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Summary

The aim of this project is to assess competing models of neolithic-bronze age crop husbandry
(shifting cultivation, extensive ard cultivation, floodplain cultivation, intensive garden
cultivation) in the loess belt of western-central Europe and the Alpine Foreland by analysing
archaeobotanical weed assemblages. Modern weed survey studies relating to three key
variables (permanence, intensity, seasonality) distinguishing these models are used as
‘controls’ to which the archaeobotanical weed data are compared on the basis of their weed
ecological characteristics. Data on the ecology of the archaeobotanically attested weed taxa
are assembled by measuring the ‘functional attributes’ (ecologically meaningful morphological
and behavioural traits) of robust present-day specimens. This method was previously used to
analyse the modern weed survey studies of traditional crop husbandry regimes, with the result
that weed species characterising different regimes could be distinguished on the basis of their

functional attributes.

Archaeobotanical samples most likely to contain crop and weed material from the same arable
source are identified by considering the influence of various taphonomic factors on sample
composition. Of the thousands of archaeobotanical samples available from the study area, 130

samples, mostly neolithic (especially early neolithic) in date, are selected as offering the best

evidence of crop growing conditions.

Direct comparison of the modern and archaeobotanical weed data indicate that cereals (mostly
glume wheats) were grown in fixed plots sown in the autumn and managed using intensive
methods (e.g. careful tillage and weeding, manuring or middening). While the shifting,
extensive ard and floodplain cultivation models can be excluded based on these results,
intensive garden cultivation emerges as the most plausible model of crop husbandry, with a
series of implications for the mobility, productivity and long-term sustainability of early crop
cultivation in western-central Europe. Exploration of internal variation in weed composition
among archaeobotanical samples reveals ecological trends and hence differences In crop
husbandry practices between archaeological sites as well as within the best-represented site,
LBK Vaihingen. Inter-site differences appear to reflect the existence of regional crop
husbandry traditions, while intra-site variability in cultivation intensity at Vaihingen may relate

to the unusually high degree of nucleation at this enclosed LBK site.



1 The archaeological problem: approaches to the recognition
of early crop husbandry in western-central Europe

1.1 Aim and structure of the thesis

Current perceptions of crop cultivation in western-central Europe during the Neolithic and
Bronze Age vary widely, including models of transient and permanent cultivation, small-scale
hand cultivation and large-scale production with the ox-drawn ard, cultivation of floodplain
alluvium and higher ground. Debate over crop husbandry reflects conflicting views ot the way
in which farming spread to temperate Europe, the mobility of early farming communities, the

extent of social differentiation among households and the aims of crop production.

The goal of this project is to address these conflicting views of early crop husbandry by
analysing the extensive archaeobotanical dataset available from neolithic-bronze age sites
across western-central Europe. Archaeobotanical data on the arable weed floras from ancient
crop fields can form the basis of a detailed reconstruction of the crop husbandry practices
carried out by early farmers. These practices are of interest as an aspect of everyday life and as

a cause or consequence of long-term transformations in society.

The remainder of this chapter discusses the interpretation of archaeobotanical weed evidence,
models of neolithic-bronze age crop husbandry practices in western-central Europe and
modern weed survey studies of particular relevance to these models. Chapter 2 sets out the
methods used to select useful archaeobotanical data from the study area, to measure ‘functional
attributes’  (ecologically meaningful morphological and behavioural traits) for the
archaeobotanically attested weed species, to assess taphonomic processes aftecting the
composition of archaeobotanical samples and to analyse the relevant modern weed survey and
archacobotanical data. Chapter 3 summarises results from previous analyses of the modern
weed studies using the FIBS (Functional Interpretation of Botanical Surveys) method,
including analyses carried out with a view to direct comparison with the archaeobotanical data.
The aim of Chapter 4 is to analyse the taphonomy (origin and formation) of the
archacobotanical material, to select samples suitable for ecological analysis and to present
initial multivariate analyses of these samples that explore the extent and nature of floristic
variation in their weed composition. Chapter 5 presents the results of statistical analyses
comparing the selected archaeobotanical samples directly with modern weed floras developed
under different husbandry regimes on the basis of their functional attribute values. The aim ot

Chapter 6 1s to identify specific ecological trends — and hence differences in individual



husbandry practices — underlying floristic variation in weed composition among the
archaeobotanical samples. Finally, Chapter 7 discusses the wider archaeological implications
of the results presented in Chapters 5 and 6 in terms of the models of crop husbandry reviewed
in Chapter 1 and the wider social context of the crop husbandry regimes and practices

reconstructed.

1.2 Methodological background

1.2.1 Crop husbandry in archaeology

Crop husbandry refers to the methods farmers use to grow crops, including the timing and
method of tillage and sowing, weeding and watering of crops, middening or manuring and also
longer-term rhythms of fallowing and rotation. These practices largely determine the
productivity, labour demands, reliability and long-term sustainability of crop growing. While
attempts have been made to understand husbandry regimes and their transtormation as a
function of single factors such as population pressure (e.g. Boserup 1965), environment (e.g.
Vita-Finzi and Higgs 1970; Higgs and Vita-Finzi 1972) or the spread of technological
innovations (e.g. Sherratt 1981), studies of farming societies around the world attest to the
complex cultural specification of such basic parameters as carrying capacity, resource use,
response to environmental change and the adoption of technological innovations (Sahlins
1972: 49; Grigg 1982; Halstead 1995; Charles and Halstead 2001). Ethnographic and
historical studies have identified links between crop husbandry regime and many other aspects
of farming communities, including settlement pattern, land ownership, social stratification and
animal husbandry (e.g. Goody 1976; Sherratt 1981; Fleming 1985; Hodkinson 1988; Halstead
1987. 1990, 1995; Williamson and Bellamy 1987; Palmer 1998b; Forbes 2000a, b). Crop
husbandry is thus of central importance for understanding past agricultural societies and,
despite various shifts of theoretical outlook, has been a consistent theme of synthetic works on

later European prehistory (Childe 1929, 1957; Clark 1952; Piggott 1965; Dennell 1983; Barker
1985; Hodder 1990; Whittle 1996a).

