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Abstract - Due to the lack of adequate data, the environmental and bioeconomic framework of archaeological sites often 
cannot be investigated. This situation is visible with the Late Palaeolithic in Southern Germany, which is typically represented 
by surface collections that do not provide ecological information. In this paper, we analyse the topographic composition of 
site-catchments of Late Palaeolithic sites in Northern Bavaria (Germany). We use a geomorphology-driven approach, which 
employs the close relationship between local topography and abiotic conditions relevant to plant growth. This way it is 
possible to model potential regional physiotope diversity and habitat patterning. This methodology allows the analysis of 
site-environment relationships in cases, when traditional proxies, like palynological or faunal data are lacking or do not provide 
an adequate spatial extent and resolution. In this paper, site catchment analysis and physiotope diversity estimation for Late 
Palaeolithic sites in the study area highlight the relevance of relatively specialized landscapes, which provide comparably wet 
conditions. This indicates the focus of Late Glacial foragers on the exploitation on bioresources associated with wetland and 
floodplain environments in the study area.

 

Zusammenfassung - Aufgrund der schlechten Verfügbarkeit von Informationsträgern zur prähistorischen Umwelt ist es oftmals 
schwierig, den ökologischen Kontext und die bioökonomischen Rahmenbedingungen archäologischer Fundstellen zu untersuchen. 
Besonders deutlich wird diese Situation beispielsweise im Spätpaläolithikum des süddeutschen Raumes. Hier existieren zwar 
zahlreiche spätpaläolithische Oberflächenaufsammlungen mit zum Teil äußersten hohem Fundaufkommen, diese sind jedoch 
kaum mit paläoökologischen Informationsträgern assoziiert. In diesem Artikel präsentieren wir die Analyse der spätpaläolithi-
schen Fundstellen im nordbayerischen Raum mittels eines Models, das die topographische Zusammensetzung der Fundstellenum-
gebung als Indikator für biologische Diversität nutzt. Hierbei wird der enge Zusammenhang zwischen der Geomorphologie und 
den für das Pflanzenwachstum relevanten abiotischen Umweltbedingungen quantifiziert, um damit die potentielle Nischenvaria-
bilität für Tiere und Pflanzen zu modellieren. Das Modell bietet die Möglichkeit ein Flächenmodell der Rahmenbedingungen zu 
erstellen und auf diese Weise auch die Veränderung der Bedingungen im Raum zu analysieren. Das Modell wurde mittels geosta-
tistischer Methoden, basierend auf einem Landschaftsmodell des Arbeitsgebietes erstellt. Durch die Berechnung des Topographi-
schen Positionsindex‘ können morphologisch diskrete Landschaftselemente – Landformen – eingegrenzt werden. Als Resultat kann 
für die spätpaläolithischen Fundstellen im Arbeitsgebiet zusammengefasst werden, dass eine Bevorzugung von topographisch 
relativ geringdiversitären Landschaften mit einem Fokus auf feuchtigkeitsaffine Landformen zu erkennen ist.
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land use pattern 
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Introduction

The interaction between groups of mobile foragers 
and the resource-opportunities in the landscape 
surrounding their sites is central to understanding 
Palaeolithic hunter-gatherers. On the one hand, this 

issue has been investigated intensively concerning 
lithic raw materials (Weißmüller 1995; Floss 1994; 
Burkert & Floss 2006; Sauer 2016). On the other hand, 
the research into the exploitation of organic resources 
by hunter-gatherers is often hampered by insufficient 
preservation of data carriers. In particular, this holds 
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true for proxies of local environmental patterning and 
variability. Furthermore, they typically reflect local 
conditions and do not provide a comprehensive idea 
of the regional environmental structuring. 

In the project “GIS-based Reconstructions of Late 
Palaeolithic Land Use Patterns in the North-eastern 
Bavarian Low Mountain Range”, funded by the German 
Research Foundation (Deutsche Forschungsgemein-
schaft, DFG), the focus lay on sites of the arch-backed 
point technocomplex (ABP; Valde-Nowak et al. 2012) 
covering the Allerød-Interstadial and the Younger 
Dryas stadial. The term “Arch-backed point” techno-
complex is here preferred over the often-used 
Federmessergruppen. As demonstrated by Sauer 
and Riede (2019), the taxonomic ambiguity of the 
Federmessergruppen promotes a notion of regionali-
sation which is not supported by the archaeological 
record.

In the study area between the rivers of Danube 
and Main, ABP sites are usually surface find scatters, 
collected by avocational archaeologists since the 
1960s (Schönweiß & Sticht 1968; Schönweiß 1974; 
Werner & Schönweiß 1974; Schönweiß 1982, 1989, 
1992, 1993, 1997a, 1997b; Süß & Thomann 2009). The 
small number of excavated sites were primarily inves-
tigated in the early 20th century and did not produce 
sufficient environmental data to adequately describe 
the surrounding ecological conditions (Hörmann 
1913; Gumpert 1933; Tourneau 1933). Since then, 
only limited research has been conducted in the area 
(Kaulich 2003, 2004, 2005; an overview can be found 
with Beck et al. 2009). The research history in the 
study area led to a plethora of sites lacking associated 
palaeoenvironmental proxies. Furthermore, the 
study area yields relatively few palynological samples 
dating to the Late Glacial Interstadial Complex. This 
is contrasted by neighbouring core regions, where 
intensive research on the Late Palaeolithic has been 
conducted in the last decades. Among others, these 
are the Neuwied Basin in the Middle Rhine area 
(Bolus 1992; Baales et al. 1996; Baales 1999, 2001, 
2002; Kegler 2002; Bosinski 2007, 2008; Heinen 2008; 
Gelhausen 2011) the Federsee in Baden-Württemberg 
(Eberhardt et al. 1987; Jochim 1998; Jochim et al. 1999) 
and different regions in Bohemia and Moravia (Moník 
& Pankowská 2020).

In this paper, we employ a modelling-approach 
that uses physiographic plant geography (PPG) as an 
indicator of local habitat variability. PPG addresses 
the close relationship between geomorphology 
and abiotic environmental factors paramount 
to biocoenosis (Möbius 1877: 76 - biocoenosis: 
organisms living and interacting in a habitat and are 
mutually dependent (e.g. physiotope); phytocoenosis: 
Plant society inhabiting a specific habitational unit 
and determined by the prevailing abiotic condi-
tions (e.g. physiotope); zoocoenosis: Faunal society 
inhabiting a specific habitational unit and deter-
mined by the prevailing biotic and abiotic conditions 

(e.g. physiotope)) distribution (Swanson et al. 1988; 
Burnett et al. 1998; Zimmermann & Thom 1982). 
Local biodiversity and environmental patterning are 
factors, which rarely are subject to investigation in 
the context of hunter-gatherers (e.g. Parkington et al. 
1980; Tallavaara et al. 2018). This can be traced back 
to the often-problematic preservation of palaeoen-
vironmental proxies capable of describing local 
patterns and variability. Their importance to general 
food procurement and risk management by foragers 
in different environments is a fundamental element of 
“optimal foraging theory” (Pyke 1984; Zipf 2012). The 
significance of biodiversity, particularly in mid- and 
high latitude environments, has also been stressed 
quite recently by Tallavaara et al. (2018).

