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Abstract
The Nok culture in central Nigeria, dated 1500–1 cal bc, is known for its famous terracotta sculptures. We here present a 
study on > 11,000 botanical macro-remains from 50 sites, including 343 samples from Nok contexts and 22 samples dating 
between cal ad 100 and 400, after the end of the Nok culture. With 9,220 remains, pearl millet (Cenchrus americanus (L.) 
Morrone, syn. Pennisetum glaucum (L.) R.Br.) is dominant in the Nok samples, followed by cowpea (Vigna unguiculata 
(L.) Walp.), Canarium schweinfurthii Engl., Nauclea latifolia Sm. (syn. Sarcocephalus latifolius (Sm.) E.A.Bruce), wild 
fruit trees and wild Poaceae. The pearl millet remains consist exclusively of charred caryopses; chaff remains are completely 
absent. Because we studied all size fractions, including the small 0.5 mm fractions usually containing the involucres, bristles 
and husks, the absence of pearl millet chaff is real, excluding a methodological explanation, and distinguishes Nok from 
contemporary other West African sites. We propose that most excavated Nok sites were consumer sites where clean grain 
was brought in from outside and consumed in a ritual context connected with feasting. This is in line with the archaeological 
evidence from the larger excavated sites with stone-pot arrangements that are interpreted as ritual places related to mortuary 
practices. In addition to the known southward branches of pearl millet diffusion from the Sahara we propose a new, hitherto 
unknown branch directly from the central Sahara to the central Nigerian savannas.
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Introduction

In West Africa, the second and first millennium bc were a 
dynamic period with substantial changes of settlement sys-
tems, economy, technology, and land use (McIntosh 2006; 
Watson 2010; MacDonald 2013; Neumann 2018; Kay et al. 
2019; Breunig 2022). Due to increasing aridity, human 
occupation gradually shifted from the Sahara into the more 
humid areas of the West African Sahel, savanna and wood-
land zones, a development that had already begun in the 

third millennium cal bc (Casey 2013; Ozainne et al. 2014). 
Only in a few areas of West Africa, long-lasting, coherent 
archaeological traditions, including material culture, settle-
ment and socio-economic systems, have been studied for 
this period. The most distinctive are the Tichitt tradition 
of Mauritania and Mali (around 2000 cal bc; e.g. Fuller 
et al. 2007; MacDonald 2013), the Kintampo of Ghana 
(2100–1400 cal bc; Watson 2010), the Gajiganna culture of 
NE Nigeria (1800–800 cal bc; Breunig and Franke 2019), 
and the Nok culture of central Nigeria (1500–1 cal bc; Bre-
unig and Rupp 2016; Franke 2016a). The Nok culture is 
unique and renowned because of its elaborate terracotta 
sculptures, which, however, were only made during a limited 
period after 900 cal bc, while the Nok culture in its entirety 
is defined by a continuity of ceramic styles between 1500 cal 
bc and the turn of the common era (CE) (Franke 2016b).

A common element of the four cultural traditions is the 
presence of pearl millet (Cenchrus americanus (L.) Mor-
rone, syn. Pennisetum glaucum (L.) R.Br.) in the archaeobot-
anical assemblages (following recent molecular phylogenetic 
and taxonomic studies, the valid name of pearl millet is C. 
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americanus (Sosef 2019; POWO 2022)) recovered from 
archaeological sites associated with each (D’Andrea et al. 
2001; D’Andrea and Casey 2002; Klee et al. 2004; Fuller 
et al. 2007; Kahlheber et al. 2009). This is of considerable 
interest, given that the four cultural traditions developed far 
from each other in distinctly different ecological circum-
stances: Tichitt in the southwestern Sahara; Kintampo in 
the forest-savanna ecotone; Gajiganna in the floodplains of 
the Lake Chad area; and Nok in the Guinean woodlands 
of Nigeria. Pearl millet is also documented from many 
other archaeological West African sites dating between ca. 
2600 cal bc and the turn of the common era (CE), and is 
often considered as a marker for the agricultural expansion 
during this period (Kahlheber and Neumann 2007; Ozainne 
et al. 2014; Neumann 2018; Kay et al. 2019). The over-
whelming dominance of pearl millet in ecologically diverse 
West African sites of the second and first millennium cal bc 
suggests that, besides its role in subsistence, the crop likely 
had a broader socio–cultural significance.

Archaeobotanical studies in Europe and the Near East 
have highlighted the socio–cultural role of crops for com-
munity building, social distinction and ritual behaviour from 
the Neolithic onwards (Palmer and van der Veen 2002; van 
der Veen 2003; Asouti and Fuller 2013). These are usually 
based on detailed investigations of botanical remains in well-
studied archaeological contexts and/or in established long-
term sequences. To our knowledge, no such studies exist 
for the second and first millennium cal bc in West Africa. 
Even for the above–mentioned cultural traditions Tichitt, 
Kintampo, and Gajiganna, the archaeobotanical evidence 
is fragmentary. For Tichitt and Gajiganna, pearl millet 
remains are mainly known from impressions in ceramics 
(Amblard and Pernès 1989; Klee et al. 2004; Fuller et al. 
2007; MacDonald et al. 2009). For Kintampo, there is only 
one site, Birimi, from which larger quantities of pearl millet 
can be safely attributed to complex archaeological features 
(D’Andrea et al. 2001; D’Andrea and Casey 2002). Given 
that archaeobotanical data, including pearl millet, from sec-
ond and first millennium cal bc West African sites are often 
based on a limited number of samples, their interpretation 
is usually restricted to discussions of land use, subsistence, 
agricultural practices, and ecological conditions (Kahlhe-
ber and Neumann 2007; Neumann 2018; Kay et al. 2019; 
Champion 2020).

Studies of archaeobotanical remains from Nok sites, 
until now, have also focused largely on these issues. Since 
the first publications resulting from the Goethe University 
Frankfurt am Main research project (Kahlheber et al. 2009; 
Höhn and Neumann 2016), it was clear that pearl millet had 
been the major crop cultivated by the Nok people. How-
ever, the socio-cultural significance of pearl millet within the 
Nok culture remained unexplored. In part this was because 
archaeological features in excavated Nok sites often contain 

material mixed from different time periods and because the 
majority of the excavations have been small, yielding only 
a few botanical samples. As research has progressed, sub-
sequent analysis of some larger sites with complex archaeo-
logical features has provided insights into their function as 
ritual places (Breunig 2018; Höhn et al. 2018; Franke et al. 
2020), enabling a wider, culturally nuanced interpretation of 
the archaeobotanical remains.

We here present an extensive study of > 11,000 botanical 
macro-remains from 50 sites in the main study region of the 
Frankfurt Nok project in central Nigeria (Fig. 1). Due to the 
large number of archaeobotanical samples and studied sites, 
our data are representative and, together with archaeological 
information on relevant find contexts and features, allow an 
interpretation of the Nok culture plant remains in a wider 
ritual and social context. The assemblages have been studied 
in depth, including in particular the analysis of the 0.5 mm 
fraction, not yet a routine in archaeobotanical studies in West 
Africa. As reviewed in Champion (2020), less than half of 
the published studies contain these analyses (e.g. Klee et al. 
2000; Kahlheber 2004; Gijanto and Walshaw 2014; Cham-
pion and Fuller 2018a; Gallagher et al. 2018; Champion 
et al. 2021).

Environment, modern land use, and vegetation 
history

The Nok project study region lies between 9°27′ and 9°37′N 
and 7°33′ and 7°43′E in the Kaduna Plains, the hilly foreland 
of the Jos Plateau in the central Nigerian Kaduna state, cov-
ering an area of ~ 300 km2. The landscape is slightly undulat-
ing, with plains, hills and granite outcrops of the Basement 
Complex (Bennett et al. 1979, p. 14), dissected by numer-
ous, mostly seasonal rivers, except for the perennial Gurara 
(Fig. 1). The climate is highly seasonal, with the rainy sea-
son lasting from April to October, and mean annual rainfall 
being between 1,100 and 1,500 mm (Blair Rains et al. 1977). 
Mean annual temperature across the region is 27 °C, and 
mean annual humidity is between 50 and 60%, increasing 
to occasionally > 80% in the rainy season (Dalil et al. 2015).

Today most parts of this area are intensively cultivated, 
either in permanent fields or using a rotation scheme (shift-
ing cultivation) with fields and fallows co–existing at various 
stages of this cycle. Presently the most important crops are 
yams (Dioscorea cayenensis ssp. rotundata (Poir.) J.Miège), 
manioc (Manihot esculenta Crantz) and maize (Zea mays L.) 
(Avav and Uza 2003), but also sorghum (Sorghum bicolor 
(L.) Moench), pearl millet, Bambara groundnut (Vigna 
subterranea (L.) Verdc., syn. Voandzeia subterranea (L.) 
Thouars), and cowpea (Vigna unguiculata (L.) Walp.). Cash 
crops include ginger (Zingiber officinale Roscoe), maize, 
peanut (Arachis hypogaea L.), and soybean (Glycine max 
(L.) Merr.). On poor soils, fonio (Digitaria exilis (Kippist) 
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Stapf) is occasionally cultivated (Kahlheber et al. 2009), 
whereas on soils with a permanent water supply, rice (Oryza 
sativa L.) and sugar cane (Saccharum officinarum L.) may 
be found. Fulani herders with their cattle, sheep and goats 
exploit the harvested fields and fallows for grazing.

Floristically, the study region belongs to the Guinea-
Congolia/Sudania regional transition zone (White 1983). 
Following the vegetation map of Keay (1953), it is located 
in the Southern Guinea vegetation zone. The natural veg-
etation of this region theoretically comprises a mosaic of 
dense woodland and dry forest (Jones 1963; Blair Rains 
et al. 1977). However, today only small relicts of this for-
mer environment remain due to intensive human impact. 
Instead, the modern landscape is dominated by cultivated 

fields and fallows, partly loosely scattered with useful trees 
(Fig. 2a). Denser woody vegetation is mainly restricted to 
the river valleys.

Reconstruction of the vegetation during the Nok period 
is based on analysis of archaeological wood charcoal. 
Ubiquitous charcoal types such as anogeissus leiocarpa 
and caesalpinioideae i represent dry forest as well as 
woodland. While taxa of secondary regrowth are present 
in some samples, there is currently no evidence of vegeta-
tion degradation throughout the Nok period (Kahlheber 
et al. 2009; Höhn and Neumann 2016; Höhn et al. 2018; 
Franke et al. 2020).

Fig. 1   Sites with archaeobo-
tanical analysis presented in 
this paper; a main study region 
(box) and sites outside of this 
area; b main study region
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Archaeological research on the Nok culture

The enigmatic terracotta figurines of the central Nigerian 
Nok culture have been known to the general public since 
the 1940s, but few archaeological excavations had provided 
information as to the primary contexts in which they were 
found (Fagg B 1968; Fagg A 1972). This changed with the 
beginning of the joint research project of the Goethe Univer-
sity Frankfurt am Main, Germany, and the National Com-
mission for Museums and Monuments, Nigeria, in 2005. 
Since then, about 80 excavations have furnished archaeo-
logical and archaeobotanical material, and more than 270 
radiocarbon dates have been obtained by the end of the 
project in 2021. Based on this evidence, the Nok culture 
is now understood to span a period of 1,500 years, begin-
ning around the middle of the second millennium cal bc 
and terminating around the turn of the common era (CE). 
Three phases are discernible: Early Nok (1500–900 cal bc), 
Middle Nok (900–400 cal bc) and Late Nok (400–1 cal bc) 

(Franke 2016a). The Middle Nok phase is considered the 
height of the Nok culture with the greatest spatial extent 
of sites, which are characterised by the abundant presence 
of terracotta figurines, remains of iron metallurgy, pottery, 
often in large quantities, and stone tools (Breunig and Rupp 
2016; Franke 2016b; Männel and Breunig 2016). Based 
on pottery styles, the Middle Nok phase has been further 
divided into an early and later stage. The nature of the radio-
carbon calibration curve plateau during the middle of the 
first millennium cal bc hampers absolute age indications, 
but it is suggested that the earlier phase covers the ninth 
and eighth centuries cal bc with the appearance of terracotta 
figurines, while the later stage may have begun as early as 
the mid-eighth century cal bc, featuring the first evidence 
of iron metallurgy not later than 550 cal bc (Junius 2016; 
Fagg Rackham et al. 2017; for phases and pottery groups 
see Franke 2016b). Early Nok sites or contexts are less 
numerous, but still well represented in the archaeological 
record, while Late Nok sites are rare and have little available 
archaeological and archaeobotanical material, indicating a 
rapid decline of the Nok culture after 400 cal bc.

