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Domestication Processes and
Morphological Change

Through the Lens of the Donkey and African Pastoralism

by Fiona Marshall and Lior Weissbrod

Little is known about the beginnings and spread of food production in the tropics, but recent research
suggests that definitions that depend on morphological change may hamper recognition of early
farming in these regions. The earliest form of food production in Africa developed in arid tropical
grasslands. Animals were the earliest domesticates, and the mobility of early herders shaped the
development of social and economic systems. Genetic data indicate that cattle were domesticated in
North Africa and suggest domestication of two different African wild asses, in the Sahara and in the
Horn. Cowpeas and pearl millet were domesticated several thousand years later, but some intensively
used African plants have never undergone morphological change. Morphological, genetic, ethno-
archaeological, and behavioral research reveals relationships between management, animal behavior,
selection, and domestication of the donkey. Donkeys eventually showed phenotypic and morpho-
logical changes distinctive of domestication, but the process was slow. This African research on
domestication of the donkey and the development of pastoralism raises questions regarding how we
conceptualize hunter-gatherer versus food-producer land use. It also suggests that we should focus
more intently on the methods used to recognize management, agropastoral systems, and domesti-
cation events.

The question of whether understanding of the beginnings of
food production is being constrained by definitions and meth-
ods of detection that focus on morphological change rather
than management is becoming a major theme in studies of
the origins of agriculture. Recent research in the humid tropics
of southeastern Asia and the Pacific suggests that definitions
that depend on morphological change hamper recognition of
early farming in these areas (Bayliss-Smith 2007; Denham
2007, 2011). This perspective has so far centered on plants
of the humid tropics that have a history of long-term culti-
vation in agricultural systems but lack morphological change
(Denham 2007; Kahlheber and Neumann 2007; Yen 1989).
Another feature of both humid and arid tropical agricultural
practices that has strained conceptions of early agricultural
systems is the variety of economic activities—including fish-
ing, gathering, hunting, cultivation, and herding—that may
be combined in complex and diverse subsistence systems

Fiona Marshall is Professor in the Department of Anthropology,
Washington University, Saint Louis (1 Brooking Drive, Saint Louis,
Missouri 63130, U.S.A. [fmarshal@artsci.wustl.edu]). Lior Weissbrod
is a postdoctoral researcher at the Zinman Institute of Archaeology,
University of Haifa (Mount Carmel, Haifa 31905, Israel
[lweissbr@research.haifa.ac.il]). This paper was submitted 13 XI 09,
accepted 2 XII 10, and electronically published 8 VI 11.

(Kahlheber and Neumann 2007; Marshall and Hildebrand
2002; for North America, Smith 2001, 2011).

In their approach to definitions and the question of whether
morphological change is an effective marker of domestication,
Jones and Brown (2007) focus on selection processes and
timing rather than on region. They contend that under certain
circumstances, practices of cultivation and protective tending
could have resulted in stable long-term systems of food pro-
duction that depended on plants and animals lacking dis-
tinctively domestic morphological and genetic characteristics.
Reproductive isolation and morphological change, Jones and
Brown (2007) go on to suggest, are linked with later stages
of agricultural development, when human populations ex-
panded and people removed plants and animals from their
wild ranges.

There is a growing appreciation, however, of differences
among species in time elapsed before domestication processes
are readily detectable and of variability in the sensitivity of
methods that can be brought to bear on any given taxon. In
a detailed study of the domestication of goats in western Asia,
Zeder (Zeder 2008; Zeder and Hesse 2000) used regional and
age- and sex-based variability in animal size to document early
herd management, which was followed by diminution in size.
In the absence of clear morphological indicators, evidence for
management—culling, corralling, and milking—has also been
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Table 1. Key African animal and plant domesticates, with summaries of sites, date ranges, and arguments for management
or domestication processes

Taxon, region Site, period (cal BP) Argument for management/domestication

Barbary sheep:
Acacus Mountains (Libya) Uan Afuda Uan Tabu; tenth to ninth millennium Caprine dung in shelter suggests penning; plant re-

mains suggest foddering
Cattle:

West Nile (Egypt), arid grasslands Nabta Playa; eleventh to tenth millennium Cattle out of wild range; provisioning of water from
well

Modern African cattle Sheko, Ethiopia; Ndama, Mali Modern cattle genetics: mitochondrial, microsatellite,
Y-chromosome, Y2 data distinctive of Africa; geo-
graphic patterning

Donkeys:
Nile Valley (Egypt) Maadi, Merimde, Hierakonpolis;

mid-seventh millennium
Donkey bones, some smaller than wild ancestor’s

Abydos; ∼5000 cal BP Donkey skeletons of same size as wild ancestor’s but
with pathologies distinctive of transport use

Nubian/Somali wild ass,
donkeys Sahara, Horn Modern donkey and wild ass genetics: mitochondrial,

genetic variability, ancient DNA
Sorghum:

Sahel Um Direiwa; seventh millennium Intensive use of grains, no morphological change,
20,000 grindstone fragments

Sahel Qasr Ibrm; early second millennium Morphological change
Pearl millet:

West African Sahel KN05, Birimi, Gajiganna, Dhar Tichitt;
late third/early fourth millennium

Morphological change, size decrease

Cow pea:
West Africa savanna, forest B-sites,

Birimi Early fourth millennium Morphological change
Teff:

Ethiopia, high altitude Aksum, Ona Nagast; early second millennium Morphological change, no size decrease
Roselle, baobab, shea butter:

West African park savanna Early second millennium Common in sites; heavily used today, but no mor-
phological change

Oil palm, canarium, yams:
West African tropical forests Early second millennium Common in sites, heavily used, no morphological

change; yams: no preservation, morphological
change?

key to a better understanding of early phases of domestication
of the horse (Outram et al. 2009). The discovery by Rossel
et al. (2008) that donkeys used by Egyptian pharaohs for
transport at approximately 5000 cal BP (historic date 3000
BC; table 1) remained morphologically wild 1,000 years after
they were thought to have been first domesticated further
emphasizes possibilities for underestimating the timing of do-
mestication of large mammals and draws attention to species-
specific pathways to domestication (see also Zeder 2011).

In the light of these different emphases on global, regional,
and taxon-specific impacts of late morphological change on
general understanding of early food production, we evaluate
current perspectives on the beginnings of food production in
Africa, a continent that represents the world’s largest tropical
landmass. We reexamine evidence of early animal and plant
domesticates and employ ethnoarchaeological data on donkey
management and breeding behavior to examine species-
specific domesticatory practices that influenced selection and
the likelihood of morphological change. These analyses allow

us to return to the larger question of Africa’s contribution to
understanding variability in early agricultural systems world-
wide. In most of Africa, pastoralism is considered the earliest
form of agriculture, followed by plant cultivation and adop-
tion of mixed herding-cultivation systems.

Early Food Production in Africa

Africanists have built up a picture of the beginnings of food
production in which early dependence on domestic animals
and increasing reliance on mobility guided the development
of social and economic systems of the Early Holocene and
resulted in late domestication of African plants. Specific
themes that have emerged include locally and socially con-
tingent responses to large-scale climatic change, domestica-
tion of cattle for food and donkeys for transport, intensive
hunting and possible management of Barbary sheep, long-
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term reliance on a broad range of wild plants and animals,
and late domestication of African plants.