The goal of the overarching DFG-project 
mentioned above was the analysis of the land-use 
patterns during the Late Palaeolithic in the Bavarian 
Central Uplands in Germany. On the regional scale, the 
numerous sites in this region have never been subject 
to archaeological investigation. By analysing the Late 
Palaeolithic site distribution on different levels, it was 
possible to bring this region to the archaeological 
discussion (Sauer 2018). 

During most of the Upper Palaeolithic, the area 
under investigation (Fig. 1: a) is – to the current state of 
archaeological knowledge – uninhabited. Regionally, 
the Magdalenian site distribution is tethered to the 
southern escarpments of the Central Uplands (Maier 
2015). Only with the beginning of the Late Glacial 
expansion of the ABP-technocomplex into the Central 
Uplands can we see an Upper Palaeolithic use of this 
region and – simultaneously – the access of a different 
environment, both ecologically and geomorphologi-
cally.

In a comprehensive analysis of land-use and 
settlement patterns (Sauer 2018) the sites were 
analysed with regards to: 
1.	 Settlement pattern (general spatial characteristics 

of site-location)
2.	 Land-use pattern (spatial characteristics of the 

accessible catchments of the individual sites)
3.	 Raw material use (analysis of raw material varia-

bility and transportation)
4.	 Techno-typological attribute analysis (assemblage 

attribute analysis).
While the analysis of the raw material use in the study 
area was previously discussed in this journal (Sauer 
2016), in this paper we aim to elaborate on our inves-
tigations regarding the geomorphological conditions 
within the accessible areas of the individual sites and 
present the results. 

Material and Methods

The area under investigation is composed by five third-
order environmental landscape units: the Keuper-Lias-
Land, the Franconian Alb, the Upper Palatinate Valley, 
the Franconian Thuringian Uplands and the Upper 
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Fig. 1. Study area in Northern Bavaria and environmental subdivision: (a) Distribution of sites used in this case study. A comprehensive 
list of sites with WGS84 coordinates is enclosed in the supplementary data table (SI14). The insert shows the location of the study area in 
Germany; (b) D48: Franconian Thuringian Range, D59: Keuper Lias Land, D61: Franconian Alb, D62: Upper Palatinate Valley D63: Upper 
Palatinate Forest (Geodata: GADM – Global Administrative Areas, Naturräumliche Gliederung Bayerns – Bayerisches Landesamt für Umwelt).
Abb. 1. Arbeitsgebiet in Nordbayern und die Naturräumliche Gliederung: (a) Verteilung der in dieser Fallstudie genutzten Fundstellen. 
Eine vollständige Liste der Fundplätze mit WGS 84 Koordinaten befindet sich in der Zusatzdatentabelle (SI 14). Die kleine Zusatzkarte zeigt 
die Lage des Arbeitsgebietes in Deutschland; (b) D48: Fränkisch-Thüringisches Mittelgebirge, D59: Keuper Lias Land, D61: Fränkische Alb, 
D62: Oberpfälzer Hügelland D63: Oberpfälzer Wald (Geodaten: GADM – Global Administrative Areas, Naturräumliche Gliederung 
Bayerns – Bayerisches Landesamt für Umwelt).
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Palatinate Forest (Meynen et al. 1962a; Meynen et al. 
1962b). These units provide an analytical subdivision 
of the study area, which will be maintained in the 
geostatistical analysis of the topographical makeup 
(see also Mischka 2007). 

94 sites (Fig. 1: a) assigned to the ABP techno-
complex are known in this area, but only three of 
these are excavated locations, which were investigated 
in the early 20th century (Steinbergwand b. Ensdorf: 
Hörmann 1913; Gumpert 1933; Pottenstein: Tourneau 
1933; Hohler Fels b. Happurg: Kaulich 1996). Tradi-
tionally, these sites were assigned to the “Atzenhof 
group”, however, this subcultural classification is 
only of research-historical interest today (Schönweiß 
1974, 1992; Ikinger 1998; Beck et al. 2009; Sauer 
& Riede 2019). Sufficient stratigraphic information 
is not available for any of the excavated locations. 
Therefore, the excavated sites do not provide more 
detailed information than the surface collections, 
which probably represent multiple occupations. 
This is also indicated by the raw material use (Sauer 
2016, 2018). Several sites contain raw materials from 
opposite directions (e.g. Danube-area and North-
German Lowlands). Among the available archae-
ological assemblages mostly relatively large lithic 
scatters (>200  pieces) were included in the dataset. 
Single finds and very small find scatters were not 
included, since their attribution to the Late Palaeolithic 
is not robust. Including the potential functional varia-
bility of assemblages in this study would be pertinent 
for understanding the interaction of foragers with the 
landscape surrounding their sites. However, the short-
comings of surface collections have led us to exclude 
the analysis of assemblage-composition in this study 
and solely investigate the location in relation to the 
surrounding topographic conditions. 

In the context of settlement pattern analysis (see 
introduction), the general locational characteristics of 
the sites were examined. It showed that most of the 
Late Palaeolithic sites were placed relatively close to 
the major river courses with a southern and south-
western orientation and a preferential settlement of 
moderate slopes (for a comprehensive analysis of the 
locational characteristics see Sauer 2018). This also 
indicates that deposition of Holocene sediments has 
not influenced site visibility on a large scale, which is 
also demonstrated by the location of sites like the Late 
Palaeolithic open-air sites of Sarching (Heinen 2005) 
or Oberweiherhaus (Sauer 2018), the Magdalenian 
site of Barbing (Geyer 2013) or the Gravettian site of 
Salching (Weißmüller 1987) near to the recent flood-
plain.

Prior to modelling, all sites were evaluated 
regarding their typological assignment to the ABP 
complex (based on the information provided by the 
Bavarian heritage administration) and the admixture 
of diagnostic tools of other time phases, particularly 
from the Mesolithic (Sauer 2018). Arch-backed points 
were seen as an unequivocal proxy of a Late Palaeolithic 

occupation. Furthermore, backed bladelets, burins 
on end-retouch and end-scrapers made on medium-
sized flakes (length ~25 mm) are valid indicators as 
they typically accompany ABP assemblages (e.g. Bolus 
1992; Baales 2002; Kegler 2002). The raw material 
composition shows long distance movements between 
the Danube Basin, Bohemia and the Flint Line (The 
southernmost transportation of glacially moved Baltic 
flints) in the North German Plain (Sauer 2016). 

