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Abstract
The terminology and definitions for farmers, foragers and those who undertake in-between subsistence strategies have attracted recurrent debate by archaeologists, anthropologists, geographers and others. These debates are plagued by semantic and conceptual confusions in terms of the definitions proffered to the ‘middle ground’ between foragers and farmers, as well as in terms of how categories are applied in the past and the present. In broad terms, perspectives diverge between considering the adoption of agriculture to be an ‘all-or-nothing’ commitment or a continuum representing various types of ‘middle ground’. A careful unpacking of data from traditional societies in Murdock’s Ethnographic Atlas reveals geographical structuring of the global dataset, as well as considerable differences based on local crop assemblages. In sum, agro-pastoral, cereal-based societies in Africa and Eurasia exhibit a stronger tendency with respect to  subsistence dependence on farming, while societies in North America and those reliant on root crops and arboriculture in the wet tropics tend more towards a ‘middle ground’ that incorporates aspects of farming without abandoning foraging.
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1. Introduction
There is little agreement among archaeologists, or those working in cognate disciplines, on the definition of agriculture in the present or the past, whether referring to the cultivation/husbanding of domesticates (Harris 1989; Piperno and Pearsall 1998), a reliance on domesticates in diet (Harris 1996; Zvelebil 1996; Smith 2001), a reliance on cultivated food (irrespective of domestication status; Spriggs 1996), or a reorientation of lifeways around the cultivation and husbanding of food (Denham 2018). The choice of a particular definition has implications for the identification of any resultant ‘agriculture’ in the past using a particular evidential proxy, whether identified by the presence of domesticates, relative abundance of domesticates, archaeological evidence of cultivation and herding, material cultural proxies, or more complex multidisciplinary combinations. Numerous terminologies and concepts have been proposed to classify in-between lifeways and practices, including: complex hunter-gatherers (Zvelebil 1986), domiculture (Hynes and Chase 1982), hunter-horticulturalism (Guddemi 1992), incipient agriculture (Ford 1985), transitional and proto-agriculture (Yen 1989: 66-7), wild-plant food production (Harris 1996) and low-level food production (Smith 2001), to represent only a handful (see also Roscoe 2002, Sillitoe 2002, Specht 2003). 
Against this background of classificatory and conceptual ambiguity, information in Murdock’s (1967) Ethnographic Atlas has been used to infer the sharpness of the division to which societies can be classified as foragers (hunting, gathering and fishing) or farmers (cultivation and pastoralism) (for instance, Smith 2001 and Bellwood 2005). In doing so, ethnographic and historical observations regarding relatively recent societies have been used as an analogy to understand longer-term agricultural history that extends through most of the Holocene.
Some, like Bellwood (2005), argue for a ‘hard’ division, namely, comparatively few groups globally engage in transitional lifeways that fall between forager and farmer (also see Hunn and Williams 1982). Bellwood transposes this assertion onto long-term history in the way he traces the emergence and spread of agricultural societies in different parts of the world. For Bellwood (2005: 25), the transition to agriculture is an ‘all-or-nothing’ socio-economic transformation that he compares to Caesar’s crossing of the Rubicon, namely, the adoption of agriculture is a wholehearted social commitment from which there is no turning back.
Others, like Smith (2001), consider there to have been a range of transitional lifeways that obfuscate the forager-farmer duality (also Barker 2006). Smith marshalled data from Murdock (1967) to argue for a major ‘middle ground’ of in-between lifeways that he defines as low-level food production with or without domesticates, and sought to develop a framework that encapsulated the diversity of food exploitation, including hunting-gathering and intensive forms of agriculture (following Ford 1985, Zvelebil 1986 and Harris 1996). Smith’s conceptual framework was avowedly non-evolutionary, as he did not consider there to be an inexorable development of societies towards farming; rather, each category was a stable lifeway in and of itself. Accordingly, Smith drew on archaeological and ethnographic examples to illustrate his schema. 