Most Nok sites consist of a horizontal cultural layer, 
rarely thicker than 30–50 cm, which occurs in reddish soil 
below the disturbed brown-grey topsoil. Only pits reach 
deeper into the ground, sometimes down to 150–200 cm. 
Several excavated sites show evidence of multiple occu-
pation episodes, usually through a mixture of Early Nok, 
Middle Nok and/or CE artefacts. No clear vertical stratig-
raphies or distinct settlement features such as house struc-
tures, ditches or hearths have been found (Breunig 2018). 
The only features are pits, terracotta depositions and stone-
pot arrangements, the latter two occurring only in the Mid-
dle Nok phase (for examples of these typical features see 
Fig. 2b–d). The stone–pot arrangements are considered to be 
grave features based on the intentional placement of stones, 
complete vessels and stone beads and on the chemical analy-
sis of soil samples by XRF detecting phosphorus (Franke 
et al. 2020, pp. 35–37). They are found in spatial proximity 
to terracotta depositions at sites interpreted as ritual sites 
or burial grounds (Franke et al. 2020). Pits are the most 
common feature, present in various shapes with diameters 
of 1–2 m and found at most Nok sites. However, even the 
pits may contain cultural material from different time peri-
ods. For example, Early Nok material present at a site may 
have got into the Middle Nok pits either during digging or 
refilling. In addition, furnace sites were documented. Iron-
reduction furnaces often occur in groups, but artefacts other 
than slag, charcoal, or technical ceramics are generally rare 
(Junius 2016).

The complex settlement history with multiple occupa-
tion episodes, and the nature of features have been espe-
cially well examined at the site of Pangwari, the largest 
excavation of the joint research project (Höhn et al. 2018; 

Fig. 2   Landscape and excavations at the Nok site Ido; a fields after 
harvest in dry season close to a village near the site; b–d typical Nok 
features as for example excavated at Ido: b stone-pot arrangement 
(feature 09–1) and deep pit (feature 09–5), c terracotta deposition 
with (d) adjoining vessel further below (feature 16–3)
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Franke et al. 2020). Here, the occupation history begins 
around 1500 cal bc and extends into the earlier Middle Nok 
phase, with CE material found on the surface as well. The 
Early Nok occupation is determined mostly by potsherds 
distributed across the entire site in the disturbed top layer 
(30–50 cm) and in some Middle Nok pits. Only one shal-
low pit was dated exclusively to the Early Nok phase. The 
Middle Nok occupation is represented by numerous pits, 
some stone-pot arrangements, and a terracotta deposition. 
The precise recording of each find and all features by total 
station allowed the plotting of detailed 2D and 3D find dis-
tributions and, consequently, the definition of several feature 
types. Pits are divided into deep and shallow pits and smaller 
find accumulations. They are the most common feature at 
Pangwari and it is assumed that most of them were not left 
open for a long period of time (Höhn et al. 2018). The ter-
racotta deposition consists of several large terracotta parts 
and vessel fragments. Stone-pot arrangements are formed 
by several arranged natural and/or grinding stones and com-
plete vessel(s) at their base; the surrounding soil is usually 
void of finds. So-called terracotta-pot placements found in 
some of the deeper pits are a sub-category. A stone circle, 
probably the foundation of a hut, and a possible hearth are 
features associated with the CE occupation (Franke et al. 
2020). Deep pits occur in the context of terracotta deposi-
tions and stone-pot arrangements; all three feature types are 
considered to have ritual functions. The absence of typi-
cal settlement features such as hearths, house foundations 
or walls means that none of the Nok sites could be clearly 
interpreted as the remains of a settlement.

The pattern of repeated occupations and activity phases 
is visible at other excavated Nok sites and thus seems to be 
integral to any understanding of the Nok phenomenon. Indi-
vidual pits and archaeological deposits frequently contain a 
mixture of Early and Middle Nok material (and sometimes 
CE material near surface in the disturbed topsoil). While a 
few undisturbed Early Nok features do exist, clear Middle 
Nok contexts are generally much more numerous. With the 
beginning of the CE, archaeological sites with Nok mate-
rial disappear completely. New ceramic inventories, totally 
different in decoration, style and clay composition, and the 
absence of terracotta figurines (Beck 2016; Franke 2016a), 
in combination with a higher diversity of crops, then includ-
ing fonio (Digitaria exilis), point to a population with differ-
ent cultural preferences (Höhn and Neumann 2016).

Material, methodology and sampling

From 2006 to 2017, archaeobotanical soil samples (AB) 
were systematically collected during all field seasons. 
They varied in size between 2 and 45 L and were taken 
from features, especially pits, and from artificial excavation 

layers. The average amount of soil collected was 9 L, with 
some smaller contexts, such as pots, being sampled in their 
entirety. The sediments were processed by bucket flotation 
using a sieve column with three different mesh sizes usually 
of 2.5, 1 and 0.5 mm. In addition, large fruits, seeds and 
charcoal fragments were handpicked during the excavation.

The flotation programme provided more than 400 soil 
samples of which 377, dating from the mid-second millen-
nium cal bc to the first millennium cal ad, are presented here. 
343 samples can be securely assigned to the Nok period (ca. 
1500–1 cal bc), 12 samples are mixed with some later CE 
material, and 22 analysed samples date after the end of the 
Nok culture, between cal ad 100–400, including 14 from the 
site of Janruwa C (to be published in detail in the future). So, 
while most of the samples are clearly associated with either 
one of the three archaeological Nok phases, 71 samples 
come from mixed contexts, where archaeological material 
from different phases occurs together. These are categorized 
as mixed Early/Middle Nok (Mixed E), mixed Middle/Late 
Nok (Mixed L) and the Nok/CE contexts (Mixed CE).

Following the method described in Champion and Fuller 
(2018b), each sample was sorted by fraction (> 2.5 mm, 
2.5–1  mm, 1–0.5  mm) and quantitatively analysed for 
charred plant remains with the aid of a low–power stereomi-
croscope (5–40 ×). Identification was achieved by compari-
son with specimens in the modern reference collections at 
the Laboratory of African Archaeobotany, Goethe Univer-
sity Frankfurt am Main and at the Institute of Archaeology, 
University College London. Photographs and descriptions of 
identifications from published literature were also used (e.g. 
Neumann et al. 1998; D’Andrea et al. 2001; Fuller 2003; 
Zach and Klee 2003; Kahlheber 2004; Fuller and Harvey 
2006). It was impossible to identify all plant remains to 
species level, and thus some were identified to family level 
only, especially Poaceae and Fabaceae. “Plants of the World 
Online” (POWO 2022) was used as reference for taxonomi-
cally accepted names of the finds.

In archaeobotanical samples, remains of hardened 
pericarps are mostly found in a fragmented state, such as 
nutshells or endocarps (fruit stones), as with Canarium  
schweinfurthii Engl. and Vitex sp. For these taxa, we calcu-
lated their ‘Minimum Number of Items’ (MNI) by counting 
the number of fragments by fraction: Larger, characteristic 
fragments, with apexes and/or bases of C. schweinfurthii 
endocarps were counted as one item. In the 2.5 mm fraction, 
five smaller fragments without these characteristics were 
calculated as one item, while it took 15 fragments from the 
1 mm fraction to calculate one item. Fragments from the 
0.5 mm fraction were too small for identification and are 
listed as indet. fruit.

For the quantitative evaluation, the total number of items 
(seeds, fruit stones, chaff elements and calculated MNI) 
are counted in a list of taxa, from which tables of relative 
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frequency were constructed, and ubiquity was calculated. 
The relative frequency is the percentage of total items. The 
ubiquity is the number of samples in which a taxon is present 
as a percentage of the total number of samples. For each site, 
information on fragment counts per sample, and frequency 
and ubiquity calculations are provided in the ESM, together 
with the site’s archaeological context and available radio-
carbon dates (ESM 1).

Results

The archaeobotanical remains

Major carpological finds

Among the 343 Nok samples comprising 3,146 L of archaeo-
logical matrix from 50 sites, 50 samples were entirely devoid 
of macro-botanical remains, as was one from mixed CE con-
texts. In the remaining 293 Nok samples, 11,155 plant items 
were recovered, with an average density of 3.6 remains/L 
of floated soil (Table 1). The highest density was recorded 
for deep pits, with 7.4 finds/L, while densities below 1 were 
present in stone-pot arrangements (‘burial’) and furnaces. 
The most numerous taxa associated with the Nok period are 
Cenchrus americanus, Canarium schweinfurthii (incense 
tree) and Nauclea latifolia Sm. syn. Sarcocephalus latifolius 
(Sm.) E.A.Bruce (African peach). These represent 87.4% of 
the carpological data set.

Cenchrus americanus (L.) Morrone, pearl millet, Poaceae

Pearl millet caryopses (Figs. 3e–f, 4a–c) represent the most 
important macro-botanical item of the total Nok data set, 
with 9,220 remains, representing 83% of the Nok assem-
blages’ remains. Pearl millet is also most ubiquitous, present 
in 81% of the Nok samples. In these samples, pearl millet 
evidence is exclusively composed of caryopses. Processing 
remains, such as bristles, involucres and spikelet bases, are 
totally absent. In the CE samples, by contrast, pearl millet is 
represented by caryopses and involucres. Among total 566 
CE pearl millet remains in CE contexts, 521 remains are 
caryopses, while 45 are involucres, all of the latter present in 
Janruwa C (Table 1). While the ubiquity is even higher than 
in the Nok samples (95%), the frequency is comparatively 
low (12%).

Identification of the C. americanus caryopses is based 
on their morphology: broadly club-shaped in longitudinal 
view and circular in transverse view. The average breadth 
of the caryopses is 1.4 mm, with a range from 0.6 mm to 
2 mm. There are no obvious size changes of the caryopses 
through the entire duration of the Nok period. The aver-
age Nok pearl millet caryopsis size is coherent with the 

West African archaeobotanical data sets currently avail-
able (Fuller et al. 2021). One of the main archaeologically 
defined characteristics of pearl millet domestication is an 
obvious trend of increasing average caryopsis breadth. From 
4500 cal bc to cal ad 1500, the average caryopsis breadth in 
West African sites increases from 0.8 mm to 1.7 mm, with 
a medium range of 1.1–1.5 mm during the 1500–500 cal 
bc period (Fuller et al. 2021 and references therein). The 
size of the Nok pearl millet caryopses thus falls within the 
range expected between 1500–500 cal bc when the crop was 
already fully domesticated. In addition, two size groups are 
conspicuous within the Nok pearl millet caryopses, form-
ing a bi-modal distribution. The first group is composed of 
smaller caryopses ranging from 0.5 to 0.8 mm, while the 
second group has larger caryopses from 1.2 to 2 mm. A total 
of 2,382 caryopses were assigned to group 1, representing 
26% of the Nok pearl millet, and 5,751 grains to group 2 
corresponding to 62% (ESM 2 Table 1). Group 1 probably 
corresponds to the ‘paired spikelets’ that are only observ-
able in domesticated forms of pearl millet. One of the char-
acteristics of pearl millet domestication is the appearance 
of multiple spikelet involucres, usually in pairs. The paired 
spikelets lead to smaller grain size, and on the same panicle, 
the paired spikelet caryopses are generally smaller than the 
single caryopses (Fuller et al. 2021).

Canarium schweinfurthii Engl., incense tree, Burseraceae

A total of 1,328 Canarium schweinfurthii endocarp frag-
ments (Fig. 4d–f) were found in 132 samples. With the ubiq-
uity at 37% presence in all Nok samples, these remains are 
second to pearl millet. However, the frequency of estimated 
complete fruits (MNI = 241) is small with only 2% (Table 1); 
an additional five items were recovered in mixed CE con-
texts. In the clear CE contexts C. schweinfurthii is absent.

The endocarp is elongated, 3–4.3 cm long, with a char-
acteristic triangular shape in cross section. Identification is 
based on the presence of three strong ridges on its surface. 
The small ovate pores observed by D’Andrea et al. (2006) 
as criteria of identification are not always visible, and under 
low magnification, as with the naked eye, the endocarp sur-
face appears smooth in comparison with those of other oil 
fruits (such as Elaeis guineensis and Vitex sp.), which usu-
ally are striated.

Nauclea latifolia Sm., African peach, Rubiaceae

Nauclea latifolia (Fig.  5) is less ubiquitous than C.  
schweinfurthii, but the second most frequent taxon after 
pearl millet with 291 seeds overall. In Nok contexts 266 
seeds were counted, comprising 2.4% of the Nok assem-
blage, but with an ubiquity of only 9%. 24 seeds are in mixed 
CE contexts and one seed is present in the CE samples. The 
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fruit is an edible fleshy syncarp with hundreds of small flat-
tish seeds (Fig. 5b). The seeds are about 0.6–1.0 mm long 
and 0.5–0.7 mm wide and show a distinctive reticulate pat-
tern of the testa (Fig. 5c–e). These seeds have been present 
in several West African sites, but hitherto have remained 

unidentified (e.g. Djoutoubaya, see Champion 2020). They 
are identical to the Nauclea/Sarcocephalus-type from the 
Inner Congo Basin (Neumann et al. 2022).

