailar who had accumulated livestock wealth under the previous Russian administrative regime, and were then denounced by settled ex-nomads (Thomas, 2018).

There were enormous consequences for Kazakh pastoralists of the radical methods for collectivizing pastoral regions and enforced sedentarization (Lorimer, 1946). Among the impacts was lack of available fodder for winter in the collective farms, as livestock were not taken to winter pastures (Davies and Wheatcroft, 2004). There was a catastrophic crash in livestock numbers in the early 1930s as a consequence (see Figure 4).


[image: Figure 4]
FIGURE 4. Changing numbers of main livestock species in Kazakhstan over a century. Sources: Olcott (1981), Allworth (1989), Channon and Channon (1990), FAOSTAT (2020).




COLLECTIVIZED INDUSTRIAL NOMADISM: MOBILE LIVESTOCK HUSBANDRY AGAIN ENCOURAGED

During the attempt to formally sedentarise Kazakh nomads from the 1920s, the loss of nomadic mobility meant the collapse of social relationships in practicing the seasonal migrations with livestock (Kindler, 2018). But by the mid 1930s, Soviet policymakers de-emphasized sedentism after witnessing the catastrophic effects of initial enforced reduction in livestock mobility and restriction to the collective farms, as “Nomadic practices, they discovered, allowed large-scale livestock rearing in the steppe. The Bolsheviks began to rely on what they formerly rejected” (ibid).

While historians have concentrated their attention on the most dramatic disruptions to Kazakh nomadic husbandry over the last 100 years—forced collectivization and the famine that resulted in the early 1930s–after the middle of the last century, from the early 1940s to the late 1980s, there was a re-emergence of long-distance nomadic livestock management (Alimaev and Behnke, 2008; Robinson et al., 2016). At the beginning of World War II, an official USSR decree re-instituted migratory pasture use, “to organize distant pasture management…establish livestock movement tracks for accessing distant pastures, …. Organize stopping points along these routes …provided with water and …fodder” etc. (cited in Alimaev and Behnke, 2008, p. 178). Several reasons led to this volte-face; the Kazakh nomads had been largely pacified after the brutal collectivisation effort of the 1930s and earlier repression of uprisings at the turn of the 20thC (Olcott, 1995). Secondly, technical appraisals of the costs and returns to sedentary livestock management in the collective farms concluded that it was more efficient to allow animals to graze natural pastures when and where possible, thereby increasing livestock output at less cost (Zalsman, 1948, cited in Alimaev and Behnke, 2008). Thirdly, Soviet scientists undertook close analyses to gain a clearer appreciation of the Kazakh nomads' knowledge of seasonal pasture usages and livestock responses. Lastly, engineering and scientific advances under the Soviets generated new technology: to supply stock water; to irrigate feed crops; to develop new livestock breeds; to precisely assess natural pasture productivity; to calculate stocking rates and finally to dictate seasonal stock movement schedules aligned to optimal pasture nutritive values at different times and places (Asanov and Alimaev, 1990; Zhambakin, 1995). What had been created was in essence, a form of industrialized nomadism, in which the latest modern technical assets were coupled with ancient pastoralist skills, to adapt to and exploit the variable environment of Kazakhstan's pasture wealth. This was a true marriage between Soviet obsession with modernization—electrification and heavy machinery—and Kazakh nomadic practice, sanctioned by Soviet scientists and driven by wartime pragmatism in WW2.

As early as 1935, for example, the practice of otgon (ru.) (or “remotely driven”) pastoralism was permitted within the collective farm system (Werner, 1997). Although otgon pastoralism entailed the seasonal migration of livestock to different pastures beyond the collective farm boundary territories, the national authorities organized this very differently from the previous clan-based nomadic or transhumant pastoralism when a larger kinship group (the aul) migrated seasonally. In the newly-devised state livestock farms, small groups of employed shepherd families migrated to designated sequence of pastures with the state-owned flocks and herds.

Replacing the former “clan”-based livestock production system demanded new technical inputs, while traditional nomadic herding knowledge had to be activated through collective wage labor. The destruction of the old nomadic social order achieved in the earlier part of the 20th C left Kazakh families atomized, unable to manage large flocks or herds without extended kin. The upheavals of the 1930s had dislocated many Kazakh clan associations, as many families had died or emigrated to Persia or Chinese Turkestan; amongst those remaining in Kazakhstan, the collectivization process, and dekulakization had pulled larger kinship-oriented groups apart and segregated them into isolated settlements scattered across the rangelands. The scale of mobile livestock management was not feasible by individual families.

By the time USSR policy in the 1940s dictated that livestock management should return to more pasture-based seasonally-mobile nomadism, the social keystone for nomadic movement—the broader labor unit of an aul based on a patrilineage–had vanished. In its place was designed the brigade system, in which all collective farm labor was formally divided into group specializations such as: agricultural machinery (e.g., harvesters, tractors, trucks); veterinary; engineers for wells, irrigation systems and dams; accountants; and crucially, shepherding groups in charge of each livestock species and reproductive categories such as mating, lambing, calving etc. Collective farm families in these newly-settled villages received a salary plus housing, and schooling and other social services including shops, medical facilities and pensions were provided. These new large state-managed farms gave rise to a new rural elite based on administrative control–the directors and technical staff of collective farms–and formally-educated professional status, rather than an elite based on personal livestock wealth and social prestige, as had been held by the bailar, who had either fled or been liquidated (Olcott, 1981).

The role of Kazakh women in livestock farming during the Soviet era was problematic. Women's emancipation and higher education was emphasized in the Communist ideology and some village women became teachers, accountants, nurses etc. At the same time, female fertility was officially promoted, e.g., with the “Order of Maternal Glory” awards for having many children. The state's provision of childcare and other social services was a buffer, but it appears that women did not abandon their pre-Soviet roles regarding daily tasks tending their family's own small flocks of animals that were permitted in the Soviet era (McGuire, 2017).

As the Kazakhstan national flock grew in the new collective farms, pressure mounted from central planners in Moscow to continually increase livestock output—herd numbers and amount of meat, wool and dairy products–to supply other parts of the Soviet Union with meat and wool (Asanov and Alimaev, 1990). This was achieved by intensification through cultivating more fodder crops with irrigation, and building new state livestock farms in more arid and less productive rangelands (Asanov and Alimaev, 1990; Gilmanov, 1996). The shift was completed by the mid 1960s, as large livestock farming settlements, complete with electricity, high schools, hospitals, and even theaters, were established in the semi-desert, while long-distance livestock movement covering many hundreds of kilometers was still undertaken using the brigade system. Livestock populations steadily grew from this point up until the crash after 1991 (see Figure 4).



ENVIRONMENTAL IMPACTS OF CHANGES IN LIVESTOCK MANAGEMENT DURING THE SOVIET ERA

The Soviet system of planned migrations was explicitly based on estimations of vegetation productivity, edibility and carrying capacity—which were mapped in great detail across Kazakhstan. Movements, grazing periods and supplementary feeding were planned with the dual objectives of maximizing production within environmental limits. However, in the 1960s the state attempted to intensify production in arid and semi-arid areas by increasing stocking numbers, extensive well-construction and reducing long-distance mobility, and it was at this point that the environmental impact began to worsen (Asanov and Alimaev, 1990).

The creation of 155 specialized sheep-raising sovkhozes on state reserve land, each with a stock of 50,000–60,000 sheep, blocked northwards migrations and forced state farms sited further south to spend more time grazing livestock on what had previously been only used as autumn and spring pastures. The vegetation was unable to develop and seed, reducing yields to almost half of what is ecologically possible and led to soil degradation across large areas (Zonov, 1974; Asanov and Alimaev, 1990; Zhambakin, 1995). These problems were compounded by the plowing up of the best summer pastures in the 1950s, which increased reliance on the semi-arid pastures. As animal numbers expanded, herding labor and feed supplies were not the constraint to herd growth, but the natural pasture zones became over-used as seasonal pasture use “came under increasing pressure as all available grazing niches were occupied” (Alimaev and Behnke, 2008, p. 167).

Land degradation toward the end of the Soviet period was mapped according to anthropogenic desertification (Babaev and Orlovsky, 1985), but covering only arid and semi-arid regions of Kazakhstan. By the end of the Soviet period almost 60% of the area of arid and semi-arid Kazakhstan was affected (Kharin and Kiril'tseva, 1988; Babaeva, 1999), principally degradation of vegetation cover covering 44% of arid lands (Kharin et al., 1986). These authors blamed livestock production as the chief cause. But not all the area was severely affected; for example moderate degradation “involves the presence of more or less stable associations that have been productive for long periods but still include weed species” (Kharin et al., 1986, p. 63). Most moderately and severely degraded areas were to be found on sandy soil and livestock wintering areas. Dzhanpeisov et al. (1990) and Babaev and Kharin (1991) note that pastures on sandy soil, such as the Moiynkum desert, are often severely degraded due to density of infrastructure such as cattle trails, winter camps, watering places, and shearing and dipping stations, created by the large-scale state livestock farms since the 1940s.



