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The Last Glacial Maximum in Europe — State of the Art in Geoscience and Archaeology i

From the 20th to March 22, 2019, two of us (AM and CM) organized
a workshop entitled “The Last Glacial Maximum in Europe — State of
knowledge in Geosciences and Archaeology” at Schloss Wiesenthau in
the vicinity of Erlangen, generously funded by the Friedrich-Alexander-
Universitat Erlangen-Niirnberg. Forty scientists from Austria, Belgium,
Canada, Czech Republic, France, Germany, Hungary, Italy, Poland,
Portugal, Romania, Russia, Serbia, Spain, Switzerland, and Ukraine
came together to discuss the current state of knowledge on the Last
Glacial Maximum (LGM) in different disciplines and regions (Fig. 1).
About 30 and 20 years after the editions of “The World at 18.000 PB”
(Gamble and Soffer, 1990) and “Hunters of the Golden Age” (Roe-
broecks et al., 2000), respectively, the aim of the workshop was to
refresh discussions about relations between cultural phenomena and
environmental change around this period based on advancements in
Geosciences and Archaeology across Europe. The workshop allowed
identifying subjects, paths, and perspectives for future research. This
special issue is dedicated to disseminate the results initiated during this
meeting. Before presenting in short the contributions of this issue, some
explanations regarding cultural and environmental terms shall be given,
to make the contributions accessible for people from both communities,
otherwise maybe not familiar with these terms.

1. Background

While the term Last Glacial Maximum (LGM) is in use already since
several decades (Willett, 1950; CLIMAP Project Members, 1976, 1981),
its definition has changed with increasing knowledge about dating,
proxies and climate archives. Although a detailed review of the LGM
goes beyond the scope of this editorial, a few common definitions
(among many others) shall be mentioned here, elucidating the various
concepts for defining the LGM. Mix et al. (2001), for instance, attribute
the LGM to the period with lowest sea level and absence of major climate
events such as Heinrich and Dansgaard-Oeschger events. Predominantly
based on oxygen isotope records from ice cores and deep sea sediments,
they defined a LGM chronozone between 23 and 19 ka BP, or 24-18 ka
BP if dating uncertainties are accounted for. On the other hand, Hughes
and Gibbard (2015) suggested 27.5-23.3 ka BP the duration of the
global LGM coinciding with the Greenland stadial 3 and peak dust
concentrations in ice cores from Greenland and Antarctica. It was argued
that these chronologies better fulfills the criteria of chronozones, but
still based on proxy records that not solely reflect the global maximum
glacier expansion. At the same time, also global sea level curves, more
directly related to global ice volume, were used for framing the LGM
(Clark et al., 2009). Later, an updated sea-level record set the LGM at
30-16.5 ka BP (Lambeck et al., 2014). This LGM definition bases on
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sea-level data derived from sediment and coral records corrected for
isostatic effects. It also covers large parts of the cool Marine Isotope
Stage 2, according to deep-sea oxygen isotope records (Lisiecki and
Raymo, 2005). The broader time interval encompassed by the LGM
based on the sea-level was recently refined and the LGM divided in two
phases (LGM-a: 30-21.5 ka BP, LGM-b: 21.5-17 ka BP) (Yokoyama et al.,
2018). LGM-b, associated with the lowest global sea-level, is the youn-
gest chronological definition of LGM presented here. The different time
frames covered by the mentioned LGM definitions are illustrated in
Fig. 2 in comparison to selected records used for deducing them. Inde-
pendently by the adopted chronological definition, climate also under-
went also to regional changes. Regionally, maximum glacier advances
may not match with one or another definition, or even with any of the
existing LGM definitions, in terms of timing (Heyman et al., 2011;
Hughes et al., 2013).

Being aware of the different existing concepts of LGM, in this special
issue no a priori definition was given. All authors were called to apply
the term LGM depending on the regional context of their studies. This
broader view may also challenge to rethink some simplified general-
izations of LGM. For instance, there is a quite common view of LGM as a
climatically unfavorable period for human populations. However, what
is considered favorable frequently cannot be defined objectively and
environmental conditions could have differed substantially in the
various regions under study.

