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Abstract In the analysis of archaeological relationships and processes, a uni-
form classification of the dataset is a fundamental requirement. To achieve this,
a standardised taxonomic system, as well as consistent and valid criteria for the
grouping of sites and assemblages, must be used. The Central European Late
Palaeolithic (ca. 12,000–9700 cal BC) has a long research history and many
regionally and temporally specific units—groups and cultures—are recognised.
In this paper, we examine the complex taxonomic landscape of this period and
critically analyse the use of typological, functional and economic criteria in the
definition of selected groups. We subject three different archaeological taxo-
nomic units, the Bromme culture from Denmark, the Fürstein group from
Switzerland and the Atzenhof group from Germany, to particularly detailed
scrutiny and highlight that the classificatory criteria used in their definition
are inconsistent across units and most likely unsuitable for circumscribing past
sociocultural units. We suggest a comprehensive re-examination of the over-
arching taxonomic system for the Late Palaeolithic, as well as a re-evaluation
of the methodologies used to delineate sociocultural units in the Palaeolithic.
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Introduction

Unravelling past spatio-temporal patterns and processes of culture change is one of the
primary aims of archaeology. A fundamental precondition for recognising such processes is
the unambiguous definition of the analytical taxonomic units used for investigation (see
Gamble et al. 2005: Box 1). This entails (1) consistent criteria for their definition and
delimitation, the validity of which is established a priori in relation to the questions asked,
(2) a clear taxonomic system into which such archaeological entities can be placed and (3)
agreement on the meaning of the relative ranks within this taxonomic system and their
prehistoric reality. These three requirements are essential for conducting comparative and
cumulative research at a supraregional and diachronic scale.

The definition of taxonomic units was of great concern to early practitioners, and the
typological method (Montelius 1903) was developed, with inspiration from similar
taxonomic efforts in biology, to this end (Riede 2006). Also in Palaeolithic archaeology,
taxonomic units—cultures, groups, industries and traditions—proliferated and were
often seen to represent actual past ethnic groups (Bergsvik 2003; Clark 1994; Sackett
1991). For the Middle Palaeolithic of Europe, the infamous debate between Binford,
Bordes and Mellars in the 1960s largely broke with the tradition of casting such
archaeological phenomena as ethnic entities, but a legacy of taxonomic inconsistency
still haunts this period (Bisson 2000; Clark 1999, 2009; Clark and Riel-Salvatore 2006;
Shea 2014). A similarly soul-searching debate rocked the research community of the
Epipalaeolithic in the Levant in the 1990s, pitching those who saw variation in the
archaeological record as reflecting ethnic units (Fellner 1995; Goring-Morris 1996;
Kaufman 1995; Phillips 1996) against those who were deeply sceptical of such
attributions for primarily epistemological reasons (Clark 1996) and preferred explana-
tions rooted in behavioural ecological theory (Neeley and Barton 1994; Barton and
Neeley 1996). The Central European Late Palaeolithic (ca. 12,000–9700 cal BC) is
another example of an archaeological taxonomic landscape that has a long patchwork
research history and is hence characterised by a great deal of taxonomic heterogeneity.
Otte and Keeley (1990: 577) noted, for instance, that taxonomic units in this period are
usually derived from the early excavations of key sites—reflected aptly in the common
practice of naming cultures or groups after these—and that the Bexplanations offered
for the events in such sequences, whether explicit or implicit, tend to focus on local
phenomena or events and reinforce ideas of local continuity and evolution^. An even
more explicit critique has been voiced by Houtsma et al. (1996: 143) who argue
specifically for northern Europe that B[o]nly when researchers of the Late Palaeolithic
habitation of the Northwest European Plain escape the constraints of contemporary
national borders and the paradigmatic straight-jackets of provincialism and regional
chauvinism, which lead to insularity, will we be in a position to gain analytical control
of the totality of extant data partitioned into uniform and mutually comparable sets of
demonstrably relevant attributes^. Whilst we are uncertain about the tone of these
critiques, we appreciate their sentiment. Approaching the issue empirically, we here
review and critically analyse a selected sample of Late Palaeolithic taxonomic units
proposed for the Central European Late Palaeolithic. We scrutinise these for how they
are constructed and their spatial and temporal boundaries and how these articulate with
ethnographic data on hunter-gatherer territorial sizes and the marking of these via lithic
artefacts.
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At present, a minimum of 23 different Late Palaeolithic cultures, subcultures and
groups—here italicised when referred to as a formal taxonomic unit—are defined in the
area framed approximately by the Alps in the south, the Baltic and North Sea in the
north, the River Bug in the east and the River Meuse in the west (Fig. 1). These units
are commonly ascribed to either the arch-backed point technocomplex or the tanged
point technocomplex (Valde-Nowak et al. 2012), but the fact that many of the same
sites were used to define both of these macrolevel taxonomic units by emphasising
different usually typological components already hints at classificatory inconsistency
(see Schwabedissen 1954; Taute 1968). This is aggravated at lower taxonomic levels
where non-uniform taxonomic systems, bespoke terminologies and variable criteria as
well as their inconsistent application obscure the nature of the proposed groups and the
possible relationships among them. We explore the likely triggers for this complex
situation. The extant units may be the expression of locally, regionally or nationally
flavoured notions of prehistoric ethnic identities, linguistic divides and differing re-
search traditions and paradigms (Binford 1964; Clark 1994: 315; Riede 2017). To
investigate the various inconsistencies in the present taxonomic landscape, different
maps of site and tool distributions will be used as major analytical tools. Alongside
research historical issues, further problems are associated with the criteria used to
circumscribe what often is supposed to be the representation of past sociocultural
reality (Clark 1988: 4; Kozłowski and Kozłowski 1979: 16; Brinch Petersen 2009;
Vasil’ev 2001: 4). Using the Bromme culture as an example of the application of
typological criteria, the Fürstein group as a representation of tool frequency-based
delimitations and the Atzenhof group as a raw material-based subculture, we