In terms of current theoretical perspectives, archaeologists have increasingly looked to
“habitual action” (Gosden 1995: 188) or “the ‘dull compulsion’ of routine experience”
(Edmonds 1999: 486) as the context in which social identities and institutions emerge and are
reproduced over the long term (e.g. Barrett 1994, 1999; Gosden 1995; Edmonds 1999). In
agricultural societies, crop husbandry can offer insights into these social processes as it
represents a whole series of ‘routines’ or tasks taking place on a series of timescales (daily

through seasonal, annual and inter-annual). By combining these varying timescales with the



spatial dimension of arable land use, crop husbandry is of obvious relevance to recent
emphasis on inhabited landscapes or ‘taskscapes’ as a context for archaeological discourse

(e.g. Ingold 1993). An understanding of past crop husbandry regimes is also needed in order to

assess the enduring etfects of farming on the landscape (e.g. Acheson 1997; Halstead 2000).

1.2.2 The importance of middle range theory

Recent interest in routine practice highlights the need to broaden the range and resolution of
inferences that archaeologists can make about the past (cf. Edmonds 1999). Ditterent forms of
archaeological data have been used to make inferences about past crop husbandry, including
settlement distribution and artefactual/representational data. For example, Andrew Sherratt’s
theory of a ‘Secondary Products Revolution’ in the later neolithic of temperate Europe,
including the transformation of crop husbandry through the introduction of the ox-drawn ard,
is based largely on these forms of evidence (Sherratt 1981). Potentially the most informative
source of archaeological evidence for crop husbandry practices — the seeds of arable weeds
associated with crop material in archaeological deposits (below, 1.2.3) — has been under-
utilised, however, or even misinterpreted, largely because the theory needed to link weed
evidence with husbandry practices has been inadequate. In other words, archaeological
inference has been limited by weaknesses and inconsistencies in the linking arguments or

‘middle range theory’ (Binford 1977, 1981: 23; see also Raab and Goodyear 1984) needed to

interpret archaeobotanical weed assemblages as evidence of crop husbandry practices.

Binford (1981: 25-30) characterised good middle range theory as unambiguous, based on clear
cause and effect rather than simple correlation, applicable to the past (i.e. based on plausible
uniformitarian assumptions) and intellectually independent of “general theory™. Hodder
(1982) has discussed a similar concept of ‘relational analogy’ as analogy based not on mere
superficial similarity (‘formal analogy’) but on “some natural or cultural link between the
different aspects of the analogy” (Hodder 1982: 16) — that is, on similarity of causal
mechanisms (Wylie 1985: 95). Criticism of middle range theory as construed by Binford has
tended to focus on the notion of its theoretical independence: if all observation is “theory-
laden’, the independence of middle range theory 1s illusory and arguments based upon it are
circular (Hodder 1986: 107; Shanks and Tilley 1987: 122; Barrett 1990, 1994: 171 n. 1).
Fortunately, however, not all forms of ‘theory-ladeness’ are equally problematic (Kosso 1991;
Wylie 1986, 1992, 1993, 1995, 1996, 1998); thus, for example, plant ecological theory relating
‘o the behaviour of weeds under different crop husbandry regimes is based on a set of

assumptions with no direct relation to broader theories of human behaviour (cf. Charles and



Halstead 2001). On the other hand, middle range theory developed by Binford himself (1978:
458-497) incorporates assumptions of human rationality and optimising behaviour and so
offers a useful heuristic tool rather than a set of ‘innocent’ linking arguments between the
static record and dynamic past (Wylie 1989a; Halstead 1998; Charles and Halstead 2001).
Another focus for criticism 1s Binford’s claim that middle range theory provides “Rosetta
Stones™ for the past (Binford 1981: 25), with the implication that all aspects of past human
behaviour are susceptible to reconstruction, provided the necessary middle range theory 1s
developed (Wylie 1989b). The claim is clearly false, but usetul middle range theory can be
developed on the basis of physical, chemical and biological properties ot humans, other
organisms or artefacts that are plausibly extrapolated to the past and largely independent of
assumptions about human behaviour (Wylie 1985, 1986, 1993, 1995; Shennan 1993; Charles
and Halstead 2001). Middle range theory is an indispensable tool for archaeology (Cowagill
1993; Stark 1993; Trigger 1995; Wylie 1998; cf. Hodder 1991) and its use in the writing of
Binford’s own critics has been highlighted by Kosso (1991) and Tauschner (1996). The
development of useful middle range theory not only broadens the limits of archaeological

inference but also constrains what we can claim about the past.

1.2.3 Approaches to the interpretation of archaeobotanical weed assemblages
as evidence of crop husbandry

A given species of crop can generally tolerate a range of growing conditions and may be
orown using a variety of different husbandry practices (e.g. Behre and Jacomet 1991).
Archaeobotanical crop remains, therefore, do not offer detailed insight into crop husbandry.
though carbon isotope studies of ancient grain have been used to detect irrigation (€.g Araus et
al. 1997) and ancient crop DNA may eventually permit the identification ot ecotypes adapted
to specific growing conditions (cf. Davies and Hillman 1988). At present, the most usetul
archaeological evidence of crop husbandry is provided by the seeds of arable weeds found 1n
association with crop material in archaeological deposits (e.g. Knorzer 1971b, 1973, 1979,
1984: Willerding 1980, 1981, 1983a, 1986; Hillman 1981, 1991; M. Jones 1981, 1938;
Wasylikowa 1981; Greig 19838; Behre and Jacomet 1991; Kiister 1991¢c; G. Jones 1992, 1n
press; van der Veen 1992). Archaeobotanists have observed that ancient weed assemblages are
often quite different to those of recent times and that this is likely to reflect difterences in crop
husbandry practices (e.g. Knorzer 1973; Willerding 1980, 1981, 1983a, 1986; Behre and
Tacomet 1991: G. Jones 1992; Kroll 1997). Weed species have ditterent ecological
requirements and preferences (e.g. Holzner and Numata 1982; Ellenberg 1996: 870-888);

hence, the prominence of certain weed species at a particular time and place should retlect the

nature of the crop husbandry regime under which they thrived.