The range of the Franconian Alb represents the 
centre of the study area (Fig. 1: b. D61). It is a Jurassic 
ridge characterized by expressed geomorphological 
heterogeneity with extended high plains interrupted 
by steep canyons. Adjacent to the west lie the lowlands 
of the Upper Triassic Keuper-Lias Land (Fig. 1: b. D59), 
which is an area of low morphological variance. It is 
primarily composed of reworked alluvial terraces. A 
comparable situation becomes apparent to the East of 
the Franconian Alb. Here, the Upper Palatinate Valley 
(Fig. 1: b. D62; Middle and Upper Triassic) receives 
the runoff water provided by the Alb, the highlands 
of the Franconian Thuringian Range (Fig. 1: b. D48; 
Silur) and the Upper Palatinate Forest (Fig. 1: b. D63). 
The Upper Palatinate Forest’s geology is composed 
of the crystalline basement, where limited erosivity 
of the metamorphic bedrock (mostly gneiss and 
granite) leads to a smaller amplitude in morphology 
as opposed to the Jurassic limestone of the Alb. One 
result is a great number of small river-valleys in the 
Upper Palatinate Forest, while a small number of 
comparably large channels drains the Franconian Alb.

As it is often the case in landscape archaeo-
logical investigations, the distribution of Late Palaeo-
lithic locations in the study area is biased by different 
factors. Among these, surveyor activity and modern 
land use can be considered the most influential to the 
modern distribution pattern. Research traditions led 
to a greater number of known surface collections in 
the east of the study area (Upper Palatinate Forest). 
We respond to this skewed distribution pattern 
by a two-tracked data analysis: The results will be 
evaluated with regard to (1) the entire study area as 
well as (2) the five individual environmental landscape 
units. 

Palaeoenvironmental Data
The available palynological dataset is not directly 
related to archaeology and mostly tied to the highland 
areas of the Upper Palatinate Forest and the Danube 
Basin (Stalling 1987; Knipping 1989; Hahne 1991; 
Hahne 1992; Kortfunke 1992; Küster 1992). During 
the Allerød-Interstadial (Fig. 2), the area of interest 
was covered by a dense pine-birch forest dominated 
by Betula. With the advent of the Younger Dryas 
(Fig. 2), the frequencies of Pinus increase slightly, but 
no major change in vegetation is indicated (Frenzel 
1983). Only in the subalpine and alpine regions 
in Southern Bavaria, more expressed vegetational 
changes have been observed (Lang 1962; Schmeidl 
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Fig. 2. Palaeovegetational setup of Bavaria in the Allerød-Interstadial, left; Palaeovegetational setup of Bavaria on the Younger Dryas stadial, 
right (image from: Sauer 2018); black: weeds, dark grey: pine (Pinus), light grey: birch (Betula), white: willow (Salix).
Abb. 2. Paläovegetation in Bayern während des Allerød-Interstadials, links; Paläovegetation in Bayern während der Jüngeren Dryas, rechts 
(Bildquelle: Sauer 2018); schwarz: Gräser, dunkelgrau: Kiefer (Pinus), hellgrau: Birke (Betula), weiß: Weide (Salix).

1971; Küster 1992; Stojakowits et al. 2014). Archaeo-
logical sites providing palynological or archaeozoo-
logical information directly related to Late Palaeolithic 
layers are not present in the study area. The ABP layer 
D of the site of Zigeunerfels (Sigmaringen) in Baden-
Württemberg west of the study area reflects a more 
continental climate with a mean annual temperature 
of only 3.7-4.0 °C and an annual precipitation of 542 
to 619 mm. Both values are considerably lower than 
today (Fahlke 2009: 92f).

Theoretical Framework
Given the absence of palaeoenvironmental data for 
the numerous ABP sites in the study area, a different 
approach was explored to provide information on 
the potential bioresources in the catchments of the 
various sites. The methodology is based on the close 
relationship between landscape morphology and the 
abiotic factors that are paramount for the presence 
and growth of different plant communities (plant 
community: phytocoenosis; Neef 1968; Zimmermann 
& Thom 1982; Swanson et al. 1988; Parker & Bendix 
1996; Burnett et al. 1998; Kratochwil 1999; Schwabe 
1999; MacMillan & Shary 2009; Barka et al. 2011; 
Hobohm 2011; Sauer 2018, 2020). It is best circum-
scribed by ‘Thienemann’s first basic principle on 
biocoenoses’, which states: “The more variable the 
environmental conditions of a habitat complex, the 
larger the number of its coenoses/synusia” (Hiltermann 
1982; Kratochwil 1999: 20; Smith & Smith 2009: 445). 

The variability of environmental conditions 
relates to the variability of topography. Landscape 
morphology is a major driver of abiotic gradients, like 
the distribution of surface water, solar radiation and 
disturbance factors (wind, fire etc.). Also, lithological 
and pedological properties are profoundly influ-
enced by the local topography (Guisan & Zimmermann 
2000: Fig. 3). Since plants and plant-societies are not 
distributed randomly, but rather associated with 
the specific needs of the respective phytocoenosis 
(Schwabe 1999: 101), the heterogeneity of vegetation 
is determined by, among other factors, the region’s 
variation in topography, given equal large scale climatic 
conditions (Zimmermann & Thom 1982: 47; Hunter et 
al. 1988: 376ff ; Schwabe 1999: 79). Highly variable 
topography provides a multitude of different physi-
otopes (Physiotope: Spatial unnit of relatively homog-
enousgeomorphic properties which determine inter-
actions between abiotic (e.g. wetness) and biotic (e.g. 
plant cover) components; Schwabe 1999: 101), which 
in turn can generate a great variety of phyto- and 
zoocoenoses. Conversely, morphologically uniform 
landscapes will result in relatively low levels of geomor-
phologically controlled biodiversity, since growth 
conditions are similar throughout the entire region 
(Schaefer 1999: 52-54). Consequently, in this article 
physiotopes are understood as “topographical unit[s] 
in which […] certain definable and often homogeneous 
stable conditions […] prevail” (Schwabe 1999: 79; also: 
Neef 1981) and therefore are considered to be “plot 
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areas for vegetation relevés” (Schwabe 1999: 79) which 
“can be defined geomorphologically and topograph-
ically” (Schwabe 1999: 79; also: Thannheiser 1992; 
Leser 1996). Hence, a greater variability of physio-
topes translates to a greater variability of biocoenoses 
(biocoenosis: phyto- and zoocoenoses populatinng a 
given habitat; Kratochwil 1999: 26).

