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The layout and development of field systems may reflect significant aspects of prehistoric societies such as
agricultural strategies, use rights and inheritance practices. This article presents a method for analysing
the developments of field systems in their entirety, based on a hierarchical sorting of field boundaries
whose intersections have been used to define relations of equivalence and subordination. The formalized
relational expression of the field system is analysed using a stochastic optimization algorithm. The
method was successfully applied to three Danish Celtic fields from the Late Bronze/Early Iron Age,
making it possible to identify five principles behind the layout: primary boundaries (probably established
at community level), major parcels (administered at a household level), structured subdivisions (presum-
ably related to inheritance), irregular subdivisions, and small-scale expansions of the field systems. The
initial degree of regularity of the field systems seems to have influenced later modifications.
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INTRODUCTION

Field systems constitute a morphologically
diverse and geographically—as well as
chronologically—widespread type of ‘archi-
tectural’ phenomenon, which has played a
prominent role in the discussion of a
diverse range of cultural aspects. These
include agricultural strategies and intensifi-
cation (Widgren, 1983; Fokkens, 1998:
121; Lang, 2007; Yates, 2007), develop-
ment of communities and co-operative
practices (Hansen, 1979; Donat, 1992),

land division, land allotment, tenure, prop-
erty rights or ownership (Hatt, 1939;
Widgren, 1995; Gerritsen, 2003; Johnston,
2005; Wickstead, 2008), the use of stan-
dardized measurements (Hannerberg,
1955; Eir, 1982; Wickstead, 2008), and
conceptions and inscriptions of landscape
(Carlsson, 1979; Fleming, 1987; Brück,
2000; Fallgren, 2006; Chadwick, 2013;
Løvschal, 2015). Common to many of
these issues is a reference to dynamics of,
or within, the field systems in the form of
crop and fallow rotation, changing
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assignments of use rights or ownership,
principles of layout, and extensions and
reorganizations of the field systems. In
general, however, only limited information
on the actual development of field systems
exists. Excavations, geoarchaeological ana-
lyses, and absolute dates can reveal infor-
mation about formation and dynamics
within field systems, including discontinu-
ation, relocation, and addition of boundar-
ies (e.g. Becker, 1972; Brück et al., 2003;
Nielsen & Clemmensen, 2010; Nielsen &
Dalsgaard, 2017); however, since the inves-
tigations generally only comprise minor
proportions of extensive complexes, it is
not possible through this approach to
obtain insights into the internal develop-
ment of field systems in their entirety.
Consequently, large-scale studies of

dynamics of field systems have to rely pri-
marily on analyses of the morphology of
the systems in combination with assump-
tions on how to read them. Generally,
attempts to identify overlaying chrono-
logically distinct structures have been based
on differences in overall morphological
characteristics, such as shape and orienta-
tion of fields and size of field boundaries
(e.g. Hatt, 1949: 129; Lindquist, 1974;
Brongers, 1976; Lang, 1994). However,
several research problems regarding field
systems refer to their internal and gradual
transformation and development. The most
obvious examples are questions concerning
the development of field systems, as in the
discussion of planned layouts versus gradual
growths of field systems (e.g. Sørensen, 1982;
Fleming, 1987; Johnston, 2005; Chadwick,
2008, 2013; Nielsen & Clemmensen, 2010),
and in the suggested link between inheritance
principles and the subdivision of field plots
(Hatt, 1939; Riles, 1998).
Attempts have been made to identify

large blocks or superior units within field
systems, which were subsequently divided
into fields (e.g. Fowler, 1971; Veibæk,
1974; Brongers, 1976; Bradley, 1978;

Carlsson, 1979). Although these did not
include formalized analyses of the field
systems, in practice, the identifications
were based on a form of morphological
syntax in which long continuous boundaries
were considered primary, while boundaries
joining these were regarded as secondary or
dependent (e.g. Fowler, 1971: fig. 13;
Brongers, 1976: pl. 15c). The identification
was thus based on a form of T-intersection
hierarchy. In principle, such a sorting of
superior/subordinate field boundaries could
be applied more generally to entire field
systems to identify the relative chrono-
logical successions of field boundaries.
The potential for applying this method

on a field system in its entirety is first and
foremost that it may offer detailed insight
into its development and the principles
behind it, including associated social pro-
cesses, such as inheritance practices. A
relative chronological sorting based on the
T-intersection principle will, however, rely
on assumptions and entail uncertainties.
First, the chronological consequence can
only be assumed to be a dominant prin-
ciple and not universally valid. A number
of situations may give rise to the T-
morphology without the expected chrono-
logical sequence, for example if a straight
boundary originally ending in a right angle
is extended (Brück et al., 2003). Second,
even well-preserved field systems are
somewhat fragmented and have undergone
modifications during their use (Becker,
1972; Nielsen & Dalsgaard, 2017), which
has implications for both the identification
of the individual intersections and the
reconstruction and sorting of the overall
network.
The following article presents a method

for analysing the hierarchical sorting of
field systems based on T-intersections,
and its application to three Danish Celtic
fields. The analyses are based on a dataset
for each field system that comprises a
formal description of the relations between
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all intersecting boundaries. A stochastic
optimization algorithm is used for the
analysis, which allows the ambiguities and
fragmentation in the dataset to be inte-
grated in the formal analysis. The results
of the analyses are discussed with respect
to the possible implications for the under-
standing of principles of layout, agricul-
tural strategies, and inheritance divisions.

