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Abstract: Since the Late Holocene, human activities have fundamentally altered fluvial systems across central
European catchments, driving a gradual transition from natural to human-dominated floodplains. The
Wiesent River catchment in northern Bavaria, Germany, provides a low-mountain-range case study
to investigate this transformation within the conceptual framework of the “fluvial anthroposphere”.
Despite its long settlement history, the catchment remained predominantly rural, allowing the as-
sessment of cumulative anthropogenic impacts beyond major urban or industrial centres. Here, we
combine a comprehensive multidisciplinary review with first geoscientific investigations to evaluate
human–environmental interactions in the Wiesent River catchment. The review synthesizes environ-
mental, archaeological, and historical evidence to reconstruct natural conditions, settlement dynamics,
and human-induced sediment dynamics. Complementary first geoscientific field and laboratory inves-
tigations include electrical resistivity tomography (ERT) and sedimentological analyses of percussion
drill cores to characterize floodplain stratigraphy and sedimentary floodplain architecture. The re-
sults reveal a characteristic floodplain stratigraphy comprising basal organic-rich deposits and peat,
locally intercalated gravel layers, and up to 3 m of homogenous silty to loamy overbank deposits.
This succession reflects a shift from Early Holocene wetland conditions towards sustained overbank
deposition likely to be primarily driven by intensified land use, deforestation, grazing, and hydrotech-
nical installations since, at the latest, the Early Middle Ages. The close correspondence between the
review and first empirical findings demonstrates the suitability of the Wiesent River floodplain as a
high-resolution archive of human-induced fluvial change.

Kurzfassung: Seit dem Spätholozän haben anthropogene Aktivitäten die Flusssysteme in vielen mitteleuropäischen
Einzugsgebieten maßgeblich beeinflusst und zur Entwicklung von natürlichen zu menschengeprägten
Auenlandschaften geführt. Das Einzugsgebiet der Wiesent in Nordbayern (Deutschland) stellt ein
Fallbeispiel aus dem Mittelgebirge dar, um diese Transformation im konzeptionellen Rahmen der
“Fluvialen Anthroposphäre” zu untersuchen. Trotz seiner langen Besiedlungsgeschichte blieb das
Einzugsgebiet überwiegend ländlich geprägt, wodurch sich kumulative anthropogene Einflüsse jen-
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seits größerer urbaner oder industrieller Zentren analysieren lassen. In dieser Studie kombinieren wir
eine umfassende multidisziplinäre Zusammenfassung der Literatur mit ersten geowissenschaftlichen
Untersuchungen, um Mensch-Umwelt-Interaktionen im Einzugsgebiet der Wiesent zu bewerten.
Die Übersicht integriert umweltgeschichtliche, archäologische und historische Befunde zur Rekon-
struktion natürlicher Ausgangsbedingungen, der Siedlungsdynamik sowie anthropogen beeinflusster
Sedimentdynamiken. Ergänzend wurden erste geowissenschaftliche Feld- und Laboruntersuchungen
durchgeführt, darunter die geoelektrische Widerstandstomographie (ERT) sowie sedimentologische
Analysen von Rammkernsondierungen, um die Auenstratigraphie und den sedimentären Aufbau der
Flussaue zu beschreiben. Die Ergebnisse zeigen eine charakteristische Auenstratigraphie mit basalen
organikreichen Ablagerungen sowie Torfen, lokal eingeschalteten Kieslagen sowie bis zu drei Me-
ter mächtigen, homogenen schluffig-lehmigen Auenlehmen. Diese Abfolge spiegelt einen Übergang
von einer frühholozänen marschartigen Landschaft hin zu einer anhaltenden Auenlehmsedimentation
wider, die spätestens seit dem Frühmittelalter vor allem durch intensivierte Landnutzung, Entwaldung,
Beweidung und wasserbauliche Eingriffe gesteuert wurde. Die enge Übereinstimmung zwischen der
Literaturauswertung und den ersten empirischen Befunden unterstreicht die Eignung der Wiesentaue
als hochauflösendendes Archiv anthropogen überprägter fluvialer Veränderungen.

1 Introduction

Fluvial systems and their associated floodplains have under-
gone continuous changes throughout history (Miall, 1996;
Schumm, 1977). Since the sedentarization of humans dur-
ing the Neolithic period and particularly during the Late
Holocene, many fluvial systems in central and western Eu-
rope have experienced significant changes driven primarily
by human activities (Brown et al., 2018; Fuchs et al., 2011;
Hoffmann et al., 2009; Notebaert and Verstraeten, 2010; Von
Suchodoletz et al., 2024). These anthropogenic impacts on
fluvial systems, encompassing both direct (e.g. mills) and in-
direct (e.g. increased sedimentation due to soil erosion) influ-
ences, caused changes in the morphology, sediment dynam-
ics, ecology, and hydrology of riverine systems (Broothaerts
et al., 2013, 2014a; Hoevers et al., 2024; Verstraeten et al.,
2017). Consequently, many rivers and their floodplains have
been transformed from natural- to human-dominated fluvial
landscape s (Broothaerts et al., 2014a; Lespez et al., 2015;
Notebaert and Verstraeten, 2010).

In central Europe, the transition to human-dominated flu-
vial landscapes began in humid lowlands, often as early as
the Neolithic (6th millennium BCE). This has been demon-
strated in the Dijle and Gete River catchments in Belgium
(Broothaerts et al., 2014a; Notebaert et al., 2011a, b; Van
Zon et al., 2024), in the Geul River in the Netherlands (De
Moor et al., 2008), and in eastern German lowlands such
as the Weisse Elster and Pleisse rivers (Tinapp et al., 2019,
2023; Von Suchodoletz et al., 2024). By contrast, findings
from the Ardennes (Ambléve River catchment; Notebaert et
al., 2013), the Valdaine Basin in southern France (Notebaert
et al., 2014), the southern Franconian Alb (Vils River catch-
ment; Raab et al., 2010), and the northern Franconian Alb
in Germany (Aufsess and Wiesent river catchments; Fuchs et
al., 2010, 2011) show major anthropogenic transformations