Within a climatic period (e.g. the Allerød-Inter-
stadial as a phase of a relatively continuous climatic 
regime within the Late Glacial Interstadial Complex), 
these interrelationships between vegetation and 
physiotopes can be observed on multiple scales. 
Microforms, like small pits, may accumulate water 
after rainfall in summer providing a microhabitat 

for a comparatively short time. At the same time, in 
a regional context rainfall will result in heightened 
flow velocities in the river systems, promoting release 
and redistribution of nutrients. While these general 
principles can be deduced from uniformitarian studies, 
the assumption that the recent relief is an adequate 
approximation of ancient morphology is another 
matter. Landscape morphology is not stable and 
more likely to differ from its current state with greater 
temporal distance (Summerfield 1991: Tab. 1.2). Since 
this approach employs modern geomorphology as a 
proxy to estimate levels of relative potential biodi-
versity, the analytical scale must be set in relation to 
the geomorphological change since the time-period 

Fig. 3. Flowchart of the modelling approach; the individual steps are numbered and reflected in the text. 
Abb. 3. Flussdiagramm des Modellierungsvorgangs; die Einzelschritte sind nummeriert und im Text wiedergegeben.
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in question. This issue is addressed by primarily using 
the geomorphic properties of macroscale topographic 
units (Summerfield 1991: 12) as representatives 
of physiotopes. These macroscale units range on 
a temporal scale of about 107 years proving them 
comparably unchanged at least on the temporal scale 
addressed in the context of the Upper Palaeolithic 
(Summerfield 1991: Tab.  1.2). By using these large-
scale entities, comparably large areas throughout 
Europe (e.g. the Central Upland Belt composed of the 
Massif Central, French and Swiss Jura, German Central 
Uplands, Carpathians etc.) can be investigated. Only 
areas, which experienced strong Late Glacial and 
Holocene transformation should be treated with 
caution, even though macroscale geomorphological 
change likely plays only a minor role. 

Landforms (discrete expressions of topographic 
composition like hills, mountains, canyons etc.; 
component of the landscape as the entirety of 
landforms) are representations of physiotopes that 
are relatively stable on the temporal scale in question 
(Summerfield 1991). However, this stability cannot 
necessarily be assumed for all settings. Volcanic 
or coastal environments may be subject to drastic 
changes in the shape of the landscape within relatively 
short periods of time. In these cases, a special 
assessment of the situation and the modeling of 
palaeotopography is necessary. Estimating potential 
or relative biodiversity by landform diversity as a 
representative of physiotope diversity is, to a certain 
degree, independent of prevailing climatic conditions. 
Landform variability generally influences growth 
conditions (extreme habitats were basic growth 
conditions like sufficient humidity or temperatures do 
not prevail are an exception to the rule: e.g. deserts, 
ice deserts). In the approach presented here, we do 
not employ specific biocoenoses to model ecological 
variability. We understand physiotope diversity as a 
strictly relative representative of potential interbio-
coenotic diversity determined by topographically 
controlled abiotic gradients (the diversity of different 
ecological communities as opposed to the intrabio-
coenotic diversity as a value of species diversity within 
a physiotope or habitat: Kratochwil 1999: 5).

Methodology
To use landforms as representatives of physio-
topes on the macroscale, they have to be derived 
from a digital elevation model (Fig. 3: 1; DEM; 25 m 
resolution, RMSE ± 2.5 m) of the study area (Vermes-
sungsverwaltung 2012). In this article, landforms are 
classified by employing the Topographic Position 
Index (TPI; Fig. 3: 2 & Tab. 1) based landform classi-
fication algorithm (Guisan et al. 1999; Weiss 2001; 
Jennes 2005; Jennes 2006), which is part of the SAGA 
geostatistics software (Conrad et al. 2015). The 
TPI is used to assess the relative position of raster 
cells in a DEM by evaluating a raster-cell’s position 
relative to the mean elevation within a given radius. 

Positive TPI-values reflect higher relative altitude, 
negative ones reflect lower relative position than the 
surrounding landscape. The selected radius for calcu-
lating the TPI influences the resulting values. For the 
study area, the classification was conducted using 
25 m DEM for Bavaria (Vermessungsverwaltung 2012). 

When the TPI-values are compared on two 
different scales, e.g. a small neighborhood (SN) and 
a large neighborhood (LN), the results are classified 
according to threshold values. As a result, the DEM is 
classified into 10 different landforms, which are set 
by the algorithm (the 10 classes are set by the SAGA 
“TPI-based landform classification” algorithm, which 
classifies the SN and the LN axis using the standard 
deviation; Jennes 2006; Tagil & Jenness 2008: Fig. 4). 
In this article, analytical landform-classes are itali-
cized. Since SN and LN are of central importance to 
the modelling results, their scales must be selected in 
accordance to the question at hand. Low scale-values 
will result in the pronunciation of small morphological 
units of short temporal stability. Higher scale-values 
reflect larger morphological units, which are less 
susceptible to morphological change over time.

In this study, we decided to favour the TPI-based 
landform classification algorithm as presented by 
Guisan & Weiss (1991) as well as Guisan & Zimmermann 
(2001) over its variation (TPI divided by the standard 
deviation of the elevation) presented by De Reu et al. 
(2013). The DEV-algorithm pronounces small morpho-
logical units stronger than the TPI. This generates 
more “noise” of small, local units and does not serve 
the purpose of reflecting general trends in our study 
area. This decision is justified by the scale of analysis, 
with a focus on large scale topographic entities. The 
TPI better reflects the dichotomy between low-lying, 
topographically moderate landscape elements and 
the heterogeneous uplands allowing for the analysis 
of general trends in the study area. 

For processing, large TPI ranges were chosen. 
A small neighbourhood range of 0 m and 800 m 
(elevation deviation in a 2 km2 area) and a large 
neighbourhood range of 0 m and 3,000 m (elevation 
deviation in a 28 km2 area) were selected. This value 
range was employed to gain a representation of 
macroscale topographic units, which do not react to 
relatively short-timed micro- and mesoscale events 
which cannot be reliably determined for the Upper 
Palaeolithic period. Topographic variability on the 
scale of river terraces is therefore not represented by 
the landform modelling approach making the results 
robust on the long temporal scale and applicable for 
analysis.

Since large regions in the study area, particularly 
the lowland-areas (specifically the Keuper-Lias land 
and the Upper Palatinate Valley), are prone to the 
accumulation of surface water, the landform category 
of the plains was reclassified into plains and wet 
plains to accommodate the wetness in the area. This 
was achieved by employing a threshold topographic 
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wetness index (TWI) for areas of high potential 
topographic wetness.