Between 25 and 20 ka BP, there seems to be a clear distinction in the
environmental preferences of hunter-gatherers in Western and Eastern
Europe. People in the West preferred locations south of the permafrost
line and in parts also south of the timber line, while people in the East
apparently preferred the areas north of the permafrost line (Maier et al.,
2016; Demidenko, 2018). Adaptation to different ecological niches have
also been used as explanations for differences observable in the
archaeological record (Banks et al., 2008).

Having that said, LGM has been globally recognized in most regions
of Europe as a climatic period characterized by anomalies influencing
aeolian activity (Meyer and Kottmeier, 1989; Mayewski et al., 1997;
Renssen et al., 2007; Luetscher et al., 2015; Ludwig et al., 2016), pre-
cipitation (Florineth and Schliichter, 2000; Ludwig et al., 2016), and
temperature patterns (Kageyama et al., 2006; Schneider von Deimling
et al., 2006; Allen et al., 2008; Strandberg et al., 2011; Annan and
Hargreaves, 2013; Heyman et al., 2013) in comparison to the previous
or following periods. The presence of permafrost is recognized to the
north of a line crossing Europe from the Atlantic coast through the south
of France to the southern Alpine foreland and along the southern mar-
gins of the Carpathian Mountains passing the northern shores of the
Black Sea (Baulin et al., 1992; Lindgren et al., 2016).
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The last minimum global sea level was 125-130 m lower than today
(Yokoyama et al., 2018) influencing palaeogeography and topography.
Large parts of the European continental shelves became exposed, such as
the northern Adriatic Sea and the North Sea where the British Isles were
connected with the European mainland. The buildup of the British and
Fennoscandian ice sheets, roughly between 30 and 25 ka BP (Sejrup
et al., 2009), and their advance into the dried North Sea area (Emery
et al., 2019), affected the fluvial systems of Europe (Toucanne et al.,
2010). Besides large ice build-up of the Fennoscandian Ice Sheet and in
the Alps, mountain glaciations did also occur in the Pyrenees, Massif
Central, Vosges, Black Forest, Bavarian Forest, and Giant Mountains,
although to different extent (Florineth and Schliichter, 2000; Heyman
et al., 2013).

Changing climate during the LGM had a strong influence also on flora
and fauna. Besides climatic variables, atmospheric carbon dioxide con-
centration, soil water capacity and seasonal and diurnal solar insolation
intensities were important drivers of regional vegetation variability in
Eurasia (Allen et al., 2010). One of the major debates concerning the
vegetation during the LGM in Europe is the extent to which trees species
could withstand these circumstances and have been present in the
landscape (Tzedakis et al., 2013). The timberline, here understood as the
northern limit of tree growth, was located roughly at about 45°N be-
tween the Atlantic Ocean and the Black Sea (Grichuk, 1992). On a
continental scale, the so-called mammoth-steppe was wide-spread and
consisted of a “highly heterogeneous vegetation and landscape struc-
ture” similar to the present-day Altai-Sayan region (Pavelkova
Ricankova et al., 2014). Such small-scale differences in climate, vege-
tation and fauna is also evident in the fossil records (Bennet et al., 1991;
Willis et al., 2000; Stewart and Lister, 2001; Taberlet and Cheddadi,
2002; Willis and Van Andel, 2004; Sommer and Nadachowski, 2006;
Svenning et al., 2008; Lorenzen et al., 2011; Sommer et al., 2014;
Nadachowski et al., 2015; Binney et al., 2016).

The onset of the glacier build-up at around 30 ka BP and the
accompanying environmental changes apparently led to a population
decline in Europe (Fu et al., 2016) that strongly affected the regions to
the north of 50°N. Previously populated areas in Great Britain, the
Netherlands, Belgium, Germany and Poland became virtually depopu-
lated (French, 2015; Maier and Zimmermann, 2017). Between 25 and 20
ka BP, however, the situation stabilizes and in Western Europe a
renewed population growth is recorded. Populations in eastern Central
Europe, however, remained at a very low level (Maier et al., 2016) and it
is only with the onset of the re-warming deglaciation phase that pop-
ulations everywhere in Europe increased substantially (Bocquet-Appel
et al., 2005; Kretschmer, 2015; Posth et al., 2016).

