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a b s t r a c t

This paper presents the first attempt to establish a Mid and Late Upper Palaeolithic absolute chronology
of the Adriatic basin, including both eastern and western Adriatic coasts and their hinterlands. The
proposed chronology for Gravettian, Early and Late Epigravettian techno-complexes is based on statis-
tical analysis of 278 14C dates from 66 archaeological sites. Our analyses are directed towards 1) iden-
tifying whether major climatic episodes and corresponding transformations in the local environments
are correlated with long-term demographic trends, and potential changes in spatial patterning of human
occupation, and 2) identifying robust absolute chronological estimates of techno-complexes to establish
the timing of their succession, including their possible overlaps. Results show that the Gravettian appears
in the Adriatic area at c. 35-34ka cal BP and ends at c. 26-25ka cal BP. Early and Late Epigravettian
timespans are between c. 26-25ka and 18.1e17.6ka cal BP and 17.6e17.1 ka and 11.9e11.6 ka cal BP
respectively. The Early-Late Epigravettian transition in the Great Adriatic-Po Region coincides with the
transition between GS-2.2 and GI-2.1 and is also associated with apparent transformations in settlement
pattern as new biotopes appear to be occupied, particularly in the mountainous areas such as Alps and
Dinaric Alps. According to our results, the timespan of Early Epigravettian covers the Badegoulian, So-
lutrean and even Lower Magdalenian periods in western Europe, hence challenging the earlier in-
terpretations on Early Epigravettian and Solutrean contemporaneity. This suggests an independent
cultural evolutionary path for territories that previously (during the Gravettian) showed a high degree of
technological affinity.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The Great Adriatic-Po Region (hereafter GAPR) during the Late
Pleistocene is a key area for studying human response and adaptive
strategies to climatic change and corresponding new environ-
mental conditions. Partly due to the overall low gradient (0.02�)
to Environmental Sciences
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and shallow depth (down �100 m at the latitude of Ancona; Suri�c
and Jura�ci�c, 2010), the northern Adriatic Sea is strongly influenced
by high and variable sediment supply rates under rapid high-
magnitude relative sea-level change (Amorosi et al., 2016;
Peresani et al., 2021; and references within). As a result, the
emerged land surface of the Adriatic basin shrank from c.
230,000 km2 at the peak of the LGM (19ka cal BP) to c. 160,000 km2,
towards the end the Pleistocene at 11.7ka cal BP (Brommer et al.,
2009). The available territory for Upper Palaeolithic (UP) human
groups was therefore constantly shrinking after the LGM as the sea
level rose and flooded the Adriatic Plain, although this loss was
partly mitigated by the availability of new landscapes, especially
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mountain valley bottoms and higher-altitude mountainous areas in
the hinterland freed from glacial cover (Mihailovi�c, 2007, 2014;
Fontana et al., 2018). The Adriatic basin is delimited by three high
mountain ranges, all relatively close to the current seashore: the
Apennines in the west, the Alps in the north and the Dinaric Alps in
the East. Those were also the boundaries of the GAPR during
Pleistocene (Peresani et al., 2021). The peak of the glacial advance
occurred 25e24 and 23e22 ka cal BP (Monegato et al., 2017),
leading to the expansion of the glacial fronts in the alpine piedmont
area, reaching altitudes as low as 210 m a.m.s.l., and thus covering a
large extent of the GAPR. From 23 to 17ka cal BP onwards, Alpine
glaciers started a regression phase, probably due to a decrease in
the availability of moisture from southerly circulation (Monegato
et al., 2017).

The archaeological record for the Late Pleistocene in the GAPR is
rich in excavations offering invaluable information for site-based
and, in few instances, micro-regional sequences. However, the
present state of the archaeological documentation proves more
challenging to assess how human activities unfolded upon the
palaeoenvironmental framework at the scale of the entire GAPR.
Such comparative exercise is indeed hindered by diverging defi-
nitions of the diverse techno-complexes (hereafter TC; see Clarke,
1968: 357; see also Gamble et al., 2005) which characterise the
period and largely related to diverging local research traditions.
While the general succession of the TCs is not disputed, their ab-
solute chronology, duration and temporal relationship with major
environmental changes remains far from precise.

In order to address these numerous questions, we present here a
georeferenced compilation and statistical analyses of all available
radiocarbon dates from archaeological contexts related to the
Gravettian and Epigravettian TCs in the GAPR down beyond its
southern extreme. Firstly, we use this dataset to identify if major
climatic episodes and corresponding transformations in the local
environments are correlated with long-term demographic trends,
and potential changes in spatial patterning of human occupation.
Secondly, we model robust absolute chronological estimates of TCs
to establish the timing of their succession, including their possible
overlap. Particular attention is paid to identifying regional dis-
crepancies in this process, which would inform about the potential
direction of technological and/or cultural transfer across the GAPR.
This quantitative analysis of the 14C record is informed by a review
of the history and present state of affairs of the material and
technological definition of the main TCs observed in this sequence,
namely the Gravettian, and Early and Late Epigravettian.

