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Zusammenfassung

Zusammenfassung

Ziel der Arbeit ist es ein Konzept zur Interpretation kolluvialer Ablagerungen zu erstellen,
um diese als Archive fiir (pré)historische Landnutzungsdynamiken zu nutzen. Im Rahmen des
Projektes ,,B02: Gunst-Ungunst? ErschlieBung von Ressourcen in Marginalraumen® des Sonder-
forschungsbereichs SFB1070 RESOURCENKULTUREN werden dazu 68 Bodenprofile an 13 archéo-
pedologischen Standorten auf der Baar, im stidostlichen Schwarzwald und auf der stidwestlichen
Schwibischen Alb, sowie zwei Moore im Schwarzwald untersucht.

Nach der Ablagerung vereinzelter Kolluvien im Mesolithikum, setzt grofirdumige Ablage-
rung im gesamten Arbeitsgebiet wihrend des Neolithikums ein. Die weitraumige und intensive
anthropogene Landschaftsanderung beginnt also im Neolithikum mit der Sesshaftwerdung und
dem Beginn der landwirtschaftlichen Nutzung der Gebiete. In den drei Landschaftsraumen kon-
nen jeweils unterschiedliche Kolluvienstratigraphien erstellt und daraus Landnutzungsdynamiken
rekonstruiert werden. Die Baar weist eine detaillierte Stratigraphie von kolluvialen Ablagerungen
auf, aus welcher schon im Mesolithikum erste Phasen intensiver Landnutzung oder Landnut-
zungsanderung abgelesen werden konnen. Im Schwarzwald dagegen datieren kolluviale Ablage-
rungen kaum in préhistorische Zeiten, in diesen Ablagerungen gefundene Holzkohlestiickchen
anthropogenen Ursprungs jedoch schon. Sie zeigen lokale und wahrscheinlich saisonale anthropo-
gene Aktivitdt in prahistorischen Zeiten im Schwarzwald an. Wahrend des Mittelalters und der
frithen Neuzeit nimmt die Ablagerung von Kolluvien zu, was durch eine Veranderung der Land-
nutzung, insbesondere der Intensivierung und Expansion der Landwirtschaft, begriindet sein
kann. Im Vergleich zu den hoher gelegenen Gebieten der Schwabischen Alb und des Schwarzwal-
des, stellt die Baar einen giinstigen Raum fiir die landwirtschaftliche Nutzung dar. Obwohl eine
dhnliche Landnutzungsdynamik in den beiden ungiinstigen Raumen erwartet werden konnte,
wird auf der Schwébischen Alb eine andere Landnutzungsdynamik rekonstruiert. Bereits wéhrend
der Eisenzeit kommt es dort zu vermehrter Ablagerung von Kolluvien, wahrend es kaum mittel-
alterliche Ablagerungen gibt. Die Standorte auf der Alb, nahe an der Schichtstufe zur Baar