In this review of the African evidence, we see domestication
as a microevolutionary process that transformed animal and
plant communities and human societies (see Clutton-Brock
1992), but we examine rather than assume relationships be-
tween domestication and long-term genetic and morpholog-
ical change (see also Vigne et al. 2011). We follow Zeder (2009,
2011; Rindos 1984) in emphasizing long-term coevolutionary
relations between people, animals, and plants, but unlike
Rindos (1984), we also highlight the intentional role that
individuals played in selection (Hildebrand 2003b; Marshall
and Hildebrand 2002). Pastoralism is also an important con-
cept for discussions of the beginnings of food production in
Africa, and this, we argue, differs from herding or simple
keeping of animals because pastoralists rely on moving live-
stock to pasture and emphasize the social and symbolic role
of domestic animals (Dyson-Hudson and Dyson-Hudson
1980; Smith 2005; Spear and Waller 1993). This does not
necessarily imply, however, a diet heavily based on domestic
animals. Historically, African pastoralists prioritized the needs
of their herds in scheduling activities and locating settlements
(McCabe 2004; Western and Dunne 1979), but they usually
relied on a broad range of complementary subsistence strat-
egies ranging from seasonal cultivation, fishing, hunting, and
gathering to food exchange or trade (Dyson-Hudson and
Dyson-Hudson 1980; Evans-Pritchard 1940; Schneider 1979).
As a result, it is overly simplistic to rely on high proportions
of domestic animal bones to differentiate pastoral from
hunter-gatherer or farming sites. Multiple lines of evidence
are necessary, including households oriented to mobility—
with slope, soil, and vegetation characteristics organized
around the needs of domestic herds (Western and Dunne
1979)—animal pens, dung deposits (Shahack-Gross, Mar-
shall, and Weiner 2003; Shahack-Gross, Simons, and Ambrose
2008), milk residues (see Evershed et al. 2008), livestock-
focused rock art, and ritual livestock burials (di Lernia 2006).

Domesticatory Settings: Climatic and Social Variability and
Subsistence Intensification

Large-scale climate change forms the backdrop to the begin-
nings of food production in northeastern Africa (Kröpelin et
al. 2008). Hunter-gatherer communities deserted most of the
northern interior of the continent during the arid glacial max-
imum and took refuge along the North African coast, the
Nile Valley, and the southern fringes of the Sahara (Barich
and Garcea 2008; Garcea 2006; Kuper and Kröpelin 2006).
During the subsequent Early Holocene African humid phase,
from the mid-eleventh to the early ninth millennium cal BP,
ceramic-using hunter-gatherers took advantage of more fa-
vorable savanna conditions to resettle much of northeastern
Africa (Holl 2005; Kuper and Kröpelin 2006). Evidence of
domestic animals first appeared in sites in the Western Desert
of Egypt, the Khartoum region of the Nile, northern Niger,

the Acacus Mountains of Libya, and Wadi Howar (Garcea
2004, 2006; Pöllath and Peters 2007; fig. 1).

During the Early and mid-Holocene, diverse hunter-gath-
erer groups lived close to permanent water in widely separated
regions of northeastern Africa, from the Acacus to Lake Vic-
toria (Caneva 1988; Garcea 2006; Holl 2005; Prendergast and
Lane 2010). Ethnoarchaeological research suggests that this
social and economic variability played a significant role in
pathways to food production in Africa. Recent hunter-gath-
erers with long-term investment in hive and trap construction
and delayed-return social systems and limited sharing have
historically been able to accommodate more easily property-
rights issues arising out of time investment in agriculture than
have those with highly egalitarian norms (Brooks, Gelburd,
and Yellen 1984; Dale, Marshall, and Pilgram 2004; Marshall
2000; Smith 1998; Woodburn 1982). Moreover, cattle herding
requires significantly greater commitment than cultivation be-
cause foragers can tend crops intermittently and accommo-
date them into flexible hunter-gatherer schedules, whereas
animal herds require protection against predators and con-
stant attention (Dale, Marshall, and Pilgram 2004; Marshall
2000). As a result, Africanists have hypothesized that do-
mestication of cattle is more likely to have been undertaken
and pastoralism adopted in regions of northeastern Africa
that were occupied by complex rather than highly mobile
egalitarian hunter-gatherers (Marshall and Hildebrand 2002).

Arguments that complex or delayed-return systems of so-
cial organization existed in the Acacus, the Sudanese Nile
Valley, and some other regions of the African Early to mid-
Holocene are based on elaboration of material culture, in-
cluding manufacture of ceramics and storage facilities in these
areas and highly patterned use of rock-shelter sites and local
landscapes (Barich 1987; di Lernia 1999, 2001; Garcea 2004;
McDonald 2008). Significant investment in living spaces and
limited movement are indicated by hut construction at Nabta
Playa in the Acacus Mountains and the northern Sudanese
Nile Valley and by isotopic analyses at Gobero in Niger and
Acacus sites (Barich 1987; Garcea 2006; Sereno et al. 2008;
Tafuri et al. 2006). In the central Sahara, the Sudanese Nile
Valley, and the Acacus, human burials are common (Caneva
1988; Honegger 2004; Sereno et al. 2008). Garcea (2004) and
di Lernia (1999, 2001) argue that their presence in the Late
Acacus phase (ca. 10,250–9600 to 9890–9440 cal BP) may
relate to group identities and rights to land.

North African hunter-gatherers of the Early and mid-
Holocene employed highly diverse subsistence as well as social
systems. Wild cattle (Bos primigenius) were hunted along the
Mediterranean coast and the Nile Valley, and small numbers
of wild ass (Equus africanus) were also present in many sites
(Alhaique and Marshall 2009; Gautier 1987a; Marshall 2007).
Barbary sheep (Ammotragus lervia) were the most common
animal hunted across North Africa at this time (di Lernia 2001;
Gautier 1987a; Saxon et al. 1974). In the Late Acacus sites of
Ti-n-Torah, Uan Tabu, and Uan Afuda, intensive exploitation
of wild cereals (e.g., Echinochloa, Panicum, Setaria, Digitaria,
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Figure 1. Map of North Africa showing the location of sites mentioned
in the text.

and Pennisetum) is associated with heavy grindstone use (di
Lernia 1999; Garcea 2001; Mercuri 2001; fig. 1). A similar set
of wild grass seeds were harvested, processed, and stored in the
eastern Sahara during the late tenth and early ninth millennia
at Nabta Playa, site E-75-6 (Wasylikowa et al. 1993; Wendorf
and Schild 1998; for radiocarbon dates, see table 2). Along the
Sudanese Nile, a variety of wild mammals were hunted in con-
junction with fishing for large deepwater fish and intensive
grindstone use (Caneva 1988; Haaland 1987).