2. Techno-complexes

From ca. 35 ka cal. BP, the Gravettian is considered as a pan-
European TC (Otte, 1981, 1985; Kozłowski, 2015; Bicho et al.,
2017). Its earliest appearance in Italy is identified in few sites, at
least from 34 to 33 ka cal. BP in Paglicci cave (Palma di Cesnola,
1993, 2006), and, in the GAPR, Rio Secco (Talamo et al., 2014),
Fonte delle Mattinate (Giaccio et al., 2004; Silvestrini et al., 2005),
Riparo Broion (De Stefani et al., 2005) and Fumane cave, the latter
with slightly older dates (see discussion in Falcucci and Peresani,
2019). Nevertheless, the knowledge about this TC is geographi-
cally restricted within Italy to few studies (e.g. Aranguren et al.,
2015), so that the apparent complexity of the Italian Gravettian
(Mussi, 2000) still has to be addressed in detail. In the Balkan
Peninsula, radiometric dates are extremely sparse, but a few sites
have been identified (Adam, 2007; Mihailovi�c and Mihailovi�c,
2007; Mihailovi�c, 2008). The definition of the Gravettian in the
GAPR and surroundings relies on several criteria including the
presence of feminine statuettes (so-called ‘venuses’) (Mussi, 2012),
straight-backed points (i.e. pointes de la Gravette and
2

microgravettes) (Borgia and Wierer, 2005; Borgia, 2008), and
funerary practices (Giacobini, 2006; Gazzoni and Fontana, 2011).
Most scholars consider that the Gravettian differs in Italy between
the Tyrrhenian and Adriatic coasts (Gambassini, 2007), the main
argument being the absence of Noailles burins (Gambassini, 2007)
and the production of truncated backed bladelets on the Adriatic
side (Palma di Cesnola, 1993).

The Epigravettian was initially defined in Italy by G. Laplace
(1964, 1997). The term was later applied to evidence from the
Balkan Peninsula (see Kozłowski, 2005). While we assume that
‘Epigravettian’ is relevant to describe the Adriatic coast of Balkans,
it is noteworthy that its definition varies amongst scholars. The
initial splitting of this TC in successive phases (Laplace, 1964) has
been revised on several occasions (Bietti, 1990; Palma di Cesnola,
1993; Broglio, 1997; Montoya, 2008; Tomasso, 2017), though
there is no consensus on a formalised division. In consequence, we
lack a uniform vision of the Epigravettian sequence in Italy and the
Balkan Peninsula, especially if bone industry, portable art and
ornamental objects, burials, and funerary rituals are considered as
cultural markers. For instance, studies devoted to osseous in-
dustries from either Italy or the Balkans remain sparse (but see
�Ce�cuk,1996; Kujund�zi�c, 1990; Karavani�c et al., 2013; Cristiani, 2018;
Vujevi�c, 2018; Bori�c et al., 2021).

The definition of the Early Epigravettian is still vague and based
on a limited number of lithic tool types. These are mostly produced
on small blades (Broglio et al., 1993; Peresani, 2006; Tomasso,
2017). D. Mihailovi�c (2014) noticed that, in the Balkans, the
distinction between Late Gravettian and Early Epigravettian lithic
assemblages is often problematic, as the material from these TCs
presents many similarities. Typologically, some tools are frequently
found in Early Epigravettian assemblages, such as shouldered
points (Broglio et al., 1993; Tomasso and Rots, 2021), large
retouched blades, and long scrapers on bladewith retouched edges.
While Gravette points are most likely no longer present, micro-
gravettes are still found, sharing similar features with the Gravet-
tian examples (long, narrow and straight backed points
manufactured on straight and regular bladelets with base and tip
finely shaped by complementary accessory retouch).