gelegen, zeigen ein ahnliches Muster wie die ¢stliche Baar.
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Datierungen von Holzkohlen aus Kolluvien und des Bodenmaterials selbst miissen unter-
schiedlich interpretiert werden. Radiokohlenstoff Datierungen von Holzkohle weist auf menschli-
che Aktivitat zu dieser Zeit hin, sofern davon ausgegangen wird, dass die Holzkohle
anthropogenen Ursprungs ist. Der genaue Fundort der Holzkohlen innerhalb des Bodenprofils ist
vernachléssigbar, da die Holzkohlen vertikal verlagert oder erst nach Ablagerung des Kolluviums
eingetragen werden konnen. Somit ist die Wahrscheinlichkeit hoch, dass Holzkohle Alter in an-
dere Zeiten datieren als der Boden in dem sie gefunden werden. Im gesamten Untersuchungsge-
biet zeigen gefundene Holzkohlen eine erhohte menschliche Aktivitdt vom Endneolithikum bis
zur Latenezeit und vom Hochmittelalter bis in die frithe Neuzeit an. OSL Alter geben den Zeit-
punkt der Ablagerung des Kolluviums an und koénnen somit direkt mit Phasen geomorphodyna-
mischer Aktivitat korreliert werden, die mit intensiver Landnutzung oder Landnutzungsidnderung
in Verbindung stehen. Auf Basis der OSL Datierungen des kolluvialen Bodenmaterials zeigt sich
demnach auch ein anderes Muster als das der Holzkohlen. So weisen OSL Datierungen aus den
Arbeitsgebieten auf intensive Landnutzung wéhrend der Eisenzeit und der Romischen Kaiserzeit
und vom Hochmittelalter bis in die frithe Neuzeit hin. Beachtet werden muss jedoch immer die
Moglichkeit, dass kolluviale Ablagerungen z.B. in Senken temporér zwischengespeichert werden
kénnen, wodurch eine Zeitverzogerung zwischen der initialen Bodenerosion am Oberhang und
der Ablagerung am Unterhang entstehen kann. Die zeitliche Gleichsetzung der Ablagerung mit
dem Zeitpunkt der Erosion bzw. der Landnutzung als Ausléser der Erosion, kann also nicht
immer vorausgesetzt werden.

Der Datensatz von Datierungen, Profilbeschreibungen und Laborergebnissen macht es
moglich ehemalige Landoberflachen zu rekonstruieren. In einzelnen Bodenprofilen lésst die de-
taillierte Stratigraphie auf Basis der Datierung jedes kolluvialen Horizontes langere Zeitraume
ohne kolluviale Ablagerung erkennbar werden. Wahrend diesen Zeiten geomorphodynamischer
Stabilitédt fand keine Bodenerosion und Ablagerung statt. Pedogene und biologische Prozesse
verandern wahrend solchen stabilen Phasen vor allem den Ah Horizont. Es wurde vermutet, dass
sich im oberen Teil der kolluvialen Horizonte eine Anreichung von organischem Material oder
die Erhohung von Schwermetallgehalten finden lasst. Solche Anreicherungen werden jedoch eher

im unteren Teil der kolluvialen Horizonte erfasst. Dies konnte durch die Erosion und Verlagerung
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des Oberbodens mit anschlieender Ablagerung auf vermutlich erodierter Oberfliche erklért wer-
den.

Sozial-6kologische Systeme und adaptive Zyklen dienen als theoretische Konzepte um die
empirischen Ergebnisse zu landwirtschaftlicher Entwicklung und kolluvialen Ablagerungen in
einem tibergeordneten und abstrakten Rahmen zu interpretieren. Der adaptive Zyklus der agra-
rischen Bodennutzung beginnt im Neolithikum und verdndert sich durch die Industrialisierung
zu einem zweiten adaptiven Zyklus der landwirtschaftlichen Bodennutzung. Dies entspricht dem
rekonstruierten Muster der Landnutzungsdynamik und der kolluvialen Ablagerungen, die wéh-
rend des Neolithikums einsetzen und im Mittelalter auf eine verstarkte Intensivierung hindeuten.

Zusammenfassend wird in dieser Arbeit ein Konzept fiir die Nutzung kolluvialer Ablage-
rungen als Proxy fiir Landnutzungsdynamiken in Siidwestdeutschland entwickelt. Durch empiri-
sche Analysen, verschiedene Datierungsmethoden und deren statistische Auswertung lassen sich
Interaktionen zwischen Mensch und Umwelt in den Arbeitsgebieten nachweisen und mithilfe

theoretischer Konzepte einordnen.
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Summary

Summary

The aim of this study is to establish a concept to interpret colluvial deposits as archives
and to use them to reconstruct past land use dynamics. The archaeopedological study is part of
the project “B02: Favor-Disfavor? Development of Resources in Marginal Areas” within the
framework of the collaborative research center SFB1070 RESOURCECULTURES.