Fig. 1 Extent of the study and sites used for analysis; areas of high site density are represented in maps a-c;
the site numbers are resolved in Electronic Supplementary Table 1; coordinates are resolved in electronic
supplementary table 2; (Projection: UTM32N; EPSG: 7416; Data: GADM, Natural Earth Data)
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demonstrate that such cultural-taxonomic definitions and their sociocultural value
should be treated with caution.

The proposed regionalisation that is underwritten by this taxonomic landscape is
fully in line with an entrenched understanding of this period as a prelude to the early
Holocene, which arguably did see the development of more regionally circumscribed
Mesolithic entities (see Bailey and Spikins 2008). Our results summarily indicate,
however, that this supposed regional patterning is the complex result of research
historical processes and biases combined with a lack of rigour in constructing archae-
ological taxonomic units. Thus, interpretations of Late Palaeolithic migrations, adap-
tations and identities stand on uncertain ground.

The Historical Development of Late Palaeolithic Taxonomies

The formation of today’s Late Palaeolithic taxonomic landscape in the study area began
in the early twentieth century when a large tanged point and reindeer antler were
discovered in association with geological evidence for their ice age date at Nørre
Lyngby in the very north of Denmark (Jessen and Nordmann 1915). Similar finds
became known from the wider region and Ekholm (1925) quickly codified these into
the Lyngby culture. At this point, the Azilian was already established as a Late
Pleistocene-Early Holocene culture found in south-western Europe (Piette 1895). Clark
proposed a general absence of Azilian elements in Central and Northern Europe in his
major 1936 synthesis, but Krukowski (1939) shortly thereafter defined another impor-
tant and long-lived taxonomic unit of the Late Palaeolithic that was thought of as
closely allied with the Azilian: He described the Eastern European Tarnowian primarily
based on characteristic end-scraper types and frequencies (Krukowski 1939; Schild
1960, 1975) as opposed to the Western European Azilian where the presence of arch-
backed points was thought to be essential.

These early characterisations were followed by three busy decades of defining local
entities in various parts of Central Europe with the aim of mapping the presence, origin
and diffusion of regionally distinct sociocultural units: The necessary definition of
actors that could partake in the contemporaneous ‘ethnogeography’ that was being
mapped (Eriksen 2000) and dynamic ‘palaeohistory’ (Kozlowski and Kozlowski 1979)
that was being written (Fig. 2). Well-known among these are the Federmessergruppen
(Schwabedissen 1954), the Stielspitzengruppen (TPT) (Taute 1968) and the Bromme
culture (Mathiassen 1946), which was, for Taute, part of his TPT complex but which is
to date most commonly seen as a stand-alone culture. All of these taxonomic groups are
thought to be associated with specific typological characteristics and type fossil
artefacts, namely arch-backed forms, small tanged points and large tanged points,
respectively. Whilst efforts were also made to remove some of this terminological
profusion—Brinch Petersen (1970), for instance argued for a collapse of the Lyngby
and Bromme cultures—a plethora of lower level taxonomic units were put forward in
the wake of both the Federmessergruppen and the Stielspitzengruppen (Table 1). These
units, as well as others (Chmielewska 1961; Chmielewski 1961; Sawicki 1933;
Schwantes 1939; Sinitsyna 2002; Szymczak 1987, 1999), were believed to have their
territories in the lowlands of Belgium, the Netherlands, northern Germany, Poland and
further to the east (Fig. 3). Difficulties abound, however, owing to the ambiguous
definition of key artefact classes and their evident co-occurrence at many sites within
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and outside the traditional core ‘territories’ of these groups. For instance, different large
tanged point variants are imprecisely distinguished from each other and from smaller
variants (Fischer 1985; Serwatka and Riede 2016), and they commonly occur as minor
but integral elements within arch-backed point (Federmessergruppen) assemblages in
Northern Europe (Breest and Gerken 2008; Kobusiewicz 2009a, b; Riede 2017; Riede
et al. 2011).

A somewhat different scenario unfolded in the southern part of Central Europe,
specifically Switzerland (Fürstein group; see Nielsen 2002, 2009; Wyss 1953, 1968),
southern Germany (Atzenhof group; see Naber 1974; Schönweiß 1974, 1992) and the

Fig. 2 Two exemplary maps for the suggested taxonomic variability and its spatial signature in the Late
Palaeolithic, and the ways in which these units moved about, from Kozlowski and Kozlowski (1979). a
Europe in the tenth millennium BC (F = Federmesser); b Europe in the ninth to eighth millennia BC
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Czech Republic (Ostroměr group; see Burdukiewicz 1999; Vencl 1966, 1970a, b),
where the naming of new subcultures of the arch-backed point complex was less

Fig. 3 a Local units based on tanged points; colours are coded according to the respective authors. b Local
units based on arch-backed points; colours are coded according to the respective authors (Projection:
UTM32N; EPSG: 7416; Data: GADM, Natural Earth Data)
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common and therefore resulted in fewer units and little overlap in terms of geographic
range or shared key sites. In addition, the defining characteristics were either tool
frequencies or raw material procurement patterns, both of which were invested with
quasi-ethnic value. In notable contrast, assemblages in areas such as the Rhineland or
the Danube Basin were never assigned to regional groups, industries or subcultures.