The Late Epigravettian in the Adriatic area is characterised by
integrated blades-bladelets production systems and increasing in-
novations in lithic production, especially for the time span between
15 and 11.5ka cal BP ewhich is more intensively investigated than
the previous one (Bertola et al., 2007; Peresani, 2006; Cancellieri,
2015; Fontana et al., 2015; Tomasso, 2017; Montoya et al., 2018).
Small backed points dominate the hunting tools. Despite often
being called ‘microgravettes’, these points differ from those of the
earlier TC: they are small and irregular, and also variable through
space and time in terms of blanks and morphometry (Montoya and
Peresani, 2005; Tomasso, 2016; Duches et al., 2018). Furthermore
some local types appear, including backed knives (Bertola et al.,
2007), curved or arched backed points (Mihailovi�c, 1999;
Vukosavljevi�c, 2012; Vukosavljevi�c et al., 2011, 2014), segments
(Whallon, 1989; Mihailovi�c, 1999; Vukosavljevi�c et al., 2011;
Vukosavljevi�c, 2012) and triangles (Whallon, 1989; Broglio, 1993;
Mihailovi�c, 1999; Tomasso et al., 2014) related to the increasing use
of microburin technique (Bassetti et al., 2009), and trapezoids
(Ferrari and Peresani, 2003; Dalmeri et al., 2004; Vukosavljevi�c,
2012). The most characteristic and widespread lithic tools from
this period are short endscrapers on flakes or small blades (known
as ‘thumbnail endscrapers’), circular endscrapers, and truncated
bladelets (Whallon, 1999; Mihailovi�c, 1999, 2009; Karavani�c et al.,
2013; Peresani et al., 2014; Vukosavljevi�c et al., 2014). At the
beginning of the Late Epigravettian, an increase of evidence in
graphic productions is documented (Broglio and Montoya, 2005;
Montoya, 2008; Ruiz-Redondo et al., 2019, 2020), a phenomenon
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observed across the rest of contemporary Europe (e.g. Sauvet et al.,
2008; Ruiz-Redondo, 2014, 2016, 2019), parallel to an increase in
the record of personal ornaments (Cristiani et al., 2014;
Vukosavljevi�c and Karavani�c, 2015; Cvitku�si�c, 2017; Cvitku�si�c et al.,
2018; Bori�c and Cristiani, 2019) and funerary practices in the Italian
Peninsula (Mussi, 2002).

3. Material and methods

3.1. Materials and selection criteria

We defined a study area corresponding to the Adriatic basin,
delimited by the Apennines in the west, the Alps in the north and
the Dinaric Alps in the east. These were also the natural boundaries
of the GAPR during the Upper Pleistocene. We compiled all radio-
carbon results available for the Gravettian and Epigravettian pe-
riods for this area, excluding sites where the human presence is
either elusive or not proven. It is clear that not all radiocarbon
determinations have the same reliability and therefore cannot be
used for all types of analyses. Different factors influence the quality
of the data, such as the stratigraphic coherence of a series,
diagenesis, contamination, etc. Further, radiocarbon dating
methods have evolved and refined in the last decades. The appli-
cation of Accelerator Mass Spectrometry methods from the 1980s
onwards has deeper implications than just widening the range of
suitable samples. Before its invention, only large samples (>150 g)
of organic material could be used to obtain a14C age. Those are rare
(or non-existent) in many archaeological contexts, so the solution
was often to combine several bones or charcoal fragments from an
entire archaeological layer or feature. Such “bulk sampling” pre-
sents several major issues: 1) the sample corresponds to an average
age of the individual samples, thus affecting the relationship be-
tween the date and the event to be dated, especially as archaeo-
logical layers can cover a long timespan; 2) undetected taphonomic
perturbations are more likely to affect the result when taking a
number of samples thanwhen taking a single one; 3) recent carbon
contamination is statistically more probable in several samples
than in a single one. In some cases, even a bulk sample frommixed-
material layers corresponding to several thousands of years can
yield an apparently ‘coherent’ date (e.g. Ducasse et al., 2019). The
pre-treatment methods of the samples have also improved over
time, especially for bone samples since the early 2000s (Higham
et al., 2006). Despite the ultrafiltration protocol being proven to
be more effective in removing contaminants than previous
methods (Higham, 2011), it can still fail to eliminate entirely them
in some cases, especially when dealing with low-collagen samples
or approaching the temporal limit of the radiocarbon method
(Marom et al., 2013). In addition to these technical factors, it is
equally important to consider the quality of the TC identification. In
some cases, a low quantity of archaeological material or its non-
diagnostic character led researchers to assign assemblages to a TC
based on its sole radiocarbon date. Using those dates for our ana-
lyses would inevitably lead to circular reasoning.

In order to take into account these potential sources of bias, we
used two distinct sets of criteria to rate the reliability of radio-
carbon determinations. The first criteria refer to the reliability of
the date itself and, following earlier work (Pettitt et al., 2003),
correspond to a ranking system, with dates belonging to categories
1e3 being used for all analyses, and to categories 4e5 being sys-
tematically excluded:

1) Highly reliable. This includes AMS dates obtained on samples in a
coherent stratigraphic order within the sequence of the site and
in a possible chronological range based on their associated
archaeological materials.
3

2) Reliable. Similar to the previous category, but the result was
obtained with conventional radiocarbon technique by dating
charcoal samples. Bulk samples can still be found among these,
but less likely than among the ones obtained from bone
samples.