The analysis of 68 soil profiles at 13 archaeopedological sites and two bogs in southwestern
Germany includes the agriculturally favorable Baar area and the unfavorable southeastern Black
Forest and western Swabian Jura. Over the whole study area, dated charcoals indicate increased
human activity from the Final Neolithic to the Laténe period and also from the High Middle
Ages to Early Modern times. OSL dating shows a different pattern of colluviation, and therefore
intensified land use, with a focus on the Iron Age to Roman Empire and the High Middle Ages
to Early Modern period. Following isolated colluvial deposits, dating to the Mesolithic, there is
evidence of wide-ranging colluviation during the Neolithic, which coincides with the establish-
ment of agriculture in the area.

Focusing on differences between the landscapes shows a spatially heterogeneous colluvia-
tion and land use dynamic through time. The Baar area has a detailed and long stratigraphy of
colluvial deposition beginning during the late Mesolithic, which can be linked to phases of inten-
sive land use or land use change. In the Black Forest in contrast, few prehistoric colluvial deposits
can be found. Still, charcoal ages indicate local and probably seasonal human activity. During
the Middle Ages and the Early Modern period colluviation increased strongly which seems to
result from land use change, specifically intensification and expansion. Even though a similar
land use pattern was expected to be found in both unfavorable landscapes, the Swabian Jura
shows increased colluvial deposition already during the Iron Age but only little colluviation dur-
ing the Middle Ages. Sites close to the edge of the Swabian Jura have a similar land use pattern
than the eastern Baar.

The empiric study is associated with theoretical concepts like social-ecological systems
and adaptive cycles, which provide a helpful approach to frame and interpret the agricultural

development and colluvial deposition through time. The adaptive cycle of agrarian soil use begins

X1



Henkner, Jessica

in the Neolithic and transforms into a second adaptive cycle of agrarian soil use with the indus-
trialization. This follows the reconstructed pattern of land use dynamics and colluvial deposition,
which set in during the Neolithic and reach a new level during the Middle Ages.

The reassessment of AMS-"C ages of anthropogenic charcoal fragments indicates that
charcoals can be used to reconstruct human activities, but are not necessarily connected to the
colluvial deposit, in which they were found. Thus, the sampling depth of charcoals found within
colluvial deposits is negligible. The dating of soil sediment by OSL, however, reliably dates the
period of time when the colluvial deposit was accumulated. Therefore, OSL ages can be used to
date colluvial deposition, which is linked to intensified land use or land use change. Nevertheless,
temporary storage and a possible time lag between erosion and accumulation must be considered.

The acquired data support the interpretation of certain colluvial deposits as former land
surfaces. Selected soil profiles show a detailed stratigraphy of colluvial deposits, which allowed
the reconstruction of phases of geomorphodynamic stability. During such phases no colluviation
took place and pedogenic and biologic processes occurred. The changes in the upper part of a
colluvial deposit, being the land surface, cannot be found. However, changes are rather found in
the lower parts of colluvial deposits, possibly resulting from erosion and relocation of topsoil
sediment with subsequent deposition on an eroded surface. Thus, material with increased soil
organic matter content can be found in the lower parts of colluvial deposits, instead of in the
upper parts.

In summary, this thesis provides a thorough investigation of colluvial deposits as a proxy
of land use dynamics in southwestern Germany. Theoretical ideas like the adaptive cycle concept
and how to interpret and statistically use different dating methods help to understand past

human-environment interactions.
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1 Introduction

1 Introduction

1.1 Soil ecosystem services and soil functions

Ecosystem services are the services provided by the environment to support human well-
being. Soils are an integral part of the environment and thus, provide ecosystem services, cate-
gorized in provisioning, regulating, supporting, and cultural services (Adhikari and Hartemink,
2016; Millennium Ecosystem Assessment, 2005; Widlok et al., 2012). As such they are part of
several sustainable development goals; such as “life on land” to promote sustainable use of ter-
restrial ecosystems, halt and reverse land degradation (SDG15) and promote the “zero hunger”
goal to achieve food security and promote sustainable agriculture (SDG2) (United Nations, 2016;
United Nations General Assembly, 2015).