in floodplains of low-mountain ranges, often not occurring
before the Middle Ages (ca. 500–1500 CE). Although the
timing, dynamics, and specific evolutionary trajectories of
this transformation still raise many unanswered questions, a
general framework for understanding these changes has been
established (Broothaerts et al., 2014a, b; Van Zon et al., 2024;
Verstraeten et al., 2017). This framework suggests that, un-
til the Middle Holocene, floodplains in both humid lowlands
or low-mountain ranges were initially in a relatively stable
state, characterized by aquatic or marsh-like environments
with mostly anastomosing river channels and limited flood-
plain aggradation (Broothaerts et al., 2014a; Kaiser et al.,
2025; Kalis et al., 2003; Notebaert et al., 2011b, 2013, 2014).
These stable phases are often, though not always (e.g. Stolz et
al., 2013), associated with peat formation or the deposition of
humic, clay-rich “black floodplain soils” (Rittweger, 2000),
which can reach thicknesses of several decimetres up to
about 1 m (Kadlec et al., 2009; Kirchner et al., 2022; Tinapp
et al., 2019, 2023; Vayssière et al., 2019). The ensuing trans-
formation has been the subject of several studies across both
humid lowlands and low-mountain ranges, exploring the in-
terplay of climatic and anthropogenic influences on flood-
plain geomorphology, hydrology, and ecology (Brown et al.,
2018; Houben, 2003; Kirchner et al., 2022; Notebaert and
Verstraeten, 2010; Von Suchodoletz et al., 2024). While cli-
mate certainly influences fluvial activity and flood inten-
sity, its long-term effect on sediment dynamics and flood-
plain morphology appears to be comparatively minor in most
humid lowland and low-mountain-range catchments when
contrasted with anthropogenic disturbance (Elznicová et al.,
2023; Notebaert et al., 2011a; Notebaert and Verstraeten,
2010; Van Zon et al., 2024; Von Suchodoletz et al., 2024).
This dominance of human impact became particularly ev-
ident with the onset of agricultural development and de-
forestation since the Neolithic, with these having favoured
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soil erosion and increased clastic sediment influx, promot-
ing floodplain aggradation and driving a shift from organic
to clastic-dominated deposition (Broothaerts et al., 2014c;
Dotterweich, 2008, 2013; Hoffmann et al., 2010; Viel et al.,
2024). In many central European floodplains, however, these
anthropogenic drivers did not always translate into immedi-
ate alluvial deposition (Fuchs et al., 2010, 2011; Houben et
al., 2013; Lespez et al., 2008). Instead, Late Holocene val-
ley fills frequently exhibit a pronounced temporal gap be-
tween phases of soil erosion, deforestation, and subsequent
floodplain sedimentation, reflecting non-linear and spatially
heterogenous human–landscape interactions and a partial de-
coupling of hillslope–valley sediment fluxes (Fryirs et al.,
2007; Notebaert et al., 2018; Trimble, 1999; Viel et al.,
2024). Such behaviour contrasts with glacial and periglacial
floodplains (e.g. the Lech and Danube rivers or regions of
North Germany, Poland, and England), which were already
characterized by climate-driven clastic sedimentation prior
to major human impact and where high sediment supply and
river instability persisted throughout the Holocene and partly
led to terrace formation (Kaiser et al., 2025; Macklin et al.,
2005; Schielein et al., 2011). Building on these earlier devel-
opments, human influence intensified further from the Early
Middle Ages at the latest. Increasingly extensive evolving
agricultural practices and intensified land use fundamentally
altered hillslope–channel connectivity, resulting in enhanced
sediment delivery and widespread floodplain-sedimentation-
associated ecological and hydrological changes (Dreibrodt et
al., 2023; Fuchs et al., 2010, 2011; Houben et al., 2013; Ver-
straeten et al., 2017; Viel et al., 2024).

In light of these complex interdependencies between hu-
man activities and riverine environments, this study is con-
ducted within the framework of the DFG-funded priority
programme SPP2361, guided by the concept of the “fluvial
anthroposphere” (Werther et al., 2021). Unlike the concept
of the Anthropocene as a stratigraphic era, the fluvial an-
throposphere describes a long-term, spatially non-uniform,
diachronous transition from natural- to human-dominated
floodplains at both local and regional scales (Werther et al.,
2021). The fluvial anthroposphere thus emphasizes a grad-
ual process towards socio-environmental systems shaped by
societal responses, technological innovations, and ecological
changes (Broothaerts et al., 2014a; Brown et al., 2013).

Within this broader context, the Wiesent River catchment
in the northern Franconian Alb, NE Bavaria, Germany, rep-
resents an especially suitable study area for examining long-
term human impacts on fluvial systems in low-mountain
ranges. Despite its long settlement history since the Ne-
olithic, the catchment has been predominantly rural, lacking
major urban centres, monasteries, or industrial sites (Koth-
ieringer et al., 2018, 2022; Seregély et al., 2024). Previ-
ous geomorphological and archaeological studies have ad-
dressed human–environmental interactions over the last mil-
lennium only indirectly (Fuchs et al., 2008, 2010, 2011;
Kothieringer et al., 2022; Seregély et al., 2024). Neverthe-

less, available evidence suggests that agriculture, deforesta-
tion, and hydrotechnical installations (e.g. mills and weirs)
have driven widespread soil erosion and sedimentation dur-
ing this period (Fuchs et al., 2010, 2011; Haversath, 1987;
Kothieringer et al., 2022). Accordingly, these characteristics
make the Wiesent River catchment an ideal setting to inves-
tigate the spatial and temporal dimensions of the natural- to
human-dominated floodplain transformation since the Early
Middle Ages.

Here, we address this through a two-part approach that
combines a comprehensive review and first geoscientific re-
sults. The review synthesizes environmental characteristics
of the Wiesent River catchment based on a systematic lit-
erature survey, as well as geomorphological and geological
maps, together with archaeological and historical evidence
derived from published studies, toponym analyses, adminis-
trative records, medieval and early modern documents, and
archival cartographic sources. This multidisciplinary assess-
ment establishes a baseline for understanding natural con-
ditions, settlement history, land use development, and pre-
viously inferred environmental change. Complementing this
background, the second component presents initial geosci-
entific findings, including sedimentological analyses of drill
cores to characterize floodplain stratigraphy and to distin-
guish phases of organic versus clastic deposition, as well as
electrical resistivity tomography (ERT) surveys, used to re-
solve subsurface geometry, sediment bodies, and floodplain
architecture. Together, these two components aim to (i) com-
pile and critically review the environmental, archaeological,
and historical evolution of the Wiesent River catchment; (ii)
present first sedimentological and geoelectrical results and
outline their relevance for reconstructing floodplain develop-
ment; and (iii) integrate both strands of evidence to evalu-
ate the suitability of the Wiesent River catchment for future,
more detailed studies within the framework of the fluvial an-
throposphere. This approach offers a robust foundation for a
more comprehensive study of the spatial and temporal fluvial
change in the region.

2 Review of the Wiesent River catchment

This review provides an integrated synthesis of environmen-
tal, archaeological, and historical evidence to reconstruct the
development of the Wiesent River catchment and its human
impacts. The environmental context is derived from litera-
ture research supported by relevant geomorphological and
geological maps, while archaeological and historical insights
draw on published studies, toponym analyses, administrative
records, medieval and early modern documents, and archival
cartographic sources. To structure this synthesis, the review
is organized into three components: the environmental char-
acteristics of the catchment, its archaeological and histori-
cal development, and the trajectories of human-induced sed-
iment dynamics.
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2.1 Environmental characteristics

The mesoscale Wiesent River catchment in the northern
Franconian Alb covers an area of 1040 km2 and belongs to
the Main and Rhine river drainage systems (Fig. 1). From its
source near Steinfeld to its confluence with the Regnitz River
near Forchheim, the river length is 78 km. The five largest
tributaries of the Wiesent River are the rivers Leinleiter, Auf-
sess, Truppach, Püttlach, and Ailsbach (Fig. 1).

2.1.1 Geology and geomorphology

The Northern Franconian Alb is part of the South Ger-
man Scarplands, dominantly composed of Jurassic carbon-
ate rocks (Fig. 1b). The lithology consists of limestones,
dolomites, and marls with sandstones in places, building a
widespread undulating karstic plateau (Geyer and Schmidt-
Kaler, 2009; Schröder, 1978). The average elevation of the
plateau is ca. 450 m a.s.l., with maximum elevations up to
600 m a.s.l. (Hohenmirsberger Platte, 614 m a.s.l.) and mini-
mum elevations of 300 m a.s.l., represented by the deeply in-
cised valleys. The geological evolution of the region was sig-
nificantly influenced by tectonic uplift during the Lower Cre-
taceous, which facilitated intense karstification of the carbon-
ate rocks under wet–warm tropical to subtropical climates
(Peterek and Schröder, 2010; Pfeffer, 1989; Schirmer, 1985).
Tectonics also led to the development of the NNW–SSE-
trending Hollfeld Fault (HF), resulting in a prominent mor-
phological depression known as the Hollfeld Trough (HFT),
in which the Jurassic carbonates are often overlain by a thin
veneer of Upper Cretaceous sands (Eberts, 2022; Peterek
and Schröder, 2010). Periglacial conditions during the Pleis-
tocene enabled the deposition of a thin loess cover and the
formation of periglacial cover beds, representing the parent
material for Holocene soil formation, as well as, partly, land-
slides (Fuchs et al., 2011; Jäger et al., 2013). Today, the dom-
inant soil types are Cambisols and Luvisols on the plateaus,
while Gleysols and Fluvisols are typical for the valley floors
(Kothieringer et al., 2022). The presence of thick colluvial
deposits in foot-slope positions is indicative of widespread
soil erosion (see Sect. 2.3) (Kothieringer et al., 2022), re-
sponsible for thick Holocene alluvial deposits on the valley
floors (Fuchs et al., 2011).