ORGANIZATIONAL PRINCIPLES AND

DYNAMICS OF CELTIC FIELDS

The term ‘Celtic fields’ is used for a
special type of field system that was
common in large parts of north-western
Europe primarily in the period 800 BC–AD
200, that is in the Nordic Late Bronze
and Early Iron Age (e.g. Hatt, 1949;
Brongers, 1976; Klamm, 1993; Lang,
1994). The mesh-like pattern of field
boundaries—in the form of lynchets and
low earthen or stony banks that enclose
the individual fields—makes Celtic fields
particularly suitable and interesting for
studies of the layout and internal develop-
ment of field systems. The layout of Celtic
fields varies from structured field systems
with many right-angled fields to ‘aggre-
gate’ field systems that, because their fields
are irregular, appear to have developed in a
more organic way (Bradley, 1978; Lang,
1994; Nielsen & Clemmensen, 2010). A
certain degree of dynamics within the field
systems, involving addition of new bound-
aries and temporary or permanent discon-
tinuation, removal, or relocation of old
boundaries, has been documented at
several sites (Becker, 1972; Nielsen, 1993;
Nielsen & Clemmensen, 2010; Nielsen &
Dalsgaard, 2017).
Based primarily on analogy to historic

and modern field systems, there seems to
be two basic organizing principles that
have particularly influenced the layout and
transformations of field systems: 1)

agricultural strategies, and 2) marking of
use rights and labour obligations (e.g.
Widgren, 2006). In relation to agricultural
strategies, the field system could, for
instance, reflect and assist fallow and crop
rotation by providing a material structur-
ing of the rotation system with the possi-
bility of keeping livestock and crops
separate, as well as by dividing the land-
scape into uniformly yielding entities that
could ensure stable yields from year to year
despite the rotation. It has also been sug-
gested that subdividing boundaries were
used for separating areas with different
crops (Sørensen, 1973: 346; Brongers,
1976: 60), just as some fields may have
been intended for other purposes, such as
grazing (Pryor, 1998). Field boundaries
could also be used to mark rights and
labour obligations in relation to particular
areas. Thus, the boundaries could
represent markers of communal and more
individual rights at different levels,
depending on the existing practices of
land ownership. For instance, subdividing
boundaries could have been a way of struc-
turing the division of larger pieces of
enclosed land among local farmsteads
(Veibæk, 1974; Donat, 1992; Nielsen &
Clemmensen, 2010: 219). While such a
distribution may have been part of the
initial land allotment, the subdividing
boundaries could also reflect divisions that
had taken place over time as part of inher-
itance practices (Hatt, 1939) or in relation
to the establishment of new households
(Holst, 2010). If land was divided among
a number of households, one would expect
to see boundaries that divided the area
either equally or in fixed ratios according
to the existing practices of land allotment
or inheritance. Fields divided in ratios of
1:1, 2:1, and 3:1 have been identified at
several Celtic fields throughout north-
western Europe (e.g. Hatt, 1949: 129;
Müller-Wille, 1965: 50; Lindquist, 1974:
25; Nielsen & Clemmensen, 2010: 220).
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In addition to the two main organiza-
tional principles (i.e. related to agricultural
strategies and marking of use rights and
labour obligations), there is an obvious
consideration of the physical landscape in
the structure of most field systems. Both
slopes and drainage can influence the
limits of the overall field systems as well as
the shape and layout of individual field
plots (see maps in Hatt, 1949).
Furthermore, pre-existing structures in the
landscape such as barrows, clearance
cairns, trackways, or large boulders have
sometimes influenced the course of indi-
vidual boundaries (Hatt, 1949; Brongers,
1976: 57; Bradley, 1978: 268; Nielsen &
Clemmensen, 2010: 206). It has been sug-
gested that the individual plots of the
Celtic fields reflect the size of a suitable
working unit, for example corresponding
to the area that could be tilled by ard in a
day (Fowler, 1967: 24; Lindquist, 1974: 29;
Nielsen, 1993: 115). However, although the
fields are generally small (<3000 m2), the
sizes of the fields vary within and between
different field systems, and in the well-pre-
served field systems it is evident from the
morphology and stratigraphy that small
fields have sometimes formed through divi-
sions of larger fields (Müller-Wille, 1965;
Nielsen, 2000: 184; Nielsen & Dalsgaard,

2017). Their size, therefore, need not be
attributed to a single factor.

METHODS

As noted above, the morphology of the
intersection of field boundaries may form
the basis for an identification of relative
chronological sequences or hierarchical prin-
ciples in the layout of field systems. This is
based on the assumption that T-intersec-
tions of field boundaries provide indications
of subordinate structures, which can be for-
malized into a relational expression.
In this study, the translation of the field

system was conducted by first breaking
down the field boundaries into line seg-
ments defined by intersections or angular
breaks (>30°) in the course of the bound-
aries. These line segments constitute the
entities of the analysis and are assigned a
unique ID number. The intersections of
the lines are then used to define relations
of equivalence (=) and subordination (<)
between the lines according to the princi-
ples outlined in Figure 1. The process of
moving from the digitized field boundaries
represented by line segments to a rela-
tional description of these intersecting
lines is shown in Figure 2a and 2b.

Figure 1. The principles used for translating the course of the field boundaries into relational expres-
sions. The boundaries are split into line segments based on intersections and angular breaks in the course
of the boundaries. The line segments are related to each other by the symmetric relation of equality (=)
and the asymmetric relation of subordinate/superior (>/<). The symbol Ʌ denotes the truth-functional
operator ‘and’. In +-intersections, it is assumed that line segments making up continuous boundaries are
contemporary but that the two continuous boundaries are not (without being able to say which is
oldest). This relation is described by an ‘exclusive or’-disjunction (⊕).
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The formalized descriptions of the rela-
tions between intersecting field boundaries
makes it possible to represent the field
systems as a relational structure defined
from a direct graph (possibly cyclic),
where the presence of disjunctions gives
rise to a family of different directed
graphs. The representation is, thus, analo-
gous to the relational representation of
stratigraphy as a directed acyclic graph
(DAG) used as basis for Harris Matrix
analyses (Harris, 1975; Herzog, 1993).
A relational structure allows us to sort

the entities based on their directed rela-
tions. In the Harris Matrix analysis, all
relations must be unambiguous and logic-
ally consistent, leading to a DAG struc-
ture; and an optimal partial ordering can,
therefore, be identified with topological
sorting (Knuth, 1997). However, in the
analysis of field systems, such logical con-
sistency cannot be assumed. This is first of
all due to the dynamics of the field
systems, where fields can be added as well
as removed, and, second, because the
underlying assumption behind the sorting
process, that is that T-intersections
represent a relative chronological order,

can only be considered a dominating prin-
ciple and may not always be valid. Thus,
T-intersections (and +-intersections) could
also result from extensions of straight
boundaries. Furthermore, uncertainties
come with irregular intersections that are
difficult to interpret (Figure 3).
When analysing field systems, conflict-

ing relations must, therefore, be allowed
for in the sorting; instead of calculating a
single logically true solution, it becomes a
question of obtaining and evaluating
various plausible sortings, where as many
of the relations are fulfilled as possible.
Formally, let E be the space of possible

solutions such that an element e∈E corre-
sponds to a given relative chronological
ordering. Let f:E→ℕ0 be the objective
function, which counts the number of
unfulfilled relations; the lower the object-
ive value, the more consistent the relative
chronological ordering will be with the
available relational information.
Accordingly, a solution with an objective
function value of zero implies that all rela-
tions are fulfilled in the chronological order-
ing. The aim of the analysis is to solve the
optimization problem e0 = argmine∈Ef(e).