Soil functions in particular can be categorized into ecological functions, such as biomass
production, the protection of humans and the environment (filter, buffer, transformation), and
the function as a gene reservoir. Non-ecological functions include the soil being the physical basis
of human activities, the source of raw materials, and to protect geogenic and cultural heritage
(Blum, 2005; Communication from the Commission to the Council, the European Parliament,
the European Economic and Social Committee and the Committee of the Regions, 2006). Par-
ticularly the intensification of agriculture leads to a depletion of these soil functions and ecosys-
tem services (Stavi et al., 2016; Williams and Hedlund, 2014). Despite the crucial role of soils
within the ecosystem (Blum, 2005; Koch et al., 2013) and for the achievement of the sustainable
development goals, soil functions and soil ecosystem services are only considered in few studies.
These studies mostly focus on regulating soil services, like the regulation of gas and water, cli-
mate, floods, erosion, and biological processes such as pollination and diseases. When the focus
of studies is on sustainability of ecosystems and ecosystem services in the face of human pressures
there is no substitute for history and using environmental archives (Dearing et al., 2006; Deevey,
1969). Particularly the cultural heritage or archive function of soil provides insight into human-
environment interactions, since soils are a key resource for food production and habitation. By
using the soil humans alter the environment and inscribe their actions into the soil; thereby
generating an archive for human history, which is of wide spatial and temporal distribution

(Landesanstalt fiir Umwelt, Messungen und Naturschutz Baden-Wirttemberg (LUBW), 2008,;
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Lucke, 2017; Zolitschka et al., 2003). Still, only a small number of studies focus on cultural
heritage (Adhikari and Hartemink, 2016). Koch et al. (2013) paraphrases Roosevelt (1937) saying
“the Nation that destroys its soil destroys itself” and states “the world that secures its soil will
sustain itself”. Thus, soils depict an important resource to learn about from the past and a

fundamental resource to sustain life.

1.2 Soils in history

Soils have been a research focus since the late 19" century (Henkner et al., 2017) when
researchers suggested that soils result from interactions among parent material, climate, topog-
raphy, biota and time (Glinka, 1927; Hilgard, 1914; Kraft et al., 1880; Liebig, 1840). The theories
and concepts of soil formation include the shape of the soil surface as an essential variable, at
least since Milne (1935) published the concept of a catena. A catena or toposequence describes
soils along a landscape sequence, where soil properties change depending on geologic, geomorphic,
atmospheric, or biologic processes (Schaetzl, 2013; Wysocki and Zanner, 2006). However, none
of these concepts explicitly include the effect of human activities on soil formation and erosion
processes. Richter et al. (2015) describe how humans have altered soils chemically, physically,
and biologically, transforming them into a human-natural system. This process started with the
transition of society from hunting and gathering to sedentism and the use of agricultural produc-
tion. These changes in human settlement patterns, techniques for subsistence, and social organ-
ization subsequently triggered the Neolithic Transition, which saw higher carrying capacities and
increased demographic growth rates (Bocquet-Appel, 2011; Downey et al., 2014). During this
period, permanent land uses like farming, which involves digging, plowing, and harvesting, ulti-
mately led to deforestation (Fyfe et al., 2015) resulting in bare soils along slopes, which are prone
to soil erosion (Montgomery, 2007). These human activities created a cultural landscape during
the Holocene. The eroded soil is deposited in depressions and along slopes, and is called colluvial
deposit. These deposits are central archives of human-environment interactions in a region (Drei-
brodt et al., 2010; Landesanstalt fiir Umwelt, Messungen und Naturschutz Baden-Wiirttemberg
(LUBW), 2008; Miehlich, 2009). Moreover, these soils allow the reconstruction of past land use,
landscape and climate change, or pollution (James et al., 2014; Lazar et al., 2011; Nicolay et al.,

2014; Pietsch and Kiihn, 2017).
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1.3 Understanding colluvial deposition