By the onset of the Pleistocene, rivers had already deeply
incised into the karst plateau of the northern Franconian Alb,
creating steep and narrow valleys up to 180 m (Meyer and
Schmidt-Kaler, 1992; Schröder, 1971). Because of the dif-
ferent Pleistocene incision rates between main and side val-
leys (Schirmer, 2010; Schröder, 1968, 1971), the confluence
of the valley floors is often characterized by a small mor-
phological step of up to 2 m. The confluence of the side and
main valleys has sometimes resulted in small alluvial fans,
locally deflecting the course of the main river Wiesent and
its tributaries to the opposite side of the valley (Müller, 1959;
Schröder, 1968). Fluvial terraces, as well as calcareous tufa
terraces, are, however, scarce or completely absent in the

study area (Brunnacker, 1955; Wippern, 1955). The narrow
valley floors are generally 50 to 70 m wide, with a maxi-
mum width of up to 150 m (Fig. 2a–c). Only in the lowermost
reach of the main river Wiesent does the valley morphology
change from a narrow to a wide valley floor, which increases
continuously from the town of Streitberg, where the valley
floor shows a width of ca. 300 m, to the town of Forchheim,
with a width of ca. 1–2 km. The rivers generally meander
in a floodplain, which has been extensively modified by hu-
man impact. Infrastructure such as roads and settlements and
the intensified agricultural land use changed the natural envi-
ronment to a human-dominated environment (see Sect. 2.2).
Only some minor river sections, such as the lower reaches of
the river Aufsess, remain almost free from modern infrastruc-
ture. However, almost all floodplains are used as meadows,
and only small areas are covered with riparian forest.

2.1.2 Stratigraphy of the alluvial sediments

The valley fillings of the northern Franconian Alb typically
consist of thick deposits of limestone and dolomite grav-
els, covered by 2–3 m thick overbank deposits (Fuchs et al.,
2010, 2011; Schirmer, 2014). This general stratigraphic situ-
ation is characteristic for many central European mesoscale
catchments (Kaiser et al., 2025; Notebaert et al., 2014; Note-
baert and Verstraeten, 2010). The transition between gravels
and overbank deposits is often characterized by interspersed
organic-rich and humic sediments or peat, which formed
from the beginning of the Holocene until ca. 4 ka in a marsh-
like and aquatic landscape with anastomosing rivers (Fuchs
et al., 2011; Schirmer, 2014). Such peat sequences were
dated at the Aufsess River to 7.4± 0.07 ka BP (Fuchs et al.,
2010, 2011), aligning closely with findings from other peat
sequences and clay-rich and/or humic sediments in flood-
plains across central Europe (Kaiser et al., 2025; Lespez et
al., 2005; Notebaert et al., 2011b). In addition, thin gravel
layers are sometimes intercalated between the overbank de-
posits and the peat sequences (Kaiser et al., 2025; Lespez
et al., 2008). The start of silty–loamy homogenous overbank
deposition has been dated to between 2.4 and 3 ka at the Auf-
sess River, a tributary of the Wiesent River (Fuchs et al.,
2011), consistently with similar timelines for several rivers
throughout central Europe (Kirchner et al., 2022; Notebaert
and Verstraeten, 2010; Von Suchodoletz et al., 2024). It is
most probable that it was with the onset of human impact and
agricultural activity that the rivers began to meander (Fuchs
et al., 2011).

2.1.3 Climate and hydrology

The Wiesent River catchment is situated in the transitional
zone between oceanic and subcontinental climates. Average
annual precipitation on the plateau is ca. 800–900 mm, and
mean annual temperature is ca. 8–9 °C (Deutscher Wetterdi-
enst, 2021a, b). The mean discharge for the upper Wiesent
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Figure 1. (a) The Wiesent River catchment in the Northern Franconian Alb, indicating the study area (dotted line) and the Höfen site (green
triangle), where the preliminary results were obtained. (b) Geological and tectonic setting. HFT denotes Hollfeld Trough (see Sect. 2.1). (c)
River longitudinal profile of the Wiesent River in the study area, with cities for orientation. Coordinate system of (a) and (b): ETRS89/UTM
Zone 32 N, EPSG:25832. DTM1 of the Bayerische Vermessungsverwaltung, https://www.ldbv.bayern.de/ (last access: 26 May 2023); GK500
of the Bayerisches Landesamt für Umwelt, https://www.lfu.bayern.de/index.htm (last access: 14 February 2024).

Figure 2. Environmental and historical–archaeological characteristics of the Wiesent River valley. (a) The Wiesent River valley upstream,
(b) in its middle course, and (c) in the lower course. (d) A mill with a typical mill channel near Waischenfeld, (e) former bank reinforcements
recognizable from a drone picture, and (f) the rest of a small weir at the Wiesent River.

River was 1.05 m3 s−1 (1959–2012, gauge Hollfeld, Fig. 1a)
and increased to 7.21 m3 s−1 (1957–2012, gauge Muggen-
dorf, Fig. 1a) (Bayerisches Landesamt für Umwelt, 2015a,
b). The river’s bedload is predominantly composed of fine-
grained materials such as silt and clay, which is also reflected
in the observed water turbidity, and there is minimal evi-
dence of recent gravel deposits along the river (Strohmeier
and Bruckner, 2013).

Throughout the Holocene, several climatic events have in-
fluenced the region. One prominent example is the abrupt

temperature drop during the 8.2 ka event, which was associ-
ated with an increased deposition frequency of subfossil oaks
along the Main River attributed to intensified flood activity
(Spurk et al., 2002). For the subsequent millennia, available
evidence is sparse; however, a phase of reduced river activ-
ity and precipitation between ca. 3500 to 1200 BCE suggests
relatively stable climate conditions (Spurk et al., 2002). In
contrast, Schoenbein et al. (2015) document unfavourable
wet conditions and an increased frequency of floods in the
3rd millennium BCE. From the Middle Bronze Age onwards
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(from ca. 2000 BCE), the region experienced renewed cli-
matic deterioration. Cooler and wetter conditions associated
with the Löbben Oscillation from 1600 BCE led to increased
discharge and flooding in the northern Franconian Alb (Haas
et al., 1998; Kothieringer et al., 2022; Wipf, 2001). The ab-
sence of oak trunks in the Main River deposits from ca.
1200 BCE onwards is interpreted as evidence of increasing
human impact, particularly widespread deforestation within
the catchment (Spurk et al., 2002). During the Early Mid-
dle Ages, warmer conditions combined with a reduced dis-
charge, commonly referred to as the Medieval Climate Op-
timum (ca. 950–1250 CE), affected the wider region (Kluge
et al., 2023). In 1342 CE, the well-known St. Mary Magda-
lene’s flood caused extreme flooding in the Main catchment;
however, this event has only been documented in areas di-
rectly adjacent to the northern Franconian Alb and has not
yet been confirmed within the study area itself (Dotterwe-
ich, 2003, 2005; Dotterweich and Bork, 2007). The subse-
quent Little Ice Age (LIA) was characterized by predomi-
nantly cold winters and recurrent severe floods. Speleothem
records from a cave in the Püttlach valley, ca. 2 km southeast
of Pottenstein, indicate alternating dry phases and periods of
increased flood activity in the study area (Kluge et al., 2023).
Enhanced flood frequencies for the rivers Main and Pegnitz
are reported for the periods 1540–1600, 1640–1700, 1730–
1790, and 1790–1840 CE, with outstanding floods between
1550 and 1590 CE and in the 1780s CE (Brázdil et al., 1999;
Glaser et al., 2010; Glaser and Hagedorn, 1991; Kluge et al.,
2023).