Taming of Barbary sheep. There has been a recurrent suggestion
that some North Africans penned and culled Barbary sheep
herds during early phases of the Holocene (di Lernia 1998,
2001; Garcea 2006; Saxon et al. 1974; table 1). Earlier arguments
for management without morphological change were based on
young male–dominated culling profiles from the sites of Tamar
Hat and Haua Fteah on the Mediterranean coast (Saxon et al.
1974; Smith 2008; fig. 1). More recent evidence is based on the
presence of dung accumulations in the rear of rock-shelter sites
occupied by complex hunter-gatherers during the tenth and
early ninth millennia cal BP in the Libyan Acacus at Uan Afuda,
Uan Tabu, and Fozzigiaren (Cremaschi and Trombino 2001;

di Lernia 2001; Garcea 2006). Di Lernia (2001) argues that
dense dung deposits in these rock shelters differ from natural
dung accumulations characterized by loose and scattered pellet
matrices and result instead from use of shelters for corralling
animals. Micromorphological analyses of the “dung layer” sed-
iments suggest trampling and indicate the presence of spher-
ulites common in caprine dung, and studies of the plant re-
mains indicate a selected range of plant species suggestive of
foddering (Castelletti et al. 1999; di Lernia 2001; Mercuri 1999).
Interestingly, Livingstone Smith (2001) notes that hunter-gath-
erer pottery of Late Acacus levels at Uan Afuda is dung tem-
pered, a characteristic of later pastoral ceramics. The number
of Barbary sheep remains declines in later sites, however, and
there are no dung deposits that suggest subsequent emphasis
on Barbary sheep (di Lernia 1999; Garcea 2001, 2004). Taken
together, the micromorphological and archaeological evidence
for dung accumulation resulting from penning of Barbary sheep
in the Late Acacus rock shelters is suggestive, but additional
faunal data and dung deposits are needed from open-air sites.

Domestication of African cattle? The evidence for taming of
wild cattle during the Early Holocene provides an interesting

This content downloaded from 143.233.188.201 on Wed, 10 Dec 2014 14:37:06 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Marshall and Weissbrod Domestication Processes and Morphological Change S401

Table 2. Radiocarbon dates for key African sites with evidence relating to management and domestication

Age (BP)

Taxon, site Uncalibrated Calibrated
Calendrical
date (BC) Material Lab ID References

Barbary sheep:
Uan Afuda Late Acacus 8555 � 110,

8000 � 100
9675–9455,
9009–8717

7726–7506,
7060–6768

Plants,
dung

GX 20753,
GX 18104

Di Lernia 1998:117,
2001:419

Cattle:
Nabta Playa E-79-8 9829 � 380,

9350 � 150
11,963–10,730,
10,745–10,295

10,014–8781,
8796–8346

Charcoal,
charcoal

SMU-858,
SMU-928

Wendorf and Schild
2001:98

Nabta Playa E-75-6 8290 � 80,
7770 � 110

9425–9140,
8696–8414

7476–7191,
6747–6465

Ostrich egg,
charcoal

SMU-257,
Gd 6257

Schild and Wendorf
2001:52

Sorghum, morphologi-
cally wild:

Um Direiwa 6010 � 90,
5600 � 110

6967–6739,
6498–6286

5018–4790,
4549–4337

Shell,
shell

T-3697,
T-4045

Haaland 1987

Domestic cowpea:
B-sites 3410 � 60 3814–3574 1865–1625 Cotyledon TO 11883 D’Andrea et al. 2007:689

Oil palm, morphologi-
cally wild:

B-sites 3380 � 40 3686–3575 1737–1626 Endocarp GX-29105 D’Andrea, Logan, and
Watson 2006:203

Domestic pearl millet:
Karkarichinkat 4011 � 33 4519–4433 2570–2484 Seed OxA16919 Manning et al. 2011:317
Dhar Tichitt 3500 � 100 3898–3640 1949–1691 Grain Pa-1157 Summarized in Neu-

mann 2003:75
Birimi 3460 � 200 3977–3475 2028–1526 Grain TO-8172 D’Andrea, Klee, and

Casey 2001:343

Note. All calibrated BP ages and calendrical dates were calculated with IntCal 09, OxCal v4.1 (Bronk Ramsey 2009), with 68.2% confidence (1-j
range). Note that only the earliest and latest dates from each site are reported here.

parallel to that for management of Barbary sheep. Wendorf
and colleagues (Gautier 1987b; Wendorf and Królik 2001;
Wendorf and Schild 1998; Wendorf, Schild, and Close 1984)
have argued that seasonally settled hunter-gatherers of the
Nabta Playa region (fig. 1) domesticated African cattle in the
Western Desert of Egypt during the eleventh to tenth millen-
nium cal BP (reviews of arguments in Gifford-Gonzalez 2005;
table 2). Domestic sheep and goats, on the other hand, were
introduced to Africa from southwestern Asia during the early
eighth millennium cal BP and postdate the appearance of
cattle at all sites except Uan Muhaggiag (Gautier 2001; Lin-
seele 2010; Linseele et al. 2010). The independent domesti-
cation of African cattle has been tied to arid episodes, the
desire of hunter-gatherers for increased short-term predict-
ability in food resources, and the difficulty of intensifying
plant foods under these conditions (Marshall and Hildebrand
2002). Bos remains are ubiquitous in sites of the Nabta and
Bir Kiseiba regions (fig. 1) from the eleventh to the tenth
millennium cal BP (table 2) but in very small numbers, pre-
cluding detailed analyses of morphometric change or recon-
struction of culling profiles (Gautier 2001). Linseele (2004)
has demonstrated, however, that size decrease is not a useful
indicator of domestication in northeastern Africa because the
size of African Bos primigenius varied regionally and tem-
porally and because ancient Egyptian longhorn cattle over-
lapped in size with some wild cattle populations.

Close and Wendorf (1992) and Gautier (1984b, 1987b) also
argued, largely on the basis of a well and a watering basin at
site E-75-6, that the repeated presence of water-dependent
North African B. primigenius in Western Desert sites during
the tenth and ninth millennia cal BP (table 2) reflected range
extension facilitated by management and watering of cattle
(table 1). Bos cranial remains in a human grave at El Barga
in northern Sudan further support the presence of cattle in
the region during the early ninth millennium cal BP (Ho-
negger 2005:247–248). The earliest evidence of small domestic
cattle from the central Sahara dates, however, to the eighth
millennium BP (at Ti-n-Torha and Uan Muhaggiag; Gautier
1987b; fig. 1).

To date, the strongest evidence for domestication of cattle
in Africa comes from a series of major studies of the genetic
characteristics and biodiversity of contemporary cattle breeds.
Changing genetic approaches are reviewed by Larson (2011).
Initial analyses of maternal mitochondrial DNA (mtDNA)
showed that African cattle shared a distinctively higher fre-
quency of the T1 mitochondrial haplogroup than is common
in other regions and a large proportion of unique haplotypes
(Bradley et al. 1996). These findings are consistent with an
independent African domestication, although the possibility
of a demographic expansion of Near Eastern cattle in Africa
could not be ruled out (Bradley and Magee 2006; but see
Achilli et al. 2008). Recent analysis of single-nucleotide poly-
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morphisms from whole-genome sequences derived from
small numbers of cattle demonstrate that African breeds di-
verged early from the European taurine cattle (Decker et al.
2009). New analyses of high-resolution interspersed multi-
locus microsatellites on the male-specific region of the Y chro-
mosome demonstrate the existence of an African subfamily
in taurine cattle of the Y2 haplogroup (Pérez-Pardal et al.
2009). Associated analyses also indicate that neither the ge-
netic diversity in the African mtDNA T1 haplogroup nor the
diversity in the Y2 haplogroup is consistent with the bottle-
neck that would have been required to fix these haplotypes
from Near Eastern taurine cattle (Pérez-Pardal et al. 2010; see
also Bovine HapMap Consortium 2009). Taken together with
data on variation in autosomal microsatellites (rapidly evolv-
ing regions of the nuclear genome) and other data on Y-
chromosome variability in African cattle breeds (Bradley and
Magee 2006; Hanotte et al. 2002), the genetic data as a whole
point strongly to an independent African domestication of
cattle (Pérez-Pardal et al. 2009, 2010).