Figure 2. The processes involved in the relative chronological analysis: (a) the field system is digitized
and each line segment is given a unique ID number; (b) the relations between all intersecting boundar-
ies are described; (c) the data analysis is conducted in Tempo, resulting in a graph where the field
boundaries are sorted into a number of hierarchical/relative chronological levels (here simplified and
redrawn); (d) the final sort is mapped in a GIS program. When dealing with complex datasets of
entire field systems, a number of unfulfilled relations will usually be present (and marked on the Tempo
graph). This number can usually be reduced by manually rearranging the nodes (representing the field
boundaries) in a process where the consequences are continuously being evaluated in the GIS program.
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The size of the solution space grows expo-
nentially with the number of vertices in the
graph, which excludes exhaustive searching
for moderate size problems. Further, no
algorithm which runs in polynomial-time is
known for finding the global minimum for
this problem. We emphasize that this is a
consequence of the introduction of the
unambiguous relations. However, stochastic
optimization has been successfully applied
for similar graph theoretic problems and
the particular problem described here
(Aarts et al., 1988; Sharon, 1995; Holst,
2004). The basic idea is to avoid exhaust-
ively searching the solution space E by
instead randomly sampling from it. With a
well-designed sampling procedure, such
algorithms can produce solutions of high
quality with limited computation time,
albeit without guarantee that a global
minimum is obtained.
In this project, a stochastic optimization

algorithm called ‘simulated annealing’ (SA)
(Kirkpatrick et al., 1983), implemented in
the computer program Tempo, has been
used for the analysis (Holst & Holst, 2004).1

The sort obtained through the Tempo

analysis is presented as an ordered graph
with the vertical axis representing the direc-
ted ordering of the entities, that is, a tem-
poral progression from bottom to top in a
relative chronological analysis or hierarchical
levels of dependence in datasets with rela-
tions of subordination. In the analysis of
field systems where the individual field
boundaries constitute the entities, the ‘oldest’
boundaries will appear in the bottom of the
graph, the ‘youngest’ in the top (Figure 2c).
The SA algorithm works by iterating

over the steps described below. From a
given solution e[n], a new solution, e’, is
obtained by randomly swapping the rela-
tive chronological ordering (position in the
graph) of two vertices. If f(e0)≤ f(e), the
solution is accepted and we set en+1: = e

0. If
f(e0) >f(e), the new solution is still accepted
with probability p = exp(− (f(e0)− f(e))/Tn).
The series (Tn)n∈ℕ is the ‘cooling schedule’
and must be designed so that it goes
slowly towards zero, that is so that the
probability of accepting a worse solution
goes slowly towards zero as the number of
iterations increases. This property allows
the optimization sometimes to go uphill,
thereby reducing the risk of getting stuck
at a local minimum. Initial solutions can
be obtained by random ordering or from a
topological sort by ignoring disjunctions.
The algorithm terminates after a fixed
number of iterations or when the objective
function reaches zero. Under regularity
conditions, the SA algorithm converges to
an optimal solution (Hajek, 1988);
however, some manual tuning of the opti-
mization parameters is often necessary for
optimal results. Furthermore, when
dealing with complex relational structures
such as field systems, the Tempo analysis
should only be considered an initial step
in the sorting, which cannot stand alone.
In order to reach a sort which has the
lowest number of unfulfilled relations as
possible, and which makes sense based on
our understanding of the field system,

Figure 3. Examples of intersections at the Celtic
fields of Skørbæk Hede, where it can be difficult
to decide how to describe the relations.

1 Tempo is a further development of the Posar
program developed by Sharon (1995).
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topography, etc., it is necessary to conduct
manually an exploratory evaluation of the
relative chronological sort. This is done by
a discursive process of testing the flexibil-
ity and consequences of rearrangements of
the position of the individual line seg-
ments within the Tempo graph and
mapping different levels of the graphs in a
GIS program (Figure 2d). The results are
evaluated in relation to a prior understand-
ing of the degree of uncertainty of the
relations and what constitutes meaningful
overall structures, which results in a final
choice within the scope of possibilities
within the lowest objective value. For
instance, it may be relevant to ignore the
relative chronological level of certain
boundaries if these do not seem to have
evolved by following the T-intersection
principle. Thus, although there may exist

a range of formally equally valid solutions
(i.e. solutions with the lowest possible
number of unfulfilled relations), the final
result is reached on the basis of well-con-
sidered choices. The final result should,
however, only be considered a selected
model of the relative chronological devel-
opment of the field system, which never-
theless may provide valuable insight into
the possible principles behind the layout.

CASE STUDIES: THREE DANISH CELTIC

FIELDS

In this study, three of the largest and best-
documented Celtic fields in Jutland,
Denmark, are analysed: Byrsted Hede,
Skørbæk Hede, and Øster Lem Hede
(Figure 4) (Hatt, 1938, 1949). The three

Figure 4. Location and layout of the three analysed Danish Celtic field systems, Byrsted Hede,
Skørbæk Hede, and Øster Lem Hede. The maps of the field systems are based on Hatt, 1949.
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sites were chosen among the more struc-
tured Celtic field systems because the rela-
tions between the field boundaries in these
are easier to describe and thereby analyse;
problematic intersections (see Figure 3)
were limited to 14/258 intersections at
Skørbæk, 8//248 at Øster Lem, and 0/213
at Byrsted Hede. However, this also
means that the results of the relative
chronological analyses cannot be consid-
ered representative for all Celtic fields.
Byrsted, Skørbæk, and Øster Lem Hede

are all located in a partly undulating terrain
and the field boundaries, therefore, appear
as banks as well as lynchets. At Skørbæk
Hede, the topographical setting of the field
system has clearly influenced the layout
since steep slopes and wetland, e.g. towards
the north and in the western part, repre-
sented natural boundaries that could not be

ignored (Figure 4). Each of the field
systems originally covered more than 100
ha, but today only Øster Lem Hede is pre-
served to a greater extent within a protected
heath (Figure 5). They are all situated on
sandy soils with relatively low nutrient con-
tents and with expectedly long regeneration
times; even in historic times, when manur-
ing was more intensive, such sandy soils
needed several years of lying fallow after a
period of cultivation (Frandsen, 1988). The
land-use strategies must, therefore, have
involved a kind of rotation system with
fallow periods.
In Figure 4, the field boundaries that

were included in the relative chronological
analysis are marked in red. Isolated smaller
areas or individual field boundaries were
not included in the analyses. Furthermore,
it was decided to focus on the separate,