DESTRUCTION OF COLLECTIVE LIVESTOCK FARMS AND RISE OF PRIVATE OWNERSHIP AFTER THE USSR

The complex and costly apparatus of the state livestock farms rapidly began to disintegrate after the end of the USSR in 1991. By the mid 1990s, loss of the USSR-wide markets, currency devaluation, and farm debts forced most livestock sovkhoz in Kazakhstan into bankruptcy; farm assets including livestock were officially privatized (World Bank, 1993). One of the cornerstones of the sovkhoz system of livestock production had been the provision of high-quality winter fodder and feed supplements, sometimes imported from as far away as Ukraine. Intensive winter feeding had allowed steady growth of the livestock population (see Figure 4) to meet the central planning orders, but to the point where some ecological zones were experiencing pasture degradation, as noted above (Asanov et al., 1992; Ellis and Lee, 2003). This was the setting for the complete transformation of the former production and land use system.

The dismantling of state and collective farms was largely completed by 2000. This process and its evolving effects were documented in a series of field research projects in south central Kazakhstan between 1997 to 2015, summarized here.

Privatization of the state farms was implemented hurriedly under duress, by state officials in shock and with incentives provided by the Western financial agencies i.e., World Bank, International Bank for Reconstruction and Development, and International Monetary Fund (Spoor and Visser, 2001). Not surprisingly, privatization had deep and very damaging structural impacts. Nearly all the physical inputs necessary for seasonal livestock movement disappeared—heavy transport, fuel, housing etc. (Behnke, 2003; Robinson and Milner-Gulland, 2003a; Kerven et al., 2004). The state no longer provided winter fodder for animals, while irrigated or rainfed land previously used for fodder crops was converted to higher-priority food and cash crops. State farm workers lost their jobs, wages and social security benefits. Individual rural families had to work out how they were going to raise livestock without any external assistance in the form of government inputs, subsidies, or technical advice from professionals. Most ex-farm employees were in a state of shock and sought only to survive, mainly by bartering and slaughtering whatever livestock they had managed to obtain from their former state farm employers.

By the time the USSR ended, there was surplus rural labor required for livestock production (Ellman, 1988; Lerman et al., 2002). In Kazakhstan, as livestock numbers crashed due to the end of subsidies and economic chaos (see Figure 4) there was a rural exodus to seek work and incomes in urban areas, as agricultural households experienced greater poverty (Behnke, 2003; Spoor, 2007). Remaining behind were smaller family units, as women had fewer children, rural child mortality rates increased (UNICEF, 2006) and adult children increasingly left the villages for higher education or work in towns (Pomfret, 2003; McGuire, 2013), rejecting the conditions of village work with livestock. The rural demographic pattern changed to an older age structure, leaving a shortage of younger family labor for the strenuous work of livestock production. In the absence of sufficient family labor, household flocks had to be entrusted to shared local labor or casual itinerant laborers, who might have little previous experience of herding. Many livestock were simply slaughtered for local consumption or sold to quickly-developing private markets for barter or cash to pay debts and buy food (Kerven, 2003; Kerven et al., 2004). New informal markets were flooded with supplies of livestock, causing prices to collapse which obliged people to sell still more livestock to buy food and other necessities. The few remaining livestock formed tiny flocks for newly-impoverished villagers who lacked other resources or income (Kerven et al., 2004). Traveling with livestock in mobile flocks became much more risky and costly for most rural families, due to greatly diminished economies of scale.

Concomitant with this reversal of labor conditions after 1991, the capital-heavy technology supplied and maintained by USSR subsidies for state farm use was abandoned, wrecked, appropriated, or melted down and sold to Chinese buyers. Irrigation pipes were smashed and not repaired. Mechanical pumps were stolen or effectively privatized on former communally-used wells when pasture land was allowed to be privately leased (Behnke, 2003; Kerven et al., 2004). Heavy machinery such as harvesters for fodder and trucks for livestock transport was similarly taken out of communal farm and transferred to private property. Only a few individuals perceived the opportunity to garner these valuable capital assets in the prevailing chaos. These individuals were typically members of the Soviet farm professional elite—with tertiary education as veterinarians, accountants, agricultural engineers or animal husbandry specialists–who had managed the state farms and largely inherited the assets of the defunct farms (Behnke, 2003). In the process of dismantling state farms, members of this elite were in a position to appropriate much of these farms' capital equipment and infrastructure. Through their acquisition of key inputs, the elites were able to achieve the economy of scale needed for mobile livestock management as “Lumpiness or fixity of assets is one of the main factors contributing to economies of scale” (Lerman et al., 2002, p. 46).



NOT ALL PEOPLE ARE EQUAL: BESHBARMAK “FIVE FINGERS ARE NOT EQUAL.”

In a remote desert garage on the trunk road from Almaty to Moscow, 7 years after the collapse of the USSR in 1991, a former state-employed mechanic had accumulated 100 cattle, 200 sheep, 40 horses, and 15 pigs. He asserted:

“My grandfather was a bai, a very wealthy man. In 1928 their livestock were taken by the government. These days, now, people are learning. In the past, Kazakhs could maintain their animals by moving and never used to be commercial… Firstly, pastoralists need land, private land—need 100,000 ha for one family. I would not want to fence this land, as before people divided up the land without fencing. There would be enough [range] land for those who want. On this land I would bring workers who would have jobs and I would not have to sell my wool to Chinese traders at such a cheap price. No one should prevent me from working as I want on the land. My grandfather had a lot of private land and he knew what to do with this land. Beshbarmak “five fingers are not equal.”2 (Kerven et al., 1996, field notes).

Farm privatization was allowed to proceed with little or no intervention from the state, leading to large-scale inequities in the distribution of state material, landed resources and livestock (Behnke, 2003; Dudwick et al., 2005; Robinson et al., 2012). The maldistribution of former collective farm assets meant the appearance of a new minority group of large-scale livestock owners who had distinctive social and economic attributes initially noted in a two-year survey of sheep-owning households in the rangelands of south-central Kazakhstan (Kerven et al., 2004, 2006; Milner-Gulland et al., 2006). Successive government policies and laws allowed these large-scale livestock owners to register leasehold title over former state farm pasture land containing key resources such as water points, barns, hayland or winter houses in the seasonal grazing areas. They had bought or appropriated discarded heavy transport Soviet vehicles that allow them to support their animals and hired herders in remote grazing areas and to take animals to distant urban markets for better prices. As the national economy was bolstered after 2000 by oil and gas extraction, growing urban incomes increased demand for meat (Pomfret, 2009), which meant that raising livestock for a commercial market became even more attractive for those who could seize the opportunities (Kerven, 2003). Being able to profit from these markets led to further accumulation of livestock and capital investment into their livestock enterprises. They quickly developed a commercial rather than subsistence approach to livestock marketing, selling fattened male adult animals in urban markets at seasons when prices were highest (Kerven, 2003). Livestock wealth has tended to accrue largely to these owners, widening the disparity with flock and herd sizes of the majority of owners (Kerven et al., 2016a).

The large-scale owners typically have certain social characteristics in addition to having initially acquired the material assets needed for managing large flocks (Kerven et al., 2016a). They deploy extended kinship networks in both their village and cities to combine access to crucial resources of rural infrastructure (barns, houses, wells), arable or hay land, family labor for flock management and financial credit. The large-scale livestock owning farms are usually multi-generation patrilineal family units, consisting of a father and several older sons, or several brothers and male cousins working together. Similar patterns are recorded by McGuire (2013, p. 35), who remarks on the resemblance to pre-Soviet interdependencies between shepherding labor, livestock numbers and social differentiation: “Families have surmounted the challenges posed by a lack of sheep or a need for sheep husbandry by fashioning collectives that stitch together the land, labor, and flocks of multiple disparate households. Extended networks of kin band together to create flocks, and poor households ensure access to land–and perhaps their own future flocks–by trading labor for sustenance and a share of the flock's live offspring.”

The big sheep owners initially in the early 2000s often hired herders, who were indigent (homeless) non-ethnic citizens or impoverished people from neighboring Kyrgyzstan or Uzbekistan willing to work in remote locations for their keep only, in the early 2000s. But a decade later, as being a big livestock farmer became more lucrative, sons or brothers of the bigger flock owners were assigned to supervise the workers while the livestock owners–heads of their families–based themselves in comfortable village homes or even in provincial towns and cities. The owners make livestock management decisions as semi-absentees by visiting their flocks regularly to check up and bring supplies.

Shepherding remains a gendered task as in the recorded past, since men accompany the sheep and goats, on horseback if possible, throughout the grazing day due to predators (jackals and wolves). Horses, cattle, and camels can be left to graze unaccompanied nearby villages or camps, but must be led by men out and back from pastures. Women and older children may be responsible for putting livestock into barns, giving them fodder, and tending young animals, as well as milking cows and horses, and sometimes goats.