While the significance of ancient weed assemblages tor the reconstruction of crop husbandry is
widely acknowledged, approaches to the interpretation of this evidence vary, with the result
that the same data can be interpreted in radically different ways (Charles et al. 1997) (see also
below, 1.4.1-1.4.5). Two of the main approaches that have been used — phytosociology and
Ellenberg numbers — are discussed below, betfore presenting an alternative approach that

overcomes the major weaknesses of previous methods.

1.2.3.1 Phytosociology

Phytosociology classifies stands of vegetation into communities or ‘syntaxa’ based mainly on
the occurrence of ‘character species’, which are more or less restricted to a certain syntaxon
(Westhoff and van der Maarel 1973). An approach seeking to identify modern syntaxa in
archaeobotanical assemblages is of limited usefulness in archaeology due to the historical
contingency of plant communities and their instability through time (Holzner 1978; M. Jones
1984: Behre and Jacomet 1991; Hillman 1991; Kiister 1991¢; G. Jones 1992). Other problems
with the identification of weed communities in archaeobotanical samples are that samples may
not represent a single field and that the original field weed flora is only partially represented
(M. Jones 1988; Kiister 1991¢; G. Jones 1992). These problems also apply to attempts to
reconstruct ancient weed associations that no longer exist (e.g. the Bromo-Lapsanetum

prachistoricum association of Knorzer 1971b).

An alternative use of phytosociology has been to interpret the occurrence of character species
in archaeobotanical assemblages as indicators of habitat conditions rather than to identify
syntaxa per se. The more general groupings of species (e.g. at the highest syntaxonomic level
of ‘class’) can be applied to archaeobotanical weed assemblages with some confidence (Behre
and Jacomet 1991: Kiister 1991c; G. Jones 1992) and the occurrence of character species
belonging to these general groupings can be used as indicators of the habitat conditions under
which the group as a whole occurs. Even with this alternative use, however, there remains the
underlying problem that plant communities are linked to field observations of growing
conditions without distinguishing between ecological requirements and tolerances; for
example, the species in a community erowing in moist conditions might be assumed to indicate
moisture generally, even though some or all of them merely tolerate a certain level of moisture
but have a specific set of requirements for fertility or light etc. In other words, field

observations linking phytosociological communities with growing conditions do not reveal



which aspects of the environment cause certain species to grow in certain locations (Charles et

al. 1997).

Phytosociology has been widely used in archaeobotany to infer habitat conditions and crop
husbandry practices (e.g. van Zeist 1974; Wasylikowa 1978, 1981; Willerding 1979, 1983a;
Jacomet et al. 1989: 128-144; Behre and Jacomet 1991; Karg 1995; R6sch 1998c; G. Jones 1n
press). Some archaeobotanists have identified a greater prevalence ot character species ot the
class Chenopodietea (root/row-crop or ‘garden’ weeds and ruderals) in archaeobotanical
assemblages of cereals and pulses compared with modern phytosociological studies of winter
cereals (Knorzer 1971b; Willerding 1979, 1981, 1983a; Behre and Jacomet 1991; G. Jones
1992). For example, G. Jones (1992) has noted that the weed assemblage associated with
charred crop stores from late bronze age Assiros Toumba in Greek Macedonia 1s particularly
rich in character species of the Chenopodietea compared with modern winter cereals and
pulses. G. Jones (1992) argues that this could reflect the use of garden-like methods ot crop
husbandry such as manuring, hand weeding or hoeing and watering of crops but notes that
three other explanations are also possible. First, character species of this group tend to be
spring-germinating and so to characterise spring-sown crops, suggesting perhaps that
archaeobotanical cereals/pulses associated with Chenopodietea are spring-sown (e.g.
Groenman-van Waateringe 1979; Gluza 1983; Behre 1990) or that Chenopodietea-rich
assemblages are derived specifically from (spring-sown) millet cultivation (e.g. Wasylikowa
1978: Kroll 1979, 1997). Second, the Chenopodietea group also includes many species that
arow as ruderals (that is, in non-arable disturbed habitats), and so a further possibility is that
the assemblages rich in Chenopodietea are contaminated by material of ruderal (non-arable)
origin. A third explanation for the occurrence of Chenopodietea species in archaeobotanical
assemblages, first proposed by Willerding (1930, 1981, 1983a, 1985, 1986: 335, 1988a, b), 1s
that Chenopodietea species reflect an ‘open’ stand of autumn-sown crops allowing root/row-

crop weeds to germinate in the gaps and compete with established plants (see also below,

1.42.1,1.4.4-1.4.5).

1.2.3.2 Ellenberg numbers
Ellenberg (1950, 1979; Ellenberg et al. 1992) developed a series of scales for major

environmental variables (light, temperature, continentality, soil moisture, sotl pH, soil nitrogen
content etc.) and scored a large number of central European plant species on each of these

scales. Ellenberg numbers or “indicator values™ have been widely used in archaeobotanical

interpretation in order to infer fertility, moisture level, shadiness etc (e.g. Wasylikowa 1978,



1981; Willerding 1980, 1983a; Jacomet et al. 1989: 145-153; van der Veen 1992: 108-109).
Ellenberg numbers were subjectively determined for use in central Europe, though they have
been shown to correspond very well to more objective measures of species behaviour in
Britain (Thompson et al. 1993). A more serious problem 1s that they are based on field
observations of species’ behaviour that, as noted above in connection with phytosociology, do
not distinguish between species’ ecological tolerances and requirements and so cannot

disentangle which ecological factor(s) determine the occurrence of species in certain locations

(Charles et al. 1997).

1.2.3.3 A new approach: the Functional Interpretation of Botanical Surveys

The Functional Interpretation of Botanical Surveys (FIBS) provides a means of relating the
behaviour of individual plant species to specific ecological variables, thus overcoming the
limitations of previous approaches based on field observations (Charles ef al. 1997; G. Jones in
press). This approach was developed at the Unit of Comparative Plant Ecology, University of
Sheffield for investigating the impact of ecological processes on species’ distribution within a
wide range of habitats (Hodgson 1989, 1990, 1991; Hodgson and Grime 1990; Hodgson et al.
1999). FIBS is based on the measurement of ‘functional attributes’ — morphological and
behavioural traits that measure species’ potential in relation to major variables such as fertility,
disturbance and moisture. Species sharing the same habitat also tend to share ecological
characteristics and thus belong to a distinct ‘functional type’ (Grime 1979; Grime et al. 1983).
[n a vegetation survey of contrasting habitats, for example, the importance of specific

ecological variables can be assessed by comparing functional attribute values of species

associated with the different habitats.

