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Chapter 1

A seasonal approach

In the beginning ...

Humans, represented by members of genus Homo, have been living in Europe for around
1.5 million years. But who were they? How did they survive? In short, what kinds of
‘humans’ were these? These are the fundamental questions addressed, though the lens
of the changing seasons, in the pages that follow. But why ask these questions and why
should we be interested in the answers? Beyond simple curiosity I think there are two
answers, The first is that the deep prehistory of Europe is a place of dramatic fluctuations
and changes in climates, landscapes and environments. How Lower Palaeolithic humans
adapted and responded to those many fluctuations has much to tell us about our place in
the world and, sometimes, our fragility in the face of nature. As H. sapiens our own origins
are fundamentally African and grounded in the younger period known as the Middle
Stone Age. However recent genetic studies have identified evidence of interbreeding
between H. sapiens and various archaic hominins, such as Neanderthals and Denisovans,
as we dispersed across the Old World (Galway-Witham and Stringer 2018). The behaviour
and adaptations of archaic Europeans in the Lower Palaeolithic period, the time of the
Neanderthals’ own ancestors, are thus informative both about themselves and, indirectly,
us. Secondly, early humans are found across Europe, from Britain to Spain and from France
to Bulgaria. Much of their archaeology, and by inference their behaviour, looks very similar,
and yet, as so often, there is some devil in the details. The earliest Europeans therefore
remind us of the human capacity for both local differences and broad similarities. As you
will see in the pages that follow, the first Europeans were truly European.

A seasonal perspective: a Palaeolithic ‘just-so’ story?

This book reviews European Lower Palaeolithic life (c. 1.6-0.3 mya') from the
perspective of seasonal change. You might well ask why. Much of the available
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evidence is in the form of stone tools, and they have little to say, at least directly,
about the passage of the seasons. Yet like all humans, Lower Palaeolithic hominins?
lived within, and had to deal with, the challenges and opportunities presented
by Early and Middle Pleistocene Europe.® At an annual scale these challenges and
opportunities would include marked changes in the weather and day lengths, ani-
mals migrating to and fro, the appearance and disappearance of plant foods and
a host of other cyclical patterns. For the large-brained and large-bodied hominins
of early Europe, principally H. antecessor and H. heidelbergensis, these cycles would
impact on all sorts of behaviours: food-getting, child-rearing, mobility around the
landscape and the use (or not) of clothing, shelters and fire. While these are not
behaviours that always leave clear traces in the archaeological record, they are
behaviours whose likely presence or absence can be inferred, and characteristics
reconstructed, based on the lived-in environments. Such an approach has been
enabled by the remarkable reconstructions of Pleistocene climates and habitats
which have emerged over the last few decades, and which underpin many of the
arguments that follow. This book therefore adopts a heuristic approach to explore
the possibilities and probabilities of seasonal life in Lower Palaeolithic Europe. It is
not a book fundamentally about Lower Palaeolithic technology, or a site-by-site over-
view, for which many excellent sources already exist (e.g. Gamble 1986; Roebroeks
and van Kolfschoten 1995; McNabb 2007; Pettitt and White 2012; Ashton 2017). It
is however an attempt to consider the lived experiences of the earliest Europeans
across the seasons, and evaluate the likely behaviours required by those lifestyles.
In doing so, the book seeks to step beyond the often-uniform stereotypes of the
Palaeolithic, and uncover the diversity, richness and texture of hominin lives.

When trying to reconstruct the ecological, social and material behaviours of
pre-modern humans, McNabb’s (2007) ‘fourth option’ for thinking about Palaeolithic
hominins sounds a suitably cautious note:

[they were] an animal, but one that was totally unique. Pre-modern humans were the prod-
ucts of ecologies and habitats for which no modern analogues now exist. Their behavioural
adaptations were equally unique and we can now only project inappropriate modern human
or modern animal behavioural responses onto them. (McNabb 2007, 348)

From a Lower Palaeolithic perspective the immensely long, relatively ‘unchanging’
nature of its iconic handaxes, Isaac’s (1969) ‘variable sameness’,* might be seen as an
example of these hominins’ unique character. Yet if McNabb is right about the unique-
ness of pre-modern humans in the Palaeolithic, is a seasonal approach useful? I offer
two initial arguments in its defence. Firstly, the rich palaeoenvironmental evidence
available to us suggests that Lower Palaeolithic ecologies and habitats, while unique,
are to some extent knowable. A clearly seasonal climatic model (e.g. warmer summers,
cooler winters, variations in precipitation) is evident from beetles, reptiles and other
remains, while food webs and predator-prey relationships can be explored through
pollen and other plant remains combined with zooarchaeological assemblages. Since
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no-one would dispute that hominins lived in, and were an integral part of, those
worlds, the available evidence offers an environmental framework within which to
try and understand them a little better. Inevitably this European stage is sometimes
crisply sharp, at other times viewed more opaquely, but either way it allows us to con-
sider how hominins, like all animals, met their fundamental needs: water, shelter and
food. By connecting those needs with seasonally-changing conditions and resources
on one hand, and the material traces of hominin actions on the other, it is possible
to contribute new insights and understanding to a uniquely-Pleistocene behavioural
‘black box’. Secondly, was Early and Middle Pleistocene life about no more than just
staying warm, safe and fed, and by extension is this book no more than a suggested
handbook for Lower Palaeolithic survival in Europe? This seems unlikely, given the
rich and complex social lives of all animals, and sociality has been explored recently
in hominin societies through explanatory frameworks such as the social brain and
Theory of Mind (e.g. Dunbar 1998; Gamble et al. 2014), life history (e.g. Bogin and Smith
1996; Schwartz 2012), technological processes (e.g. Gamble 1998a; White and Foulds
2018), and care and compassion (e.g. Spikins et al. 2014; Spikins et al. 2019). Yet these
social dynamics can also be considered with reference to seasonal variability, such as
the implications of a potential clustering in conceptions and births.

What the following chapters therefore seek to demonstrate is that the unique
nature of hominin sociality and cognition in the European Lower Palaeolithic can
be explored and better understood by focusing on the day-to-day and seasonal fluc-
tuations of living. The needs of survival are assessed not just in terms of material
resources but also with reference to their cognitive demands, such as food-getting
(planning, anticipation, cooperation and inhibition), sheltering (planning, anticipation
and cooperation), and reproduction (care and cooperation).

Fundamentals of seasonality

While the seasonal specifics of Lower Palaeolithic Europe can only be understood
through the analysis of Pleistocene palaeoenvironmental evidence (Chaps 2-6), the
overarching drivers and trends of earth’s seasonality are well known, at both orbital
and regional scales.

Drivers of seasonality

The earth’s seasonality concerns cyclical and largely predictable fluctuations in day
length, temperature, rainfall and resource availability (Lisovski et al. 2017). Seasonal
changes are primarily driven by the tilt of the earth’s axis, around which the planet
spins as it orbits the sun. Over the course of an annual orbit, this axial tilt means
that the northern and southern hemispheres alternate between being closer to, and
further away from, the sun, respectively resulting in summer and winter conditions
(Woodward 2014; Fig. 1.1). In the higher latitudes the seasons of summer and winter
are separated by spring and autumn. However, at lower latitudes near to or at the
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equator these seasonal effects are different, with two-season regimes (e.g. wet and
dry) typical in those regions.

However, the earth’s orbital movements have varied over time, due to the
gravitational pull of the other planets, in the predictable patterns known as Croll-
Milankovitch Cycles (Woodward 2014). Variations in axial tilt (obliquity) are of par-
ticular importance for seasonality. Axial tilt oscillates between 22.1° and 24.5° on a
c. 41,000 year cycle. This is important because greater degrees of tilt result in more
extreme seasons. Consequently, the specific character of seasons will have varied
slightly at different times in the past, in line with these axial oscillations (Fig. 1.2).
The earth’s other orbital variables also impact on seasonality, although they are less
significant than obliquity. The shape of the earth’s orbit (eccentricity) varies between
nearly circular and mildly elliptical, on ¢. 100,000 and 400,000 year cycles. When the
orbit is more elliptical, the magnitude of seasonal changes increases and differences
between the lengths of the seasons are more marked. Changes in eccentricity also mod-
ulate the impacts of the precession cycle. Precession refers to the wobble or circling
motion of the earth’s axis of rotation relative to the fixed stars, and it also varies, on
a c. 19,000 and 23,000 year cycle. The circling motion of axial precession causes the
solstices and equinoxes, i.e. the seasons, to shift over time, and impacts on the scale
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Figure. 1.1: Seasonal variations in the earth’s orbit.
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Figure 1.2: Periodicities of the eccentricity (stretch), obliquity (roll), and precession (wobble) cycles
over the past 800,000 years (redrawn after Candy et al. 2014, fig. 3).

of seasonal temperature differences. Marked differences also occur depending on the
combinations of the orbital cycles: for example, when eccentricity is high then axial
precession has a greater impact on seasonality. Similarly, seasonality increases when
obliquity and eccentricity reach their maximum effects in tandem.

Orbital processes are not the only significant factors influencing seasonality how-
ever. While latitude correlates strongly with orbital variations in solar radiation, using
latitude alone as a proxy for the full range of seasonality issues (e.g. precipitation and
biological productivity) tends to limit our understanding of the variability (Lisovski
et al. 2017). Therefore, other earth-based variables, such as ocean currents, sea-ice
extent, wind direction, the extent of the continents and topography, also need to be
considered.

For example, modern European winter climates are strongly influenced by
atmospheric dynamics over the North Atlantic-European area (Fig. 1.3). These
dynamics reflect the interplay between the Northern Westerlies, the Gulf Stream,
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Figure 1.3: Simplified schematic of atmospheric dynamics over the North Atlantic-European area
(redrawn after Wanner et al. 2001, fig. 9a & 9b).
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and sea surface temperatures in the North Atlantic, expressed in the pressure gra-
dient between the Icelandic Low and the Azores High (termed the North Atlantic
Oscillation or NAO). In summary, strong freshwater input into the northern North
Atlantic and resultant reduction in the strength of the North Atlantic thermohaline
circulation directs warmer Gulf Stream waters into the eastern Atlantic, reducing
sea surface temperatures (SSTs) in the North Atlantic. These lower SSTs in the north
reduce the strength of the Icelandic Low, while the warmer waters in the eastern
Atlantic reduce the strength of the Azores High and decrease the strength and tra-
jectory of the westerlies. As a consequence of these negative NAO conditions, the
Northern Westerlies are directed towards the Mediterranean, producing mild and
wet winters, while the expansion of Polar Easterlies into northern Europe results
in cold and dry conditions. By contrast, weaker freshwater input results in warmer
Gulf Stream waters in the northern North Atlantic, strengthening the Azores High
and the Icelandic Low (positive NAO conditions). The warm and humid Northern
Westerlies are consequently directed further north, towards northern Europe, pro-
ducing mild and wet conditions. The enhanced Azores High increases the strength
of the Trade Winds, redirecting moisture away from the Mediterranean, resulting
in cold and dry winter conditions in southern Europe (Wanner et al. 2001). Records
of the 19th and 20th centuries indicate that the NAO persisted in its positive or
negative state over several winters and exhibited decadal trends during those two
centuries: this is a temporal pattern with implications for hominin lifespans if it
also applied in the Pleistocene.

Modern trends in European seasonality

Global-scale modelling of modern data-sets highlights high levels of European season-
ality if measured by variability in temperature and net primary productivity (NPP),
but a much lower degree of seasonality when measured in precipitation. Modelled
European seasonality is also consistently greater to the north of 44-45°N (in the
Temperate Forest/Grasslands zone), with lower values in the Mediterranean zone
(Lisovski et al. 2017, fig 2 & 3).

The 44-45°N latitude broadly captures a present-day transition from Mediterranean
climates® to a mixture of oceanic climates® in western Europe, and humid continental
climates’ in eastern Europe, as defined by the Kdppen climate classification system
(Peel et al. 2007). Key climate trends in present-day Europe are (i) a broadly north-south
gradient® in maximum (summer) temperatures (Fig. 1.4a); (ii) a northeast-southwest
gradient in minimum (winter) temperatures (Fig. 1.4b); (iii) a west-east gradient in
seasonal temperature ranges (Fig. 1.4c); (iv) a north-south trend in the 24 hour range in
winter and summer air temperatures; (v) east-west and southeast-northwest gradients
in precipitation (winter and summer respectively; Fig. 1.5); and (vi) west-east trends in
the number of days with snow cover and the depth of snow cover (Barron et al. 2003).
Measured by temperature and precipitation European seasonality is therefore especially
marked in the continental interior and, to a lesser extent, the Mediterranean region,
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Figure 1.4: Modern European variations in maximum (a) and minimum (b) seasonal temperatures,
and seasonal ranges in air temperatures (c; all temperatures in °C) (redrawn after Barron et al. 2003,
appendix 5.1).
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Figure 1.5: Modern European precipitation patterns for winter (a: December-February) and summer
(b: June-August) (Barron et al. 2003, fig. 5.4).

with additional local and regional variations occurring in response to topography (e.g.
mountain ranges). Modern, European-scale data-sets also reveal distinctive year-to-year
variations in precipitation regimes, with summer precipitation in the west being less
variable on a year-to-year basis than during the winter. In eastern Europe however the
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Figure 1.6: Mean daily maximum temperature variations by month in the Mediterranean climate
zone. Data source: UK Meteorological Office (https://www.metoffice.gov.uk/).

reverse pattern applies, with potential implications for both drought/wildfires and
flooding during the summer months (Zveryaev 2004).

Thus, the coastal lowlands encircling the Mediterranean have an essentially
two-season pattern of wet winters and dry summers. Modern temperature data
for a variety of Mediterranean locations (Fig. 1.6) suggests that summer could be
defined here as May-October, given the clear shifts in temperature at either end of
that interval, although there is also variability in the patterns and timings of the
annual temperature profiles between different locations (e.g. contrast Athens with
Barcelona and Lisbon). In the oceanic and continental climate regions to the north,
the four seasons are defined following the Societas Meteorologica Palatina (1780): winter
(December-February), spring (March-May), summer (June-August) and autumn
(September-November). The season-by-season chapters of this book therefore most
obviously map onto the temperate region’s four season framework, but the ‘spring’
and ‘autumn’ issues can nonetheless be considered in the context of the late winter/
early summer and late summer/early winter periods in the Mediterranean region.
Perhaps inevitably, the book’s chapter structure also draws boundaries between
the seasons in a manner which would have been meaningless to Lower Palaeolithic
hominins. Where appropriate, seasons are therefore overlapped or blended (e.g. late
spring/early summer when discussing ungulate births).
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Table 1.1: Modern daylight data for selected European locations

Location Latitude/longitude Month Dawn Dusk Daylight
Hours
(Approximate)

London 51.4°N, 00.0°W January 07.00-08.00 16.00-17.00 9
July 04.00-05.00 21.00-22.00 17

Madrid 40.3°N, 03.5°W January 08.00-09.00 18.00-19.00 10
July 06.00-07.00 21.30-22.30 15.5

Berlin 52.3°N, 13.3°E January 07.00-08.00 16.00-17.00 9
July 04.00-05.00 21.00-22.00 17

Rome 41.5°N, 12.3°E January 07.00-08.00 17.00-18.00 10
July 05.00-06.00 20.30-21.30 15.5

data source: https://www.gaisma.com/en/

A further climatic factor concerns diurnal temperature variations. Modern data
indicate notable differences in day/night temperatures, with both seasonal and geo-
graphical patterns (Barron et al. 2003, appendix 5.1). There are regional variations
along a broadly north-south transect, with wider diurnal ranges in southern Europe,
and larger variations in summer than winter: e.g. typical ranges of c. 2-4°C (winter)
and 8-14°C (summer) in the Mediterranean, and c. 1-2°C (winter) and 4-9°C (summer)
in northern Europe.

Alongside trends in temperature and precipitation, seasonality also incorporates
other fluctuations. Modern daylight data indicates broad similarities across Europe,
with slightly longer winter days in the south, and vice-versa in the summer (Table 1.1),
although the specifics of daylight hours at any particular point in the Pleistocene
past would also have been influenced by the earth’s axial tilt. The length of twilight
varies with the seasons, although it is longer at higher latitudes. Relative daylight
levels are also further reduced beneath the canopies of closed woodland and forest
habitats, which were common during the warm stage intervals of the Pleistocene.

Net primary productivity varies by both latitude and longitude, as the length of
the growing season, broadly lasting from April-October/November, is controlled by
mean daily air temperatures and is shorter at higher latitudes (Gamble 1986; Barron
et al. 2003). However, summer droughts in both the Mediterranean region and the
continental interior also impact on vegetation productivity, while the higher precip-
itation and mild winter temperatures of the oceanic west are favourable for plant
growth (Fig. 1.7).

Impacts of seasonality

Annual cycles of climatic and habitat conditions therefore encompass both major
variations in temperature, precipitation and daylight hours, and seasonal differences
in diurnal patterns, such as cooler mornings and evenings in the otherwise warm
days of late spring and early autumn. These seasonal patterns impact significantly on
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Figure 1.7: Net primary productivity in present-day Europe (Center for Sustainability and the Global
Environment (SAGE), University of Wisconsin-Madison; https://nelson.wisc.edu/sage/data-and-
models/atlas/maps/npp/atl_npp_eur.jpg).

organisms’ adaptations, reflected in phenotypic® variability across the year. Seasonal
variations in climatic conditions structure predictable rhythms and changes in all
animal and plant species. Major changes in plant species include new or renewed
spring growth, the summer and autumn harvest in fruits and nuts, and seasonal leaf
loss. Amongst animals the key changes concern variations in physical condition, fluc-
tuating aggregations and dispersals, shifting home range habitats, and the scheduling
of breeding and birth. Higher latitude examples include the growing and shedding of
winter and summer coats, or long-distance migrations (see also Lisovski et al. 2017),
and the specific impacts of European seasonality on large-bodied mammals are evi-
dent in a wide range of living species (e.g. red deer; Fig. 1.8). While the exact timings
of specific events vary between species, there are a suite of broad pan-specific trends
including relatively poor winter condition, with reduced fat reserves, spring births,
and enhanced summer and autumn health.