From an archaeological point of view, the period between ca. 25 and
20 ka BP seems to be characterized by a decreasing connectivity of long-
distance networks and consequently a decrease in inter-group
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communication. This is indicated by increasing regional idiosyncrasies,
reflected in the large number of taxonomic units defined for this period,
such as the Solutrean, Salpetrian, Badegoulian, Arenian, Kasovian,
Sagvarian, Grubgrabien, or Epi-Aurignacian (Fig. 3). The reliability of
these taxonomic units and their potential chronological relations is a
topic of ongoing debate (e.g. Montet-White, 1994; Terberger and Street,
2002; Reynolds and Riede, 2019).

2. Contributions

The outlined background sets the stage for contributions shedding
new light on various aspects of the palaeoenvironmental conditions and
human habitats in Europe during the LGM, the topic of this Special Issue.
The contributions focus on cultural aspects and life conditions of
humans or both. Therefore, we decided to structure the running order of
the Special Issue geographically, following a west-to-east direction.

The volume opens with Klein et al. (2021, this volume), who explore
the suitability for hunter-gatherer inhabitance in Western and Central
Europe during the LGM based on environmental proxies. By calculating
the so-called Human Existence Potential, they compare areas with a
likely continuous occupation (Core Areas) to those with intermittent use
and analyze the connection between Core Areas by estimating the path
with the lowest costs between them. Between populations in Western
and Central Europe, they identify a significant climatic barrier with
important explanatory potential for the observation that the western
European Solutrean did not expand beyond 10°E.

Cascalheira et al. (2021, this volume) present an updated review of
the evidence of human adaptation to the environmental situation on the
Iberian Peninsula during the LGM. The cul-de-sac position at the
southwestern end of the European continent and its eco-geographical
diversity distinguish Iberia as a key region for the study of the re-
lations between environmental change and human adaptation. This is
particularly the case for the period of the LGM, where a series of in-
novations mark the transitions between the taxonomic categories of the
Gravettian, Proto-Solutrean, Solutrean, and Magdalenian. The authors
discuss the pronounced inter-regional variability, address unresolved
research questions, and point out the most promising research topics for
future studies.

Arrizabalaga et al. (2021, this volume) re-evaluate the so-called
Basque crossroads on both slopes of the western Pyrenees with regard
to its role as the main connecting path between Iberia and the rest of
Europe. Here, the authors take into account the environmental hetero-
geneity of the region and its changes through time from the Gravettian
to the Solutrean and incorporate new data on raw material acquisition,
the use of rock-shelters and open-air-sites also in high altitudes in
contrast to caves, as well as new information of the paleo-environmental
situation.

Fig. 1. Participants of the meeting at Schloss
Wiesenthau in March 2019, listed in alphabetical
order: Natalia B. Akhmetgaleeva, Manuel Alcaraz-
Castano, Mircea Anghelinu, Pierre Antoine, Alvaro
Arrizabalaga, Dariusz Bobak, Guillaume Boccaccio,
Ariane Burke, Joao Cascalheira, Laétitia Demay,
Yuri Demidenko, Sylvain Ducasse, Naroa Garcia-
Ibaibarriaga, Ulrich Hambach, Maria-Jose Iriarte-
Chiapusso, Susan Ivy-Ochs, Lucas Kampf, Frank
Lehmkuhl, Gyorgy Lengyel, Patrick Ludwig,
Andreas Maier, Slobodan Markovi¢, Christoph
Mayr, Olivier Moine, Giovanni Monegato, Petr
Neruda, Zdenka Nerudova, Kerstin Pasda, Marco
Peresani, Marta Poltowicz-Bobak, Damien Rius,
Petr Skrdla, Christoph Spotl, Philipp Stojakowits,
Thomas Terberger, Gabor ijvéri, Thorsten Uth-
meier, Pavlo Vasilev, Daniel Veres, Bernd
Zolitschka.
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Ducasse et al. (2021, this volume) present new insights into the
Badegoulian in its temporal and spatial extent and relation to the So-
lutrean. Based on recent analyses of the typo-technological character-
istics of assemblages of stratified key-sites containing lithic and organic
artefacts as well as faunal remains and personal ornaments, and in light
of the archaeostratigraphic re-evaluation and radiometric dating of
these assemblages, the authors carve out the Badegoulian characteristics
while highlighting also their variability. Eventually, they are able to
assess the speed and strength of the changes at the
Solutrean-Badegoulian border, identify blind spots in the data structure
and lay out potential paths of future research.