FIBS has been applied to a series of modern weed survey studies of traditional husbandry
regimes in Europe and the Near East. While the weed floras associated with these ditferent
husbandry regimes (e.g. irrigation versus dry farming, intensive versus extensive cultivation,
different rotation regimes etc.) can be distinguished from each other on a floristic basis alone
(G. Jones et al. 1995, 1999; Palmer 1998a; Bogaard et al. 2001; Charles and Hoppé€ in press),
the modern weed floras may overlap only partially or not at all with archaeobotanical weed
assemblages. A method that links species characteristics rather than species per se with
particular traditional crop husbandry practices, therefore, is essential to the reconstruction of
ancient husbandry regimes. Using FIBS, it has been demonstrated that the modern husbandry

regimes can be distinguished on the basis of the functional attribute values of weed species

associated with different husbandry practices (Charles et al. 1997, 2002, in press; Bogaard et



al. 1999, 2000, 2001; G. Jones et al. 2000). Moreover, the use of functional attributes makes it

possible to disentangle the effect of multiple ecological factors (e.g. fertility and disturbance,

both of which may contribute to cultivation intensity — G. Jones ef al. 2000).

The two main advantages of FIBS 1n archaeobotany, therefore, are that (1) i1t provides a means
of comparing modern weed floras developed under known husbandry conditions with ancient
weed assemblages and (2) it allows distinct ecological factors to be monitored independently
(Charles et al. 1997; G. Jones in press). Thus, if functional attribute data are assembled tfor
weed species in an archaeobotanical assemblage, FIBS makes it possible to construct a
relational analogy (incorporating causal mechanisms — Hodder 1982: 11-27; Wylie 1935; cf.
Binford 1981: 25-30) between the archaeobotanical weed assemblage and modern weed floras
developed under particular husbandry regimes. Because the terms of the comparison — the
functional attributes — are inherently meaningful (‘functional’), there is also potential to

reconstruct ancient husbandry regimes for which no close modern analogue exists.

In any ecological approach to archaeobotanical weed assemblages, the uniformitarian
assumption that the ecology of weed species has remained stable through time 1s problematic
(Behre and Jacomet 1991; G. Jones 1992, in press). The use of multiple weed species reduces
the potential for erroneous conclusions due to major changes in the behaviour of individual
species (G. Jones 1992, in press; Charles and Halstead 2001). Since functional attributes can
be measured rapidly for any species in an archaeobotanical weed assemblage, FIBS promotes

the use of suites of associated species to infer past growing conditions.

As a form of ‘good’ middle range theory, therefore, FIBS satisties three of Binford’s criteria
(above): the relation of functional attributes to husbandry practices is one of cause and etfect,
plausible uniformitarian assumptions can be made based on suites of associated weed species
and assumptions about plant ecology bear no direct relation to assumptions about human
behaviour. FIBS also goes a long way towards satisfying the fourth criterion: while the
relation of functional attributes to husbandry practices is not entirely unambiguous (1.e. there 1S
potential for problems of equifinality since different husbandry measures may have similar

ecological effects), the use of functional attributes permits this ambiguity to be identified and

assessed.



1.3 The study area and its archaeological background

Two broad regions in western-central Europe have been the subject of debate over the nature
of early crop husbandry (1.1) and are particularly well investigated from an archaeobotanical
point of view: the loess belt, where hundreds of early-middle neolithic settlements (of the LBK
and its immediate successors) have been excavated and well over 150 sampled for plant
remains (e.g. Willerding 1980; Liining 1988; Kreuz 1990; Knorzer 1997), and the Alpine
Foreland, where lakeshore settlements dating from the Later Neolithic to the Bronze Age have
long been the subject of intensive archaeobotanical as well as archaeological study (e.g. Heer
1866; Neuweiler 1905; Schlichtherle 1983, 1997a; Jacomet et al. 1989; Brombacher and
Jacomet 1997). Together these adjacent regions of western-central Europe form a very broad
study area (Fig. 1.1) bounded by the coastal plains of Europe to the north and west and the
Alps to the south. To the east, the study area includes the loess belt of southern Poland,
Slovakia and Hungary. LBK settlement did extend further east along with loess soils, into
Romania (Transylvania, north-east Wallachia), south into Croatia and, to the north and east of
the Carpathians, into the Ukraine and Moldavia, but available archaeobotanical data from these
regions are very limited (Dergachev et al. 1991; Wasylikowa ef al. 1991; Tezak-Gregl 1993;
Carciumaru 1996: Pashkevich 1997; Larina 1999). Similarly, extension of the study area to
include LBK settlement well beyond the loess, in the North European plain, would be
unproductive because of the poverty of archaeobotanical data (Bogucki 1982: 97; Heuliner

1989; Nalepka et al. 1998).

In terms of chronological boundaries, the Neolithic (ca. 5500-2200 B.C.) has clearly been the

focus of greatest interest for the recovery of plant remains In western-central Europe (e.g.

Willerding 1980; Jacomet and Kreuz 1999: 293-308). The LBK (ca, 5500-5000 B.C.) 1s the

earliest Neolithic culture across most of the loess belt but in the Hungarian Plain Starcevo-
Koros sites (ca. 6000-5500 B.C.) represent the earliest neolithic period (Whittle 1996a: 150).
Though archaeobotanical investigations are currently underway at sites of this earliest neolithic

phase in the Hungarian Plain (e.g. Whittle 2000), very few archaeobotanical datasets are

available. and so the LBK is the earliest period under investigation in this region.