In the description of these supposed regional developments, their proponents have
used taxonomies and terminologies that differ in subtle but important ways (Table 2).
Uncertain about the various units’ rank within the overarching system and cognisant of
the taxonomic challenge at hand, Schwabedissen (1954) suggested the term of the
Gruppe (group) to be used as a preliminary category, which could be re-arranged and
reclassified if and when the respective unit’s relative position is clarified by further
research. Only too aware of the need to work with the often poorly or not at all stratified
material in northern Europe (Schwabedissen 1955), he rather problematically suggested
that a minimum of only two sites with comparable characteristics would be sufficient to
circumscribe a group. Taute’s (1968) classification approach was similar, but his focus
on another type fossil artefact, tanged points, as the dominant taxonomic index led him
to reclassify—or rather parallel classify—many of the same locales into different
groups, as well as to taxonomically demote the Bromme culture into a group (the
Segebro-Bromme group) as a sub-unit of his wider tanged point complex. In addition,
he expanded the taxonomic system by the German term Industrie, which would
describe single sites with outstanding properties, albeit without paradigmatically qual-
ifying the specific properties of such exceptional assemblages. Taute’s terminology is
not to be confused with the French term Industrie promoted by Schild (1965), which
taxonomically is more akin to Schwabedissen’s Gruppe.

The comprehensive classification exercises of Schwabedissen, Taute and Kozlowski
and Kozlowski were major contributions to systematically understanding the archae-
ology of the Late Palaeolithic in the wider region. Each approach also displays a great
deal of internal consistency when it comes to their classificatory logic. However, with
regard to the articulation between these and specifically with regard to many stand-
alone taxonomic units proposed subsequently, such as the Atzenhof group, no explicit
translation key has ever been provided, leaving a given group’s intended taxonomic
rank and sociocultural connotations unclear. A problem common to all taxonomies
presented above is the lack of clearly defined and externally validated criteria as well as
(where relevant) statistical thresholds for describing commonalities and differences.
Yet, once in place, many taxonomic units proposed for Late Palaeolithic in Europe have
become reified when they are used in geographically more wide-ranging syntheses that
by necessity gloss over the often difficult to obtain source-critical acumen. Obscurity in
the initial definition, language barriers and Houtsma and colleagues’ (probably largely
implicit) Bparadigmatic straight-jackets of provincialism^ have all contributed to the
present taxonomic patchwork. In the following, we focus on the latter two biases in an
effort to articulate the development of these taxonomies with wider political and
scientific trends.

Triggers of Regionalism

Archaeology is Bthe place where present and past meet and interact^ (Kane 2003: 1)
with the clear implication that all archaeological work and interpretations are related to
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political leanings of the individual archaeologist (Tilley 1998). There are numerous
prominent cases of national or even nationalistic agendas influencing archaeological
research (see Kane 2003; Kohl 2012). Such ‘invented traditions’ (Hobsbawn 1983)
were used most prominently by the Forschungsgemeinschaft Deutsches Ahnenerbe in
the Third Reich to naturalise and hence legitimise the ruling party’s racial ideology
(Koop 2012), but also in Great Britain to connect the modern population of the British
mainland with the Celts and illustrate continuity (Samida 2013: 355f). On a regional
level, such as in Saxony, prehistory is used strategically to foster spatially
circumscribed identities (Sommer 2000). Commonly, national, regional and local
perspectives on the past are institutionalised in museums at attendant scales whose
raison d’être is often intimately linked with that very geography.

With regard to the Palaeolithic, such influences are usually subtler, yet far from absent
(Tomášková 2003). The latter half of the nineteenth century and much of the twentieth
century were characterised by substantial rivalry between nation states and alliances thereof,
the influence of which on, for instance, the taxonomy of the Upper Palaeolithic has been
noted (Felgenhauer 1996). Similarly, Riede (2017) traces the subtle effects of recent political
history, amateur involvement and codification through reified national registration practices
on the status of theBromme culture in southern Scandinavia. In Denmark, the use of the past
is a common feature in business advertisement and political discourse and serves to negotiate
the position of a once powerful nation in the recent and contemporary political landscape
(Dobat 2013; Høgh 2008; Kristiansen 1993). More recently, nationalism had been replaced
in favour of a certain Europeanism that evokes a distant European past, transnational
networks and early forms of globalisation (Samida 2013: 356; Sommer 2000: 128), a trend
that in concert with theoretical re-orientations in archaeology away from descriptive culture
history towards largely functional studies (Trigger 1989) may have led to the waning of
taxonomic inventiveness (Fig. 4).