The contribution by Boccaccio (2021, this volume) also focusses on
the processes that took place towards the end of the Solutrean, but from
a different geographical angle. Analyzing sites in the Rhone Valley, the
author sheds light on the relation between the Upper Solutrean and
following Salpetrian. Despite some notable differences, the Salpetrian
also shows signs of continuity in comparison the Solutrean. The article
discusses idiosyncrasies of the lithic technology of the Salpetrian,
re-evaluates its chronological position and addresses the question of its
relations to other regional groups.

The contribution of Stojakowits et al. (2021, this volume) reviews
the environmental development towards the LGM in the northern Alps
and their foreland. Available evidences for climatic changes from spe-
leothems and sediment deposits for the MIS 3/2 transition (35-25 ka cal
BP) are compiled and evaluated. An improved chronological sequence
for the glacial advances in the northern Alps and their foreland is pre-
sented and the impact of the climatic deterioration on vegetation, soil
development, and fauna in the Alpine foreland is discussed.

Ludwig et al. (2021, this volume) explore the climatic conditions
during the LGM in the Carpathian basin and adjacent regions using
regional climate simulations. They validate the model results with
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available proxy data and simulate the aeolian dust cycle that led to
extensive loess deposits in the area. The results of their atmospheric
circulation model allows identifying regional dust sources and prevalent
wind directions, and suggest strong seasonal activity changes of the dust
cycle during the LGM.

South of the Alps, a vast region existed during the LGM, although its
habitability for human groups has long been questioned. Peresani et al.
(2021, this volume), examine the physical and ecological features of the
Great Adriatic Po Region through a range of palaeogeographic and
palaeocological conditions. They explore the relation between these
conditions and settlement dynamics of Gravettian and Epigravettian
hunter-gatherers and, based on the currently available data coupled
with original petroarchaeological evidence achieved from a handful of
archaeological sites, demonstrate that this area between the Alpine
chain, the Italian Peninsula and the north-western Balkan Peninsula was
inhabited by seasonal hunters of bisons and horses at the margins of the
great plain and of ibexes and cave bears in some hilly landscapes. Great
mobility of groups was favoured by the wide open spaces of the Great
Adriatic Po Region in the framework of a cultural identity.

Shifting north, Skrdla et al. (2021, this volume) shed light on LGM
settlement strategies in Eastern Central Europe. Applying multivariate
spatial statistics, the authors analyze seven key sites of this period with
regard to twelve geomorphological characteristics. They find a strong
tendency for the selection of sheltered positions for site location. They
contextualize their findings with regard to raw material transportation
patterns. Skrdla et al. also point out difficulties in regional and
supra-regional comparisons of sites of this period and identify demands
for future research.

Nerudova et al. (2021, this volume) also address the topic of settle-
ment strategies, but focus exclusively on the area of Moravia, while
extending the temporal frame also to the post-LGM period of the Late
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Fig. 2. Schematic overview of different definitions of the LGM. Colored bars represent the definitions by Mix et al. (2001) (green shading), Hughes and Gibbard
(2015) (ochre shading), and Lambeck et al. (2014) (blue shading). The LGM subdivision by Yokoyama et al. (2018) is given as dashed blue bars. Selected records used
for defining the period of the LGM are given: (A) Global sea level after Lambeck et al. (2014) (bold line) and Yokoyama et al. (2018) (shaded area), (B) dust flux
record from the EPICA Dome C record (Lambert et al., 2012), (C) oxygen isotope record from the North Greenland Ice Core Project (Andersen et al., 2006; Svensson
et al., 2006). Also shown as bars on top of the graph are the Marine Isotope Stages as defined by Lisiecki and Raymo (2005).
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Fig. 3. Schematic overview of archaeological taxonomic units mentioned in the contributions of this SI given in simplifying 5 ka intervals between 38 and 15 ka to
highlight the high variability of units between 25 and 20 ka. For references, definitions, and chronological details see the individual contributions.

Glacial. Including 50 sites into their analysis, the authors identify two
main strategies for site location, namely at low elevations near larger
rivers (usually connected to the Epigravettian) or at higher elevations
(usually connected to the Epiaurignacian). The authors critically eval-
uate their findings and discuss possible implication of the differences
between the taxonomic units with regard to chorology, seasonality, and
diachronic change.