Ethnographic studies suggest, however, that genetic and
phenotypic change may have been slow in early northeastern-
African cattle and that neither morphological nor genetic
studies are likely to detect the early phases of this process.
Given recurrent cycles of drought and disease, contemporary
African pastoralists manage their herds for maximum growth
by keeping a high proportion of females in herds (Dahl and
Hjort 1976). However, the main intentional selective processes
acting on African cattle are culling and castration, which affect
males rather than females (Dahl and Hjort 1976; Ryan et al.
2000). Natural selection in the form of drought and disease
often play a larger role in mortality than culling (Mutundu
2005), multiple bulls are common in herds, offtake is low
(4%–8%), and culling often takes place after sexual maturity
(Ryan et al. 2000). Such processes, together with some intro-
gression with wild bulls, are likely to have worked against
rapid morphological change in early pastoral herds and to
have resulted in a postmanagement lag in morphological
change.

Domestication of the donkey. It has long been suggested that
ancient Egyptians domesticated the donkey (Equus asinus),
although the Near East has also been considered a possible
area of origin. Egyptian Predynastic sites have yielded the
earliest potential domestic donkeys, which date to the mid-
seventh millennium cal BP (historic date 4600–4400 BC;
Boessneck and von den Driesch 1990; table 1). Some faunal
elements from these sites, zooarchaeologists argue, exhibit size
decrease relative to the wild ass (Boessneck and von den
Driesch 1990), but widespread morphological change was
slow to develop in ancient Egypt. Evidence of bone pathol-
ogies from early dynastic donkey burials at Abydos (fig. 1)
demonstrates that by approximately 5000 cal BP (historic date
3000 BC), First Dynasty Egyptian kings were using donkeys
to carry heavy loads (Rossel et al. 2008). Rossel et al. (2008)

show, however, that these animals were not yet morpholog-
ically distinguishable from the African wild ass.

Recent studies of genetic variability in modern donkeys
suggest that prehistoric pastoralists may have domesticated
donkeys on the fringes of the Sahara. Beja-Pereira and col-
leagues (2004; also Vilá, Leonard, and Beja-Pereira 2006) doc-
ument the existence of two different haplogroups or clades
of domestic donkeys. Their genetic-diversity data suggest two
domestication events, both in northeastern Africa. Kimura et
al.’s (2010) recent analysis of ancient DNA from the Nubian
donkey (Equus africanus africanus) and the Somali wild ass
(Equus africanus somaliensis) demonstrates that the Nubian
wild ass was the ancestor of modern donkey Clade I but that
the ancestor of donkeys of Clade II is currently unknown.
This research also documents the ancient distribution of the
Nubian wild ass and Clade I donkeys from the Atbara River
and Red Sea Hills in Sudan and northern Eritrea across the
Sahara to Libya, a geographic distribution that suggests that
prehistoric pastoralists domesticated Clade I donkeys (Kimura
et al. 2010). However, domestication by pastoralists or farmers
of the northern Nile Valley during late prehistoric/early Pre-
dynastic times is also a possibility.

The Herding-Hunting Mosaic and the Spread of Pastoralism

In the central Sahara, cattle became common in the eighth
to sixth millennium cal BP at sites such as Ti-n-Torha, Uan
Muhaggiag, Uan Telocat, Adrar Bous, Gobero, Enneri Bar-
dagué, and Wadi Howar (Clark et al. 2008; di Lernia 2006;
Garcea 2004; Gautier 1987b; Jesse et al. 2007; Roset 1987;
Sereno et al. 2008; fig. 1). The main advantages for hunter-
gatherers of herding cattle over intensification of plant re-
sources or reliance on hunting and gathering are thought to
have been decreased reliance on local rainfall and increased
predictability in daily access to cattle herds for blood, meat,
and ceremonial purposes (Jesse et al. 2007; Marshall and Hil-
debrand 2002). Foraging continued, but the intensity of the
new human-animal relationship would have required own-
ership patterns and schedules oriented to animal care and
transformation of hunter-gatherer societies. Dependence on
wild calories could have been somewhat reduced, however,
by milking, a practice that archaeologists have tended to as-
sume was adopted after herding for blood and meat and with
some difficulty (but see Linseele 2010).

Different genetic bases for lactase persistence in Europe and
Africa show coevolution between people and cattle and the
strong selective advantage conferred by drinking milk (Tish-
koff et al. 2006). Interestingly, recent research has documented
lactase persistence among some contemporary African
hunter-gatherers. Tishkoff et al. (2006, supplementary infor-
mation) note that lactase persistence could be selected for by
delaying weaning of infants and, moreover, that the trait is
also adaptive for digestion of certain roots and barks. This
suggests several pathways to lactase persistence among hunter-
gatherers and raises the question of whether African herders
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milked their cattle earlier and incorporated dairy products
into their diets with fewer digestive difficulties than previously
thought. However, milking scenes depicted in prehistoric Af-
rican rock art and in Saharan ceramics have so far not pro-
duced dates or residues that bear on the antiquity of milking
in Africa (Jesse et al. 2007; Marshall 2000).

Oscillating periods of aridity and humidity resulted in pe-
riods of increased mobility and occasional depopulation of
the Sahara (di Lernia 2002; Garcea 2004; Kröpelin et al. 2008).
In the eighth to seventh millennia cal BP, herders combined
livestock keeping with hunting and collection of wild grain
in regions such as the Acacus Mountains (Gautier 1987b). At
Adrar Bous and other sites near lowland lakes, herders also
fished and collected shellfish (Gifford-Gonzalez 2005; Smith
1992; fig. 1). Cattle-focused rock art attests to the symbolic
importance of cattle for Saharan herders (Holl 2004; Smith
1992, 2005). Hunter-gatherers also flourished during this pe-
riod at sites such as Dakleh Oasis (McDonald 2008) and
Amekni (Camps 1969; fig. 1), creating a mosaic of hunters
and herders across northeastern Africa (fig. 1).

Through the mid-Holocene, grasslands became more arid,
precipitation became increasingly unpredictable, and desert
regions of the Sahara expanded. Northeastern Africans re-
sponded to these pressures by heightening mobility, relying
on introduced sheep and goats, and decreasing use of wild
cereals (Barich 2002; di Lernia 2002; Garcea 2004; Gautier
1987a). It was during this period that the donkey was do-
mesticated (Rossel et al. 2008). Their use would have made
increased residential mobility and dispersal of settlements
from water possible and would have facilitated long-distance
migrations (Marshall 2007).

Significant expansion of the geographic distribution of the
dotted-wavy-line ceramic motif and distinctive human mor-
tuary practices in the early seventh millennium cal BP reflect
the southward movement of pastoralists, long-distance con-
tacts among Saharan groups, and elaboration of pastoralist
ideologies (Jesse et al. 2007; Keding, Lenssen-Erz, and Pas-
toors 2007; Smith 1992; Wendorf and Królik 2001). Just as
in the Mediterranean and western Europe, however, the tra-
jectories of small immigrant groups may have varied greatly
(Özdoğan 2011; Rowley-Conwy 2011). Domestic stock appear
to the south in the Sudanese Sahel by the early seventh mil-
lennium cal BP at Esh Shaheinab and Kadero (Gautier 1984a,
1984b) and by the mid-fifth millennium cal BP in Kenya
(Marshall and Hildebrand 2002). Similarly, Saharan lithics
and other traces of Saharan herders are first found in the West
African Sahel by approximately 4500 cal BP (Jousse et al.
2008; Linseele 2010; Smith 1992). Di Lernia (2006) argues
that the widespread ritual burial of cattle across the Sahara
at the end of the seventh millennium BP represents a social
response to rapid aridification. Cattle burials and associated
ritual activity are a prominent feature of site E-96-1 at Nabta
(Wendorf and Królik 2001). At Djabarona 84/13, in the mid-
dle of Wadi Howar from the beginning of the sixth millen-
nium cal BP, more than a thousand pits are filled with cattle

bones and relatively complete ceramic pots (Jesse et al. 2007;
fig. 1). As far south as Kenya by the middle of the fifth
millennium cal BP, large stone circles such as those at Jarigole
were constructed as centers for human burial rituals by south-
ward-migrating herders (Marshall, Grillo, and Arco 2011; Nel-
son 1995). Hunter-gatherers, however, continued to flourish
after the movement of herders into these regions (Lane et al.
2007; Lesur, Vigne, and Gutherz 2007).