With regards to changes in gender roles in managing livestock, there is remarkably little ethnographic or quantitative material. Efficient management of private large flocks requires shepherding labor to undertake seasonal movements, and this requires feeding the shepherds. One recent analysis in southern Kazakhstan (McGuire, 2017) notes the social tension arising from “the necessity of women's domestic labor to the operation of a herding camp” creating new economic ties between households, through marriages intended to support shepherding (McGuire, 2017, p. 121).

The amalgamation of rising prices for meat, new sources of investment capital, new government policies after 2003 all “stimulated the revival of livestock farming” (Pomfret, 2009, p. 35), and encouraged private leasing of pastureland by bigger stock owners. There is a rising wealthy class of livestock producer—the new bailar. Their most significant difference with smaller livestock owners' method of production is their return of long-distance migrations to seasonal pastures (Kerven et al., 2006, 2016a,b). These men explicitly refer to the past, in planning their future.

The new big flock owners are not apologetic. They assert that they are either restoring an old order of control exercised by their ancestors, when they can claim descent from bailar, or to be embracing the new market economy which is encouraged by the national government. In contrast to the social position of bailar prior to the repression of the 1930s, the new livestock elite do not consider that they have any social, political or economic obligations toward the wider communities within which they reside. These new bailar are modern men who equate themselves to Australian or American ranchers. They seek imported high-yielding exotic breeds of livestock, market their animals very efficiently by fattening before selling and waiting to sell in seasons when prices are highest, invest in new technology and refer to their grazing outposts as “fazenda,” (ranch in Portuguese) learned from watching a popular TV soap opera about ranchers in Brazil (Kerven et al., 2016a). The new big livestock owners are, in effect, open-range ranchers.



PASSIVE AND ACTIVE IMPACTS OF GOVERNMENT PROGRAMMES

For nearly a decade after independence in 1991, the state paid little attention to the livestock sector on the rangelands, being preoccupied with profiting from development of the enormous reserves of oil and gas within these rangelands (Pomfret, 2009). The formal role of the new local and national government after independence in 1991 was limited to new pastureland tenure regulations (Robinson et al., 2012), much of which were misinterpreted or circumvented by livestock owners in practice (Behnke, 2003; Kerven et al., 2006). The livestock sector therefore evolved in an unregulated vacuum of central power and under the control of local privileged elites, survivors from the Soviet period in the chaotic early transition period.

In the last few years, the Kazakh government has issued laws and programmes that appear to support large-scale livestock owners and ignore the mass of small-scale owners (World Bank, 2019a; Robinson, 2020). A vast subsidy programme between 2017 and 2021, currently over 90 million USD, created subsidies for registered farmers but only the largest farmers who meet herd size and land area conditionalities received these subsidies. The subsidy funds were principally intended to promote intensification, through improved feeding, animal housing, using imported pedigree stock, and ranching-style management (Robinson, 2020). There are approximately 200,000 registered farms and a very small number of quasi-government livestock enterprises, mainly specialized breed farms (ibid.). In comparison, there are 1.6 million rural households, who collectively own nearly two thirds of the nation's livestock, but whom have not benefitted from the government subsidies. These small-scale household farmers have on average 2 cattle and 7 sheep or goats, while the mean for the 200,000 registered private farms is 11 cattle and 34 small stock (ibid.). The size of livestock holdings is highly stratified between and within these official categories of farms, as illustrated in Figures 5A,B, from two case studies carried out from 2011 to 2015 in the Moiynkum semi-arid region of south central Kazakhstan (see Kerven et al., 2016b; Robinson et al., 2017) and three wetter districts of Almaty Province in 2018 (Robinson, 2020). Nationally, the village households who comprise nearly 90% of all livestock owning units, have much smaller flocks and herds than the small group of private registered farmers and enterprises (Figures 6A,B).
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FIGURE 5. Current livestock distributions by households and registered private farms, from two case studies in southeastern Kazakhstan 2012 and 2018. (A) Households (unregistered). (B) Registered private farms. Sources: For Raiymbek case study, “Revitalizing animal husbandry in Central Asia: A five- country analysis, funded by the German Federal Ministry of Education and Research” (Robinson, 2020). For Moiynkum case study, data from “Mobility versus Exclusion: Limits to Ideal Free Distributions in Pastoralist Systems,” Leverhulme Trust to Imperial College London 2011–2014 (Kerven et al., 2016b; Robinson et al., 2017).
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FIGURE 6. National livestock ownership distribution 2017. (A) Registered private farms sheep/goats and cattle. Source: Kazakh National Statistical Agency 2018. (B) All livestock (sheep, goats, cattle, horses, and camels) by farm type 2017.


A recent World Bank (2018) review of Kazakhstan's agricultural programme recommends shifting subsidies to promote productivity, growth, and environmental sustainability, explicitly recognizing that extensive livestock management can be more environmentally sustainable than greater reliance on cultivated fodder crops and reduced natural grazing. New subsidy packages and messages are currently being planned by the World Bank together with the Kazakh government, in the Kazakhstan Sustainable Livestock Development Project, 2020–2024 (World Bank, 2019b). Apparently, the Kazakh government is shifting the focus of state support to small and medium farmers—but only cattle farmers–and away from the sole focus on large agri-enterprises. The new subsidy project is targeting medium farmers having 10–50 head of cattle, as well as large registered farmers and enterprises with up to several thousand head of cattle.

There are contradictory signals from the government and external agencies. On the one hand, generous subsidy and advisory packages are targeted at the larger herd and flock owners, who may already be practicing seasonal livestock mobility, while on the other hand, programmes are promoting intensification of livestock feeding by growing more feed crops. Although most of these government subsidies have promoted sedentary farming and intensification, funds targeted for water point and winter house rehabilitation (Robinson, 2020) also indicates a policy to promote distant pasture use. Nevertheless, at present the indications are that only those registered farmers with larger flocks or herds are entitled to benefit from these government promotions.

There is yet very little practical support to the preponderance of Kazakhstan's livestock owners, who individually own only a few animals and therefore cannot access distant pastures as their livestock holdings are too small.


Pastoral Scale and Livestock Mobility

Considering the past on the Kazakh rangelands gives us a window for speculating about some potential trends for the near future. Will pastoral mobility decline further; will more pastoralists return to mobile livestock management; what are the attractions and disincentives for these choices; and what could be the most effective forms of grazing land management for the environment and for human welfare?

The Kazakh government considers the mostly sedentary village-based livestock farmers to be economically unviable and their animals a threat to the grazing land around villages, which has become overgrazed since the end of the USSR (Ellis and Lee, 2003; Alimaev et al., 2008; Dara et al., 2020). The circum-village overgrazing is due to small-scale livestock owners being usually unable to seasonally migrate to distant pastures—either hundreds of km across the desert and steppe plains, or vertically up steep mountain tracks–due to the cost of transport, unavailability of labor, badly maintained roads, and bridges etc. (Kerven et al., 2004, 2006, 2008, 2016b; Hauck et al., 2016; Ferret, 2018; Robinson, 2020). Nevertheless, in better-favored locations nearer to cities with high demand for livestock products of meat and dairy, it has been economically viable for a minority of small-scale livestock owners to continue vertical transhumance from valleys and plains in winter to high summer mountain pastures in summer, using spring and autumn pastures in the foothills, with several hybrid forms of social organization (McGuire, 2013; Hauck et al., 2016; Ferret, 2018). Those small livestock owners who send their animals away to graze for the summer are likely to do so by grouping animals with those of larger livestock owners while wealthier families with more livestock hire their own private shepherds to tend their flock for the summer mountain period.

Although the majority of Kazakhstan's livestock are owned by small-scale farmers, they can only legally access 12% of pasture area, which is immediately around villages, compared to the minority of registered farms which have so far leased double this amount of pasture (Robinson, 2020). A further half of the nation's pastureland, much of which is theoretically available for lease, still remains under direct central state control. This state land can be used for grazing, either informally or with official permits. Nevertheless, this state pastureland is typically quite remote from settled villages, which reduces the chance for small-scale livestock owners to seasonally move their livestock for grazing away from the villages. Meanwhile, small-scale livestock owners are increasingly excluded from the more productive pastures which being more distant, also have lower grazing pressure and accessible ground water, and have already been privatized either de facto or de jure (Kerven et al., 2016a,b; Robinson et al., 2017). After decades of stasis, long distance migration and short distance transhumance are re-appearing, but only for the larger flocks. Larger herd owners in the post-Soviet era can take advantage of economies of scale by reducing their production costs per livestock head taken on long-distance migrations (Robinson and Milner-Gulland, 2003a; Kerven et al., 2004, 2006). At the same time, formerly mobile pastoralists have become mainly sedentarised, by being unable to afford seasonal movement and being effectively excluded from government subsidy and credit programmes or through family choices of alternative livelihoods (ibid.).