3) Slightly reliable. Such as categories 1 and 2, these dates seem
internally and externally coherent. The difference is that in this
category we include conventional 14C dates obtained from bone
samples, more likely to correspond to bulk samples and thus,
less reliable.

4) Potential contamination or mix. The result does not seem to be
linked with the archaeological material (e.g. Holocene dates
with clearly Palaeolithic material).

5) Non-reliable. This last category comprises radiocarbon de-
terminations that do not present stratigraphic coherence.

The second set of criteria refers to the reliability of the associ-
ation of that date with a particular TC. It is a binary classification.
We discarded dates that do not come from a clear stratigraphic
context (e.g. surface samples), those where the attribution to TC
was made after the radiocarbon analysis (to avoid circular
reasoning) and those coming from layers where the archaeological
material suggests possible mixture (taphonomic and/or due to the
excavation method). It must be stressed that we kept the TC attri-
butions established by the authors of the original publications, in
the absence of major contradictions between these and the mate-
rial published. A possible difference of criteria in the TC definitions
among the authors could be a source of bias in some particular
cases, which we address in the discussion. For the specific chro-
nological analysis referring to TCs (start and end dates, overlaps,
etc), we excluded the ones with non-reliable TC identification.

3.2. Methods

Statistical analysis of the radiocarbon datasets was undertaken
using two distinct software solutions, respectively the rcarbon R
package for sensitivity and demographic analysis (Crema and
Bevan, 2021), and OxCal 4.3 for Bayesian modelling (Bronk
Ramsey, 2017). In both cases, all calibration was performed using
IntCal20 (Reimer et al., 2020).

In order to investigate potential systematic chronological bias
related to data quality (i.e. identifying periods only represented by
either high- or low-quality dates), we performed permutations of
subsets of the dataset based either on data quality (using the
criteria outlined above) or date type (i.e. AMS vs. non-AMS) using
the permTest function in rcarbon. Following several studies (e.g.
Riede, 2009; Shennan, 2009, 2013; Bamforth and Grund, 2012;
Kelly et al., 2013; for Palaeolithic studies see Schmidt et al., 2012;
French, 2015; French and Collins, 2015), we also used summed
probability distributions to investigate potential fluctuations in
population size. In order to avoid over-representation of well-dated
sequences, we grouped dates belonging to the same site using a 500
years-bin. We then fitted two null models to the empirical summed
probability distribution, using the modelTest function in rcarbon:
firstly, a uniform model assuming no change, and secondly an
exponential model assuming a constant growth rate throughout
the duration of the sequence. This second model also takes into
consideration the possibility of constant homogeneous taphonomic
loss of archaeological sites, without having to apply any correction
bias (Timpson et al., 2014). In order to identify potential changes in
spatial distributions parallel to major climatic fluctuations, we
compare our dataset to the chronology of the Last Glacial climatic
events defined in the INTIMATE event stratigraphy (Rasmussen
et al., 2014). This was undertaken by identifying, using the subset
function in rcarbon, radiocarbon dates with a cumulative
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probability superior or equal to 68.2% falling within the chrono-
logical intervals of each climatic oscillation, using either the sug-
gested timespan for each event, or longer, more conservative
estimates which take into consideration the maximum counting
errors reported by Rasmussen et al. (2014). For this exercise, we
included all the dates within reliability categories 1, 2 and 3 (Sup-
plementary Materials Table S1), associated with both certain or
uncertain TCs. The aim was to have the largest possible amount of
reliable dates in order to observe a potential evolution in the
population spatial pattern over time; the “cultural” features asso-
ciated to each of these human occupations is thus irrelevant.

Bayesian modelling of the radiocarbon dates was performed in
OxCal 4.3 in order to investigate the duration of various TCs and to
assess their potential chronological overlap. The Gravettian, Early
and Late Epigravettian phases were modelled as overlapping se-
quences, with simple boundaries. Modelling using ‘trapezium’