In German the term Kolluvium is used when describing slope deposits formed by human
induced or intensified soil erosion by water due to their land use (Ad-hoc-AG Boden, 2005; Kalis
et al., 2003; Kleber, 2006; Leopold and Volkel, 2007a). The characteristic corresponding land use
is agriculture (Blume et al., 2010; Bork, 1989, 2006), but it could also be deforestation, mining,
village establishment or infrastructure building. Hunter and gatherer populations also used the
land and depended on the soil, but these non-sedentary societies had smaller impacts on soil
erosion and colluvial deposition than agricultural societies (Miller, 2006). Thus, farming marks
the beginning of a more intense and permanent anthropogenic land use that led to the formation
of colluvial deposits. Generally, human activities lead to a wide-spread deforestation in order to
obtain (agricultural) land and use timber resources (Méckel et al., 2002). Here, the terms collu-
vium and colluvial deposit are used to describe soil landscape features formed by human induced
processes, including induced or intensified soil erosion by water and down slope deposition of
eroded material. Because of the formation process, colluvial deposits are always directly con-
nected to the slope area above and thus can be considered an important resources or proxy to
understand land use and settlement history (Emadodin et al., 2011; Leopold and Vélkel, 2007a;
Pietsch and Kiihn, 2017) on a local, high-resolution scale. The situation on nearby slopes can be
different. These archives represent the duration and intensity of local human impact on their
environment during the Holocene (Helbig et al., 2002; Leopold and Vélkel, 2007b; Schroedter et
al., 2013; Verstraeten et al., 2009).

Lang and Honscheidt (1999) formulated the cascade-model to explain the development of
multi-layered colluvium in southern Germany. It explains the sequence of colluvial layers over
time and along a slope using multiple temporary sinks to store soil material before it is released
and transported further downslope. This cascading effect causes a time lag between the initial
soil erosion and the deposition of the now observable colluvial/alluvial deposit and depends on
precipitation events, land management, land use structures, and topography (Lang et al., 2003;
Lang and Honscheidt, 1999). The temporal offset can be sufficiently large to shift the colluviation
signal into a phase of low land use intensity (Dotterweich, 2013), thereby giving a false impression

about the time of initial soil erosion (Verstraeten et al., 2017). The nonlinear correlation of soil
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erosion and colluvial deposition or alluviation (cascading effect) must be considered when infer-
ring a chronostratigraphy based on dated colluvial layers. The cascading effect produces different
signals over time making a standardized analysis and interpretation of these complex phases of
geomorphodynamic stability or activity problematic (Dotterweich, 2013). Today, these tempo-
rary sinks might be difficult to detect because the accumulation of eroded soil in depressions has
a leveling effect on the relief and can lead to a change of landscape properties. However, studying
soil properties along a catena can provide the possibility to infer possible recent or former sedi-
ment sinks. The term “geomorphodynamic activity” was coined by Rohdenburg (1970) to de-
scribe phases of increased slope erosion triggered by an accentuated precipitation regime and
thereby changed vegetation cover during the Pleistocene. In this study, the terms geomorphody-
namic activity or stability are used to describe whether slope deposits are being eroded or stable.
Thus, they are broken down to a local or site-specific scale to describe phases of soil erosion and
colluvial deposition, which are not necessarily connected to climate but rather to land use changes
triggering soil erosion. Due to slope stability and the supporting influence of vegetation, pedo-
genic processes take place mainly during stable phases whereas geomorphodynamic activity leads
to redeposition and soil loss (Emadodin et al., 2011; Jenny, 1994).

The redeposition of soil material leads to a change of soil properties along a slope, e.g.
the accumulation of soil material rich in organic matter in a wet downslope position increases
soil quality making it drier, more fertile, loosely aggregated and more favorable for agricultural
use. Soil quality of the eroded areas, in contrast, declines and can hinder the recovery of shrub
or wood vegetation leading to a permanent geomorphodynamic activity and new equilibrium
(Dotterweich, 2013). Spatially or temporally different soil erosion and accumulation rates can
result from different starting points (relief, precipitation, vegetation, land use) and from different
triggers of soil erosion. The behavior of this complex system is nonlinear and cannot simply be
broken down to cause-effect relationships (Dearing et al., 2006; Dearing et al., 2015). In a dy-
namic system external forces and an internal organization occur and may exert their influence
through exceeding thresholds, a time lag between driver and responses and entanglement of past
and present processes (Dearing et al., 2006) impeding simple explanations.