Such seasonal pressures and phenotypic adaptations should therefore also be
expected in the animals of Pleistocene Europe, including hominins. From their
perspective, the major ‘events’ and pinch points in a Lower Palaeolithic year would
revolve around the relative food shortages and harsher climatic conditions of winter
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and early spring, the renewed plant foods available from late spring to autumn, animal
new-borns in late spring, and the increasingly well-conditioned animals character-
istic of summer and autumn (Fig. 1.9). Therefore, and while direct indicators of the
seasonality of hominin activities are relatively rare,” these cyclical patterns enable
the hominin year to be profitably explored through the lens of seasonally changing
needs. These would have included winter survival, the rebuilding of energy stores and
physical health from the late spring to early autumn, successful hominin reproduc-
tion, and relocations in response to the fluctuating availability of static and mobile
resources in time and space.

An emphasis on hominins as just another Pleistocene animal is explicitly stated
here because, despite the mid-19th century recognition that humans have a long,
‘deep time’ prehistory and are the product of biological evolution by natural selection,
there is sometimes still a tendency for humans to see ourselves as a step apart from
the natural world. While the ongoing anthropogenic climate crisis will continue to
challenge, perhaps brutally, such present-day blindness and arrogance, Pleistocene
records clearly demonstrate that the earliest Europeans were part of their ecosystems
in terms of their responses to dynamic, changing climates and environments. Within
this context it is also important to acknowledge, from a Palaeolithic perspective, the
twin dangers of anthropomorphism (‘perceiving animals to be like ourselves’) and
anthropodenial (‘a blindness to the human-like characteristics of other animals’; de
Waal 1997, 51 & 52). While both concepts are often discussed in the context of non-hu-
man animals rather than hominins, they are also relevant here as we are seeking to
understand what kind of humans our Lower Palaeolithic ancestors were. What I have

y 0‘@\\&\\
> 7 e
<
: © 1.

waf
&

&

Figure 1.8: A ‘red deer year’ (based on modern populations on the Isle of Rum, Scotland; redrawn from
http://rumdeer.biology.ed.ac.uk/deer-year).
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Figure 1.9: Seasonal challenges (in plain text) and opportunities (in italics) in Lower Palaeolithic Europe.

sought to do, following de Waal (1997), is interpret the behaviours of H. antecessor
and H. heidelbergensis'' in the context of their habits, as reflected in the archaeological
record, and natural history, as reflected in the palaeoenvironmental evidence. How
the key seasonal challenges and opportunities of Early and Middle Pleistocene Europe
(Fig. 1.9) were addressed by Lower Palaeolithic hominins is therefore the primary
focus of this book. But I have also sought, against those same contexts, to consider the
wider social complexity of the earliest Europeans, and to look beyond a life defined
and dictated solely by the risks and rewards of a Pleistocene world. In doing so this
book walks an interpretive tightrope familiar to Lower Palaeolithic researchers. As
Dennell (2003) has argued with reference to the colonising abilities of H. erectus, it
is important not to assume the presence of similar abilities to modern humans. The
discussions of behaviours such as pyrotechnology, clothing and shelter in the chap-
ters that follow are therefore not intended to propose or assume the existence of an
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essentially modern hunter/gatherer in an Early or Middle Pleistocene context. This
obvious trap has previously been highlighted by McNabb (2007, chap. 13), and also
by Gamble (1999, 153-72) in his re-interpretation of the much-debated Bilzingsleben
‘campsite’ as a hominin gathering. This book’s discussions are intended however to
focus attention onto the simple physiological and practical demands of surviving
in Europe during periods of documented hominin presence, and to explore feasible
strategies for doing so.

Overall, this book seeks to explore the lives of the first Europeans. In doing so,
Ingold’s (2013, 44) challenge to the researchers and authors of Palaeolithic archae-
ology feels especially pertinent. With reference to the handaxe makers of the Lower
Palaeolithic he noted that ‘they come across to us in the writings of modern archae-
ologists and anthropologists not as the powerfully built, bimanually dextrous and
supremely skilled creatures that they surely were, but as clumsy hybrids stuck for
over a million years in the transition from nature to culture’. The former is the view
I concur with, and the perspective taken in this book, an on-the-ground exploration
of the ecological, social and technological challenges of Lower Palaeolithic survival
in Europe, seeks to breathe a little more life into those dynamic early northerners.

Notes

1. Million years ago.

2. The hominins are all the fossil ‘human’ taxa that are more closely related to modern humans
than they are to any other living taxon (e.g. chimpanzees; Wood and Lonergan 2008).

3. ‘Europe’ had no specific meaning during this period and in palaeogeographical and palaeobio-
logical terms was simply part of a wider Eurasia (Arribas and Palmqvist 1999). My use of Europe
as a focus for studying survival at the mid-latitudes in the Lower Palaeolithic simply reflects
Europe’s rich and long history of Quaternary research, and the constraints of space.

4, Tsaac (1969, 21) argued that the handaxe record suggested ‘prolonged phases of relative stability
with stochastic variation, and a very limited amount of gradual “progressive” change’.

5. Mediterranean climates are typically, although not exclusively, characterised by hot, dry sum-
mers and mild, wet winters.

6. Oceanic climates are characterised by mild summers for the latitude, and mild winters, with a
relatively narrow annual temperature range and few extremes of temperature.

7. Humid continental climates are typified by warm-hot summers and cold winters with snow cover.

8. These gradients are ordered by increases in temperature/precipitation: e.g. summer tempera-
tures increase from north to south.

9. Anorganism’s phenotype is a set of morphological, physiological and behavioural characteristics
resulting from the interaction of its genotype with the environment.

10. Nonetheless, seasonality data do exist at certain sites. At Miesenheim I, for example, indicators
included specific bird species that are only summer visitors today, a red deer antler frontlet
(carried from September-March/May), and ages at death for individual deer based on teeth
eruption and wear stages. Collectively these indicated the period from summer to early spring
(Turner 1999).

11. The very earliest European hominins may well be H. erectus, but the current evidence is ambig-
uous. There is also considerable debate as to the identity of the hominins from the later Lower
Palaeolithic period after c. 600 kya: I have collectively referred to them here as H. heidelbergensis
sensu lato (see Chap. 2 for details).



Chapter 2

Lower Palaeolithic Europe

Having outlined the fundamentals of mid-latitude seasonality in Chapter 1, with
reference to present-day data, this chapter explores the wider context of general
environmental settings and trends in the Pleistocene, specific indicators and details
of Lower Palaeolithic seasonality, key hominin species and their requirements, and
the fundamentals of Europe’s earliest archaeological record.

The Pleistocene world

While the seasons are cyclical and predictable, an exploration of Pleistocene seasonality
must also consider the context of larger-scale climate fluctuations, both cyclical and
directional, that have occurred over the last two and half million years. Although often
referred to as the ‘ice ages’, the Pleistocene environments of the earliest Europeans
were marked by dramatic and regular fluctuations. These cyclical changes are often
thought of in terms of the waxing and waning of ice sheets, which were driven by the
earth’s orbital cycles, but should also be thought of in terms of changing coastlines,
river systems, plant and animal life, and climate and weather patterns. These were the
macro-scale rhythms of the Pleistocene and could transform Norfolk into the ‘Costa
del Cromer’ (Roebroeks 2005; Figure 2.1), and Spain into a cold, icy steppe. These cycles
lay at the heart of the Pleistocene world, and the specific seasonal challenges faced by
Lower Palaeolithic hominins for over one million years can only be fully understood
when seen against this longer-term climatic framework.

Glacial and interglacial cycles

Specifically, the European Lower Palaeolithic occurred against the backdrop of the
Pleistocene geological epoch, in its Early and Middle sub-divisions. The Early (c.
2.588-0.781 mya) and Middle Pleistocene (c. 0.781-0.126 mya) were characterised
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Figure 2.1: Reconstruction of the Happisburgh 3 landscape, c. 850 or 950 kya (© John Sibbick & Ancient
Human Occupation of Britain [AHOB] project).

globally by cycles of glacial and interglacial climates, with those cycles becoming
longer and more marked in the later Middle Pleistocene, after c. 500 kya.' The impacts
of these climate cycles varied across Europe, but in general terms peak interglacials?
were associated with conditions broadly comparable to those of ‘present-day’ Europe
(prior to anthropogenically-driven climate change), shifting in the glacials to con-
ditions comparable to the present-day Arctic and the encircling tundra and steppe
habitats of the high latitudes.

Interglacial flora

During the interglacials and warm stages (Box A) Europe was dominated by trees,
although taxa and forest structure varied, particularly on a latitudinal basis, with a
general trend of boreal forests in the far north, shifting through deciduous/coniferous
forests to Mediterranean evergreen woodlands in the south (Van Andel and Tzedakis
1996; Woodward 2009, fig. 13.4). There were also regional contrasts alongside these
latitudinal trends, reflecting the impacts of continentality, topography and precipita-
tion. For example, Combourieu-Nebout et al. (2015) suggested predominantly decidu-
ous interglacial forests in the Italian peninsula during the later Early Pleistocene (c.
1.8-0.78 mya) and, especially, the Middle Pleistocene, with coniferous forest in the north
of the country. In northern Spain by contrast the Atapuerca sites were characterised by
persistent savannah-like open woodland between c. 1.2-0.2 mya, with conifers, mesic,?
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and Mediterranean trees persistently present, but varying in proportions across the
glacial/interglacial cycles (Rodriguez et al. 2011; see Fig. 2.2 for key site locations and
Appendix A for site details).

A further factor is the vegetation successions which occurred during each warm
stage, particularly in the north, as a consequence of species recolonising from pre-
dominantly southerly tree refugia and reflecting the climatic variability that occurred
across individual warm stages. This is clearly illustrated for example in Britain, where
the dominant tree species shifted over the course of MIS 11c (c. 424-398 kya) from
birch woodland (pollen phase: Ho I) to mixed oak woodland (Ho II) and hazel/alder

Brooksby;
~. a
Waverley Wood| ;
Clacton Schoningen
Swanscombe © Bilzings|eben Trzebnica
< 2 )
Kents Cavern, 2 BoXgIove Rusko s
Abbeville' Ariendorf qkérl\ch Racinéves © edzhiboz
Cagnylla Garenne Saint-Acheul
Meisenheim 30 ks
Mauer;* Stranska skala
Menez:Dregan () Rl
La/Celler gy ¢ Steinheim
Saint-Colomban Y. @ s
\/ertessz6l6s

Lunery-Rosieres
Pont-de-l‘avaud/©

DealulGuran

3 q
¥ G Kozarnika
Terra Amata Monte|Poggiolo

Lézignan-la-Cebero

Atapuercar® iy 5 LLe Vallonnet
3 Arago

\Vallparadis (b= “Rirro Nord CTenaghitPhilippon

> O
BaIrancd2laiBoella IsernialaPineta Nloterenities Petrajona

O
Aridos & Charcoikondo

Torralba & Ambronai®
Arogira.

2 Rodafnidia
Ioannina ;

‘Marathousa

GOOg[C earth

%

» Happisburgh

% 2
dtaiPolledrara’

Castel di'Guidoi° !

it ,. o, : » ."}__\\f

o
Ceprano
Pakefield
|

"E\vaden’
High Lodge Barnham

Beeches Pit

Figure 2.2: Key archaeological and fossil sites in the European Lower Palaeolithic (see also Appendix A;
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woodland (Ho I11) back to pine/birch woods (Ho 1V) (Ashton 2016, table 1). Further to
the east the Schoningen 13-I1 site in north Germany highlights again both warm stage
successions and local variations, with an MIS 9 (c. 337-300 kya) vegetation pattern
of swamp forest, followed by deciduous forest, then boreal steppe forest and ending
in the continental dry steppe/boreal forest associated with the famous ‘spear site’
(Urban and Bigga 2015). Thus, a specific location can be characterised by a changing
variety of coniferous and deciduous tree types, and by shifts between more open and
closed habitats, over the course of a single warm stage (Table 2.1).

Such vegetation successions highlight the presence of intra-stage variability in the
Pleistocene. This is particularly evident in the ice core records that are a key archive
of Pleistocene climate patterns (Box A). Put simply, ‘glacials’ and ‘interglacials’ were
not uniformally cold or warm respectively, as is evident both in global and regional
records and from site-specific sequences. This is the case at Hoxne for example, where
Ashton et al. (2008a) demonstrated that the hominin occupations post-dated the peak
MIS 11 interglacial (stage 11c) and the cold-climate ‘Arctic Bed” interval (11b) and were
instead associated with a later temperate phase of boreal woodland.* It is thus critical
to directly associate, where possible, occupation evidence and environmental evidence
when considering the lived experiences of hominins and seasonal perspectives.

Finally, there is also evidence for very short-lived environmental fluctuations.
The Older Holsteinian Oscillation (OHO),® occurring within MIS 11 and lasting
just a few hundred years, was characterised by a shift from woodland to more
open, grassland conditions in Britain (e.g. at Marks Tey, England), while northern

Table 2.1: Examples of general vegetation successions in Middle Pleistocene Europe (Moncel et al. 2018)

European Regions
Climate cycle sub-stage North! Mediterranean’
Early warm stage Pioneer forest: Pinus, Betula Pioneer forest: Pinus
Interglacial maximum Mixed oak forest: Alnus, Corylus, Thermophilous forest: deciduous &

Quercus, Ulmus, Carpinus & Ostrya evergreen Quercus, Carpinus, Ulmus, plus
Pinus & Mediterranean/thermophilous
taxa (e.g. Carya & Pterocarya)

Late warm stage Coniferous forest: Tsuga/ Pinus & Expansion of conifers (Pinus, Abies, Picea)
Picea, with Abies®

Glacial Open vegetation: dry, her- Open vegetation: dry meadows with
baceous meadows (Poaceae, steppic elements (Poaceae, Asteraceae
Asteraceae & Cyperaceae) and Artemisia, Chenopodiaceae)

'After MIS 16 there was a reduction, and then disappearance (after MIS 12), of sub-tropical taxa from
the northern region (e.g. Carya & Celtis); *Mesothermic, relict taxa (e.g. Carya & Tsuga) persisted after
MIS 12, but there was also a shift towards Mediterranean Holocene mixed forest compositions. *Tsuga
and Picea were more typical of Poland and (with Abies) the Netherlands, while the UK record was char-
acterised by Pinus and Picea, with heathland. Common English names for key plant taxa are listed in
Appendix B
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European continental sequences document a decline in deciduous woodland in
favour of pine-dominated taiga (Candy et al. 2014). Shortly afterwards the Younger
Holsteinian Oscillation (YHO), also within MIS 11, lasted c. 800 years at Osséwka
lake in eastern Poland and initially resulted in the almost complete extinction of
fir, followed by a slow recovery (Nitychoruk et al. 2018). Notably, this initiation of
the YHO and the sudden disappearance of fir has been suggested to have occurred
over just 50 years or so. At Osséwka the YHO has been linked to a drop in winter
temperatures, late frost, or summer drought, although elsewhere different driving
forces have been identified, such as a drop in summer temperatures at Dethlingen
in Germany. Either way, these are all factors which would significantly impact
on hominin lives at near-generational scales, presenting them with a new set of
survival challenges, both at a seasonal scale and over the longer term. Even more
dramatically, at Hoxne, England, the shift from Bed D to Bed C (the ‘Arctic’ Bed)
has been associated with a reduction in mean warmest month temperatures from
15-19°C to less than 10°C, while mean coldest month temperatures declined to at
least -15°C (Candy et al. 2014). Changes at this scale would seem likely to cause local
hominin extinctions and/or significant relocations.

Moreover, such fluctuations are not limited to the north of Europe. Similar
changes are evident in the high-resolution MIS 11 pollen record from Lake Ohrid in
the southeast Balkans (Kousis et al. 2018). Significant phases of tree contraction and
climatic deterioration have been documented at Lake Ohrid, including during the
otherwise warmest sub-stage (MIS 11c¢). Lasting around 1.5 kyr, the period between
406.2-404.5 kya was characterised by a marked drop in arboreal pollen percentages
and notable drops in mean annual temperature (to 3.7°C; the MIS 11c mean at Lake
Ohrid is 7°C), mean coldest month temperature (-8.9°C compared to -1.5°C) and mean
annual precipitation (c. 550 mm compared to 800 mm). To place this in context, even
much smaller temperature variations (e.g. c¢. 2°C) may impact significantly on vege-
tation and fauna, as argued by Blain et al. (2009) for Gran Dolina, Spain, and there is
no reason not to include hominins among the affected fauna.

Alongside temporal variability, there is also evidence for contemporary geographi-
cal variations in Early and Middle Pleistocene Europe. These patterns are more difficult
to detect, because of the complications of demonstrating contemporaneity between
sites of this age. However, Russo Ermolli et al. (2015) have demonstrated how local
environmental and/or historical factors resulted in the development of distinctive
woodland vegetation communities at five MIS 13 Italian sites, despite their overall
warm stage similarities. The environmental factors included edaphic (soil), topo-
graphic and mesoclimatic® conditions, and the historical factors included the species
composition of refugia and temporary changes due to disturbances. The significance
of such variations has been highlighted by Margari et al. (2018, 155), who argued that
‘populations of hominins may be unlikely to have occupied entire regions at any
given time, but instead are perhaps more likely to have targeted specific habitats
with appropriate local conditions’.
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Box A:! How do we reconstruct Pleistocene
climates and environments?