The use of Murdock’s ethnographic data to understand deep history has been critiqued on conceptual and methodological grounds (e.g., Bulbeck 2013; also see Khaltourrina et al. 2002). Bulbeck’s (2013) critique centres on four issues: Murdock’s data are primarily derived from post-contact societies and so reflect socio-economic adaptations to colonialism and incorporation into the nascent world economy; there is a lack of clarity in how Murdock derived his subsistence data from ethnographic and historical sources; Murdock does not adequately consider the reliance of some societies on domesticated animals, which require comparatively low investments of time in management for recent societies compared to ancient ones; and, the problems of classifying and including practices such as sago management and other activities that do not fall readily into either gathering or cultivation. Bulbeck (2013) undertakes a series of transformations to Murdock’s data to alleviate some of these issues, but concedes that new data mining of ethnographic sources is needed to overcome inherent limitations. 
Despite these acknowledged issues, we use Murdock’s dataset to shed light on how the same source has been drawn upon by Bellwood (2005) and Smith (2001) to substantiate dramatically divergent positions. Our review is thus historiographic in the sense that it seeks to understand the basis for divergent interpretations of ethnographic and historical data by others in the past; it is not intended to be a thorough review of the complex transitions between foraging and farming lifeways documented archaeologically in different regions of the world (such as Barker 2006). Here, the importance of geography is foregrounded when interrogating the data, and the line of argumentation is intended to examine previous claims while also showing something meaningful about the diversity of subsistence practices in different regions of the world. 

2. Unpacking Murdock’s Aggregate Data
Five key subsistence strategies can be compounded into foraging (hunting, gathering and fishing) and farming (agriculture [equivalent to cultivation] and animal husbandry) (see Coult and Habenstein 1965; Bourguignon and Greenbaum 1973; Bellwood 2005; Bulbeck 2013). Here, in discussing Murdock’s dataset the term ‘agriculture’ is replaced by the more specific term ‘cultivation’, in order to avoid confusion with most archaeological literature in which ‘agriculture’ refers to both plant cultivation and animal husbandry. The degree of dependence of societies on cultivation is bimodal (Figure 1a): foraging societies generally exhibit little engagement in cultivation practices, while most other societies are at least c. 45% dependent. As Bulbeck (2013: Fig. 1) previously demonstrated, the degree of dependence increases when farming (namely, the combination of plant cultivation and livestock rearing) is considered (Figure 1b); there is also a greater difference between foragers and farmers in terms of time investments. Nonetheless, these general trends mask considerable geographical and agronomic variability.
Here, data regarding subsistence strategies have been extracted from Murdock’s Atlas (1967; using Gray 1998, 1999). Most societies encoded are used, with the exception of some post-colonial groups (e.g., French Canadians) and multiple geographically close societies that map on to the same linguistic entity (e.g., multiple versions of Shoshone). Maps have been created by plotting the average of the coordinates listed in Murdock and the coordinates for the corresponding linguistic entity verified in Glottolog (Hammarström et al. 2020).

2.1. Geographical Structure
There is considerable geographical variation in the degree to which societies are reliant on different subsistence activities (Figure 2). Farming (plant cultivation and animal husbandry) dominates in Africa and Eurasia, whereas there is a decreasing dependence on farming (Figs. 2d and 2e) from the Pacific, to South America, North America and Australia (Figure 3). Of greatest significance is the spatial disparity between gathering and cultivation (compare Figs. 2a and 2e).
A clear ‘middle ground’ can be identified for groups that engage more than 15% of their time in both gathering and in cultivation (Figure 4). These groups mostly occur within two main types of region: the wet tropics, comprising the northern edge of Central African rainforest, a band running from eastern South Asia to mainland Southeast Asia, the circum-New Guinea region, and the lowland neotropics; and North America, specifically the Southwest and the Mississippi Basin. 
The uneven distribution of ‘middle ground’ societies reflects general differences in plant engagement practices in different parts of the world. In our analysis, we considered five kinds of societies in terms of gathering and cultivation (Figure 5): societies with gathering practices and no cultivation; societies with cultivation practices and no gathering; societies with neither cultivation nor gathering practices; societies for which the dominant engagement with plant nutrition comes from gathering and which have incidental cultivation (only between 5 and 15% engagement with cultivation); and, societies that occupy the middle ground with more than 15% of their time in both gathering and in cultivation. The modes of utilisation of plants vary widely from continent to continent, with middle ground societies being more common in North America, South America and the Pacific.