While in the Alpine Foreland there is continuity of lakeshore settlement from the Neolithic
through the Bronze Age (e.g. Schlichtherle 1995; Gross-Klee 1997), in the loess belt relatively
few archaeobotanical datasets are available from the Early and Middle Bronze Ages due to the
greater richness and visibility of burial compared with settlement sites (Rieckhott 1990: 63;

Bogucki 1999: 276). The situation is somewhat improved for the late bronze age Urnfield
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culture, with settlements across the loess belt as well as in the Alpine Foreland (Rieckhoff
1990: 71; Seidel 1995: 89). This project, therefore, will consider the entire Neolithic and
Bronze Age (ca. 5500-750 B.C.). The major chronological terms and calibrated '*C dates used
in this project tollow the scheme proposed by Liining (1996: Fig. 1) for central Europe. Table

.1 summarises the periods and culture-historical groupings considered.

1.3.1 The Early-Middle Neolithic (ca. 5500-4400 B.C.)

The early-middle neolithic archaeology considered here comprises the LBK (ca. 5500-5000
B.C.) and subsequent ‘LBK-related’ (i.e. Rdssen, Lengyel, SBK, Oberlauterbach etc.) cultures
of the Middle Neolithic (ca. 5000-4400 B.C.) in the loess belt — what Bogucki (1988) calls the
“Primary Neolithic” of central Europe, a period of over one thousand years. Early-middle
neolithic sites are ‘flat’ (non-tell) accumulations of post-holes and trenches of longhouses and
associated pits; erosion and disturbance have destroyed floor surfaces and occupation layers,
leaving only ‘negative features’ filled with archaeological deposits (Whittle 1996a: 160). LBK
longhouses tend to have a tripartite organisation, with front, central and back sections divided
by transverse rows of posts, though two- and perhaps one-section longhouses also occur and
structures vary considerably in overall length, from ca. 10 to 40 m (Modderman 1988; Coudart
1998: 19, 27-28, 53-54). Middle neolithic longhouses often lack the internal tripartite division
and tend to be trapezoidal in shape rather than rectangular (Coudart 1998: 51, 54, 56).

The concept of the longhouse as ‘farmstead’ (Hofplatz) with its surrounding ‘yard’ was
developed in the course of extensive rescue excavations of LBK sites In the Rhineland,
including the complete excavation of a 1.3 km stretch of the Merzbach valley in the
Aldenhoven Plateau, which suggested that each longhouse was accompanied by a

characteristic set of pits (Liining 1982b, 1988, 1997; Stehli 1989). It was suggested further
that the sequential replacement of longhouses over time resulted in a lateral ‘drift’ of structures
(Liining 1982b). This view is supported by seriation of finds (especially ceramics) from pits

associated with individual longhouses, allowing the sequential replacement of longhouses to be

traced through many ‘generations’ (Liining 1983, 1997).

Since early-middle neolithic sites represent the palimpsest of drifting longhouses through time,
what appear to be dense concentrations of longhouses may represent the replacement of a

single structure over time Or include very few contemporary longhouses separated by

considerable distances, from 10-20 m to 100 m or more (Hamond 1981; Milisauskas 1986: 3-4;
Whittle 1996a: 151). While many [LBK settlements appear to consist of one to a few
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longhouses at any one time, large sites with a number of contemporary longhouses are also
known: at Langweiler 8 in the Merzbach valley (Aldenhoven Plateau), for example, 11
contemporary longhouses covering ca. 7 ha are attested in one phase (Liining 1988, 1997).
Population estimates for early-middie neolithic sites range from less than ten (single families)
to several hundred or more (e.g. Modderman 1970: 205-207; Milisauskas 1986: 219-220;
Milisauskas and Kruk 1989a; Coudart 1998: 91). Most, if not all, settlements would not be
demographically viable (Wobst 1974), and recent 1sotope work on human bone from LBK sites
in the Rhineland suggests movement between communities 1n different regions (e.g.

intermarriage) (Price et al. 2001).

Liining (1997) has argued that even large sites such as Langweiler 8 were not ‘true villages’,
with an emphasis on communal, supra-household organisation, but ‘loose’ groupings of
farmsteads (Streusiedlungen). The newly excavated LBK settlement of Vaihingen/Enz in
southwest Germany, however, was encircled in one phase by a ditch containing burials and
appears to reflect a more cohesive, village-like community (Krause 1998). In some regions at
least, sites appear to become more nucleated (i.e. fewer, larger sites in the Rhineland) and
‘village-like’ (i.e. a greater proportion with enclosures) in the Middle Neolithic (Liining 1982b,
2000: 16; Starling 1985, 1988; Pavuk 1991; Hodder 1990: 122-129). The length ot early-
middle neolithic site occupations varies but is often of the order of several centuries; some

large settlements were occupied for more than 400 years (Liining 1997, 2000: 15).

Early-middle neolithic sites tend to occur in clusters of around five to nine within a radius ot
three to eight km (Hamond 1981; Bogucki 1988: 74; Liining 1997). These clusters often
consist of sites strung out along small to medium-sized river valleys. In some cases these
clusters have been shown to include a single large site plus a number of smaller ones (Liining
1997). These clusters, in turn, occur within broader concentrations of sites apparent on a
continental scale, referred to as Siedlungskammern (“settlement cells™) and often

circumscribed by topographical features such as hills surrounding basins (Hamond 1981;

Bogucki 1988: 72-73).

It is well known that sites tend to occur in areas of loess (silt-like material deposited by wind to
the south of the Pleistocene ice sheets), though there are many exceptions to this in the LBK
(e.g. Paris Basin, lower Oder, Kujavia), and middle neolithic settlement expanded into the
—oraine landscapes of the North European Plain and the Alpine Foreland (Liining 2000: 17).

The association with loess has usually been interpreted as a preference for the high fertility of
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loess soils, though other factors may have been of greater importance, such as location in flat
areas near the conjunction of river valleys and watersheds (Bogucki 1988: 77; Bogucki and
Grygiel 1993). This position enabled access to tloodplains providing seasonal grazing for

livestock and/or fertile alluvium for cultivation (Kruk 1973, 1980: 26-27, 50-54, 63-64, 1988:
Bakels 1978: 139; Wasylikowa 1989) (see also below, 1.4.3).