priors was also attempted, but the results proved inconclusive
given the limited amount of information as the model recurrently
Fig. 1. Distribution map of all sites included in the database.
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returned transitions lasting several millennia. The duration of
phases was calculated using the duration function. The potential
chronological overlap between different TCs was estimated using
the difference function. Given the limited amount of site-specific
stratigraphic sequences with associated 14C dates, such priors
were not used for any of the phase calculations. Two categories of
dates were modelled. In the first instance, we included all dates
considered as “Highly reliable” (1), “Reliable” (2) and “Slightly
reliable” (3) in order to maximise the amount of information
considered. However, givenwell-known issues in using “legacy” 14C
dates and especially non-AMS dates for the Pleistocene (see above),
we built an alternative model based only on AMS dates. Both
models are in general good agreement. It must be pointed out that,
while the use of AMS-only dates increases the accuracy of the
second model, a negative side-effect of higher criteria for inclusion
is the diminution of information available, sometimes resulting in
long-lasting boundaries. Therefore, we hereafter report and discuss
the results of the first model, with only occasional references to the
The numbers refer to the ‘SITE_ID’ category in Table S1.
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possible longer overlaps suggested by the second model. We also
re-ran both models using the Intcal13 calibration curve in order to
assess possible offsets related to Intcal20, which would need to be
taken into account when comparing our results to those from the
literature. Model comparison results are reported in Supplemen-
tary Materials Table S2. Lastly, we also mapped all sites according to
TC attribution, with special attention to the Gravettian-Early Epi-
gravettian and Early-Late Epigravettian chronological overlaps.
Given the low sample size, this analysis also includes sites with
reliable dates (1, 2 and 3 categories) but for which TC identification
is uncertain, as this allows us to identify sequences which poten-
tially deserve further studies to assess both transitions. To this
purpose, we used the maximum temporal brackets for the chro-
nological overlaps identified by the Bayesian modelling (at 95.4%
confidence interval; 2s), and then look for dates falling within
these windows with a cumulative probability superior or equal to
68.2% (1s).

Detailed results of all models can be found in the SI, while R and
Oxcal codes are available at the following: https://github.com/
mavdlind/palaeo_adriatic.
4. Results

We compiled a dataset with 278 dates for the aforementioned
period (Gravettian, Early Epigravettian and Late Epigravettian),
corresponding to 66 archaeological sites (Fig. 1; Supplementary
Materials Table 1). After applying the quality criteria previously
outlined, the final dataset includes 188 dates from 52 archaeolog-
ical sites.

Results of the permutation test according to data quality criteria
are presented on Fig. 2. We do not observe any systematic bias
across the entire dataset, but rather a series of short-duration de-
viations between subsets happening within a relatively limited
time-window between c. 27 and 21 ka calBP, including several
episodes of over-representation of non-AMS dates. This being said,
with the exception of a single episode between c. 27.2 and 27 ka
Fig. 2. Permutation test of 14C dates based on quality criteria (top: highly
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calBP, this lower rate of AMS dates does not correspond to any
higher presence of slightly reliable dates (i.e. lowest quality dates
retained for analysis). On the contrary, we rather notice a higher
frequency of highly reliable dates between c. 23 and 21 ka calBP.

Comparison between the two null demographic models and the
empirical summed probability distribution (SPD) indicates, in both
instances, three periods of potential interest (Fig. 3). Firstly, there is
a small positive deviation immediately after 24 ka calBP, although
its short duration (c. 150 years) makes it impossible to interpret.
Secondly, both models present a negative deviation centered upon
21 ka calBP (uniform model: 20905-20570 calBP; exponential
model: 21035-20465 calBP), for which the SPDs indicate a lack of
available evidence. Thirdly, from c. 20.5 ka calBP onwards, the
empirical SPD consistently presents higher density values, trans-
lating in a series of minor positive deviations with the constant null
model, especially after 14 ka cal BP (14320-12025 calBP), which also
corresponds to a couple of positive deviations to the exponential
null models centered upon 13.5e13ka cal BP (13755-13500 calBP
and 13320-13150 calBP).

This temporal rise in the SPDs correlates with a gradual
augmentation of the number of sites per periods, and a wider
geographical distribution (Fig. 4). Despite having roughly compa-
rable duration of c. 3000 years, the GS-3 and GS-2-1c periods only
comprise five and three sites respectively, while the GS2.1-b period
counts 13 sites. This upwards trend continues during the Final
Pleistocene (GS2.1-a and GI-1), with a relative shift of the settle-
ment pattern towards higher elevation around the Po plain.