Our understanding of ice age (Pleistocene) climates has developed beyond all
recognition over the last 30 years. This has occurred through the combination of
both old and new evidence and analytical methods: pollen and plant macro-fossils,
faunal assemblages (including mammals, beetles [coleoptera], molluscs, ostracods
and other creatures), deep-sea marine cores, ice cores, terrestrial sediments; and
landform (e.g. terrace) stratigraphy, multi-proxy biostratigraphy (including pollen
stratigraphy), amino-acid racemization stratigraphy, magneto-stratigraphy, abso-
lute dating (e.g. optically stimulated luminescence [OSL], electron spin resonance
[ESR]), isotope analysis and mutual climate range and other related methods (e.g.
Lowe and Walker 1997; Candy et al. 2014). Critically these methods and evidence
operate at different scales: while the deep-sea marine cores highlight broad trends
in Pleistocene climate (e.g. the repeated occurrence over the last half a million years
of glacial/interglacial climatic cycles spanning 70,000-100,000 years each; Fig. A.1),
the ice core records track higher resolution variations (e.g. demonstrating that
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Figure A.1: Climate cycles (glacials [even-numbered] and warm stages [odd-numbered]) of the
Middle and Late Pleistocene (stable oxygen isotope [deep-sea core] data from Bassinot et al.
(1994, table 3); intervals between observations: 2000 years). The Y axis plots *0 isotope values
and is a temperature proxy, with lower values indicating higher temperatures.
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shifts in climate of up to 10°C occurred over just decadal timescales, and moreover
that such dramatic shifts, both colder and warmer, occurred within the broader
glacial and interglacial phases recorded in the marine cores; Fig. A.2).

An important question concerns how glacials and interglacials are defined, and
by extension when they start and finish. As Candy et al. (2014) have highlighted,
the usage of the interglacial label can itself be problematic, as its definition is
not universally agreed upon. It is instead better to think of warm stages and cold
stages, the start and end of which are defined by the deviation of the 0 signal
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Figure A.2: High-resolution fluctuations in Pleistocene climate (ice core data from Jouzel et al.
(2007); average intervals between observations: 138 years [increasing through time from 8 years
[youngest pair of observations] to 1073 years [oldest pair]; inset: data for MIS 11 [424-374 kya;
average intervals between observations: 241 years], highlighting high-resolution intra-stage
variability). The Y axis plots deuterium (*H isotope) values and is a temperature proxy, with
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away from the mean of the Quaternary dataset (i.e. the ‘0’ on the y axis on Fig. A.1):2
periods with an 0 value less than the mean are characterised by reduced global
ice volumes and are described as ‘warm’ stages (e.g. MIS 11 and MIS 13); periods
with 0 values greater than the mean are associated with increased global ice
volumes and are described as ‘cold’ stages (e.g. MIS 12 and MIS 16). The further
problem is that ‘warm stage’ and ‘interglacial’ are not synonymous, although
they are often used as though they were, and, moreover, interglacials have been
defined in multiple ways. Candy et al. (2014) favoured a pollen-based definition,
whereby an interglacial is defined by a period within a warm stage when the per-
centage of tree pollen is greater than the percentage of grass and shrub pollen,
and when global ice volume is at its lowest. Alongside this peak interglacial, and
still within the same overall warm stage, are periods of minor increases in global
ice volume (i.e. colder conditions, known as stadials), and periods of reduced ice
volume which are not as extreme as the full interglacial (these are known as
interstadials). In short, each warm stage (e.g. MIS 5) represents an overall period
of reduced global ice volume that is sub-divided into an interglacial (MIS 5e), and
a series of interstadials (MIS 5¢ and 5a) and stadials (MIS 5d and 5b; Fig. A.1). The
terms interglacial and warm stage are used in this manner throughout this book.

However, both the marine and ice core records, and available palaeoclimatic
models (e.g. Herold et al. 2012; Milker et al. 2013; Muri et al. 2013; Kleinen et al. 2014;
Rachmayani et al. 2016), document global and regional trends at an inevitably low
spatial resolution, rather than revealing sub-regional and site-specific conditions.
They are therefore of limited value for exploring Pleistocene seasonality as expe-
rienced by hominins. Moreover, as Candy and Alonso-Garcia (2018) have noted,
transitions such as the Early-Middle Pleistocene Transition (EMPT) and the Mid-
Brunhes Event (MBE) are spatially variable in their impacts (see also Blain et al.
2012). For example, regional north-eastern Atlantic records suggest that glacial/
interglacial cycles from the 1-0.5 mya interval were of a similar magnitude to
those after 0.5 mya, in contrast to the global marine core oxygen records (Fig. A.1).

At the smallest scale, understanding of individual sites comes instead from
pollen and, critically, micro-fauna. The latter, in particular beetles, have specific
environmental and climatic tolerances and evidence of a stable recent evolution-
ary history, thus making them ideal sources of evidence for climate reconstruction.
The combined presence on Pleistocene sites of different species and/or different
animal groups enables Quaternary scientists to reconstruct past conditions, based
on their modern-day environmental requirements. Using the Mutual Climate
Range method (MCR), the area of overlap between the various species’ environ-
mental requirements indicates the likely conditions at the site. A further benefit
of micro-fauna, such as beetles and molluscs, and micro-mammals, is that they
represent the genuine local habitat, whereas larger fauna such as herd animals
may have been selectively accumulated through hunting or carnivore activity and
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therefore not be entirely representative. Larger mammals are also problematic
due to their relatively wide-ranging environmental tolerances: in effect they are
too resilient to reveal specific information about the local environmental condi-
tions, especially climate.

Alongside animals, both large and small, plant pollen is another critical
source of evidence for reconstructing Pleistocene environments. However, the
microscopic nature of pollen further complicates the matter, as consideration
must be given to how far the pollen may have been transported by wind or water
and therefore whether it is representing the local habitat or the wider region.
Nonetheless, the presence of different plant groups (e.g. the proportions of tree
pollen to grass pollen) and different species (e.g. oak and elm as opposed to pine
and birch) provide valuable information about the general climatic and landscape
conditions (e.g. relatively cool, open grassland environments, as opposed to the
closed, deciduous woodlands associated with an interglacial).

This combination of evidence, floral and faunal, enables the reconstruction
of various aspects of Pleistocene sites, including seasonality indicators, such as
mean annual, summer and winter temperatures, precipitation, ground cover
conditions (e.g. the presence of leaf litter) or the nature of water bodies (e.g. still,
stagnant or fast-flowing).

! Boxes are used throughout this book to provide background information on key issues (e.g.
Pleistocene environments or models of hunter-gatherer mobility).

2 The ratio of 0 to '°0, measured from the calcium carbonate shells of benthic (sea-bed)
foraminifera within deep-sea cores, or from the water content of ice cores, provides a measure
of palaeotemperatures. The ratios are also impacted by other factors, such as global ice volume
and water salinity (Lisiecki and Raymo 2005).

Glacial flora

During the glacials, habitats varied from northern glaciers and polar deserts to open
steppe in the Mediterranean south (Van Andel and Tzedakis 1996; Woodward 2009,
fig 13.4; Combourieu-Nebout et al. 2015), although the south also featured localised
long-term refugia in which trees were permanently present through glacials as well
as warm stages (e.g. Tzedakis 1993; Kousis et al. 2018). As is demonstrated by the
apparent cold-stage tree refugia at Ioannina, in contrast to the extreme glacial stage
tree population contractions at the fellow Greek site of Tenaghi Philippon (Tzedakis
et al. 2006), habitats and vegetation would also vary on more local scales, reflecting
the impacts of topography: elevation, aspect, exposure and hydrology. Glacial stage
reconstructions are more difficult in northern Europe, reflecting the limited biomass
associated with those cold environments, and the destructive impacts of ice sheets.
However, and in contrast to later Palaeolithic periods, there was relatively little cold
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stage occupation in northern Europe during the Lower Palaeolithic, although there are
occasional examples such as at Karlich H, Geramany, and associated with the Eartham
Formation at Boxgrove, England (Haidle and Pawlik 2010; Roberts and Parfitt 1999).
Thus, much of the following discussions will be focused on warm stage environments
across Europe and also glacial environments in southern Europe.

Mammal fauna

Animals also varied on both geographical and chronological scales, with the combi-
nation of these factors making it difficult, and unhelpful, to refer simply to ‘glacial’
and ‘interglacial’ faunas at a European scale. However, examples of the main fauna
from key warm stage sites in different parts of Europe can give some sense of the geo-
graphical similarities and variations, and of the wider animal communities to which
hominins belonged (Table 2.2). In terms of chronological and potentially climate-driven
variations, the long Atapuerca sequence (Sima de Elefante, Gran Dolina, Sima de los
Huesos and Galerfa) offers a valuable perspective from southern Europe (Rodriguez
et al. 2011). The large mammal evidence from these sites lacks species that clearly
indicate harsh conditions, with the majority of species being temperate or catholic in
their affinities (e.g. fallow deer, macaque and hippopotamus). These patterns suggest
prevalent warm conditions and thus fit with the vegetation evidence outlined above
and are further supported by the herpetofauna (amphibians and reptiles) and the small
mammals. This broad glacial/warm stage consistency is much less apparent north of
the Pyrenees however, particularly during the longer glacial/warm stage cycles of the
later Middle Pleistocene (MIS 12-6) which were associated with markedly contrasting
glacial (the cold-adapted Mammuthus-Coelodonta Faunal Complex or ‘mammoth’ fauna)
and warm stage faunas (Kahlke et al. 2011). In comparison with the northern warm
stage sites listed in Table 2.2 (Boxgrove, Soucy and Bilzingsleben), cold stage faunas
from glacial stages (e.g. MIS 12 [c. 478-424 kya]) were characterised by species such as
bison, reindeer (Rangifer tarandus), giant musk ox (Praeovibos priscus), woolly rhinoceros
(Coelodonta) and steppe mammoth (Mammuthus trogontherii: Kahlke and Lacombat 2008;
Kahlke 2014). However, there were also highly adaptable mammal species, for example
horse, which appeared in both glacial and warm stage faunas.

Micro-fauna and seasonality indicators

In contrast to the many flexible and adaptable larger mammals, micro-fauna, in par-
ticular beetles but also mollusca, herpetofauna and small mammals, are a key source
of information about local climatic conditions and, critically, seasonality (Table 2.3
& Box A). Where such assemblages can be correlated directly with hominin occupa-
tions, climate estimates indicate the various and differing seasonal challenges which
were faced. At the Schoningen spear site (13 11-4; MIS 9) for example, the molluscan
assemblage indicated minimum winter temperatures of -4°C and maximum summer
temperatures of 16°C, combined with relatively low annual precipitation (400-450 mm).
These are typical of continental conditions in central-northern Europe (Urban and
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Table 2.3: Palaeoclimatic estimates for summer (T, ) and winter (T . ) at selected European Lower
Palaeolithic sites

Site T (0 T (°0) Evidence! Age (MIS) Source
Early Pleistocene
Barranco Leén 9.0 26.2 Amphibians &  43-49 Blain et al. 2016
(Layer D) Reptiles (MER)?
Fuente Nueva-3 9.2 24.3 Amphibians &  43-49 Blain et al. 2016
Reptiles (MER)?
Sima del Elefante 4.1 20.5 Amphibians & 37 Blain et al. 2010
(Level TE9C) Reptiles (MCR)?
Happisburgh 111 (BedE) -3-0 +16 - +18 Coleoptera Late 25 Ashton & Lewis 2012;
orlate21  Parfitt et al 2010
Gran Dolina 43 22.0 Herpetofauna 21 Blain et al. 2013
(TD-6.2) (MCR)?
early Middle Pleistocene
Pakefield -6 - +4 +17 - +23 Coleoptera 17or  Ashton & Lewis 2012;
(Bed Cii-Ciii) later 19 Coope 2006
Cullar Baza 1 +2.5-+12.5 +21-+27 Amphibians & 157 Agusti et al. 2009
Reptiles (MCR)’
Boxgrove -4-+4 +15 - +20 Ostracods 13 Ashton & Lewis
(Unit 4c & Freshwater (MOTR)* & 2012; Holman 1999;
Silt Bed ~ Units 4b & 4c) Herpetofauna Holmes et al. 2010
(MCR)?
Happisburgh I (Organic  -11--3 +12-+15 Coleoptera 13?7  Ashton & Lewis 2012;
Mud) Coope 2006
High Lodge -4-+1 +15 - +16 Coleoptera 137 Coope 2006
(Bed C1)
Waverley Wood (Channel - +10 - +15 Coleoptera 13 or15 Coope 2006; Shotton
2, Organic Mud) etal. 1993
Brooksby (Redland’s -10 - +2 +15-+16 Coleoptera  13or15 Coope 2006
Brooksby Channel)
later Middle Pleistocene
Barnham - +17 - +18 Herpetofauna 11c Holman 1998
(Unit 5¢; Holl)
Hoxne -10 - +6 +15-+19 Coleoptera 11c Ashton et al. 2008a;
(Stratum D; Hollla) Coope 1993
Bilzingsleben II -0.5-+3  +20-+25 Mollusca & 11 Mania 1995; Mania &
ostracods® Mania 2003
Aridos I +2 - +12 +20 - +28 Amphibians & 11 Blain et al. 2014
Reptiles (MCR)
Gran Dolina (TD-10 -0.5-+7.5 +16-+22 Amphibians & 11 Blain et al. 2009
[sub-level T1]) reptiles®
Schéningen 13 11-4 -4--1 +16 Mollusca & 9 Urban & Bigga 2015
ostracods
East Anglia (present day)® -0.7 -+6.9 +14.2 - +18.0 - - -
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Table 2.3: (Continued)

Site T . (°C) T (0 Evidence! Age (MIS) Source
Bilzingsleben (present -3.3-+2.0 +12.4-+22.7 - - -

day)’

Madrid (present day) +5.2 +24.0 - - Blain et al. 2014

Sources listed within the table. 'Sensitivity tests on coleoptera-based MCR procedures suggest that
winter temperature estimates are usually too warm (Pettitt and White 2012, 35); 2Mutual Ecogeographic
Range (MER) method; *Mutual Climate Range (MCR) method; ‘Mutual Ostracod Temperature Range
(MOTR) method; °The specific source of the palaeo-temperature estimates is not stated, but the fauna
includes molluscs and ostracods; ‘East Anglian data based on Met Office annual mean seasonal tem-
peratures (1910-2016; http://www.metoffice.gov.uk/pub/data/weather/uk/climate/datasets/Tmean/
date/East_Anglia.txt); ’Bilzingsleben data based on Deutscher Wetterdienst (German Weather Service)
monthly mean January and July temperatures (1951-2017; Erfurt-Weimar station; https://www.dwd.de/
DE/leistungen/klimadatendeutschland/klarchivtagmonat.html).

Bigga 2015). By contrast, the evidence from Atapuerca TD-6.2 (MIS 21) in northern Spain
indicated conditions and seasonality broadly typical of a continental Mediterranean
climate, although somewhat wetter: minimum winter temperatures of 4.3°C, maximum
summer temperatures of 22°C, and mean annual precipitation of 962 mm, mostly falling
during spring and autumn (Blain et al. 2013).

Even where direct, seasonally-specific, palaeo-temperature estimates are not avail-
able, micro-fauna can offer valuable insights. The molluscan assemblages from the
northern French site of La Celle provided a high-quality record of palaeoenvironmental
variations during MIS 11 (Dabkowski et al. 2012; Limondin-Lozouet et al. 2015). At the
beginning of the warm stage the mollusca indicated marshy, open ground. These were
replaced by shade-loving species, indicating the establishment of forest, together with
wet, open-ground conditions. Deciduous forest development peaked at the interglacial
climatic optimum, with which the hominin occupations at La Celle were associated, after
which the woodland declined and wet, marshy habitats re-appeared. The molluscan
data are complemented by the geochemical data from tufa calcite, which indicated a
warm and wet climatic optimum (Dabkowski et al. 2012). Moreover, the environmental
associations of the artefacts at La Celle appear to be comparable with those at the MIS
11 sites of Beeches Pit and Saint Acheul, highlighting the ability of hominins to survive
in the closed forests of the optimal interglacials (Limondin-Lozouet et al. 2015).

Long-term Pleistocene change

Pleistocene Europe also underwent a series of longer-term environmental and climatic
changes. These were linked to the transition from shorter and more varied c. 41 kyr
climate cycles, structured by orbital obliquity, to longer, relatively stable c. 100 kyr
cycles - the so-called Early-Middle Pleistocene Transition (EMPT; c. 1.2-0.6 mya;
Figure 2.3; Head and Gibbard 2005). Whereas the earlier period saw lower amplitude
cycles, relatively mild conditions and a wide variety of habitats, especially in the
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The large mammal dispersals into western Europe

507 (o0) From or through N Asia From or through SW Asia
55 50 45 40 35 30 25 20 below Alpine chain
[ T R O A I
0.0 2 1 < Capra pyrenaica, Rupicapra pyrenaica Homo sapiens
4 5 <«——=e (Bubalus murrensis 2)
6 7
8 Bubalus murrensis (1) i
10 9 Bison priscus, Capra ibex, Saiga
12 1" +———  Stephanorhinus hemitoechus, Rupicapra? o
0.5 13 i__.' Ovis antiqua Homo heidelbergensis  Bos primigenius
it 15 <——* Stephanorhinus kirchbergensis
16 $—— Rangifer, Ovibos, Coelodonta .
18 17 Stephanorhinus hundsheimensis, Megaloceros savini Panthera leo
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Figure 2.3: Dispersal of large mammals into Western Europe (van der Made 2011, fig. 3). While the
evidence from Gombore II is strongly suggestive that H. heidelbergensis dispersed into Europe
(Profico et al. 2016), the origins of H. antecessor are less certain. Bermiidez de Castro et al. (2017)
suggest that H. antecessor may represent one of a succession of population waves which split away
from a western Eurasian/African source and settled in Europe during the Pleistocene. Note the shift
in the 0 curve from higher frequency, lower amplitude climate cycles to lower frequency, higher
amplitude cycles between c. 1.2-0.6 mya (the Early-Middle Pleistocene Transition).