Closed deciduous woodland 1s generally considered to have been the dominant vegetation
across western and central Europe 1n the Neolithic (Kiister 1995a: 69-70, 74-75; Jacomet and
Kreuz 1999: 231-240; Liining 2000: 25-27). Some ecologists have recently argued that open
parkland rather than closed woodland 1s the ‘natural’ vegetation of western-central Europe 1n
the absence of human influence (Geiser 1992; May 1993), an idea that harks back to
Gradmann’s (1898) Steppenheide Theorie. Zoller and Haas (1995) have argued convincingly,
however, that mixed deciduous woodland is the ‘natural’ climax vegetation of much of
western-central Europe, while emphasising also that this woodland would likely exist in a
mosaic of regeneration states at any one time (only in the optimal phase of regeneration is the
canopy truly ‘closed’) (see also Kiister 1995a: 69-70, 74-75; Jacomet and Kreuz 1999: 239;
Liining 2000: 25-27). Pollen diagrams showing low amounts of non-arboreal pollen (often less
than 5% of the pollen sum) indicate woodland in the Mesolithic as well as in previous
interglacials (Zoller and Haas 1995). Zoller and Haas (1995) conclude that the location of
early-middle neolithic sites along river valleys — like the later emergence ot lakeshore
settlement in the Alpine Foreland (below) — reflects a preference for more open vegetation, the

dominant form elsewhere being more or less closed woodland.

The visibility and often dispersed distribution of early-middle neolithic longhouses has
fostered interest in the household as the fundamental unit of decision-making (e.g. Bogucki
1988: 214-215; Liining 1988: 86; Halstead 1989b; Bogucki and Grygiel 1993; Liining 2000:
180) by analogy with ethnographic and historical studies of small-scale agrarian societies (€.g.
Sahlins 1972: Netting et al. 1984). A crucial implication of the ‘household perspective’ is that
crop husbandry practices reflect the aspirations and motivations of individual households (ct.
Bogucki 1988: 215). Moreover, it is in the relationships between households and their
differential success that the origins of social hierarchy have been sought (Halstead 1989a, b;

Bogucki 1993, 1999: 210-218). There is disagreement, however, over the degree of social
{ifferentiation among households in the Early-Middle Neolithic (below, 1.4.6).
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In contrast to later neolithic settlement in the North European Plain and the Alpine Foreland,
the LBK has often been treated as a ‘textbook case’ of migration (e.g. Clark 1952: 95-98;
Piggott 1965: 50-52; Ammerman and Cavalli-Sforza 1971, 1984: 61, 63-64: Vencl 1986:
Bogucki 1987, 1996; Price ef al. 1995). Recent emphasis on continuity with the Mesolithic in
some aspects, however, especially in lithic assemblages (e.g. Tillmann 1993), as well as
heterogeneity within the LBK (e.g. Liining 2000: 110) and possible evidence for ‘mesolithic
agriculture’ (Erny-Rodmann et al. 1997), has been used to support claims that the LBK

represents a complex pattern of indigenous adoption and acculturation, with limited migration

from the ‘homeland’ of LBK material culture in the Hungarian Plain (Dennell 1983: 176;

Modderman 1988; Whittle 1996a: 363-364, 1996b, 1997; Kind 1998; Gronenberg 1999;
Bogucki 2000; Jochim 2000; Zvelebil 2000; Price et al. 2001).

1.3.2 The Later Neolithic-Bronze Age (ca. 4400-750 B.C.)

The transition from the Middle to the Later Neolithic represents the end of the ‘longhouse’
tradition in western-central Europe. Subsequent neolithic settlement extended well beyond the
loess belt (e.g. to the Alpine Foreland, which forms part of the study area — above, 1.3) and
continued a trend towards increasing regionalisation of material culture. Later neolithic sites
vary considerably in location (e.g. on and off loess; lakeshores and interfluves as well as valley
margins), size (from large settlements surrounded by palisades and ditches to dispersed
farmsteads) and duration (from long-lived settlements lasting several centuries to

dendrochronologically dated lakeshore villages of less than 20 years’ occupation).

The later part of the Neolithic (ca. 4400-2200 B.C.) has been characterised as a period of

profound changes. Sherratt (1981, 1997) proposed a “secondary products revolution™ or

“complex” based on the intensive use of renewable resources from domesticated animals
(traction, milk and wool/hair) in the fourth and third millennia B.C. The temporal and
geographic coherence of this ‘horizon” has been questioned, as has the extent and nature of its
impact on societies across Europe (Chapman 1982; Rowley-Conwy 1987; Glass 1991: 77,
Halstead 1995 Liining 2000: 12). Recently, however, Bogucki (1993, 1999: 227-230) has
advocated an “animal traction revolution”, arguing that ox-drawn ard cultivation and wheeled
transport freed later neolithic households from their inherent labour limitations, and that

differential access to traction promoted economic differentiation between households (see also

below, 1.4.2.2).
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Another potential cause of changes in settlement and society in the Later Neolithic is the
‘fusion” of indigenous hunter-gatherer and existing agricultural (i.e. LBK-related)
communities, particularly in the North European Plain and the Alpine Foreland (Kruk 1988:
Bogucki 1987, 1988: 107-109, 1996, 2000; Sherratt 1997). The exclusive association of
‘indigenous’ agricultural societies with the Later Neolithic, however, has also been called into
question (above, 1.3.1). Nevertheless, contrasting neolithic traditions supposedly founded by

‘immigrant’ farmers versus ‘indigenous’ farmers have been linked directly to contrasting crop

husbandry regimes (Bogucki 1996), as discussed further below (1.4.6).