2.1.4 Vegetation and land use

Originally, a sparse beech-dominated forest type with a he-
liophilic and thermophilic herbaceous layer, commonly re-
ferred to as sedge-beech forest, was considered to be the
northern Franconian Alb’s potential natural vegetation (Böh-
mer, 1994). Prior to the Iron Age, however, oak and beech
were also widespread on the plateaus (Kothieringer et al.,
2022). In contrast, the southern Franconian Alb included
pines alongside oaks within the natural vegetation (Bau-
mann, 2006). Instead of a simple shift from woodland to
open land, recent studies suggest rotational woodland use
and silvopastural practices, which would explain the persis-
tence of mixed oak–beech forests even under substantial hu-
man pressure (Bogaard, 2004; Böhmer, 1994; Rösch et al.,
2004; Schier, 2009). Since the Neolithic, deforestation has
primarily occurred through a rotating system of “slash-and-
burn” culture, agricultural use, and fallow land for 1 or 2
decades (Bogaard, 2004; Schier, 2009). For high medieval
colonization, however, toponyms with *-reuth and its deriva-
tives have been interpreted as large-scale clearances (George,
2008; Pfanner, 1965; Schwarz, 1960). These cleared areas
were then used for agriculture and cultivated within the open-
field system, although no detailed archaeological investiga-
tions of such have been carried out so far (Schreg, 2018,

2024). The geology and morphology of the northern Franco-
nian Alb (see Sect. 2.1, Fig. 1), however, restrict arable agri-
culture and contributed to extensive rather than intensive land
use systems, particularly on the plateau and steep slopes. The
lack of water springs on the plateau permitted only rain-fed
agriculture, making woodland-based and pastoral uses com-
paratively more important.

A decisive factor in shaping the vegetation was sheep graz-
ing, documented since the Middle Ages due to rising wool
demand (Bender et al., 2005; Böhmer and Bender, 2000;
Weisel, 1971). Because steep valley slopes were unsuitable
for cultivation, they became long-term grazing zones, where
sheep created specific ecological conditions, which led to
open landscapes and semi-dry grasslands with juniper heaths
(Böhmer, 1994; Böhmer and Bender, 2000). These habitats,
often interpreted today as “natural”, are in fact cultural land-
scapes resulting from continuous grazing pressure, which
have shaped the valleys of the northern Franconian Alb until
today (Bender et al., 2005; Böhmer and Bender, 2000). Over
the centuries, a sheep-raising system with manorial sheep
farms has developed, each averaging around 1000 sheep and
peaking at 177 000 sheep in total around the 1850s in the
area (Bender et al., 2005; Weisel, 1971). This led to local
overgrazing, which, in turn, caused soil erosion (Bender et
al., 2005). In contrast, valley floors remained largely grass-
land, supporting winter stabling and hay production in the re-
gion’s municipal sheep-farming system (Hornberger, 1959).
The rising need to feed more animals in winter increased hay
demand and may have prompted the development of the wa-
ter meadows (see Sect. 2.2.2, Fig. 4), which, in turn, play
a major role in hydrosedimentary functioning and sediment
transport from the slopes and alluvial plains to the river chan-
nel. The collapse of large-scale sheep farming in the 19th
century, driven by cheap wool imports and agricultural mod-
ernization, triggered rapid reforestation and the decline of ju-
niper heaths, leaving only small remnants on actively grazed
slopes today (Bender et al., 2005; Böhmer, 1994; Schmitt,
1998).

As agriculture, mills, and timber-related activities (like
rafting) depended on the same water resources, disputes
about water use and the accessibility to water were frequent,
at least from the 16th century onwards (e.g. Staatsarchiv
Bamberg (StABa): Archiv der Grafen von Giech zu Thurnau,
Akten (G65/III) 2979 [1563–1772]; StABa: Hochstift Bam-
berg, Vogt- und Steueramt Scheßlitz 231 [(1622–) 1775–
1795]). A local example is the attempt to make the Wiesent
River “raftable” for timber transport, which seems to have
failed due to high costs and the limited navigability in the
receiving waters of the Regnitz River caused by in-stream
structures (Staatsbibliothek München (StBM): 4 Bavar. 3287
[ca. 1870]; (StABa: Regierung von Oberfranken, Kammer
des Innern (K 3 F V a) 1720 [1811–1818]).
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2.2 Archaeology and history

2.2.1 Socio-ecological development until the Late
Middle Ages

Early prehistoric settlement in the German Central Uplands
was concentrated in valleys, although plateau occupations
(e.g. Ehrenbürg) occurred in the northern Franconian Alb
(Abels, 2023; Kothieringer et al., 2018; Müller and Seregély,
2008; Seregély et al., 2024; see Fig. 4). Valley locations of-
fered agricultural advantages, while plateaus were likely to
be used seasonally for grazing or cultivation (Kothieringer
et al., 2018; see Sect. 2.1.4). Major landscape modification
began in the Middle Bronze Age (16–14th century BCE), es-
pecially in valleys, coinciding with increased plateau use dur-
ing the Urnfield Culture from the 13th century BCE (Koth-
ieringer et al., 2018). After sparse Early Iron Age evidence,
renewed activity is visible in Early La Tène valley sites, fol-
lowed by reforestation in the Late La Tène period until land
use expansion in the Early Middle Ages (Kothieringer et al.,
2018; Seregély et al., 2024).

Continuous settlement of the Regnitz lowlands in Ro-
man and early medieval times reflects the region’s impor-
tance for communication routes along the rivers Main, Reg-
nitz, and Altmühl (Brather, 2023; Haberstroh and Faßbinder,
2003). From the 5th century on, Upper Franconia attracted
the interests of the Juthungi; the Burgundians; the Franks;
and, mainly, the Thuringii, whose influence was found
in artefacts, for example, from Altendorf and Staffelstein
(Haberstroh and Faßbinder, 2003; Koch, 2003; Werther,
2011; Fig. 4). After the Merovingian Frankish defeat of the
Thuringian Kingdom in 531 CE (Störmer, 1999; Theune,
2005), Frankish influence increased, and the Franconian Em-
pire expanded fast in the late 5th and 6th centuries (Haber-
stroh and Faßbinder, 2003; Koch, 2003), although archaeo-
logical and linguistic evidence (oikonyms) points to parallel
Slavic presence from the 6–7th centuries onwards (Fastnacht,
2000; Guttenberg, 1952; Losert, 1993). Following the early
7th century “Slavic Kingdom” (of Samo) and its victory over
the Franks (under Dagobert I), intensified Frankish activity
along the Main and in Thuringia led to the consolidation of
regional power in the Hedenen duchy centred on Würzburg,
controlling the area until 719 CE, and enabled the subsequent
formation of the Würzburg bishopric (Werther, 2011).