Colluvial deposition can also be understood as a process of niche construction (Laland et

al., 2016; Odling-Smee et al., 2003; Odling-Smee et al., 2013). Humans alter their environment
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in different ways, one of it being unintentional soil erosion and accumulation (colluvial deposi-
tion), through which environmental properties are changed. The altered anthropogenic landscape
might be more or less suitable for anthropogenic uses. Considering colluvial deposition and agri-
cultural land use, environmental and, especially, soil properties are enhanced in lower slope po-
sitions, because organic- and nutrient-rich topsoil material is accumulated and possibly elevates
land surfaces above groundwater level. These changes have a positive effect on ongoing agricul-
tural land use, since they can result in higher yield and an easier processing of agricultural fields,
which again might influence human population. Resource use in general is a foundational driver
of niche construction by which humans constantly modify their environment to come closer to a
preferred niche ecosystem.

Colluvial deposits usually cover natural sediment or soil creating a boundary between the
natural land surface and the human-modified material and processes. Edgeworth et al. (2015)
call this boundary the lower boundary of anthropogenic deposits or “boundary A”. It gives an
impression of the paleorelief and illustrates the formative effect of humans (Ellis et al., 2013a;
Ellis et al., 2013b), since everything overlying the boundary A is anthropogenic it can be called
the “archaecosphere” (Edgeworth, 2014; Edgeworth et al., 2015).

As described, colluvial deposits are excellent archives of past human-environment inter-
actions, because they store information about land use dynamics. Land use is simply defined as
the use of open land, without further specification of the type of land use. Intensified land use,
is defined as having triggered soil erosion and colluvial deposition, which makes it possible to
reconstruct phases of intensified land use, by analysing colluvial deposits. Agriculture is one form
of intensified land use, typically leading to colluvial deposition. The term land use dynamics
refers to a sequence of land use changes, either in form of intensity or type, which are traceable
in colluvial deposits. The reconstruction of land use dynamics can be done through the interpre-
tation of “site-biographies”, which are primarily based on the dating of colluvial deposits and
charcoal fragments. Charcoal fragments itself are interpreted to indicate human activity. A site-
biography can be understood as the chronostratigraphy of colluvial deposition and, thus, as a
local reconstruction of deposition and land use phases, including environmental properties, espe-

cially soil properties like soil organic carbon content, particle sizes, or heavy metal content, and
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topography. The understanding of site specific soil mosaics during space and time (=site-biog-
raphies) can help to understand the dynamic human-environment relation (Henkner et al.,

2018a).

1.4 Concept of favorable and unfavorable landscapes

Landscapes are understood as geographic areas with spatially varying variables of inter-
est. A landscape can be separated from other landscapes by geographic, ecological, or adminis-
trative units, which are relevant to a research question (Pearson, 2013; Wu, 2013). In this study
landscapes are defined mainly by their environmental conditions like topography, climate, soils,
wetlands, native plant communities, or other environmental factors. In central Europe, the con-
cept of favorable and unfavorable regions refers to the environmental conditions and the time a
region has been settled (Gebhardt, 2007; Seidl, 2006). Favorable landscapes (German: Gunstraum
or Altsiedelland) are often loess covered, having fertile soils, low relief intensity, and a sufficient
climate to practice agriculture and were therefore, supposedly settled earlier (Henkner et al.,
2017; Kithn et al., 2017; Seidl, 2006). Bourke (1984) states that a minimum mean temperature
of 6°C for six consecutive months is needed to grow and harvest certain crops, which could be
used as a criterion to differentiate between agriculturally favorable and unfavorable landscapes.
Unfavorable landscapes are usually characterized as being less productive for agriculture, and
therefore, were supposedly settled later. The history of human activities in such unfavorable
landscapes lack scientific research (Gassmann et al., 2006; Schreg, 2008; Valde-Nowak, 2002).
The low mountain range of the Black Forest is a well-known example of an unfavorable land-
scape. It is commonly assumed that it was not continuously settled before the High Middle Ages
(Schaab, 2003), thus, it has been the last marginal landscape in southwestern Germany to have
been settled (Ahlrichs et al., 2016). The term marginal land focuses more on the economic value
of land and can be defined as land on which cost effective food and feed production is not possible
due to environmental conditions (Dauber et al., 2012). Other terms might be degraded land,
waste land, upland, hinterland, or outland. All these terms do not describe intrinsic properties
of the physical environment but an idea in relation to particular economic and social systems