Mediterranean and the West (Messager et al. 2011; Moncel et al. 2018), the latter period
was broadly characterised by progressive temperature decline, increasing aridity, asym-
metric climate cycles (with longer and more severe glacial periods), oscillations between
highly contrasting climates and landscapes (a mean annual temperature difference
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of ¢. 13°C in the northeast Atlantic sea surface temperature record), and increasingly
specialised mammalian communities (Candy and Alonso-Garcia 2018; Kahlke et al. 2011;
Sénchez Goiii et al. 2016). Of particular significance for this book is that the transition
also resulted in greater seasonality, as is suggested by the site-specific temperature
estimates from Early and Middle Pleistocene hominin sites (Table 2.3), although the
strength of seasonality also fluctuated in association with orbital cycles (see Chap. 1).
These changes were accentuated by the Mid-Brunhes Event (MBE; c. 450 kya), which
marked the shift to increasing glacial cooling and interglacial warmth (Candy and
Alonso-Garcia 2018). Such long-term trends were reflected in changing animal and
plant communities. Based on the Tenaghi Philippon record, Tzedakis et al. (2006) noted
a reduction in arboreal diversity after MIS 16 (c. 676-621 kya), with forests becoming
increasingly dominated by Quercus (oak) and Carpinus (hornbeam). A similar reduction
in tree taxa diversity has been noted by Combourieu-Nebout et al. (2015) in the Iberian
Peninsula. While the specifics of those habitat changes varied from region-to-region
(Table 2.4), the general trends outlined above have been commonly argued to be wide-
spread. The impacts of reduced taxa diversity and enhanced seasonality would likely
increase the challenges of European survival in the Middle Pleistocene, especially
with reference to food resource variability and summer and winter climatic contrasts.

However, regional climatic patterns also differed, both from each other and from
the global climate records (Candy and Alonso-Garcia 2018; Candy and Mcclymont
2013; Candy et al. 2015). In north-west Europe for example, climate records spanning
the last 1 myr challenge the traditional model (Candy and Alonso-Garcia 2018), while
Spanish evidence from Atapuerca is more in-keeping with global records (Blain et al.
2012). Regional climatic records in north-west Europe, specifically foraminifera from
deep-sea cores in the northeastern Atlantic which document sea surface temperatures,

Table 2.4: Prevailing and changing habitat characteristics in Europe over the last 1.2 mya (redrawn
after Kahlke et al. 2011, fig 6)

Region Prevailing habitats (inferred from large mammal communities)

Apennine High variety of open/forested Open woodland/steppe

Peninsula habitats

Iberian Peninsula  Open savannah/lightly forested Open woodland, tree savannah/steppe
habitats

Western Europe High variety of open/forested Woodland/steppe Variety of open to
habitats forested habitats

Northwest Europe Woodland Woodland with open Steppe/woodland

patches/mixed habitats

Central Europe High variety of open/forested Steppe/woodland with Steppe-tundra/
habitats open patches woodland

Eastern Europe High variety of forest steppe/  Open steppe/forest steppe  Steppe-tundra/

open steppe habitats woodland

Chronology (mya) | 12| 10| 0.8 0.6 0.4
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suggest a number of differences to the patterns of the global deep-sea and ice core
records (see also Box A). In particular, the magnitude of extreme glacial/warm stage
cycles prior to 0.5 mya were comparable to those of the last 500,000 years (Candy et
al. 2015, fig 1); a period of sustained warmth is indicated towards the end of the early
Middle Pleistocene (MIS 15-13 [c. 621-478 kya], during which MIS 14 [c. 563-524 kya]
was short-lived and minor); and strong sub-stage warming and cooling events were
detected within many of the interglacials of the past 450,000 years (Candy and Alonso-
Garcia 2018). The first point in particular is notable in the context of the earliest human
occupations of northern Europe, which therefore appear to have occurred against a
backdrop of extreme climatic cycles, thus raising key questions as to the nature of
the necessary hominin adaptations. However, the second point is equally interesting
in the context of the earliest widespread appearance of handaxes in western Europe
(Moncel et al. 2015; Moncel et al. 2018): might the sustained warmth of MIS 15-13 have
been a trigger for an extensive dispersal into Europe of handaxe-making hominins
from adjacent regions with warmer climates, such as south-west Asia?

Faunal transitions

Another key component of longer-term changes were the various mammal dispersals
into Europe over, and prior to, the course of the Lower Palaeolithic (van der Made
2011). Of particular note is the succession of dispersals into Western Europe’ that
occurred after c. 1.2 mya. While these dispersals did not feature new mammal families
or orders, a variety of new species appeared. Key examples of dispersing species and
timings include S. scrofa (wild boar), C. elaphus (red deer) and C. crocuta (spotted hyena;
¢. 900 kya), S. hundsheimensis (rhinoceros) and P. leo (lion; c. 700 kya), and S. hemitoechus
(narrow-nosed rhinoceros) and B. primigenius (aurochs; c. 700 kya; see Figure 2.3 for
details). Of particular note are the significant numbers of artiodactyla,® which were
potentially valuable prey species for hominins (van der Made 2011, fig 4). The majority
of these taxa originated from Asia and were adapted to open, dry environments (e.g.
bison), reflecting the changing European conditions associated with the Early-Middle
Pleistocene Transition. At the level of specific regions, faunal migrations and changes
inevitably varied. For example, the first appearance of the ‘mammoth’ fauna in MIS
12 was initially limited to south-eastern, eastern and central Europe, with the specific
conditions in western and north-eastern Europe preventing, at that time, the further
spread of the Mammuthus-Coelodonta fauna (Kahlke et al. 2011).

Assessing these long-term faunal changes can be difficult, partly because of uneven-
ness in the coverage and descriptions of the data (van der Made 2011), and also because
any site-to-site comparisons, even within the same region, have to consider the possible
impacts of local habitat variations. However, the long sequences at Atapuerca again offer
a valuable opportunity to track evolutionary patterns in animal communities in the
wider landscape across both the Early and Middle Pleistocene (Rodriguez et al. 2011).
The sequence was characterised throughout by warm conditions and open woodland
but there was, nonetheless, a significant faunal turnover at around 600 kya. While both
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the carnivore and the herbivore records document the replacement of a number of
specific species, with a shift towards animals more adapted to arid conditions after the
Mid-Brunhes Event (Blain et al. 2012), there was also a significant shift in the overall
balance and composition of the faunal communities (Table 2.5).

Turner (1992) highlighted the significance of the Villafranchian/Galerian (i.e. c.
1.2 mya) faunal turnover with a focus on predatory species, particularly the balance
in the earlier period of both carcass producers (the scimitar and sabre-toothed cats
H. latidens and M. cultridens, alongside A. pardinensis [cheetah] and P. gombaszoegensis
[jaguar]) and carcass destroyers (e.g. the giant short-faced hyena P. brevirostris). While
the former produced a significant ‘fleshy’ carcass resource (Arribas and Palmqvist
1999), the latter are suggested to have been a significant source of competition for
hominins if Homo was fundamentally reliant on scavenging rather than hunting in
the Early Pleistocene. By contrast, the main predators after c. 500 kya were leopard,
lion, spotted hyena and wolf, potentially opening up new niches for hominins.’

Landscape transformations

The cycling climates of the Early and, especially, the Middle Pleistocene would have
resulted in fluctuating sea-levels and, therefore, coastline positions (e.g. Van Andel and
Tzedakis 1996, fig. 3). These are often difficult to reconstruct but in areas lacking long-
term isostatic uplift of the land it is clear that much coastal land that may have been
occupied by hominins during the Pleistocene is currently submerged. Those hominin
occupations of the now-submerged coastal lands were most likely to be in the south
of the continent, where the glacial conditions associated with lower sea-levels would
have less dramatic impacts on the habitability of the local landscapes. This is illustrated

Table 2.5: Selected transitions in faunal species at Atapuerca (after Rodriguez et al. 2011, tables 6 & 7)

Animal group TES-TDS (c. 1.4-0.6 mya) SH/TD10-3-TE19 (c. 430-<0.300 kya)
Carnivores Arno River dog/Mosbach wolf (Canis sp. Wolf (Canis lupus)
[arnensis/mosbachensis])
Issoire lynx (Lynx cf. issiodorensis) Cave lynx (Lynx pardinus spelaeus)
Stoat (Mustela palerminea) Weasel (Mustela nivalis)
European jaguar (Panthera gombaszoegensis) Lion (Panthera leo)
Gran Dolina bear (Ursus dolinensis) Deninger’s bear (Ursus deningeri)
Fox (Vulpes cf. V. alopecoides; V. praeglacialis) Red fox (Vulpes vulpes)
Herbivores Bison (Bison cf. voigtstedtensis) Woodland bison (Bison schoetensacki)
Red deer (Cervus elaphus cf. acoronatus) Red deer (Cervus elaphus priscus)
Fallow deer (Dama vallonnetensis) Clacton fallow deer (Dama dama
clactoniana)
Horse (Equus altidens) Horse (Equus ferus)
Etruscan rhinoceros (Stephanorhinus etruscus) Narrow-nosed rhinoceros

(Stephanorhinus cf. hemitoechus)
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for example by the rich Acheulean site of Rodafnidia on the eastern Mediterranean
island of Lesvos, an island that would have been connected to the nearby Anatolian
coast by a glacial sea-level drop of c. 50 m (Galanidou et al. 2013; 2016). Such a drop
must have occurred to enable hominin occupations of the ‘sea-bed’ landscapes of the
local eastern Mediterranean (see also Sakellariou and Galanidou 2016) and their spread
onto what is today an island.

At the other end of Europe, the long history of Pleistocene faunal finds, and occa-
sional artefacts and hominin fossils, from the southern North Sea (Kolfschoten and
Laban 1995; Mol et al. 2006; Bynoe et al. 2016; Bynoe 2018) highlights the fluctuating
nature of the connection between Britain and the near continent. While the existence
of a continual terrestrial connection is agreed for the Early Pleistocene and early
Middle Pleistocene, the nature of the landscape and the timing of key changes after
c. 450 kya (MIS 12; the Anglian/Elsterian glaciation) is more contested (Hijma et al.
2012; Gupta et al. 2017). The key point however is that the glacial/warm stage cycles
resulted in post-Anglian periods of connection and isolation, possibly reflected in the
character of handaxes and other lithic technology in the British Lower Palaeolithic
record (White and Schreve 2000; Ashton and Lewis 2002; White 2015; Ashton et al.
2016). From a seasonal perspective, periods of high sea-level stand isolation, par-
ticularly associated with interglacial conditions, would present obvious obstacles to
long-distance migrations, by both hominins and other fauna. On the longer-term
timescale however, the post-Anglian cycles of connection and isolation, combined
with the marked glacial/warm stage climatic variations in north-west Europe, led
to both a significant cold/warm faunal turnover, and distinctive species changes in
Britain (Schreve 2001; Kahlke et al. 2011). These were most marked between separate
high sea-level warm stages, and reflected both wider evolutionary trends (e.g. the
replacement of the giant fallow deer [Dama dama clactoniana] with D. dama between
MIS 11 and 9) and the vagaries of recolonisation and environmental conditions
(e.g. the absence of the brown bear [Ursus arctos] in early MIS 7 [c. 243-191 kya];
Schreve 2001).

The woods and the trees

A major difficulty when considering seasonality, hominin lives and survival strate-
gies in the Lower Palaeolithic concerns the environmental context: what was their
Pleistocene world actually like to live in? Margari et al. (2018) have emphasised the
importance of understanding local conditions on the ground if we are to answer ques-
tions about hominin evolution and dispersal - and such understanding is equally, if
not more, critical to explorations of day-to-day living and how it changed across the
seasons. As outlined above and in Box A these environments can be reconstructed,
from pollen, plant macro-fossils, sediments, macro- and micro-faunal remains, iso-
topes and geochemistry, and have frequently been presented in fine and sometimes
spectacular detail for many of the key sites (e.g. Ashton et al. 1992; 1998; Singer et al.



34 The Earliest Europeans: A Year in the Life

1993; Conway et al. 1996; Roberts and Parfitt 1999; Mania and Mania 2005; Parfitt et
al. 2005; 2010; Lhomme 2007; Garcia and Arsuaga 2011; Rodriguez et al. 2011; Blain et
al. 2013; Bigga et al. 2015; Urban and Bigga 2015). Summer and winter temperatures
and rainfall can be reconstructed with some confidence (Table 2.3, see also Chaps 3
& 5), drawing in particular on micro-fauna, although there can be mis-matches in
the geographical scales represented by the archaeological and palaeoclimatic/palae-
oenvironmental records (Margari et al. 2018). The difficulties start to arise if we wish
to move from static reconstructions to dynamic worlds: for example, what were the
predator-prey relationships and the patterns of animal mobility? How did these vary
across the seasons?

Predator-prey relationships have been modelled in a series of key recent papers
(e.g. Rodriguez et al. 2012; Rodriguez-Gémez et al. 2016; Rodriguez and Mateos 2018),
with particular emphasis on levels of competition and the prey size ranges and pref-
erences of predators. These studies are especially valuable when considering possible
changes in hominin strategies (e.g. from predominant scavenger to habitual hunter)
across the duration of the European Lower Palaeolithic (see also Chap. 4). However,
Turner’s (1992, 111) warning of a ‘spurious air of precision” when trying to estimate
biomass is perhaps also worth recalling when reviewing such quantitative modelling
approaches.

As much of the site-specific evidence associates hominin occupations with wooded
landscapes, what were these European Pleistocene forests and woodlands like? Two
key models have been proposed for northern Europe: the wood pasture (a relatively
open structure, possibly maintained by larger herbivores, and permitting light-de-
manding tree species such as Quercus [0ak]); and the high forest hypothesis (dark
and dense, with low animal densities; Bradshaw et al. 2003). Bradshaw and Mitchell’s
(1999) analysis of the later Danish Eemian (MIS 5e [c. 123-109 kya]) suggested a limited
impact of large forest herbivores, which included forest elephant, on the regional
forest structure. They suggested that this might be due to large predators holding
the herbivore populations at modest levels or perhaps that the diversity of grazing
species had resulted in stable, low populations of individual plant species. Either way,
the Danish Eemian analysis supported the argument that the forests of the optimal
interglacial were closed, albeit with locally open spaces, while more open forests and
woods book-ended the warm stages. A different view of the impacts of large mam-
mals are potentially evident at Aridos 1, Spain, however, where the patchy landscape
conditions suggested by the fauna (excluding the birds) seem to be in contradiction
with the pollen records: Blain et al. (2014) interpreted the locally open habitats as the
product of grazing, browsing, trampling and tree-felling by elephants and rhinoceros
(see also Wenban-Smith 2013, chap. 22 & table 22.1).

This is noteworthy as the review by Bradshaw et al. (2003) of British Pleistocene
interglacial fauna between 500-100 kya highlighted an approximately constant species
richness, although each interglacial had its own distinctive characteristics: megafauna
(elephants, rhinoceros and occasional hippopotami), up to six species of deer, two
large bovids, big cats and hyenas, and small mammals and carnivores (Bradshaw et al.
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2003, table 1). Of key importance is the combination of mixed feeding ungulates (e.g.
fallow deer) and browsers, which Bradshaw et al. saw as indicating that even densely
forested episodes included locally open spaces, and that these mosaics of open and
closed habitats favoured the high mammal diversity. However, they also highlighted
that forests in the past would vary on the basis of geology and specific events: for
example, more open structures would be expected on sandy soils of low fertility, while
seasonal flooding would probably have been characterised by different patterns to
those of the present. Storms would also contribute to temporary openness, as would
wildfires. Although the proportion of natural lightning is lower at higher latitudes
(c. 78% of strikes occur between 30°N and 30°S) and fire frequencies are suggested
to be lower in temperate deciduous woodlands in comparison to steppe regions,
wildfires are nonetheless well documented in the modern far north (Christian et al.
2003; Gowlett 2016; Sorensen 2017). Since Mitchell (2005) has suggested that forest
structure would most likely have dictated herbivore carrying capacity, rather than
vice-versa, such phases of temporary open-ness might well have attracted greater
densities of both prey and predators.

While plant species inevitably varied in other parts of Europe (e.g. typical
Mediterranean taxa such as Cupressaceae [cypress] and Olea [olive] were predomi-
nant at Feute Neuva-3 and Barranco Leon, Spain; Blain et al. 2016), the themes of
mosaic habitats and cyclical change are repeated. Throughout the Mediterranean
the late Early Pleistocene was characterised by a general temporal pattern of warm,
forested conditions, interspersed by short, cooler periods of more open vegetation.
On shorter time-scales, the animal fauna at the Orce sites in south-eastern Spain
indicated a mosaic blend of open, aquatic and wet woodland habitats (Blain et al.
2016). This habitat diversity continued into the Middle Pleistocene. At Atapuerca
for example, the fauna in the lower levels (Gran Dolina TD3/4-8) included a blend
of species which were suggestive of a local, or at least regional, mosaic of different
habitats: for example, spotted hyena (open landscapes), European jaguar (wooded/
forested areas), Etruscan rhinoceros (open woodland and/or grassland), and macaque
(humid woodland; Rodriguez et al. 2011). Similar mosaics are evident at Atapuerca’s
Sima del Elefante locality (Blain et al. 2010) and at a range of Italian sites (Orain et al.
2013). In the north similar impressions of mosaic landscapes are suggested in British
interglacial sites from MIS 13 and 11 (Boxgrove [Unit 4c], Swanscombe [Lower Gravel
& Lower Loam] and Hoxne [AL3 West]; Parfitt 1999a; Schreve 1996; Stuart et al. 1993
respectively), where fallow deer and wild boar (temperate deciduous woodland)
co-occurred with beaver (river floodplains) and horse and straight-tusked elephant
(open grassland).

These apparent mosaics might also reflect time-averaging in the archaeological
record (Stewart et al. 2003), or misinterpretations of the ecological preferences and
tolerances of particular species. The latter is a particular problem, and recent isotopic
and dental use-wear analysis (Garcia et al. 2009; Julien et al. 2012; Pushkina et al. 2014;
Kuitems et al. 2015; Rivals et al. 2008; 2015; Rivals and Ziegler 2018) has challenged a
number of long-standing assumptions about animal diets, habitats and mobility. Of
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particular note in this context is the re-evaluation of a wide range of fauna from the
Lower Palaeolithic sites of Mauer and Steinheim, which has highlighted both ecological
flexibility and some surprising preferences in a wide variety of species (Table 2.6),
and suggested their genuine co-existence in interglacial and/or interstadial periods
(Pushkina et al. 2014).