Table 1   Summary of the archaeobotanical results of the flotation samples

Total numbers, frequency and ubiquity of identified items summarized according to chronological contexts

Chronological context Early Nok Mixed E Middle Nok Mixed L Late Nok Nok Total Mixed CE CE
No. of samples 25 34 253 25 6 343 12 22

Vol. of soil (L) 332 240 2,243 260 55 3,146 84 168

No. of sites 8 5 39 3 3 50 6 5

Cenchrus americanus caryopsis (involucre) 846 312 6,952 1,074 36 9,220 146 521 (45)
  Frequency/ubiquity 82/92 81/79 83/81 85/96 31/50 83/81 50/92 12/95
Vigna unguiculata seed 2 23 25 2
  Frequency/ubiquity 0.2/8 0.2/4 0.2/3 0.1/9
Sorghum bicolor spikelet base 1
  Frequency/ubiquity 0.3/8
Digitaria exilis caryopsis 65 3919
  Frequency/ubiquity 22/17 82/68
Nauclea latifolia seed 25 1 176 5 59 266 24 1
  Frequency/ubiquity 2/20 0.3/3 2/9 0.4/4 51/33 2.4/9 8/25 0.1/4
Canarium schweinfurthii endocarp 28 36 144 32 1 241 5
  Frequency/ubiquity 3/56 9/65 2/30 3/65 1/17 2/37 2/25
Elaeis guineensis endocarp 5
  Frequency/ubiquity 0.1/18
Vitex sp. endocarp 1 1 31 13 46 1
  Frequency/ubiquity 0.1/4 0.3/3 0.4/8 1/48 0.4/10 0.3/8
Celtis sp. fruit stone 5 5
  Frequency/ubiquity 0.4/20 0.1/1.4
Digitaria cf. ciliaris caryopsis 3 3
  Frequency/ubiquity 0.1/1 0.1/0.8
Eleusine indica caryopsis 34 3 3 40
  Frequency/ubiquity 0.4/6.3 0.2/8 2.6/17 0.3/5
Brachiaria type caryopsis 4 4 8
  Frequency/ubiquity 0.4/6.3 0.3/12 0.1/2
Poaceae species. caryopsis 22 3 56 7 6 94 1 10
  Frequency/ubiquity 2.1/16 1/9 0.7/7 0.6/28 5.2/33 0.8/10 0.3/8 0.2/9
Spermacoce sp. seed 3 1 3 7 1
  Frequency/ubiquity 0.1/1.2 0.1/4 2.6/17 0.1/1.4 0.3/8
Indet. seed 4 153 157 1
  Frequency/ubiquity 0.4/4 1.8/5 1.4/4 0.3/8
Indet. seed fragment 59 29 386 85 1 561 8 2
  Frequency/ubiquity 6/32 8/15 4.6/28 7/28 1/17 5/26 3/25 0.1/9
Indet. fruit 6 1 44 22 7 80 5 1
  Frequency/ubiquity 0.6/20 0.3/3 0.5/16 1.8/44 6/33 1/17 3/25 0.1/4.5
Undet. endocarp 3 8 11 5
  Frequency/ubiquity 0.3/8 0.1/1 0.1/1.4 3/25
Total number 1,036 383 8,369 1,251 116 11,155 294 4,797
Density items/L 3.1 1.6 3.7 4.8 2.1 3.6 3.5 28
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Other carpological finds

This section describes the less frequent archaeobotanical 
finds, representing 12.6% of the total assemblage (1,428 
items).

Vigna unguiculata (L.) Walp., cowpea, Fabaceae

The number of cowpea remains (Fig.  3a–b) recovered 
was very low, with only 27 seeds. The 25 seeds from Nok 
contexts comprise less than 0.2% of the botanical macro-
remains, present in only 8 samples (3% ubiquity). Two seeds 
were preserved within the CE assemblage. The cowpea seeds 
have flattish cotyledons, predominantly sub-rectangular in 
shape, but occasionally ellipsoid. The hilum is ovate and 
generally positioned asymmetrically on the longer side. The 

seed coat was rarely preserved intact, and most of the finds 
consisted of a single cotyledon only. The measurements of 
26 cowpea seeds (Table 2) shows that the Nok cowpeas are 
generally consistent in comparison with other available data 
from Burkina Faso, Ghana and DR Congo.

Digitaria exilis (Kippist.) Stapf., fonio, Poaceae

Digitaria exilis caryopses (Fig. 3k) were exclusively found 
in CE and mixed CE contexts. The 3,919 CE finds repre-
sent 82% of the CE finds but with 68% ubiquity are less 
constantly present than pearl millet (95%). The caryopses 
are 0.8–1.5 mm long and 0.4–0.7 mm wide. They are sub-
globose, with a round small hilum on the bottom of the ven-
tral side and a round embryo on the dorsal side. The length 
of the embryo is less than 1/3 of the total caryopsis length. 

Fig. 3   Archaeobotanical remains, examples from Nok sites and one 
CE site; a Vigna unguiculata seed, Taka Lafiya, AB 407; b Vigna 
unguiculata seed, Ankoro, AB 512; c Spermacoce sp. seed, Kurmin 
Uwa 1 (AB 275); d Elaeis guineensis endocarp fragment, Janruwa C, 
AB 237; e–f Cenchrus americanus caryopses, Doguwa 1, AB 294, 

e large caryopsis (Group 2, 1.2–2 mm), f small caryopsis (Group 1; 
0.5–0.8 mm); g Eleusine indica caryopsis, Janjala, AB 18; h Brachi-
aria-type caryopsis, Ido, AB 189; i Digitaria cf. ciliaris caryopsis, 
Kurmin Uwa 1, AB 266; k Digitaria exilis caryopsis, Janruwa C, AB 
237; l Sorghum bicolor spikelet base, Janruwa C, AB 214
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Only preliminary measurements of these caryopses were 
taken, as full analysis of the CE samples is still ongoing.

Digitaria cf. ciliaris, Poaceae

Three charred caryopses of Digitaria cf. ciliaris (Fig. 3i) 
were identified from three Middle Nok samples. The cary-
opses are ovoid, with a roundish embryo not exceeding more 
than half of the caryopsis length. The hilum is not visible.

Eleusine indica (L.) Gaertn., Poaceae

A total of 40 charred caryopses of Eleusine indica (Fig. 3g) 
were found in seven Nok samples. The caryopses are gener-
ally ellipsoid with a truncated apex and a triangular cross 
section composed of three longitudinal ridges running from 
top to bottom. The surface is formed of transversal striae and 
the furrows between them are covered with tiny granules. 
The hilum is roundish, with an elongated embryo cutting 
the caryopsis in two.

Brachiaria‑type, Poaceae

Eight carbonized caryopses from seven Nok samples 
were attributed to Brachiaria-type (Fig. 3h). Most of the 

caryopses were partially damaged, only two were complete. 
The caryopsis’ shape is oval, being broadest in the middle. 
The length of the scutellum is around half that of the cary-
opsis, with a small round hilum. All the caryopses recovered 
were unfortunately without glumes. The glumes facilitate 
identification of several key grass genera, enabling a more 
confident differentiation between Setaria sp., Brachiaria sp., 
and Urochloa sp. (Zach and Klee 2003). Thus, in the absence 
of glumes, classification as Brachiaria-type is based on the 
general shape of the caryopses.

Sorghum bicolor (L.) Moench., sorghum, Poaceae

Sorghum bicolor ssp. bicolor (Fig. 3l) was only attested 
in a CE context. The single torn rachilla, or spikelet base, 
indicates domesticated sorghum and likely comes from the 
dehusking process.

Fig. 4   SEM illustration of archaeobotanical material from Pang-
wari; a–c Cenchrus americanus, three charred caryopses, AB 1352, 
a dorsal position, b ventral position, c dorsal position; d–f Canarium  
schweinfurthii, two endocarps, d base (find no. 5133), e, f apex from 
two sides (find no. 5137) (adapted from Franke et al. 2020)

Fig. 5   Nauclea latifolia; a–d modern fruit and seed collected in Bur-
kina Faso, a fruit in dorsal position, b fruit in longitudinal section, c 
close–up of the fruit section, d seed; e archaeological seed from Kur-
min Uwa 2 (AB 268)
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Spermacoce sp., syn. Borreria sp., Rubiaceae

Seven charred seeds from Nok and Mixed CE contexts were 
identified as Spermacoce sp. (Fig. 3c). The shape of the seed 
is elliptical with a central longitudinal protuberance on one 
side. Following the description by Kahlheber (2004: vol 2, 
p. 201), the Nok Spermacoce sp. seeds correspond to the 
second type of her classification scheme.

Elaeis guineensis Jacq., oil palm, Arecaceae

A total of 15 endocarp fragments of E. guineensis kernels 
(Fig. 3d) were found in four CE samples from Janruwa C; 
they represent an estimated total of at least five items. The 
surface of the endocarp fragments is longitudinally stri-
ated with the characteristic network of vein-like reticula-
tions, described by D’Andrea et al. (2006). A further single 
E. guineensis endocarp fragment was hand-picked during 
the excavation at Sabon Janruwa and was directly dated to 
907–806 cal bc (see ESM 1), and thus to the Middle Nok 
phase. It attests the presence of oil palm in the environment 
during the Nok period, despite its absence from all flotation 
samples from Nok contexts.

Vitex sp., Lamiaceae

136 carbonised fragments of Vitex sp. from 33 samples 
were identified, representing a MNI of estimated 47 entire 
fruits, one in mixed CE contexts. The total frequency within 
Nok contexts amounts to less than 1%. Ubiquity is around 
10%, comparable to that of Nauclea latifolia (Table 1). 
The endocarp shape of modern Vitex sp. is ovoid with a 
sub-acute apex with longitudinal furrows. The cross sec-
tion of the endocarp shows four distinctive compartments. 
In the archaeobotanical samples, we found two categories 
of remains. The first one, comprising the majority of finds, 
consists of endocarp fragments with a longitudinal furrow 
on the outside; the other category comprises fragments of 
the acute apex showing the characteristic four compartments 
in cross section.

Celtis sp., Cannabaceae

Five charred endocarp fragments of Celtis sp. were identi-
fied from five samples, all from the Nok site of Ungwar 
Kura. The fragments are curved, suggesting a globoid shape 
of the endocarp. The surface is reticulate-foveate.

Poaceae species

105 charred Poaceae caryopses were recovered, ten finds 
coming from CE assemblages, one from mixed CE. In both 
Nok and CE chronological contexts, Poaceae species are 
present in low frequency, but in about 10% of the samples. 
In most cases, the base of the caryopsis was missing, and a 
more precise identification was not possible.

Unidentifiable (indet.) and unidentified (undet.) remains

The unidentifiable fruit and seed categories contain 86 car-
bonized endocarps, 158 seeds and 571 carbonized seed frag-
ments. It was not possible to identify them due to the lack 
of reference material. 422 endocarp fragments (16 estimated 
items) were undeterminable, being too fragmented and dam-
aged for any further identification. One large bean-shaped 
seed (Nok-1) from Pangwari (feature 2) remains unidenti-
fied. It is described and illustrated in ESM 2 Fig. 1.

Change through time

Nok period

The archaeobotanical assemblages do not show significant 
differences between the different phases of the Nok period. 
In all chronological contexts, pearl millet caryopses largely 
dominate in frequency as well as in ubiquity (Figs. 6, 7). This 
dominance clearly reflects the importance of pearl millet in 
all phases of the Nok period. While most of the samples are 
clearly associated with either one of the three archaeologi-
cal phases, more than 60 samples come from mixed con-
texts, where archaeological material from different phases 

Table 2   Size ranges of Vigna unguiculata seeds from Early Nok, Middle Nok and Common Era assemblages in comparison with archaeological 
cowpea finds from DR Congo (Neumann et al. 2022), Ghana (D’Andrea et al. 2007) and Burkina Faso (Kahlheber 2004)

Early Nok (n = 2) Middle Nok (n = 23) CE (n = 1) Iyonda, DR Congo Kintampo 
B-sites, Ghana

Oursi region, 
Burkina Faso

Length (mm) 3.7–3.8 3.8–5.9 5.2 4.1–5.9 5.0–6.3 3.7–9.7
Breadth (mm) 2.2–2.24 2.1–3.7 3.2 4.0–5.3 3.6–4.6 2.4–6.6
Height (mm) 2.6 2.0–3.4 3.0 3.2–4.3 3.4–4.2 3.0–6.1
Length/height 1.4 1.50–1.90 1.7 1.2–1.9 1.5–1.6 0.9–2.1
Breadth/height 0.8–0.86 1.05–1.08 1.06 1.0–1.4 0.9–1.1 0.7–1.4
Lenght/breadth 1.68–1.69 1.6–1.8 1.62 0.9–1.4 1.4–1.8 1.0–2.3
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occurs together. With 254 samples, clear Middle Nok con-
texts furnished the highest number of samples by far, Early 
Nok contexts delivered only 25 samples and Late Nok just 
six (Table 1). Average find densities per phase lie between 
1.6 and 4.8 items/L. Comparing frequencies and ubiquities 
per chronological context, it becomes evident that the plant 
spectra among the five major taxa remain quite similar. Only 
the Late Nok assemblage is dominated by Nauclea latifolia 
seeds with 51% instead of pearl millet (31%). This differ-
ence is also visible in ubiquity, where all chronological con-
texts show values between 79 and 96% for pearl millet, but 
pearl millet is only present in half of the samples of the Late 
Nok contexts. The reason for these peculiarities of the Late 
Nok assemblages is the small number of just six samples, 

together with the high frequency of N. latifolia seeds in two 
samples from two sites (Dakko and Kaguni 1, see ESM 1). 
As described above, N. latifolia is a multi-seeded fruit, and 
the high frequency could well result from a few fruits, each 
with a large number of seeds.