To do this, the DEM was smoothed to eliminate small 
topographic features (SAGA Gauss Filter: Standard 
deviation: 2; radius: 15 cells; search mode: circle; 2 
passes) and the TWI was calculated. The TWI reflects 
the local tendency for precipitation accumulation by 
estimating upslope contributing area and slope as 
determinants for topographically controlled hydro-
logical processes (Beven & Kirkby 1979; Sørensen et al. 
2006). The resulting indices for soil moisture are, like 
other topographically controlled values (Zimmermann 
& Thom 1982), influencing biocoenosis distribution 
(Giesler et al. 1998). Within the model, canyons were 
the landforms with the highest TWI-levels (13.41) 
due to the expressed accumulation of surface water. 
Therefore, the mean TWI-value of this class was used 
to reclassify the plains. Areas in the plains showing a 
TWI exceeding the mean canyon-TWI were reclas-
sified into wet plains (resulting in a mean TWI for the 
wet plains of 14.14). In the end, the DEM was classified 
into 11 landforms ranging from the flat plains and wet 
plains to the high ridges and canyons in morphologi-
cally pronounces landscapes (Fig. 3: 5 & Fig. 4). These 
11 morphological units are regarded as physiotopes 
determining biocoenosis presence.

To analyse the relationship between site and 
surrounding landscape, the landform composition 
in the respective catchments (Vita-Finzi et al. 1970; 
Higgs & Vita-Finzi 1972) were sampled. A catchment 
is regarded to be the area around a site which is 
subject to exploitation by the prehistoric foragers 

with a same-day return. The area beyond the limit of 
a catchment is not subject to exploitation without the 
setup of a new camp and locations (resdential mobility: 
Binford 1980; Binford 2001). In any case, the present 
study is not aiming at identifying a specific subsistence 
strategy (e.g. collectors or foragers) nor the related 
settlement pattern and its site types (e.g. base camp, 
field camp, special task site, location etc.) according 
to, for example, Binford (1980). Instead, we focus on 
a comparative analysis of the landform diversity in 
a defined spatial area to deduce hypothesis about 
factors that have influenced the ecological aspects 
of the site catchment. From a methodological point 
of view, the distinction between different types of 
site function is in this study less relevant, because 
the placement of any type of site follows a prior 
decision and any type of camp and location provides 
a catchment of potentially exploitable landscape. 

Site catchments were modeled using a hiking 
function, which estimates traveling speed in relation to 
the local slope based on a walking speed of 3.2 km/h 
on level ground (van Wagtendonk & Benedict 1980; 
Uthmeier et al. 2008 ; Sauer 2016). The catchment-
isochrones were calculated for every site (Fig. 3: 4) 
to a maximum time distance of four hours as well as 
for a set of 1,000 randomly placed points for statis-
tical comparison of the background distribution 
(Fig.  3:  3  &  6). A maximum distance of four hours is 
regarded to be a viable maximum travelling distance, 
leaving four hours for task execution on a day with 
12 hours of sunlight. Clearly, different tasks make 
for varying maximum distances depending on the 
required time. Furthermore, task execution while 
travelling may also vary the resulting catchment size 
(Lyon & Burcham 1998). These variations are not 
included in this approach.

After modelling the catchments, for all cases 
(sites and random points) the landform compo-
sition within the respective isochrone circular rings 
(ICR; annulus of the respective one-hour-isochrone 
bracket) was sampled and added to the GIS-database. 
ICR represent the areas of accessibility in one-hour 
brackets, not containing the area of the preceding 
ICR. For example, the two-hour ICR is only composed 
of the area accessible after one-hour non-stop walking 
time and up to two hours non-stop walking time.

For quantitative analysis, the complement of 
the Simpson diversity index (1-D; Simpson 1949; 
Richter 1990; Magurran 2004) was calculated for the 
individual circular rings (Fig. 3: 8-10). While Simpson’s 
traditional Index ranges from D = 0 = diverse to 
D = 1 = specialized, the inverted index ranges from 
D = 0 = specialized to D = 1 = diverse. Therefore, with 
the complement of the Simpson index, as diversity 
rises, the value of D rises as well:

Tab. 1. Landforms as provided by the TPI-based landform classi-
fication and their general morphological values (See also: Jennes 
2006).
Tab. 1. Landformen wie sie durch den TPI-basierenden Landform-
Klassifikationsalgorithmus wiedergegeben werden und ihre 
generellen morphologischen Charakteristika (Siehe auch: Jennes 
2006).

Landform type Small neighbour-
hood TPI (SN)

Large neighbour-
hood TPI (LN)

Canyon/V-shaped 
valley

-- --

Valley/U-shaped 
valley

0/- --

Midslope drain-
ages

-- ++

Upland drainages - +

Plains 0 (Slope ≤ 5°) 0 (Slope ≤ 5°)

Wet plains 0 (Slope ≤ 5°, TWI 
> ø TWI Canyon)

0 (Slope ≤ 5°, TWI 
> ø TWI Canyon)

Open slopes -/+ (Slope > 5°) -/+ (Slope > 5°)

Upper slopes -/+ ++

Local ridges ++ --

Midslope ridges/
small hills in plains

++ -/+

High ridges ++ ++
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The complement of the Simpson diversity index 
was calculated for the individual circular rings (Fig. 5) 
of both the sites and the randomly placed points. The 
respective frequencies of the 0.1-step diversity-classes 

Fig. 4. Comparison of the digital elevation model and the classification results of the TPI-based landform classification; top image – digital elevation 
model; bottom image – classification results.
Abb. 4. Vergleich von digitalem Geländemodell und den Klassifikationsergebnissen der TPI-basierenden Landformklassifikation; oben – digitales 
Geländemodell; unten – Klassifikationsergebnisse.

of sites and random points were compared to one 
another. Background physiotope diversity was 
used as comparison for a random choice of the site 
catchment (Fig. 6 & Tab. 2). For clarifying if choice was 
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Fig. 5. Catchments and respective physiotope diversity-values for the study area for the one-to-four-hour ICRs; the individual maps can also 
be found in the supplementary data (SI 1–4); the individual catchment compositions are reflected in supplementary table (SI 13).
Abb. 5. Catchments und dazugehörige Diversitätswerte der ein bis vier Stunden Isochronen für das Arbeitsgebiet; die einzelnen Karten finden 
sich ebeno in den Zusatzdaten (SI 1-4); die einzelnen Catchment-Zusammensetzungen sind in der Zusatztabelle (SI 13) wiedergegeben.

governed by other decisions than chance it was tested 
for independence using the χ2-test (Tab. 2). This 
approach aims towards analysing, whether relatively 
high or low levels of potential physiotope diversity 
were preferred along the range of available diversity 
levels and whether these conditions differ signifi-
cantly from the general landform setup provided by 
the landscape. Comparisons were processed on the 
level of the entire study area as well as the individual 
environmental landscape units (Fig. 7). 