There are also other indicators of genuine mosaic habitats. Isotopic analysis of
fauna from Faunal Unit 6 at Atapuerca suggested the co-existence of trees and open
landscapes, with red deer and horse associated with open forest/grassland habitats,
while more forested preferences were indicated for the fallow deer in the same unit
(Garcfa et al. 2009; Garcia and Arsuaga 2011). Similar insights can also be drawn from
non-mammalian fauna. In the case of the Sima del Elefante at Atapuerca (level TE7),
the range of bird species, accumulated in the cave by raptors, highlighted the level of
habitat variation at the local scale (NUfiez-Lahuerta et al. 2016). These mixed habitats
included areas near flowing water (e.g. common teal and grey wagtail), open, dry
environments (e.g. crested lark and tawny pipit) and woodlands (e.g. Corvus [crows,
rooks] and Turdus (thrushes) genus).

Table 2.6: Suggested, stable isotope-based, habitat preferences for key species from Mauer (woodland
& shrubland) and Steinheim (mixture of dense forest, woodland, shrubland, grassland and tundra;
Pushkina et al. 2014)

Species Habitat preferences

Bovids Occupied extremely open habitats (more open than early mam-
moths, horses & Coelodonta)

C. antiquitatis (woolly rhinoceros) More open habitats than M. primigenius & M. primigenius fraasi

C. elaphus (red deer) Temperate, forest species, but greater variation in habitat

preferences than D. dama; shrubland & woodland preferences
similar to horses at Steinheim

D. dama (fallow deer) Temperate, forest habitats (denser than forests associated with
early mammoth & horse at Steinheim); sensitive to cold & hab-
itat openness

E. caballus & E. mosbachensis (horse)  Ecologically diverse, but evidence of humid habitats with dense
vegetation (perhaps alongside rhinoceros)

E. hydruntinus (ass) Similar to Coelodonta (i.e. between shrubland [horse] & grassland
[bovid])
M. giganteus (giant deer) Shrubland to woodland (& wider range of forest habitats than

mammoth/forest elephant); avoiding dense forest
P. antiquus (straight-tusked elephant) Open shrubland (but not as open/cold habitats as those of the
& M. primigenius fraasi (early form of later, classic woolly mammoth, M. primigenius)
M. primigenius)
S. kirchbergensis (Merck’s rhinoceros) More closed habitats of woodland & shrubland than Coelodonta;
& S. hemitoechus (narrow-nosed S. hemitoechus slightly more flexible than S. kirchbergensis
rhinoceros)
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Modern perspectives?

While the continuing methodological developments outlined above are starting to
address some of the key ecological issues for the Lower Palaeolithic period, an alter-
native source of currently available data can perhaps be found in central Europe - in
the shape of the Bialowieza Primeval Forest (Fig. 2.4). Modern forest perspectives are
valuable because they offer insights into key seasonal variations such as changing
resource availability and the varying behaviours of both herbivores and carnivores
(e.g. mobility, diet, and reproduction). Located across the Poland-Belarusian border,
the Biatowieza Primeval Forest (hereafter BPF), is widely argued to be Europe’s best
preserved temperate lowland forest (Bobiec 2002). This reflects both its distinctive
history as a medieval and post-medieval royal hunting forest, and more recent man-
agement and curation: the Belarusian portion of the forest is a State National Park
(since 1993) and UNESCO Man and Biosphere Reserve (since 1993); Poland’s Bialowieza
National Park (BNP) is also a Man and Biosphere Reserve (since 1977) and a World
Heritage Site (since 1979; Okarma et al. 1998).

The forest is 1450 km? in overall size, while the Bialowieza National Park, in which
no hunting, timber exploitation or motor transportation is permitted,” is 100 km?
(Sidorovich et al. 1996; Musiani et al. 1998). The terrain is low-lying, c. 134-186 m

Figure 2.4: The Bialowieza Primeval Forest (Source: Juan de Vojnikov [Wikipedia Commons]; details
in Fig. acknowledgements).



38 The Earliest Europeans: A Year in the Life

asl. The forest’s climate is essentially continental: between 1994 and 1999 the mean
January and July temperatures were -2.9°C and 19.7°C (Jedrzejewski et al. 2001), broadly
comparable to the estimates for a number of northern European Lower Palaeolithic/
Middle Pleistocene sites, although slightly higher than some of the late MIS 13 sites
such as Happisburgh I, England (Table 2.3). In the same BPF study the mean annual
precipitation was 611 mm, with an average of 87 days/year of snow cover, with max-
imum snow depths of 10-63 cm. The forest is characterised by oak-lime-hornbeam
stands, with alder woods in wet locations with stagnant water, and alder and ash
alongside small forest rivers and brooks (Okarma et al. 1995). There is an average
tree stand age of 130 years, with regeneration occurring under the canopy of the old
stands. In the BNP the key species are oak (20%), hornbeam (19%), spruce (16%), alder
(12%), pine (11%), lime and maple (9%), birch and aspen (7%), and ash (6%; Okarma
et al. 1995). The only open areas are marshes of sedge (Carex sp.) and reed (Phragmites
sp.) which occur in narrow river valleys (0.1-1 km wide).

The forest’s fauna spans ungulates (principally red deer, roe deer, wild boar, moose
and bison), larger (wolf and lynx; brown bear was driven to extinction in the 19th
century) and smaller carnivores (e.g. otter, mink, polecat, stoat and weasel), and other
mammals (e.g. beaver; Table 2.7). The BPF’s status as an old-growth forest rather than
a strongly humanly-altered habitat, combined with a presence of large carnivores
(>15 kg), therefore means that it can offer some potentially valuable insights into animal
behaviour (Kamler et al. 2008) - mobility, range sizes, seasonality and dietary prefer-
ences for example. These are returned to at various points in the chapters that follow.
It is critical at this point to emphasise that any quantitative data should be used only
as general indicators of abundance, not absolute numbers (e.g. as noted by Sidorovich
et al. (1996) in their discussion of the beaver and mustelid distributions). Moreover, the
range of fauna, both herbivore and carnivore, is clearly not a perfect match for that
of the European Early or Middle Pleistocene, during which animal species, densities,
distributions, and predator-prey relationships would clearly have varied, both over
time and with reference to the present day. For example, while the adult wild boar
has no natural predator in modern Europe today (Okarma et al. 1995), the Siberian

Table 2.7: Key fauna in the Bialowieza Primeval Forest (Sidorovich et al. 1996; Jedrzejewski et al.
2001; Selva et al. 2003).

Carnivores Ungulates Rodents & Lagomorphs
Fox European bison Beaver

Lynx Moose Hare

Mink Red deer

Otter Roe deer Corvids & Raptors
Pine marten Wild boar Common Buzzard
Polecat Raven

Stoat Omnivores White-Tailed Eagle
Weasel Wild boar

Wolf
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tiger (mean body weight: 180-306 kg [3] and 100-167 kg [?]; Mazédk 1981) does prey
predominantly upon it — as may its Pleistocene equivalents. Based on their modelling
approaches Rodriguez et al. (2012) concluded that the BPF’s food web is significantly
less complex than various Pleistocene ecosystems, and the BPF data is therefore used
cautiously. All these caveats should be kept in mind in the following chapters.

Cast of characters

One of the difficulties of discussing life in Lower Palaeolithic Europe concerns the
varied cast of characters (Table 2.8). The identity of the very earliest occupants of
Europe, associated with the archaeology of the Orce Basin, Spain and Pirro Nord, Italy,

Table 2.8: Key European Lower Palaeolithic fossils

Species Key Fossil Sites Chronology Remains Cranial capacity
(MmI1s) (cc; where known)
Unknown Barranco Ledn, Spain 43-49 Molar tooth NA
Sima del Elefante, Spain 37 Mandible fragment & NA
dentition
H. antecessor Gran Dolina TD-6, Spain 21 Cranial, dentition & c. 1000
post-cranial
H. heidelbergensis Mauer, Germany 15 Mandible NA
Boxgrove, UK 13 2 incisors, tibia NA
Vértessz613s, Hungary 13 Cranial & dental 1350
fragments
Arago, France 12 Cranium, mandibles, 1166
dentition & post-cranial
fragments
Sima de los Huesos, 12 All 1092-1360
Spain’
Mala Balanica, Serbia 13-11 Mandible NA
Aroeira, Portugal 11 Cranium >1100
Bilzingsleben, Germany 11 Cranial fragments 1000
& dentition (max.)
Ceprano, Italy 11 Cranium 1050-1200
Swanscombe, UK 11 Cranial fragments 1300
Steinheim, Germany 11 Cranium 1140
Petralona, Greece 6-8 Cranium 1230

(Hinton et al. 1938; Oakley 1952; Thoma 1972; VI¢ek 1978; Arsuaga et al. 1993; Roberts et al.
1994; Valoch 1995; Griin 1996; Bermudez de Castro et al. 1997; Stringer and Hublin 1999;
Prossinger et al. 2003; Falgueres et al. 2004; Rightmire 2004; Bruner and Manzi 2005; Bridgland
et al. 2006; Carbonell et al. 2008; Harvati et al. 2009; Manzi et al. 2010; Dennell et al. 2011;
Roksandic et al. 2011; Wagner et al. 2011; Toro-Moyano et al. 2013; van Asperen 2013; Arsuaga
etal. 2014; de Lumley 2015; Falguéres et al. 2015; Daura et al. 2017; Demuro et al. 2019). 'Sima
de los Huesos cranial capacity data excludes specimens described as immature by Arsuaga
et al. (2014, table S1). See Figure 2.2 for locations of key sites.
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is uncertain, but given the Orce chronology (c. 1.4 mya), H. erectus or a H. erectus-like
hominin seems the most likely candidate (Toro-Moyano et al. 2013; Agusti et al. 2015).
The slightly younger fossils from the Sima del Elefante are currently assigned only
to Homo sp. (Carbonell et al. 2008). Just after 1 mya H. antecessor appears on the scene,
but at the moment is only known from Gran Dolina (TD-6; Bermtidez de Castro et al.
1997; Carbonell et al. 2005). It is therefore uncertain whether other early sites, such
as Happisburgh III (Parfitt et al. 2010), are also associated with this species, although
the dimensions of the Happisburgh I1I footprints do not exclude H. antecessor (Ashton
et al. 2014).

A further change occurred at around 600 kya, with the appearance of H. heidelbergensis
in Europe. The definition, origins and distribution of this species is much debated, with
possible specimens in Europe, Africa and perhaps also Asia, a problematic type-specimen
(the Mauer individual is only represented by a mandible), and uncertain evolutionary
relationships (Rightmire 1998; Rosas and Bermuidez de Castro 1998; Mounier et al. 2009;
Moncel 2010; Dennell et al. 2011; Stringer 2012; Mosquera et al. 2013; Buck and Stringer
2014b; Roksandic et al. 2018). The question of whether H. heidelbergensis was purely
ancestral to Neanderthals or was the last common ancestor of both Neanderthals and
ourselves remains unresolved. While the European fossils post-dating c. 600-700 kya
are sometimes collectively referred to as H. heidelbergensis, a wide range of other species
names have also been proposed and used (Roksandic et al. 2018, table 1), including H.
cepranensis (Ceprano, Italy; Bruner and Manzi 2005), H. erectus (e.g. Vértessz818s, Hungary;
Thoma 1972), H. erectus heidelbergensis (Mauer, Germany; Mounier et al. 2009), Homo
erectus tautavelensis (Arago, France; de Lumley 2015), H. sapiens steinheimensis (Steinheim,
Germany; Prossinger et al. 2003), and various early Neanderthal labels, including pre- and
proto- (e.g. Swanscombe, England and Montmaurin, France; Stringer and Hublin 1999;
Vialet et al. 2018). Resolution is difficult, in part because only two large European sam-
ples exist (Sima de los Huesos and Arago), and because H. heidelbergensis was originally
defined on the Mauer mandible (Stringer 2012). Dental variations between the Sima de
los Huesos and Arago samples raise the interesting possibility that there were broadly
contemporary lineages of H. heidelbergensis and early Neanderthals in the European
later Middle Pleistocene (Martindn-Torres et al. 2012). However, since this book is
primarily concerned with Lower Palaeolithic behaviour from a seasonal perspective,
I have chosen to simplify matters by collectively referring to later Lower Palaeolithic
European hominins as H. heidelbergensis sensu lato, with an emphasis on their shared
characteristics as large-brained and large-bodied Middle Pleistocene hominins. In that
sense I have followed the approach of Dennell et al. (2011):

The term “H. heidelbergensis” is thus a convenient abbreviation for a longer statement along
the lines that whilst most European Middle Pleistocene hominin specimens share some
features with H. erectus, H. neanderthalensis and even some specimens regarded as “archaic
H. sapiens” - leaving aside for the moment how each is or can be defined - they seem none-
theless to be sufficiently distinct to be placed in a separate category that was ancestral in
Europe to Neanderthals. (Dennell et al. 2011, 1513)
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What we do know is that H. heidelbergensis was large-brained, within the lower range
of modern human variation (Table 2.8): Robson and Wood (2008) suggested an aver-
age cranial capacity of 1204 cc (1130-1278 cc; compared to a modern human value of
1478 cc), while Arsuaga et al. (2014) reported a mean of 1232 cc for the Sima de los
Huesos sample. It was large bodied, with a tall, wide body plan, and with a blend of
more primitive (e.g. the large, robust chin-less jaw) and derived features (e.g. distinc-
tive, triangular shovel shaped, incisors: Martindn-Torres et al. 2012; Buck and Stringer
2014b; Table 2.9). Based on the exceptional sample from the Sima de los Huesos (‘Pit
of the Bones’), pooled sex average height has been estimated as 163.6 cm, with an
average weight of 69.1 kg. However, there was clearly significant variation: the height
and weight of the largest Sima de los Huesos male has been estimated at 168.9-171.2 cm
and 90.3-92.5 kg, while the weight of the individual represented by the Boxgrove tibia
was calculated to be well over 80 kg (Bonmati et al. 2010; Arsuaga et al. 2015; Buck and
Stringer 2015). For reference, this makes H. heidelbergensis slightly taller, but slightly
lighter, than the average Neanderthal (whose pooled sex values are 160.0 cm and
72.1 kg), although Robson and Wood (2008) suggested slightly heavier estimates for
H. heidelbergensis, averaging 71 kg for the species. Female and male mean stature and
weight estimates from the Sima de los Huesos sample are 157.7 cm (9) and 169.5 cm
(3), and 57.6 kg (?) and 76.8 kg () (Arsuaga et al. 2015, tables S3 & S4). Female and

Table 2.9: Key attributes of H. antecessor and H. heidelbergensis (Stringer 2012; Arsuaga et al. 2014;
Bermtidez de Castro et al. 2017).

Species Cranio-dental traits Post-cranial traits

H. antecessor + Endocranial volume at upper end of + Hand & foot bone morphology closer
H. erectus range to H. sapiens than Neanderthals
+ Derived H. sapiens facial features (e.g. *+ Long bone morphology (e.g. clavicle
projecting nose & presence of canine and humerus) shares features with
fossa) Neanderthals
+  Mix of primitive (e.g. premolar
crown & root morphology) and
derived (e.g. permanent canines)
dental characteristics
* Relatively derived mandibles (size &
morphology)
H. heidelbergensis  + Large endocranial volume, overlap- + Wide Homo bauplan
ping both H. erectus (lower range) & « Thick bones and significant

H. sapiens/H. neanderthalensis (higher musculature
range) « Larger costal skeleton relative to

+ Derived Neanderthal facial & dental stature (compared with H. sapiens)
features (e.g. mid-facial projection; ¢ Broad shoulders
“shovel-shaped” incisors) ¢ Large, robust pelvis

*  Primitive cranial vault (e.g. low posi- « Powerful precision grip & fine preci-
tion of maximum cranial breadth; sion grasping capabilities

strongly angled occipital bone)
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male differences to their Neanderthal equivalents are comparable to the pooled sex
differences with regards to stature (i.e. c. +3 cm). However, while male weights are
comparable (Neanderthal male: 76.3 kg), H. heidelbergensis females are slightly lighter
(Neanderthal females: 61.6 kg). Whichever estimates are used however, H. heidelber-
gensis’ levels of sexual dimorphism are not unusual compared to modern humans
(a ratio of 1.08, comparable to modern levels), in contrast to earlier hominins such as
the australopithecines (Robson and Wood 2008; Arsuaga et al. 2015).

Life spans are notoriously difficult to estimate, but anterior tooth wear rates sug-
gest that the functionality of the teeth of the Sima de los Huesos populations would
stop during an individual’s 5th decade, potentially limiting their life expectancies
(Bermudez de Castro et al. 2003a). The impacts of these dental trends would be espe-
cially marked in the absence, and possibly in spite, of any significant social care in
the form of pre-processed food provision. Focusing on the traits of the Sima de los
Huesos material is potentially problematic, since the fossils show clear evidence of
selected Neanderthal traits which are not universally shared in contemporary fossils
from the late Lower Palaeolithic (Stringer 2012). Moreover, there may be a broader
west/east division in the general distribution and character of late Lower Palaeolithic
fossils, with Neanderthal-like traits typical in western Europe (Roksandic et al. 2018).
However, in light of the sample’s highly valuable insights into life history and post-cra-
nial attributes the Sima data is utilised here, albeit cautiously.

The fossil evidence for H. antecessor is more limited, but stature estimates are
nonetheless possible (Carretero et al. 1999; Gémez-Olivencia et al. 2010). Carretero
et al. (1999) suggested heights between 170.9 and 174.5 cm, depending on the bones
used, with a pooled sex mean of 172.5 cm, and upper limb proportions that are more
similar to H. ergaster/modern humans than to Neanderthals. A cranial capacity of
around 1000 cc has been suggested, albeit based on a single sample (Bermudez de
Castro et al. 1997; Robson and Wood 2008). The species is a fascinating mix of traits,
both primitive and derived (Table 2.9), with the latter features revealing similarities
with both H. sapiens (e.g. the morphology of the mid-face; Arsuaga et al. 2001, fig 2) and
Neanderthals (e.g. markedly shovel-shaped upper incisors). H. antecessor’s evolutionary
position remains much debated. Bermiddez de Castro et al. (2017) suggested that it
may be a western European side branch of an African/Western Eurasian Homo clade
that produced the last common ancestor of Neanderthals and H. sapiens. H. antecessor
may therefore represent just one of a wave of populations that arose as part of that
clade and dispersed into Europe.