Within the loess belt, regional survey of neolithic sites in southern Poland (Kruk 1973, 1980:
28-29, 54-57, 64, 1988) documented a shift of later neolithic TRB (7richterbecherkultur or
Funnel Beaker culture) sites (ca. 3950+170 — 3150+125 B.C.) away from the margins of river
valleys, into the ‘interfluves’. Another regional study of neolithic settlement, in the Elbe-Saale
area (Starling 1985, 1988) detected a similar shift of larger sites (hilltop enclosures or
Hohensiedlungen) to the interfluves but also greater continuity of settlement on valley margins.
While Kruk (1973, 1980: 28-29, 54-57, 64, 1988) interprets the shift to interfluves as evidence
for shifting cultivation in the TRB, other authors infer a greater emphasis on animal husbandry,
including animal-drawn ard cultivation (Bogucki 1988: 176-177; Howell 1989) (below,
1.4.1.2, 1.4.2.2). Subsequent settlement evidence of the Baden culture (ca. 3150+125 B.C.) in
southern Poland also extends into the interfluves, and an emphasis on stockbreeding and
plough cultivation has been inferred (Sherratt 1931, 1997; Kruk 1988; Milisauskas and Kruk
1989a; Liining 2000: 189) (below, 1.4.2.2). Bronocice, a TRB-Baden site on a loess ridge
above a tributary of the Vistula in southeast Poland, is a large site of this period in the eastern

loess belt, containing extensive spreads of pits and enclosure ditches but no detailed evidence
of settlement or house layout (Milisauskas and Kruk 1993; Whittle 1996a: 222-223). This site

has yielded possible evidence for animal traction and wool production (Milisauskas and Kruk

1989a; Milisauskas and Kruk 1991).

Archaeological evidence of later neolithic settlement from the western part of the loess belt 1s
variable: here again, settlement remains are often confined to pits and ditches, without any
clear evidence of settlement layout. The proliferation of monumental earthworks and hilltop
enclosures in various regions suggests increasing concern with communal defence (Hodder

1990: 158-161). Sites of the Michelsberg culture (ca. 4100-2800 B.C.) — extending from the
lower Rhine to the Swabian Alb and from eastern France to Bohemia and Moravia — consist of

<ubstantial earthworks, in some cases with evidence of settlement in the enclosed area (Keefer
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1993: 149). Well-preserved settlements of the Aichbiihl (ca. 4400-4100 B.C.) and
Schussenried (ca. 4100-3800 B.C.) cultures of southwest Germany (the latter with close links
in ceramic tradition to Michelsberg) have been excavated on loess (e.g. Hochdorf) as well as
under waterlogged conditions oft loess (e.g. Ehrenstein), revealing closely spaced, post-built
houses, of smaller dimensions than the earlier longhouses, each containing a hearth and baking
oven (Keefer 1993: 128-145). In lower Bavaria, settlements of the Altheim culture (ca. 3800-
3500 B.C.), some with enclosures, have a similar layout (Ottaway 1999: 250). Settlements of

related ceramic tradition are also known further south, in lakeshore sites of the Alpine Foreland

(below).

Settlement evidence from the final phases of the Neolithic (ca. 3500-2200 B.C., e.g. Horgen,
Cham, Baden, Globular Amphora, Corded Ware and Bell Beaker cultures) is limited in the
loess belt (Rieckhoff 1990: 48-62; Keefer 1993: 161; Ottaway 1999: 251-258; Liining 2000:
19-20). Waterlogged settlements of the Alpine Foreland provide the best evidence ot house
and settlement layout for this vast period (below). The Corded Ware and Bell Beaker
complexes occur over large areas of eastern and western Europe, respectively (Liining 2000:
20). Together with the Globular Amphora culture, these traditions have been associated with
‘pastoral nomadism’ due to the predominance of burial sites and lack of settlement evidence
(e.g. Kruk 1973, 1980: 58-61, 1988), but there is no positive evidence for reliance on herding
(Milisauskas and Kruk 1989a, b; Keefer 1993: 169-170). ‘Migrationist’ interpretations have to
some extent been replaced by the concept of deliberate homogenisation of material culture

(Shennan 1986; Hodder 1990: 175; Rieckhoft 1990: 48-57).

South of the loess, in the Alpine Foreland, the sequence of lakeshore settlements preserved by
waterlogging begins ca. 4300 B.C. and continues in some areas through to the Corded Ware
phase (ca. 2400 B.C.) (Schlichtherle 1995: Whittle 1996a: 216-219; Pétrequin et al. 1998,
Gross-Klee 1997: Schibler and Jacomet 1999). Rather than an ‘edge effect’ of settlement
concentrated on dry mineral soils, lakeshore settlement appears to retlect a real preference tfor
wet areas (lake and marsh edges) in the Later Neolithic, along with houses that are
smaller/lighter than the earlier longhouses and ‘proper villages’, often surrounded by fences or
palisades, rather than loose groupings. High resolution dating by dendrochronology shows that

the occupation of these villages was relatively brief, ranging from less than 20 years up to 80

years.
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Conceptualisation of farming households as the fundamental productive units has been applied
to the Later Neolithic as for the Early-Middle Neolithic (Bogucki 1988: 176, 1993, 1999: 21 1-
218; Halstead 1989b). The good preservation and temporal resolution of lakeshore settlements
in the Alpine Foreland appears to demonstrate household self-sufficiency at some sites. At
Hornstaad-Hornle 1A, for example, an early lakeshore settlement on Lake Constance, each
house appears to have had its own crop stores (charred in the destruction of the settlement by
fire) and a standard ‘tool kit’ (including wooden ‘hand ards’ (Fiirchenstocke) as well as
polished stone axes, flint points and fishing equipment) (Dieckmann et al. 1997). At others
sites, crop stores were located away from houses, in separate structures outside the village
proper, in part perhaps as protection from fire (Pétrequin and Pétrequin 1995). The small size
of houses in Goldberg III sites (Alleshausen-Tdschenwiesen and -Grundwiesen) in the
Federsee region, dated to the end of the Neolithic, appears to preclude household crop storage
(Schlichtherle 1995, 1997b). Furthermore, botanical analyses at Alleshausen-Grundwiesen
appear to indicate site specialisation in flax production (Maier and Schlichtherle 1993;
Schlichtherle 1997b). These developments at the end of the Neolithic have been interpreted as
evidence that ‘independent’ household production was being eroded (Schlichtherle 1993,

1997b).

Mortality curves for cattle assemblages from the Alpine Foreland suggest dairying in the Later

Neolithic (Higham 1967; Becker 1981; Jacomet and Schibler 1985; Halstead 1989b; Gross et
al. 1990; Hiister-Plogmann and Schibler 1997), though the lack of large-scale pasture and the
labour intensity of fodder collection would have limited the scale of animal husbandry (Hister-
Plogmann et al. 1999). Later neolithic lakeshore settlements have provided the first direct
evidence of stalling in the study area (above, 1.3.1). Such management practices would have
increased the availability of milk for human consumption by encouraging the let down of milk
(Halstead 1998). Modelling of the human diet suggests, however, that crops remained the
chief food source (Gross et al. 1990; Schibler and Brombacher 1995). Evidence for a ‘Crisis’
in food production in the 37" century B.C. at various lakeshore settlements (Lake Zurich, Lake
Biel) suggests that declining crop yields were supplemented not by intensification of animal

husbandry but by higher levels of hunting and foraging (Schibler et al. 1997a, b; Huster-
Plogmann et al. 1999).