At present, the attitude of emphasising overall homogeneity in the Late Palaeolithic (e.g.
De Bie and Vermeersch 1998) coexists with approaches that instead stress supposedly
regionally circumscribed heterogeneity. The latter can perhaps best be described by the
German term ‘Heimatkunde’, which privileges the affection for and knowledge of local

Fig. 4 Number of newly designated local Late Palaeolithic taxonomic units in 5-year brackets
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landscapes, history and prehistory in relation to wider geographic scales. This
‘Heimatkunde’ approach is epitomised by the Atzenhof group, found more or less exclu-
sively in the region of Franconia. Locals are keen to insist on their ‘recent’ incorporation of
Franconia intoBavaria in 1803,which among other initiatives, has resulted in the celebration
of the Day of the Franconians (Tag der Franken) in 2006 and onwards (Kluxen and Hecht
2010). Although no explicit reference is made to the Palaeolithic here, such events evoke
notions of (lost) regional independence and (supposed) linguistic and cultural difference.
The local focus encapsulated by theAtzenhof group is also clearly reflected in the publication
practice regarding sites in this region. Typically, small and locally distributed publications,
like the Oberpfälzer Heimat (Schönweiß 1997) or the Archiv für Geschichte von
Oberfranken (Schönweiß 1993; Schönweiß and Sticht 1968) or publications printed at the
author’s cost (e.g. Vorgeschichtliche Funde aus dem Landkreis Schwandorf—see Süß and
Thomann 2009), are used to present new findings. For researchers from outside the region or
from even further afield, these publications are often difficult to obtain, sometimes arduous
to read, and their scientific status hard to ascertain.

Another important and prosaic bias at play may be found in the logistics of research. The
proponents of the various Late Palaeolithic taxonomic units are typically closely linked to or
based in the region that alsomake up the core of ‘their’ culture, group or industry. It was only
Friedrich Naber from the University of Bonn, who worked outside his institution’s ‘claim’,
and Wolfgang Taute, whose research transgressed the border to Poland. All other key
researchers were stationed within the confines of ‘their’ unit (compare Fig. 2 and Fig. 5).

Fig. 5 Areas of Slavic, Uralic and Germanic languages in comparison to the different axonomic units defined
in the study area; the units are set to 25% opacity, areas of strong overlay are represented by darker colouring;
Red dots designate workplaces of the authors defining local units; the southern part of the study area contains
relatively few such taxonomic units units, although an extensive cover of ABP sites is known in this region
(e.g. Rhineland; Projection: UTM32N; EPSG: 7416; Data: GADM, Natural Earth Data)
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Ease of access to original material versus drawings or photographs, respectively, coupled
with inherently local perspectives may have exaggerated differences rather than common-
alities between regions.

Another prominent, albeit rarely articulated, obstacle to supraregional comparisons
is language. Publications on the Late Palaeolithic in Eastern Europe—but also to a
lesser degree in Germany (see above) or Scandinavia with regard to the Late
Palaeolithic (Eriksen 1999)—are often still published in the country’s respective
national language and hence frequently disregarded by Western researchers (cf.
Funari 2009). Slavic languages are usually not taught in Western European schools
making language a fundamental obstacle to the inclusion of Eastern European data in
research conducted by Western Europeans. Notably, this problem is largely unidirec-
tional since in Eastern European states, English and German (and Russian) are widely
known and taught foreign languages, whilst for example Polish or Czech are of no
significance in either Central or Western Europe (European Commision 2005). In
addition, Western European researchers remain over-represented in high-profile publi-
cation media, as exemplified by, for instance the impactful Journal of Archaeological
Science (Butzer 2009). These publications, in turn, are increasingly expensive to
access, which creates additional barriers to democratic knowledge exchange across
not only extant linguistic but also coincident economic boundaries.

Whilst subtle in isolation, these epistemic and logistic factors together have led to the
lamentable status where publications from Western Europe will much more likely find
recognition in Eastern European works, but not vice versa. Within the Late Glacial record
analysed here, this is evident in the fact that units commonly do not cross the linguistic
divide between Germanic and Slavic languages (cf. Figures 2 and 5). Only in rare cases, this
problem was deliberately addressed (cf.Kozłowski and Kozłowski 1979: 7), but it is telling
that the Tarnowian, which was originally understood to be a high-level taxonomic unit on
par with a culture or even a cultural circle also encompassing theAzilian (see Kozłowski and
Kozłowski 1977: 177), the Federmessergruppen and the Romanellian (Kozłowski and
Kozłowski 1979: 53), has rarely been incorporated into Western research but always been
kept separate and described as a subcultural entity (Taute 1963) and variant (Kozłowski et al.
1996: 83f). Conversely, the term Lyngby culture remains in common usage in Eastern
Europe (e.g.Girininkas et al. 2016; Migal 2006; Sinitsyna 2002), despite the fact that it has
long been all but abandoned by Scandinavian researchers (Brinch Petersen 1970). The only
other units spanning both zones were the ones defined by Taute (1968) owing to the
comprehensiveness of his seminal work.

Comparing Extant Taxonomic Units

Besides typological criteria, numerical characteristics in the form of relative tool frequencies
are often used to delimit local units. This approach, reminiscent of Bordian-type frequency
notions, is especially prevalent in the Eastern European research tradition (Chmielewska
1961; Chmielewski 1961; Kozłowski and Kozłowski 1977, 1979; Kozłowski et al. 1996;
Krukowski 1939; Schild 1960, 1965, 1975; Vencl 1966, 1970a, b), although by no means
exclusively so (Nielsen 2002, 2009; Salomonsson 1964; Wyss 1953, 1968).

Typically, the dominance of a specific tool type, like the burin in the case of the
Swiss Fürstein group (Wyss 1953, 1968) or the short end-scraper in the case of the
Polish Tarnowian (Schild 1960), is used to circumscribe a regionally distinct unit of the
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Late Palaeolithic (cf. Figure 6). Tool frequencies are contingent on a variety of past
factors as well as post-depositional transformations, including sorting and collecting
biases (Ammermann and Feldmann 1974; Baker 1978; Dunnell and Simek 1995; Veil
1987). In well-constrained assemblages, tool frequencies are likely to represent func-
tional aspects of a specific site category (Zimmermann et al. 2004), or they may relate
to the length and intensity of occupation, especially when coupled with site function,
which has been demonstrated for backed bladelets in the Magdalenian (Parkington
et al. 1980; Richter 1990; Straus 2006: 505f) and has been stated for other tool types
such as antler harpoons (Straus 2006: 503). A further major driving force behind tool
frequencies may be ecological patterning. For example, regional geomorphology
determines characteristics and diversity of economic opportunities in the vicinity of a
given site and within a given climatic setting (Burnett et al. 1998; Parkington et al.

