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The earliest settlements and states in the Horn of Africa were founded in mid to high-elevation areas by farmers and herders who were pioneers in agriculture and herding. Even today, places between mid- and high-elevation remain densely populated. The ancient Pre-Aksumites and Aksumites (1600 cal BCE–800 cal CE) of the north Ethiopian and Eritrean highlands established one of the most powerful states in the Horn of Africa in these high elevation areas through control of long-distance trade and intensive and extensive agriculture. However, despite the fact that agriculture was a significant source of wealth and subsistence for these ancient polities, there has been little research into the agricultural strategies of Pre-Aksumite and Aksumite societies. Using archaeological and faunal data collected from the site of Mezber dating from 1600 cal BCE to 400 cal CE, as well as prevsiously published data, this article provides zooarchaeological evidence for the earliest farming practices in the Horn of Africa. The research demonstrates a resilient highland agricultural strategy based on multispecies animal and plant resources, similar to most tropical agricultural systems today. A second important strategy of Pre-Aksumite farmers was the incorporation of both indigenous and exogenous plants and animals into their subsistance strategies. The Mezber site also offers one of the most thoroughly collected data to support multispecies farming practice in the north Ethiopian and Eritrean highlands.
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Introduction

The transition from hunting and gathering to an agricultural way of life was a crucial time in human history. Agriculture was an especially important economic strategy for many ancient complex societies ranging from China to Mesoamerica (Blench and MacDonald, 2000; Ascalone and Frongia, 2007; Arbuckle, 2014; Denham et al., 2016). It helped people occupy new environments and create new economic niches. This process contributed to the rise of powerful states, polities, cities, and urban centers globally (Zeder, 1991; Zeder et al., 2006; Denham et al., 2016). Agropastoral products also fueled major ancient long- and short-distance global trade networks such as the silk and spice routes (Sidebotham, 2011; Frankopan, 2015; Frachetti et al., 2017; Spengler, 2019). Plants and animals transported thousands of miles across land and maritime trade routes were key in the formation of early agricultural systems. These early agriculture complexes, however, are less studied than domestication processes due to a scarcity of data and greater focus on studies in areas of the world where plant and animal domestication took place in situ (Zeder et al., 2006; Harrower et al., 2010; Denham et al., 2016). Understanding early agricultural systems provides not only a unique insight into the ways humans managed plants and animals in the past but also provides information on the technologies developed by early farmers to maintain and integrate the newly introduced domestic species to local environments and farming practices, as well as to maximize production and preserve biodiversity.

Case studies of prehistoric and historic agricultural strategies in the archaeological record—where there is evidence of successful implementation of local farming technologies for an extended period—provide information on the ways early farmers were instrumental in the creation and maintenance of resilient farming systems. A society dependent on an agricultural economy must develop a farming technology that is suitable for local environmental challenges. These environmental challenges could range from unpredictable seasonal rainfall to altitude, disease, drought, and war. Zooarchaeological studies globally, for example, show how and why early farmers developed cattle, sheep, goat, and chicken breeds that were meant to thrive in diverse natural and cultural environments. For example, dwarf or small-sized cattle, sheep, and goat breed types were developed in West Africa starting around 2000 BCE to deal with humidity-related diseases such as trypanosomiasis, a fly-borne disease (MacDonald and MacDonald, 2000; Gifford-Gonzalez and Hanotte, 2011). The diversity of domesticated maize (Zea mays ssp. mays) found widely distributed in Central, North, and Mesoamerica, on the other hand, is a good example of breed selection that is motivated by increased production and cuisine preference (Wang et al., 2017; Yang et al., 2019). This biodiversity is often created and maintained through continuous selection by local farmers over many generations (Wang et al., 2017). Not all early agricultural systems were, however, successful. We see this in the failure and multiple reintroductions of domestic animals in places such as Cyprus (Vigne et al., 2011).

Livestock played a significant role in the agricultural strategy of early settled farmers and mobile pastoralists in the Horn of Africa. Over the past few decades, research has increased our understanding of the origins and development of livestock keeping in the Horn prior to the Aksumite period (Shaw, 1995; Marshall, 2000; Marshall and Hildebrand, 2002; Gifford-Gonzalez and Hanotte, 2011; Lesur et al., 2014). Zooarchaeological and genetic studies demonstrate that major domesticates, such as cattle (Bos taurus), sheep (Ovis aries), and goats (Caprus hircus) have been central to the economic history of Africa, affecting mobile pastoralists, settled farmers, and urban dwellers (Mitchell, 2005; Pérez-Pardal et al., 2018). Domestic donkeys (Equus asinus) (circa [ca.] 6000 Before Present [BP]) (Marshall, 2007; Rossel et al., 2008; Kimura et al., 2013) and possibly cattle (ca. 9500 BP) (Wendorf and Schild, 1980; Stock and Gifford-Gonzalez, 2013) were the only animals domesticated in Africa. Mobile herders spread taurine cattle, donkeys, and ancient Asian sheep and goat breeds throughout arid northeastern Africa after 7000 BP. Cattle, sheep, and goats first appear in the Sudan ca. 6000 BP and northern Kenya ca. 5000–4000 BP. By 4700–3500 BP, sheep at Kerma in Sudan were long-legged and hairy breeds without fat tails (Chaix and Grant, 1987). By 3000–2000 BP in eastern Africa, distinctive large cattle appear, which have been linked to the introduction of humped cattle to Africa (Marshall, 1989). To date, evidence for herding in the rugged Ethiopian highlands is documented only at ca. 3500 BP, with pastoralist contexts suggesting similar processes of pastoralist migration and faunal transfer to those documented elsewhere in northeastern Africa, with the possibility of mountain barriers to early introduction (Marshall, 2000; Negash, 2001; Lesur, 2007; Lesur et al., 2014; Negash and Marshall, 2021).