Canarium schweinfurthii endocarp fragments are present 
in low frequencies, between 1 and 9% in the different chron-
ological contexts (Table 1, Fig. 6). The ubiquity is medium 
(30–65%), but quite consistent, and lower only in the already 
discussed Late Nok contexts and in Middle Nok (Fig. 7). N. 
latifolia seeds usually are present in slightly lower or similar 
frequencies and in lower ubiquities than C. schweinfurthii, 
except for the Late Nok and Mixed CE contexts (Figs. 6, 7).

Fig. 6   Frequency; percentage 
of items per taxon based on 
n = total number of items per 
chronological context

Fig. 7   Ubiquity of the five main 
species; percentage of samples 
per species based on n = total 
number of samples per chrono-
logical context
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Vigna unguiculata is the only crop besides pearl millet 
attested in the Nok assemblage. Preserved only in some 
Early and Middle Nok contexts it represents 0.2% of the 
total frequency of Nok remains (Table 1). Overall the high-
est diversity of macro-remains is present in the Middle Nok 
phase: Celtis sp., Vitex sp. and various wild Poaceae (Eleu-
sine indica, Digitaria cf. ciliaris, Brachiara-type) are found 
in contexts containing Middle Nok material, whether clean 
or mixed (Table 1). Spermacoce sp. is present in contexts 
with Middle Nok material and Late Nok contexts, while 
Poaceae species are present in all chronological contexts.

Common era

The CE assemblages are distinctly different from those from 
the Nok period. Table 1 shows the results of Janruwa C dat-
ing between cal ad 100 and 400 and from CE contexts at 
four Nok sites. The most noticeable, if not to say drastic 
change from Nok assemblages to the one at Janruwa C is the 
occurrence of fonio (Digitaria exilis). The 3,919 caryopses 
largely dominate the data set, with an overall frequency of 
82% of the finds and are represented in ca. two thirds of the 
samples (Figs. 6, 7).

Another striking difference is that C. americanus invo-
lucres are present. They are lacking from all analysed Nok 
samples but occur in two thirds of the samples from Janruwa 
C (63% ubiquity), while absent in those mixed with Nok 
material (‘mixed CE’). Compared to the Nok period, the 
frequency of pearl millet caryopses decreases to 12% but 
ubiquity remains high in CE contexts (95% of the samples).

Concerning possible plant oil sources, Canarium exploi-
tation seems to have ceased. Instead, Elaeis guineensis endo-
carp fragments are present. Though frequency is low (0.1%), 
partly due to the high number of Digitaria exilis caryopses, 
the ubiquity of 18% indicates a regular presence and stands 
in stark contrast to the one oil palm endocarp from Nok 
contexts.

Another ‘newcomer’ in the CE contexts is Sorghum 
bicolor of which a single spikelet base was present in one 
sample from Janruwa C. Another difference between Nok 
and CE contexts is the find density. The highest density in 
Nok contexts of almost five items per litre of sediment was 
present in the mixed Middle/Late Nok samples. With 28 
items/L, density in CE contexts is at least five, but in general 
about eight times higher than that of Nok contexts.

Discussion

Pearl millet caryopses and chaff—the evidence 
of absence

Two features of the Nok archaeobotanical assemblages 
are especially remarkable: 1) pearl millet is dominant 
(with 83% overall frequency) and there are only few other 
plant remains; 2) pearl millet is exclusively represented 
by caryopses, while chaff remains separated during the 
initial processing after harvest, such as involucres, bris-
tles, and husks, are completely absent. We do not believe 
that this absence is related to biases in charring or post-
depositional process, but rather indicative of some specific 
cultural activities regarding the processing of pearl millet.

The striking absence of pearl millet chaff in the samples 
is unlikely to result from methodological bias, and instead 
seems to be real evidence of its absence at the sites. For 
each sample, the small fractions (0.5–1 mm) were carefully 
sorted and analysed. These small fractions contain small 
pearl millet (0.5–0.8 mm) and other small Poaceae cary-
opses of similar size, but neither involucres, nor bristles 
and husks. This stands in contrast to the assemblage of the 
CE site of Janruwa C in the Nok region, as well as other 
West African archaeobotanical assemblages, where after 
sorting and analysing the small fraction, pearl millet chaff 
remains (around 0.5–0.8 mm in size) are usually found 
(see Gallagher et al. 2018; Champion 2020). It therefore 
seems that pearl millet caryopses entered the sites after the 
initial stages of crop processing, i.e. threshing and win-
nowing, had already been conducted elsewhere.

Several different plant parts are good indicators of 
post–harvest processing of a crop. After the harvest, the 
aim of processing is to separate the edible parts of the 
plant from the inedible, to liberate the grain from the chaff 
(Hillman 1984; Harvey and Fuller 2005; Fuller and Ste-
vens 2009). For pearl millet, this involves a combination 
of pounding/threshing and separation by winnowing and/
or sieving. In West Africa, pearl millet is currently often 
harvested and stored in granaries as whole panicles (Jolly 
2004; Douny 2014; Champion 2020). From the storage, 
the panicles are processed into clean grain on a daily or 
weekly basis. The chaff, including bristles, involucre bases 
and husks, is separated from the grain during the threshing 
and winnowing steps. As observed by the authors today in 
West Africa, these steps result in large amounts of chaff 
waste in the house and village vicinities. When process-
ing is conducted within the household, the chaff is often 
deposed of by burning within house fires, after which it 
ends up on middens and/or in rubbish pits (Douny 2014; 
Champion 2020). In this case, the archaeobotanical assem-
blage contains chaff remains with some caryopses. The 
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fact that Nok pearl millet remains exclusively consist of 
caryopses implies that the crop was processed in a way 
clearly different from the procedures described above. 
The absence of chaff in the Nok assemblage thus indi-
cates a different organization of crop processing activi-
ties. This implies that pearl millet arrived within all Nok 
sites as clean grain already processed. The homogeneity 
of the archaeobotanical assemblages throughout the whole 
period of the Nok culture suggests that these routines and 
organization were deeply embedded within Nok society.

Nok sites as consumer sites

The arrival of clean pearl millet grain on Nok sites suggests 
that these sites functioned as consumer sites, places where 
larger quantities of grain were handled in bulk for consump-
tion and where grains were consumed but not processed. 
Within a limited area, clean grain can be generated in satel-
lite farming settlements, processed in a central settlement 
and then redistributed and consumed in households or at 
sites with special function. This has been suggested for Iron 
Age and Roman sites in Britain, where the presence of clean 
grain assemblages has led to the identification of consumer 
sites (Stevens 2003; van der Veen and Jones 2007; Fuller and 
Stevens 2009). Aspects of these models can be transferred 
to pearl millet at Nok sites. Like free-threshing wheats in 
Europe, the threshing of pearl millet results in naked grain 
that does not need further processing before being cooked 
as whole grain or ground to flour.

Ritual context and feasting

In line with the archaeological data suggesting the inter-
pretation of at least several Nok sites as places with a ritual 
function (Franke et al. 2020), the exclusive presence of clean 
grain might point to special activities, such as feasting. This 
becomes most evident at the intensively studied site of Pang-
wari (Höhn et al. 2018; Franke et al. 2020). At Pangwari, 
the association of grave features with terracotta depositions 
clearly indicates a ritual use of the site. Although the major-
ity of the Nok sites have not been excavated in such detail 
and often provide no archaeological evidence for a ritual 
context, the homogenous assemblage of plant remains with 
dominant pearl millet caryopses suggests that many sites 
may have had a similar function. People came from their 
settlements to these sites to bury their dead and carry out 
ceremonies/rites. The use of clean grain might have been 
pragmatic, to reduce the bulk transported from the settle-
ment to the ritual sites. However, it also might have acted 
to emphasize the separation between the sacred place and 
the profane settlement, making it mandatory to bring clean 
naked grain to avoid any contamination. We suggest that the 
Nok people were coming with fully threshed, naked pearl 

millet grain on a regular basis to celebrate (mortuary) rituals, 
connected with feasting.

The low diversity of the archaeobotanical assemblages 
is another argument for non-settlement functions of most 
excavated Nok sites. In contemporary West African settle-
ment sites of the second and first millennium cal bc, e.g. 
in Burkina Faso (Kahlheber 2004), Mali, Benin (Champion 
2020), and the Nigerian Chad Basin (Klee et al. 2000, 2004), 
the diversity of useful plants in the assemblages is much 
higher than at Nok sites. We expect this pattern for settle-
ments where everyday activities were practised, associated 
with archaeological features, like houses and hearths, cre-
ating a species–rich ‘settlement noise’. Specialized plant 
use at ritual sites, on the contrary, is more likely to create 
‘depleted’ archaeobotanical assemblages, such as the ones 
with the absolute dominance of clean pearl millet grain at 
the Nok sites. The other archaeobotanical finds point into 
the same direction. Fruit remains from wild trees are present 
only in very low frequency and ubiquity in the Nok sites, 
possibly resulting from local gathering activities during the 
duration of a ritual.

The regular presence of grinding stones at the sites and 
even as part of stone-pot arrangements would support on-site 
preparation of pearl millet rather than bringing along already 
prepared food for feasting (see below regarding food prep-
aration at Nok sites). Organic residue analysis has shown 
that the vessels deposited in terracotta depositions or stone-
pot placements were used for cooking, probably more than 
once (Dunne et al. 2022). Otherwise, no detectable levels of 
organic residues would be present. Supposedly, the use of 
such vessels was not limited to feasting events. They may 
have been in everyday use before being deposited in a grave.

We may also interpret the deep pits in Nok sites as refuse 
pits connected to feasting. Not only do they have the highest 
density of finds among all Nok archaeological contexts, but 
they also contain exceptionally high numbers of pearl millet 
caryopses, like Ido, feature 9 (ESM 1). The connection to 
feasting is also corroborated by wood charcoal and ceramic 
assemblages pointing to rather quick refilling (Höhn et al. 
2018; Franke et al. 2020). This speaks against refuse pits in a 
domestic context, as for instance discussed for West Central 
Africa (de Saulieu et al. 2017). In the ethnographic record, 
one special attribute of feasting is the unusual consump-
tion of copious quantities of food and/or drink, often result-
ing in large waste deposits (Twiss 2008, and the references 
therein). Comparative archaeological examples for deep pits 
connected with feasting are known for example from the 
Near Eastern Neolithic (e.g. Goring-Morris and Horwitz 
2007; Bangsgaard et al. 2019), where they are associated 
with concentrations of animal bones as waste from extensive 
meat consumption. Whether the Nok people consumed large 
quantities of meat during feasting remains a speculation as 
no bones are preserved in the acidic soils of the Nok area.
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In modern Africa, feasting is usually associated with large 
amounts of food consumed by groups of extended family and 
neighbours (Griaule 1948; Dieterlen and Calame-Griaule 
1960; de Garine 1997; Jolly 2004). In this context, it is often 
not special foods and luxury goods which are offered, but 
rather a larger amount of the food that is usually consumed 
every day. The high ubiquity and frequency of pearl millet 
in Nok sites thus point to pearl millet as a staple or at least 
an important part of the diet.

The homogeneous composition of the archaeobotanical 
assemblages, showing no major variation over time, space 
and context throughout the Nok period, with the overall 
dominance of clean pearl millet grain, suggests that Nok 
archaeological sites excavated by the project were primarily 
funeral feasting places and as such sacred sites. This does 
not exclude the existence of profane settlements, which, 
however, are difficult to detect given the lack of typical set-
tlement features as mentioned above. Many excavations were 
small and did not reveal distinct features related to rituals. 
The project’s focus on excavating sites where terracotta figu-
rines had previously been recovered might possibly have led 
to a bias in the types of sites that are known from the Nok 
culture. However, given some 15 years of survey and excava-
tion without clear evidence of settlement sites, we suggest 
that the bias is related more to the nature of Nok sites and/
or the taphonomy of preservation than to survey methods. 
We propose that the people of the Nok culture were living 
in a dispersed settlement system formed of small entities of 
few dwellings that have not left clear visible traces in the 
archaeological landscape (Breunig and Rupp 2016; Breunig 
2022). Consequently, most excavated sites may have been 
detected because of the larger amount of remains, especially 
terracotta parts and pottery, indicative of ritual/feasting sites.