Fig. 6 Interpolated relative frequencies of backed pieces (orange), burins (red), tanged points (blue) and end-
scrapers (green); darker colours indicate higher frequencies of the respective tool type (basis for relative
frequencies is the sum of backed pieces, burins, end-scrapers and tanged points; interpolation parameters in
SAGA: inverse distance weighting; max search distance 7; number of points: min 1, max 20; weighting:
exponential; bandwidth: 0.3; projection: UTM32N; EPSG: 7416; Data: Natural Earth Data); the data used for
processing is contained in Electronic Supplementary Table 2
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1980; Sauer 2018; Straus 2006: 504; Zimmermann and Thom 1982). This close
connection between tool frequencies and specific habitats can be observed in the
Fürstein group, for instance (cf. Figure 6). Find spots showing high frequencies of
burins are situated in the peat bogs of the Wauwiler Moos (the former Lake Wauwil,
drained in the nineteenth century) in Switzerland and around the Federsee in southern
Germany (Eberhardt et al. 1987; Jochim et al. 2015). It is possible that the marshy
landscapes surrounding these lakes or the exploitation of aquatic resources demanded
the intense use of specific tools or toolsets, although the specific causal pathway
remains obscure. In the lowlands of Northern Germany (Trölsch 1976), Poland
(Taute 1968) and Denmark (Johansson 2003; Petersen 1994), equally high frequencies
of burins can be observed, which further underlines this tool type’s possible association
with a wetland-oriented ecological and economic context. Although burins are com-
monly thought of as tools used on hard materials like antler and bone, their use for
working other materials, also relatively soft ones, has been shown as well (Barton et al.
1996; Iwase 2014: 366).

The increasing occurrence of large tanged points in Federmessergruppen assem-
blages at higher latitudes (cf. Figure 7) may also signal a relative shift in the importance
of heavier armatures—delivered by spear-thrower—used against thick-skinned ungu-
lates such as elk and giant deer in more open habitats (Bokelmann 1978; Dev and Riede
2012; Riede 2009, 2017). Importantly, however, the occurrence of such large tanged
points is not exclusive to any one cultural unit in the Late Palaeolithic, but a general
artefact class occurring in low frequencies within many assemblages. This seriously
compromises the culturally diagnostic value of these tools.

The occurrence of sites with supposed Tarnowian characteristics is even more
widespread and diffuse. Although high frequencies of end-scrapers are supposed to
be a feature of Eastern European regional groups such as the Tarnowian,Witowian and
the Ostroměr groups, they can be observed throughout most of the study area, without a
clear association with specific palaeoecological or geomorphological settings—
scrapers of this kind are simply the most common tool in the vast majority of all Late
Palaeolithic assemblages. This ubiquity makes the tool class itself patently unsuitable
as a regional cultural marker.

In all this, it is critical to recall that the bulk of sites used for the definition of local
units is composed of surface collections (Beck et al. 2009; Naber 1974; Nielsen 2009;
Schönweiß 1967, 1974, 1992; Szymczak 1984, 1987; Taute 1963, 1968; Vencl 1970a,
b). This not only makes them hard to date (Crombé et al. 2013; Vermeersch 1977), or to
unravel whether they reflect single or multiple occupation episodes, it also has impli-
cations for the use of tool frequencies derived from such collections. Especially with
regard to smaller assemblages, relative tool frequencies have to be considered with
utmost caution given that a variety of stochastic and difficult-to-account-for processes
come into play (Ammermann and Feldmann 1974; Baker 1978; Dunnell and Simek
1995; Veil 1987): size sorting due to post-depositional processes, collection bias with
regard to size and collection bias with regard to recognisability. Whilst challenging to
demonstrate at the level of individual sites, this can be observed with regard to the large
tanged points in the study area, which are relatively easy to recognise and typically
have larger dimensions than arch-backed points. This has led to a likely overemphasis
of this tool class when it comes to assigning assemblages to a given taxonomic unit
(Riede 2017). In southern Scandinavia, these stochastic biases are further coupled with
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subtle forms of confirmation bias. Whilst the Bromme culture has the oldest pedigree of
all regional Late Palaeolithic taxonomic units, it was only recognised from the 1970s
onwards that arch-backed points occurred in the region at all. This has led to a
discounting of arch-backed elements in many known assemblages and hence a signif-
icant underreporting of these components in reports, publications and the national finds
database (Riede 2013, 2017).