In this article, we discuss the agricultural practices of the Pre-Aksumite and Aksumite polities, which controlled the northern Ethiopian and Eritrean highlands between 1600 cal BCE and 800 cal CE. Large faunal assemblages have been published from two sites in the Aksumite capital (Cain, 1999, 2000; Chaix, 2013) but beyond this little is known about the appearance or earliest husbandry of domestic animals in the Ethiopian highlands. Here we present new zooarchaeological data from the site of Mezber, a Pre-Aksumite highland elite-rural farming settlement in eastern Tigray, Ethiopia (Figure 1). The Mezber site was occupied continuously for at least 1,600 years (D’Andrea et al., in review)1. In this article, we identify the evolution of farming in the Horn of Africa by analyzing and discussing the way Pre-Aksumite rural farmers structured livestock keeping strategies. We compare data from Mezber with datasets from previously studied sites such as the D and K sites at Aksum (Cain, 1999, 2000), and ON and OAZ at Bieta Giyorgis (Chaix, 2013; Supplementary Table 1), to assess the farming technology of the Pre-Aksumites and Aksumites living in highland regions. These findings reflect on how an agricultural strategy that combined both indigenous and exogenous farming technology helped Pre-Aksumite and Aksumite elites, leaders, and farmers establish one of the most successful precolonial African states. It has been argued that the ancient Pre-Aksumites and Aksumites gained power and prestige through control of long-distance trade and prosperous agriculture. However, there has been very little study of the agricultural strategies prior to or during the Aksumite period that allowed the Aksumites to create such a powerful state and adapt to a highland environment.
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FIGURE 1
The location of the Pre-Aksumite site Mezber and Aksumite sties mentioned in the text (sites D, K, and Ona Nagast).


The earliest cattle, sheep, and goat remains in Ethiopia date to ca. 3500–3900 BP and were found at the site of Lake Besaka in central Ethiopia (c. 3500 BP) (Brandt, 1982), Danei Kawlos (3358 ± 47 BP, A-0214) (Negash and Marshall, 2021), at Gobedra (c. 3000 BP) (Phillipson, 1977) in northern Ethiopia, and at the site of Laga Oda in eastern Ethiopia (c. 3500 BP) (Clark and Prince, 1978). Although these dates signify a trajectory of movement of domestic cattle, sheep, and goats from North to South in Africa, there is still a lacuna in our understanding of the timing and the possible pathways for the spread of these domestic species. The goal of this study from Mezber is to fill these gaps and offer future research trajectories.



Pre-Aksumite and Aksumite societies, animals, and external relations

Pre-Aksumite (1600–450 cal BCE) and Aksumite (450 cal BCE–800 cal CE) peoples of the North Ethiopian and Eritrean highlands were well known for their extensive global trade relations from at least the early first millennium BCE to the late first millennium CE. Highland cities such as Aksum, Matara, and Yeha were occupied by elites that had contacts in the Arabian Peninsula, and from the second century onward had strong ties to Christian communities in West Asia, ancient Rome and the Nile Valley (Harrower et al., 2020). Trade routes linked these highland cities to the coastal port of Adulis, from which they conducted both direct and indirect trade across the Red Sea and Indian Ocean and inland north to the Nile Valley. Ancient epigraphic sources support that the Aksumites were importing prestige goods such as Roman glass, beads, wine, and olive oil and exporting a wide range of goods, including exotic animals such as civets and monkeys, and animal products including ivory, rhinoceros horn, hippopotamus hide and teeth, and tortoiseshell (Kobishchanov, 1979; Cain, 2000). There is also abundant archaeological evidence for imported ceramics and glass, but little for animal imports or exports. These trade interactions are best known from studies of South Arabian and Mediterranean ceramics as well as art and ancient documents and inscriptions (Fattovich, 1990, 1977; Manzo, 2009).

More recently, locally-based agriculture has been seen as the basis for the wealth, subsistence, and cultural complexity of the Aksumites (450 cal BCE–800 cal CE) (D’Andrea et al., 2008b; Harrower et al., 2010). Phillipson (2012) emphasizes the significance of African cattle to the Aksumite economy. However, the role of introduced crops in Aksumite agriculture has also long been recognised. Studies of the nature of domestic African cereals and the introduction and integration of West Asian cereals in ancient economies of the Horn of Africa have shown an intricate relationship between the incorporation of exotic crops and local innovation, which is still not fully understood. West Asian domesticates including wheat, barley, flax, and lentils and African domesticates such as t’ef and sorghum were both utilised in the Horn and adjacent regions by the early- to mid-first millennium BCE (Phillipson, 2000; D’Andrea et al., 2008a, 2011; Schmidt et al., 2008; Beldados and Costantini, 2011).

Even less is known about the timing of the introduction and process of integration of Asian animals such as humped cattle (Bos indicus), sheep (Ovis aries) and goat (Caprus hircus) breeds, camels (Camelus dromedarius), and chickens (Gallus gallus domesticus L.) into early farming systems and agricultural practices of the Horn. Faunal evidence for the earliest humped cattle in Ethiopian farming systems has proven inconclusive, with small numbers of bifid vertebrae suggestive of humped cattle at Aksum (Cain, 2000). Microsatellite genetic analyses of contemporary African cattle demonstrate that humped cattle were introduced to the rest of Africa from the Horn (Hanotte et al., 2002). Several Aksumite ceramic basins with figurines depict yoked cattle pulling plow (Phillipson, 2012). The practice of plowing is also distinctive of Ethiopian farming and is thought to have been introduced to the Horn, probably during the Pre-Aksumite period.

Evidence for early camels has so far proven elusive, with direct dates impossible to obtain from Gobedra where camel bones were found in a rock shelter context (Phillipson, 1977). While chickens have not been widely considered a component of the Aksumite agricultural complex, recent faunal data from Mezber and Aksum suggests the possibility that they were present in the Ethiopian highlands earlier than previously assumed (c. 3000 BP) (Woldekiros and D’Andrea, 2017). It has been further suggested that the Horn of Africa was a possible route for the introduction of chickens to Africa (MacDonald, 1992; Gifford-Gonzalez and Hanotte, 2011).