Figure 5. The field system at Øster Lem Hede, Denmark. (a) LiDAR map of Øster Lem Hede; (b)
lynchets and a natural terrace in the southern part of the heath; (c) heather-clad banks in the eastern
part of the field system; (d) section through a bank. Figure 5a: © Geodatastyrelsen. Other photo-
graphs: N.H. Nielsen.
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western part of Byrsted only, as this is
where the largest and most coherent parts
of the field system are found. Since the
westernmost field system at Byrsted con-
sists of two separate parts, a Tempo ana-
lysis was conducted on each of these,
Byrsted South and Byrsted North.

RESULTS

Tempo produces a sorted sequence of the
boundaries based on assumed relative
chronologically significant intersections.
Consequently, the results can be consid-
ered a proxy for a relative chronological
sequence or, alternatively, a form of hier-
archical organizational structure in the
definition of the field systems (see supple-
mentary material for MapInfo and Tempo
files of each field system).
Apart from the analysis of Byrsted South,

which reached a score of zero, the Tempo
analyses produced results with seven, nine
and fifteen unfulfilled relations at Øster
Lem, Byrsted North, and Skørbæk respect-
ively. The actual score in Tempo is twice as
much because the relations between the
entities appear twice in the descriptions (the
relation and its inverse relation, e.g. A = B
and B =A). The unfulfilled relations are
concentrated on four to ten intersections
within the three field systems (Figure 6).
Bearing in mind the complexity of the
layout and the total number of relations
(Byrsted South: 405; Byrsted North: 883;
Skørbæk: 1616; and Øster Lem: 1589), the
scores must be considered low.
In Figure 6, the results of the Tempo

analyses of the three field systems are pre-
sented with colours representing the dif-
ferent relative chronological horizons
(levels) in the analysis. As described in the
methods section, the final Tempo result of
each field system represents one model,
chosen from several others based on a
manual exploration where the strength

and ambiguities of the position of the
individual field boundaries have been
assessed. The chosen model was then used
as the basis for an interpretative evaluation
of the development and organization of
the field system, bearing in mind that it
does not provide an exact account of the
formation of the field system.
The three field systems exhibit signifi-

cant variation but also several common
features. In all three systems, the relative
chronologically oldest lines form large and
relatively regular structures delimiting
major blocks or strips of land separated by
open space. A relative chronologically sec-
ondary set of structures extend these
blocks or divide them into series of rela-
tively even-sized major parcels, often in
the form of band-structures with a com-
parable width. These parcels are then
further divided either in a structured way
(by straight boundaries laid out perpen-
dicularly to the boundaries of the major
parcels) or more randomly. In the Tempo
analysis, these boundaries are a composite
of relative chronological horizons, which
reflect both the fact that subdivisions have
been a recurring phenomenon and that
subdivisions constitute a nested hierarch-
ical structure, where the relative chrono-
logical level depends on the levels of the
overall parcels it subdivides. Finally, there
is a group of small-scale field demarcations
that seem to have been added onto the
primary overall blocks of land or were
built to fill out the space between primary
demarcations. As with the subdivisions,
these additions are represented on many
relative chronological levels. In this way,
the development of the field systems can
be described as following five overall prin-
ciples (Table 1).
Particularly at Øster Lem and Skørbæk

Hede, the major parcels appear as inter-
rupted structures, which is best explained by
the development of the system involving the
removal of earlier boundaries in addition to
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Figure 6. Maps showing the results of the relative chronological analyses of (a) Byrsted Hede, (b)
Skørbæk Hede, and (c) Øster Lem Hede. Boundaries whose exact position in the relative chronology is
not known (e.g. where a boundary is only intersecting at one point) have been placed at the oldest
possible level.
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the extension and subdivisions. At Øster
Lem Hede, the practice of adding and dis-
continuing boundaries has in fact been docu-
mented during excavations (Nielsen &
Dalsgaard, 2017). It would have been desir-
able to sort out the redefinitions of boundar-
ies as a separate phenomenon, but it was
considered too uncertain to do so. Especially
with regard to the irregular subdivision of
major parcels into fields, it is difficult to dis-
tinguish between fields that are part of the
primary layout and fields that have come
about through later modifications. In the fol-
lowing discussion of the individual field
systems, the Tempo results belonging to
each principle have been illustrated on separ-
ate maps (Figures 7, 9, and 10).

Byrsted Hede

At Byrsted, the chronologically oldest
boundaries nicely demarcate three primary
structures, the largest (whose original
extent to the west is not known) extending
around 10 ha (Figure 7a). These structures
have subsequently been subdivided into

major parcels in the shape of elongated
bands, c. 30 m wide. Moreover, bands
have been added successively on to the
primary structures, as seen for example
from the sequence of an orange, yellow
and light green coloured bands added on
to each other in the northern part of
Byrsted (Figure 7b). The major parcels
generally cover areas of 0.8–1.5 ha. In the
very structured layout of Byrsted, it cannot
be ruled out that parts of the primary
structures developed through successive
additions of bands whose easternmost
boundaries were just aligned. This,
however, cannot be determined since the
field system no longer exists.
The subdivision of the major parcels is

almost entirely carried out in a standar-
dized way (according to principle 3) where
bands generally have been divided first
longitudinally and then crosswise
(Figure 7c). Crosswise divisions are,
however, dominant in some instances, for
example in the northern part of Byrsted
South and Byrsted North. The different
ways of dividing the major parcels result in
either elongated or broad fields, which
may reflect different functions or prefer-
ences that could have varied over time or
between users.
Some bands include elongated as well as

broad fields. These may be a result of sec-
ondary modifications, where for example
selected field boundaries were removed to
make broad fields. Due to the regularity of
the field boundaries, however, it is difficult
to decide with any certainty. Secondary
divisions are nevertheless clearly repre-
sented by the boundaries that divide
approximately similar-sized fields into
even smaller fields (e.g. the easternmost
level 7 boundary in the central part of
Byrsted dominated by green boundaries,
Figure 7c) or the few irregular field
boundaries overruling the strict layout
(Figure 7d). Only a few fields or blocks of
fields have been added onto the primary

Table 1. The main principles identified in the
development and organization of the Celtic fields.