The results of the duration of each TC, the boundaries between
them and the potential chronological overlap are shown on Fig. 5.
The Bayesian modelling for the Gravettian in the Adriatic using all
reliable 14C dates indicates that this TC starts between 35,340 and
33,595 calBP (95.4%), or between 34,520 and 33,825 calBP (68.2%).
This is also the only result for which we observe a difference be-
tween models using Intcal13 and Intcal20, with a three to four
centuries offset between both (Intcal13: 34,910e33,320 calBP,
95.4%; 34,120e33,495 calBP, 68.2%). This TC ends between 26,390
reliable dates; middle: reliable dates; bottom: slightly reliable dates).

https://github.com/mavdlind/palaeo_adriatic
https://github.com/mavdlind/palaeo_adriatic


Fig. 3. Summed probability distribution of 14C dates and associated demographic null models a. summed probability distribution. b. null constant model. c. fitted null exponential
growth model. Blue and red bands indicate respectively negative and positive deviations from the null models. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)
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and 24,230 calBP (95.4%), or between 25,975 and 25,040 calBP
(68.2%). The Bayesian modelling for the Early Epigravettian in the
Adriatic using all reliable 14C dates places its start between 26,475
and 25,330 calBP (95.4%), or between 26,115 and 25,360 calBP
(68.2%). Estimates regarding the overlap between both TCs are very
uncertain, suggesting an overlap lasting up to 1784 years or a dif-
ference of up to 691 years (95.4%), or a possible overlap lasting up to
922 years, or a difference up to 200 years (68.2%). The end of the
Early Epigravettian is estimated between 18,165 and 17,105 calBP
(95.4%), or between 18,060 and 17,580 calBP (68.2%). It is noticeable
that our AMS-only model suggests much longer intervals for both
the beginning (27,410e25,355 calBP at 95.4%, 26,390e25,670 calBP,
68.2%) and the end of this TC (18,190e16,170 calBP, 95.4%;
18,060e17,240 calBP, 68.2%), most probably as a result of the
limited number of dates available, thus leading to uncertainty in the
calculations.

The Bayesian modelling for the Adriatic Late Epigravettian in-
dicates that this TC starts between 17,595 and 17,130 calBP (95.4%),
or between 17,505 and 17,185 calBP (68.2%). The Bayesian model
indicates that the Early and Late Epigravettian either overlap for up
to 315 years (95.4%) or present a gap lasting up to 910 years (95.4%),
or between 145 and 710 years (68.2%). Finally, the end of the Late
Epigravettian is estimated between 11,970 and 11,630 calBP (95.4%),
possibly between 11,905 and 11,750 calBP (68.2%).

5. Discussion

We presented in this paper a corpus of critically assessed data to
address the chronology and distribution of the TCs from the Middle
and Late Upper Palaeolithic in the Adriatic basin. The Gravettian
appears in the area at c. 35-34ka cal BP. These dates are similar to
those recently proposed for this TC in France (Banks et al., 2019)
and statistically indistinguishable from the oldest dates for the
Gravettian in Europe as recorded in layers IIc, IId and IIe fromHohle
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Fels (Taller and Conard, 2019). The Gravettian covers a timespan of
around 8000e10,000 years, until c. 26e25 ka cal BP. Keeping in
mind the patchiness of the documentation, our data suggest that
the timespan of this TC matches with other areas, such as France
and central Europe, where it apparently ends at c. 25.8ka cal BP and
c. 25-24ka cal BP respectively (Banks et al., 2019; Maier and
Zimmermann, 2017; Lengyel and Wilczy�nski, 2018). This ‘end
date’ for the Gravettian in France is equivalent to the start date for
the Early Epigravettian in the Adriatic basin (c. 26e25.6 vs. c.
26.1e25.4ka cal BP). Our analysis also suggests that the start date
for the Early Epigravettian in the Adriatic region could be slightly
earlier than in eastern Central Europe, where the boundary is set
around 24ka cal BP (Lengyel and Wilczy�nski, 2018).