In general, floral and faunal exchanges in the Horn are widely thought to have been related to Aksumite trading activities in the Red Sea region (Marshall, 2000; Hanotte et al., 2002). Recent research suggests that efficient seafaring and small-scale opportunistic entrepreneurs on the coast played a significant role in changing the configuration of early farming systems in East Africa and the Horn through their interactions with inland societies (Fuller et al., 2011). Harrower et al. (2010), however, suggest that general models that consider early farming communities like the Pre-Aksumites to have partially received their agricultural life-ways from elsewhere give insufficient consideration to the complexity of these processes.



Archaeological context

The site of Mezber is a Pre-Aksumite rural settlement located in eastern Tigray, in the northern Ethiopian highlands (Figure 1). The site is 0.83 hectares, located in a valley bottom along a stream at 2,242 m above sea level, and surrounded by plateaus and mountains. Mezber was discovered in 2005 by the Eastern Tigrai Archaeological Project (ETAP) (D’Andrea et al., 2008b; Harrower and D’Andrea, 2014). The site was excavated from 2007 to 2012 and proceeded in five units or Fields (A-E). Fields A-E were further subdivided into areas (e.g., A1, A2, etc.) following Harrison et al., 2006; (Figure 2). Excavation has revealed an early and long sequence of material culture dating from the mid-second millennium to the end of the first millennium BCE (D’Andrea et al., 2011; D’Andrea et al., in review see text footnote 1). Our research here discusses one of the most significant large farming faunal assemblages known for the region in the context of four major phases identified for Mezber. D’Andrea et al’s (D’Andrea et al., in review see text footnote 1; D’Andrea and Welton, in preparation)2 forthcoming chronology based on 40 accelerator mass spectrometry dates (AMS) collected from well-preserved bones, plants, and charcoal (Table 1) stratigraphic data and Bayesian modelling indicates that the site was continuously occupied for at least 1,600 years with four clear occupational phases. The dates for these phases, ranging from the earliest to the latest, include ca. calibrated (cal) 1600–900 BCE (Initial), ca. cal 850–750 BCE (Early), ca. cal 500–400 BCE (Middle), and ca. cal 400 BCE–25 cal CE (Late) Pre-Aksumite phases (D’Andrea et al., in review see text footnote 1; Table 2). Full publication of detailed results from all the calibrated AMS dates and associated archaeological features is in progress (D’Andrea et al., in review see text footnote 1).
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FIGURE 2
Fields/contexts with faunal remains excavated at Mezber. Map by Lynn Welton.



TABLE 1    Accelerator mass spectrometry radiocarbon dates of fauna from household context at Mezber (D’Andrea et al., 2011; Woldekiros and D’Andrea, 2017; Mercuri et al., 2018).
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TABLE 2    Mezber modelled phases (from D’Andrea et al., in review see text footnote 1).
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Mezber is a rural farming settlement with possible elite groups that was probably owned by one or more extended family units. The status of the site as an elite settlement is exhibited by the scale of the architecture, which includes one large building and several rectangular stone-walled buildings and room structures sometimes separated by stone-pavements. The architecture is marked by at least two distinctive building styles associated with the Early (ca. cal 850–750 BCE) and Middle (ca. cal 500–400 BCE) Phases respectively. Functions of identified spaces vary from living areas to cooking spaces to possible grain threshing areas. Unlike the Early and Middle Phases, no architectural features or buildings have been associated with the Initial Phase. The archaeological features associated with the Initial Phase may indicate utilisation of the site by semi-mobile pastoralists.

To date, excavations with systematic retrieval of biological data that bear on trade and exchange and early agricultural strategies have been conducted at only a handful of urban settlements. These include the elite areas of Aksum, Beita Georgis (Bard et al., 1997), the D site (Phillipson, 2000), and Asmara Plateau (Schmidt et al., 2008). Mezber is the first rural settlement to have been excavated and yields the most substantial faunal samples for the region.



Materials and methods

Zooarchaeological specimens were recovered from seven different contexts with established proveniences and AMS dates: Field A.1 (one complete room and a cobbled surface); A.2 (walls and domestic space); A.3 (rooms and a unique hearth-like feature); B (compare [cf.] outdoor crop processing area); C (room fill); D (room fill); and E (room fill and trash disposal area) (Figure 2). Each field included deep soundings excavated to bedrock. In order to make a meaningful analysis, the samples were grouped into the four main cultural phases, and interpretations of animal remains were based on stratigraphic information available from deep sounding in Field C (stratigraphic trench), that provided a continuous representation of the cultural sequences found at the site (D’Andrea et al., in review see text footnote 1). In addition to the AMS dates and stratigraphic information from deep sounding C and other fields, chronology for the faunal analysis was also based on direct AMS dates from, chicken, cattle, domestic dog, and donkey bones (Table 1). Sample size data for each excavation area, for all the field seasons, are summarised in Table 3 and Figure 3.


TABLE 3    Horizontal distribution of animal remains at Mezber.
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FIGURE 3
Sample size by phase and field.


Zooarchaeological identifications were made using ETAP reference collections and by following African zooarchaeological protocols for recording animal bones (Gifford et al., 1980; Walker, 1985; Marshall, 1990). Avian identifications were made following MacDonald (1992) and Bochenski and Tomek (2009). Modern comparative specimens collected near the site and housed at the History of Veterinary Medicine and Institute of Paleoanatomy in Munich, Germany, were also used. Identification of sheep and goats was carried out using Boessneck et al. (1964) and Zeder and Lapham’s (2010) methodology. Methods used to record age, or where possible sex cattle, sheep, and goats, were those of Silver (1969), Payne (1973), Noddle (1974), Grigson (1982), and Halstead (1985). Aging was attempted only on bones with clear epiphyseal fusion patterns. Most of the bones were highly processed and did not provide complete tooth remains for aging based on dentition. This is very common for most African faunal remains from archaeological sites.