Debate persists over early Franconian versus Slavic set-
tlement in the northern Franconian Alb, but mid-8th-century
oikonyms in the Donation of Pepin the Short point to sus-
tained Franconian influence, while the limited written and ar-
chaeological evidence renders Slavic migration patterns un-
certain (Andraschke, 2020; Janka, 2023; Klír, 2016; Losert,
1993; Störmer, 1999). References in the Donation and the
Diedenhofen Capitulary (805 CE) to Hallstadt, Königsfeld,
and Forchheim as royal palatinates, tariff sites, and/or trade
regulations with the Slavs suggest a coordinated Frank-
ish administrative strategy (Störmer, 1999; Werther, 2011,
Fig. 4). Together with Charlemagne’s network of “Slav

churches” (Slawenkirchen), also intended to secure key wa-
terways (Störmer, 1999), the presence of “German” and
mixed (“Slavo-German”) oikonyms along the rivers and a
greater density of Slavic names on the plateaus indicate a
diverse landscape, pivotal for trade and conflict among the
Franks and Bavarians with the Saxons, Slavs, and Pannon-
ian Avars (Werther, 2011). By the 8th to 9th centuries, Up-
per Franconia became part of the Eastern Frankish Kingdom
(Francia Orientalis), enhancing Forchheims royal palatine
status due to its strategic position at the confluence of the
rivers Wiesent and Regnitz (Störmer, 1999). Archaeologi-
cal findings indicate trade relations with western Bohemia
and the Rhineland and Bavarian regions (Hoffmann, 2018).
Territorial consolidation under noble families (e.g. Younger
House of Babenberg) increased in the 10th to 11th centuries,
accompanied by the establishment of the Archdiocese of
Bamberg in 1007 CE, aiming partly at Slavic Christianiza-
tion (Störmer, 1999; Werther, 2011).

During the 11th to 12th centuries, the construction of a
royal castle in Nuremberg waned Bamberg’s influence, and
church reforms led to the end of the imperial church sys-
tem (Störmer, 1999), consolidating local power to noble fam-
ilies, expressed in a period of castle-building (Voit et al.,
1992), e.g. by the castles of Truppach, Gößweinstein, Pot-
tenstein, and Waischenfeld. These changes marked a shift
towards a (secular) “nationalization” and a gradual separa-
tion from feudalism (Störmer, 1999). In southern Germany,
the manorial system consolidated around rural castles, fos-
tering stronger municipal peasant institutions and contribut-
ing to 11th- to 12th-century village formation and the spread
of the open-field system (Schreg, 2009, 2019). Archaeolog-
ical findings in NE Bavaria show that earlier settlements
often lay outside later village cores, indicating nucleation
around churches or manorial centres and a shift towards more
intensive land use (Ebersbach, 2002; Schreg, 2006, 2009),
which likely increased erosion and sedimentation (see also
Sect. 2.3).

From the 12th century, the northern Franconian Alb
became a contested boundary region between Bamberg,
Nuremberg, and local dukes because all power over the Bish-
opric and duchy of Franconia was granted to the bishop of
Würzburg (“Güldene Freiheit”, Fig. 4), a status upheld until
the end of the Holy Roman Empire (Voit et al., 1992). After
the area was divided in 1260 CE among Bamberg, Nurem-
berg, and several dukes holding their territories as fiefs from
the Prince-Bishopric for military support, the Bishopric also
ceded the tithes of Eggolsheim, Senftenberg, Neideck, and
Gößweinstein to the Schlüsselberg dukes (Voit et al., 1992).
By blocking the Nuremberg–Bayreuth–Leipzig trade route
by the castles Neideck and Streitberg (Schlüsselberg dukes),
the burgraves of Nuremberg were prompted to ally with the
Bishops of Würzburg and Bamberg, dismantling the reign
of the Schlüsselberg family, and partitioned their territories
following the death of Konrad II. (Fig. 4) (Schiener, 2022).
Nuremberg gained control over several castles and the Fran-
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conian Alb trade route, including the “right of escort” or
“Geleitrecht” (Schiener, 2022). Other noble families, such
as the Aufsess, experienced similar declines while Bamberg
gained regions including the castles of Giech and Arnstein,
establishing boundaries (Prince-Bishopric of Bamberg, Prin-
cipality of Bayreuth) that remained stable until the end of the
Holy Roman Empire (Voit et al., 1992).

2.2.2 Early modern hydrological installations and river
adjustments

As a rural landscape, the northern Franconian Alb featured
only small-scale hydrological installations and river modifi-
cations, while its floodplains were predominantly used for
farming. Small weirs and channels supported meadow irri-
gation systems, mill races were constructed within the flood-
plain, and water wheels were installed in the rivers (Figs. 3
and 4). Historical sources also report that sheep were washed
in the Wiesent River at Ebermannstadt (Staatsarchiv Bam-
berg (StABa): Landgericht ä. O. Ebermannstadt (K8) 6729
[1805]). These installations with, for example, artificial bar-
riers led to changes in the sediment dynamics, the riverbed
morphology, and the bedload structure and consequently
resulted in different behaviour of the entire river system
(Strohmeier and Bruckner, 2013).

Although many mills were built alongside the Wiesent
River and its tributaries (Fig. 4), most mill owners sup-
plemented their incomes through farming as mill profits
alone were insufficient for sustainable livelihoods (Haver-
sath, 1987). Still visible in aerial pictures of the allies (e.g.
picture no. 451627_1_4074, taken on 17 February 1945,
©LDBV), the 1960s and 1970s marked the obsolescence
of traditional irrigation systems as growing mechanization
rendered small ditches and weirs impractical. Consequently,
these structures fell into disrepair or were dismantled.

The importance of river adjustment maintenance is evident
from the 19th- and 20th-century farmer petitions for permis-
sion to repair damaged and eroded river banks, driven by land
loss and economic impacts. Sketches accompanying these
documents reveal the potential loss of hundreds of square
metres of land. Furthermore, intact river banks were vital
not only for farmers but also in historical territorial disputes.
Maps from the 18th century illustrate the conflicting claims
of Bamberg and Bayreuth over the border at the Aufsess
River, emphasizing the river’s importance in local geopoli-
tics (e.g. StABa: R. 411 [1749]).

Records of fish water rights or files for fishing in the
study area are notably sparse. While some files exist (StABa:
Archiv der Grafen von Giech zu Thurnau, Akten (G65/III) A
5402 [(1563) 1844–1911]), their rarity raises questions about
the frequency of fishing-related conflicts, possibly reflecting
a comparatively lower population density typical of rural re-
gions. Supporting this hypothesis, toponyms related to fish-
ing are also infrequently encountered.

2.3 Human-induced sediment dynamics in the
catchment

With settlement activity beginning in the Neolithic period,
forest clearance on the plateaus (see Sect. 2.1.4 and 2.2.1)
initiated increased soil erosion (Fuchs et al., 2010, 2011;
Kothieringer et al., 2022; Schirmer, 2014). This resulted in
the deposition of colluvial and alluvial sediments in the hith-
erto marsh-like and aquatic valleys (Fuchs et al., 2010, 2011;
Schirmer, 2014). As a consequence, the aquatic landscape
with anastomosing rivers changed to single-channel mean-
dering rivers with the formation of thick overbank deposits
and therefore provided, for the first time, a utilization of the
valley floors after 4 ka (Fuchs et al., 2011; Schirmer, 2014).