Results

Quantitative Results on Geotope Composition
For the one-hour ICR physiotope diversity values 
ranged from 0.48 to 0.85 (Mean (MN): 0.7, Median 
(MD): 0.68) for the sites and 0.40 to 0.87 (MN: 0.71, 
MD: 0.75) for the background diversity range. Values 
towards zero would reflect a completely flat landscape 
over extended areas. Within the study area (and 
indeed most of Europe) these conditions are absent. 

Therefore, a minimal topographic diversity always can 
be expected. All further diversity ranges are repre-
sented in table 2.

The individual ICR diversities and the background 
diversity range were tested for independence with the 
χ2-test and a threshold p-value of 0.05 for discerning 
for random (p > 0.05) and independent (p ≤ 0.05; 
p ≤ 0.05 = significant; p ≤ 0.01 = high significance; 
p ≤ 0.001 = highest significance) distribution. The test-
statistics (p) for the individual ICR are reported in 
table 2.

In the one-hour ICR (p = 0.021) and the two-hour 
ICR (p =  0.026) significantly independent distributions 
could be observed. Given the available range of diversity 
provided by the landscape, components of relative low 
variability dominated the dataset (cf.  Figs. 5 & 6). This 
situation changes with increasing distance to the site. 
While the three-hour ICR (p = 0.438) does not provide 
independent values, the four-hour ICR (p = 0.044) 
shows the significant dominance of relatively diverse 
landscape components (cf. Fig. 5). 
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only present in the four-hour isochrone although a 
p-value of 5.3 % in the case of the two-hour isochrone 
shows a clear tendency. In the Upper Palatinate Valley 
(Fig.  1:  b.  D62) the one-and two-hour isochrones 
show independent and relatively low diversity values. 
In the case of the Keuper-Lias Land (Fig. 1: b.  D59), 
independent values could not be observed. The 
Franconian Alb (Fig. 1: b: D61) did not provide statis-
tically reliable results due to the low number of sites 
in this area. It must be noted that in no case a statisti-
cally independent preference of relatively high levels 
of physiotope diversity can be observed.

Qualitative Results on Geotope Composition
We indicated that different physiotopes provide a 
range of topographically controlled abiotic condi-
tions, which determine biocoenosis presence and 
distribution. Within the study area, an important 
gradient for biocoenosis distribution in relation to 
foraging behavior is water retention and distribution. 
In landscapes that are morphologically diverse, the 
gradient of surface wetness is relatively pronounced 

Tab. 2. Physiotope diversity ranges of the study area (background 
diversity range) the individual ICR diversity ranges, the associated 
test-statistics and the resulting independencies.
Tab. 2. Physiotop-Diversitätsbereiche im Arbeitsgebiet für die Hinter-
grundverteilung, die einzelnen Isochronen, die Teststatisiken und die 
daraus resultierenden Abhängigkeiten.

ICR Background 
diversity range

ICR diversity 
range

p Independent 
distribution

1h 0.401-0.869 0.477-0.848 0.021 Yes 

2h 0.477-0.870 0.559-0.854 0.026 Yes

3h 0.518-0.867 0.546-0.861 0.438 No

4h 0.546-0.884 0.602-0.858 0.044 Yes

Fig. 6. Comparison of background physiotope diversity and site diversities in the study area for the one-to-four-hour ICRs. The solid line 
represents the diversity-distribution of Late Palaeolithic sites in the study area, the dashed line represents the background distribution of 
1,000 randomly placed control-points in the study area; white blocks represents negative deviation of the site-dataset from the background 
distribution, black blocks represent positive deviation of the site dataset from the background distribution.
Abb. 6. Vergleich der Hintergrunddiversität und den Fundstellendiversitäten im Arbeitsgebiet für die ein bis vier Stunden Isochronen. Die 
durchgezogene Linie repräsentiert die Diversitätsverteilung für die Spätpaläolithischen Fundstellen im Arbeitsgebiet, die gestrichelte Linie zeigt 
die Hintergrundverteilung für 1.000 zufallsverteilte Kontrollpunkte im Arbeitsgebiet; die weißen Blöcke zeigen die negative Abweichung des 
Fundstellendatensatzes von der Hintergrundverteilung, die schwarzen Blöcke zeigen die positive Abweichung des Fundstellendatensatzes von 
der Hintergrundverteilung.

In general, this image remains valid, even when 
the individual environmental landscape units are 
considered (Fig. 6). However, regional variations 
are present, too. In the case of the Upper Palatinate 
Forest (Fig. 1: b. D63) the dominance of relatively 
homogenous landscape elements prevails throughout 
all isochrones. In the Franconian Thuringian Range 
(Fig. 1: b. D48), independent low diversity values are 
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and, according to the few palynological samples for 
the Allerød and Dryas III presented above, of great 
importance for Late Glacial plant society distribution 
(Stalling 1987). Positive or negative correlation of the 

relatively specialized catchments may reflect choices 
of foragers for specific biocenoses. 

A cluster analysis (CLA, Morisita Similarity Index, 
PAST statistics 3.0) of the catchment compositions 

Fig. 7. Comparison of background physiotope diversity and site diversities for the individual environmental landscape units for the one-to-
four-hour ICRs. Cases, where the χ2-Test was not applicable due to small site numbers were omitted. The solid line represents the diversity-
distribution of Late Palaeolithic sites in the study area, the dashed line represents the background distribution of 1,000 randomly placed 
control-points in the study area; white blocks represents negative deviation of the site-dataset from the background distribution, black 
blocks represent positive deviation of the site dataset from the background distribution.
Abb. 7. Vergleich der Hintergrundverteilung und der Fundplatzdiversitätsverteilungen für die einzelnen Naturräumlichen Einheiten und die 
ein bis vier Stunden Isochronen. Fälle, in denen der χ2-Test wegen zu geringen Fallzahlen nicht durchführbar war, wurden nicht dargestellt. Die 
durchgezogene Linie repräsentiert die Diversitätsverteilung für die Spätpaläolithischen Fundstellen im Arbeitsgebiet, die gestrichelte Linie zeigt 
die Hintergrundverteilung für 1.000 zufallsverteilte Kontrollpunkte im Arbeitsgebiet; die weißen Blöcke zeigen die negative Abweichung des 
Fundstellendatensatzes von der Hintergrundverteilung, die schwarzen Blöcke zeigen die positive Abweichung des Fundstellendatensatzes von 
der Hintergrundverteilung.
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for the one-hour isochrone of all 95 archaeological 
sites shows the specific composition of four different 
clusters on the similarity level of 0.8 and 0.72 (Fig. 8) 
which are statistically independent (χ2-test, Tab. 3). We 
chose Morisita’s index due to its particular suitability 
for species dispersion analysis (Morisita 1959). Values 
towards zero reflect no overlap between samples, 
while values towards one represent a total congruence 
of datasets. Four major clusters can be observed in the 
dataset. These units show statistically independent 
landform compositions, which are analysed in a 
second step (Tab. 3).