The ritual context of Middle Nok terracotta deposits and 
associated stone–pot arrangements and deep pits is quite 
convincing and offers a plausible explanation for the pres-
ence of clean pearl millet grain. However, the presence of 
clean pearl millet grain in all of the few Early Nok contexts 
excavated (as in Ankoro 1, Doguwa 1, Kachama 2, Pangwari 
and Puntun Dutse, ESM 1) needs to be discussed separately 
since no terracotta figurines nor features related to rituals are 
attributed to the Early Nok phase. Terracotta figurines first 
appear around 900 cal BC with the beginning of the Middle 
Nok phase. Except for a couple of shallow pits at Pangwari 
featuring Early Nok pottery and respective radiocarbon dates 
(Höhn et al. 2018; Franke et al. 2020), no clear Early Nok 
contexts have been identified. At Pangwari, the interpre-
tation of the Early Nok occupation as settlement activity 
relies mainly on the ubiquitous presence of Early Nok pot-
tery across the entire site. The remains of a stone circle at 
the Early Nok site of Puntun Dutse have been interpreted as 
the remains of a dwelling (Rupp 2014). Whether it is related 
to the Early Nok occupation at the site or much younger 

in age remains unclear. The presence of clean pearl millet 
grain in Early Nok sites, in line with the interpretation of 
Middle Nok sites, suggests a similar interpretation of feast-
ing in a ritual context during the Early Nok phase as well. 
Yet, no supporting archaeological evidence has been found. 
Either, the Middle Nok ritual contexts have a predecessor in 
the Early Nok phase, but without terracotta figurines (and 
instead possibly with objects of perishable materials no 
longer visible in the archaeological record), or the presence 
of clean pearl millet has another, more profane explanation 
based on a particular way of storing and processing pearl 
millet outside of settlements, not common in other parts of 
West Africa. Either way, the homogeneous composition of 
archaeobotanical remains between Early and Middle Nok 
sites is another line of evidence for the continuity in cultural 
development from the mid-second millennium cal bc to the 
last centuries cal bc.

The record for ritual consumption of clean pearl millet 
grain in the Nok sites constitutes the oldest archaeologi-
cal evidence for feasting in Africa so far. Feasting and its 
archaeological correlates are a common theme in archaeol-
ogy (e.g. Hayden and Villeneuve 2011; Kassabaum 2019). 
In West and East Africa, several archaeological sites have 
delivered data from plant and animal remains, pottery and 
special contexts that can be interpreted in terms of feasting 
(Fleisher 2010; Walshaw 2010; Gijanto and Walshaw 2014; 
Gokee and Logan 2014; Monroe and Janzen 2014; Dueppen 
and Gallagher 2021; Dueppen 2022), but all of them are 
younger than 2,000 years. The clean pearl millet grain of the 
Nok sites shows that the tradition of feasting connected to 
mortuary practices, so important in modern Africa (Jindra 
and Noret 2011), is deeply rooted in the past, going back to 
at least 1500 cal bc.

Alternative interpretations

IF we assume that at least some of the excavated Early 
and Middle Nok sites were settlements and not ritual sites, 
another explanation for the exclusive presence of clean pearl 
millet grain would be necessary. Based on this premise, the 
absence of chaff would then reflect a system of crop storage 
and processing, for example storage and threshing near the 
fields and as such outside of the settlements and away from 
household fire, or threshing in bulk in the field, directly after 
the harvest, with only the clean grain stored at the settle-
ments. In West Africa today, such storage of clean grain is 
rather the exception, but described for instance for the north-
ern highlands of Cameroon (Seignobos 2005). Other than 
that, processing in the field may become necessary when 
the fields are located too far from the settlements. Bringing 
whole panicles from the bush-fields back to the settlements 
may be regarded as too costly in terms of labour invested. 
An ethnographic example are the Hausa of northern Benin, 
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whose fields are sometimes far from their homesteads, forc-
ing them to thresh in the fields (Champion 2020, p. 225). 
As they are latecomers in northern Benin, the Hausa only 
cultivate fields that are more marginal, and often not near 
their villages. However, it is less likely that the people of the 
Nok culture needed to practise this method since we assume 
that they were the first agriculturalists in the area, and that 
their fields were in close proximity to the settlements.

Post-harvest processing in the field can be less visible for 
another reason in archaeobotanical assemblages. Threshing 
in the field, prior to the storage of the crop, is usually con-
ducted only once or twice a year during a limited period. 
The waste generated from this will rarely be preserved 
in archaeobotanical assemblages in comparison to waste 
from those activities carried out every day (Stevens 2003). 
Threshing in the field implies inter-household or village co-
operation, with the mobilization of a workforce, comprising 
larger parts of the inhabitants during the harvest season. As 
already pointed out, there is no archaeological evidence of 
complexity at Nok sites, such as larger nucleated population, 
central settlements, granaries, social hierarchy, functional 
and social differences, or specialized economy (Breunig and 
Rupp 2016; Franke et al. 2020). Even terracotta production 
was not centralized (Beck 2016). Yet, the very similar style 
of the terracotta figurines speaks for strict rules and regu-
lations in the production and possibly the use of the figu-
rines and thus for a society with a common ritual system 
and continuous contact between the individual groups living 
together. Such a society would have been able to organise 
large threshing events, if necessary.

Another interpretation of the data is based on the assump-
tion that sites with and without chaff differ in social and eco-
nomic organisation (compare Valamoti 2005), or in social 
status, where a particular segment of a society was receiv-
ing clean grain. Archaeologically speaking, this might imply 
that we excavated and sampled only sites related to a specific 
part of the society, perhaps higher status households, but 
there is no further evidence to support this idea. If society 
was structured in this way, at least some samples/sites should 
show a different archaeobotanical signature, either with chaff 
or with additional plant species. This is not the case, and it 
seems very improbable that 377 botanical samples from 50 
archaeological sites should record the same part of a seg-
mented society.

Food preparation at Nok sites

We suggest that the clean grain was prepared on site for 
food; otherwise, the large amounts of carbonized caryopses 
would not be explicable—except if they were burned as an 
offering. Given the large quantity of grinding stones usu-
ally present at Nok sites (Rupp 2014; Breunig and Rupp 
2016), we assume that preparation included grinding of 

the grains to flour, to be cooked afterwards in pots as por-
ridge, or as a malted flour for beer. Today, preparation 
methods of pearl millet also include deep-fried pancakes 
and couscous blended with pulses, besides the more com-
mon thick porridge or thin-fermented porridge, and fer-
mented and non–fermented beverages (Jolly 2004; McCann 
2009; Champion 2020). Based on the evidence at hand, it 
is not possible to state definitively what type of pearl millet 
product was consumed. Phytolith analyses of five grinding 
stones from the site of Ungwar Kura showed that only two 
contained grass short cell phytoliths that might result from 
the processing of Poaceae, including pearl millet (Radomski 
and Neumann 2011; Radomski unpubl. laboratory report). 
This does not speak against the general use of the stones 
for processing pearl millet. It must be considered that grass 
short cell phytoliths are present only in the culms, leaves and 
husks of cereals, while the clean unhusked caryopses are 
completely free of them. If only clean grain was processed 
on the stones, it would not leave any significant phytolith 
signature. We therefore assume that the association of large 
grinding stones and clean pearl millet grain at the sites is an 
indication for this type of processing. Processing of pearl 
millet and other grain crops with large grinding stones is eth-
nographically well documented in West Africa (Jolly 2004; 
Zurro et al. 2005; McCann 2009).

The chemical study of food residues in Nok ceramics 
shows several different lipid profiles, pointing to the pro-
cessing of animal products, honey and/or beeswax, possi-
bly underground storage organs, such as tubers, and numer-
ous different plant species and plant parts, indicating more 
diverse foodstuff than reflected in the archaeobotanical sam-
ples alone (Dunne et al. 2021, 2022). Pearl millet cooking 
would not leave any unequivocal chemical signal, but there 
is evidence in some pots for enriched δ13C16:0 and δ13C18:0 
values, pointing to an origin from a plant with a C4 photo-
synthetic pathway. Because of its ubiquity in the archaeobo-
tanical assemblage, we deem pearl millet the most probable 
candidate for the C4-plant signal, even more so since the 
remaining candidates in the surroundings of Nok sites that 
might have been processed in the pots are mostly C3-plants 
(herbs, leaves and fruits from trees etc.).

Origin of Nok pearl millet cultivation in a West African 
context

The absolute dominance of pearl millet in the Nok assem-
blages, with high frequency and ubiquity, is unique among 
the 34 West African archaeological sites dating to the second 
and first millennium cal bc from which archaeobotanical data 
are available (Fig. 8). To our knowledge, only at eight sites, 
other than the Nok sites, samples larger than two litres were 
processed by flotation with 0.5 mm mesh size and results 
from the small fraction published. Among these, five sites 
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contain pearl millet chaff (Tin-Akof, Oursi West, Kursakata, 
Alibori, Walade), while for Winde Koroji, Kozoungou and 
Bosumpra Cave, chaff is missing just as at the Nok sites. At 
19 sites, pearl millet is evidenced by pottery impressions and 
six have not been systematically analysed, as discussed in 
more detail in Champion (2020). Within this data set, only 
Birimi in northern Ghana (1950–1400 cal bc, D’Andrea et al. 
2001; D’Andrea and Casey 2002) furnished pearl millet with 
a relatively high frequency (61% of the assemblage). Pearl 
millet is present though in most of the other contemporane-
ous sites, but only in low frequency, with assemblages often 
dominated by wild plants, i.e. tree fruits and wild grasses 
(Fig. 8, see Kahlheber 2004; Champion and Fuller 2018a; 
Champion 2020). Pearl millet becomes more numerous only 
in the West African Iron Age sites of the first and second 
millennium ad (e.g. Kahlheber 2004; Champion 2020).

Despite their uniqueness, the Nok archaeobotanical data 
fit well into the general developments, including the trajec-
tory of plant cultivation, from the third to the first millen-
nium cal bc in West Africa. The cultivation of pearl mil-
let diffused from the desiccating West and Central Sahara 
into the West African savanna zone after 2500 cal bc, in 
the context of southwards population movements (Ozainne 
et al. 2014; Neumann 2018; Fuller et al. 2021). Previously 

published evidence proposed three main branches of pearl 
millet diffusion, based on archaeobotanical data (Neumann 
2018; Champion 2020; Fuller et al. 2021), but also on recent 
genetic studies (Oumar et al. 2008; Burgarella et al. 2018) 
and archaeological data (Ozainne et al. 2009, 2014). The two 
best documented are a western branch from Tichitt/Mau-
ritania, after 2000 cal bc (Fuller et al. 2007; MacDonald 
et al. 2009) and a central branch from Tilemsi/Mali, after 
2500 cal bc (Manning et al. 2011). Pearl millet cultivation 
spread quickly throughout the Niger River Basin, from the 
Tilemsi Valley in Mali to northern Burkina Faso (Tin-Akof, 
Oursi West) and to the rainforest of Ghana between 2500 and 
1000 cal bc (Fig. 8). In the Niger River Basin and northern 
Burkina Faso pearl millet diffusion ceased abruptly, with 
many sites showing evidence of abandonment, followed by 
a gap in the occupation record, from around 1000 cal bc 
(Ozainne et al. 2009, 2014; Breunig 2013; Neumann 2018; 
Champion 2020).

Another more easterly diffusion branch is represented by 
the emergence of pearl millet in the Gajiganna complex in 
the southwestern Lake Chad Basin by about 1500 cal bc 
(Breunig and Neumann 2002; Klee et al. 2004; Breunig 
2013; Neumann 2018), roughly contemporary with the first 
appearance of pearl millet in Nok sites. For establishing a 

Fig. 8   West African sites with archaeobotanical remains from third 
to first millennium cal bc. The arrows indicate directions of pearl 
millet diffusion into sub-Saharan West Africa. Black arrows: cen-
tral branch from Tilemsi, after 2500  cal bc, with a central Sahara 
origin (3500 cal bc); grey arrows: western branch from Tichitt, after 
2000 cal bc; white arrows: potential origin for the Chad Basin and for 
the Nok region. Site regions: 1 Winde Koroji, 2 Tin-Akof, 3 Birimi, 

4 Kintampo B-Sites, 5 Nok region sites, 6 Kozoungou, 7 Oursi West, 
8 Kursakata, 9 Mege, 10 Alibori, 11 Walade, 12 Dia, 13 Jenne–jeno, 
14 Bosumpra Cave, 15 Ounjougou, 16 Gajiganna, 17 AZ 22, 18 MT 
25, 19 MK36, 20 Tilemsi region sites, 21 Tichitt region sites (adapted 
from Fig.  9.1 in Champion 2020, details and references in ESM 2 
Table 2)
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potential link between the two regions, comparison of their 
pottery traditions might provide a clue (Franke 2016b, pp. 
207–208). Similarities in some decoration styles are opposed 
by major differences in vessel forms and temper. Although 
this seems to exclude the Chad Basin as the area of origin of 
the Nok culture, we should not dismiss the probability too 
quickly, and this line of inquiry definitively warrants further 
investigation of the regions in-between.

In the two western branches of pearl millet diffusion, it 
is often associated with a dominance of chaff–tempered and 
roulette-decorated ceramics (Ozainne et al. 2014; Cham-
pion 2020). It seems that this package reached neither the 
Nok area nor the Chad Basin. Following the new absolute-
ceramic Nok chronology by Franke (2016b), there are only 
some cord-impressed but no roulette–decorated ceramics 
present during the Nok period, and wood roulette and fibre 
roulette ceramics appear only after the end of the Nok cul-
ture in CE sites. This is an important point pertaining to the 
pearl millet package diffusion hypothesis. The presence of 
pearl millet without roulette decorations or chaff temper, as 
seen in the Nok and early Gajiganna sites, suggests that the 
third diffusion originated directly from the central Sahara 
and possibly split before reaching northern Nigeria, account-
ing for the differences in Nok and Gajiganna pottery (Fig. 8; 
and see Champion 2020, p. 462).