It should be noted that sediment archives often record
environmental changes discontinuously. Eroded soil mate-
rial may initially be stored as colluvial material in sedi-
ment traps on-slope or at foot-slope positions before be-
ing deposited as alluvium in the floodplain (Fryirs et al.,
2007; Trimble, 1999; Viel et al., 2024). This temporal de-
coupling between erosion and sedimentation exemplifies the
concept of sediment cascades, where eroded sediments are
temporarily stored before being deposited in the floodplain
(Fryirs, 2013). Human activities, especially since the Ne-
olithic, have significantly amplified sediment fluxes through
increased soil erosion driven by agricultural expansion and
deforestation in many mesoscale fluvial systems throughout
Europe (Broothaerts et al., 2014b, c; Hoffmann et al., 2010;
Lang, 2003; Viel et al., 2024). These anthropogenic im-
pacts have altered hillslope–channel connectivity and sedi-
ment transfer pathways, often leading to a lagged response in
floodplain sedimentation that complicates the interpretation
of sediment archives (Hinderer, 2012; Lespez et al., 2008;
Notebaert et al., 2018). This must also be taken into account
in the Wiesent River catchment (Fuchs et al., 2010, 2011).
Moreover, recent studies highlight that changes in landscape
organization – such as modifications in land use patterns and
infrastructure development – influence sediment connectivity
and storage, emphasizing the importance of integrating land-
scape history and human impact assessments when recon-
structing long-term sediment dynamics (Verstraeten et al.,
2017; Viel et al., 2014).

In the northern Franconian Alb, increased settlement ac-
tivity, as well as more intense agricultural practices and de-
forestation from the Middle Ages onwards (see Sect. 2.1.4),
caused significantly higher soil erosion within the catchment,
which, in turn, resulted in higher sedimentation rates (up to
2 mm yr−1) within the floodplain, causing thick overbank de-
posits (Fuchs et al., 2011). Linear soil erosion has also in-
creased significantly in some parts of the catchment, result-
ing in gullies up to 10 m deep, such as near the confluence
of the rivers Aufsess and Wiesent. As the periglacial cover
beds were also subject to erosion, it is sometimes difficult to
distinguish between sediments from soil erosion (colluvium)
and those from eroded periglacial cover layers if no direct in-
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Figure 3. Timeline of the historical–archaeological events in Upper Franconia. First documentary mentions of villages, mills (see also
Sect. 2.2.2), and castles within the study area were compiled from Guttenberg (1952), Pfanner (1965), Haversath (1987) Fastnacht (2000),
George (2008), and archival records in the Staatsarchiv Bamberg. Events shown in the lower part of the timeline are based on Voit et al.
(1992), Losert (1993), Störmer (1999), Haberstroh and Faßbinder (2003), Koch (2003), Müller and Seregély (2008), Werther (2011), and
Abels (2023), as referenced in the main text. Additionally, data from Fastnacht (2000), Haberstroh and Faßbinder (2003), Jäger et al. (2013),
and Abels (2023) were used as orientational markers for first mentions of place names within the study area and for Neolithic settlement
evidence.

Figure 4. Spatial distribution of mills, weirs, water wheels, and the
sheep wash within the Wiesent River catchment (see Fig. 1 for geo-
graphic orientation). Locations of mills and weirs were derived from
archival cadastral maps (Urkataster) and the DTM1, water wheels
were derived from the cadastral maps and historical field names (to-
ponyms), and the sheep wash was derived from archival sources of
the StABa (A240, Rgr. 3). Coordinate system: ETRS89/UTM Zone
32 N, EPSG:25832. DTM1 of the Bayerische Vermessungsverwal-
tung – https://www.ldbv.bayern.de/ (last access: 26 May 2023).

dicators (e.g. sherds or charcoal) characterize the sediment in
more detail (Fuchs et al., 2011). Forest clearance in valleys
and on slopes also reduced flood protection and increased
the exposure of bedrock, potentially leading to landslides as
observed around Ebermannstadt (Hütteroth, 1994; Schröder,
1971).

2.4 Key insights and synthesis of the review

The environmental, archaeological, and historical evidence
presented in this review shows that the Wiesent River catch-
ment’s development has been driven by both natural pro-
cesses and anthropogenic disturbance, at least over the last
millennia. While valley floor peat formation on top of Early
Holocene gravel or sand bodies and overbank deposition re-
flect broader central European patterns, archaeological and
historical sources show a rural area with repeated phases of
settlement expansion, forest clearance, grazing, and agricul-
tural restructuring that progressively transformed the hydro-
logical and sedimentary behaviour of the catchment. These
activities contributed to the shift from Early Holocene wet-
land landscapes to meandering single-channel systems with
thick overbank deposits. Later medieval and early mod-
ern hydraulic installations, including mills and meadow ir-
rigation systems, further influenced channel morphology
and sediment dynamics. Overall, the review underscores
the dominant role of human activity in shaping sediment
fluxes, deposition patterns, and floodplain morphology in the
Wiesent River catchment.

3 First field and laboratory investigations

Here, we present the first field-based and laboratory inves-
tigations conducted in the Wiesent River floodplain, build-
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ing directly on the multidisciplinary review outlined in the
preceding chapter. While the review established a baseline
understanding of environmental conditions and human inter-
actions, empirical data are required to evaluate floodplain de-
velopment and depositional processes.

Initial sedimentological analyses of drill cores are used to
characterize floodplain stratigraphy and to distinguish phases
of organic and clastic deposition. These point-basis observa-
tions are complemented by electrical resistivity tomography
(ERT) surveys, which provide spatial insights into subsur-
face geometry, sediment bodies, and sedimentary floodplain
architecture. Together, these approaches offer a first empiri-
cal assessment of the floodplain as a geoscientific archive.

3.1 Methods

Initially, morphological analyses based on a lidar-derived
digital terrain model (DTM) were conducted prior to field-
work to identify suitable working areas along the floodplains.
The DTM also provides a basis for delineating the spatial ex-
tent of floodplains and their natural and anthropogenic fea-
tures (e.g. oxbow lakes or hydrotechnical installations) and
for defining characteristic valley sections.

3.1.1 Electrical resistivity tomography (ERT)

Electrical resistivity tomography (ERT) surveys were car-
ried out to obtain subsurface information and support strati-
graphic interpretation as this method is well suited to de-
tecting, for example, buried river channel patterns or oxbow
lake structures (Kirchner et al., 2022; Von Suchodoletz et
al., 2022). In addition, the ERT results were used to iden-
tify appropriate drilling locations within the investigated val-
ley sections (Kirchner et al., 2018). The ERT profiles were
conducted using a GeoTom MK1E100 device equipped with
48 electrodes distributed over two cables in a Schlumberger
electrode array (Kneisel, 2003). Electrode spacing was set
to a minimum of 1 m. Data processing was performed using
Res2DInv x64 software, version 4.10.20 (Aarhus GeoSoft-
ware, 2022).

3.1.2 Sedimentology and stratigraphy

Floodplain stratigraphy was studied across floodplains along
the ERT transects by means of percussion drilling, followed
by sedimentological analyses in the laboratory. All per-
cussion drilling was conducted using an electrically driven
Makita HM1400 drill hammer and 1 m long auger steel cores
(∅60 mm). The extracted sediment cores were described and
sampled in the field according to the German soil descrip-
tion guidelines (Ad-hoc-AG Boden, 2005) and the Munsell
Soil Color Charts (Munsell Color Laboratory, 2000). Sam-
ples were further analysed in the laboratory by means of
grain size distribution and organic content.