To analyse the different factors determining the 
four individual clusters, the groups A through D were 
analysed in a correspondence analysis (CA; Software: 
CAPCA; Fig. 9 & Tab. 4). In this CA, we employed 
the individual sites as units, while the landforms 
were regarded as variables. Cluster A is associated 
with the dry conditions of the plains, cluster B also 
yields primarily dry conditions in a moderately hilly 
landscape. Cluster C and D are associated with wet 
conditions in a flat (C), respectively very heteroge-
neous (D) landscape. In fact, factors with the highest 
inertia in the CA are the wet plains, the valleys and 
the canyons. 

With increasing catchment size, the clear associ-
ation of the clusters, determined in the CLA for 
the one-hour isochrones, dissolves and the clear 

association of sites with specific habitats is less 
pronounced (in this situation, spatial autocorrelation 
is a factor which has to be considered; anyhow, we 
feel it reflects the factual broadening of options for 
foragers with increasing catchment size). This supports 
the impression, which was obtained from the quanti-
tative analysis of the catchment compositions. 

Discussion

Both the values for quantitative and qualitative 
physiotope distribution describe a relatively clear 
picture of resource exploitation opportunities in the 
catchments of the Late Palaeolithic sites in Northern 
Bavaria. In general, there is a significant congruence 
of site location and physiotope diversity in the 
associated catchments. Based on the model, the sites 
were placed in areas, which provided relatively low 
levels of geomorphological diversity in the vicinity 
and a greater bandwidth of options at a greater 
distance from the site. This is reflected by the data for 
quantitative distribution of physiotope composition 
throughout the several ICRs (Tab. 2). These variations 
could reflect variability of exploitation options and 
potentially associated risk management strategies. 
The comparably low near-field diversity of physiotopes 
provides high volumes of specific sets of resources, 
potentially providing high return-rates. This picture 

Fig. 8. Results of the cluster analysis for the landform composition of the one-hour catchments of the sites in the study area; four major 
clusters were set on the similarity level of 80 % (A–C) and 72 % (D Morisita Similarity Index, PAST statistics 3.0); the site numbers are solved 
in supplementary table (SI 14).
Abb. 8. Ergebnisse der Clusteranalyse für die Landformzusammensetzung der Einstundencatchments der Fundstellen im Arbeitsgebiet; vier 
Hauptcluster wurden auf dem Ähnlichkeitsniveau von 80 % (A-C) sowie 72 % gesetzt (D Morisita Similarity Index, PAST statistics 3.0); Die 
Fundplatznummern sind in der Zusatztabelle (SI 14) aufgelöst.
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persists at a distance up to two hours. At a greater 
distance from the centre, the resource options change 
to greater variability, potentially allowing the access 
to a greater number of different organic resources 
(cf. Fig. 10). This is associated with the opportunity of 
risk-reduction. Fundamentally, the near-field provides 
high risk-high gain landscape compositions, the far 
field provides low risk, low gain instead. 

At first glance, the analysis of the individual 
landscape units shows a greater variability in compo-
sition than the entire study area. In all cases where an 
independent composition of landforms in the catch-
ments could be observed (Fig. 7), low levels of relative 
physiotope diversity were favoured. In cases where 

a dependent distribution could be observed, the 
general landscape setup was already comparatively 
homogeneous (cf. Fig. 7: 2 h & 3 h Keuper Lias Land, 
1  h & 2 h Franconian Thuringian Range). Therefore, 
the tendency for diversification, which is visible on 
the large scale, cannot be observed that clearly but 
is present, nevertheless. It has to be underlined, that 
the general landscape setup in the far-field catch-
ments increases in relative physiotope diversity (We 
are aware that this is also the result of spatial autocor-
relation resulting in greater diversity with increasing 
annulus area. However, this still results in a de facto 
increase in options for prehistoric foragers). This 
holds particularly true for examples like the Upper 
Palatinate Forest and the Upper Palatinate Valley 
which show a diversification of the background distri-
bution with increasing distance. 

Qualitatively, the predominant types of physiotopes 
determining the geomorphological composition of 
the individual catchments are associated with the 
topographically controlled accumulation of water. In the 
correspondence analysis, wetland-physiotopes provide 
the highest inertia, particularly given their low mass in 
the dataset (cf. Tab. 4). While the immediate vicinity of 
the Late Palaeolithic sites typically provides specialized 
physiotope compositions of wetlands and watercourses, 
regions in greater distance are diverse and provide an 
greater variety of different physiotopes.

Fig. 9. Results of the correspondence analysis for the landform composition of the one-hour catchments of the sites in the study area 
(Software: CAPCA); the analysis for the individual ICRs is shown in the supplementary data (SI 5–12).
Abb. 9. Ergebnisse der Korrespondenzanalyse für die Landformzusammensetzung der Einstundencatchments der Fundstellen im Arbeitsgebiet 
(Software: CAPCA); die Analyse der einzelnen Isochronenringe ist in den Zusatzdatensätzen (SI 5–12) wiedergegeben.

Tab. 3. χ2-test statistics for the different clusters provided by 
the cluster analysis regarding the one-hour ICR composition of 
landforms (Fig. 8).
Tab. 3. χ2-Teststatistik für die verschiedenen Cluster wie sie in der 
Clusteranalyse für die Einstundenisochronen in Bezug auf die 
Landformzusammensetzung modelliert wurden (Fig. 8).

Cluster A B C D

A - < 0.1% < 0.1% < 0.1%

B < 0.1% - < 0.1% < 0.1%

C < 0.1% < 0.1% - < 0.1%

D < 0.1% < 0.1% < 0.1% -
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This indicates that, given their low mass, the 
greatest pull within the geomorphic context was 
exerted by wetness-related physiotopes and the 
associated biocoenoses. Fishing and the hunting 
of waterfowl or larger forest animals approaching 
the watering places can be named here as potential 
targets. In the forests of the Late Glacial, wetlands 
could be focus areas with increased prey predicta-
bility reducing risk and increasing chances for hunting 
success ( Jochim 1976: 54).