Based on the presence of shouldered points in the Early Epi-
gravettian assemblages of the Balkan and Italian peninsulas, a
technological transmission and influence coming from the North
has been seen as the origin for this TC. These tools were taken as a
marker of cultural influence or even as population movement from
Central Europe during the LGM where shouldered points appear in
the final Gravettian (Broglio, 1997; Kozłowski, 1999, 2008;
Kozłowski and Kaczanowska, 2004). The appearance of this new
hafting technology connected with shouldered points in the Bal-
kans and Italy has been considered as indication of a knowledge
transfer within well-connected social networks established in part
as a response to LGM climatic deterioration (Bori�c and Cristiani,
2016). Despite purported Early Epigravettian sites being relatively
common in the Adriatic basin, there is actually only a single site
with both reliable radiocarbon dates and TC identification in the
Eastern Adriatic, Kastritsa, located on the southern edge of the
studied area (Galanidou and Tzedakis, 2001). Vela Spila's basal
levels also yielded dates that could correspond to this period
(Farbstein et al., 2012), but the lithic assemblage from those layers
is small, comprising only 95 artefacts (Vukosavljevi�c, 2012), and
does not allow a certain identification of this TC.
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Fig. 5. Bayesian model for the chronological boundaries of the Gravettian, Early Epigravettian and Late Epigravettian in the Adriatic Basin.
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The end of the Early Epigravettian is set at c. 18.1e17.6ka cal BP.
Several factors must be considered regarding these results. First,
the aforementioned inconsistency of the definition(s) of the Early
Epigravettian could influence our analysis. Despite some ‘markers’
(i.e. specific tools or technological features) being broadly agreed by
scholars as characteristic from Gravettian and Early Epigravettian,
others are not fully accepted and vary depending on individual
authors' criteria. Hence, in order to make clear the duration of this
potential Gravettian-Early Epigravettian overlap, a global reas-
sessment of the assemblages, combining technological and multi-
criteria approaches to taxonomy, must be addressed in the future.
Second, our results endorse criticisms of the model claiming
contemporaneity between the Early Epigravettian and thewestern-
European Solutrean, initially proposed by G. Laplace (1997), but
never discussed in detail since. On the contrary, recent work on
Early Epigravettian assemblages in the Western Mediterranean
area point to affinities and analogies with the Badegoulian rather
than the Solutrean (Tomasso, 2015; Tomasso and Rots, 2021). In
light of our results, the timespan of the Early Epigravettian covers
both TCs and even the Lower Magdalenian in France (Ducasse and
Langlais, 2007; Renard and Ducasse, 2015; Banks et al., 2019). This
suggests an independent cultural evolutionary path for territories
that, during the Gravettian, showed a high degree of technological
affinity.

Further, with no intention of falling into climatic determinism,
Fig. 4. Distribution of archaeological sites according to main climatic periods. Top left: GS 3.
right: GS 1.
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we cannot ignore the fact that this Early Epigravettian phenomenon
is coincident in time with the LGM, and includes for instance the
negative deviation to both null models previously mentioned. This
last point may indicate a general contraction in human population
density of the investigated inner areas, indicative of the responses
by the local human populations to the harsh climatic conditions to
settle in the Great Adriatic Plain, nowadays submerged. Further-
more, our results show that the Early-Late Epigravettian transition
in the Adriatic took place probably around 17.6e17.1ka cal BP
(95.4%). This date coincides with the transition between GS-2.2 and
GI-2.1, fixed between 17.7 and 17.1ka cal BP (Rasmussen et al., 2014).
The potential implications of this correlation should be explored in
future research. As for the start of the Early Epigravettian, a possible
hypothesis is that humans adapted to climatic and environmental
transformations via renewed settlement and mobility strategies,
accompanied by local technological changes and re-orientation of
the interaction networks, as recently suggested for the Eastern
Carpathians (Anghelinu et al., 2021).

The start of the Late Epigravettian is almost synchronous with
the disappearance of the last Early Epigravettian techno-typological
forms, at c. 17.5e17.2ka cal BP. This short overlap eif reale suggests
that the Late Epigravettian techniques and innovations could have
spread quite rapidly along the Adriatic. Initial consideration of the
distribution of sites dated to the Early-Late Epigravettian transition
suggests a lack of patterning. However, the picture changes
Top right: GS 2.1c. Middle left: GS2.1 b. Middle right: GS 2.1a. Bottom left: GI 1. Bottom
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somewhat when considering the quality of the dates. In the eastern
Adriatic, the sites of Vela Spila, Zala, Badanj u Pokriveniku and
Romualdova pe�cina were recently AMS-dated to this overlap. The
two formers are confidently labelled as Late Epigravettian whereas
for the last two the TC identification is uncertain. On the western
Adriatic side, sites falling into the overlap include Campo delle
Piane, Grotta di Pozzo, Grotta Paglicci and Pozzo Zecca. The former
two have AMS dates and are identified as Early Epigravettian, with
some reservations for both, especially for the former due to the lack
of shouldered points. Grotta Paglicci and Pozzo Zecca are tenta-
tively identified as Late Epigravettian, but the dates are non-AMS
and old (published in 1977 and 1967 respectively). Although the
raw data do not provide any clear information regarding the di-
rection of the transmission of the Late Epigravettian innovations, it
is thus noticeable that the earliest secure Late Epigravettian sites
are located in the eastern Adriatic. By contrast, the last persistence
of Early Epigravettian is only observed on the western side. This
potential E-W axis is congruent with recent genomic data from the
Late Epigravettian human fossil (Tagliente 2) from Riparo Tagliente.
It is directly dated to 16,980e16,510 cal BP (95.4%)and indicates E-
W directed population movements from Balkans/Anatolia to
Southern Europe (Bortolini et al., 2021). Some authors consider
population movement as at least one of the triggers for cultural
change during the Early-Late Epigravettian transition. If confirmed,
the direction for this transition is in good agreement with the
appearance of genetic components connected with human groups
from Eastern Europe/Anatolia. In such a scenario, we could expect
the presence of the earliest Late Epigravettian sites in the eastern
side of the Adriatic basin.

