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Table S1  Details of the various land use and land cover terms used between studies. Many sources provide unclear definitions of these terms, and/or may not abide by the definition in application. Land use / land cover datasets may also rely on a variety of data sources, each with their own inherent definitions and applications. As a result, land use and land cover categories are often ambiguous.

	Source
	Land use term
	Land cover term

	(Ellis et al., 2010)
	pasture
	rangeland

	(Ellis &  Ramankutty, 2008)
	grazing, pasture
	rangeland

	(FAOSTAT, 2014)
	pasture
	herbaceous forage crops

	(Klein Goldewijk et al., 2010)
	pasture, grazing land
	grassland

	(Klein Goldewijk, 2001)
	pasture
	pasture

	(Hurtt et al., 2001)
	pasture, range
	grassland

	(Lambin et al., 2003)
	pasture
	herbaceous forage crops

	(Pongratz et al., 2008)
	permanent pastures
	herbaceous forage crops

	(Ramankutty et al., 2008)
	permanent pastures
	herbaceous forage crops

	(Steinfeld et al., 2006)
	permanent pastures
	grasslands

	(Lambin et al., 2001)
	rangelands
	various land cover types

	(Lund, 2007a, Lund, 2007b)
	rangeland
	rangeland

	(Lund, 2005)
	rangeland, grassland
	rangeland, grassland

	(Gregorio, 2005)
	rangeland
	grassland

	(Verburg et al., 2011)
	grazing
	rangelands

	(Erb et al., 2007)
	grazing
	various land cover types

	(Klein Goldewijk &  Ramankutty, 2004)
	grazing land
	pasture, grasslands

	(Klein Goldewijk et al., 2007)
	grazing
	permanent pasture, rangeland

	(Hurtt et al., 2006)
	relies on HYDE
	relies on HYDE

	(Kaplan et al., 2010)
	relies on HYDE 3.1
	relies on HYDE 3.1
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Fig. S1  The land cover category from the GLC2000 associated with the greatest fraction of pasture in  a) R2000 (Ramankutty et al., 2008); b) HYDE 3.1 (Klein Goldewijk et al., 2010).

Figure S1 methods: To establish the type of land cover upon which pasture, as defined by HYDE and R2000, is occurring, we used the GLC2000 global land cover dataset and combined this with the information in the above-mentioned land use scenarios. To achieve this, we started with the nominal 1km GLC2000 data and calculated the fraction of each of the 23 GLC2000 land cover categories on the 5 arc minute grid used by HYDE and R2000. We then developed a hierarchical classification scheme to assign the pasture fraction to the most likely GLC2000 categories. Mixed agricultural, grass-, and shrub-land were given the highest priority, forests, urban areas, and water were assigned lower priorities. The result is a series of maps showing the fraction of pasture in each of the 22 GLC2000 land cover categories, for each of HYDE and R2000. To facilitate interpretation of this multidimensional dataset, we selected the land cover category having been assigned the largest proportion of the overall pasture fraction.

Below we discuss specific differences between R2000 (Ramankutty et al., 2008) and HYDE 3.1 (Kaplan et al., 2010) datasets for the year 2000, in terms of pasture fraction (Fig. 1) and pasture-associated land cover type (Fig. S1):

Saudi Arabia: R2000 uses subnational statistics for Saudi Arabia that exclude arid lands. FAOSTAT reported 1.76 million km2 of permanent pasture (including arid lands), while subnational census data reported only 486 km2. Conversely, HYDE 3.1 includes much higher pasture fractions on “bare areas” than R200. 

China: R2000 uses a pasture estimate for China resembling the results of Verburg and Chen (2000) totaling 2.9 million km2, which significantly decreases pasture area compared to the 4 million km2 FAO estimate. On the other hand, HYDE 3.1 uses FAO land use and subnational statistics (China National Bureau of Statistics, 2006 in Klein Goldewijk et al., 2010), yielding very different land use / cover estimates between the two dataset. These differences are especially visible in Tibet, where HYDE 3.1 includes much higher percentages of pasture on “herbaceous cover” and “sparse herbaceous or sparse shrub cover”.