For estimation of taxonomic abundance and diversity, numbers of identified specimens (NISPs) were counted following Klein and Cruz-Uribe (1984) and Lyman (2008). NISPs were preferred because they present the best opportunity for inter- and intrasite comparison, and because NISP values were favoured to account for the high degree of fragmentation at the site (Gautier, 1984). The diversity of species included in the economy of Pre-Aksumite rural farmers through time was calculated using Simpson’s diversity index (Faith and Du, 2018). We preferred to use Simpson’s diversity index because it accounts for both richness (species abundance) and evenness (how individuals are distributed among species) at the same time (Lyman, 2008; Faith and Du, 2018). The equation for Simpson’s Diversity Index is as follows:
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In this formula, ni represents the number of specimens (NISP) of each taxon and N represents total NISP of all taxa. The Simpson’s diversity index (1-D’) value ranges between 1 and 0; 0 is no diversity and 1 represents infinite diversity. The larger the value of this index, the more evenly distributed specimens are across taxa. Greater richness indicates a multispecies dependent economy, whereas lesser evenness indicates the domination of few species in the economy. In order to avoid counting the same species twice, only taxa identified to family or genus level were included in this calculation. Fauna categorised as small, medium, and large bovid, and mammal were not included (Lyman, 2008).

The general anatomical categorisation of specimens included: cranial, axial, long bone, and NID (not-identifiable). Animal bones that were not identifiable to family or subfamily were categorised to bovid size class following Brain (1981), Bunn et al. (1986), Marshall (1986), and Gifford-Gonzalez (2005). These categories included: small bovid (<23 kg), medium bovid (23–84 kg), and large bovid or mammal (84–296 kg). All complete bones were measured following the methods described by Von den Driesch (1976).



Results and analysis


Taxonomic abundance and diversity

Numerous species of plants and animals were recovered from Mezber. Here we focus only on analysis of animal remains. A total of 22,514 animal bones were recovered from the ETAP excavation at Mezber. Of these, 7,747 number of identified specimens (NISP) were identifiable to the level of class, family, subfamily, genus, or species (Table 4). Taxonomic richness and evenness varied through time. Taxonomic richness was greater in the Early and Middle Phases and lesser in the Initial and Late Phases (Table 5). This indicates that the Middle and Early Phases were more taxonomically heterogeneous compared to the Initial and Late Phases. The ancient occupants of Mezber utilised both domestic and non-domestic animal resources. The majority of the specimens, however, are from domestic livestock. The most commonly identified domestic animals were cattle (Bos taurus/Bos indicus or hybrids), sheep (Ovis aries), goats (Capra hircus), and in addition chickens (Gallus gallus Domesticus L.), donkeys (Equus asinus africanus L.), and dogs (Canis familiaris L.) were identified. We used criteria presented by Boessneck et al. (1964) and Zeder (2006), as well as locally collected comparative material and published osteological atlases to discriminate between domestic sheep/goat and wild Ethiopian bovids and walia ibex (Capra walie Rüppell, 1852). Characteristics of the mandible and size indicated that the Canis sp. discovered at Mezber closely resembled the domestic dog than the wild canids found in the Ethiopian Highlands.


TABLE 4    Summary of livestock and wild animal remains recovered from Mezber by NISP and by phase.
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TABLE 5    Simpsons diversity indices at Mezber calculated using NISP.
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The overall percentage of domestic animal remains present at Mezber for the entire assemblage included: cattle (62%), sheep/goats (35%), chickens (1.5%), donkeys (0.11%), and cf. camels (0.28%). The wild fauna made up only 6% of the assemblage and included wild fowl (cf. Numidinae and Francolinus sp.), gazelle (Gazella), dik-dik (Madoqua), and cf. kudu (Tragelaphus) (Table 4 and Figure 3). Other taxa such as primates, rodents, hyrax (Procaviidae), carnivores, and galliform bird eggshells were also present in minimal quantities (8%) (Table 4). Although less numerous than domestic fauna, the presence of wild animals reflects variability in animal resource utilisation at Mezber. Evenness indices for Mezber fauna also showed variation in the percentage representation of domestic fauna through time with evenness indices for the Middle Phase (0.13) and Early Phase (0.19) lower than those of the Initial Phase (0.47) and Late Phase (0.44) (Table 5). This is mainly because of the domination of cattle and caprines compared to other species. During the Initial Phase, cattle were by far the most common domestic animal, accounting for 92% of the total of domestic animal assemblage. Cattle represented 61% of the identifiable fauna in the Middle Phase and 47% in the Early Phase. By the same token, caprines, the second most important domestic animals represented 33% of the domestic animal assemblage in both the Middle and Early Phases (Figure 4).
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FIGURE 4
Summary of taxa identified at Mezber, using number of identified specimens (NISP).