Dietary needs

Discussions of stature and brain size lead into a consideration of the dietary
requirements of Lower Palaeolithic Homo in Europe, with reference to both diet
quality and quantity, as explored in the expensive tissue hypothesis (Aiello and
Wheeler 1995). Although many of the discussions of Palaeolithic diets in the late
20th and early 21st centuries have focused on animal foods (e.g. isotope studies and
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hunting/scavenging debates; Lee and DeVore 1968; Blumenschine 1991; Richards et
al. 2000; Dominguez-Rodrigo 2002),'? more recent research has shifted away from
protein-dominated perspectives (e.g. Butterworth et al. 2016). These views have
arisen from both studies of living/recent hunter-gatherer populations and from
Palaeolithic research, in particular the evidence from dental calculus (e.g. K. Hardy
et al. 2016; 2017; 2018), dental wear (high rates have been linked to highly abra-
sive diets; Bermudez de Castro et al. 2003a), and nutritional modelling (with a key
focus on the dangers of excess protein; e.g. Speth and Spielmann 1983), although
direct evidence for plant food consumption in the Lower Palaeolithic still remains
scarce. Exploration of broad food category contributions to hunter-gatherer diets
(Cordain et al. 2000) provides a useful modern perspective on variations between
different environments: percentage proportions of gathered plant: hunted animal:
fished animal foods were 16-25%: 26-35%: 46-55% (for a northern coniferous forest)
and 36-45%: 16-25%: 36-45% (for a temperate forest). Of particular significance
to Europe, Cordain et al. (2000) also stressed the marked decrease in plant food
consumption amongst modern hunter-gatherers above and below 40° north (this
latitudinal line divides the Iberian Peninsula roughly in half) and 40° south (see also
Lee 1968). However, in those examples plant foods were fundamentally replaced by
fished foods, for which there is minimal Lower Palaeolithic evidence. A different
strategy would therefore be required, and a key and ongoing debate in Lower and
Middle Palaeolithic studies has concerned whether hunted animal or plant foods
filled the ‘gap’. Aiello (2007) has also stressed the value of a mixed diet, highlighting
that animal meat satisfies nutritional requirements, as it includes essential amino
and fatty acids, fat-soluble vitamins and minerals, but is relatively low in bulk. This
enables complementary use of high-carbohydrate, but lower overall nutritional
quality, plants (e.g. tubers or underground storage organs [USOs]*) - providing the
energy for the larger bodies of the later Pleistocene. It seems unlikely that these
principals would not apply in Lower Palaeolithic Europe, when hominin bodies were
broadly comparable in size to those of Neanderthals, and Bruce Hardy (2010) has
explored the availability of USOs in Europe during the Middle Palaeolithic. With
general reference to carbohydrates, Karen Hardy et al. (2015) have also stressed
various nutritional reasons why they may have been critical in human evolution
(see also Box B).

Data on Eurasian wild foods with reference to hunter-gatherers remains rel-
atively limited,” and there are likely considerable differences between modern
domesticated food plants and their ancient wild ancestors (Copeland 2016).
Nonetheless Eaton et al. (1997) provided a useful comparison of the average nutrient
contributions of plant and animal hunter-gatherer foods in general (Table 2.10; with
additional data from Hockett and Haws 2003). While the ranges of values associated
with individual foodstuffs are inevitably wide these data nonetheless highlight
some key differences (note for example the relative values for ascorbate, calcium
and sodium), but also broadly comparable energy contributions from plants and
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Box B: Mixed diets in the Palaeolithic?

In seeking to understand the specific dietary strategies adopted within Lower
Palaeolithic Europe, broad overviews of hunter-gatherer and Palaeolithic diets can
still be useful (Eaton et al. 1997; Eaton and Konner 1985; Cordain et al. 2000). Eaton et
al. (1997) suggested a generalised Palaeolithic diet with a 37:41:22% ratio of protein,
carbohydrate and fat, emphasising the differences between Palaeolithic and modern
dietary carbohydrates: fruits and vegetables dominate the former, compared to
the widespread ‘empty calorie’ sugars in the latter. They also noted the likely low
levels of saturated fatty acids (reflecting the properties of game meat), terrestrial
availability of key polyunsaturated fatty acids (PUFAs), and high levels of protein
and fibre in Palaeolithic diets, compared to those of the modern western world.

The paucity of direct plant food evidence, and perhaps also the ‘apex predator’
characterisation of Neanderthals that emerged in the 1990s and 2000s (e.g. Richards
et al. 2000; Bocherens et al. 2005), has resulted in sustained debates and disagree-
ments over the nature of diet in the earlier Palaeolithic, and especially the relative
contributions of plant and animal foods (e.g. Butterworth et al. 2016; Speth 2017,
Guil-Guerrero 2018; Hardy 2018). Yet although Arctic peoples are often argued to
be examples of successful high protein diets, the detailed data contradicts this
view. Their diet consists of c. 50% fat, 30-35% protein (and this figure is lower for
pregnant women) and 15-20% carbohydrates (mostly as glycogen from meat, if it is
frozen soon after slaughter). Moreover, vitamins, minerals and carbohydrates can
be acquired from the stomach contents of terrestrial prey (and tundra plants and
kelp) - i.e. they eat more carbohydrates than generally thought (see also Buck and
Stringer 2014a). Finally, fats, especially from marine sources, provide energy for
non-glucose-dependent tissues - thus sparing glucose for where it its needed, such
as the large human brain (Hardy et al. 2015). While the importance of a meat-dom-
inated diet is often highlighted with reference to those essential fatty acids that
are key for brain growth and function (e.g. docosahexaenoic acid [DHA]), these
can also be sourced directly from other dietary elements and/or synthesized from
other fatty acids, for example a-linolenic acid [ALA] (Mann 2018). This is found in
ocean fish, eggs, seed oils, and various leafy plant foods (Hardy et al. 2015). Hardy
et al. (2015) also emphasised that the energy benefits of meat may, at least on occa-
sions, be offset by the energy demands of pursuing and catching the animal. This
is relevant to the segregated, patchy resources of the higher latitudes, particularly
in light of the rich ethnographic evidence for the unpredictable returns associated
with large animal hunting (e.g. Bird 1999; Bliege Bird and Bird 2008). Finally, it is
clear from the available environmental evidence (Table 2.3) that the majority of
Lower Palaeolithic occupations were characterised by temperate woods rather than
Arctic-type conditions, with enhanced plant food availability and potential for a
more balanced plant: animal food diet.

Hardy et al. (2015) have stressed various specific nutritional reasons why car-
bohydrates may have been critical in human evolution, with a particular focus
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on digested glycaemic carbohydrates as our main source of glucose (Copeland
2016). As well as providing energy glucose is key in fetal growth, supports us
during periods of hardship, and is the only energy source for sustaining running
speeds above 70% of maximal oxygen consumption, which may be significant if
endurance played a significant role in pursuing, if not tracking, prey (see also
Chap. 6). Finally, 35-40% is the upper limit to the energy that can be gained from
proteins, as above this protein toxicity occurs. Thus, a carbohydrate-less diet is
unlikely, and it seems likely that the encephalisation of the Middle Pleistocene
would have required an increased supply of pre-formed glucose.

The role of dietary fats has been strongly emphasised by Ben-Dor et al. (2011),
who argued that fats effectively filled the gap left by the 35-40% ‘protein ceiling’ and
a suggested ‘carbohydrate ceiling’.! Obligatory animal fat requirements of 44-62%
were suggested by Ben-Dor et al. (2011, table 2) for H. erectus,? and elephant fat was
specifically highlighted as a key Levantine resource, prior to their disappearance
c. 400 kya (see also Reshef and Barkai 2015; Agam and Barkai 2016). Speth (1991a)
similarly highlighted the importance of fats as an efficiently metabolised and
concentrated energy source, and source of essential fatty acids, while Cordain et
al. (2000) also stressed the hunting of larger animals with greater fat reserves as
one means of circumventing the ‘protein ceiling’ (although the size threshold of
these larger animals was not clearly defined). The complication from a European
Lower Palaeolithic perspective is that evidence for the exploitation of the largest
animals (e.g. elephant and rhinoceros) is sporadic, although by no means invisible.

One final potential food stuff is worth briefly considering. While there is little
clear evidence for the exploitation of aquatic foods in the Lower Palaeolithic world
there are still occasional examples, such as the exploitation of aquatic mammals,
reptiles and fish at Koobi Fora FwJj20 (Braun et al. 2010). Such foods would be
potentially rich sources of LCPUFAs (long chain polyunsaturated fatty acids),
including the omega 3 fatty acid DHA, which are critical to brain growth. While
Koobi Fora is a long way from Europe, it highlights that Lower Palaeolithic hom-
inins sensu lato were perfectly capable of recognising, and utilising, aquatic food
sources, and is potentially significant given the number of lakeside and riverbank
activity sites in the European record. The specific potential of European coastal
settings has previously been highlighted by Cohen et al. (2012), who noted the
value of foods such as shellfish and seaweed (and perhaps also beached marine
mammals; Speth 1991a) in a mid-latitude winter.

! The ‘carbohydrate ceiling’ was proposed on the basis of various issues including collection/
processing times, foraging returns, the lack of specialised dentition in H. erectus (contra earlier
hominins), the apparently late expansion in the salivary amylase gene, and the small hominin
gut implied by the expensive tissue hypothesis (Aiello and Wheeler 1995; Aiello 2007; Ben-Dor
et al. 2011).

2 These estimates were based on animal fat calories divided by total calories obtained from
animal sources only. The figures are reduced to 27-44% when all food sources are included.
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Table 2.10: Nutrient values for plant and animal foods. Hockett and Haws (2003): Animal food data
based on average muscle values of horse, bison, red deer, rabbit, wild boar and reindeer (comparable
data for organs, based on average values for beef liver, brains and kidneys, as follows: protein: 20 g;
fat: 10 g; carbohydrates: 4 g; energy: 195 kcal); plant food data based on over 200 edible plant foods
found in the Mediterranean region; *Eaton et al. (1997): total sample sizes as follows: plant foods
(n=236), animal foods (n=85).

Plant foods Animal foods Source
n Mean Min. Max. n Mean s.d.

Protein (g/100g) - 8.3 - - - 22.0 - 1
Fat (g/100g) - 2.5 - - - 2.8 - 1
Carbohydrates - 14.8 - - - 0 - 1
(g/100g)

Energy (kcal/100g) - 132 - - - 119 - 1
Vitamins (mg/100g) 2
Riboflavin 89 0.168 0.001 1.14 26 0.399 0.246 2
Folate 11 0.018 0.0028 0.0618 3 0.00567 0.00170 2
Thiamin 101 0.015 0 0.94 28 0.215 0.197 2
Ascorbate 123 33 0 414 18 4.79 5.43 2
Carotene 51 0.328 0 6.55 - - - 2
Vitamin A 59 1.08 0 8.41 6 0.461 0.368 2
Vitamin E 24 1.93 0.007 9.08 - - - 2
Minerals (mg/100g) 2
Iron 167 2.90 0.1 31 22 4.15 2.77 2
Zinc 91 1.12 0.1 9.5 11 2.67 0.860 2
Calcium 181 103 1 650 28 22.7 30.9 2
Sodium 139 13.5 0 352 16 59 23.6 2
Potassium 112 448 5.1 1665 16 317 43.3 2
Fiber (g/100g) 132 6.15 0 44.9 - - - 2
Energy (kcal/100g) 184 109 4 563 44 126 46.8 2

animals. More specifically, Cordain et al. (2000) noted the high energy densities in
nuts and seeds (c. 12 kJ/g, or c. 287 kcal/100 g) relative to other plant foods (albeit
based on an Australian data-set), while Butterworth et al. (2016) have highlighted
the broad variations in energy and nutrient contributions between different plant
food categories: e.g. foliage (rich in amino-acids), fruits (sugars) and USOs, nuts and
seeds (carbohydrates).

However, the European latitudes would probably shift the dietary balance towards
a higher percentage of non-plant food input (Cordain et al. 2000). The animal food
percentage might also have been periodically raised during the colonisations and
re-colonisations of ‘new’ environments (e.g. range expansions into northern Europe
after a glacial interval). This is because animal foods may well have had a greater
importance than usual in such scenarios, as they could enable hominins to focus on
a common dietary niche in different conditions (Leonard et al. 2010).
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In short, it is extremely difficult, albeit on the evidence of modern human phys-
iology and current/recent hunter-gatherers, to envisage a Lower Palaeolithic diet
without a c. 60% or above contribution of fats and carbohydrates, as a key means of
ensuring that protein limits are not exceeded (Hockett and Haws 2003; see also Box E),
combined with other sources of essential vitamins and minerals. Thus, even if animal
foods did dominate European Lower Palaeolithic diets (Cordain et al. 2000), what
appears to be critical is what parts of animals were eaten (e.g. fats, marrow, organs)
- and thus primary carcass access would appear to be a critical part of a European
dietary strategy. This appears especially significant with regards to the high levels of
carnivore competition inferred for the Early Pleistocene, including the presence of
bone-breaking scavengers such as P. brevirostris (Turner 1992; Rodriguez-Gomez et al.
2017). However, these dietary needs, in particular for carbohydrates, could be partly
met by a wide range of other foods with low technology/processing requirements for
which we don’t, or only rarely, have evidence (Bliege Bird and Bird 2008). These could
include birds (and their eggs), small mammals, reptiles, amphibians, invertebrates,
fruits, seeds and nuts, fungi, stems and shoots, roots, honey/nectar (another solution
of Cordain et al. (2000) to the ‘protein ceiling’), and tree sap.

There is a further critical behavioural component to the carbohydrate discussion.
Hardy et al. (2015) argued, in line with Wrangham (2009), that cooking greatly increases
the glucose-releasing potential of starchy plant materials once they are in the human
gut. Moreover, they suggested that cooking-driven increases in the availability of
digestible starches may be linked to genetic changes in salivary amylases (which begin
the hydrolysis of starch in the mouth), although these may post-date the separation of
modern humans from the Neanderthal /Denisovan lineage and thus not be relevant to
Lower Palaeolithic Europeans. Alongside the benefits of increased energy from starchy
foods, cooking would also have reduced chewing time, improved the palatability and
digestibility of polyphenol-rich plant foods (which spans items as diverse as hazelnuts
and wild blueberries), and enhanced reproductive function and infant survival (Hardy
et al. 2015). Some form of processing, e.g. pounding or cooking, can also address the
problems associated with toxins and/or tough plant tissues (Butterworth et al. 2016).
It is not difficult to envisage the resulting benefits for an early European hominin,
although Henry et al. (2018) offered a more cautious interpretation of the value of
cooking, based on an assessment of the energetic benefits of cooked over raw foods
(plant and animal) relative to the costs of fuel gathering. The major problem, to be
discussed in Chapter 3, is where are those fires and why are there not more burnt
bones? Moreover, the evolutionary importance of cooking can be challenged by the
potential dietary significance of rotting animal foods (Speth 2017), gastrophagy (Buck
et al. 2016; Buck and Stringer 2014a), and perhaps also mechanical processing of raw
foods (Planer 2018; Box C).

In light of the very partial representation of different types of foods in the
archaeological record, the complexities involved in estimating hominin calorific
requirements (Leonard and Robertson 1997), the substantial inter-specific variations
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Box C: Rotted meats, gastrophagy and pounded foods - alternatives
to cooking in the Lower Palaeolithic?

The value of rotting meat and fish has been highlighted by Speth (2017) with
reference to its nutritional benefits and, in this context, its provision of pre-di-
gested protein and fat which reduces chewing and digestion costs and which,
unlike cooking, can be provided passively (i.e. meat can be left to rot in the
ground or in water while hominins engage in other activities). It is also an
effective method of preservation in humid environments, where the prevention
of spoiling by drying can be difficult and fuel-demanding (see also Chap. 3). It
is therefore an intriguing option in light of the evidence for significant animal
food yields at kill-butchery sites such as Boxgrove, Schoningen and Gran Dolina
(Chap. 6). The potential importance of rotting meat, if not necessarily fish, in
Lower Palaeolithic diets is perhaps also suggested by its widespread ethnohistoric
use at both high and low latitudes: Speth convincingly demonstrates that such
foods were not a health hazard, and were not fall-back or marginal foods, but
rather highly desirable. While ethnohistoric examples often involve pits, which
are very scarce and difficult to detect in the Lower Palaeolithic record, Fisher’s
pond and peat bog experiments in Michigan (Fisher 1995; see also Speth 2017)
highlight the usability of natural storage features that provide a ‘shelf-life’ of
several months (in an environment with hot summers and short, cold winters in
those particular experiments).

Gastrophagy, focusing on semi-digested contents from ungulate stomachs,
intestines and/or chyme! reduces the costs to hominins of processing and digest-
ing - a cost reduction which Wrangham (2009) has primarily linked to the very
early adoption of cooking. Mechanical processing, or ‘mashing-up’, of raw foods
would make them easier to chew and digest (as all new parents will know), again
mimicking some of the benefits of cooking (Planer 2018) and reducing plant food
processing and consumption times. The required processing technology (e.g.
hammerstones, cobbles) is widespread throughout the period (e.g. Barsky et al.
2015; Mosquera et al. 2016), even if the direct archaeological signature is likely to
be near-invisible. All of these methods would bring the added potential benefit
of lowering fuel needs, by reducing a reliance on cooking, although fire could be
used to meet a number of other needs (Chap. 3). In potential support of a non
or partial-cooking hypothesis is the key observation that the leaves and stems,
flowers, seeds, fruits (hard and soft mast) and rhizomes of many European plant
species can all be consumed raw, and such practices are well documented in recent
times (e.g. Tard{o et al. 2005). In short, cooking may not necessarily have been a
core requirement for meeting Lower Palaeolithic dietary needs.