In the Horgen levels (ca. 3300-2800 B.C.) of lakeshore settlements at Lake Zurich, age/sex

data for cattle show evidence of use as work animals, coinciding with the first evidence of

wheeled vehicles and yokes in the region (Hiister-Plogmann and Schibler 1997; Schibler and
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Jacomet 1999); as discussed further below (1.4.2.2), this evidence has been associated with
more extensive arable cultivation and greater availability of land for grazing. While cows and
bulls may have been used for traction in the Horgen period, osteological data from Corded
Ware (ca. 2800-2600 B.C.) and Early Bronze Age (ca. 1700-1600 B.C.) contexts at Lake

Zurich suggest increased use of oxen (Hiister-Plogmann and Schibler 1997). Furthermore,

sheep mortality data from Corded Ware contexts at Lake Zurich are consistent with milk

production (Hiister-Plogmann and Schibler 1997).

Social organisation in the Later Neolithic has been characterised as ‘transegalitarian’, without
hereditary elites, whereas full-blown chiefdoms have been inferred for the Bronze Age (ca.
2200-750 B.C.) (Gilman 1981; Rieckhoff 1990: 59, 184-212; Seidel 1995: 29; Fokkens 1997).
This 1s largely based on the proliferation of rich burials in the Bronze Age rather than on
settlement analysis; the number of well-investigated sites is relatively low (Bogucki 1999: 273-
275). Early Bronze Age settlement hierarchy and evidence of political centralisation at
fortified sites has been identified in southwest Slovakia (Shennan 1986) but bronze age
candidates for ‘chiefly residences’ are generally lacking outside the Carpathians (Bogucki
1999: 274-275). Otherwise, evidence of bronze age settlement layout from the loess belt 1s
scanty; most hilltop sites (Hohensiedlungen) are badly eroded (Seidel 1995: 56). A relatively
well-preserved hilltop site of the Late Bronze Age (Urnfield culture, ca. 1200-750 B.C.) at
“Der Runder Berg” near Urach in south-west Germany was occupied for ca. 400 years and
contained abundant evidence for bronze working (Seidel 1995: 115). These hilltop sites are

generally considered to have functioned as focal points of ritual, exchange and protection for

their surrounding regions (Rieckhott 1990: 200).

Waterlogged settlements of the Bronze Age occur in the lakeshore areas of the Alpine Foreland

(Schlichtherle 1995; Gross-Klee 1997). The orderly, planned layout of bronze age settlements

may reflect increasingly collective/communal economic strategies (Schlichtherle 1995), though

household storage of a variety of crops is apparent at the late bronze age site of Zug-Sumpt

(Jacomet and Karg 1996; Jacomet et al. 1998). There is evidence of elaborate defensive

constructions at some bronze age sites and this has been linked to the rise of chietly elites

(Schlichtherle 1995).

A trend towards increased stalling and foddering of animals has been traced through the
Bronze Age, along with pollen evidence for increased availability of grassland for pasture

and/or hay cutting (Knorzer 1975; Behre 1996, 1998; Jacomet et al. 1998). Mortality data for
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cattle from some bronze age sites in western-central Europe suggest dairying (Benecke 1994a:
[31-132). In the Alpine Foreland, however, bronze age mortality data for cattle appear to
reflect meat production (Legge 1981), in contrast to later neolithic evidence for milking
(above). The use of cattle for traction in the Bronze Age is suggested by horn-cores with S1gns
of wear from southern Germany and the Alpine Foreland as well as by finds of ploughs, yokes

and plough-marks in various parts of Europe (Benecke 1994a: 132-133; Tegtmeier 1993).

1.4 Models of crop husbandry in neolithic-bronze age western-central
Europe

Crop husbandry models previously applied to the Neolithic-Bronze Age in the study area are
summarised and discussed below. Crop husbandry regimes are often characterised as
‘Intensive’ or ‘extensive’ in the archaeological literature, but it should be noted that the
detinition of these terms varies (Halstead 1992). In this project, ‘intensive’ husbandry refers to
regimes involving high inputs of labour per unit area, resulting in high area yields; ‘extensive’

regimes involve smaller inputs of labour per unit area, resulting in smaller area yields (Slicher

van Bath 1963: 240-243; Upton 1976: 196; Grigg 1984: 49, 174).

1.4.1 Shifting cultivation

Shifting cultivation refers to the use of newly cleared, and usually burned, woodland areas tor
short-term crop growing (ca. 1-5 years), followed by a ‘shift’ of cultivation to other newly
cleared areas, and woodland regeneration (over ca. 20 or more years) on old plots. This
system, also known as slash-and-burn, swidden, long-fallow or forest-fallow, is distinguished
from cultivation regimes involving shorter fallow periods by the type of vegetation — primary
or secondary woodland — cleared to create new fields (Dennell 1978: 37). Burning releases
nutrients from organic material into the soil, promoting high crop yields for a short period, and
may damage the viability of potential ‘weed” seeds, rhizomes etc. present in the soil (Ellenberg
1996: 770), reducing the need for tillage and weeding (Sigaut 1975: 18-29, 99). Shifting
cultivation is attested historically in parts of Europe and North America (e.g. Manninen 1932;
Mead 1953: Montelius 1953; Grigg 1974: 62-63; Sigaut 1975: 18-29; Steensberg 1955, 1993:
15-16, 98-153; Larsson 1995; Liining 2000: 52-54). It is also widely practiced in tropical
regions, where such techniques counteract the rapid leaching of soil nutrients by very high

rainfall (Grigg 1974: 57-74; Bayliss-Smith 1982 25-36; Steensberg 1993: 16-98).

While shifting cultivation is generally characterised as an extensive husbandry regime, with
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