1) Establishment of primary boundaries and structures
defining and marking larger blocks of land

2) Creation of medium sized areas – major parcels

a. by subdividing the primary structures
b. by adding new regular areas to the existing

structures

3) Subdivision of major parcels into smaller fields in
the form of structured partitioning (including
secondary modifications following a regular
pattern)

4) Subdivision of major parcels into smaller fields in
the form of unstructured partitioning (including
secondary, irregular modification)

5) Addition of new fields/blocks of fields deviating
from the original principles

a. by adding fields outside the original layout
b. by infilling areas between existing, separate

parts of the field system
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Figure 7. Maps showing the Tempo results of Byrsted split into different principles governing the
layout (see Table 1 for definition of the principles). (a) principle 1; (b) principle 2; (c) principle 3; (d)
principle 4; (e) principle 5. The numbers in (c) refer to the major parcels whose subdivision is illustrated
in Figure 8.
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part of the field system at Byrsted
(Figure 7e).
The sizes of the fields at Byrsted vary,

but the bands and smaller areas have often
been divided in a certain way, either to
form similar sized fields within the area,
or to form fields with a fixed size ratio.
The diagrams in Figure 8 show how five
selected bands from Byrsted have been
subdivided. What is striking is the preva-
lence of quite accurate divisions of the
land into halves (Figure 8: 1–5) and two
thirds (Figure 8: 1, 3, 4), although other
divisions are present as well.

Skørbæk Hede

At Skørbæk, several of the oldest boundar-
ies demarcate larger primary structures (up
to 10 ha), but the complexity and modifi-
cations of the layout indicate that not all
‘old’ boundaries, marked in brown and red
on Figure 9a, necessarily represent the
oldest levels (e.g. the brown N-S running
boundary in the eastern part of the field
system).
Major parcels are first of all formed by

subdividing the large, central primary
structure into smaller units (Figure 9b).
Furthermore, major parcels have succes-
sively been laid out in the southern part of
the field system, which in this way
expanded northward as well as westward,
even across the southernmost wetland.
The boundaries of the major parcels are
not completely defined, but the sizes of
the major parcels at Skørbæk measure c.
0.4–2 ha.
The major parcels at Skørbæk are sub-

divided by field boundaries laid out in a
structured as well as unstructured way. In
the southern part of Skørbæk, especially,
the major parcels have been divided in a
very structured way and often with the
aim of obtaining similar sized fields
through bisections or sometimes

Figure 8. Diagrams showing the way five
selected bands of Byrsted have been subdivided.
The total size of the major parcels is listed in the
top bars, while the subdivisions in percentages are
shown in the bars below. The layout of the
selected major parcels can be seen in Figure 7.

Nielsen et al. – The Layout and Internal Development of Celtic Fields 397

https://doi.org/10.1017/eaa.2017.56 Published online by Cambridge University Press

https://doi.org/10.1017/eaa.2017.56


Figure 9. Results of the relative chronological analysis of Skørbæk Hede split into different principles
governing the layout (see Table 1 for definition of the principles). (a) principle 1; (b) principle 2; (c)
principle 3; (d) principle 4; (e) principle 5.
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trisections (Figure 9c). In the central
primary structure, remnants of structured
subdividing field boundaries, as well as
boundaries established in a more ad hoc
manner, are present (Figure 9d). In

addition, a few examples of secondary
modifications can be identified, for
example the curved part of the orange
boundary in the very centre, which seems
to ignore the original layout. The

Figure 10. Results of the relative chronological analysis of Øster Lem Hede split into different princi-
ples governing the layout (see Table 1 for definition of the principles). (a) principle 1 and 2; (b)
principle 3; (c) principle 4; (d) principle 5.
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orientation of the fields appears to indicate
that, at some point, the northern and
southern part of the field system developed
into one; and, particularly where these
parts meet, fields are less regular and
sometimes partly modified.
The division of the eastern primary

structure was probably initially also
divided in a rather structured way, which
is indicated by the north-south running
boundaries. Today, however, the boundar-
ies are no longer aligned and this part of
the field system has a more organic
appearance, which may be due to second-
ary modifications.
At Skørbæk, fields were added to the

existing layout in different ways
(Figure 9e). First of all, the field system
expanded into the wetter area towards the
west by establishing fields on both sides of
the northernmost wetland. Generally,
these fields seem to have been laid out one
to three at a time. While their internal
relative chronology is very clear, their
chronological relationship with the main
part of the field system is not, as they are
only connected to this by a single bound-
ary. However, it seems reasonable to
assume that the fields to the far west, with
a marginal position and poorer accessibil-
ity, were brought into cultivation in a late
phase, when other possibilities of expand-
ing the field system were limited.
Secondly, the area between the central and
eastern primary structure was filled with
successively added fields or blocks of
fields, which meant that the two originally
separate parts of the field system eventu-
ally developed into one system.
The southernmost added fields marked

in yellow and green were subdivided in a
similar way as the southernmost major
parcel, and may well be chronologically
closely related to this. The units measure
approximately 0.5 ha and have been
divided lengthwise. Further, in other parts
of Skørbæk, fields have been subdivided

into smaller, equally sized fields, although
these have no consistent size. It does,
however, seem far-fetched to try to correl-
ate the subdivided fields with the number
of farms (three to four) found at Skørbæk
as has previously been attempted
(Steensberg, 1951: 196; Nielsen &
Clemmensen, 2010: 219), especially since
the houses are from the late Pre-Roman
Iron Age and Early Roman Iron Age and,
therefore, presumably from a late phase of
the field system, by which time the fields
were already subdivided.