India: Both HYDE 3.1 and R2000 map an insignificant area of pasture in India, even though India is estimated to have one of the highest cattle stocking densities in the world (Robinson et al., 2014). The reason for this is likely because most of India’s animal production occurs on mixed agricultural land (“cultivated and managed areas” in GLC2000), which is simply classified as cropland in both HYDE 3.1 and R2000 scenarios (Asselen &  Verburg, 2012).

Australia: R2000 distributes permanent pasture based on satellite data and administrative sub-units, which reflect sub-national variation in land use, for example, between ranching in Queensland and aboriginal land use in Northern Territory. In contrast, HYDE 3.1 distributes pasture area by combining potential natural vegetation from the BIOME1 biogeography model (Prentice et al., 1992) with weighting maps and mostly national-level administrative units, producing a map of potential vegetation estimates more than actual land use distribution.  As a result, HYDE 3.1, again, includes higher pasture fractions on “bare areas”.

Circumpolar Arctic: very little land use for animal production, e.g., for reindeer, is accounted for by either data set: the reason for this is that both datasets largely exclude areas north of 50º. 

Western North America: R2000 disperses pasture area across the western United States, while HYDE 3.1 estimates much lower pasture fractions in the Rocky Mountain area, Nevada and Utah, and concentrates it eastwardly in the Plains, Southwest and northern Mexico. This likely reflects similar methodological differences as discussed for Australia.



Figure 2 (supporting information):
Modern distributions of domestic herd animals (DHA – Fig. 2): Taurine cattle, sheep, goat, horse, donkey, pig, goose, and duck may all be found worldwide today (for traditional pastoral ranges see (Blench, 2001). Bos: Zebu cattle are traditionally present in Africa and central and southern Asia; the Banteng is found primarily in southeast Asia; Mithun are found primarily in south and southeast Asia; and Yak are traditionally found in Highland Central Asia but may also be found in Europe in modern times.  Camelidae: Dromedary camels are traditionally found in Africa and the middle east, but are also found in south Asia and Australia (e.g. Bell, 2013), while Bactrian camels are traditionally found in East-central Asia, they may also be found middle east in modern times; llama and alpaca are traditionally found in the Andes, and more recently in Europe and North America.  Buffalo are found throughout Eurasia and Australia in recent times. Reindeer are found primarily in circumpolar Eurasia, and more recently in North America (Blench, 2001 - Table 2, GBIF, 2017). See Larson & Fuller (Larson &  Fuller, 2014) for animal domestication information, however in order to specify historic and prehistoric distributions, it is necessary to assemble global faunal databases.

Livestock units: many modern studies represent animal weight with standardized livestock units (LUs), e.g., where one (OECD-member country) cow is equivalent to eight (OECD) sheep or goat (0.125 LUs each), but a sub-Saharan cow equals 0.46 LUs, or a Central/South American cow equals 0.75 LUs (Herrero et al., 2013, Seré et al., 1996).  This method is useful for a given point in time, where accurate global livestock weight averages are available. When modeling animal production over long periods of time, however, it may be useful to use actual weights (or weight ranges), which can respond to environmental factors (e.g. Illius &  O’Connor, 2000, Pachzelt et al., 2013). Moreover, the feed efficiencies and vegetation selection tendencies of different animal species should also ideally be incorporated into modeling scenarios, i.e. by considering actual feed intake, vegetation digestibility, breeding and mortality, etc. (Illius &  O’Connor, 2000, Pachzelt et al., 2013). Only primary animal land uses are noted in figure 2, however vegetation selection varies between species and depends upon availability, and this variability should ideally be accounted for: see the sources cited in figure 2 for a number of examples. 


Transitional systems (section B supporting information):
Animal production occurs on a continuum with some systems falling between two production strategies. Boundaries for these must be explicitly chosen: some examples are given below: 

Pastoral to ranching: these systems have features of both pastoralism and ranching. For example, modern animal production systems in the European Alps are often enclosed within fence boundaries (Blench, 2001) similar to ranching, but are driven by transhumant mobility strategies and may have closer human management, which is more similar to pastoralism. Moreover, enclosed ranching systems may use rotation and micro-mobility techniques that function similarly to pastoralism (LaRocque, 2014). 