If seasonal shortages in plant food availability at higher latitudes are accepted
(but see Hardy 2018), the potential nutritional challenges could partly have been
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met through gastrophagy - reindeer chyme for example provides vitamins C and
E, magnesium, calcium and iron, and is a carbohydrate source (Buck et al. 2016).
Guil-Guerrero (2018) has also highlighted the carbohydrate-richness of juvenile
mammal stomachs, due to their curdled milk contents, and various benefits
of other specific animal parts are also highlighted in Chapter 3 (Fig. 3.13). In
potentially expanding access to a wide range of macro- and micronutrients such
food sources might have been especially key for meeting the dietary demands of
pregnant and lactating females and weanlings (Box E & Chap. 4), and may have
been an important component of a hominin niche in Lower Palaeolithic Europe.
It is noteworthy that amongst the Hadza animal guts are neither rare or fall-back
foods (Buck et al. 2016). As a source it would have been available throughout the
year, though it would have required primary rather than secondary access to the
carcass. The consumption of rotting meat may also have been a significant die-
tary component, as lactic acids bacteria (LAB) creates vitamin B12, riboflavin and
folate, and may also preserve the lipid-rich brains of mammals, which provide the
key long chain polyunsaturated fatty acids DHA and arachidonic acid (AA; Speth
2017). As an added bonus, LAB also inhibits the invasion of the meat by unwanted
pathogens (e.g. C. botulinum) and prevents fats from becoming rancid by inhibiting
the auto-oxidation of lipids. Finally, by avoiding the need for cooking, rotted and
fermented meat preserves vitamin C, which is present in various internal parts of
mammals. This can be difficult to access at specific times of year in mid-latitude
seasonal environments, although the Schoningen evidence indicates a range of
potential plant food sources of vitamin C: pine and birch bark, berries of common
bearberry, European elder, raspberry, and leaves of Ranunculus and Chenopodium
(Bigga et al. 2015).

! The pulpy acidic fluid which passes from the stomach to the small intestine, consisting of
gastric juices and partly digested food.

in the energetic and nutritional benefits of food stuffs (e.g. Cordain et al. 2000), and
the impacts of individuals’ age- and sex-based differences (Dennell 1979), this book
does not seek to explicitly model diet and nutrition in detail. Rather it considers the
range of potential food-stuffs that were both available, as indicated by palaeoenvi-
ronmental records, and definitely exploited - drawing on an increasingly wide range
of archaeological indicators.

Nonetheless it is possible to explore the calorific requirements of Lower
Palaeolithic hominins. Any suggested figures are estimates, not least because there
are a number of different approaches to estimating daily requirements (e.g. DEE
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[daily energy expenditure]; Froehle and Churchill 2009; Leonard and Robertson
1997), and a number of difficult to quantify variables, including body weight and
physical activity levels (PAL)." However both non-climatic (Kleiber’s and Schofield’s
equations) and ‘temperate’ climate estimates (Froehle’s equation) all suggest
broadly similar DEE values: c. 2,240-2,490 kcal/day and c. 3,420-3,570 kcal/day
for female and male H. heidelbergensis respectively'® (Table 2.11). These values are
broadly comparable to those previously published by Froehle and Churchill (2009)
for Neanderthals in temperate conditions (9: 2,297-2,547 & & 3,227-3,527, with
the larger span of Neanderthal values reflecting the wider range of available body
size estimates). However, the cold condition Neanderthal estimates were noticeably
larger (9: 3,180-3,190 & J: 4,469-4,877), a difference mainly driven by the use of
higher PAL values by Froehle and Churchill (2009). When these PAL values were
applied to H. heidelbergensis, based on the Schéningen (II-4) mean annual temper-
ature estimate of 6°C (defined as ‘cold’ by Froehle and Churchill 2009, table 3), the
DEE values increase to 2,990 (9) and 4,576 (). What is perhaps of most interest
here are the modest differences between DEE predictions (using Froehle’s equation)

Table 2.11: Daily energy expenditure (DEE) estimates for H. heidelbergensis (after Froehle and
Churchill 2009).

BMR Equation Sex  Mass (kg)' Location T . (°C) BMR PAL? DEE
(kcal/day) (kcal/day)
Kleiber? F 576 n/a n/a 1464 1.70 2488
M 76.8 1816 1.93 3505
Schofield* F 57.6 1339 1.70 2276
M 76.8 1852 1.93 3574
Froehle’ F 57.6 Barranco Leén D 16.8° 1318 1.70 2241
M 76.8 1770 1.93 3416
F 57.6  Gran Dolina TD-6.2 12.37 1335 1.70 2270
M 76.8 1795 1.93 3465
F 57.6  Lake Ohrid 7.0 1355 1.70 2304
M 76.8 1825 1.93 3522
F 57.6  Schoningen (level 11-4) 6.0° 1359 2.20 2990
M 76.8 1830 2.50 4576

Body mass estimates: Arsuaga et al. (2015); ?Physical activity levels (PAL) based on values
for tropical/temperate hominins, with the exception of Schéningen, which uses the ‘cold’
climate values (Froehle and Churchill 2009, 103); *Kleiber BMR equation (M = mass in all
the following equations): BMR = 70%(M"0.75); *Schofield BMR equations: BMR (Female) =
14.8*M) + 486.4; BMR (Male) = (15.1*M) + 691.9; *Froehle equations: BMR (Female) = (9.2*M)
- (3.8*T, ) + 852; BMR (Male) = (14.7*M) - (5.6*T,__ ) + 735; “Mean annual temperature
(MAT) estimate for Barranco Leén D (Guadix-Baza Basin, Spain, c. 1.2-1.5mya) from Blain
et al. (2016); "MAT estimate for Gran Dolina TD-6.2 (Atapuerca, Spain, MIS 21) from Blain
et al. (2013); SMAT estimate for Lake Ohrid (Balkans, MIS 11c) from Kousis et al. (2018); MAT
estimate for Schoningen level II-4 (Germany, MIS 9) from Urban and Bigga (2015; a higher
annual temperature estimate of 8.1°C is also suggested in this paper).
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for varying temperate regions of Europe when PAL is assumed to be consistent.
While mean annual temperature (MAT) varies by c. 10°C between Barranco Leén
D (Early Pleistocene, southern Spain) and Lake Ohrid (late Middle Pleistocene,
Balkans), the impacts on DEE remain very modest. It is only when PAL estimates
are increased, as in the Schoningen example, that DEE increases markedly. While
the model assumptions, and in particular the division between ‘temperate’ and
‘cold’, are clearly subject to error, the exercise does raise interesting questions
as to what extent Lower Palaeolithic hominins inhabiting cooler (interstadial?)
environments and living more active lifestyles may have expended significantly
greater energy.

The period of the European Lower Palaeolithic therefore encompasses a number
of key changes in hominin anatomy, in particular significant encephalisation (brain
size increase) at some point after 1 mya. It is therefore likely that hominin cognition,
behaviours and strategies also changed over the course of the Lower Palaeolithic
(Box D), as is tentatively suggested by changes in lithic technology, such as the wide-
spread appearance of handaxes and other Acheulean traits in Western Europe after c.
600 kya (Ashton 2015; Moncel et al. 2015), and changes in the geographical distribution
of hominins and their archaeology (Carbonell et al. 1996; Dennell and Roebroeks 1996;
Hosfield and Cole 2018; Roebroeks and van Kolfschoten 1994). Yet alongside changes
in material behaviours, encephalisation also had significant implications for the social
lives of hominins.

Life history

Modern human life history stages (childhood, juvenile, adolescence, adulthood) are
associated with the unusual collection of traits which characterise humans: prolonged
gestation, growth and maturation; extremely short inter-birth intervals; helpless
newborns; a short period of breastfeeding/early weaning; extended offspring depend-
ency; an adolescence growth-spurt; delayed reproduction; and the menopause (Bogin
and Smith 1996; Schwartz 2012). This collection of traits is markedly different to the
great apes, highlighting the questions of when they arose, and whether they emerged
piecemeal, or together. Of particular importance to the Lower Palaeolithic occupation
of Europe, and especially in light of the region’s marked seasonality, may be the empha-
sis in the human model on early weaning. An early weaning strategy places infants at
risk, as they are unskilled at finding appropriate foods of sufficient high quality to fuel
their brain growth but which are also suitable for their small, deciduous teeth. They
are also essentially defenceless and can be competing with other adults for high quality
foods (Aiello and Key 2002; Kennedy 2003). Early weaning therefore has notable dietary
strategy implications (Box E), but it also has significant implications for infant care.
In short, because early weaning is associated with shorter inter-birth intervals, other
forms of childcare are required for the ‘weanlings’, in order to avoid excessive energy
demands on females (Aiello and Key 2002). Potential solutions include alloparenting from
grandmothers (e.g. Hawkes et al. 1998) or older siblings, or in the form of increased male
provisioning: the implications of both of these strategies are considered in Chapter 4.
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Box D: Instinctive actions, or detached thinking?

While some human behaviours appear instinctive, others seem to involve
detached or abstract thought. Compare, for example, fleeing a large, aggressive
animal with planning out a day’s activities in advance. But when and how in our
evolution did the latter ability emerge? Brain sizes in H. heidelbergensis (Table 2.8)
approach that of H. sapiens (c. 1350 cc), although figures for H. antecessor are
somewhat smaller. But brains are about much more than their volume, whether
scaled to body size or not: the organisation of the brain is key. While the evi-
dence for hominin brain evolution is frequently controversial, Falk (2012) has
suggested that the early stages of the re-organisation of the pre-frontal cortex,
linked in humans to various activities including recollection and anticipating
the future, were occurring in the australopithecine ancestors of early Homo. This
would imply the potential for at least a degree of planning by European Lower
Palaeolithic hominins. From a material culture perspective, multi-stage activi-
ties such as tool-making have often been held up as examples of planning (e.g.
Haidle 2009), although a predominantly hard-wired genetic basis has recently
been proposed for handaxe making (Corbey et al. 2016; see also Chap. 5: Box N).
The resolution of debates around the mode and tempo of brain and cognitive
evolution is not the primary focus of this book (for recent discussions of these
issues see, e.g., Neubauer 2014; Coolidge and Wynn 2016; Bruner 2018), but the
cognitive abilities of anticipation and planning are certainly important to the
seasonal approach adopted here. The changing characteristics and challenges
of the seasons would have demanded shifting behaviours (e.g. migrations or
relocations, contracting and expanding territories, group fission and fusion, die-
tary changes and food storage). Were all of these behaviours purely hard-wired,
the outcomes of natural selection operating on a pool of varying behaviours in
different hominin groups?

Some behaviours may indeed have been essentially instinctive, arising from
long-term selection pressures, such as seasonally-timed territorial relocations in
response to deteriorating or improving conditions, or the building up of inter-
nal stores through ‘gorging’ on foods when they were abundant. However, it is
proposed here that European Lower Palaeolithic hominins were also capable of
anticipating, and planning for, future seasonal needs, for example cold winter
conditions and general food shortages. In short, food storage or the preparation
of insulating animal hides were not purely instinctive or innate behaviours. In
the following chapters this case is made both on the basis of what was required
to meet seasonal challenges, and from the evidence in the Lower Palaeolithic
archaeological record that suggests both an ability to undertake multi-stage
activities and, albeit rarely, seasonal variations in behaviour.
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Box E: Dietary demands of reproduction

The need for a balanced diet becomes especially evident when pregnancy and
child rearing is considered. While focused on Neanderthals, Hockett’s (2012) anal-
ysis modelled calorific requirements for a pregnant female as varying between
3357-5500 calories/day, depending on activity level assumptions, with additional
requirements during lactation. To test the impacts of a terrestrial mammal-dom-
inated diet, bison, deer and hare were used as representative species, with fatty
cuts and organs and other marrow and fat sources included. The model highlighted
fundamental problems in a terrestrial mammal-dominated diet, with potentially
toxic levels of protein (55-60%, compared to an RDA [recommended daily allow-
ance] of 10-35%); probably toxic levels of vitamin A, niacin, iron, zinc and selenium;
severe under-consumption of carbohydrates and vitamin C; and probable shortage
of calcium (which is further exacerbated because very high doses of protein block
calcium absorption). In short, diets dominated by terrestrial mammal foods are
insufficiently diverse, and too much of their muscle and internal organs in the
diet results in the over- and under-consumption of essential nutrients - other
types of food are necessary.

At the same time, animal protein is also valuable as a weaning food, as infants
need dietary protein sources that consist of essential amino acids for 37% of their
weight, in contrast to 15% by weight in the sources for adults (Aiello 2007). Other
key dietary needs include folates, especially for pregnant females, and calcium
for bone health (Kuhnlein et al. 2008). Graves-Brown (1996) has similarly stressed
the importance of continuous and reliable nutrition to female reproductive suc-
cess: to increase the probability of conception and healthy pregnancy, to fuel
lactation, and to support the growth and development of children weaned at an
early age. With broader regard to individual health, wild greens and fruits also
have a greater concentration of secondary compounds, with potential medicinal
benefits. Their properties include antimicrobial, anti-inflammatory, antioxidant,
anti-atherosclerotic and astringent characteristics, amongst many others (Leonti
et al. 2006).

Finally, it is increasingly clear that maternal health and early life adversity has
significant impacts both on an infant’s adult life and multi-generational trends,
as explored through the Developmental Origins of Health and Disease (DOHaD)
hypothesis (Barker 2012; Gowland 2015). While the scale and resolution of the
Pleistocene fossil record make this difficult to explicitly assess in the Lower
Palaeolithic, it highlights the sustained impact of short-term (seasonal?) fluctu-
ations in food provision or brief periods of disease.
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The change to a fully modern life history therefore brings costs, but the addition of an
adolescence stage can also enable valuable socialisation - learning the ‘rules’ of social
life (e.g. hierarchies of food access, recognising the moods and emotions of individuals),
observing and participating in the sexual and infant-care practices that are critical to
success in adulthood (Kennedy 2003), and learning and practising the knowledge and
skills required by foraging and other tasks (e.g. MacDonald 2007; Milks et al. 2019). Thus,
amodern human model of life history, while costly in terms of the ‘immediate’ demands
on the labour of others, would likely have produced sub-adults and adults with the skills
and knowledge to meet the social, ecological and technological challenges of seasonal
Europe, and thus be ultimately beneficial when considered holistically.

It is possible to assess life history and its evolution amongst extinct hominins
because of the evidence for strong correlations between a range of life history traits:
brain size, body size, age at sexual maturity, age at first birth, gestational length,
lifespan and dental development (Kennedy 2003). The reconstruction of life histo-
ries is not straightforward however. Robson and Wood (2008) made the important
distinction between life history variables (LHVs: gestation length, age at weaning,
age at first reproduction, inter-birth interval, mean life span and maximum life
span), which cannot, with the possible exception of weaning age, be detected for
fossil hominins, and life history-related variables (LHRVs: body mass, brain mass,
dental crown and root formation times and dental eruption times), which can. This
is significant because Robson and Wood argued that the life history-related variables
do not correspond perfectly with life history and that hominin reconstructions,
therefore, should be made with some care: for example, using tooth crown and root
formation times to estimate age at weaning or age at first birth. Nonetheless, based
on dental data Bermudez de Castro et al. (1999; 2003b) argued that H. antecessor and
H. heidelbergensis would have experienced an essentially human life cycle, including
an adolescent stage, although childhood and adolescence may have been slightly
shorter than amongst modern humans (Dean et al. 2001; Hublin et al. 2015). In con-
trast, Robson and Wood (2008) concluded that while the life history pattern of H.
heidelbergensis might be that of modern humans, H. antecessor offers less evidence
for a modern human-type pattern, with a brain mass akin to later H. erectus and
varied dental trends. Overall they suggested that life history changes towards the
modern human model are piecemeal, with shifts in body mass appearing earlier in
the hominin linage, e.g. just after 2 mya, and with dental developments emerging
later. The implications of these different life history interpretations are explored
further below, particularly with reference to the opportunities for sub-adult learn-
ing (Chap. 5).

Hominin communities

A key benefit of encephalisation data concerns its use in the prediction of hominin
community sizes: the social brain hypothesis (Dunbar 1998; 2003; 2007; 2009; Dunbar
and Shultz 2007; Gamble et al. 2014). Estimates for H. heidelbergensis community sizes
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are c. 120-130, compared to c. 90-110 for H. antecessor and late H. erectus (figures vary
slightly depending on which specimens and cranial capacities are selected; Dunbar
2003, fig. 2; Gamble et al. 2014, fig. 3.5). However, these numbers refer to a social unit,
the community, with all of whom each individual has a personal relationship, not neces-
sarily to day-to-day living groups (Dunbar 2003). Indeed Gamble et al. (2014) suggested
much smaller estimates for such groups: around 15 for daily foraging groups, and 50
for overnight camping bands (based on the modern human community number of 150).
These smaller estimates for day-to-day groups are also suggested by the size of many
Palaeolithic sites, particularly from the Middle and Upper Palaeolithic, and also by
comparisons with historical and ethnographic hunter-gatherer societies (Gamble and
Boismier 1991; Kelly 1995; Gamble et al. 2014). Queries have also been raised regarding
the community size predictions of the social brain hypothesis, for example because
there are certain species that deviate markedly from the neocortex/total brain size
scaling trend (Steele 1996). However Steele’s method, using female adult body size and
total adult brain volume, did produce similar numbers for early H. erectus (although
not for later Homo species).