Domestication of African Plants

The earliest evidence for domestication of indigenous African
plants with morphological change dates only to the beginnings
of the fourth millennium cal BP (table 1). Although many
Holocene hunter-gatherers of northeastern Africa relied
heavily on wild Saharan cereals, high mobility and repeated
abandonment of the region seem to have impeded long-term
directional selection and morphological and genetic change.
Instead, selection processes culminated in morphological
change once Saharan herders settled in the southern reaches
of the Sahara and more humid Sahelian regions and estab-
lished more permanent settlements in areas that were still
within or close to the edge of the wild range of Saharan
species.

Sahelian herders—who also hunted, gathered, and fished—
integrated cultivation of domestic pearl millet Pennisetum
glaucum into their subsistence economies in one or two do-
mestication events documented at or after 3898–3640 cal BP
at sites west of Lake Chad, including Karkarichinkat Nord
(KN05), Dhar Tichitt, Birimi, and Gajiganna (D’Andrea, Klee,
and Casey 2001; Fuller 2007; Kahlheber and Neumann 2007;
Manning et al. 2011; fig. 1, table 1). Morphologically, this is
evidenced by changes in seed shedding and shape, although
increases in seed size were delayed (D’Andrea, Klee, and Casey
2001). Fuller (2007) argues that the appearance of domestic
pearl millet in India in the mid-fourth millennium cal BP
indicates a somewhat earlier African domestication and rapid
dispersal. Recent research has also shown that the cow pea
Vigna unguiculata was also an early-fourth-millennium mor-
phological domesticate, dating to ca. 3898–3475 cal BP at the
Kintampo B-sites in the grasslands of central Ghana
(D’Andrea et al. 2007; table 2). By contrast, African rice Oryza
glaberrima was domesticated in the inland Niger delta of the
Niger bend region by the early second millennium cal BP. On
the eastern side of the continent, domestic teff Eagrostis tef
and finger millet Eleusine coracana were cultivated by Aksum-
ite populations in the Ethiopian highlands by the beginnings
of the second millennium cal BP (historic date AD 150–350;
D’Andrea 2008). The oil-seed noog Guizotia abyssinica is also
present in Late Aksumite contexts (D’Andrea 2008). D’Andrea
(2008) points out, however, that morphological change is dif-
ficult to identify in the small-seeded cereal teff, which was
selected for reliable production under arid conditions rather
than for increased seed size. In humid forested southwestern
Ethiopia, Hildebrand (2003a, 2003b, 2007) has documented
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varied selection processes leading to domestication of yams
Dioscorea cayenensis and ensete Ensete ventricosum. In these
and other areas of Africa, domestic plants are thought to have
been advantageous to pastoral hunter-fishers for risk mini-
mization and greater predictability (D’Andrea et al. 2007;
Kahlheber and Neumann 2007; Marshall and Hildebrand
2002).

Although morphological change occurred in a range of
domesticated African plant taxa, it has been suggested that a
number of African savanna plants were cultivated or inten-
sively managed over the long term in ways that did not lead
to morphological domestication (reviews in Marshall and Hil-
debrand 2002; Neumann 2005). Haaland (1999) and Abdel-
Magid (1989) argued, largely on the basis of the ∼30,000
grindstones that were unearthed at the site of Um Direiwa,
for cultivation of sorghum Sorghum bicolor in Sudanese sites
dating to the seventh millennium cal BP (table 1). Mecha-
nisms that they suggested for late morphological change in-
clude continued outcrossing between cultivated and wild pop-
ulations and harvesting through beating into baskets or
uprooting. This has led to arguments that sorghum was not
morphologically domesticated until it was removed from its
wild African range (Haaland 1999; but see Fuller 2003). Al-
though mechanisms exist that may have caused late mor-
phological change in African cereals and harvesting of wild
grains was at times intensive, there is no macrobotanical evi-
dence or indication of landscape modification that supports
claims for cultivation of African grains before the early fourth
millennium cal BP.

In the wetter tropical regions, there is evidence of long-
term use of a number of forest taxa without morphological
change. Long-term use of oil palm Elaeis guineensis and in-
cense trees Canarium schweinfurthii has been documented
across the humid tropics of Africa (D’Andrea, Logan, and
Watson 2006; Mercader et al. 2006). This pattern is not con-
fined to forests, however. D’Andrea, Logan, and Watson
(2006:216–217) argue that Kintampo people living in the
grasslands of central Ghana employed a system of arboricul-
ture that did not rely on management strategies that would
result in morphological change. Kahlheber and Neumann
(2007) also note that a number of west African park savanna
species, such as baobab Adsonia digitata and the shea-butter
tree Vitellaria paradoxa, were protected and encouraged but
never domesticated. Other wild plants that are still protected
and sometimes actively sown in many different African en-
vironments include weedy green species ranging in status from
crops to semidomesticated or wild (Kahlheber and Neumann
2007; Marshall 2001). Kahlheber and Neumann (2007:333)
point out that in the West Africa Sahel, reliance on morpho-
logically wild park savanna species became more evident when
economies diversified and populations concentrated close to
water 2,000 years ago. In many regions of Africa, Iron Age
agriculturalists relied on a particularly broad range of re-
sources, and farmers incorporated diverse domestic crops and
managed plants, cattle, sheep, goats, dogs, and donkeys into

their agricultural systems and fished and hunted a wide range
of wild-animal foods (Casey 2005; Neumann 2005; Plug and
Voigt 1985; van Neer 2000).

This brings to the fore the question raised at the outset of
whether such diverse subsistence strategies fit current con-
ceptions of agricultural systems. Kahlheber and Neumann
(2007:339) are doubtful whether “farming” is an appropriate
term for some of these ways of life. Smith’s (2001, 2011) term
“low-level food production” has been used in the region, but
it does not fully capture the complexities of African settings.
The question of whether the Kintampo should be considered
“foragers,” “farmers,” or something else has also been re-
viewed by Casey (2005) and by D’Andrea and colleagues
(D’Andrea, Logan, and Watson 2006:216–218; D’Andrea et
al. 2007), who argue that although there are clear-cut cases
of foragers or farmers in Africa, there are many others that
defy simple categorization. Hildebrand’s (2003a) ethno-
graphic research among the Sheko of southwestern Ethiopia
and the literature on use of weedy greens in Africa (Etkin
1994; Fleuret 1979; Marshall 2001 and references therein)
provide ample evidence that such subsistence strategies have
long-term trajectories in many parts of Africa and cannot be
dismissed as transitory.