It is clear that cattle were the most abundant taxon identified in the Mezber assemblage (Table 4). The stratigraphic context of fauna and direct AMS date at Mezber from the deep sounding Field C demonstrates that cattle were present at the site in the Initial Phase by 1600–900 cal BCE, before domestic caprines (sheep/goats). Well preserved cattle bones were found associated with a directly dated charred lentil dating to 1050–895 cal BCE (Beta-422626, C2 L30 P97 #4220) and charcoal dating to 1211–1020 cal BCE (Beta-378038, A1 L68 P147 #2068) in the Initial Phase (Table 1 and Supplementary Table 4). Directly dated cattle bone from the Middle Phase also showed that cattle keeping was well established at Mezber by 753–393 cal BCE (B2 L4 P17, TO-13659) (Table 1). This is slightly later than the earliest appearance of osteological data for the presence of cattle in the northern Ethiopian highlands which were recorded at Danei Kawlos rock shelter by 3358 ± 47 BP (Marshall and Negash, 2002; Negash and Marshall, 2021). Using paleoclimatic data from diatoms, isotopes, pollen, and change in the Rift Valley lakes of Ethiopia, scholars have shown that there was increasing aridity in the Horn of Africa starting from ca. 6000 BP, with a marked arid phase at around 3500 BP (Gasse, 1977; Gasse and Street, 1978; Negash and Marshall, 2021). Negash and Marshall (2021) argue that Danei Kawlos was possibly occupied by mobile pastoralists during this marked arid phase around 3500 BP. This date also coincides with the Initial Phase at Mezber which dates to ca. 1600–900 cal BCE. Mobile pastoralists might have been attracted to the Mezber site and surrounding highlands, because of the cool highland environment and available spring water for their cattle at a time when most of the Horn of Africa was experiencing an arid phase (Terwilliger et al., 2011, 2014).

Prior to Pre-Aksumite data from Mezber, zooarchaeological data on cattle utilisation for the Pre-Aksumite period was limited to the D and K sites in Aksum (Cain, 2000; Phillipson, 2000; Figure 1). Similar to Pre-Aksumite sites, zooarchaeological analysis of fauna from Aksumite period sites is also limited (Cain, 1999, 2000; Chaix, 2013; Supplementary Table 1). Outside the Ethiopian highlands, cattle dating to the Pre-Aksumite period have also been recovered from ancient Ona sites in Eritrea (Shoshani et al., 2008).

In order to compare the size of cattle at Mezber with those at other contemporaneous sites in northeast and East Africa and to gain perspective on ancient cattle breeds, measurements of the length (GLpe = mm) and breadth (BP = mm) of first phalanges were taken and compared with a published mean of a standard animal from Lidar Höyük, an early Bronze Age to Middle ages site in Turkey (Kussinger, 1988 in Hongo, 1997; Figure 5). We also compared the size of cattle at Mezber to published measurements from Ngamuriak, a Kenyan Neolithic site dating to 3000 BP (Marshall, 2000), a Sudanese Middle Kerma site dating to 2000–1800 BCE (Chaix, 2007), and K-7-41, an Egyptian Predynastic site dating to 4850–4250 BCE (Linseele et al., 2014; Figure 5). As is typical for African sites, few measurable specimens were preserved at Mezber (N = 10). Despite the small sample size, it can be seen from the result of this analysis that large cattle breeds were present in all four Pre-Aksumite phases (Figure 5). Most of the samples used for this test with GLpe range of 56–61 fall above the standard mean of GL-57 (Hongo, 1997; Figure 5), but are smaller than cattle from the pastoral site of Ngamuriak in Kenya (Glpe = 60–68; Supplementary Table 3; Marshall, 2000), and from Middle Kerma sites in Sudan (Glpe = 54–72) (Chaix, 2007; Figure 5). When Mezber cattle sizes were compared to those identified at previously published Pre-Aksumite and Aksumite sites, the Mezber cattle considerably overlap or fall in the intermediate range with animals found at sites D and K (GLpe = 53–70) and Ona Nagast (GLpe = 55–60) (Supplementary Table 3 and Figure 5; Cain, 2000; Chaix, 2013).
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FIGURE 5
Length and breadth measurements (GLpe and Bp, in mm) of first phalanges from all contexts (fields) and phases at Mezber compared with cattle from Ona Nagast and sites D and K (Aksum), Kerma (Sudan), K-7-41 (Egypt) (Data from Cain, 2000; Chaix, 2007, 2013; Linseele et al., 2014). All measurments are taken following Von den Driesch (1976).


The second most abundant domestic fauna present at Mezber was sheep/goat (caprines) (Table 4). Both goat (Capra hircus) and sheep (Ovis aries) were present. Differentiation of sheep and goat would have allowed examination of their differing roles but in this highly fragmented domestic assemblage there were few skeletal parts preserved that could be used to distinguish between sheep and goats. As a result, specimens were combined as a general category sheep/goat (caprines) for quantitatively based discussion of medium-sized domestic stock.

Even though cattle appear earlier at the site, once sheep and goats (caprines) were introduced we see a constant increase in their importance (Table 4). Ratios that compare domestic animal species to one another help identify farmers’ agricultural practices that are geared toward diversity and integration of different species rather than simplification (Vandermeer et al., 1998). At Mezber, cattle outnumber sheep/goats by 1.7 to 1. However, cattle outnumber sheep/goats by 9 to 1 at urban Aksumite sites (Cain, 2000; Supplementary Table 1). In farming communities such as Mezber that relied heavily on both cereals and meat for subsistence, keeping large quantities of both cattle and sheep/goats was advantageous. This relying on rapidly reproducing small stock allowed farmers to use low investment animals for stock for regular meat consumption. It is also possible that cattle were supplied to the Aksumite capital region by rural settlements such as Mezber. Sheep and goat also diversify landscape and dietary needs of livestock herds and resistance to drought and disease (Dahl and Hjort, 1976). From this perspective, increasing caprine use through time reflects an increasingly diversified economy with higher tolerance to risk. High proportions of small stock are common in modern and ancient pastoral societies among more resource poor herders and those recovering from drought (Dahl and Hjort, 1976; Marshall, 1990; Janzen, 2015).

Chickens were the third most common domestic species at Mezber. A unique feature of the Mezber site is that it contained the earliest directly-dated chicken (820–595 cal BCE, Beta-378044, A1 L47 P106) in East Africa and the Horn to be found in a non-ritual and non-ceremonial context (Woldekiros and D’Andrea, 2017). Chicken remains, when compared to the other abundant domestic stock, are notably scarce at Mezber throughout the stratigraphic sequences. Domestic donkeys, though in small quantity, were also present at Mezber (Table 4). There is no historical or archaeological evidence that domestic donkeys were consumed as food during the Pre-Aksumite period, therefore disposal was unlikely in settlement middens. As a result, the presence of few skeletal remains of donkeys does not indicate that they were not widely used for trade or transport in the area (see also Marshall, 2007).