The Late Epigravettian is also associated with apparent trans-
formations in settlement pattern, parallel to changing climatic and
environmental conditions. While until the end of GS-2.1 b, sites are
largely restricted to the coastal areas, in the last moments of the
Late Pleistocene (GS-2.1a and GI-1), several new biotopes appear to
now be intensively occupied, especially the mountainous areas of
the Alps (Bertola et al., 2007; Fontana et al., 2018), northern Istria
(Kom�so and Pellegatti, 2007) and the Dinaric Alps in the Balkans
(Mihailovi�c, 2007, 2014). This could be linked to the rapid reduction
of the glaciers’ surface area detected in the Alps, starting at c. 17ka
cal BP (Monegato et al., 2017). The milder climatic conditions of GI-
1 are also roughly contemporaneouswith themostmarked positive
deviation of the SPD with both null models, suggesting either that
the colonisation of new areas in the inner territories occurred upon
a background of demographic growth, or that the rise in SPD is
explained by a positive taphonomic bias with recent sites located in
well-preserved areas, compared to a large fraction of older sites
having been destroyed by post-LGM sea rise and alluvial plain
aggradation, both explanations not being mutually exclusive.

The end of the Late Epigravettian is estimated between 11,910
and 11,750 calBP (68.2%), thus overlapping with the Pleistocene-
Holocene transition, set at 11.7ka calBP (Walker et al., 2009;
Rasmussen et al., 2014). For some authors, the end of the Late
Epigravettian is followed by the Terminal Epigravettian, a facies
identified in both Italian and Balkan ridges of the Adriatic
(Bartolomei et al., 1979; Palma di Cesnola and Bietti, 1983; Broglio,
1997; Bassetti et al., 2009; Tomasso et al., 2020) and offering par-
allels with both the Epigravettian and the first Mesolithic. Other
scholars suggest continuity between Late Epigravettian and Early
Holocene lithic technology in the eastern Adriatic (Kozłowski and
Kozłowski, 1979; Mihailovi�c, 2009; Vukosavljevi�c et al., 2014). To
accentuate this continuity, some use the term ‘Early Holocene
Epigravettian’ for early postglacial lithic industries both in western
(Bassetti et al., 2009) and eastern Adriatic (Kozłowski, 2009;
Kaczanowska and Kozłowski, 2018).
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6. Conclusions

The LGM and Late Glacial are key periods for understanding
human response and cultural adaptation of Palaeolithic groups in
the context of changing environmental conditions. The particular-
ities of the Adriatic basin, make it an exceptional case-study within
Europe. Nevertheless, the research on the subject is far from
extensive. In comparison with other European regions, un-
certainties and key questions remain largely open. In this paper, we
offer a step forward to solve this issue, compiling and analysing the
radiometric chronological data available for the period. The main
result is the creation of a model for the duration of the TCs from the
period. This rendered a more refined chronology, especially rele-
vant for the transitions between the different TCs, previously quite
imprecise and often showing large discrepancies between scholars.
This enabled the comparison of the Adriatic basin with neigh-
bouring areas, showing that the major changes in the material
culture during the Upper Palaeolithic took place almost simulta-
neously in a large area, despite those changes followed separate
paths. Could they have been influenced by a change in the social
networks or were they different responses to a plurality of situa-
tions triggered by the same external factors (e.g. shifting ecological
opportunities and economic strategies)?

It is evident that climatic events, for instance the peak of the
LGM, would affect a constricted area such as the Adriatic Basin
differently from the ‘open’ Central European plain. The comparison
between the main cultural transformations defined in our study
area and the climatic models for the period show some correlation
that deserves to be mentioned. Despite our reluctance to fall into a
‘climatic determinism’, reducing the justification for complex
changes in the social and cultural dynamics to environmentally-
driven responses, our results suggest that some external events
could have acted as major triggers for those changes.

Finally, this exploratory research has shown, once more, the
high potential of an area not as intensively studied as other Euro-
pean territories. Many other questions remain open, but the
archaeological research in the area addressing the UP period has
intensified in the last years (especially in the Balkan Peninsula).
Thus, we are optimistic that current and near-future investigations
will lead to major advances in the knowledge of the Mid and Late
UP societies in the Adriatic Basin.
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