2.2. Agronomic Structure
There is considerable geographical variation in terms of the reliance of farming communities in different major geographical regions upon farming of cereal grains, horticulture of root crops, and arboricultural exploitation of fruits, nuts and other forest products (Figure 6). Root crops and arboriculture are more important in the wet tropical rainforests of Central Africa, the circum-New Guinea region and the lowland neotropics than in other types of environment.
Global plots of foraging versus farming activities indicate clear differences between societies that cultivate cereals and those that rely on root crops and arboriculture. For cultivators of cereals there is a unimodal plot, whereby the practice of cereal cultivation correlates strongly with a very high reliance on farming practices (Fig. 7a), averaging 78%. By contrast, for cultivators of root crops and arboricultural products, there is a much greater range in the degree of dependence on farming (the average reliance is 64%, which is significantly less than with cereal cultivation [p < 0.001]). Importantly, societies in which the major crop is not a cereal display a gradation of reliance on farming, with a much greater proportion of societies occupying a ‘middle ground’ (Figures 7b-7c). There is thus a clear difference in the level of dependence on farming between cereal cultivators who exhibit a heavy dependence on farming to the near-exclusion of other activities, and horticulturalists and arboriculturalists who show varying degrees of dependence on farming and tend towards the ‘middle ground’ (Fig. 8a). Furthermore, there is geographical structure to this general trend.
A plot of foraging activities against farming activities for societies in Africa and Eurasia, where cereals are the dominant crop type, shows a dramatic dependence on farming to the near-exclusion of other activities; there are very minor tails towards middle ground strategies in both regions (Figs 8b and 8c). By contrast, societies in North America with maize (Zea mays) and/or (pseudo-)cereals as the dominant crop-type show varying degrees of dependence upon foraging and farming (Fig. 8d). Similarly, societies in the Pacific and South America with root crops, primarily yams (Dioscorea spp.) and aroids (e.g., taro, Colocasia esculenta) or with arboriculture, primarily bananas (Musa spp.), breadfruit (Artocarpus altilis), sago (Metroxylon sagu) and various nut-bearing species, as the major crop type display considerable variability in terms of the degrees of dependence on foraging and farming (Figs. 8e and 8f). Thus, as well as (dominantly) cereal cultivators exhibiting a high level of dependence of farming and horticulturalists/arboriculturalists more likely to occupy the ‘middle ground’, cereal cultivators in Africa and Eurasia display a much greater level of dependence on farming than cereal cultivators in North America.

3. Reconciling Perspectives
Our analysis of Murdock’s Atlas shows that there are clear geographical and agronomic patterns within the data on subsistence activities. 
There are clear geographical clusters in terms of middle-ground societies in which there is more than 15% dependence on each of gathering and cultivation, including several areas of wet tropical rainforest and two regions within North America, the Pacific Southwest and the Mississippi Basin. The more fluid nature of horticulture- and arboriculture-dominated modes of subsistence within tropical rainforests has been previously noted (Harris 1989, 1996; Balée 1994; Denham 2018; Levis et al. 2018). In North America, ‘middle ground’ societies reflect the integration of maize cultivation into foraging economies in the Southwest (Merrill et al. 2009) and of low-level food production and indigenous agriculture in the Mississippi Basin (Smith 1992, 2001). Indeed, many of the attempts to classify and conceptualise the middle ground have been made by researchers familiar with the wet tropics and these regions of North America, most notably Harris and Smith, respectively. 
Although the agronomic character of African and Eurasian cereals, including barley (Hordeum vulgare), millets (Panicum miliaceum, Setaria italica, Pennisetum glaucum), rice (Oryza sativa) and wheat (Triticum spp.) – in contrast to pseudo-cereals and maize in North America - cannot be discounted as a potential factor, the most likely explanation for the discrepancy between major cereal producing regions is the degree to which domestic animals are part of the production system. People in Eurasia and Africa developed agro-pastoral systems that integrated cereal production with animal husbandry; namely, crops provide fodder for animals and animals provide manure for fields. A number of large-to-medium bodied ungulates was domesticated in, or dispersed between, Africa and Eurasia. These included animals domesticated for the consumption of primary (meat, hides) and secondary (blood, milk, wool) products – including cows, goats, pigs and sheep, as well as those primarily domesticated for transport like camels, donkeys, horses, water buffaloes and yaks (Marshall and Hildebrand 2002; Zeder 2012; Larson and Fuller 2014; Marshall et al. 2014; Grillo et al. 2020). These lifeways entailed people to grow food for themselves, as well as often fodder for their animals, which required a greater investment in, and dependence upon agricultural production.