Ethnoarchaeological Insight into
Management, Selection Processes, and
Domestication of the Donkey

One approach to better addressing conceptual problems pre-
sented by questions of late morphological change and the
diversity of economic systems in Africa is to consider path-
ways to domestication for particular species in light of the
potential for morphological change, or lack thereof, in specific
social and environmental contexts. The question that we ad-
dress here is how the behavior of the African wild ass and
management of donkeys by herders and small-scale farmers
in Africa contribute to selection processes and the likelihood
of development of archaeological signatures of domestication
in the donkey. This analysis focuses on aspects of the biology
and behavior of the donkey and its use as a transport animal
that influence management practices in extensive pastoral and
agricultural systems and are relevant (sensu Wylie 2002) to
ancient settings for domestication. It is often argued, for in-
stance, that sociability and the presence of a dominance hi-
erarchy are desirable characteristics for potential domesti-
catability (Clutton-Brock 1992; Diamond 1997). African wild
ass do not, however, fit this profile. The extant Somali wild
ass, or dibokali, is solitary or forms groups with weak short-
term associations. It also lacks a pronounced dominance hi-
erarchy (Klingel 1974; Moehlman 2002). This social system
profoundly influences donkey behavior under human man-
agement.

Recent ethnoarchaeologial research on donkey use and
management among Maasai households in Kajiado District
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Table 3. Donkey holdings of eight Maasai households orga-
nized according to settlements and individual caretakers

Male Female

Settlement, women Juvenile Adult Old Juvenile Adult Old Total

S1:
A 2 1 1 4
B 1 1 2
C 2 1 1 1 5

S2:
A 1 1 2 4
B 1 1 1 3
C 2 2
D 1 1 1 3
E 1 1

S3:
A 1 3 4
B 1 2 3
C 2 1 3
D 1 1 2
E 1 1 2

S4:
A 1 1
B 1 1
C 1 1
D 1 1
E 1 1

S5:
A 1 1
B 1 1 1 3
C 1 1 3 5
D 1 1
E 1 1 2
F 1 1
G 3 4 7

S6:
A 1 1 2

of southern Kenya provides the first detailed information on
selection processes in a pastoral social and economic context.
During 2006, Lior Weissbrod lived in Maasai communities in
the study area and collected interview and participant obser-
vation data from 26 women from eight households spread
among six different pastoral settlements (table 3). The study
focused on use and daily management, herd composition,
mortality, and breeding behavior. After a 2-year period of
severe drought (2004–2006), the donkey holdings of house-
holds participating in the study were reduced but still totaled
65.

Donkeys were not regarded as food. They were considered
women’s animals, important for transport but without the
symbolic status of cattle. Women were the caretakers of don-
keys and used them to carry household goods during resi-
dential moves, to collect water, and to take intermittent trips
to trading centers. Donkeys also carried meat, firewood, and
water for large ceremonies. During the dry season, women
went long distances for water every other day, returning with
a typical load of 50 L per donkey. Children herded household
donkeys with the calves, but during the wet season, donkeys
were free ranging. Many families penned donkeys within the
settlement thorn fence or in calf enclosures at night for pro-
tection against predators.

Our data show that the use of donkeys in Kajiado enhanced
the flexibility and stability of local herding systems (see also
Marshall 2007; Marshall and Weissbrod 2009). Families in the
study area who did not own donkeys could not move as a
whole away from permanent sources of water and were unable
to make optimum use of available grazing. Donkeys were,
nevertheless, managed less than other livestock. Marshall
(2007) previously noted that the ability of donkeys to dig for
water and to protect themselves from predators more suc-
cessfully than other livestock was associated with low levels
of management, which might result in low levels of selection.
Our data show that behavior was a factor but that the level
of use of donkeys in the study area ultimately determined the
degree to which donkeys were herded and penned.

In addition to management practices, we also collected in-
formation on reproduction and desired characteristics of don-
keys that might be selected for through strategic breeding.
Women that we talked to particularly valued strength and
calmness in a donkey. Some also mentioned the importance
of disease and drought resistance, although they noted that
donkeys were less vulnerable to these hazards than other live-
stock. We found, however, that participants in the study made
no attempt at all to influence mate choice among donkeys or
to breed for particular characteristics. The ancestry of a par-
ticular donkey was unknown except for the female parent. By
contrast, research on cattle genealogies shows that Maasai
herders memorize these in great detail for several generations
(Ryan et al. 2000). The lack of strategic breeding of donkeys
is influenced by donkey behavior and herd compositions but
is also related, at least in part, to the fact that Maasai herders
do not use donkeys as symbols of social transactions in the

same way that they do cattle or value color distinctions ideo-
logically.

The dynamics of wild ass mating systems, based on short-
lived associations that occur when females move through male
territories, influence donkey breeding in the domesticated en-
vironment. Maasai women stressed their concern with the
aggressive behavior of jacks during mating. Even when they
wanted to keep a female from breeding with an especially
aggressive jack, women said that they found it impossible to
keep the male away. They also noted that estrus jennies might
go astray without warning in search of males. They are often
lost this way, and we documented a number of cases in which
wandering females, as well as males, were cared over a long
term by women in distant settlements. Lack of selection be-
cause of the difficulty of controlling donkey breeding is, there-
fore, likely wherever a premium is placed on “wild” charac-
teristics of the donkey, such as strength, rather than on docility
and productivity for food. The relatively high proportion of
males in herds (one male : two females) is another factor that
makes control over breeding logistically difficult. Because
donkey owners kept small herds specifically for transport, they
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weighed the breeding advantages of females against the su-
perior transport potential of males. The strength of males was
greatly favored, and so was their consistent availability for
transport use.

Herd growth and mortality patterns also contributed to
patterns of selection in domestic donkey herds. Pastoral
Maasai donkeys had, on average, a foal every 2 years. Mortality
resulted from predation by hyenas, disease, and drought.
Herds grew relatively slowly, and additional animals were re-
cruited to herds through gifts, loans, and purchase. Socially
based loans or exchanges of cattle are deeply woven into the
fabric of Maasai society (Ryan et al. 2000). To a lesser extent,
this system is also used for donkeys, and social exchange is
a mechanism of selection and gene flow. Animals entering or
leaving a herd through loans were carefully selected and pre-
dominantly female. In some cases, however, exchanges were
involuntary, resulting from donkeys running away.

In the wet season, herds of donkeys made up of animals
from different settlements in the same neighborhoods range
freely. This practice and the system of intentional and un-
intentional loans maintain gene flow among settlements. Pur-
chases were rarer than loans also but recruited animals to
slow-growing herds and maintained intentional selection on
an interregional scale. Men purchased animals when visiting
markets, and the strength and price of the donkey were major
considerations affecting purchases. Young male donkeys were
cheaper than others, and purchases were one male : two fe-
males. There was no intentional culling of donkeys, and don-
keys were not eaten, but small, slow-growing, or aggressive
males were removed from the breeding pool through castra-
tion. We recorded six castrated males (40% of the males stud-
ied), and castration of male donkeys was a more important
factor affecting the direction of intentional selection than cull-
ing or selective breeding.