The uniformity and uniqueness of plant exploitation 
during the Nok Period

While we argue that the sampled Nok sites are special sites 
in terms of consumption, we still regard the archaeobotani-
cal results as indicative for subsistence practices during the 
Nok period. As argued before, in West Africa feasting does 
not necessarily include special foods but is usually asso-
ciated with large amounts of food consumed. While these 
sites may not contain all kinds of plant food consumed, the 
archaeobotanical assemblages, together with the results from 
organic residue analysis, do allow conclusions on general 
patterns of plant food consumption. The archaeobotanical 
assemblages with dominant pearl millet, some cowpea, and 
wild tree fruits including Canarium schweinfurthii, do not 
show any changes between 1500 and 400 cal bc. Neither the 
appearance of the first terracotta figurines around 900 cal 
bc, nor the beginning of iron production sometime between 
750 and 550 cal bc had any impact upon subsistence prac-
tices. We postulate that in terms of subsistence, the people 
of the Nok culture were conservative. This is emphasized 
by the beginning of oil palm exploitation and of fonio cul-
tivation only after the end of the Nok period. Evidence for 
the cultivation of fonio together with pearl millet in Central 
Nigeria in the early first millennium ad, well after the end 
of the Nok culture, is contemporaneous with the evidence at 
Cubalel, Senegal (Murray et al. 2007; Gallagher and Murray 

2016). Possible movement of people or agricultural practices 
including fonio cultivation into Central Nigeria at that time 
will be evaluated in a future publication. Puzzling though 
is the lack of oil palm at Nok culture sites. In many con-
temporary West and Central African archaeological sites, 
like those from the Kintampo culture, oil palm endocarp 
remains are continuously present in large quantities (Stahl 
1985; D’Andrea and Casey 2002; D’Andrea et al. 2006, 
D’Andrea et al., 2007). The absence of oil palm in the Nok 
sites is remarkable, as Elaeis guineensis is found growing 
today in the river valleys of the research area, e.g. near the 
site of Janruwa C, and it was probably an element of the 
natural vegetation in the second and first millennium cal bc, 
as evidenced by an endocarp directly dated to 907–806 cal 
bc from the excavation at Sabon Janruwa (ESM 1). If palm 
oil and/or palm kernel oil had been used for cooking in the 
pots, organic residue analysis would have a delivered a dis-
tinctive oil lipid profile (from palm kernel oil) or we should 
have seen very high abundances of fatty acids from the use 
of palm oil, which we did not (Dunne, personal communica-
tion). It thus seems that the oil palm did not belong to the set 
of accepted useful plants of the people of the Nok culture.

The association of C. schweinfurthii with pearl millet in 
the Nok sites stands in stark contrast to the Kintampo sites 
in Ghana. These also revealed pearl millet remains but in 
extremely low quantity. In the B-sites only one single pearl 
millet caryopsis was found while oil palm and C. schwein-
furthii represent 83% of the remains (D’Andrea et al. 2006). 
So far, no other West African sites show any association of 
pearl millet with C. schweinfurthii (Fig. 8, and for a review 
of the West African sites see Champion 2020). Even if con-
sidering the ritual character of most Nok sites, the combina-
tion of the dry savanna crop pearl millet with a tree from the 
semi–evergreen forest is as unique for West Africa as are its 
terracotta figurines.

Conclusions

From the 50 Nok sites that have been studied for their plant 
remains, the most distinctive feature is the absolute domi-
nance of Cenchrus americanus in comparison with other 
taxa, accompanied by the evidence of absence of chaff. 
Almost 9,000 pearl millet caryopses, clearly from a domes-
ticated form, furnish a solid base for the interpretation of 
the archaeobotanical assemblages. Vigna unguiculata, the 
second domesticate, occurs in much lower numbers, which 
is probably due to its differential preservation. The combi-
nation of pearl millet and cowpea also occurs in other West 
African sites during the second and first millennium cal bc 
and indicates an advanced agricultural system with cereals 
and legumes, as in other parts of the world.
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In contrast to cowpea, the initial domestication area of 
which is still unknown, new archaeobotanical data indi-
cate that C. americanus pre-domestication cultivation 
was already underway in the Malian Sahara in the fourth 
millennium cal bc from where the crop spread eastwards 
throughout the southern Sahara in the third millennium 
cal bc (Fuller et al. 2021). In several sites of the West 
African savanna zone, including Ghana, Mali, Burkina 
Faso, and the Lake Chad region in northern Nigeria, pearl 
millet appears almost contemporaneously between 1800 
and 1500 cal bc, probably resulting from several diffusion 
processes. In the Early Nok sites, dated around 1500 cal 
bc, pearl millet appears together with inorganic-tempered 
ceramics, suggesting a southwards diffusion independent 
of the Chad Basin.

The Nok archaeobotanical finds are unique in compari-
son to contemporaneous assemblages from West African 
sites. A striking feature is the low diversity of archaeobo-
tanical macro-remains with only a few taxa, including the 
dominant pearl millet, with additional cowpea, Canarium, 
and some wild fruit trees. The absence of pearl millet chaff, 
detected through the study of the finer 0.5 mm fraction, is 
remarkable and seems to indicate real evidence of absence. 
We conclude that the Nok sites, at least those studied in 
detail, were consumer sites, and that major processing steps 
of the harvested panicles, including threshing and winnow-
ing, occurred elsewhere. Together with the archaeological 
evidence of terracotta depositions and burials in the Middle 
Nok phase, the large quantities of clean grain point to the 
function of these sites as ritual places, probably for funerary 
practices connected with feasting. Despite the absence of 
any archaeological evidence, the presence of clean grain in 
Early Nok sites may also point to ritual use, starting already 
at the beginning of the Nok occupation around 1500 cal bc, 
several hundred years before terracotta production began. 
Final processing for food, including grinding and cooking, 
might have been practiced at the sites themselves. Pearl mil-
let cultivation probably took place not far from the sites, 
but the exact location of the fields and of Nok settlements 
is still unknown.

The archaeobotanical assemblages are homogenous 
over the full chronological range of the Nok culture until 
the beginning of the CE. Neither the development of ter-
racotta production in the Middle Nok phase from 900 cal bc 
onwards nor the introduction of iron metallurgy around the 
middle of the first millennium cal bc was associated with a 
change in plant food consumption. Plant exploitation prac-
tices remained stable over more than 1,000 years, pointing 
to a remarkably conservative character of Nok society, at 
least as far as their mortuary practices are concerned. While 
we cannot exclude oil palm and fonio (Digitaria exilis) con-
sumption in the still unidentified Nok settlement sites, evi-
dence of oil palm together with fonio only appears in CE 

sites around cal ad 100–400, most probably connected with 
the arrival of a new population.

Our study does not only furnish basic data about the sub-
sistence of the people of the Nok culture, but it also demon-
strates how archaeobotany can contribute to highlight and 
reconstruct social practices. A prerequisite for meaningful 
interpretation is the analysis of a large number of samples 
from representative archaeological contexts, involving the 
finer 0.5 mm fraction. The archaeobotanical data are an 
important jigsaw puzzle piece for our understanding of the 
enigmatic Nok culture, although many aspects, including its 
settlement system and its disappearance in the last centuries 
cal bc, remain to be explored.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00334-​022-​00902-0.

Acknowledgements  As usual, far more people than the authors partici-
pated in the research leading to this publication. We thank Stephanie 
Kahlheber, who conducted the archaeobotanical investigations until 
2012. In the field, the archaeobotanical team was assisted by Phateema 
Ben Ameh and Joshua Masha. Jennifer Markwirth sorted part of the 
material presented here, and Gabriele Försterling designed or enhanced 
maps and figures and photographed the material from the reference col-
lection. SEM pictures (Hitachi S-4500) were taken by Niklas Döring 
at the EM-Service-Laboratory, Biological Sciences, Goethe University 
Frankfurt am Main. We would like to acknowledge fruitful discussions 
on the chaff matter with Chris Stevens, on statistics with Pauline Debels 
and concerning the context analysis with Annika Schmidt. Nikolas 
Gestrich’s comments on the manuscript were highly appreciated. We 
especially thank the Deutsche Forschungsgemeinschaft for funding of 
this project from 2009 to 2021 (BR 1459/7 and NE 408/5), the National 
Commission for Museums and Monuments in Nigeria for the permit 
to conduct research on the Nok culture and supporting this project 
with staff, and the partner universities Ahmadu Bello in Zaria and Jos 
University. Comments and suggestions by two anonymous reviewers 
greatly helped to improve the paper.

Author contributions  LC and AH contributed in equal amounts to 
the paper and should both be regarded as joint first authors. Co-first 
authors can prioritize their names when adding this paper’s reference 
to their résumés. The project was conceived by PB (archaeology) and 
KN (archaeobotany). LC did by far most of the macro-remains analysis, 
AH collated the archaeobotanical data created by LC, SK and herself 
and discussed the archaeological contexts with GF, who contributed the 
archaeological information in the text and the catalogue of sites. LC, 
AH and KN wrote the manuscript with contributions from all authors.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was funded by Deutsche Forschungsgemeinschaft, 
NE 408/5, Katharina Neumann, BR 1459/7, Peter Breunig

Declarations 

Conflict of interest  The authors declare that they have no competing 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 

https://doi.org/10.1007/s00334-022-00902-0


Vegetation History and Archaeobotany	

1 3

were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Amblard S, Pernès J (1989) The identification of cultivated pearl 
millet (Pennisetum) amongst plant impressions on pottery from 
Oued Chebbi (Dhar Oualata, Mauritania). Afr Archaeol Rev 
7:117–126. https://​doi.​org/​10.​1007/​BF011​16840

Asouti E, Fuller DQ (2013) A contextual approach to the emergence 
of agriculture in Southwest Asia. Curr Anthropol 54:299–345

Avav TR, Uza DV (2003) Agriculture. In: Pigeonnière AL, Ogbu 
Igah E (eds) Atlas de l’Afrique – Nigeria. Jaguar, Paris, pp 
92–95

Bangsgaard P, Yeomans L, Darabi H, Gregersen KM, Olsen J, Richter 
T, Mortensen P (2019) Feasting on wild boar in the early neo-
lithic. Evidence from an 11,400-year-old placed deposit at Tappeh 
Asiab. Central Zagros Cambridge Archaeol J 29:443–463. https://​
doi.​org/​10.​1017/​S0959​77431​90000​9X

Beck C (2016) The Value of Art – Studies in the material character 
of the terracotta figurines of the Nok Culture of central Nigeria. 
Dissertation, Goethe University Frankfurt am Main. https://​publi​
katio​nen.​ub.​uni-​frank​furt.​de/​front​door/​index/​index/​docId/​42487

Bennett JG, Blair Rains A, Gosden PN et al (1979) Land resources of 
central Nigeria: Agricultural development possibilities, vol 5B: 
The Kaduna plains. Land Resource Study 29. Land Resources 
Development Centre, Surbiton

Blair Rains A, Lawton RM, Mansfield JE, Rose Innes R (1977) Land 
resources of central Nigeria: Environmental aspects of the Kaduna 
Plains, vol 2: Climate and vegetation. Land Resource Report 19. 
Land Resources Division, Surbiton

Breunig P (2013) Pathways to food production in the Sahel. In: Mitch-
ell P, Lane PJ (eds) Oxford handbook of African archaeology. 
Oxford University Press, Oxford, pp 554–570

Breunig P (2022) Prehistoric developments in Nigeria. In: Falola T, 
Heaton MM (eds) The Oxford handbook of Nigerian history. 
Oxford University Press, Oxford, pp 109–135

Breunig P, Franke G (2019) Archaeological map of Northeast Nigeria. 
Africa Magna, Frankfurt am Main

Breunig P, Rupp N (2016) An outline of recent studies on the Nigerian 
Nok culture. J Afr Archaeol 14:237–255. https://​doi.​org/​10.​3213/​
2191-​5784-​10298

Breunig P, Neumann K (2002) Continuity or discontinuity? The 1st 
millennium BC-crisis in West African prehistory. In: Lenssen-Erz 
T, Tegtmeier U, Kröpelin S et al (eds) Tides of the desert: Contri-
butions to the archaeology and environmental history of Africa 
in honour of Rudolph Kuper. Africa Praehistorica 14. Heinrich-
Barth-Institut, Köln, pp 491–505

Breunig P (2018) Die Skulpturen der Nok-Kultur Nigerias: ein Beispiel 
für hoch spezialisiertes Handwerk einer vor-staatlichen Gesells-
chaft. In: Meller H, Gronenborn D, Risch R (eds) Überschuss 
ohne Staat: Politische Formen in der Vorgeschichte. Tagungen des 
Landesmuseums für Vorgeschichte Halle 18. Landesamt für Den-
kmalpflege und Archäologie Sachsen-Anhalt, Halle, pp 387–405

Burgarella C, Cubry P, Kane NA et al (2018) A western Sahara centre 
of domestication inferred from pearl millet genomes. Nat Ecol 
Evol 2(9):1377–1380