Grain size distribution was obtained by means of the sieve
and pipette method after Köhn (Köhn, 1929; Deutsches In-

stitut für Normung, 2002) for subsamples of 10 g. Prior
to the analysis, the samples were dried at 35 °C, carefully
pestled by hand, and sieved for the < 2 mm fraction. All
samples were then pre-treated with 10 mL 30 % hydrogen
peroxide (H2O2) per sample to remove the organic matter,
and distilled water and dissolved tetra-sodium pyrophosphate
(Na4P2O7 · 10 H2O) were applied for 4 h in a shaker for ag-
gregate dispersion (Deutsches Institut für Normung, 2002;
Pye and Blott, 2004). Samples that contain grain sizes of
> 2 mm were wet-sieved for the fine, middle, and coarse
gravel fractions (Deutsches Institut für Normung, 2002). The
results of the Köhn method were corrected afterwards with
the gravel fractions to gain insight into the realistic grain size
distribution.

Loss on ignition (LOI) as an inexpensive, convenient, and
accurate method to determine the concentration of organic
matter in each sample was carried out by drying subsam-
ples of 5 g by 105 °C for 12 h and then heating the sediment
samples for 4 h at 550 °C (Abella and Zimmer, 2007; Blume
et al., 2011; Deutsches Institut für Normung, 2021; Heiri et
al., 2001). LOI values were corrected by subtracting 0.1 %
per 1 % clay due to possible structural water loss in samples
with high clay or sesquioxide content (Blume et al., 2011;
Schmidt and Scheibner, 1988).

3.2 First field and laboratory results

The first geoelectrical and sedimentological investigations at
the Höfen site (approx. 2 km south of Hollfeld; see Fig. 1)
provide valuable insights into the floodplain evolution of the
Wiesent River floodplain (Figs. 5 and 6). The Höfen (HÖF)
site was selected because its stratigraphic characteristics are
consistent with observations from other investigated loca-
tions along the Wiesent River. Consequently, it can be re-
garded to be a representative site for the floodplain sedimen-
tary development within the study area.

3.2.1 Electrical resistivity tomography results

Electrical resistivity tomography surveys were conducted
across the Höfen site as valley-crossing transects covering
the entire floodplain (Fig. 5). The resulting ERT profiles re-
veal pronounced variations in subsurface resistivity, which
can be related to differences in sediment composition and de-
positional environments. Overall, high-resistivity anomalies
are interpreted as coarse-grained sediments (e.g. gravel, sand,
or bedrock), whereas low-resistivity zones predominantly re-
flect fine-grained deposits, such as silts and clays.

The HÖF ERT1 transect shows a basal unit of rela-
tively high resistivity, interpreted as coarse-grained sedi-
ments, overlain by approximately 3–4 m of low-resistivity
material corresponding to fine-grained deposits (Fig. 5). A
similar succession is observed in the HÖF ERT5 transect. To-
wards the right end of valley floor in HÖF ERT5, resistivity
values increase again with elevation, which likely indicates
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Figure 5. First geoelectrical and sedimentological results from the Höfen site (HÖF) indicating the stratigraphic cross-section in Fig. 6.
Upper part: electrical resistivity tomography profiles HÖF ERT1 and HÖF ERT5, with coring positions, giving an overview of the Wiesent
River floodplain. Lower part: laboratory results of sediment cores HÖF1 and HÖF10, with grain size distribution, organic content (LOI), and
interpreted facies and/or stratigraphic model.

the transition from unconsolidated sediments to bedrock at
the valley margins (Fig. 5). A particularly striking feature
is observed in the HÖF ERT1 transect, where a distinct,
laterally confined high-resistivity anomaly appears on the
right-hand side of the section (Fig. 5). This structure may
form some kind of a paleochannel, reflecting the presence of
coarser channel fill sediments embedded within fine-grained
deposits (indicated by reddish colours on the right side). A
comparable, though less pronounced, paleochannel-like fea-
ture is also visible in the lower part of HÖF ERT 5. This
feature spatially coincides with the location of the drilling of
core HÖF10, which penetrated the inferred channel fill de-
posits.

3.2.2 Sedimentological and stratigraphical results

Percussion drilling at the Höfen site along the ERT tran-
sects provided continuous sediment cores up to 4 m depth,
providing the first detailed stratigraphic framework for the
Wiesent River floodplain. The sedimentological characteris-
tics are consistent across the cores, allowing a general strati-
graphic succession to be described from base to top, exem-
plified by the sediment cores HÖF1 and HÖF10.

At the base of the sequence, several drill cores (including
HÖF1 and HÖF10) intersected a dark, organic-rich silty clay
unit (Fig. 5). Grain size analyses indicate a high clay content,

and the unit locally contains visible plant remains. Loss-on-
ignition (LOI) values are markedly elevated compared to the
overlying units, reflecting a very high organic matter content
(Fig. 5). This layer reaches thickness of more than 0.4 m, and,
in core, HÖF1 it is underlain by peat with an even higher
organic content.

Overlying the organic-rich deposits, all cores contain a lat-
erally continuous layer of white to light-grey coarse sand to
fine gravel (Fig. 5). The clasts are well rounded and consist
predominantly of limestone and dolomite, as also confirmed
by their reaction with hydrochloric acid. Grain size distribu-
tions show a dominance of coarse fractions, while LOI values
are low, indicating minimal organic matter. The groundwater
table was encountered within this unit, which has a maximum
thickness of approximately 0.25 m.

The uppermost part of the stratigraphy in all cores consists
of up to 3 m of brown-beige silty–loamy sediments. These
deposits are homogenous and are characterized by a dom-
inance of fine-grained material, as confirmed by grain size
analyses (Fig. 5). LOI values are moderate, indicating rela-
tively low to moderate organic content.

3.3 Discussion and synthesis of first results

In light of the first results and the review (Sect. 2), the investi-
gated valley fill can be interpreted within a conceptional sed-
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Figure 6. Representative schematic valley cross-section of the Wiesent River at Höfen, south of Hollfeld, highlighting the general strati-
graphic situation in the Wiesent River catchment with thick overbank deposits based on analyses shown in Fig. 5.

imentological floodplain model that integrates stratigraphic
observations, laboratory analyses, geoelectrical results, and
phases of socio-ecological development documentation for
the region. This model provides a framework for understand-
ing the temporal evolution of sedimentation processes and
boundary conditions within the study area and comparable
central European catchments.

From base to top, the sediment cores and the geoelectrical
transects (Fig. 5) reveal a characteristic sedimentary flood-
plain architecture that closely resembles stratigraphies pre-
viously described from the Aufsess subcatchment and other
central European floodplains. The lowermost units consist of
high-organic deposits (see LOI in Fig. 5), interpreted as still-
water deposits and peat (facies A and B), representing phases
of reduced fluvial activity and wetland conditions with prob-
ably weakly defined channel systems (Fig. 6). These deposits
are typical for the early Holocene and are well aligned with
the results of the Aufsess River (Fuchs et al., 2010, 2011),
as well as with broader regional evidence for organic-rich
marsh-like floodplain landscapes during this period (Note-
baert et al., 2011b). It also corresponds to periods of low set-
tlement density and limited anthropogenic impact, as indi-
cated by sparse archaeological evidence for early prehistoric
land use in valley bottoms (Sect. 2.2.1).

Above these high-organic deposits, thin intercalated gravel
layers (facies C) occur, which likely indicate episodes of
high-energy fluvial activity (Fig. 6). Comparable gravel in-
terbeds between peat and fine-grained sediments have been
documented in numerous central European floodplains and
are commonly associated with phases of increased hydrolog-
ical variability (Kaiser et al., 2025; Lespez et al., 2008). Their
limited thickness and lateral continuity suggest short-lived,

episodic events linked to the Middle to Late Holocene, pre-
dating sustained human control of river systems.