Øster Lem Hede

At Øster Lem Hede, it seems that an
almost 1 km-long, straight boundary ori-
ginally ran approximately NNE/N-SSW/S
across the landscape and terminated in a
burial mound (the southernmost burial
mound in Figure 4). Today, the central
part of this boundary is missing, probably
due to later turf cutting in the area
(Figure 10a). This boundary presumably
represents one of the oldest primary
boundaries that divided the landscape into
sections that were subsequently divided
into major parcels and fields. The north-
ernmost east-west running boundary that
separates the parts of the field system with
differently orientated fields may represent
another primary boundary. Otherwise, it is
not possible to separate the boundaries
reflecting principle 1 and principle 2 at
Øster Lem Hede due to the fragmentation
of the field system. Thus, the boundaries
that are only weakly connected to the rest
of the field system come out as old bound-
aries in the Tempo analysis, although they
seem to represent principle 2 (Figure 10a).
The regularity and parallelism of the
boundaries nevertheless indicates remnants
of narrow elongated bands similar to those
present at Byrsted. In addition to these
bands, wider rectangular major parcels of
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up to 2 ha were laid out, as for example in
the southern-central part of the field
system. Interestingly, the major parcels
were here laid out while completely ignor-
ing the large steep natural terrace depicted
on Figure 5b (and marked by the oblique
red line in Figure 10b).
At Øster Lem Hede, it is not possible to

identify a clear chronological development
among the major parcels. Nevertheless, a
certain regularity in the width of the east-
west orientated bands can be seen: the four
southernmost bands are c. 50 m wide, and
the three northernmost bands c. 70 m wide.
This may indicate that bands of a similar
size are chronologically quite close to each
other, while there is a gap in time between
bands of different widths. Alternatively, the
difference could be explained by the fields
having been laid out by different families or
social groups.
The regular major parcels at Øster Lem

Hede have generally been subdivided in a
structured way. For example, the bands are
often first divided longitudinally
(Figure 10b). Other major parcels at Øster
Lem Hede comprise fields, which have
been laid out in a less strict way as seen,
for example, in the north-western part of
the field system (Figure 10c).
Furthermore, several of the boundaries
shown in Figure 10c seem to represent
secondary modifications, especially in the
south-eastern and north-eastern sector
where it is difficult to identify any clear
pattern of subdivisions.
Additions to the original layout were

also made at Øster Lem Hede
(Figure 10d). In the central part, a few
fields were added successively and prob-
ably fairly early on in the use of the field
system since OSL dates show that this
area was already cultivated in the Late
Bronze Age (Nielsen & Dalsgaard, 2017).
North of these fields, the area between the
western and eastern sectors was partially
infilled with fields in a more unstructured

way, probably partly because of the more
undulating terrain.

DISCUSSION

The morphology of the three Celtic fields
analysed here varies considerably: Byrsted
is very structured, while Skørbæk and to
some degree Øster Lem Hede have a
more organic appearance in places. Yet,
despite the morphological differences, it
has been possible to identify five overall
principles that are represented to different
degrees in each of the field systems.
Below, we discuss the results of the rela-
tive chronological analyses and the princi-
ples identified as governing the layout; and
we present our interpretation of, among
other things, the social implications.

Principles 1 and 2

Together, principles 1 and 2 constitute the
basic formation of the Celtic fields.
Principle 1 represents an initial parcella-
tion of a landscape without indications of
previous physical demarcations. These
primary areas subsequently provide a
framework for a number of further subdi-
visions. In the Late Bronze and Early Iron
Ages, the organization of the individual
farmsteads, which included stables in the
longhouses for example, indicates that
they operated as separate economic units
(Webley, 2008: 21); and it has been sug-
gested that a prehistoric household culti-
vated about 1–2 ha each year (Hagen,
1953: 100; Müller-Wille, 1979: 223; Pihl,
2013: 26). The size of the primary areas of
up to 10 ha thus seems to exceed the
operational scale of the small, basic house-
holds of the time, which suggests that the
primary boundaries were established
jointly by a community. The regularity in
the primary structures varies between the
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analysed field systems, with Byrsted dis-
playing the most regular structures and
Skørbæk the most irregular. This differ-
ence is probably partly due to the more
pronounced topographical features present
within the area of Skørbæk Hede.
The boundaries laid out according to

principle 2 defined some major parcels,
generally measuring 0.4–2.5 ha, which can
be compared to the rectangular, primary
structures identified in Celtic fields in
Vassen, the Netherlands (Brongers, 1976:
60) (c. 2 ha), and Bönde on Gotland,
Sweden (Carlsson, 1979: 59) (0.8–1.3 ha).
The major parcels were created either by
subdividing the primary structures (principle
2a) or by enclosing previously unparcelled
land (principle 2b). Both ways of creating
these major parcels were used within the
same fields system. At Byrsted, the major
parcels defined by principle 2a and 2b have
the same morphology and size; this is not
the case at Skørbæk, which is less regular.
Compared to the primary structures, the

major parcels are more consistent in terms
of size with the operations of individual
households. Generally, several major
parcels were defined within the individual
primary block structures, and the sizes
were equal to or less than the 1–2 ha
assumed to have been cultivated by a
household each year. Each farm must,
therefore, have had access to several major
parcels, depending on the size of the
parcels, manuring practices, length of
fallow periods, and household size.
Consequently, the establishment of the
major parcels could reflect either a process
of dividing the primary blocks among the
different households or an agricultural div-
ision of the land, such as in a fallow or
crop rotation system. Different crops may
also have been cultivated within the major
parcels without this, leading to subdivi-
sions. As the strip fields in Sweden make
evident, smaller areas within large fields
could be used for different purposes

without being marked with physical
boundaries (Widgren, 1990).
At the field systems, and especially at

Skørbæk, there are clear indications of
separate parts of the field system having
been laid out by different groups or settle-
ments. Thus, the field system appears to
have developed through a growing
together of the northern and southern
(and eastern) sector, in which different
principles of defining the major parcels
were used. At Skørbæk and Byrsted Hede,
there are, furthermore, several examples of
major parcels that were added successively
onto each other, indicating that the field
system in these parts gradually expanded.
A plausible explanation for this expansion
would be demographic growth or gradual
agglomeration of fields belonging to the
local farmsteads. In continental north-
western Europe, farmsteads in the Bronze
and earliest part of the Iron Age were dis-
persed in the landscape, but, in the late
Pre-Roman Iron Age, small villages begin
to emerge (e.g. Rindel, 1999; Roymans &
Gerritsen, 2002; Webley, 2008). The
emergence of field systems could be
considered an early phase of a general ten-
dency towards agglomeration taking place
in the first millennium BC: first the arable
land became concentrated within certain
defined areas, the field systems; later, the
farmsteads also began to agglomerate in
villages. Alternative explanations for the
gradual expansion of the field systems
could be an agricultural extensification of
cultivation or competitive rationales.
At some point during the use of the