A comparable situation holds true with regard to the Bavarian heritage archives,
where sites are assigned to the Late Palaeolithic whenever clearly diagnostic types for
other Palaeolithic periods are absent or specific raw materials are present. As with the
Bromme culture in Denmark, this makes the Late Palaeolithic a form of default

Fig. 7 Overlay of the interpolated distribution of tanged points (blue) and backed pieces (orange indicates
backed bladelets and arch-backed points); it is apparent, that there is no exclusive distribution of both tool
types, which also frequently co-occur at sites with arch-backed points and tanged points, respectively (black
dots indicate sites with co-occurrence of arch-backed points and tanged points; the basis for relative
frequencies is the sum of backed pieces, burins, end-scrapers and tanged points; interpolation parameters in
SAGA: inverse distance weighting; max search distance 7; number of points: min 1, max 20; weighting:
exponential; bandwidth: 0.3; projection: UTM32N; EPSG: 7416; Data: Natural Earth Data); the data used for
processing is contained in Electronic Supplementary Table 2
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taxonomic group with an evident tendency for the registration of Palaeolithic sites to be
strongly related to the archaeologist at the responsible heritage administration (Sauer
2018). In southern Scandinavia, avocational collectors—often motivated by a keen
interest in ‘Heimatkunde’ or local history—have also fondly focussed on the Bromme
culture in favour of other Late Palaeolithic entities, not least because the eponymous
site itself was discovered by an avocational archaeologist (Fischer 2002). Recent
discussion of these issues has opened the debate on whether the Bromme culture
(Buck Pedersen 2014; Buck Pedersen 2015; Kobusiewicz 2009b; Riede 2013, 2014,
2017) and along with it similar phenomena in Eastern Europe that have been defined
with reference to it (Sulgostowska 1989; Kobusiewicz 2009a) can at all be maintained
as valid taxonomic units or whether they should be sunk into the wider arch-backed
point complex as functional variants or facies.

The application of raw material as a taxonomic criterion is reflected most acutely in the
definition of the Bavarian subset of the Atzenhof group. This unit was first described by the
avocational archaeologist Werner Schönweiß (Kaulich 2003) in 1974, based on the surface
collections from Fürth-Atzenhof and Fürth-Flexdorf. Schönweiß (1967, 1968) began to use
this taxonomic term already in the 1960s, albeit without offering a clear classificatory
definition. Alongside the unspecified presence of backed tools and burins (and the issues
associated with tool frequencies in surface assemblages), the most important characteristic is
supposed to be the use of a specific set of rawmaterials (Schönweiß 1974, 1992;Werner and
Schönweiß 1974). Whilst local materials such as Jurassic chert, Tabular chert, Chalcedony,
Upper Triassic chert and lydite make up the bulk of the tool stone, it is supplemented by
products made from erratic flint transported over at least a distance of 180 km from the
moraines in Thuringia and Saxony (Sauer 2018).

This raw material-based definition is problematic in a variety of ways, however. First
and foremost, raw material use is most strongly influenced by the availability and
accessibility of suitable tool stone in a given area, i.e. it is strongly spatially
autocorrelated. It is unlikely that raw materials were used by Late Glacial foragers to
signal group identity (Clark 1988: 4). At any rate, it has to be noted in this context that
similar raw material usage can also be observed in sites of the north-western
Czech Republic (Sauer 2017; Vencl 1970a, b), although these regions are not thought
to be part of the Atzenhof group. Instead of signalling group identity, raw material
compositions essentially indicate the supraregional connection of the sites in northern
Bavaria to the Danube region to the south and to the moraines along the margins of the
lowlands to the north (Sauer 2017). Assuming embedded procurement as the dominant
mode of lithic resource acquisition, this would add up to an annual round of at least
400 km in distance. This then reflects the general connectedness of Late Palaeolithic
people to distant regions, rather than the autonomy of regional entities (Baales 2002,
2003, 2004). Such transport of lithic raw materials over long distances is a character-
istic of the Late Palaeolithic (Baales 2003; Floss 1994).

Based on these raw material distribution patterns, past mobility can be reconstructed
particularly well in the geologically heterogeneous landscapes of the Central European low
mountain ranges, which provide numerous easy-to-distinguish tool stone variants
(Binsteiner 2005; Floss 1994; Löhr and Schönweiß 1987; Malkovský and Vencl 1995;
Sauer 2017; Weißmüller 1995). In the Northern European Lowlands, this situation is much
harder to decode, due to the almost exclusive availability and use of erratic flint (Madsen
1993). In contrast, the large size and generally high quality of northern erratic flint released
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knapping from volumetric constraints, mimicking cultural specificity. Yet, large nodule size
is merely a necessary yet not a sufficient argument driving large tool sizes. Changes in the
bulk of knapping debris hence make it exceedingly difficult to differentiate
Federmessergruppen from Bromme culture assemblages in the absence of (supposedly)
diagnostic tools (Eriksen 2000). The recent critiques of the use of large tanged points as a
culturally diagnostic artefact class, coupled with the evident difficulty of distinguishing
knapping products together stress the weak basis on which taxonomic units such as the
Bromme culture or the Perstunian—a purported eastern European culture similar to the
Bromme culture (Szymczak 1987, 1999)—are founded (Table 1).

Finally, the areal extent of most local Late Palaeolithic taxonomic units, such as the
Atzenhof or the Fürstein group, falls short of comparable territory sizes (Table 3)
known from ecologically comparable ethnographic foragers (Binford 2001; Kelly
1995; Newell and Constandse-Westermann 1996: 384). Whilst prehistoric reality

Table 3 Late Palaeolithic culture/group territorial sizes compared to territory sizes derived from the ethno-
graphic record; most Late Palaeolithic taxonomic units’ suggested territories are either drastically larger or
smaller than comparable territory sizes documented in the ethnographic record. Mean MRS 1 (major resource
strategy 1: evenly spaced and stable resources (forest mammals); Heffley 1981; Horn 1968; Newell and
Constandse-Westermann 1996) territory size, 160,000 km2; maximum MRS 1 territory size, 995,000 km2