By contrast, cereal cultivators in North America did not develop agro-pastoral societies in the same way. Societies in North America that cultivated plants were less sedentary, and maintained a reliance on hunting and fishing for their animal protein rather than rearing domestic animals for that purpose. Consequently, North American societies maintained a greater range of subsistence strategies compared to cereal-dependent farmers on other continents. 
The geographical and agronomic patterning could account for the different ways in which archaeologists, anthropologists, geographers and others have drawn upon Murdock’s data to variously advocate for ‘all-or-nothing’ or ‘middle ground’ views of the transitions to agriculture. Several primary centres of early agriculture in Africa and Eurasia are dominated by cereals and legumes (see Fuller et al. 2014 for review): Subsaharan Africa for pearl millet (Pennisetum glaucum) and sorghum (Sorghum bicolor); Southwest Asia for barley, wheat, lentil (Lens culinaris) and pea (Pisum sativum); South Asia for indica rice and mung bean (Vigna radiata); Yangtze River Valley for japonica rice; and, northwestern China for millets (Panicum miliaceum, Setaria italica) and soy bean (Glycine max). Forms of cultivation in all these regions became entangled with domestic animals to form agro-pastoral societies. Some depictions of agricultural history in these regions tend towards an ‘all-or-nothing’ investment in cultivation and husbandry, together with a seemingly inexorable expansion of domesticates, practices, peoples and associated material cultural traits over the longue durée (as exemplified by Bellwood 2005). However, such depictions mask considerable complexity in the character of transitions to agriculture, conceptual frameworks used to infer agriculture in the past, and lines of methodological evidence (Marston 2021).
Foremost, a continental-scale comparative review hides regional and local-scale complexity in the way that communities adopted agriculture in the past (Renfrew 1973; Thomas 1996; Denham 2004). Clearly many societies initially adopted crop cultivation, as exemplified by the remains of domesticated plants, in relatively minor ways, effectively integrating domesticates into pre-existing subsistence strategies rather than wholesale replacement, including: rice in mainland Southeast Asia (Castillo et al. 2018) and sorghum in East Africa (Barron et al. 2020); and, the variable adoption of Southwest Asian cereals across Europe (see papers in Colledge and Conolly 2007) and North Africa (Morales et al. 2013). Additionally, the character of the social processes associated with transitions to agriculture are much debated across Eurasia and Africa, whether for regions of ‘origin’, such as the Yangtze region of China (Jiang and Liu 2006; Fuller et al. 2007; Liu et al. 2007) and Southwest Asia (Asouti and Fuller 2013), or for regions of agricultural spread, such as Britain (e.g., Ray and Thomas 2018) and Neolithic Europe (Robb 2013).
In contrast, views of agricultural history in the wet tropics tend to be less unilinear and more ambiguous, both conceptually and in terms of discrimination within the multidisciplinary record (Denham et al. 2007). Here the focus tends to be on: archaeological evidence of former cultivation practices; archaeobotanical evidence for the presence, use and cultivation of plants, often without clear domestication signals; and, palaeoecological evidence for environmental transformations indicative of agricultural landscapes (Piperno and Pearsall 1998; Denevan 2001; Denham 2018). The investigation of agriculture in the deep past – as well as many ethnographic depictions of practices in the recent past – has tended towards the ‘middle ground’ in wet tropical regions across the world.

4. Conclusion
Our interrogation of Murdock’s Atlas has revealed geographical and agronomic patterning within the datasets on subsistence activities, with specific reference to plant cultivation. Agro-pastoral systems based on cereals in Africa and Eurasia are suggestive of an ‘all-or-nothing’ lifeway, with very little ‘middle ground’. By contrast, data from other regions, especially North America and the wet tropics, as well as horticultural and arboricultural societies more generally, suggest a greater gradation from gathering to cultivation with a large middle-ground, which is often hard to define. These interpretations derived from the ethnographic data are each geographically and agronomically contingent.