A Century of Change in Kazakhstan's Livestock Holdings

Figure 7A indicates that a century ago, Kazakh livestock-owning units had much higher mean numbers of livestock—nearly 4 times more sheep, twice as many cattle, 5 times more goats, 7 times more horses and 20 times more camels, compared to the mean of private farms and households owning livestock at the present. There are now nearly the same national number of sheep and cattle as recorded in 1913, but these are currently distributed between 1.9 million livestock-owning units compared to less than half a million a 100 years ago (Kazakh Academy of Sciences, 1980; Kazakhstan National Statistical Agency, 2018). The national proportions of sheep and cattle are remarkably similar in the past and present, as shown in Figure 7B –but there are now fewer horses and camels previously required for transport.
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FIGURE 7. A century of change in Kazakhstan's livestock holdings. (A) Changes in livestock holdings per farm in Kazakhstan. Total number of households in 1897/1913 was 582,587 (nearly all rural). In 2017 total private registered farms and households (excluding large commercial enterprises) was 1,832,248. (B) Changes in the species of livestock kept in Kazakhstan. Sources: (Kazakh Academy of Sciences, 1980; Kazakhstan National Statistical Agency, 2018).




Environmental Impacts of Livestock Management in the Post-soviet Period

There are undoubtedly environmental consequences of these recent recorded changes in land use and livestock management. If the rangelands of Kazakhstan are partly the product of livestock grazing over millennia, can effects be discerned of the most recent changes happening in the last decades? What changes can be anticipated in the near future?

Several kinds of environmental changes in the current and former grazed rangelands have been quite closely monitored since the collapse of state-managed livestock and crop farming in the early 1990s. Firstly, field analyses have been carried out on the several different types of vegetation successions occurring with the rapid and radical changes in land use since 1991. Land on large state farms which was cropped for many decades before the 1990s has been abandoned and is returning to rangeland. In another process, land that was formerly grazed for many decades is now only being lightly grazed or not at all. Secondly, there have been investigations of how land use changes have affected carbon sequestration in plants and soil, mainly due to abandonment of cropping in the former Virgin Lands region of northern Kazakhstan and some return of livestock grazing (Perez-Quezada et al., 2010; Kurganova et al., 2015; Schierhorn et al., 2019). Thirdly, there are studies on the biodiversity implications of the radically altered livestock grazing pressure patterns and crop cessation (Kamp et al., 2009, 2011, 2015, 2016). Together, these changes over the last three decades point to the substantial effects of different livestock grazing intensities on the ecology and sustainability of the Kazakh rangelands for the future.


Rangeland Vegetation Transformations

As rainfed cropping sharply declined with the absence of state support after the end of the USSR, by 2000 about 40% of arable land in Kazakhstan had been withdrawn from cropping over two decades (Kamp et al., 2011; Dara et al., 2020). Some 14.1 Mha of abandoned crop land remains uncultivated (Schierhorn et al., 2019). Over the same period, as has been discussed here, livestock numbers crashed, most of the remaining livestock could not be taken to remote pastures, and instead had to be grazed around villages (Behnke, 2003; Robinson and Milner-Gulland, 2003b; Robinson et al., 2016). This second process has led to a mosaic of heavily grazed and ungrazed or lightly grazed rangeland zones, with consequent ecological impacts.

One detailed study (Brinkert et al., 2016) examined the changes in vegetation diversity resulting from these combined processes of spontaneous succession of the abandoned crop land and the loss by the late 20th C of both domestic and wild ungulate grazers, the latter mainly Saiga tatarica antelope. The study compared plant succession and soil conditions in grazed and ungrazed abandoned crop fields and “near-natural” steppe, and found that grazing greatly hastened the return of these abandoned lands to steppe-type vegetation. The authors theorized that due to the effects of “pyric herbivory,” “The interaction between free roaming grazers and fire promotes a moving patch mosaic at the landscape scale that favors biodiversity and pasture quality in grasslands. When grazing ceases completely, one essential component of this old evolutionary disturbance pattern gets lost which might have far-reaching consequences for biodiversity and ecosystem processes” (op. cit. p. 2557–2558). Dara et al. (2019) demonstrated through remote sensing that the decrease in grazing pressure in northern Kazakhstan was associated with increased fire prevalence due to accumulation of dry vegetation, with attendant risks of reduced biodiversity. Brinkert et al. conclude quite firmly that “grazing is mandatory to fully restore the original near-natural steppe vegetation and the underlying processes of pyric herbivory” (op. cit. p. 2,544). Hence, we might reasonably assume that “near-natural pastures” are not pristine but instead are evidence that different degrees of biodiversity result from more or less grazing by large wild and domesticated herbivores over thousands of years. “Natural” is therefore difficult to pinpoint.



Larks and Lapwings in the Rangeland

Small bird species, some critically endangered on the IUCN Red List, as well as small mammals and insects, have been closely studied in the contemporary Kazakh rangelands; for example, the Black Lark Melanocorypha yeltoniensis (Lameris et al., 2016), White Lark Alauda leucoptera and the Sociable Lapwing Vanellus gregarius (Kamp et al., 2009, 2015). It transpires that the abundance and community composition of certain species varies depending on whether the sites are heavily-grazed, under-grazed, and in more or less proximity to human settlements (Kamp et al., 2015). The conclusion is that “Heterogeneity in grazing levels, including very heavy local grazing, seems to be crucial for species-rich steppe bird and mammal communities (Kamp et al., 2016, p. 2,530).



Carbon in the Rangelands

Studies from 10 years after the abandonment of state grain farms in the northern Kazakhstan steppe region (Perez-Quezada et al., 2010) found that carbon flux components of net ecosystem exchange were greatest in abandoned crop land, followed by “virgin land” which had not been used for crops (but probably would have been grazed by livestock at some point up to the early 20th C) and least for land sown with fodder crops, wheat or barley. Soil organic carbon was highest for the “virgin lands” and “decreased with greater degrees of cultivation” (ibid. p 91).

Grasslands store more carbon than arable soils because a greater part of the organic matter is physically and chemically stabilized (Soussana et al., 2010). Conversion of croplands back to grazing land results in carbon sequestration which may continue for many decades (McLauchlan et al., 2006). Schierhorn et al. (2019) find that since the end of the Soviet Union there was a large reduction in GHG emissions in the former USSR, including in Kazakhstan, much of which is due to carbon sequestration from abandonment of croplands and reduction of livestock. These soils still have carbon fixation potential because abandoned croplands hold less carbon than native grasslands (Causarano et al., 2011), which sequester additional carbon as vegetation succession proceeds (Perez-Quezada et al., 2010).

Ecologists, wildlife scientists and conservationists familiar with the effects of recent land use changes on the Kazakh rangelands have concluded that one of the main issues for the future is the current “undergrazing” of large areas, which affects how the ecosystem functions and increases fire risk. Restoring free-ranging livestock on the Kazakh steppes, coupled with management advice on ecologically sustainable stocking rates and the heterogeneity of grazing patterns, might result in conservation benefits (Kamp et al., 2016). This view is shared between widely disparate disciplines, in for example, the conclusion reached from archaeological research in Kazakhstan, that “As modern ecologists focus on the restoration or rewilding of grasslands through the re-introduction of wild species to increase biodiversity, a secondary discussion should focus on how animal husbandry might also contribute to grassland ecology” (Ventresca Miller et al., 2020b, p. 11).





DISCUSSION AND CONCLUSIONS

When considering the human impact on rangelands, a key question is what do we mean by “natural” ? (Miehe et al., 2014, p. 190). The rangelands of Kazakhstan have been partly shaped by pastoralists' livestock, in addition to being molded by forces of past climate change, wildlife, erosion and deposition, amongst other forces. Therefore, at what point in the past do we demarcate these landscapes as “natural” in the sense of pristine and unchanged by people? A growing body of interdisciplinary literature—combining archaeology with natural and social sciences—refers to these human-environment interactions as “the pastoral niche construction” (Lezama-Núñez et al., 2018) and “ecosystem engineering” (Ventresca Miller et al., 2020b). What does this mean for the future of livestock management and the environment on the rangelands?

The influence of pastoral nomadism on the formation and dynamics of rangeland environments in Eurasia is comparable to that of the East African savannahs as far back as 4,000 years ago (Marshall et al., 2018). Similarly, pastoralism has shaped the high grass plateaus of Asia over millennia (Miehe et al., 2014), and in historic times the pampas of South America (Modernel et al., 2015) and grasslands of Europe (Benthien et al., 2018). To consider the present and near-future impacts of livestock on rangelands, we need to adjust the length of our focus to a long time scale into the pre-historic past—to take “the longue durée” (Braudel and Wallerstein, 2009).

Large-scale livestock movement in the Eurasian climate and environment has only been possible with large flock/herd sizes. This scale of collectively-managed animals has been made possible through three “modes of production”—kinship-based, state, and capitalist. Humans have shaped the landscape and ecology of what has, latterly, been defined as a natural environment. The history of the Kazakh pastures reveals how in order to preserve the natural, we have to create the social conditions for collectively managed mobile livestock. These conditions are currently imperiled by administrative and economic constraints facing small-scale rural households.