Bioeconomic requirements of foragers are part 
of a set of determinants (e.g. also the exploitation of 

abiotic resources or the pursuit of social and cultural 
agendas) for site placement in the landscape. Optimal 
foraging theory argues, that risk and cost minimization 
( Jochim 1976), among other factors, could govern the 
decisions which influence site location in relation to 
resource patches (Pyke 1984; Harris 2001). Hetero-
geneous distribution of key biocoenoses therefore 
could determine a non-random settlement pattern 
regarding biomass accessibility. In contrast, uniform 
distribution would not necessarily require for the 
placement of settlements in specific locales, since 
target resources are spread evenly in the landscape 
and hard to predict ( Jochim 1976; Binford 1980). 
Typically, this continuum is linked to the effective 
temperature and primary production (Kelly 1983: 
290; Binford 2001: 84). However, the continuum can 
also be analysed with geomorphology as the deter-
minant of biotic resource patch distribution. While 
climatically driven change happens on a chrono-
logical scale, topographically controlled variations of 
the environment predominantly occur on a spatial 
scale. Environments, which are characterized by high 
production of primary biomass (typically regions with a 
relatively high effective temperature), are traditionally 
regarded to represent a relatively uniform distribution 
of biotic resources (Binford 1980; Kelly 1983, 1995). 
This is believed to result in a settlement pattern, which 
focuses on residential mobility to facilitate optimal 
resource exploitation (Kelly 1995: 116-130). The Late 
Glacial Interstadial Complex represents, compared to 
the preceding Glacial Maximum, conditions of relatively 
high primary net production. However, the topographi-
cally induced variability of biocoenosis distribution and 
the preference of specific environmental conditions by 
Late Glacial foragers suggest a stronger patterning of 
bioresources. This could reduce the level of expected 
residential mobility and emphasize ephemeral special 
task camps, which are only rarely detected in the 
archaeological record (Werner & Schönweiß 1974; 
Heinen 2005).

Tab. 4. Statistical values to the correspondence analysis of the 
one-hour catchments of the sites in the study area; all further ICR 
values can be found in the supplementary data (SI 5–12).
Tab. 4. Statistische Werte der Korrespondenzanalyse für die Einstun-
dencatchments der Fundstellen im Arbeitsgebiet; alle weiteren ICR 
Werte können in den Zusatzdaten (SI 5–12) nachgelesen werden.

1. Principal 
axis

2. Principal 
axis

3. Principal 
axis

Cumulative  
explanation % 60.8 17.8 9.5

Landform type Mass % Inertia %

Streams/canyons 6.3 18.0

Midslope  
drainages 2.7 2.2

Upland drainages 0.0 0.7

Valleys 4.4 13.1

Dry plains 41.9 11.7

Open slopes 18.7 7.3

Upper slopes 1.5 5.2

Local ridges 0.0 0.5

Midslope ridges 3.7 5.0

High ridges 4.2 8.0

Wet plains 16.8 28.3

Fig. 10. Variability of the physiotope framework with increasing distance to the site and its implications on the potential resource exploitation 
strategy.
Abb. 10. Variabilität des Physitioprahmens mit zunehmender Distanz zur Fundstelle und die daraus resultierenden Implikationen für potentielle 
Strategien zur Ressourcennutzung.
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Association with certain habitats of specific 
biocoenoses describes the ecological niche of the 
Late Glacial foragers in Bavaria and their potential 
adaption to exploiting specific sets of resources (on 
ecological niche modelling and species distribution 
modelling: Banks et al. 2008; Banks et al. 2011; 
Svenning et al. 2011; Franklin et al. 2015). PPG shows 
that sites are placed in environments, which provide 
a relatively low variability of habitats. This suggests 
a focus on both a high volume and low variability of 
resources. Regarding risk-management, these results 
could indicate the exploitation of a specialised 
potential resource spectrum. Although Tallavaara et 
al. pointed out, that hunter-gatherers “appropriate 
only a small fraction of the production” (2018: 1), Hahn 
also stressed the dramatic influences of predatory 
interference in local environments (Hahn 1995). He 
estimated, that even a brief stay of a relatively small 
group of foragers would have had a catastrophic 
effect on the locally available biomass (Hahn 1995: 
91-94). The selection of large-volume environments 
could reduce this impact to some degree.

Beyond general specialization, the presence 
of landscape elements with a tendency for water-
accumulation characterises the economic options 
around sites in the Central Uplands. Wetland condi-
tions promote the presence of marshes, small ponds, 
lakes, and watercourses like streams and rivers. 
Hunting prey, like waterfowl, and aquatic resources, 
especially fish, can be linked to these habitats 
(Brouwer Burg 2013). Although the wetland physio-
topes appear to be dominant in the vicinity of the 
sites, other biotic resources were accessible in the 
close and the extended catchments. There, greater 
variability of physiotopes allowed for the exploi-
tation of biocoenoses that relate less closely to high 
levels of humidity. These are, among others, the dry 
highlands, which can provide more open landscapes 
and other species societies. Archaeological data can 
hardly shed light on this question in the study area. 
It is only at the site of Steinbergwand near the town 
of Ensdorf (Amberg-Sulzbach district, Bavaria), that 
we get a brief glimpse of the exploitation of fauna 
by late glacial hunter-gatherers in the study area 
(Gumpert 1933). Here, Late Palaeolithic (ABP) tools 
were found in a layer also containing macrofossils of 
horse and deer, which can suggest the exploitation 
of closed, transitional and open environments. 
The question, whether the physiographic pattern 
surrounding archaeological sites traces down to 
the level of organic remains in the archaeological 
record remains subject to further investigation. The 
approach presented here focuses on modelling the 
qualitative and quantitative variability of physio-
topes (not specific f loral or faunal elements!) in the 
context of prehistoric settlement leading to different 
possibilities in the respective catchments. 

Conclusion

The modelling of physiotope diversity in the catch-
ments of Late Palaeolithic sites in Northern Bavaria 
showed a distinct pattern for the placement of sites. 
Regarding physiotope diversity, Late Palaeolithic 
hunter-gatherers preferred landscapes on the lower 
end of the diversity-spectrum. Sites were generally 
placed in locations which provide low levels of 
physiotope diversity in the vicinity and morpholog-
ically diverse landscapes at a greater distance. The 
applied methodology allows for the contextuali-
sation of site and landscape based on the principles 
of physiographic plant geography. While specific 
biological communities could not be determined this 
way it still allows to quantify topographic composition 
of the accessible landscape.

The preference of relatively specialized environ-
ments can reflect the focus on a specific set of organic 
resources. An association with wetland components 
possibly points in the direction of biological commu-
nities related to such conditions.

It merits further investigation, how these patterns 
change in both space and time and how they can 
translate to the archaeological record. As part of a 
subsequent research project, this question will be 
covered on a larger synchronical and diachronical 
scale in the DFG-funded project “GEOPAL - Geotope 
reconstruction and Bioeconomic Potential in Palae
olithic site territories” (DFG-GZ: SA 3428/2-1).
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