For archaeologists, the challenge is to use these insights to envisage agriculture in the distant past. However, any such transposition should not be direct. Ethnographically recorded societies are the end-point of millennia of history; they constitute very different social contexts from those in which agriculture initially developed in different regions of the world. Thus, directly adopting an interpretation based on ethnographic observations and applying it to discussions about early agricultural practices is fraught. Not only is it ahistorical – because any such interpretation is divorced from its archaeological context – it is also naïve – because societies that were millennia ago adopting or developing forms of agriculture are likely to have been very different from those that existed in the ethnographic past.
Rather than seeking to transpose the specifics of whether societies in the past fell into a ‘middle ground’ or not, this consideration of recent ethnographic data shows that there are differences that reflect geographical and agronomic, hence cultural, patterns. The character and specifics of these differences may not hold in the deep past. However, the idea of there being differences in terms of how people transformed their lifeways across space and through time using different dominant crop assemblages and animal domesticates – to name but a few variables – should inform our long-term understanding of global agricultural history. From a heuristic perspective, if there is no ‘one-size-fits–all’ template for understanding subsistence practices in the present and recent past, there is no reason that we should presume that there is in the distant past.
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Figure Captions
Figure 1. Percentage of societies with different proportions of time invested in (a) plant cultivation and (b) farming (plant cultivation and animal husbandry). N = 1242. Information extracted from Murdock 1967.
Figure 2. Maps depicting percentage of time societies invest in different activities: (a) gathering, (b) hunting, (c) fishing, (d) animal husbandry, and (e) cultivation. N = 1242. Information extracted from Murdock 1967.
Figure 3. Cumulative time percentages for different subsistence activities by major geographical region. N = 1242. Information extracted from Murdock 1967.
Figure 4. (a) Map of ‘middle ground’ societies with more than 15% (yellow with red outline) and more than 25% (red) of time invested in gathering and cultivation. (b) Lower panel depicts plot of time invested in cultivation (y-axis) against gathering (x-axis), with demarcations showing societies greater than 15% and 25% of time invested in both activities, as plotted in panel (a). The dots in (b) are colour-coded by dominant crop type: yellow = cereals, brown = root crops, green = arboriculture, blue = no cultivation. N = 1242. Information extracted from Murdock 1967. Root crops are 2.3 times more frequent in middle ground societies than would be expected (p < 0.01, chi-squared test).
Figure 5. Percentage of societies in different geographical regions that exhibit: neither cultivation nor gathering (no plant engagement); gathering with no cultivation (gathering); dominant gathering with 5-15% cultivation (gathering with incidental cultivation); more than 15% from both gathering and cultivation (middle ground); dominant cultivation with 5-15% gathering (cultivation with incidental gathering); and, cultivation with no gathering (cultivation). N = 1242.
Figure 6. (a) Map of dominant crop types and (b) plot of the percentage of societies within each major geographical region by dominant crop type. Colour-coding for dominant crop type: yellow = cereals, brown = root crops, green = arboriculture. N = 1148. No dominant crops are recorded for Australian societies, which are considered non-agricultural. Information extracted from Murdock 1967. Arboriculture is significantly (p < 0.01) more common in New Guinea, as well as in South America where agriculture is less dominant.
Figure 7. Percentage of societies with different proportions of time invested in types of cultivation with different dominant crop types: (a) cereals (N = 597), (b) root crops (N = 231), (c) arboriculture (N = 83). Calculated as percentages of societies with that dominant crop type. Information extracted from Murdock 1967.
Figure 8. Graphs of time investments in farming (cultivation and animal husbandry; y-axis) against foraging (gathering, hunting and fishing; x-axis) by geographical region: (a) world (N=1242), (b) Africa (N = 480), (c) Eurasia (N = 126), (d) North America (N = 87), (e) Pacific (N = 135), (f) South America (N = 74). Plots are colour-coded according to dominant crop type: yellow = cereals, brown = root crops, green = arboriculture, blue = no cultivation. Information extracted from Murdock 1967.
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