Kinship-based nomadic pastoralism up until the beginning of the 20th century underpinned the mobile exploitation of pastures that were seasonally, annually, and geographically variable across an enormous territory that required military vigilance. In the Tsarist period, use of the extensive scale of heterogenous and wide-open spaces required a social scale larger than that of an individual family, for sharing herding labor requirements and defense against incursions. Consolidation of Tsarist and then Soviet authority over the territory then obviated indigenous political groups' need for defense from other groups. Following a devastating hiatus in the late 1920s and in the 1930s, the national and supranational state (USSR) then assumed administrative, technical, and financial responsibility for re-engineering long-distance seasonal livestock mobility. In these state livestock farms, specialist livestock management activities were assigned to a professionally-trained and centrally managed labor force supported by external capital and scientific research. The demise of central state obligations in the early 1990s initially left individual rural households bereft of necessary resources to resume seasonal livestock mobility. But rising national wealth, new laws and individual initiative has meant that a small proportion of livestock owners are again following some of the old nomadic trails, albeit with mobile telecommunications, hired herders and SUVs, bolstered by public and private financial investment from urban sources Figure 8.
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FIGURE 8. (A) New ground water pump and livestock drinking troughs installed by owner with several thousand head of livestock, Moiynkum region, south central Kazakhstan, 2014. Photo: Carol Kerven. (B) Soviet era shepherds' wagon and motorbike, with new 4X4 truck belonging to large-scale “fazenda” Kazakh rancher in Moiynkum region, south central Kazakhstan, 2015. Photo: Carol Kerven.


In the contemporary period, narratives, and cultural symbols e.g., yurts, are used to reify Kazakhs' ethnic identity in a “cult of mobile pastoralism as national folk culture” (McGuire, 2013), appropriated by popular media, and proffered by some politicians and scholars as a unifying nationalistic theme (Schatz, 2004). However, in current times, “Should a sheepherder abandon the steppe for the city, they would likely find themselves treated not as a cultural hero but as an impoverished and disregarded laborer” (McGuire, 2013, p. 26).

The 21st century brings new opportunities but also challenges for Kazakh rangeland management. At present, only a small minority of livestock owners can and do undertake long-distance seasonal migrations with their private livestock, for reasons outlined in this paper. We have argued here that maintenance of flock and herd mobility requires a level of labor inputs and capital goods, operating within structured social-economic and political institutions. The Soviet collective farm experiment demonstrated that new technology and capital infrastructure could substitute considerably for labor inputs. The picture at present is that individual wealthier livestock owners are replicating this pattern, through investment of private capital increasingly assisted by state and international capital. The impediment to increasing livestock mobility nationally is that the majority of livestock owners have herds and flocks that are too small to justify their individual investment in the technology (mainly heavy transport and developing water points) necessary for longer-distance livestock mobility (see Figure 7A). Many smaller livestock owners must continue to graze and fodder their livestock mostly around settlements, with severe environmental impacts.

Increasing the proportion of livestock feed supplied by farmed fodder in relation to grazing on pastures—has been a driving force since the 19th C under the Russian administration, followed under the Soviet state farms which invested capital into forming industrialized nomadism, highly subsidized by central USSR funding from Moscow, and now again with state subsidies targeted to the bigger livestock owners. In each instance, the aim was to stabilize productivity by introducing new sources of feed, while continuing to benefit from lower-cost feed by grazing the rangeland environment. The temptation to intensify is strong—to supress variability and raise livestock output–but eventually there are social and environmental impacts, as reviewed here.

A fine-grained longitudinal analysis (1985–2017) over a large rangeland and farming region of northwestern Kazakhstan showed that “Recent increases in livestock numbers did not translate into major increases in grazed area, suggesting that the intensification of livestock systems, with feedlot-based livestock fed by crops, is playing an increasing role” (Dara et al., 2020, p. 11). Financial inducements—e.g., subsidies for growing feed crops—may shift larger producers' livestock management decisions, by tilting the balance of costs and returns away from mobile seasonal grazing. As an alternative, Kamp et al. (2015) recommend that instead of converting (or re-converting) pastureland to fodder crops, currently unused pastures might be accessed by livestock in the optimal seasons, which would allow “more transient grazing patterns (thereby creating a mosaic of different grazing intensities)” (ibid. p. 1,584).

Given that Kazakhstan still contains a large share of the world's remaining “near-natural” temperate grassland (Kamp et al., 2016), how the Kazakh steppes, adjacent deserts and mountains are managed has global implications for plant and animal biodiversity, carbon stocks, and at a national level for the well-being of Kazakhstan's people and the economy.

The question remains as to whether it will be possible for the majority of livestock owners in Kazakhstan, who also own most of the livestock, to regain the system of mobile livestock management which their ancestors practiced. Only a few are able to do this now. It seems that capitalism can only achieve the necessary scale of herding congruent with the environmental scale by concentrating resources on individuals and corporate groups. But this creates further inequality between herders based on their wealth status, and leads ultimately to environmental degradation, as those individual livestock keepers left behind are condemned to over-exploiting the narrower base of rangeland resources still at their disposal.
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FOOTNOTES

1BCE is Before Common (or Christian) Era, formerly termed BC.

2Literally “5 fingers” referring to the national celebratory meat dish of Kazakhs and Central Asians, traditionally eaten by hand using 5 fingers.



REFERENCES

 Aldashev, G., and Guirkinger, C. (2017). Colonization and changing social structure: evidence from Kazakhstan. J. Dev. Econ. 127, 413–430. doi: 10.1016/j.jdeveco.2016.12.005

 Alimaev, I., Kerven, C., Torekhanov, A., Behnke, R., Smailov, V. K., Yurchenko, V., et al. (2008). “The impact of livestock grazing on soils and vegetation around settlements in Southeast Kazakhstan,” in The Socio-Economic Causes and Consequences of Desertification in Central Asia, ed R. Behnke (Dordrecht: Springer).

 Alimaev, I. I., and Behnke, R. H. Jr. (2008). “Ideology, land tenure and livestock mobility in Kazakhstan,” in Fragmentation in Semi-Arid and Arid Landscapes, eds K. Galvin, R. Reid, R. H. Behnke, and T. N. Hobbs (Dordrecht: Springer), 151–178.

 Allworth, E. (1989). Central Asia: 120 Years of Russian Rule. Durham, NC: Duke University Press.

 Asanov, K., Alimaev, I. I., and Smailov, K. S. (1992). Effect of grazing on soil and plant covers in North Kazakhstan. Problems Desert Dev. 2, 7–13.

 Asanov, K. A., and Alimaev, I. I. (1990). New forms of organization and management of arid pastures of Kazakhstan. Problems Desert Dev. 5, 37–42.

 Asanov, K. A., Shakh, B. P., Alimaev, I. I., and Pryanishnikov, N. (2003). “English textbook of pasture farming in Kazakhstan (with fundamental ecology),” in JIRCAS international Agriculture Series, JIRCAS Working Report No. 33 (Alma-Ata: Hylym).

 Babaev, A., and Kharin, N. (1991). Combating Desertification Strategy in the USSR. (Combating desertification). Paris: Ministere de l'Agriculture: Revue Forestiere Francaise.

 Babaev, A., and Orlovsky, N. (1985). “Natural conditions of deserts in the USSR,” in Improvement of Desert Ranges in Soviet Central Asia, ed N. Nechaeva (Chur: Harwood Academic).

 Babaeva, T. A. (1999). “The mapping of desertification processes,” in Desert Problems and Desertification in Central Asia. ed A. G. Babaev (Berlin: Springer).

 Behnke, R. H. (2003). “Reconfiguring property rights and land use in pastoral Kazakstan,” in From State Farm to Private Flock: The Prospects for Pastoralism in Kazakstan and Turkmenistan, ed C. Kerven (London: RoutledgeCurzon), 87–119.

 Benthien, O., Braun, M., Riemann, J. C., and Stolter, C. (2018). Long-term effect of sheep and goat grazing on plant diversity in a semi-natural dry grassland habitat. Heliyon 4:e00556. doi: 10.1016/j.heliyon.2018.e00556

 Borgerhoff Mulder, M., Fazzio, I., Irons, W., McElreath, R. L., Bowles, S., Bell, A., et al. (2010). Pastoralism and wealth inequality: revisiting an old question. Curr. Anthropol. 51, 35–48. doi: 10.1086/648561

 Bradburd, D. (1980). Never give a shepherd an even break: class and labor among the Komachi. Am. Ethnol. 7, 603–620. doi: 10.1525/ae.1980.7.4.02a00010

 Braudel, F., and Wallerstein, I. (2009). History and the social sciences: the longue durée. Review. 32, 171–203. Available online at: www.jstor.org/stable/40647704(accessed March 17, 2020).

 Brinkert, A., Hölzel, N., Sidorova, T. V., and Kamp, J. (2016). Spontaneous steppe restoration on abandoned cropland in Kazakhstan: grazing affects successional pathways. Biodivers. Conserv. 25, 2543–2561. doi: 10.1007/s10531-015-1020-7

 Brooke, J. L., and Misa, H. (2020). “Earth, water, air, and fire: toward an ecological history of premodern inner Eurasia,” in Oxford Research Encyclopedia of Asian History. Oxford University Press. Available online at: https://oxfordre.com/asianhistory/view/10.1093/acrefore/9780190277727.001.0001/acrefore-9780190277727-e-285 (accessed March 25, 2020).