Local unit Area (km2) % of mean MRS 1 % of max MRS 1

Older Swiderian 198,814 1.24 0.20

Atzenhof 19,089 0.12 0.02

Bohemian FMG 13,192 0.08 0.01

Colmberg 4852 0.03 0.00

Eggstedt-Stellmoor 81,848 0.51 0.08

Federmesser with tanged points 129,694 0.81 0.13

Federmesser without tanged points 266,911 1.67 0.27

Fürstein 8046 0.05 0.01

Geldrop-Callenhardt 84,415 0.53 0.08

Younger Swiderian 336,587 2.10 0.34

Ostromer 32,251 0.20 0.03

Perstunien 25,887 0.16 0.03

Rissen 117,343 0.73 0.12

Segebro-Bromme 73,182 0.46 0.07

Swiderian 293,938 1.84 0.30

Szekszard 21,695 0.14 0.02

Tarnowien 33,189 0.21 0.03

Tegel-Ketzendorf 89,841 0.56 0.09

Tjonge 47,065 0.29 0.05

Tolk-Sprenge 9396 0.06 0.01

Volkushien 469,740 2.94 0.47

Wehlen 46,522 0.29 0.05

Witowien 72,227 0.45 0.07

Mean 107,640 0.67 0.11
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may differ substantially from that of the ethnographic present (Wobst 1978), the
marked divergence of many of the most locally defined units especially but also the
substantive variation in territory sizes for these Late Palaeolithic entities speaks against
them reflecting meaningful analytical units in the sense of identity-conscious ethnic or
linguistic communities. Note also again that the rather large areas not inhabited by any
kind of Late Palaeolithic subculture, group or industry still harbour Late Palaeolithic
sites (Heinen 2005; Taute 1972)—current taxonomic schemes account poorly if at all
for these unassigned sites.

Discussion

The practice of classifying and subdividing archaeological cultures is closely related to
the culture-historical research paradigm which focusses on the description of the Bwhat,
where and when^ (Binford 1964: 425) of archaeological remains. In this way, archae-
ologists sought to describe the makeup and succession of social units which were
believed to be detectable in the artefacts and sites that were left behind by prehistoric
people (Clark 1994: 329; Clark and Lindly 1991; Kozłowski and Kozłowski 1979: 16;
Vasil’ev 2001: 4). Either typological, functional or economic criteria were used as
proxies representing social units. With the advent of New Archaeology—most prom-
inently promoted by Lewis Binford in a number of seminal articles (e.g. Binford 1962,
1964)—the research questions changed towards the analysis of processes of change and
the ‘how and why’ (Binford 1964: 425) of prehistoric development. In this context, the
mere classification of archaeological remains did not help to answer the research
questions of the day.

In the context of the Central European Late Palaeolithic, this paradigm change is
reflected in the almost complete cessation of definitions of new regional units—
cultures—after 1974. The Perstunian culture, first described in 1987 as an eastern
European parallel to the southern Scandinavian Bromme culture, is the only exception
to this pattern (Szymczak 1987), although it was heavily criticised for its typological
inconsistency and the reliance on poorly constrained assemblages already shortly after
being proposed (Sulgostowska 1989, and see Szymczak 1991 for a response)—a
particular debate that to all intents and purposes mirrors our comparative and more
general discussion of the Atzenhof and Fürstein groups and the Bromme culture
presented here. With notable exceptions (Newell and Constandse-Westermann 1996),
the methodological re-orientation of the New Archaeology did not, however, lead to a
critical reassessment of Late Palaeolithic taxonomies. In fact, collectors in Franconia
still attribute assemblages to the Late Palaeolithic and even the Atzenhof group despite
the absence of diagnostic tool types (Sauer 2018); workers in Eastern Europe still
attribute local assemblages to the Perstunian culture or related large tanged point
groups of Eastern Europe despite their problematic classificatory foundation
(Siemaszko 1999; Sinitsyna 2002); and in southern Scandinavia, the Bromme culture
remains enshrined as the first regional culture (Price 2015). Yet, in line with Clark’s
(2009: 19) discussion of cultural taxonomic issues in the Middle and Upper
Palaeolithic, we have shown that the current Late Palaeolithic taxonomies in Europe
are largely Baccidents of history^ and that many of the traditional archaeological
taxonomic for this period may be Bphantom cultures^ (Barton and Neeley 1996: 146).
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More recently and as part of a broad development within evolutionary archaeology,
attention has turned to demography and cultural transmission as important factors
generating spatio-temporal variability in the archaeological record, effectively bringing
the traditional culture-historical research questions of ‘what, when, and where’ to the
fore once more (Roberts and Vander Linden 2011; Shennan 1989, 1995, 2006). With
this contemporary re-orientation towards culture history has also come a renewed focus
on the construction of the necessary taxonomic units and how to analyse them (Lipo
et al. 2006; O'Brien et al. 2008; Riede 2011b). In this view, cultures or any other
formally named taxonomic unit is understood as a materialist, population-level phe-
nomenon that is generated through the actions of individuals and that assumes archae-
ological shape through the consistent socially learned repetition of such actions across
generations. These can be read as more or less stable bundles of material culture
characters and as representing communities of practice over time, but they are not
claimed to in any straightforward way correspond to cultures as defined by anthropol-
ogists (O'Brien et al. 2008).