field systems, a process of contraction may
have taken place; but this is more difficult
to identify as the physical boundaries of
abandoned fields would remain in the
landscape. Areas where a restructure over-
ruled the earlier layout (e.g. indicated by
boundaries of level 4–5, Figure 7d) could
nevertheless represent land that had previ-
ously been abandoned.
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Clearly, the field systems—as repre-
sented by field boundaries laid out accord-
ing to principles 1 and 2—were
established by following certain principles,
which generated a physical structuring of
the landscape recognizable between differ-
ent Celtic fields. Although the rights to
the major parcels may have been held by
individual households, they were part of
larger communal structures. This is
demonstrated by the settlement evidence,
which clearly shows that the field systems
were established across landscapes inhab-
ited by numerous households and devel-
oped in a complex interplay with the
dynamics of these settlements (Hatt, 1949;
Becker, 1972). When new parcels were
laid out, it must, therefore, have followed
a degree of common principles of regula-
tion across the different households. In
this way, the joint establishment of the
field systems had profound social implica-
tions by defining some basic and long-
lasting principles of rights of land and
agricultural practices. The work involved
in creating and maintaining the boundar-
ies is also likely to have strengthened a
collective identity and sense of community
among the persons involved (e.g.
Chadwick, 2008; Wickstead, 2008).

Principles 3 and 4

The subdivision of the major parcels has
been conducted either in a structured
(principle 3) or more unstructured way
(principle 4). The Tempo analyses some-
times provide insight into the relative
chronological sequence for the division of
the major parcels, most clearly seen at
Byrsted (Figures 7c and 8). Thus,
although the subdivision could have been
undertaken as part of a general, hierarch-
ical principle, it seems likely that the sub-
dividing field boundaries also reflect a
temporal development, i.e. that they were

formed later than the major parcels. This
is especially evident from the more irregu-
lar fields at Skørbæk and Øster Lem Hede
that appear to reflect a certain degree of
restructuring of the field boundaries.
Although both the structured and the

ad hoc subdivisions of the major parcels
have been identified in each of the three
field systems, the degree to which the two
methods have been used varies consider-
ably. The extremely regular layout of
Byrsted seems to have had a self-regulat-
ing impact on later modifications as they
were also carried out in a very structured
way since all boundaries follow the orien-
tation of the original layout. Apparently,
the regular, physical structuring of the
land left little room for secondary modifi-
cations overruling the existing syntactic
structure. On the other hand, in the irregu-
lar field systems, the less distinct manifest-
ation of the original principles of the layout
did not provide the same guidance. Thus,
the ongoing additions, eliminations, and
repositioning of boundaries resulted in an
even more ad hoc layout over time in these
Celtic fields. Accordingly, the possibility of
recognizing the original layout seems to
depend on the time-depth of the field
systems as well as the regularity of the
initial parceling of the land. It can therefore
be argued that it is in the regular field
systems that the basic principles of the
layout and the internal development are
best recognized, although it may be difficult
to separate out secondary modifications.
The regularity of the structured subdivi-

sions is most clearly manifested in the pro-
portionality of the areas emerging from
the Byrsted subdivisions (Figure 8). Here,
we see a very systematic devolution
through the various stages based on divi-
sions in halves and thirds. This form of
proportionality indicates the presence of
some underlying principles, which could
include a form of systematic devolution of
rights over time as, for instance, in a
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system of inheritance. In the much later
Leges Barbarorum of the late first millen-
nium AD, the half and third part divisions
are a recurring phenomenon connected
with inheritance of rights to land (Murray,
1983). Particularly, the Edictum Rothari—
the first written compilation of Langobard
laws from AD 643—contains detailed
descriptions of inheritance practices
among the Langobards (Drew, 1973).
What stands out in these descriptions is
the systematic division of the land into
fixed proportions depending on the
number and status of the heirs. Two sons
would generally inherit equal proportions
of the land but, if one of them was born
outside marriage (a ‘natural’ son), he
would only receive one third, while the
son born within marriage would inherit
two thirds (Drew, 1973: 77, ch. 154). If
two legitimate sons and one or more
‘natural’ sons were to inherit, the latter
would only receive one fifth, while two
fifths would be passed on to each of the
two other sons and so on. Under certain
circumstances, a daughter was able to
inherit one third of the land, but generally
women did not succeed unless there were
no legitimate sons (Drew, 1973: 78).
Although the interval between the Late
Bronze/Pre-Roman Iron Age societies and
that of the Langobards is long, the
Edictum Rothari may offer an idea of the
sort of principles potentially underlying
the systematic divisions in the Celtic
fields. Certainly, inheritance practices
would seem to offer a convincing explan-
ation. A division and redistribution of
fields in relation to the establishment of
new households is, however, also a possi-
bility (Holst, 2010). Exactly what the dif-
ferent proportions might have reflected
cannot be established, but the unequal
divisions can be taken to indicate that
people of different social status, age, and
gender were entitled to different ratios.
The alternative explanation, that the

subdivisions were related to land-use strat-
egies and a crop and/or fallow rotation,
cannot account for the recurring phenom-
enon of subdivisions leading to a hierarch-
ical breakdown of the individual fields in
the same way. Even if there were an
emphasis on particular crops, which would,
therefore, be cultivated in larger areas, this
cannot explain the ratios appearing in the
field system. Divisions associated with a
crop/fallow rotation would also be expected
to be related to the size of the fields rather
than ratios (apart from 1:1).
In the light of the relatively limited

number of successive subdivisions, it is
evident that the practice of subdividing the
major parcels stopped after a few genera-
tions; it was not taken to the extremes seen
in later societies with a bilateral kinship
system, such as on the Faeroes Islands
(Bjørk, 1957) and in the Swedish landscape
of Dalarna (Sporrong, 1995). At this time,
further divisions would probably have
created fields whose small size would have
made them less suitable for cultivation.
However, after a few generations of follow-
ing the practice of subdividing fields, the
individual farmsteads must have held the
rights to field plots lying scattered through-
out the field system. Instead of dividing the
fields any further in connection with inherit-
ance, a certain number of field plots could,
thus, be passed on to each of the heirs, just
as new fields were perhaps laid out in order
to avoid excessive subdivision (see also
Holst, 2010). Furthermore, it is possible that
fields that had been merged at some point,
such as in relation to marriage, could be sub-
divided again at a later date, which may
explain the combination of elongated and
broad fields within a single band in Byrsted.
Although the Celtic fields at Skørbæk

and Øster Lem Hede are more irregular
compared to those of Byrsted, subdivisions
according to fixed ratios can still be identi-
fied at these sites—especially divisions into
halves or thirds—which may also reflect
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divisions associated with inheritance. In
the very irregular areas, clear subdivisions,
and thus indications of inheritance prac-
tices, are nevertheless difficult to recognize.