Very few studies of donkey management and selection have
been conducted in settled agricultural villages. Mohammed’s
(1991) and Wilson’s (1991) Ethiopian research can, however,
be used for comparison with the Maasai pastoral study. They
focused on Ethiopian farmers of the central and southern
highlands who used donkeys to transport grain to market and
for hauling household firewood and water. Most families in
the study areas kept one to two donkeys, usually female (Mo-
hammed 1991; Wilson 1991). Donkeys were also loaned to
family and friends. In the Awassa region, males were rare (100
females : 1 male); in other regions the number of males was
higher (73 females : 27 males). Where males were more com-
mon, they were usually less than 4 years old. Mohammed
(1991) notes that male donkeys were not castrated. We infer
that low proportions of males in herds indicated male culling,
although donkey eating was not discussed. People in Awassa
did not supervise donkeys when they were not using them,
and Mohammed (1991) documents minimal donkey man-
agement and poor animal nutrition in this area. Because of
the danger presented by hyenas, however, people often
brought donkeys inside their houses at night. There was no

intentional control over breeding, however. Mohammed men-
tions that copulation might occur anywhere and was actively
discouraged in the market center (Mohammed 1991).

Overview of management and selection. In order to con-
sider patterns of directional selection, it is useful to examine
factors that affect the likelihood of genetic drift, intentional
selection, and reproductive isolation in donkeys managed by
pastoralists and small-scale farmers. Culling of male donkeys
by Ethiopian villagers and castration of male donkeys by
Maasai pastoralists were important factors affecting selection.
These practices ensured that males with desired traits, such
as strength or size, remained in the breeding pool. Females,
on the other hand, were never culled, and management of
donkeys was minimal. None of the donkey owners that we
studied tried to ensure a diverse set of breeding males, to
breed select females or males, or to keep records of parentage.
We argue that these management practices are influenced by
wild ass and donkey courtship and breeding behavior and
have significant consequences for long-term directional se-
lection and domesticatory processes. The data also indicate
that different sets of functional and symbolic considerations
affect Maasai practices of cattle and donkey management and
are associated with differing levels of selective pressure and
control of gene flow. In our study area, people also bred or
obtained cattle for ideal coat colors and conformation, and
it is possible that without this additional symbolic motivation,
functional reasons for breeding donkeys were not enough to
overcome significant practical difficulties. As research on
mammals such as the fur fox (Belyaev 1979; Trut 1999) and
the guinea pig (Künzl et al. 2003) has shown, without selective
breeding, retention of individual animals with desired traits
and culling of others, directional selection may be very slow
or fail to occur even in the absence of gene flow from wild
populations.

From a wider perspective, there are related issues that work
against genetic drift as a major factor driving genetic and
morphological change in donkeys. In both the Maasai and
Ethiopian Arsi cases, donkeys from numerous households
grazed unsupervised in mixed herds, allowing uncontrolled
genetic exchange among neighborhood populations. Donkeys
were loaned among broad social networks in both regions,
and the frequency with which donkeys were taken to market
in Ethiopia also provided a wider setting for interbreeding
among donkeys from different areas. We argue, however, that
in both the pastoral Maasai and Arsi farmer cases, low levels
of formal management and lack of intentional selective breed-
ing are linked to donkey biology and behavior, the use of
donkeys for transport, and the fact that donkeys are not often
eaten. Male culling plays a significantly greater role in animals
that are primarily managed for meat—including cattle, sheep,
and goat—than it does in donkeys. Although culling and
castration affect donkey selection, they are outweighed by lack
of directional selection in breeding and consistent gene flow
among donkeys over significant distances.

The data for Maasai pastoralists and Ethiopian Arsi farmers
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also suggest that the potential for gene flow from the wild is
likely in both settings but marginally less so in agricultural
villages. The Maasai villages studied lie outside the historic
range of the wild ass. But it is easy to see that had they not,
the runaway tendencies of estrus females would have made
the prevention of introgression difficult. Like contemporary
herders valuing strength and endurance in their donkeys, his-
toric Beja pastoralists of Sudan and Eritrea intentionally en-
couraged interbreeding among donkeys from domesticated
and wild settings (Baker 1867; Murray 1935). During the
1950s, Nicolaisen (1963) also recorded capture and taming
of wild or feral animals by Tuareg pastoralists of the central
Sahara.

It is possible, therefore, to begin to identify separate con-
texts for the domestication process of donkeys in Africa. We
predict that ancient Saharan pastoralists reduced the number
of breeding males in herds through culling and castration in
order to cope with practical difficulties resulting from court-
ship and breeding behavior in donkeys. Isolation from wild
ancestors would have been possible in some pastoral settings
as a result of mid-to-Late Holocene climate change, range
fragmentation, and pastoral settlement in island or marginal
ecosystems. Wild asses may also have been removed from
their wild range by pastoral dispersals into the high-altitude
Ethiopian highlands and other regions, such as southern Su-
dan and northern Kenya, outside the historic range of the
wild ass.

Selection for morphological change would have been slow
until donkeys were removed from close proximity to the wild
ass and interbreeding between local donkey populations was
restricted. It would appear that reproductive isolation of cap-
tive wild asses from free-living populations is somewhat more
likely to have occurred in ancient urban settings such as the
Predynastic and Dynastic Egyptian towns of the Nile Valley,
with permanent walls and high densities of protected agri-
cultural land. Gene flow would still have been possible, how-
ever, given the narrowness of the Nile agricultural belt and
the mobility of pack donkeys. An appreciation for the ad-
vantages of strong animals may also have made interbreeding
between captive and wild asses desirable for both villagers and
pastoralists.

The lack of morphological change evident in the Abydos
donkeys as late as 5000 cal BP (3000 BC; Rossel et al. 2008)
demonstrates that size decrease was not generally established
until well after this period. It is also conceivable that mor-
phological change did not occur until donkeys were taken
across the Red Sea to Yemen or other regions of Asia. Which-
ever the case, donkeys are a classic example of a species that
was used to carry loads for millennia as a domesticate but
with late morphological change. We conclude that slow mor-
phological change in domesticated donkeys can be explained
by low levels of selection, high potential for interbreeding
between founder populations, and potential for introgression
with the wild.

Do Holocene Pastoralists in Africa Fit
Conceptions of Early Agricultural
Systems in Other Regions?

After examining evidence for the beginnings and spread of
food production in Africa and analysis of the way that man-
agement and behavioral factors affect the likelihood of mor-
phological change in one large mammal—the donkey—we
return to consideration of whether African pastoralism fits
current conceptions of early agricultural systems developed
for other regions. We start by considering the question of
whether recognition of early food production in tropical
regions of Africa has been hampered by concepts of domes-
tication that rely on morphological change by focusing on
donkeys, cattle, Barbary sheep, African cereals, and West Af-
rican tropical tree crops.

Some evidence suggests that complex hunter-gathers may
have attempted to manage cattle in the northeastern Sahara
and, for a time, Barbary sheep in the Libyan Acacus. There
is no doubt that short-term participation in domesticatory
relations are difficult to recognize archaeologically, but nev-
ertheless evidence for management of Barbary sheep is sug-
gestive rather than conclusive. In contrast, genetic data offer
a measure of support for the hypothesis of cattle domesti-
cation in Africa. The sociality of wild Bovini, however, and
the expectation that wild cattle were used mainly for food
suggests strong selection and a pathway to domestication—
characterized by a postmanagement lag rather than late mor-
phological change and fewer problems with identification of
early domesticates—different from that discussed for the don-
key.

Ethnoarchaeological data on the donkey reveal relations
among selection processes and slow genetic and morpholog-
ical change and illuminate conditions under which biology
and human management influenced domestication and the
likelihood of late morphological change. The biological and
behavioral reality of donkeys in current domesticatory settings
in Africa is that females actively seek out mates, territorial
males are reproductively aggressive, and high proportions of
males are advantageous for transport use. These factors in-
teract to make reproduction difficult to control and gene flow
likely among donkeys of different households and villages,
along trade routes, and between tame animals and wild asses.