Staying in the region, Polanska (2021, this volume) provide an
in-depth analysis of Gravettian small backed points from Dolni
Véstonice II, Unit K11, in Moravia. They show a controlled width and an
asymmetric rectilinear edge retouch with the possible presence of in-
verse retouches on one or both ends. With regard to their small size and
the raw material used (chert from Krumlovsky les), the artefacts differ
from those at other sites of the region related to the Pavlovian sensu
stricto, but similarities to Willendorf II, layer 5, are observable.

Polanska et al. (2021, this volume) explore the relation of assem-
blages from Moravia and Western Slovakia during the Upper and Final
Gravettian. The authors critically discuss the significance of shouldered
points and Kostienki knives as index fossils for post-Pavlovian assem-
blages and their taxonomic attribution. In light of new analyses of lithic
and osseous artefacts and subsistence strategies, Polanska et al. discuss
the effectiveness of traditional index fossils for chronological and
chronological questions, point out the significant variability of the as-
semblages and propose Petrkovice bi-truncated elements as potentially
new index fossils.

Maier et al. (2021, this volume) present an attempt to explore pat-
terns of cultural evolution against environmental change in Central
Europe in a diachronic approach. Analyzing information of the use pe-
riods of lithic and osseous projectiles, the authors identify five instances
between 40 and 15 ka, where the evidence suggests higher than average
speed of cultural evolution. With regard to environmental data, Maier
et al. discuss whether these instances exhibit common characteristics
and find that all of them roughly coincide with pronounced and rapid
environmental changes, although of different kinds and qualities.

The situation in the Eastern Carpathians is addressed by Anghelinu
et al. (2021, this volume). The authors focus on a number of twelve lithic
assemblages from six sites in the Bistrita valley that exhibit highly
similar litho-stratigraphic sequences and successions of archaeological
layers, and are thus particularly suited for to a synthetic discussion.
Anghelinu et al. find marked differences between the Late Gravettian
and the following Epigravettian assemblages with regard to raw mate-
rial acquisition and techno-typological characteristics and reflect
whether these changes might be related to stochastic effects, adaptation
in response to environmental change, or population exchanges.

Demay et al. (2021, this volume) recompile the extensive mammal
fauna remains at archaeological sites in the large East European Plain
during the late Pleniglacial (31.0-21.5 ka cal BP). By merging these data
with occupation seasons, techno-cultural practices and other

socio-ecological proxies, they interpret them in terms of Paleolithic
human behavior and human-prey relationships. Reindeer, mammoth,
horse, and bison were key taxa in the archaeological context, but their
relative importance as a game varied both spatially and temporally.
Demidenko (2021, this volume) reflects on the diversity in the
archaeological record in the southern part of Eastern Europe (the Great
North Black Sea region) during the LGM. Here, the author contrasts
ideas on local evolution during the Upper Palaeolithic with a view that
puts forward the picture of a punctuated presence of different industries
in the area, influenced by the changing palaeoenvironmental conditions
around the LGM. Demidenko highlights among others the occurrence of
Epi-Aurignacian assemblages only during Heinrich Event 2 and the low
degree of similarity between the regional variant of the Epigravettian
and the Gravettian or Epigravettian in the central part of Eastern Europe.
Akhmetgaleeva and Burova (2021, this volume) discuss the idio-
syncratic character of the site complex of Byki within the mosaic picture
of lithic industries in the East European Plain. Dated to between 19 and
21 ka, the assemblages can be divided into two larger groups. The first
group is represented by assemblages with lamellar industries and a
dominance of burins and backed bladelets, comparable to other LGM
sites in the center of Eastern Europe. The second group, in contrast, is
characterized by lithic triangles and osseous elongated points, otherwise
unknown within European Late Upper Paleolithic industries. The au-
thors discuss their finding against the local environmental background.

3. Concluding remarks

This tour on the eco-cultural relations between human populations
and their habitats during LGM in Europe highlights the variability of the
currently available records, also acknowledging missing information
due to knowledge gaps or inaccessibility of larger patches of now sub-
merged land. Evidence reported in this Special Issue enhances our un-
derstanding of how human groups behaved in different ecological
contexts, ranging from steppe over boreal open woodland up to the
Alpine timberline, or to cold-arid ecotones. Although the major envi-
ronmental changes and turnovers in material culture are probably
known today in their broader outlines, our knowledge on regional dif-
ferences and high-resolution interaction patterns still remains patchy
and blurry for most of Western Eurasia, leaving room for comprehensive
perspectives of future multidisciplinary research.
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