Overlying the basal units, thick sequences of fine-grained,
predominantly silty to clayey deposits (facies D) dominate
the stratigraphy, also seen in the low resistivities of the
ERT transects (Figs. 5 and 6). These sediments mark a
fundamental shift in floodplain dynamics towards sustained
overbank sedimentation. This transition is consistent with
the widespread onset of overbank deposition dated to ca.
2.4–3 ka at the Aufsess River (Fuchs et al., 2011). Labo-
ratory analyses (Fig. 5) of selected core sections (HÖF1,
HÖF10) support this interpretation, with grain size distribu-
tions showing a dominance of silt and clay, weak sorting,
and generally low organic content – characteristic features of
low-energy overbank deposition. Importantly, this sedimen-
tological shift corresponds temporally with phases of inten-
sified land use and settlement expansion, including increased
valley occupation since the Bronze Age (Kothieringer et al.,
2022; Seregély et al., 2024). Similar patterns have been re-
ported from the Aufsess River in the northern Franconian Alb
(Fuchs et al., 2011; Schirmer, 2014) and other mid-European
mesoscale catchments (Kaiser et al., 2025; Notebaert et al.,
2011b, 2014; Von Suchodoletz et al., 2022), where organic-
rich basal units grade into increasingly homogeneous silty
overbank deposits. These changes are commonly linked to
intensified land use and human impact and, thus, soil ero-
sion during the Late Holocene (Dotterweich, 2008; Viel et
al., 2024).

In the Franconian Alb overbank, deposition was probably
shaped by a long-term interplay of geoscientific boundary
conditions and land use change, settlement dynamics, and
river regulation. Deforestation already began during the Ne-
olithic period, primarily through rotating systems of slash-
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and-burn cultivation, but intensified markedly during the
Middle Ages, as indicated by toponyms with the suffix *-
reuth (George, 2008; Pfanner, 1965; Schwarz, 1960). These
large-scale and more permanent forest clearances fundamen-
tally altered vegetation cover and slope stability, thereby
changing boundary conditions for overbank sedimentation.
From the 11th to 12th centuries onwards, village forma-
tion accompanied by settlement nucleation and the spread
of the open-field system intensified land use (Schreg, 2009,
2019) and likely promoted soil erosion on slopes and en-
hanced the continuous supply of fine-grained sediments to
the floodplain. The effects of this land use change was am-
plified by the geomorphological setting of the region, where
deeply incised valleys facilitated efficient sediment transfer
from hillslopes to valley floors (Sect. 2.1.4). Since the Mid-
dle Ages, sheep grazing became a dominant land use prac-
tice in the northern Franconian Alb, driven by rising wool
demand and persisting until 1850 CE (Bender et al., 2005).
The long-term reduction in vegetation cover caused by ex-
tensive grazing, particularly on steep valley slopes unsuit-
able for cultivation, further increased soil erosion and sedi-
ment delivery to the fluvial system. These processes likely
contributed substantially to the observed increase in over-
bank deposition during the Late Holocene (Fuchs et al., 2010,
2011). At the same time, the growing number of hydrotech-
nical installations documented since the medieval period –
including mills, weir, mill races, and irrigation structures
(Haversath, 1987) – modified flow conditions, sediment trap-
ping, and channel stabilization (Sect. 2.2.2). Such interven-
tions are consistent with documented changes in sediment
load and riverbed morphology resulting from anthropogenic
river modifications (Strohmeier and Bruckner, 2013), as well
as with local disputes about using the rivers for fishing or the
floodplains for farming (Sect. 2.2.2). In this context, irrigated
meadows probably played a significant role (Sect. 2.2.2,
Fig. 4).

Based on the integration of sedimentological data, labora-
tory analyses, geoelectrical results, and a comprehensive re-
view of the literature of the region (Sect. 2), a representative
schematic valley cross-section for the Höfen site is proposed
(Fig. 6.). This model provides a unifying framework for in-
terpreting the first results and places the study area within the
broader context of central European floodplain evolution.

4 Conclusions

This study set out to explore the transformation of the
Wiesent River floodplain from a predominantly natural sys-
tem to a human-dominated fluvial system within the concep-
tual framework of the fluvial anthroposphere. To achieve this,
we combined a comprehensive multidisciplinary review of
environmental, archaeological, and historical evidence with
first geoscientific field and laboratory investigations. The
overarching aim was not to provide a complete reconstruc-

tion of floodplain evolution but to critically assess existing
knowledge, present initial empirical data, and evaluate the
suitability of the Wiesent River catchment as a study area for
future, more detailed research.

The review demonstrates that the Wiesent River catchment
follows a trajectory that is broadly consistent with patterns
observed in other central European low-mountain ranges.
Early Holocene floodplains were characterized by marsh-
like aquatic environments with organic-rich deposits, limited
aggradation, and anastomosing or weakly defined channel
systems. Archaeological and historical evidence indicated
that human presence since the Neolithic progressively al-
tered this system through deforestation, grazing, and agri-
culture, although the geomorphic response was neither im-
mediate nor linear. Instead, sediment cascades and tempo-
rary storages on slopes or foot-slope positions led to a de-
layed and spatially heterogenous floodplain response. From
the Late Holocene and particularly since the Middle Ages, in-
tensified land use, widespread forest clearance, and grazing –
most notably sheep husbandry – very likely altered hillslope–
channel connectivity fundamentally and promoted sustained
overbank deposition.

The first geoscientific results directly address the na-
ture and timing of floodplain transformation and the role
of human impact relative to natural controls. Electrical re-
sistivity tomography and sediment core analyses from the
Höfen site reveal characteristic floodplain architecture con-
sisting of basal organic-rich deposits and peat; thin inter-
calated gravel layers; and thick, homogenous silty–loamy
overbank deposits. This stratigraphic succession closely mir-
rors findings from the Aufsess River and other central Euro-
pean catchments, confirming that the Wiesent floodplain pre-
serves a clear sedimentary record of the transition from Early
Holocene wetland conditions to a Late Holocene, human-
dominated fluvial landscape. The dominance of fine-grained
overbank deposits, together with the thickness and homo-
geneity, supports the interpretation that intensified human
land use – rather than climate alone – was the principal driver
of enhanced sediment delivery and floodplain aggradation.

By integrating review-based evidence with first empirical
data, this study demonstrates that the Wiesent River catch-
ment is highly suitable for investigating diachronous and
spatially variable human–river interactions within the frame-
work of the fluvial anthroposphere. The rural character of the
catchment, the absence of major industrial or urban centres,
and the well-preserved floodplain stratigraphy offer particu-
larly favourable conditions for disentangling human impacts
from natural background. At the same time, the results high-
light the necessity of high-resolution chronological control;
expanded spatial coverage; and closer integration of geomor-
phological, archaeological, and historical datasets in future
work. In conclusion, we established a robust conceptual and
empirical foundation for understanding floodplain evolution
in the Wiesent River catchment and situated it firmly within
broader central European debates on human–environmental

https://doi.org/10.5194/egqsj-75-49-2026 E&G Quaternary Sci. J., 75, 49–67, 2026



62 B. E. W. W. Grimm et al.: The fluvial anthroposphere of the Wiesent River catchment

interactions, providing a starting point for future interdisci-
plinary research into the dynamics of the fluvial anthropo-
sphere.
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taktu: severovýchodní Bavorsko a Chebsko v raném středověku,
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