The role of cereals and grains amid the animal husbandry practice of farmers at Mezber was conspicuous. A significant quantity of plant data has been recorded from the site (Beldados et al., in review3). Limited study of stable isotopic evidence collected from the faunal remains, including chickens, cattle, sheep, and goats, shows that farm animals were not only allowed to graze but were also given fodder from domestic cereals. The animals were given both C3 (which could include straw chaff from wheat and barley) and C4 (t’ef, finger millet, and sorghum) cereals (D’Andrea et al., 2011). The C4 species: t’ef, finger millet, and sorghum are all indigenous African plants. The ratio of C3 to C4 plants found in each species varied. The stable isotope data also indicates a distinctive husbandry practice or food preferences for the three main farm animals. A 100% C4-plants value is indicated for the cattle and donkey, and a 50% mix of C3 and C4 plants is indicated for the sheep, goats, and chickens (D’Andrea et al., 2011). The straw of C4 plants like t’ef is still preserved for cattle today in Ethiopia and Eritrea, indicating this foddering practice might also have been present in ancient times.



Element representation

The study of body part representation at Mezber provided insights into management of the three dominant domesticates: cattle, sheep, and goats. Patterns of element representation at Mezber for cattle and caprines are presented in Supplementary Table 2 and a summary in Table 6. These data showed that body part representation is very similar for both cattle and sheep/goats. However, element frequencies for cattle and caprines varied throughout the four phases at Mezber.


TABLE 6    Skeletal element representation.
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During the Initial Phase, cattle distal limbs (92%) were present in higher proportions than cranial (9%) and axial (9%) elements. However, in the Early Phase, cattle and caprine cranial elements were over represented, followed by caprine and cattle axial elements. Similarly in the Middle Phase, there was a high proportion of cattle axial elements (51%), followed by cranial (22%), distal limb (10%), forelimb (10%), and hindlimb (5%). A similar pattern is seen in caprine axial elements (62%) distal limb (13%), cranial (10%), forelimb (10%), and hindlimb (5%). The dominance of caprine axial elements continues into the Late Phase (axial 49%), followed by cranium (31%) and forelimb (17%) bones. There were a small number of caprine distal limbs (3%) and no hind limb bones in the Late Phase. In the Late Phase cattle, however, crania dominated with cranium (36%), axial (24%), and distal limb (24%) elements. Though in small numbers, cattle fore limb (11%) and hind limb (4%) were represented.

Some of the variability in element representation through time could be due to bone density. In the case of Mezber however, there is a high representation of low-density axial bones, especially in the Middle and Late Phases, indicating cultural factors at play (Woldekiros and D’Andrea, 2017). Some of these include cuisine, cut preference and cooking style. Cattle and sheep/goat skeletal part representation at Mezber with high proportions of axial elements and varied cuts, shows that animals were raised and slaughtered at the site. Heavy processing of bones is also evident, and the most meaty hind and forelimb fragements are present at low frequency. The similarity in body part processing among cattle, sheep, and goats also implies similarity in their utilisation. The lack of high utility elements could indicate distribution elsewhere. Use-wear analyses of stone scrapers also suggests that a hide-proceessing craft industry was present at Mezber (Peterson, 2017). It is possible, therefore, that the high percentage of low-utility skeletal parts at Mezber such as metapoidals and phalanges was associated with leather production. How this fits with evidence for large scale leather trade from Aksum is unknown but fauna from this site was part of a larger regional system of agriculture and commerce.



Age and pathologies

The results for epiphyseal fusion data for cattle and caprines are summarised in Tables 7, 8. The tables give the relative age range in which cattle and caprines were slaughtered during the different time phases. However, there were small sample sizes with very few complete bones from the Initial and the Late Phase, therefore reporting focuses on the Early and Middle phases. In the Early Phase, it appears that the majority of the cattle, about 58% were slaughtered when they were between the ages of 24–36 months old. Very few cattle were butchered after 36 months or between 12 and 18 months. During the Middle Phase there is a later age range for cattle slaughtering at the site with the majority dying between 36 and 48 months. Though in small percentage, cattle aged 24–36 months as well as 12–18 months old were also butchered, indicating that adult cattle above the age of 36 months were butchered at the site more than younger cattle. The presence of older animals may indicate keeping of cattle for both meat and secondary products, including traction. The Late Phase like the Initial Phase did not yield large quantity of bone specimens that provided age data. The result for this phase, however, does not indicate animals that were slaughtered young between 12 and 18 months or old between 36 and 48 months.


TABLE 7    Epiphyseal fusion by context for cattle and large sized bovids [% of NISP fused (#fragments fused/#fragments unfused)].

[image: Table 7]


TABLE 8    Epiphyseal fusion by context for sheep/goats and medium sized bovids [% of NISP fused (#fragments fused/#fragments unfused)].
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The age profile for caprines at Mezber shows a more widely spread age pattern during the Early and Middle Phases, where caprines of all ages, adult to juvenile were represented at the site. A large quantity of bones that normally fuse between the ages of 23–36 months were observed to be unfused. The Late Phase provided the least number of bones that can be used for age profile. The implication of the age structure of cattle and caprines is discussed later.

Evidence for traction can also be explored through pathologies. Although the numbers were too small for quantitative analyses, pathologies consistent with traction (Bartosiewicz and Gal, 2013) were present on at least three cattle phalanges recovered from Field E1. Use of cattle to pull ploughs would be consistent with Aksumite foot washers that depict yoked oxen (Phillipson, 2000).