Principle 5

Principle 5 refers to fields that were added
onto the pre-existing field system outside
the initial large blocks and without defin-
ing major parcels. Thus, principle 5 seems
to reflect small-scale expansions of the
field systems that were undertaken gener-
ally without first defining a larger area.
Presumably this took place when the ori-
ginal principle of enclosing land for culti-
vation could no longer be sustained,
possibly due to lack of land within the
primary structures. The fields have some-
times been bisected or trisected, but small
fields laid out individually occur as well.
These fields are likely to have been laid
out by individual households at a time
when small fields had become the norm.
The fields were laid out by using pre-

existing boundaries as base lines or by
establishing fields further away, such as at
the other side of the wetland in the western
part of Skørbæk (principle 5a). New fields
could also be added by filling in the area
between two separate parts of the field
system, as seen at Skørbæk especially and,
to some degree, at Øster Lem Hede (prin-
ciple 5b). By this means, originally separate
field systems turned into a singular one, a
practice also recorded in other Celtic fields
(e.g. Brongers, 1976: 57).
Since the fields added according to

principle 5 are external additions, it is only
possible to conclude that they are later
than the boundaries to which they are dir-
ectly related; their relative chronological
order compared to other parts of the field
system cannot be determined. The close
resemblance between some of the added
fields and some of the structures within

the originally defined layout (e.g. in the
southern part of Skørbæk Hede) may,
however, suggest that these were chrono-
logically closely related.

CONCLUSION

To conclude, the Celtic fields analysed
here appear to have been laid out accord-
ing to certain syntactic principles that can
be traced across the three field systems.
The end-product—the layout that we see
today—was the result of a development of
the field systems over time that, in the
interpretation presented here, is likely to
have included a communal establishment
of primary boundaries; the definition of
major structures administered by individ-
ual farmsteads; successive subdivisions
carried out in connection with inheritance;
restructuring of the fields leading to an
irregular layout in some places; the add-
ition of new fields outside and between
well-defined field systems (sometimes
resulting in the merging of separate parts);
and, finally, the post-abandonment demo-
lition of boundaries. The regular Celtic
fields that we analysed were not laid out
according to a predefined plan, but they
did evolve based on certain principles
agreed upon by the farmsteads involved.

SUPPLEMENTARY MATERIAL

To view supplementary material for this
article, please visit https://doi.org/10.1017/
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Organisation et évolution interne des « champs celtiques » : analyse structurelle et
chronologie relative de trois « champs celtiques » au Danemark

La configuration et l’évolution des « champs celtiques » peuvent révéler des aspects importants des
sociétés préhistoriques telles que les stratégies de production agricole, les droits d’utilisation et les coutumes
concernant les héritages. Cet article présente une méthode permettant d’analyser l’évolution des « champs
celtiques » dans leur intégralité, sur la base d’un classement hiérarchique des limites de parcelles dont les
intersections ont été utilisées pour définir leurs relations d’équivalence et de subordination. L’analyse de
l’expression relationnelle formalisée du parcellaire se fait grâce à un algorithme d’optimisation stochas-
tique. Cette méthode a été appliquée avec succès à trois « champs celtiques » au Danemark datant de la
fin de l’âge du Bronze et du début de l’âge du Fer, ce qui nous a permis d’identifier cinq principes
régissant la configuration des champs : limites primaires (probablement établies par les communautés),
parcelles majeures (gérées au niveau des foyers), découpage structuré (vraisemblablement lié au patri-
moine héréditaire), subdivisions irrégulières et croissance à petite échelle du système parcellaire. Le degré
de régularité à l’origine de l’aménagement du terrain semble avoir influencé les modifications ultérieures.
Translation by Madeleine Hummler

Mots-clés: « champs celtiques », aménagement du terrain, chronologie relative, classement sto-
chastique, âge du Bronze récent/premier âge du Fer

Aufbau und interne Entwicklung der “Celtic Fields”: strukturelle und relativ-
chronologische Auswertung von drei dänischen Ackersystemen

Der Aufbau und die Entwicklung von Ackersystemen können wesentliche Aspekte der urgeschichtlichen
Gesellschaften, wie landwirtschaftliche Strategien, Landnutzungsgerechte oder Erbvorgänge zum
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Vorschein bringen. In diesem Artikel wird eine Methode, welche zur Untersuchung der Entwicklung
von ganzen Ackersystemen beitragen kann; vorgelegt sie stützt sich auf die hierarchische Sortierung der
Feldgrenzen, deren Kreuzungspunkte zur Bestimmung von Äquivalenzbeziehungen und
Unterordnungsverhältnisse dienen. Der formalisierte Vergleichsausdruck der Flursysteme wird durch
einen stochastischen Optimierungsalgorithmus analysiert. Diese Methode wurde erfolgreich zur
Auswertung von drei dänischen spätbronzezeitlichen und früheisenzeitlichen Ackersystemen angewendet;
dabei war es möglich fünf Grundregeln, welche die Anlage von Äckern bestimmen, zu identifizieren:
vorrangige Grenzen (wahrscheinlich von Gemeinschaften eingerichtet), wesentliche Grundstücke (auf
Haushaltsebene betrieben), strukturierte Untergliederung (vermutlich mit Erbschaft verbunden),
unregelmäßige Unterteilungen, und Erweiterung der Flursysteme auf geringem Maβe. Die
ursprüngliche Regelmäßigkeit der Ackersysteme scheint die späteren Änderungen beeinflusst zu haben.
Translation by Madeleine Hummler

Stichworte: Ackersysteme, “Celtic Fields”, Grundrisse, Erbschaft, relative Chronologie, stochas-
tische Sortierung, Spätbronzezeit/frühe Eisenzeit
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