(Brown et al., 1998; Coombes and Barber, 2005).
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The interpretation of landscapes as favorable and unfavorable is a relative and dynamic
concept to evaluate the quality of an environment to serve a certain purpose. A favourable
landscape for practicing agriculture can turn into an unfavourable landscape by soil degradation
or climate change. Another scenario could be that agriculture might lose its importance because
other economically more valuable raw materials like silver or gold were found. In the latter
scenario the landscape would be seen as favourable because of the mining and exploitation of raw
materials, instead of agriculture, which means a shift of perspective and context. Thus, landscapes
can be unfavorable to grow crops, but at the same time, very favorable in order to use geological
resources, the forest, or water. Consequently, the application of the concept of favorable and
unfavorable landscapes to a research question needs to be explained in specific geographic and
archaeological contexts. The agriculturally favourable Baar area, can also be seen as being rather
unfavourable because of a large number of freezing days, high fog and less fertile soils (Siegmund,
2006), as compared to other more favourable, loess covered areas nearby. Unquestionable unfa-
vourable landscapes to practice agriculture, however, are the Black Forest and the plateau of the

Swabian Jura.

1.5 Theoretical understanding of resources and social-ecological systems

In general, resources are understood to include raw materials of economic importance,
such as wood, iron ore, water, etc. (cf. Millennium Ecosystem Assessment, 2005). But this re-
stricted understanding of resources cannot explain certain archaeological finds and human ac-
tions, such as the decision to settle unusual and unfavorable places. Hence, this study understands
the term “resources” as an analytical concept with a constructivist perspective: as a base to
create, maintain or alter social relations, units, and identities within the framework of culturally
shaped beliefs and practices (Bartelheim et al., 2015; Hardenberg et al., 2017). It thereby, includes
a wide variety of tangible and intangible means and social contexts. This understanding of re-
sources asks about the cultural pre-conditions and dynamics to turn something into a resource
of social relevance. It is thought that raw materials are turned into a resource by society’s (phys-
ical, social, cultural) needs. This process adds value to the formerly not important and invaluable
raw material. One can also say that “resources are made by people, when they valuate tangible

or intangible means within their specific way of life” (Bartelheim et al., 2015). This illustrates
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that raw materials or resources and ways to use a resource need a specific, cultural context from
which they achieve their relevance. Raw materials do not have a “natural” or intrinsic potential
for use (Bartelheim et al., 2015). The determining cultural dimension results in an unpredictable
use of resources, how they are developed and who is allowed to use them (Bartelheim et al., 2015;
Hardenberg et al., 2017). By using the resources people influence them and these resources influ-
ence the organization of cultures. Resources also store information about people, thus, they con-
tain traces of past actions and can be seen as assemblages of human and non-human (Latour,
1993, 1999; Hodder, 2012 in Hardenberg, 2017). Resources do not exist or are used as isolates
but in combination with other resources. This combination of resources, objects, persons,
knowledge, and practices is called a “resource complex”. Resource complexes have a specific
history and are dynamic systems (Hardenberg et al., 2017). Taken together, resources, resource
complexes, social practices, relations and identities make up the resource culture. Resource cul-
tures are open multidimensional models comprising the dynamic development and mutual influ-
ence of resources, resource complexes, and cultures (Hardenberg et al., 2017).