Spatial and temporal distribution

Horizontal and vertical distribution of fauna at the site shows that during the Initial Phase sections of Fields A1 and C2 were utilised to process and consume animal products. In the Early Phase there was a clear expansion and use of the site as indicated by the construction of buildings with large stone walls and inclusion of Field B2 and C1, with the highest concentration of fauna at Field C2 and A1 (Figure 3). Agricultural intensification reaches its highest in the Middle Phase as indicated by the large number of fauna and broader site use with the addition of Fields A2, E1, and A3. A drop in agricultural intensification at the site during the Late Phase is indicated by the reduction of horizontal distribution of fauna, which was limited to Field A2 and C1.




Discussion: Integrated, multispecies agricultural strategy of the Pre-Aksumites and Aksumites

Analysis of animal remains from the site of Mezber indicates an agricultural strategy that was focused on multispecies with an emphasis on cattle, sheep, goats, donkeys, and chickens. Three agricultural strategies practiced by the Pre-Aksumite farmers at Mezber were identified: (1) a complex (multispecies) agroeconomy, (2) multipurpose livestock keeping for food (meat, milk and milk products, eggs), other secondary products (e.g., leather, food trade), and work animals (traction and pack animals, cattle, donkeys), and (3) an agricultural strategy that effectively integrated African and imported plant and animals domesticates in local farming and regional networks of trade and exchange. The success of these strategies is evidenced by the continued presence of these species in the archaeological record through the Pre-Aksumite period to the present day.

By keeping multispecies farm animals such as cattle, sheep, goats, and chicken, Pre-Aksumite farmers were able to not only increase production but also mitigate risks during times of conflict, epidemic, drought, or low rainfall. The Initial Phase occupation of Mezber during a time when the Horn of Africa was experiencing a marked arid phase around 3500 BP is a good example of the inception of this type of agricultural strategy in the highlands and uplands of Ethiopia and Eritrea. Small-scale farmers living in tropical regions still practice multispecies agriculture with the livelihood and culture of the family dependent on a diverse and well-integrated farming practice (Vandermeer et al., 1998). Sheep and goats were likely also critical risk-mitigating counterparts to cattle since they are easier to keep and maintain even during times of drought (Dahl and Hjort, 1976). The nature of the multispecies farming strategy of the early phase of agriculture at Mezber differs, however, from that of ancient pastoralist sites (such as Danei Kowlos in the region, or East African sites) (Janzen, 2015; Negash and Marshall, 2021; Prendergast et al., 2021) where chickens were not incorporated into the animal repertoire, cattle were not used for traction, possibilities for feeding animals on waste from fields were lower, but local or long distance family mobility and communal access to pasture was an important strategy. In contrast, the dominant form of mobility integrated into highland farming systems was local and long-distance trade. The Mezber site was used by Pre-Aksumite farmers who not only subsisted using their domestic herds but were also part of a chain of rural settlements that provisioned Pre-Aksumite towns, urban centers and trade routes with primary and secondary animal products in the form of meat as well as, milk and hide products. It is significant that reliance on diverse animals in highland farming systems was interdigitated with local crop production and processing, and political and economic relationships and trade among rural settlements and urban economies. Cattle, sheep and goat hides may have provided a valuable trade commodity and source of wealth for the local farming community. A local leather processing industry at Mezber is indicated by high proportions of low utility cattle, sheep and goat lower limb elements with the prevalence of stone scrapers associated with mass hide processing through use-wear analysis (Peterson, 2017). Field E at Mezber preserves a workshop dedicated to making the scrapers (D’Andrea et al., in review see text footnote 1). The concentration of scrapers found at Mezber is the largest from any Pre-Aksumite site.


The role of traction in highland agricultural systems

Cattle and donkeys played an important role in traction as animals used in field preparation through ploughing and in transport at Mezber. Mezber provides the first direct dates (806–542 cal BCE) for the presence of donkeys in the Horn of Africa in a context where local transport and trade were important. The sustained importance of cattle at Mezber and other Pre-Aksumite and Aksumite sites also makes it clear that the role of this animal in Pre-Aksumite and Aksumite economies was more complex than providing food, raw materials or even trade. Age profiles and pathology, with representations in Aksumite ceramics, indicate that by the Initial or Early Phases at Mezber (1600–900 cal BCE or 825–750 cal BCE), cattle were likely an important work animal. This represents the earliest integrated osteological and material evidence for ploughs in the Ethiopian highlands. Ox-ploughs were especially advantageous for Pre-Aksumite, Aksumite, and post-Aksumite societies because the highland diet heavily relied on cereals and pulses that were planted in rotation including cereals: t’ef, finger millet, sorghum, wheat, and barley, pulses: chickpeas, lentils, peas, along with oils: linseed and noog (D’Andrea, 2008; D’Andrea et al., 2018). Ploughs altered the dynamics of farming labor allowing rapid deeper preparation of varied soils with a range of gradients and elevations (1,500–3,000 m a.s.l). McCann (1995) argues that ox-plough cultivation in the Ethiopian highlands represented an “ecological revolution.” Use of plough expanded farming technology, altered agricultural landscapes, represented conscious environmental management, and was a key part of the establishment of a diverse but intensive agricultural system in the Ethiopian highlands and is still important to small-holder farmers today (McCann, 1995).