Pastoral to hunting: these systems have features of both pastoralism and hunting. Prime examples include the large reindeer herds of the Sel’kups, Ostyak, Voguls and Skolt Lapps, which are herded in summer, but may roam free after fawning and are only hobbled during winter to prevent long distance travel (Ingold, 1980). Furthermore, these “pastoral” systems tend to lack wealth circulation strategies typical of pastoralism.

Ranching to hunting (and feral): an example of a system that includes transitional features of both ranching and hunting is open range cattle ranching in North America that was common around the nineteenth century. This type of system involves free-ranging prey and “cow hunts” on communal lands (Coughenour, 1991, Ingold, 1980, LaRocque, 2014), which are indicative of hunting, but instead of wild animals, the prey consist of minimally managed DHA, similar to ranching, but production is of relatively little importance and oriented to local markets (Strickon, 1965). These systems typically develop out of pastoral practices; however, land use patterns more closely reflect a cross between hunting and ranching than pastoralism and ranching, which is why we classify it this way. Another example comes from the Rio Branco region of northern Brazil, where herds of cattle filled a vacant niche and populated the land: some became feral, while others were regularly rounded up for subsistence purposes (Rivière, 1972 in Blench, 2001, Ingold, 1980). The effects of feral animals on land cover must also be considered (e.g. pigs in Nogueira-Filho et al., 2009).

Ranching to Stock keeping: in East Africa, there are intensive, yet small-scale dairy farms (described as non-traditional “smallholder dairy systems” in Otte &  Chilonda, 2002): like enclosed, zero-range stock keeping systems, producers keep few stall-fed cattle, typically under ten (Orodho, 2005).  Yet, like zero-range ranching, however, these systems are important and common parts of the regional economy of East Africa.


Figure S2:
Four different types of feed are considered in Herrero et al (2013): 1) grain, 2) grass: direct grazing or as silage, 3) occasional feeds, e.g. cut-and-carry forages and legumes, roadside grasses, 4) fibrous crop residues.  These distinctions are very important for determining feed efficiencies, but in order to accurately account for the effects of land use on cover, it is also necessary to separate direct and indirect animal land uses. The production of indirect feeds varies significantly: therefore, in order to account for the effects of these “open” systems (Seré et al., 1996) on the environment, it is necessary to understand feed composition and the land use from which feeds are produced: although we consider these relationships (fig. S2), this framework does not account for the effects of land uses other than animal production.

Rangeland: direct feeding on rangelands involves the grazing, browsing and/or foraging of pasture-land (graminoids, herbs, forbs) and browse-land (trees, shrubs, and succulents) by DHA. Indirect feeding occurs when feeds are gathered or mowed by humans, and fed to tethered or cooped animals, e.g. including cut-and-carry forages or legumes, hay, and silage.

Mixed agriculture land: direct feeding on mixed agriculture land involves a variety of animal land uses, including grazing or foraging of graminoids, herbs and forbs by DHA, and the foraging of crop products, e.g. residues / stovers by any domestic/tame animal. Indirect feeding occurs when crops or residues, e.g. grains or stovers, are cultivated and fed to animals; it may also occur where graminoids, herbs, and forbs are gathered / mowed and fed to tethered or cooped animals.

Cropland (permanent): direct feeding on cropland is relatively rare, but involves foraging permanent crops, for example, vines or fruit trees (Foxhall, 1998).  Indirect feeding on cropland is much more common, and includes any crop products or residues that are fed to animals. 

Enclosure: all animal feeds are indirect where animals are kept in enclosures, and must be cultivated on other land types.
 [image: ]

Fig. S2  Possible relationships between the mode of animal feeding (direct and indirect), the type of animal land use (G = grazing, B = browsing, F = foraging), animal production strategy, and land type. Note: this figure does not consider crop/animal raiding, predation or destruction, e.g., from feral and wild animals or pastoralist-farmer conflict, though these can significantly reduce production.
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