 Causarano, H. J., Doraiswamy, P. C., Muratova, N., Pachikin, K., McCarty, G. W., Akhmedov, B., et al. (2011). Improved modeling of soil organic carbon in a semiarid region of Central East Kazakhstan using EPIC. Agron. Sustain. Dev. 31, 275–286. doi: 10.1051/agro/2010028

 Channon, J., and Channon, S. (1990). The Livestock Sector in the Republics iof Soviet Central Asia and Kazakhstan; A Bibliographic Review of Works in Russian From 1917 to the Present Day. Brighton: Institute of Development Studies, University of Sussex.

 Collins, K. (2006). Clan Politics and Regime Transition in Central Asia. Cambridge: Cambridge University Press.

 Conquest, R. (1986). The Harvest of Sorrow: Soviet Collectivisation and the Terror-Famine. New York, NY: Oxford University Press.

 Dara, A., Baumann, M., Freitag, M., Hölzel, N., Hostert, P., Kamp, J., et al. (2019). Post-soviet land-use change affected fire regimes on the Eurasian steppes. Ecosystems 23, 943–956. doi: 10.1007/s10021-019-00447-w

 Dara, A., Baumann, M., Freitag, M., Hölzel, N., Hostert, P., Kamp, J., et al. (2020). Annual Landsat time series reveal post-soviet changes in grazing pressure. Remote Sens. Environ. 239:111667. doi: 10.1016/j.rse.2020.111667

 Davies, R. W., and Wheatcroft, S. (2004). The Years of Hunger. Basingstoke: Palgrave MacMillan.

 Dudwick, N., Fock, K., and Sedik, D. (2005). A Stocktaking of Land Reform and Farm Restructuring in Bulgaria, Moldova, Azerbaijan and Kazakhstan. Environmentally and Socially Sustainable Development in Europe and Central Asia Region. Rome: FAO.

 Dzhanpeisov, R., Alimaev, A. K., Minyat, V. E., and Smagulov, T. A. (1990). Degradation of soils of mountain and desert pastures in Kazakhstan. Problems Desert Dev. 4, 19–26.

 Ellis, J., and Lee, R. Y. (2003). “Collapse of the Kazakstan livestock sector: a catastrophic convergence of ecological degradation, economic transition and climatic change,” in Prospects for Pastoralism in Kazakstan and Turkmenistan, ed C. Kerven (London: RoutledgeCurzon), 64–86.

 Ellman, M. (1988). Soviet agricultural policy. Econ. Polit. Weekly 23, 1208–1210.

 FAOSTAT, (2020). Kazakhstan Land Use: Land Under Permanent Meadows and Pastures 2017. Rome: Food and Agriculture Organisation of the United Nations. Available online at: http://www.fao.org/faostat/en/#data/RL

 Federovich, B. A. (1973). “Natural conditions of arid zones of USSR and the ways in which livestock husbandry has developed in them,” in Institute of Ethnography History of the economy of the peoples of Central Asia and Kazakhstan (TIE vol. XCVIII) (Leningrad: Nauka), 207–222.

 Ferret, C. (2014). Discontinuités spatiales et pastoralisme nomade en Asie intérieure au tournant des XIXe et XXe siècles. Annal. Histoire Sci. Soc. 69, 957–996. doi: 10.1353/ahs.2014.0174

 Ferret, C. (2018). Mobile pastoralism a century apart: continuity and change in south-eastern Kazakhstan, 1910 and 2012. Central Asian Surv. 37, 503–525. doi: 10.1080/02634937.2018.1484698

 Frachetti, M. D. (2015). “Nomadic mobility, migration, and environmental pressure in Eurasian prehistory,” in Mobility and Ancient Society in Asia and the Americas, eds M. Frachetti, R. Spengler (Cham: Springer), 7–15.

 Frachetti, M. D., Anthony, D. W., Epimakhov, A. V., Hanks, B. K., Doonan, R. C. P., Kradin, N. N., et al. (2012). Multiregional emergence of mobile pastoralism and nonuniform institutional complexity across Eurasia. Curr. Anthropol. 53, 2–38. doi: 10.1086/663692

 Frachetti, M. D., Smith, C. E., Traub, C. M., and Williams, T. (2017). Nomadic ecology shaped the highland geography of Asia's silk roads. Nature 543, 193–198. doi: 10.1038/nature21696

 Gilmanov, T. (1996). “Ecology of rangelands of Central Asia and modelling their primary productivity,” in Central Asia Livestock Regional Assessment Workshop. Small Ruminant Collaborative Support Program and Rangelands and Livestock in Northern AsiaInternational Center for Agriculture Research in Dry Areas (Davis, CA: University of California).

 Guirkinger, C., and Aldashev, G. (2016). Clans and ploughs: traditional institutions and production decisions of Kazakhs under Russian colonial settlement. J. Econ. Hist. 76, 76–108. doi: 10.1017/S0022050716000462

 Hauck, M., Artykbaeva, G. T., Zozulya, T. N., and Dulamsuren, C. (2016). Pastoral livestock husbandry and rural livelihoods in the forest-steppe of east Kazakhstan. J. Arid Environ. 133, 102–111. doi: 10.1016/j.jaridenv.2016.05.009

 Hudson, A. E. (1938). Kazak Social Structure. New Haven, CT: Yale University Press. Reprinted 1964. New Haven, CA: HRAF Press.

 Kamp, J., Koshkin, M. A., Bragina, T. M., Katzner, T. E., Milner-Gulland, E. J., Schreiber, D., et al. (2016). Persistent and novel threats to the biodiversity of Kazakhstan's steppes and semi-deserts. Biodivers. Conserv. 25, 2521–2541. doi: 10.1007/s10531-016-1083-0

 Kamp, J., Sheldon, R. D., Koshkin, M. A., Donald, P. F., and Biedermann, R. (2009). Post-Soviet steppe management causes pronounced synanthropy in the globally threatened sociable lapwing Vanellus gregarius. Ibis 151, 452–463. doi: 10.1111/j.1474-919X.2009.00938.x

 Kamp, J., Urazaliev, R., Balmford, A., Donald, P. F., Green, R. E., Lamb, A. J., et al. (2015). Agricultural development and the conservation of avian biodiversity on the eurasian steppes: a comparison of land-sparing and land-sharing approaches. J. Appl. Ecol. 52, 1578–1587. doi: 10.1111/1365-2664.12527

 Kamp, J., Urazaliev, R., Donald, P. F., and Hoelzel, N. (2011). Post-soviet agricultural change predicts future declines after recent recovery in eurasian steppe bird populations. Biol. Conserv. 144, 2607–2614. doi: 10.1016/j.biocon.2011.07.010

 Kappeler, A. (2001). The Russian Empire: A Multiethnic History. Harlow: Routledge.

 Kazakh Academy of Sciences (1980). “The Kazakh Economy at the Turn of the 19th-20th Centuries,” in Material for a Historical-Ethnological Atlas. [Khozaistvo Kazakhov na rubezhe XIX-XX vekov. Materialy k istoriko-etnograficheskomu atlasu] (Alma-Ata: Nauka).

 Kazakhstan National Statistical Agency (2018). Agriculture, Forests and Fishing in the Republic of Kazakhstan 2013–2017 [Sel'skoe, Lesnoe i Rybnoe Khozyaistvo v Respubliki Kazakhstan]. Astana: Kazakhstan Statistical Agency.

 Kerven, C., (ed.). (2003). “Privatisation of livestock marketing and emerging socio-economic differentiation,” in Prospects for Pastoralism in Kazakstan and Turkmenistan: From State Farms to Private Flocks, (London: RoutledgeCurzon), 146–165.


 Kerven, C., Alimaev, I., Behnke, R., Davidson, G., Smailov, A., Temirbekov, S., et al. (2006). “Fragmenting pastoral mobility: changing grazing patterns in post-Soviet Kazakstan,” in Rangelands of Central Asia: Transformations, Issues and Future Challenges Rocky Mountain Research Station Serial, RMRS-P-39 2006, eds D. Bedunah, E. McArthur, and M. Fernandez-Gimenez (Fort Collins, CO: US Dept of Agriculture).

 Kerven, C., Alimaev, I. I., Behnke, R., Davidson, G., Franchois, L., Malmakov, N., et al. (2004). Retraction and expansion of flock mobility in Central Asia: costs and consequences. Afr. J. Range For. Sci. 21, 91–102. doi: 10.2989/10220110409485848

 Kerven, C., Channon, J., and Behnke, R. (1996). Planning and Policies on Extensive Livestock Development in Central Asia. Working Paper 91. London: Overseas Development Institute.