Casey J (2013) The stone to metal age in West Africa. In: Mitchell P, 
Lane PJ (eds) Oxford handbook of African archaeology. Oxford 
University Press, Oxford, pp 603–614

Champion L, Fuller DQ (2018) New evidence on the development of 
millet and rice economies in the Niger River Basin: Archaeobo-
tanical results from Benin. In: Mercuri AM, D’Andrea AC, For-
naciari R, Höhn A (eds) Plants and people in the African past. 
Springer, Cham, pp 529–547

Champion L, Fuller DQ, Ozainne S, Huysecom E, Mayor A (2021) 
Agricultural diversification in West Africa: an archaeobotani-
cal study of the site of Sadia (Dogon Country, Mali). Archaeol 
Anthropol Sci 13:60. https://​doi.​org/​10.​1007/​s12520-​021-​01293-5

Champion L, Fuller DQ (2018b) Archaeobotany: Methods. In: Oxford 
Research Encyclopedia of African History. Oxford University 
Press, Oxford. https://​doi.​org/​10.​1093/​acref​ore/​97801​90277​734.​
013.​204

Champion L (2020) The evolution of agriculture, food and drink in the 
ancient Niger River Basin: Archaeobotanical studies from Mali 
and Benin. PhD thesis, University College London. https://​disco​
very.​ucl.​ac.​uk/​id/​eprint/​10092​629

D’Andrea AC, Casey J (2002) pearl millet and Kintampo subsistence. 
Afr Archaeol Rev 19:147–173. https://​doi.​org/​10.​1023/A:​10165​
18919​072

D’Andrea AC, Klee M, Casey J (2001) Archaeobotanical evidence for 
pearl millet (Pennisetum glaucum) in sub-Saharan West Africa. 
Antiquity 75(288):341–348. https://​doi.​org/​10.​1017/​S0003​598X0​
00609​93

D’Andrea AC, Kahlheber S, Logan AL, Watson DJ (2007) Early 
domesticated cowpea (Vigna unguiculata) from Central Ghana. 
Antiquity 81(313):686–698. https://​doi.​org/​10.​1017/​S0003​598X0​
00956​61

Dalil M, Mairabo AP, Husaini A, Babangida UM, Abubakar A (2015) 
Impact of Gurara dam on land cover in the surrounding communi-
ties of Kaduna state, Nigeria. J Environ Earth Sci 5:27–37

D’Andrea AC, Logan AL, Watson DJ (2006) Oil palm and prehistoric 
subsistence in tropical West Africa. J Afr Archaeol 4:195–222. 
https://​doi.​org/​10.​3213/​1612-​1651-​10072

De Garine I (1997) Food preferences and taste in an African perspec-
tive: A word of caution. In: Macbeth H (ed) Food Preferences 
and taste: continuity and change. Berghahn Books, New York, 
pp 187–207

De Saulieu G, Oslisly R, Nlend P, Ngouoh F (2017) Deux mille cinq 
cents ans de traditions céramiques à Dibamba Yassa (Cameroun). 
Two and a half thousand years of pottery traditions at Dibamba 
Yassa (Cameroon). Afr Archéol Arts 13:23–40. https://​doi.​org/​
10.​4000/​aaa.​979

Dieterlen G, Calame-Griaule G (1960) L’alimentation Dogon Cah Étud 
Afr 1:46–89. https://​doi.​org/​10.​3406/​cea.​1960.​2947

Douny L (2014) Living in a landscape of scarcity: Materiality and 
cosmology in West Africa. Routledge, London

Dueppen SA (2022) Divine consumption: sacrifice, alliance building, 
and making ancestors in West Africa. UCLA Cotsen Institute of 
Archaeology Press, Los Angeles

Dueppen SA, Gallagher D (2021) Alcohol, ancestors, and the house: 
exploring ritual use of beer at Kirikongo. Burkina Faso J Anthro-
pol Archaeol 64:101353

Dunne J, Höhn A, Franke G et al (2021) Honey-collecting in prehistoric 
West Africa from 3500 years ago. Nat Commun 12:2227. https://​
doi.​org/​10.​1038/​s41467-​021-​22425-4

Dunne J, Höhn A, Neumann K et al (2022) Making the invisible vis-
ible: tracing the origins of plants in West African cuisine through 
archaeobotanical and organic residue analysis. Archaeol Anthro-
pol Sci 14:30. https://​doi.​org/​10.​1007/​s12520-​021-​01476-0

Fagg B (1968) The Nok culture: excavations at Taruga. West Afr 
Archaeol Newsl 10:27–30

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/BF01116840
https://doi.org/10.1017/S095977431900009X
https://doi.org/10.1017/S095977431900009X
https://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/42487
https://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/42487
https://doi.org/10.3213/2191-5784-10298
https://doi.org/10.3213/2191-5784-10298
https://doi.org/10.1007/s12520-021-01293-5
https://doi.org/10.1093/acrefore/9780190277734.013.204
https://doi.org/10.1093/acrefore/9780190277734.013.204
https://discovery.ucl.ac.uk/id/eprint/10092629
https://discovery.ucl.ac.uk/id/eprint/10092629
https://doi.org/10.1023/A:1016518919072
https://doi.org/10.1023/A:1016518919072
https://doi.org/10.1017/S0003598X00060993
https://doi.org/10.1017/S0003598X00060993
https://doi.org/10.1017/S0003598X00095661
https://doi.org/10.1017/S0003598X00095661
https://doi.org/10.3213/1612-1651-10072
https://doi.org/10.4000/aaa.979
https://doi.org/10.4000/aaa.979
https://doi.org/10.3406/cea.1960.2947
https://doi.org/10.1038/s41467-021-22425-4
https://doi.org/10.1038/s41467-021-22425-4
https://doi.org/10.1007/s12520-021-01476-0


	 Vegetation History and Archaeobotany

1 3

Fagg A (1972) A preliminary report on an occupation site in the Nok 
valley, Nigeria: Samun Dukiya, AF/70/1. West Afr J Archaeol 
2:72–79

Fagg Rackham A, Franke G, Junius H, Männel TM, Beck C (2017) 
Early West African iron smelting: the legacy of Taruga in light of 
recent Nok research. Afr Archaeol Rev 34:321–343. https://​doi.​
org/​10.​1007/​s10437-​017-​9262-2

Fleisher J (2010) Rituals of consumption and the politics of feasting on 
the Eastern African coast, AD 700–1500. J World Prehist 23:195–
217. https://​doi.​org/​10.​1007/​s10963-​010-​9041-3

Franke G (2016a) A chronology of the central Nigerian Nok cul-
ture—1500 BC to the beginning of the common era. J Afr 
Archaeol 14:257–289. https://​doi.​org/​10.​3213/​2191-​5784-​10297

Franke G, Höhn A, Schmidt A, Ozainne S, Breunig P, Neumann K 
(2020) Pits, pots and plants at Pangwari—deciphering the nature 
of a Nok culture site. Azania 55:129–188. https://​doi.​org/​10.​1080/​
00672​70X.​2020.​17579​02

Franke G (2016b) Potsherds in time: the pottery of the Nigerian 
Nok Culture and its chronology. Dissertation, Goethe University 
Frankfurt am Main. https://​publi​katio​nen.​ub.​uni-​frank​furt.​de/ 
frontdoor/index/index/docId/42210

Fuller DQ (2003) African crops in prehistoric South Asia: a critical 
review. In: Neumann K, Butler A, Kahlheber S (eds) Food, fuel 
and fields. Progress in African archaeobotany, Heinrich-Barth-
Institut, Köln, pp 239–271

Fuller DQ, Harvey EL (2006) The archaeobotany of Indian pulses: 
identification, processing and evidence for cultivation. Envi-
ron Archaeol 11:219–246. https://​doi.​org/​10.​1179/​17496​3106x​
123232

Fuller DQ, Stevens CJ (2009) Agriculture and the development of 
complex societies: an archaeobotanical agenda. In: Fairbairn 
A, Weiss E (eds) From foragers to farmers. Oxbows Books, 
Oxford, Papers in honour of Gordon C. Hillman, pp 37–57

Fuller DQ, MacDonald K, Vernet R (2007) Early domesticated pearl 
millet in Dhar Nema (Mauritania): evidence of crop processing 
waste as ceramic temper. In: Cappers RTJ (ed) Fields of change: 
progress in African archaeobotany. Barkhuis and Groningen 
University Library, Groningen, pp 71–76

Fuller DQ, Barron A, Champion L, Dupuy C, Commelin D, Raim-
bault M, Denham T (2021) Transition from wild to domesticated 
pearl millet (Pennisetum glaucum) revealed in ceramic temper 
at three middle holocene sites in Northern Mali. Afr Archaeol 
Rev 38:211–230. https://​doi.​org/​10.​1007/​s10437-​021-​09428-8

Gallagher DE, Murray SS (2016) Paleoethnobotanical analysis: 
Seeds and fruits from Cubalel, Unit C-3A. In: McIntosh R, McI-
ntosh SK, Bocoum H (eds) The search for Takrur: archaeologi-
cal excavations and reconnaissance along the middle senegal 
valley. Yale University Press, New Haven, pp 299–310

Gallagher DE, McIntosh SK, Murray SS (2018) Agriculture and wild 
plant use in the middle Senegal river valley, c. 800 BC–1000 
AD. In: Mercuri AM, D’Andrea AC, Fornaciari R, Höhn A 
(eds) Plants and people in the African past. Springer, Cham, 
pp 328–361

Gijanto L, Walshaw S (2014) Ceramic production and dietary 
changes at Juffure, Gambia. Afr Archaeol Rev 31:265–297. 
https://​doi.​org/​10.​1007/​s10437-​014-​9150-y

Gokee C, Logan AL (2014) Comparing craft and culinary practice in 
Africa: themes and perspectives. Afr Archaeol Rev 31:87–104. 
https://​doi.​org/​10.​1007/​s10437-​014-​9162-7

Goring-Morris N, Horwitz LK (2007) Funerals and feasts during the 
pre-pottery neolithic B of the near east. Antiquity 81(314):902–
919. https://​doi.​org/​10.​1017/​S0003​598X0​00959​95

Griaule M (1948) L’Alliance cathartique. Africa 18:242–258. https://​
doi.​org/​10.​2307/​31804​47

Harvey EL, Fuller DQ (2005) Investigating crop processing using 
phytolith analysis: the example of rice and millets. J Archaeol 
Sci 32:739–752. https://​doi.​org/​10.​1016/j.​jas.​2004.​12.​010

Hayden B, Villeneuve S (2011) A century of feasting studies. Annu 
Rev Anthropol 40:433–449

Hillman GC (1984) Interpretation of archaeological plant remains: 
the application of ethnographic models from Turkey. In: van 
Zeist W, Casparie WA (eds) Plants and ancient man: studies in 
palaeoethnobotany. Balkema, Rotterdam, pp 1–41

Höhn A, Neumann K (2016) The palaeovegetation of Janruwa 
(Nigeria) and its implications for the decline of the Nok cul-
ture. J Afr Archaeol 14:331–353. https://​doi.​org/​10.​3213/​
2191-​5784-​10296

Höhn A, Franke G, Schmidt A (2018) Pits at Pangwari: charcoal 
taphonomy at a multi-phased Nok site, central Nigeria. In: Mer-
curi AM, D’Andrea AC, Fornaciari R, Höhn A (eds) Plants and 
people in the African past. Springer, Cham, pp 271–299

Jindra M, Noret J (eds) (2011) Funerals in Africa: exploration of a 
social phenomenon. Berghahn Books, New York

Jolly É (2004) Boire avec esprit. Société d’Ethnologie, Nanterre, 
Bière de mil et société dogon. https://​doi.​org/​10.​4000/​etude​safri​
caines.​6271

Jones EW (1963) The forest outliers in the Guinea zones of northern 
Nigeria. J Ecol 51:415–434. https://​doi.​org/​10.​2307/​22576​94

Junius H (2016) Nok early iron production in central Nigeria—new 
finds and features. J Afr Archaeol 14:291–311. https://​doi.​org/​
10.​3213/​2191-​5784-​10299

Kahlheber S, Neumann K (2007) The development of plant cultiva-
tion in semi-arid West Africa. In: Denham TP, Iriarte J, Vry-
daghs L (eds) Rethinking agriculture: archaeological and eth-
noarchaeological perspectives. Left Coast Press, Walnut Creek 
CA, pp 320–346

Kahlheber S, Höhn A, Rupp N (2009) Archaeobotanical studies at Nok 
sites: an interim report. Nyame Akuma 71:2–17

Kahlheber S (2004) Perlhirse und Baobab: archäobotanische Untersu-
chungen im Norden Burkina Fasos. Dissertation, Goethe Univer-
sity Frankfurt am Main. https://​publi​katio​nen.​ub.​uni-​frank​furt.​de/​
front​door/​index/​index/​docId/​4965

Kassabaum MC (2019) A method for conceptualizing and classifying 
feasting: interpreting communal consumption in the archaeologi-
cal record. Am Antiqu 84:610–631. https://​doi.​org/​10.​1017/​aaq.​
2019.​47