There has been significant debate about whether and to what degree lithic typology
in particular reflects identity-conscious communities similar to those identifiable in the
ethnographic present, and also whether we would be able to recognise them:
BInformation about group membership must be encoded in lithics in such a way that
it can be decoded by prehistoric recipients and by archaeologists^ (Barton 1997: 144).
Our critical and comparative investigation of Central European Late Palaeolithic
taxonomies has raised the question of whether Barton’s basic requirement is met by
the key classificatory characteristics used (index fossil types, tool frequencies, raw
material selection) and whether we may be dealing with active or passive identity
carriers (Barton 1997: 143). We conclude that tool frequency is unlikely to be a passive
carrier of group identity (Barton 1997: 142) since it is related to functional character-
istics of a given site as well as stochastic post-depositional factors. If understood as an
active identifier, frequency characteristics could hardly be monitored by any prehistoric
individual, since any given assemblage’s specific characteristics are only visible if
perceived in their entirety. In addition, sites can be used consecutively by different
groups employing the same general tool spectrum, and group size and composition
may change in the course of the annual round, which may strongly impact any artefact
frequencies (Barton 1997: 148).

Turning to the artefacts themselves, Barton argues that lithic tool types and variants
are poor active transmitters of social information owing to their typically small size
(Sackett 1985; Wiessner 1985). It is worth remembering, too, that lithics almost
certainly only played a very minor role in the overall toolkit given the inverse
relationship between the importance of organic tool components in traditional societies
and their likelihood of preservation (Stodiek and Paulsen 1996). Visibility is a funda-
mental characteristic of sociocultural identifiers (Carr 1995; Tostevin 2013) making it
unlikely that Late Pleistocene group identities were connected specifically to some of
the smallest and most mundane items in their material culture repertoire. Instead,
individual group membership should be evident from great distances. In the arrows
in the Great Basin, NV, USA, for instance, these identifying characteristics are attached
to the shaft, and not the lithic point (Sinopoli 1991). Nonetheless, different manufactur-
ing techniques and tool variants may represent the best opportunities for identifying
Late Palaeolithic social units (Collard and Shennan 2008). In doing so, a multitude of
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other influences such as weapon delivery systems used, the prey hunted and tool stone
size must be taken into consideration as they have the potential to eliminate or distort
any archaeologically discernable social markers (Barton 1997; Myers 1989; Shott
1996). However, many tool types used for such exercises have been defined a long
time ago and have rarely been subjected to rigorous re-analysis. Whenever such
analyses have been conducted, however, few if any traditional typological divisions
stand up to statistical and especially morphometric scrutiny (e.g. Bisson 2000; Ikinger
1998; O'Brien et al. 2014; Serwatka and Riede 2016).

Conclusion

In this paper, we have subjected the current patchwork of Central European Late
Palaeolithic taxonomic groups to a critical and rigorous comparative analysis. This
taxonomic health check has revealed a great deal of heterogeneity in how these units
are constructed. As a consequence, different taxonomic systems are not mutually
comparable. Many units are—despite vernacular labels (culture, group) that imply
taxonomic interoperability—not readily compatible. We argue that the use of tool
frequencies as a defining characteristic for some of these taxonomic units does not
account sufficiently for stochastic and taphonomic factors as confounders of any
observed patterns. We further argue that the use of index-type artefacts likewise does
not work sufficiently well for clearly demarcating Late Palaeolithic taxonomic units
and their spatial extent. Type definitions are often imprecise, and research conducted
after the initial definition of a given taxonomic group based on one or several specific
index types (e.g. large tanged points) has repeatedly shown their diffuse presence in
many Late Palaeolithic assemblages. Such occurrences may be more parsimoniously
explained against a background of ecological and economic differences and using
behavioural ecological approaches.

In many if not all cases, the suggested cultures and groups of the Late Palaeolithic
reflect a patterning unlikely, in our view, to represent the actual prehistoric
ethnolinguistic makeup. We are painfully aware of the potential implications of our
negative results, but underline that our paper should not be read as a critique of any
specific attempt at classifying Late Palaeolithic assemblages (cf. Clark 2009). We share
most archaeologists’ interest in writing and understanding culture histories, for which
the construction of adequate and operational taxonomies is essential. We do not offer an
alternative taxonomy for the Central European Palaeolithic here, but stress that the
classificatory system or rather the classificatory systems in place at present are research
historically, methodologically and empirically flawed. Falling short of offering a
workable alternative, we note that palaeobiologists regularly struggle with similarly
thorny taxonomic issues. In palaeobiology, traditional quasi-typological approaches (cf.
Mayr 1976) were, however, quickly replaced by taxonomic definitions that were
operationalised through population thinking, statistical reasoning and computer appli-
cations (Hagen 2001). Especially tree-thinking and phylogenetic approaches now
dominate as they, once operational units are defined, order these hierarchically in
explicitly nested sets (e.g. O'Brien et al. 2002; Riede 2011a). In their brief but lucid
discussion of archaeological taxonomic units for the Late Palaeolithic, Gamble et al.
(2005) have gone some way towards constructing an operational taxonomy based on a
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hierarchy of attributes and clusters thereof. In parallel, approaches employing geomet-
ric morphometric analyses of key Late Pleistocene artefact classes and linking observed
changes in shape and technology explicitly to models of cultural transmission have also
been gaining traction in North America (e.g. O'Brien and Buchanan 2017; Sholts et al.
2017). Together, these may serve as inspiration for researchers working in the European
Late Palaeolithic. Building on these efforts, we suggest that future attempts at system-
atically ordering Late Palaeolithic material culture should draw on explicit attribute-
based and geometric morphometric principles with the aim of statistically comparing
the resulting units. The units and the hierarchies in which they are nested can then be
used for further analyses that investigate material culture variation in relation to
chronology, ecology, economy and geomorphology.
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