 Kerven, C., Robinson, S., Behnke, R., Kushenov, K., and Milner-Gulland, E. J. (2016a). A pastoral frontier: from chaos to capitalism and the re-colonisation of the Kazakh rangelands. J. Arid Environ. 12, 106–119. doi: 10.1016/j.jaridenv.2015.11.003

 Kerven, C., Robinson, S., Behnke, R., Kushenov, K., and Milner-Gulland, E. J. (2016b). Horseflies, wolves and wells: biophysical and socio-economic factors influencing livestock distribution in Kazakhstan's rangelands. Land Use Policy 16, 392–409. doi: 10.1016/j.landusepol.2015.12.030

 Kerven, C., Shanbaev, K., Alimaev, I. I., Smailov, I. I., and Smailov, K. (2008). “Livestock Mobility and Degradation in Kazakhstan's Semi-Arid Rangelands,” in The Socio-Economic Causes and Consequences of Desertification in Central Asia, ed R. Behnke (Dordrecht: Springer).

 Kerven, C. (2004). “The influence of cold temperatures and snowstorms on rangelands and livestock in northern Asia,” in Rangelands at Equilibrium and Non-equilibrium' 41-55, VII International Rangelands Congress, ed S. Vetter (Cape Town: University of Western Cape).

 Kharin, N. G., and Kiril'tseva, A. A. (1988). New data on areas of desertified lands in the arid zone of the USSR. Problems Desert Dev. 4, 3–8.

 Kharin, N. G., Orlovskii, N. S., Kogai, N. A., and Makulbekova, G. B. (1986). Contemporary status of and prognosis for desertification in the USSR arid zone. Prob. Desert Dev. 5, 58–68.

 Khazanov, A. M. (1984). Nomads and the Outside World. Cambridge: Cambridge University Press.

 Khodarkovsky, M. (2002). Russia's Steppe Frontier: The Making of a Colonial Empire, 1500-1800. Bloomington: Indiana University Press.

 Kindler, R. (2018). Stalin's Nomads: Power and Famine in Kazakhstan. Pittsburgh: University of Pittsburgh Press. doi: 10.2307/j.ctv3znxgm

 Kurganova, I., de Gerenyu, V. L., and Kuzyakov, Y. (2015). Large-scale carbon sequestration in post-agrogenic ecosystems in Russia and Kazakhstan. Catena 133, 461–466. doi: 10.1016/j.catena.2015.06.002

 Lameris, T. K., Fijen, T. P., Urazaliev, R., Pulikova, G., Donald, P. F., and Kamp, J. (2016). Breeding ecology of the endemic black lark Melanocorypha yeltoniensis on natural steppe and abandoned croplands in post-soviet Kazakhstan. Biodivers. Conserv. 25, 2381–2400. doi: 10.1007/s10531-015-1041-2

 Larson, G., and Fuller, D. Q. (2014). The evolution of animal domestication. Annu. Rev. Ecol. Evol. Syst. 45, 115–136. doi: 10.1146/annurev-ecolsys-110512-135813

 Lerman, Z., Csaki, C., and Feder, G. (2002). Land Policies and Evolving farm Structures in Transition Countries. Washington, DC: The World Bank.


 Levshin, A. I. (1832). Opisanie Kirgiz-Kajsakskih Ili Kirgiz-Kazach'ih Ord i Stepei. St. Petersburg: V tip Karla Krail. [Description of the Kirghiz-Kazak, or Kirghiz-Kaissak, hordes and steppes]. Later published in French, 1840.

 Lezama-Núñez, P. R., Santos-Fita, D., and Vallejo, J. R. (2018). Herding ecologies and ongoing plant domestication processes in the Americas. Front. Plant Sci. 9:649. doi: 10.3389/fpls.2018.00649

 Lorimer, F. (1946). The Population of the Soviet Union: History and Prospects, Vol. 61. Geneva: League of Nations.

 Marshall, F., Reid, R. E. B., Goldstein, S., et al. (2018). Ancient herders enriched and restructured African grasslands. Nature 561, 387–390. doi: 10.1038/s41586-018-0456-9

 Martin, V. (2001). Law and Custom in the Steppe: the Kazakhs of the Middle Horde and Russian Colonialism in the Nineteenth Century. Richmond: Curzon Press.

 Masanov, N. E. (1990). “La dispersion comme Loi generale de l'activite de la societe nomade,” in Nomades et sédentaires en Asie centrale (Apports de L'archéologie et de L'ethnologie), ed H. P. Francfort (Paris: Editions du CNRS), 193–203.

 Masanov, N. E., Abylkhozhin, Z. B., Erofeeva, I. V., Alekseenko, A. N., and Baratova, G. S. (2001). The History of Kazakhstan: People and Culture [Istoria Kazakhstana: Narody I Kultury], Almaty: Daik-Press.

 Matley, I. M. (1994a). “The Population and the pand,” in Central Asia: 120 Years of Russian Rule, ed E. Allworth (Durham: Duke University Press), 92–130.

 Matley, I. M. (1994b). “Agricultural development,” in Central Asia:120 Years of Russian Rule. Durham, ed E. Allworth (Durham: Duke University Press), 266–308. doi: 10.1215/9780822396246-011

 McGuire, G. (2013). The Revival of Mobile Pastoralism in Kazakhstan. (PhD. dissertation), Indiana University, Department of Folklore and Ethnomusicology, Bloomington, IN.

 McGuire, G. (2017). Informal vows: marriage, domestic labour and pastoral production in Kazakhstan. Inner Asia 19,110–132. doi: 10.1163/22105018-12340081

 McLauchlan, K. K., Hobbie, S. E., and Post, W. M. (2006). Conversion from agriculture to grassland builds soil organic matter on decadal timescales. Ecol. Appl. 16, 143–153. doi: 10.1890/04-1650

 Miehe, G., Miehe, S., Böhner, J., Kaiser, K., Hensen, I., Madsen, D., et al. (2014). How old is the human footprint in the world's largest alpine ecosystem? a review of multiproxy records from the Tibetan Plateau from the ecologists' viewpoint. Quat. Sci. Rev. 86, 190–209. doi: 10.1016/j.quascirev.2013.12.004

 Milner-Gulland, E. J., Kerven, C., Behnke, R., Wright, I. A., and Smailov, A. (2006). A multi-agent system model of pastoralist behaviour in Kazakhstan. Ecol. Complexity 3, 23–36. doi: 10.1016/j.ecocom.2005.05.004

 Mirzabaev, A., Ahmed, M., Werner, J., Pender, J., and Louhaichi, M. (2016). Rangelands of central Asia: challenges and opportunities. J. Arid Land. 8, 93–108. doi: 10.1007/s40333-015-0057-5

 Modernel, P., Rossing, W. A., Dogliotti, S., Corbeels, M., Picasso, V., and Tittonell, P. (2015). “Ecological intensification in Río de la Plata grasslands,” in Proceedings Multi-Functional Farming Systems in a Changing World, Montpellier 5th International Symposium for Farming Systems Design, ed E. S. Gritti (Montpellier: European Society of Agronomy).

 Murphy, D. J. (2015). From kin to contract: labor, work and the production of authority in rural Mongolia. J. Peasant Stud. 42, 397–424. doi: 10.1080/03066150.2014.974569


 Ohayon, I. (2005). La sédentarisation des Kazakhs dans l'URSS de Staline. Paris: Maisonneuve et Larose.

 Ohayon, I. (2004). Du campement au village: sédentarisation et transformations de l'aoul kazakh à la période soviétique. Cahiers d'Asie Centrale 13–14, 77–198. Available online at: http://journals.openedition.org/asiecentrale/340

 Olcott, M. B. (1981). The collectivization drive in Kazakhstan. Russian Rev. 40, 122–142. doi: 10.2307/129204

 Olcott, M. B. (1995). The Kazakhs, 2nd Edn. Stanford: Hoover Institution Press

 Perez-Quezada, J. F., Saliendra, N. Z., Akshalov, K., Johnson, D. A., and Laca, E. A. (2010). Land use influences carbon fluxes in northern Kazakhstan. Rangeland Ecol. Manage. 63, 82–93. doi: 10.2111/08-106.1

 Pomfret, R. (2003). Central Asia Since 1991: The Experience of the New Independent States. Working Paper 212, Paris: OECD Development Centre.

 Pomfret, R. (2009). Using energy resources to diversify the economy: agricultural price distortions in Kazakhstan. Comp. Econ. Stud. 51, 181–212. doi: 10.1057/ces.2008.48

 Robinson, S. (2020). Livestock in Central Asia: from Rural Subsistence to Engine of Growth? IAMO Discussion Paper 193. Halle: Leibniz Institute of Agricultural Development in Transition Economies (IAMO).

 Robinson, S., Kerven, C., Behnke, R., Kushenov, K., and Milner-Gulland, E. J. (2016). The changing role of bio-physical and socio-economic drivers in determining livestock distributions: a historical perspective from Kazakhstan. Agric. Syst. 143, 169–182. doi: 10.1016/j.agsy.2015.12.018

 Robinson, S., Kerven, C., Behnke, R., Kushenov, K., and Milner-Gulland, E. J. (2017). Pastoralists as optimal foragers? reoccupation and site selection in the deserts of post-Soviet Kazakhstan. Hum. Ecol. 45, 5–21. doi: 10.1007/s10745-016-9870-5

 Robinson, S., and Milner-Gulland, E. J. (2003a). “Contraction in livestock mobility resulting from state farm re-organisation,” in From State Farms to Private Flocks: Prospects for Pastoralism in Kazakstan and Turkmenistan, ed C. Kerven (London: RoutledgeCurzon), 128–145.