Kay AU, Fuller DQ, Neumann K et al (2019) Diversification, intensi-
fication and specialization: changing land use in western Africa 
from 1800 BC to AD 1500. J World Prehist 32:179–228. https://​
doi.​org/​10.​1007/​s10963-​019-​09131-2

Keay RWJ (1953) An outline of Nigerian vegetation. Federal Depart-
ment of Forest Research, Federal Ministry of Information, Lagos

Klee M, Zach B, Neumann K (2000) Four thousand years of plant 
exploitation in the Chad Basin of northeast Nigeria I: the archaeo-
botany of Kursakata. Veget Hist Archaeobot 9:223–237. https://​
doi.​org/​10.​1007/​BR012​94637

Klee M, Zach B, Stika H-P (2004) Four thousand years of plant exploi-
tation in the lake Chad Basin (Nigeria), part III: plant impres-
sions in potsherds from the final stone age Gajiganna culture. 
Veget Hist Archaeobot 13:131–142. https://​doi.​org/​10.​1007/​
s00334-​004-​0037-8

MacDonald KC (2013) Complex societies, urbanism, and trade in the 
Western Sahel. In: Mitchell P, Lane PJ (eds) The Oxford Hand-
book of African Archaeology. Oxford University Press, Oxford, 
pp 828–844

MacDonald KC, Vernet R, Martinón-Torres M, Fuller DQ (2009) 
Dhar Néma: from early agriculture to metallurgy in southeastern 
Mauritania. Azania 44:3–48. https://​doi.​org/​10.​1080/​00671​99090​
28113​30

https://doi.org/10.1007/s10437-017-9262-2
https://doi.org/10.1007/s10437-017-9262-2
https://doi.org/10.1007/s10963-010-9041-3
https://doi.org/10.3213/2191-5784-10297
https://doi.org/10.1080/0067270X.2020.1757902
https://doi.org/10.1080/0067270X.2020.1757902
https://publikationen.ub.uni-frankfurt.de/
https://doi.org/10.1179/174963106x123232
https://doi.org/10.1179/174963106x123232
https://doi.org/10.1007/s10437-021-09428-8
https://doi.org/10.1007/s10437-014-9150-y
https://doi.org/10.1007/s10437-014-9162-7
https://doi.org/10.1017/S0003598X00095995
https://doi.org/10.2307/3180447
https://doi.org/10.2307/3180447
https://doi.org/10.1016/j.jas.2004.12.010
https://doi.org/10.3213/2191-5784-10296
https://doi.org/10.3213/2191-5784-10296
https://doi.org/10.4000/etudesafricaines.6271
https://doi.org/10.4000/etudesafricaines.6271
https://doi.org/10.2307/2257694
https://doi.org/10.3213/2191-5784-10299
https://doi.org/10.3213/2191-5784-10299
https://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/4965
https://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/4965
https://doi.org/10.1017/aaq.2019.47
https://doi.org/10.1017/aaq.2019.47
https://doi.org/10.1007/s10963-019-09131-2
https://doi.org/10.1007/s10963-019-09131-2
https://doi.org/10.1007/BR01294637
https://doi.org/10.1007/BR01294637
https://doi.org/10.1007/s00334-004-0037-8
https://doi.org/10.1007/s00334-004-0037-8
https://doi.org/10.1080/00671990902811330
https://doi.org/10.1080/00671990902811330


Vegetation History and Archaeobotany	

1 3

Männel TM, Breunig P (2016) The Nok terracotta sculptures of 
Pangwari. J Afr Archaeol 14:313–329. https://​doi.​org/​10.​3213/​
2191-​5784-​10300

Manning K, Pelling R, Higham T, Schwenniger JL, Fuller DQ (2011) 
4500-Year old domesticated pearl millet (Pennisetum glaucum) 
from the Tilemsi valley, Mali: new insights into an alternative 
cereal domestication pathway. J Archaeol Sci 38:312–322. https://​
doi.​org/​10.​1016/j.​jas.​2010.​09.​007

McCann JC (2009) Stirring the pot: a history of African cuisine. Ohio 
University Press, Athens

McIntosh SK (2006) The Holocene prehistory of West Africa 10.000-
1000 BP. In: Akyeampong EK (ed) Themes in West Africa’s his-
tory. Ohio University Press, Athens, pp 11–32

Monroe JC, Janzen A (2014) The Dahomean feast: royal women, 
private politics, and culinary practices in Atlantic West Africa. 
Afr Archaeol Rev 31:299–337. https://​doi.​org/​10.​1007/​
s10437-​014-​9156-5

Murray MA, Fuller DQ, Cappeza C (2007) Crop production on the 
Senegal River in the early first millennium AD: preliminary 
archaeobotanical results from Cubalel. In: Cappers RTJ (ed) 
Fields of change: progress in African archaeobotany. Barkhuis 
and Groningen University Library, Groningen, pp 63–69

Neumann K, Kahlheber S, Uebel D (1998) Remains of woody plants 
from Saouga, a medieval west African village. Veget Hist Archae-
obot 7:57–77. https://​doi.​org/​10.​1007/​BF013​73925

Neumann K, Eichhorn B, Wotzka H-P (2022) Iron age plant subsist-
ence in the inner Congo Basin (DR Congo). Veget Hist Archaeo-
bot 31:481–509. https://​doi.​org/​10.​1007/​s00334-​021-​00865-8

Neumann K (2018) Development of plant food production in the West 
African savannas: archaeobotanical perspectives. In: Oxford 
research Encyclopedia of African History. https://​doi.​org/​10.​1093/​
acref​ore/​97801​90277​734.​013.​13

Oumar I, Mariac C, Pham JL, Vigouroux Y (2008) Phylogeny and 
origin of pearl millet (Pennisetum glaucum [L.] R. Br) as revealed 
by microsatellite loci. Theor Appl Genet 117:489–497. https://​doi.​
org/​10.​1007/​s00122-​008-​0793-4

Ozainne S, Lespez L, Le Drezen Y, Eichhorn B, Neumann K, 
Huysecom E (2009) Developing a chronology integrating archaeo-
logical and environmental data from different contexts: the late 
holocene sequence of Ounjougou (Mali). Radiocarbon 51:457–
470. https://​doi.​org/​10.​1017/​S0033​82220​00558​55

Ozainne S, Lespez L, Garnier A, Ballouche A, Neumann K, Pays 
O, Huysecom E (2014) A question of timing: spatio-temporal 
structure and mechanisms of early agriculture expansion in West 
Africa. J Archaeol Sci 50:359–368. https://​doi.​org/​10.​1016/j.​jas.​
2014.​07.​025

Palmer C, van der Veen M (2002) Archaeobotany and the social context 
of food. Acta Palaeobot 42:195–202

POWO (2022) Plants of the World Online. Royal Botanic Gardens, 
Kew. https://​www.​plant​softh​eworl​donli​ne.​org/. Accessed 06 Oct 
2022

Radomski KU, Neumann K (2011) Grasses and grinding stones: 
inflorescence phytoliths from modern West African Poaceae 
and archaeological stone artefacts. In: Fahmy AG, Kahlheber S, 
D’Andrea AC (eds) Windows on the African past. Africa Magna, 
Frankfurt am Main, pp 153–166

Rupp (2014) Well hidden and densely spread: the sites of the Nok Cul-
ture. In: Breunig P (ed) Nok. African sculpture in archaeological 
context, Africa Magna, Frankfurt am Main, pp 139–149

Seignobos C (2005) Stratégies de conservation du grain. In: Seigno-
bos C, Iyébi-Mandjek O (eds) Atlas de la province extrême-Nord 
Cameroun. IRD Éditions, Marseille, pp 107–110

Sosef MSM (2019) Taxonomic novelties in central African grasses 
(Poaceae), Paniceae 2. Plant Ecol Evol 152:554–560. https://​doi.​
org/​10.​5091/​plece​vo.​2019.​1608

Stahl AB (1985) The Kintampo culture: subsistence and settlement 
in Ghana during the mid-second millennium BC. University of 
California, Berkeley

Stevens CJ (2003) An investigation of agricultural consumption and 
production models for prehistoric and roman Britain. Environ 
Archaeol 8:61–76. https://​doi.​org/​10.​1179/​env.​2003.8.​1.​61

Twiss KC (2008) Transformations in an early agricultural society: 
feasting in the southern Levantine pre-pottery neolithic. J Anthro-
pol Archaeol 27:418–442

Valamoti SM (2005) Grain versus chaff: identifying a contrast between 
grain-rich and chaff-rich sites in the neolithic of northern Greece. 
Veget Hist Archaeobot 14:259–267. https://​doi.​org/​10.​1007/​
s00334-​005-​0073-z

Van der Veen M (2003) When is food a luxury? World Archaeol 
34:405–427

Van der Veen M, Jones G (2007) The production and consumption 
of cereals: a question of scale. In: Haselgrove C, Moore T (eds) 
The later iron age in Britain and beyond. Oxbow books, Oxford, 
pp 419–429

Walshaw SC (2010) Converting to rice: urbanization, islamization and 
crops on Pemba Island, Tanzania, AD 700–1500. World Archaeol 
42:137–153

Watson DJ (2010) Within savanna and forest: a review of the late stone 
age Kintampo tradition, Ghana. Azania 45:141–174. https://​doi.​
org/​10.​1080/​00672​70X.​2010.​491361

White F (1983) The vegetation of Africa: a descriptive memoir to 
accompany the Unesco/AETFAT/UNSO vegetation map of 
Africa. Unesco, Paris

Zach B, Klee M (2003) Four thousand years of plant exploitation in the 
Chad Basin of NE Nigeria II: discussion on the morphology of 
caryopses of domesticated Pennisetum and complete catalogue of 
the fruits and seeds of Kursakata. Veget Hist Archaeobot 12:187–
204. https://​doi.​org/​10.​1007/​s00334-​003-​0016-5

Zurro D, Risch R, Clemente Conte I (2005) Analysis of an archaeologi-
cal grinding tool: what to do with archaeological artefacts. In: Ter-
radas X (ed) L’outillage lithique en contextes ethnoarchéologiques 
(Lithic toolkits in ethnoarchaeological contexts). BAR Interna-
tional Series 1370. Archaeopress, Oxford, pp 57–64

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3213/2191-5784-10300
https://doi.org/10.3213/2191-5784-10300
https://doi.org/10.1016/j.jas.2010.09.007
https://doi.org/10.1016/j.jas.2010.09.007
https://doi.org/10.1007/s10437-014-9156-5
https://doi.org/10.1007/s10437-014-9156-5
https://doi.org/10.1007/BF01373925
https://doi.org/10.1007/s00334-021-00865-8
https://doi.org/10.1093/acrefore/9780190277734.013.13
https://doi.org/10.1093/acrefore/9780190277734.013.13
https://doi.org/10.1007/s00122-008-0793-4
https://doi.org/10.1007/s00122-008-0793-4
https://doi.org/10.1017/S0033822200055855
https://doi.org/10.1016/j.jas.2014.07.025
https://doi.org/10.1016/j.jas.2014.07.025
https://www.plantsoftheworldonline.org/
https://doi.org/10.5091/plecevo.2019.1608
https://doi.org/10.5091/plecevo.2019.1608
https://doi.org/10.1179/env.2003.8.1.61
https://doi.org/10.1007/s00334-005-0073-z
https://doi.org/10.1007/s00334-005-0073-z
https://doi.org/10.1080/0067270X.2010.491361
https://doi.org/10.1080/0067270X.2010.491361
https://doi.org/10.1007/s00334-003-0016-5

	A question of rite—pearl millet consumption at Nok culture sites, Nigeria (secondfirst millennium BC)
	Abstract
	Introduction
	Environment, modern land use, and vegetation history
	Archaeological research on the Nok culture

	Material, methodology and sampling
	Results
	The archaeobotanical remains
	Major carpological finds
	Cenchrus americanus (L.) Morrone, pearl millet, Poaceae
	Canarium schweinfurthii Engl., incense tree, Burseraceae
	Nauclea latifolia Sm., African peach, Rubiaceae
	Other carpological finds
	Vigna unguiculata (L.) Walp., cowpea, Fabaceae
	Digitaria exilis (Kippist.) Stapf., fonio, Poaceae
	Digitaria cf. ciliaris, Poaceae
	Eleusine indica (L.) Gaertn., Poaceae
	Brachiaria-type, Poaceae
	Sorghum bicolor (L.) Moench., sorghum, Poaceae
	Spermacoce sp., syn. Borreria sp., Rubiaceae
	Elaeis guineensis Jacq., oil palm, Arecaceae
	Vitex sp., Lamiaceae
	Celtis sp., Cannabaceae
	Poaceae species
	Unidentifiable (indet.) and unidentified (undet.) remains

	Change through time
	Nok period
	Common era


	Discussion
	Pearl millet caryopses and chaff—the evidence of absence
	Nok sites as consumer sites
	Ritual context and feasting
	Alternative interpretations
	Food preparation at Nok sites
	Origin of Nok pearl millet cultivation in a West African context
	The uniformity and uniqueness of plant exploitation during the Nok Period


	Conclusions
	Acknowledgements 
	References