Soils as a basis for life have always been an essential resource, but only with the Neolithic
Transition to sedentism and practicing agriculture their importance and value became distinct
and directly connected to the wellbeing of humans, because they produced food. The value of the
resource soil depended on the quality of soil, other environmental qualities, society’s knowledge,
and the used techniques. Due to the slow soil formation (Jenny, 1994; Stockmann et al., 2014)
and the much faster, counteracting process of soil erosion, soils must be considered a non-renew-
able resource.

Soil is the key resource of the resource complex agricultural land use, since agriculture is
based on soil. The resource complex also includes other environmental variables like climate and
topography, the grown plants, the available knowledge, the techniques, all of which can be con-
sidered important resources in themselves. The history of agrarian land use (Lal et al., 2007;
Teuber et al., 2017) makes clear that resources and resource complexes are not stable but dy-
namic systems, changing with society’s needs, beliefs, and possibilities.

From the perspective of this study, focusing on the archive function of soils; soils are

additionally a resource to learn from the past.
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The development of the agricultural system can be analyzed by using the concepts of the
adaptive cycle and the dynamic social-ecological system (Teuber et al., 2017). A social-ecological
system (SES) is characterized by the integration of natural and social components (Berkes et al.,
2003; Berkes, 2004; Berkes and Folke, 1998; Widlok et al., 2012). SESs shape the world, and to
understand them, it is necessary to split the bigger systems into smaller parts. However, the
smaller systems are also part of other SESs. The present analysis focuses on the SES agrarian
soil use, which is part of a bigger SES and in turn can be broken up in smaller SES on any
temporal or spatial scale. The main variable of the SES agrarian soil use is soil, which has been
used agriculturally since the Neolithic Transition. Other variables of the SES agrarian soil use
are climate and crops. Crop refers to cereals, i.e. barley, wheat, rye, etc. and is observable via
archaeobotanical analyses (Rosch, 1996). Climate change can be traced in ice cores, speleothems,
lake and ocean sediments, corals, tree rings, fossil leaves and changes in the pollen communities
(Aranbarri et al., 2014; Caseldine and Turney, 2010). The effect of climate on the settlement
pattern of a region is discussed by experts (Berglund, 2003; Zolitschka et al., 2003). The observ-
able variable concerning society is knowledge and technological development of tools (Teuber et
al., 2017).

The concept of adaptive cycles was developed for ecosystem dynamics. It is composed of
four phases, the r-phase of exploitation, the K-phase of conservation, the ()-phase of release or
creative destruction, and the U-phase of reorganization (Holling et al., 2002a; Holling and Gunder-
son, 2002). This cycle is shaped by three properties: the potential of a system to change, the
degree of connectedness between internal variables and processes, and the adaptive capacity of a
system, its resilience as a measure of its vulnerability to unexpected shocks (Holling, 2001). The
adaptive cycle metaphor (Gunderson and Holling, 2002) is used as a theoretical framework for

the narrative of agricultural history in Central Europe (Teuber et al., 2017).






2 Objectives

2 Obijectives

The change of the relationship between humans and ecological systems can be traced
with archaeopedological methods, including soil description, chemical and physical soil analyses,
and dating of colluvial deposits and charcoals (Pietsch and Kiithn, 2017). Thus, soils are records
of the past (Fuchs and Lang, 2009; Kiihn et al., 2017) and archives to learn about past human-
environment interactions and reasons to settle and use unfavourable landscapes continuously.

Archaeopedology is defined as the study of site formation history, cultural chronology,
land use (change), environmental change and to answer archaeological questions with pedological
methods (Fritzsch, 2011; Nikiforoff, 1943; Pietsch and Kiihn, 2017). Using a socio-cultural un-
derstanding of resources might help to evaluate the dynamic and interdependent assessment of
resources, human activities and the effect on the environment from the Mesolithic to Modern

Era. Which socio-economical, socio-cultural or environmental factors played a role in the use and

population of unfavorable _ . T
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