 Robinson, S., and Milner-Gulland, E. J. (2003b). Political change and factors limiting numbers of wild and domestic ungulates in Kazakhstan. Hum. Ecol. 31, 87–110. doi: 10.1023/A:1022834224257

 Robinson, S., Milner-Gulland, E. J., and Alimaev, I. (2003). Rangeland degradation in Kazakhstan during the soviet era: re-examining the evidence. J. Arid Environ. 53, 419–439. doi: 10.1006/jare.2002.1047

 Robinson, S., Wiedemann, C., Michel, S., Zhumabayev, Y., and Singh, S. (2012). “Pastoral tenure in Central Asia: theme and variation in the five former Soviet republics,” in Rangeland stewardship in Central Asia. ed V. Squires (Dordrecht: Springer), 239–274. doi: 10.1007/978-94-007-5367-9_11

 Schatz, E. (2004). Modern Clan Politics: The Power of “Blood” in Kazakhstan and Beyond. Seattle; London: University of Washington Press.

 Schierhorn, F., Kastner, T., Kuemmerle, T., Meyfroidt, P., Kurganova, I., Prishchepov, A. V., et al. (2019). Large greenhouse gas savings due to changes in the post-Soviet food systems. Environ. Res. Lett. 14:065009. doi: 10.1088/1748-9326/ab1cf1

 Sikana, P. M., and Kerven, C. (1991). The Impact of Commercialisation on the Role of Labour in African Pastoral Societies. Pastoral Development Network, Vol. 31. London: Overseas Development Institute.

 Sludskii, A. A. (1963). Dzhut in Eurasian steppes and deserts. Trudii Instituta Zoologii AN KazSSR. Proc. Zool. Inst. Kazakstan Acad. Sci. 20, 5–88.

 Sneath, D. (2007). The Headless State: Aristocratic Orders, Kinship Society, and Misrepresentations of Nomadic Inner Asia. New York, NY: Columbia University Press.

 Soussana, J. F., Tallec, T., and Blanfort, V. (2010). “Mitigation of the greenhouse gas balance of ruminant production systems through carbon sequestration in grasslands,” in Grassland Carbon Sequestration: Management, Policy and Economics. Proceedings of Workshop on the Role of Grassland Carbon Sequestration in the Mitigation of Climate Change, eds M. Abberton, R. Conant, and C. Batello (Rome: FAO).

 Spengler, R. N. (2014). Niche dwelling vs. niche construction: landscape modification in the bronze and iron ages of central Asia. Hum. Ecol. 42, 813–821. doi: 10.1007/s10745-014-9697-x

 Spoor, M. (2007). Ten Propositions on Rural Poverty and Agrarian Transition in Central Eurasia Report. Institut Barcelona D'Estudis Internacionals (IBEI). Available online at: http://www.jstor.org/stable/resrep14194 (accessed October 14, 2020).

 Spoor, M., and Visser, O. (2001). The state of agrarian reform in the former Soviet Union. Eur. Asia Stud. 53, 885–901. doi: 10.1080/09668130120078540

 Taylor, W. T. T., Clark, J., Bayarsaikhan, J., Tuvshinjargal, T., Jobe, J. T., Fitzhugh, W., et al. (2020). Early pastoral economies and herding transitions in eastern Eurasia. Sci. Rep. 10:1001. doi: 10.1038/s41598-020-57735-y

 Thomas, A. (2018). Nomads and Soviet Rule: Central Asia under Lenin and Stalin. London: I. B. Taurus.

 UNICEF, (2006). Innocenti Social Monitor 2006: Understanding Child Poverty in South-Eastern Europe and the Commonwealth of Independent States. Firenze: Innocenti Social Monitor.

 Van Veen, S. T. W., Alimaev, I., and Utkelov, B. (2003). Kazakhstan: Rangelands in Transition: The Resource, the Users and Sustainable Use. Astana: World Bank.

 Ventresca Miller, A. R., Haruda, A., Varfolomeev, V., Goryachev, A., and Makarewicz, C. A. (2020a). Close management of sheep in ancient Central Asia: evidence for foddering, transhumance, and extended lambing seasons during the bronze and iron ages. STAR 6, 41–60. doi: 10.1080/20548923.2020.1759316

 Ventresca Miller, A. R., Spengler, R., Haruda, A., Miller, B., Wilkin, S., Robinson, S., et al. (2020b). Ecosystem engineering among ancient pastoralists in northern Central Asia. Front. Earth Sci. 8:168. doi: 10.3389/feart.2020.00168

 Wendelken, R. (2000). “Russian immigration and its effect on the Kazak steppes, 1552-1965,” in The Role of Migration in the History of the Eurasian Steppe, ed A. Bell-Fialkoff (London: Macmillan), 71–98.

 Werner, C. (1997). Household Networks, Ritual Exchange and Economic Change in Rural Kazakstan. (PhD. Dissertation), Indiana University, Department of Anthropology, Bloomington, IN.

 World Bank (1993). Kazakhstan: The Transition to a Market Economy. Washington, DC: The World Bank. Available online at: http://documents.worldbank.org/curated/en/756311468773425630/Kazakstan-The-transition-to-a-market-economy

 World Bank (2018). Public Programs and the Agricultural Sector in Kazakhstan. Joint Economic Research Program. Available online at: https://www.worldbank.org/en/country/kazakhstan/brief/joint-economic-research-program

 World Bank (2019a). Kazakhstan Farmers to Become Key Players in Regional Meat Exports. World Bank. Available online at: https://www.worldbank.org/en/news/press-release/2019/11/14/kazakhstan-farmers-to-become-key-players-in-regional-meat-exports

 World Bank (2019b). ProgramInformation Document. World Bank. Available online at: http://documents.worldbank.org/curated/en/474881562667495923/pdf/Concept-Stage-Program-Information-Document-PID-Sustainable-Livestock-Development-Project-P170365.pdf

 Zalsman, L. M. (1948). “Next tasks of distant pasture livestock breeding,” in The Experience of Distant Pasture Management in Kolkhozes, eds L. M. Zalsman, and B. L. Blomkvest (Moscow: State Publishing House for Agricultural Literature).

 Zhambakin, Z. A. (1995). Pastures of Kazakhstan[Pastbishcha Kazakhstana]. Almaty: Kainar.

 Zonov, A. G. (1974). Wind erosion in grazing lands north of Betpak-dala. Problems Desert Dev. 3, 38–42.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Kerven, Robinson and Behnke. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsufs-04-590401-g005.gif





OPS/images/fsufs-04-590401-g006.gif
cszEsssazsd

National registered private form ownershp distrbution
sheeplgoats and cote 2017

calaka

National disrbution offarm types and all vestock 2017

_ak





OPS/images/fsufs-04-590401-g003.gif





OPS/images/fsufs-04-590401-g004.gif
it “ H mmlw““lmmllllll\mlm






OPS/images/fsufs-04-590401-g007.gif
Mean head of secies perfarm, aver  century 0 2017

i
o
N k= B .
.
ST ——
w m II | | -






OPS/images/fsufs-04-590401-g008.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Pastoralism at Scale on the Kazakh Rangelands: From Clans to Workers to Ranchers



		Introduction



		Archaeological Evidence



		A Century of Dynamic Human Influence on the Kazakh Rangelands







		Clans, clients and Social Stratification



		Kin-Based Nomadism in the Tsarist Period



		Enviromental Impacts of the Russian Colonial Period on the Rangelands



		Compression and Collectivization of the Nomads: Early 20Thc



		Collectivized Industrial Nomadism: Mobile Livestock Husbandry Again Encouraged



		Environmental Impacts of Changes in Livestock Management During the Soviet Era



		Destruction of Collective Livestock Farms and Rise of Private Ownership After the Ussr



		Not All People Are Equal: Beshbarmak “Five Fingers Are Not Equal.”



		Passive and Active Impacts of Government Programmes



		Pastoral Scale and Livestock Mobility



		A Century of Change in Kazakhstan's Livestock Holdings



		Environmental Impacts of Livestock Management in the Post-soviet Period



		Rangeland Vegetation Transformations



		Larks and Lapwings in the Rangeland



		Carbon in the Rangelands













		Discussion and Conclusions



		Author Contributions



		Acknowledgments



		Footnotes



		References

















OPS/images/cover.jpg
, frontiers

in Sustainable Food Systems

Pastoralism at Scale on the Kazakh
Rangelands: From Clans to Workers
to Ranchers





OPS/images/fsufs-04-590401-g001.gif
Rangelands.
Desert

B Grassland

B shrubland

Woodland & savannah

o Tude






OPS/images/fsufs-04-590401-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers

in Sustainable Food Systems