The timing of introduction of exotic domesticates and coming together of multispecies systems

The timing of introduction of animals from Eurasia and the ways that complex agricultural and trade systems came together influenced the trajectory of agriculture in the Ethiopian Highlands and regional agrobiodiversity today. To date, zooarchaeological data provide information regarding the sequence of introduction and adoption of cattle, sheep, goat, donkeys or chickens but little information on breeds. Mezber provides new direct dates for the presence of cattle in the Horn of Africa and information on cattle size. Direct dates for cattle in the Ethiopian highlands have been obtained from the pastoral site of Danei Kowlos (Negash, 2001; Marshall and Negash, 2002) where they date to ∼3700–3900 BP and from Mezber where they date to ∼1600–900 cal BCE (Table 1). African taurine breeds were early in Africa, with humped cattle thought to be introduced to East Africa in the second-century cal BP in eastern Africa (Marshall, 2000). Humped cattle were introduced to Egypt during the first half of the second millennium BCE (Payne, 1964; Epstein, 1971; Marshall, 2000, 1989). At least 28 cattle breeds exist in Ethiopia today including large and small East African Zebu, Sanga, Zenga, and the taurine populations (Assefa and Hailu, 2018). Some of these have adapted to varied altitudes and fly-borne diseases (Assefa and Hailu, 2018). Highland Zebu are smaller in size than Sanga but are well adapted to a confined pasture (McCann, 1995). Measurable elements from the site of Mezber indicate that cattle in all phases were smaller than those from Middle Kerma in Sudan and Ngamuriak in Kenya tentatively associated with early zebu, but larger than the standard animal from Turkey. The stature of the Mezber cattle was also not outside the range of previously reported cattle from other Pre-Aksumite and Aksumite sites. There is, therefore, no evidence for pronounced changes in animal size through time. It is possible that more complete specimens or biomolecular approaches will provide new insights into changing cattle breeds and selection in the Horn of Africa through time.

Sheep and goats were economically significant at Mezber by 825–750 cal BCE and increased in importance through time. Rock art and data from other regions provides useful insights into breeds that may have been introduced. Long-legged, thin-tailed sheep were present in Egypt by 6800 BP and replaced by fat-tailed sheep (Gautier, 1980; Chaix and Grant, 1987; Blench, 2006; Gautier and Van Neer, 2006). Sheep appear in East Africa and the Horn by ca. 4500–3700 BP but little is known about the origin of the fat-tailed sheep, which appears in rock art in the Horn of Africa (Clark and Williams, 1978; Marshall, 2000). Dwarf goats were present in the Middle Niger region of West Africa by 3000 BP, but the origin of goat breeds in the Horn is unknown (Gifford-Gonzalez and Hanotte, 2011). A study of recent goats shows considerable diversity of goat breeds in the Horn, especially in Ethiopia (Ayalew et al., 2006). This suggests long term use of goats in the Horn with adaptation and breed development by farmers to different ecological niches.

Another animal kept as a work animal at Mezber was the domestic donkey. We obtained a direct accelerator mass spectrometry date (806–542 calBCE, Beta-266010) for a donkey at Mezber (Table 1), the first direct date from the Horn. Ethnoarchaeological research (Woldekiros, 2019) in the Afar and Tigrai region demonstrates the likely role of pack animals in trade and as a source of wealth for the Aksumites. The fact that very few faunal remains belonging to pack animals (donkeys and camels) were recovered from Mezber, even though the present-day concentration of donkeys and camels in northern Ethiopia is the largest in the world (Gebreab et al., 2005) supports Cain (2000) and Marshall’s (2007) arguments regarding a faunal bias against these transport animals because they were rarely eaten or kept in settlements. It is likely that donkeys played a significant role in transport at the settlement and local and regional trade from Mezber.



The inception of adoptive agricultural strategies in novel environments?

The ease or difficulty with which exotic species were incorporated into the early African farming system could be attributed to social factors. For example, prior to the introduction of domestic chickens, we have evidence that early farming communities in Africa were exploiting wild fowls belonging to the Phasianidae family, to which domestic chickens also belong. Marshall (2000) argues that the reason the domestic camel is a late comer to the African herding system is that there was no prior experience with the wild ancestor of Camelidae in Africa. Other species including cattle, sheep, and goats that have attributes similar to the wild African antelope may have been more readily incorporated into African herding systems.

Even though domestic fauna dominates the assemblage at Mezber, they were sometimes supplemented by wild taxa. Wild species such as Francolinus sp., gazelle (Gazella), dik-dik (Madoqua), and cf. kudu (Tragelaphus) were the most common. The wild taxa at Mezber and Aksumite sites indicate a difference between wild taxa consumed locally and those that were acquired for trade or exchange. Ancient texts such as the Periplus of the Erythraean Sea (Huntingford, 1980) describe the trade of animals and animal products that are more ornamental than edible including rhinoceros horn, elephant ivory, tortoiseshell, monkeys, civet, and giraffe.

To summarize, cultural change in the north Ethiopian and Eritrean highlands did not disrupt an agricultural strategy that was over 3,000 years old. Although variability in seasonal rain and drought was a risk in the highlands during the Pre-Aksumite and Aksumite periods, it did not deter farmers from keeping cattle as a major farm animal. Inhabitants of Mezber used multispecies agricultural strategies to settle and adapt to their highland environment for at least 1,600 years. Comparison of data from D and K sites at Aksum and OA and OAZ sites at Bieta Giyorgis show that the same general approach to agriculture was adopted in the highlands.




Conclusion

At Mezber, we see early farming systems in Africa in a settled village context with evidence for long-term resilient African farming systems that depended on biodiversity and a multispecies agroeconomy. We see at Mezber an economic system that depended on both African and non-local animals—an economy that combined domestic species with wild animals at times. This economic system is in line with a strategy that was probably developed during the Holocene by early African herders as part of a risk management system in an ever-changing environment (see Marshall et al., 2011).

In addition to demonstrating a pattern of risk management, this study also indicates that social complexity and political stability at Mezber allowed for a settled way of life with a rich, multispecies economic system that included non-local animals acquired through exchange and trade. This study integrates faunal data from Mezber into a wider regional context aimed at understanding long-term human and animal interaction patterns in the Horn of Africa. Further work at sites with evidence for Pre-Aksumite and Aksumite influence will provide additional insights into regional differentiation in agricultural practices across space and time.
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Distal limb ~ Metacarpal 9 82 111 51 38 10 150 12 90 13 11 24 1 3
Metatarsal
Astragalus
Calcaneum
Phalanx
Total 11 1 404 362 1,293 700 45 35
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