Archaeological and genetic data suggest that pastoral so-
cieties of the Sahara or the Horn of Africa played an important
role in the early development of stable and long-term systems
of management of morphologically wild donkeys. Morpho-
logical change was late, and mechanisms for this probably
included creation of built environments of the Nile Valley,
late agriculturally modified landscapes, the high mobility of
Saharan pastoralists, and ecological fragmentation created by
climatic changes of the mid-Holocene.

Although an appreciation of the likelihood of delayed mor-
phological change and biases against identification of do-
mestic donkeys is novel, Africanists have long discussed the
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question of whether the lack of morphological change resulted
in bias against recognition of cultivation of early cereal crops.
There is mounting evidence for long periods of intensive use
of wild cereal grasses by Early Holocene hunter-gatherers and
early herders of the Sahara without evidence of domestic
traits. This has been related to a lack of continuous directional
selection as a result of increased aridity and pastoral mobility.
Morphological changes in well-known African cereals such as
pearl millet and pulses such as cowpeas occur relatively late
and in conjunction with pastoral sedentization in better-
watered locales within the semiarid Sahel and in the more
humid West African woodlands after the fourth millennium
cal BP. Recent research in more humid regions of West Africa
has revealed, however, a number of tended and managed tree
crops, such as incense, baobab, and the shea-butter tree, that
were heavily used during the Holocene but remain morpho-
logically wild to this day. This is typical of tropical tree crops
worldwide and common in weedy greens.

It is worth reiterating at this point that identification of
management of plants and animals before genetic or mor-
phological change is inherently problematic, and the longer
the period before morphological change occurs in a particular
plant, animal, or setting, the greater the difficulties that arise.
It is clear that there are at least three axes of variability in
morphological responses of plants and animals to selection
during coevolutionary relations with humans. We have found
it useful here to conceive of this temporal and spatial variation
in terms of a “postmanagement lag” before morphological
change, as opposed to “late morphological change” or “re-
gionally clustered variability.”

Our review suggests that all these forms of variability exist
in Africa. The available data appear to accord with Jones and
Brown’s (2007) suggestion that a long, stable period of man-
agement without morphological change or a normal “mor-
phological lag” is common to many domesticates worldwide.
In Africa, however, it is not clear that their corollary—that
population expansion leads to removal of plants and animals
from their wild range and morphological change—holds true.
Instead, heightened mobility related to climatic changes and
increased aridity ultimately led to the movement of some
species out of their wild ranges. Furthermore, early African
cereals appear to have been domesticated within their wild
ranges and intensified on the edge of these regions. Increas-
ingly settled pastoral communities and management practices
that maintained directional selection seem to have been more
important factors affecting domestication of these crops than
reproductive isolation.

We focused above on the possibility of biases against the
recognition of early agriculture in tropical regions. We do not,
however, see a cluster of taxa subject to late morphological
change in the arid or high-altitude subtropics of Africa; here,
species-specific analyses of the likelihood of late morpholog-
ical change are crucial. We agree with Denham (2007), how-
ever, that the biology of many species of the African humid
tropics increases the likelihood of a lack or significant delay

of morphological change and the potential for interpretive
bias. These data are strongest with regard to African tree crops.
Despite this, however, there is little evidence that archaeol-
ogists have ignored early agriculture in the humid tropics of
Africa. There is, in fact, no archaeological evidence that the
humid tropical forests were heavily populated by African
hunter-gatherers during the Early Holocene, and there are
few traces of intensification in these regions until after they
were settled by food producers (see D’Andrea, Logan, and
Watson 2006; D’Andrea et al. 2007; Mercader et al. 2006 and
references therein). Nevertheless, as Africanist paleoethno-
botanists have pointed out, much work remains to be done
on the nature of agricultural systems dating to the past several
thousand years in the humid tropics (D’Andrea, Logan, and
Watson 2006; Hildebrand 2007; Kahlheber and Neumann
2007).

We conclude that there is no indication of significant
regional-scale biases that would have affected current inter-
pretations of the sequence of plant and animal domestication
in Africa or geographic patterns of the timing and spread of
food production. The larger patterns, as we see them, are that
some complex hunter-gatherers of the Early Holocene in
North Africa successfully managed cattle, developed pastoral
social and subsistence systems, and spread over vast areas of
the Sahara. Other such groups in North Africa may have
experimented with management of Barbary sheep, but this
was short-lived. Later, during the mid-Holocene, there is evi-
dence that donkeys were domesticated by African pastoralists
in the Sahara and the Horn of Africa and possibly by Pre-
dynastic Egyptians in towns along the Nile. These animals
remained morphologically wild for long periods. The earliest
plant domesticates in Africa are associated with decreased
mobility as pastoralists moved into better-watered locales
within the semiarid Sahel and into West Africa. It can also
be shown, however, that in some humid tropical regions of
Africa, clusters of species existed with a long history of cul-
tivation or tending by established agricultural communities
and with biological traits amenable to management but no
traces of morphological domestication.

African patterns of food production were distinctive. An-
imals were domesticated before plants, herding populations
became more mobile than their forager ancestors, the sub-
sistence system was characterized by a few morphologically
wild domesticates (e.g., the donkey), a wide range of wild
resources in ecodiverse combinations continued in use, and
mosaics of hunter-gatherers and herders occupied varied
regions. Pastoralism developed early in the arid topics,
whereas the beginning of farming based on domesticated
plants was late.

These African data are informed by and provide perspec-
tives on pathways to food production in other regions. In
discussions at the Wenner-Gren conference in Temozón in
2009, Meadow (2009) and Fuller (2009; also see Fuller 2006)
argued that South Indian patterns of early pastoralism and
subsequent domestication of local millets and pulses are rem-
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iniscent of Africa. Similarly, pastoralism has long been con-
sidered an early phenomenon in the Andes (Aldenderfer 2003;
Browman 1974; Mengoni-Goñalons and Yacobaccio 2006)
and the Zagros (Abdi 2003; Hole 1996). Mobile pastoralism
is also a major theme in data emerging on the beginnings of
food production in central Asia (Frachetti and Benecke 2009;
Outram et al. 2009). In addition, Belfer-Cohen and Goring-
Morris (2011) and Goring-Morris and Belfer-Cohen (2011)
document African-like mosaics of hunter-gatherer and early-
food-producer settlement in the Levant during the Early Ho-
locene. Evidence is also mounting that shows continued re-
liance on wild resources and ecodiverse strategies pursued by
small-scale food producers or low-level farmers of the Amer-
icas and subtropical and tropical regions (Denham 2011; Fritz
2007; Piperno and Pearsall 1998; Smith 2001, 2011) and per-
haps even temperate regions of Asia (Crawford 2011; Lee
2011; Zhao 2011). Understanding ways in which specific
strands such as these contribute to larger similarities and dif-
ferences in the warp and weft of data on the beginnings of
agriculture requires attention to methods of detection of early
phases of domestication, information on specific social con-
texts, and regionally focused and temporarily expansive re-
search. These kinds of data are only just beginning to emerge
from Africa, which, as this summary demonstrates, has much
to contribute to unraveling patterns of variability in global
pathways to food production.
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Kröpelin, Stefan, Dirk Verschuren, Anne-Marie Lézine, Hilde Eg-
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