Key components of the social brain hypothesis are the notions of theory of mind
(ToM) and intentionality. ToM refers to the ability to comprehend one’s own mental
state and that of others, and to recognise that the mental state(s) of others may differ
from your own. Intentionality measures the complexity of that recognition: the ability
to project your own theory of mind onto others within your group, to comprehend
and/or predict the belief states of others, and to link individuals together into a
cognitive chain (McNabb 2007). Most modern humans can operate at fifth-order
intentionality (although much day-to-day social interaction probably operates at
third-order or below):

I believe (1st order] that you think [2nd order] that I wonder [3rd order] whether you suppose
[4th order] that I believe [5th order] that something is the case. (Dunbar 2007, 100)

Third-order (Dunbar 2003, fig. 4) or 4th-order intentionality (Gamble et al. 2014,
table 5.2) has been predicted for H. heidelbergensis (with 3rd-order intentionality pre-
dicted for H. antecessor’s cranial capacity of c¢. 1000 cc), and suggests the potential for
complex social interactions (e.g. ‘I believe that you think that 1 wonder whether you
will share your foraged food with me’). McNabb (2007) specifically suggested that H.
heidelbergensis could have conducted visual displays whose learned social significance
could have been interpreted by the remainder of the group. However Cole (2015)
explored ToM and intentionality through notions of identity, material culture, visual
display and social communication (i.e. using artefacts to broadcast your identity and
have others ‘buy into’ that identity), and concluded on the basis of handaxe symmetry
levels that those artefacts were not embedded within social communication systems
(although other studies have suggested higher levels of symmetry; White and Foulds
2018). Unsurprisingly, McNabb (2007) and Cole (2015) both argued that the mainte-
nance of, respectively, encoded social messages (i.e. cultural traditions) and/or abstract



56 The Earliest Europeans: A Year in the Life

contexts (e.g. ideologies) would have required fifth-order intentionality, and thus been
beyond H. heidelbergensis.

Language?
A further potential implication, and benefit, of the social brain hypothesis con-
cerns the emergence of language'” and its role in social bonding. A reliance on
primate-style one-to-one grooming as the sole method of social bonding becomes
problematic as group size increases: it leaves too little time for other activities such
as foraging. Dunbar (2003, fig. 3) therefore suggested, based on the inferred time
demands of grooming in larger groups, that language likely appeared, in some form,
by around c. 0.5 mya. This is firmly within the European Lower Palaeolithic, raising
key questions as to whether the changing hominin distributions and/or strategies
evident towards the end of the Lower Palaeolithic, such as the widespread dispersal
into northern Europe (Dennell and Roebroeks 1996), were supported by, or even
dependent upon, language. While direct evidence for language is inevitably limited
at this time, it is notable that the hyoid bones' from the Sima de los Huesos are
human-like in size and morphology (Martinez et al. 2008), while ear bones from the
same site suggest a hearing bandwidth which covers human speech frequencies
(Martinez et al. 2004; 2013a). Cervical vertebrae evidence from the Sima also sug-
gest vocal tract proportions comparable to the La Ferrassie 1 (France) Neanderthal
(Martinez et al. 2013a). Finally, it has also been demonstrated that the Sima de los
Huesos population was as right-handed as modern populations - of significance
because of the possible associations between handedness, brain lateralisation and
specialisation and language (Lozano et al. 2009)."

Potential similarities and differences between the various Lower Palaeolithic
hominin species of Europe, in behavioural, social and biological terms, are therefore
discussed in the following chapters (particularly Chap. 7).

Nature of the Lower Palaeolithic record

The archaeology of this period is dominated by lithic artefacts, with occasional
glimpses of what was presumably a far more widespread organic component (e.g.
wooden spears and bone knapping tools; Mania and Mania 2003; Rosell et al. 2011;
Schoch et al. 2015; van Kolfschoten et al. 2015b; Zutovski and Barkai 2016). Butchered
animal remains have been found sufficiently frequently to support reconstructions
of dietary strategies (e.g. Parfitt and Roberts 1999; Yravedra et al. 2010; Saladié et
al. 2011; Huguet et al. 2013; van Kolfschoten et al. 2015a; Lebreton et al. 2017), and
cut-marks on bone and other traces are being increasingly complemented by use-
wear and residue analysis (B. Hardy et al. 2018). What is also important, and in many
ways highly challenging, to an understanding of seasonal behaviour is the relative
dominance of re-worked assemblages, usually although not exclusively in fluvial
settings, over primary context archaeology (Roebroeks and van Kolfschoten 1995).



2. Lower Palaeolithic Europe 57

Much re-worked archaeology, in particular, was recovered from sand and gravel con-
texts during 19th and 20th century commercial quarrying (e.g. Cooper and Symonds
2014; Harris et al. 2019), and as a consequence of both Pleistocene taphonomy and
collecting practices, formal tools often dominate the record, particularly handaxes
and other large cutting tools (LCTs?). Moreover, such re-worked artefacts have been
removed, to a greater or lesser degree, from their original settings and contexts
by Pleistocene agents such as flowing water. Nonetheless we do have occasional
moments of spectacular, high resolution archaeology, as represented by the open-air
site excavations of preserved landsurfaces at Boxgrove (Roberts and Parfitt 1999;
Fig. 2.5) and Schoningen (Conard et al. 2015; Serangeli et al. 2015a). Such sites give
insights into hunting/scavenging and butchery tasks (Parfitt and Roberts 1999;
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Figure 2.5: Detail of refitting scatter from Q2/A, Unit 4c (palaeosol horizon), Boxgrove (Roberts and
Parfitt 1999, fig. 258).
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Box F: Where do we find our archaeology?

A longstanding problem in Palaeolithic archaeology, especially in its earlier peri-
ods, concerns the very partial preservation and archaeological investigation of its
landscapes (Pope et al. 2016). This actually reflects two key factors: unevenness in
the distribution, and critically the long-term preservation, in so-called ‘sediment
traps’, of Pleistocene deposits across the landscape; and unevenness in the distri-
bution of those sediments which have been exposed, whether through commer-
cial developments (typically aggregates extraction), archaeological excavation,
or natural erosion (or a combination of two or even all three of these processes).
Consequently we tend to know most about hominin behaviour in river valley
environments, where extensive ‘stone and bone’” archaeology has been found in
the commercially-valuable gravels and sands left behind by Pleistocene rivers (e.g.
Fig. F.1), and a little about hominin behaviour around lakes and in coastal and
estuarine environments (in the UK this is primarily thanks to dramatic coastal
erosion on the East Anglian coast, and the distinctive raised beach sequences
on the West Sussex Coastal Plain), and in caves (Arago and Gran Dolina provide
spectacular, albeit rare, insights).

However, we know very little about what hominins were doing away from
the inland rivers, for example on the plateaux between river valleys or in the
woodlands above the floodplains (Blundell 2020; although excellent recent work
is changing this situation in northern France - e.g. Hérisson et al. 2016). This
reflects both the vulnerability of sediments and any archaeology in such locations
to subsequent erosion, and the difficulties of predicting where the archaeology
might be.

As a consequence, there is a widespread recognition amongst archaeologists
that we are only seeing a part of the full range of landscapes which were exploited
by hominins, and therefore only a part of their full range of behaviours. A clas-
sic example of this partial view concerns the very limited evidence for hominin
open-air campsites in the Lower Palaeolithic: where are they? Did they exist at
all (at least in a form that we might recognise)? It should not come as a surprise
that we rarely find clear traces of them in river valley sediments, such as those of
the Pleistocene River Thames. Such sediments were lain down, and subsequently
disturbed and modified, by rivers, in conditions which were hardly conducive to
the preservation of identifiable campsite traces such as ‘domestic’ activity areas
and perhaps also hearths. Moreover, river banks and floodplains might have also
been unattractive settings for campsites, given the risks presented by floodwaters,
the terrain itself, and other predators. Similar arguments can be made for the
absence of apparent campsite traces across the Boxgrove landscape, where the
accumulation of butchered animal remains presumably attracted other danger-
ous predators. Instead we have rare glimpses of possible campsites in those less
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4 Lower/Middle Palaeolithic Site
- Pleistocene Sands & Gravels

Figure F.1: Major Pleistocene sand and gravel (fluvial) deposits in Britain and associated Lower/
Middle Palaeolithic sites and findspots. Note site/findspot concentrations along the valleys of the
post-MIS 12 River Thames (A), pre- and post-MIS 12 East Anglian rivers (B) and the Solent River
(C). Based upon BGS Geology 50k (DiGMapGB-50), with the permission of the British Geological
Survey.

visible landscape locations discussed above: for example, in the closed woodland
and spring-source environments at Beeches Pit (Preece et al. 2006), or possibly
on a lakeshore at Bilzingsleben (Mania and Mania 2005).

Finally, if you're wondering how we know what an early Palaeolithic camp-
site should look like ... T am not sure that we do! We’ll return to this point in the
chapters that follow ...
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Huguet et al. 2013; van Kolfschoten et al. 2015a; Rodriguez-Hidalgo et al. 2017), raw
material acquisition (del Cueto et al. 2016), tool production, use and mobility (Hallos
2005; Pope and Roberts 2005), and, very occasionally, possible domestic spaces
(Mania and Mania 2005). Cave sites are rare, although not unknown (e.g. Arago and
Gran Dolina TD-6.2; de Lumley et al. 2004; Saladié et al. 2014), although some arte-
fact assemblages found within caves have been re-worked from occupations and/
or activities that were originally located outside of the cave mouths (e.g. Sima del
Elefante, level TE9c; Huguet et al. 2017).

However, the record is nonetheless biased in terms of the types of landscape set-
tings which are represented (Box F), and while this is slowly being addressed (Pope
et al. 2016) it remains an ongoing problem. Moreover, we have an increasing sense of
how the dynamic and complex behaviour of the Lower Palaeolithic can leave a very
modest lithic signature behind. At Schoningen 13 11-4 for example, the lithic assem-
blage amounts to just c. 1500 artefacts, of which nearly 90% consist of small flakes,
chips and retouching debris (Serangeli and Conard 2015). Yet this is also a locality
with the remains of over three dozen horses, most probably accumulating across a
series of separate hominin hunting events (Voormolen 2008; Starkovich and Conard
2015), with evidence for butchery, hide-working, wood-working and tool resharpening
(Rots et al. 2015; Serangeli and Conard 2015). At Schéningen it has been possible to
reconstruct the richness of these activities through the quality of the preservation,
but the site should also serve to remind us of the fragile and often archaeologically
invisible nature of early human behaviour.

Nonetheless, the complementary combination of a small number of primary
context sites and an abundance of re-worked artefact assemblages offers a valuable
perspective on life in the Lower Palaeolithic: both of the day-to-day behavioural
strategies that were used by hominins to adapt to the challenges of Europe, and the
long-term evolutionary consequences that are reflected in the geographical and
chronological distributions of artefacts (Gamble 1996a).

The earliest occupations of Europe

The earliest occupations of Europe are found in the south, with the oldest sites dating
from c. 1.3-1.6 mya: Barranco Leén and Fuente Nueva-3 in Spain’s Orce Basin, Pirro Nord
in Italy, and possibly Lézignan Le-Cébe in southern France (Gibert et al. 1998; Arzarello
et al. 2007; Arzarello et al. 2012; Agusti et al. 2015; Bourguignon et al. 2016). Prior to c.
700 kya, the majority of early sites remain to the south of the Alps and the Pyrenees (e.g.
Sima del Elefante, the earlier layers at Gran Dolina, Vallparadis, and Barranc de la Boella,
Spain; Monte Poggiolo, Italy: Carbonell et al. 1999; 2008; Martinez et al. 2010; Arzarello
and Peretto 2010; Vallverdu et al. 2014), with only occasional earlier sites further north
(e.g. Lunery-Rosiéres, Pont-de-Lavaud, and Le Vallonnet, France; Happisburgh III, UK;
and Kérlich A & B, Germany: Despriée et al. 2010; Haidle and Pawlik 2010; Parfitt et al.
2010; Despriée et al. 2011; Ashton et al. 2014). After c. 700 kya the occupation evidence
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becomes richer across western Europe in both the south and the north, although with
fewer sites to the east of the Rhine. There is a mixture of iconic Palaeolithic sites (e.g.
Boxgrove, Hoxne, Swanscombe, Mauer, Schoningen, Bilzingsleben, St Acheul, Cagny,
Abbeville, Arago, Sima de los Huesos, Torralba, Ambrona, Isernia la Pineta, Notarchirico:
Roebroeks and van Kolfschoten 1995; Gamble 1999, fig. 4.1), some but not all in pri-
mary context, and a rich array of ‘lesser’ artefact assemblages, typically associated
with rivers across western Europe (e.g. the Thames, Bytham, Solent, Somme, Rhine,
Guadalquivir, Guadiana, Tagus, Duero, Tiber and Aniene: Santonja and Villa 1990; 2006;
Tuffreau and Antoine 1995; Wymer 1999; Bahain et al. 2007; Haidle and Pawlik 2010;
Moncel et al. 2015). The record in eastern Europe is more modest in both the Early
and Middle Pleistocene. Although a small number of significant sites are known (e.g.
Rusko, Trzebnica, Radinéves, Stranskd skala I, Vértessz8l8s, Korolevo, Kozarnika, Dealul
Guran, Marathousa, Rodafnidia, and Petralona: Gamble 1999, fig. 4.1; Burdukiewicz
2003; Fridrich and Sykorovd 2003; Koulakovska et al. 2010; Sirakov et al. 2010; Iovita
et al. 2012; Valoch 2013; Tourloukis and Harvati 2018), other claimed sites have been
disputed (e.g. Doronichev 2008). These chronological and geographical patterns in site
and assemblage distribution have been dubbed the modified short chronology (Dennell
and Roebroeks 1996) or the punctuated long chronology (Hosfield and Cole 2018), and
a long-standing question in Palaeolithic studies has concerned the explanation(s) for
this changing European pattern. Factors such as increased encephalisation, environ-
mental shifts, changing life history, and/or innovative behaviours in pyrotechnology,
cultural insulation, subsistence strategies and lithic/organic technology may all play
a role (Roebroeks 2001; 2006; Gowlett 2006; Ashton 2015; Hosfield 2016; Hosfield and
Cole 2018; MacDonald 2018; Moncel et al. 2018), and all are considered, from a seasonal
perspective, in the chapters that follow. The distribution patterns of Europe’s Lower
Palaeolithic sites and assemblages are therefore reviewed in greater depth below.

The Early Pleistocene

Southern Europe provides the vast majority of the evidence for an Early Pleistocene
presence in Europe, from the Sima del Elefante, Gran Dolina and the Orce sites, to
Monte Poggiolo and Pirro Nord (e.g. Falgueres et al. 1999; Peretto 2006; Carbonell
et al. 2008; Oms et al. 2011; Arzarello et al. 2015). The technological signal is consistent,
with core and flake assemblages at all of these sites, but palaeoenvironmental records
suggest that the earliest southern European occupations were not comfortable, or at
least were only comfortable for a fraction of the time. Climate estimates from hominin
and non-hominin sites suggest that the Early Pleistocene occupations were associated
with, and constrained by, mild conditions (i.e. warm and wet; Agusti et al. 2009), while
the high levels of carnivore competition implied by both site-specific data (e.g. Espigares
et al. 2013) and modelling approaches (e.g. Rodriguez-Gémez et al. 2016) suggest signif-
icant dietary, and safety, challenges to Early Pleistocene Homo. These look especially
significant given that, while evidence for dietary strategies at these very early sites is
extremely limited, it is certainly not possible to confidently discuss hunting prior to c.
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1 mya. The modest scale of the archaeological record in this earliest period underpins
Dennell’s (2003) suggestions that the ‘long chronology’ sites from the Mediterranean
zone during the Early Pleistocene may reflect temporary dispersals rather than a
sustained occupation of Europe (see also MacDonald et al. 2012).

However, there is also evidence of gradual change in the distribution, and per-
haps scale, of Early Pleistocene occupations in Europe, particularly in the Galerian
(c. 1.2-0.8 mya) at sites such as Gran Dolina (TD-3/4, and, especially, TD-6), Sima del
Elefante, Vallparadis, Barranc de la Boella and Monte Poggiolo (Mosquera et al. 2013).
A factor behind these changes may be found in broader patterns of mammal paleobi-
ogeography (Rodriguez et al. 2013). Comparisons of fauna to the south and north of c.
45°N suggests that differences in the species’ pools, and ecological structures, were at
their peak in the c. Late Villafranchian (c. 1.6-1.2 mya) and much stronger than those
of the present day. These differences then declined in the Galerian period however,
with an increasing number of species present on both sides of c. 44-45°N (Fig. 2.6).
This chimes broadly with the early northward expansions of Homo (e.g. at sites such
as Happisburgh 11! Pont de Lavaud and Lunery-Rosiéres). It might also suggest a
set of Early Pleistocene Homo adaptations that were relatively limited in scope and
could not, at least prior to c. 1.2 mya, be extended beyond those Mediterranean tree
savannah habitats that may have facilitated their initial range expansion into southern
Europe. This appears to change after c. 1.2 mya, perhaps reflecting a combination of
changing hominin behaviours and increasing ecological similarity between southern
and northern Europe (although interestingly the results of Rodriguez’s study contrast
with the habitat reconstructions of Kahlke et al. 2011; see also Table 2.4). Changes
in hominin taxa may also be a factor, with the first confirmed fossils of H. antecessor
dating to the Galerian, although the current limitations of Europe’s Early Pleistocene
hominin fossil record do not permit this issue to be resolved.

The Early-early Middle Pleistocene transition

The question of whether or not European occupation was continuous in the south
towards the end of the Early Pleistocene and in the early Middle Pleistocene also remains
uncertain (MacDonald et al. 2012). Mosquera et al. (2013) have suggested a possible break
in occupation in the early Middle Pleistocene between c. 800 and 600 kya, based both
on the specifics of the Atapuerca sequence and the relative paucity of assemblages
across Europe during this period (but cf. the evidence from Vallparadis and La Noira;
Martinez et al. 2013b; Moncel et al. 2016). If correct such an abandonment might reflect
specific ecological characteristics: Rodriguez-Gémez et al. (2014) have argued that the
early Middle Pleistocene, based on the TD-8 portion of the Gran Dolina sequence at
Atapuerca, was a period of higher intra-guild carnivore competition for resources and
therefore more difficult for Homo given the seasonal pressures on food supplies. While
this is possible, the study was based on a single site, and the absence of Homo in the TD-8
deposit may reflect very practical, local, concerns such as the dark, small entrance to
the cave at this time and the extensive presence of hyena. A more recent, Europe-wide,
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Figure 2.6: Latitudinal distribution of mammal species in Europe during the Early Pleistocene (Rodriguez
et al. 2013, fig. 3). The lines mark the southern limit of those species restricted to the north (a) and
the maximum northern range of those species restricted to the south (b). Note the increase in the
number of species able to live on either side of the 45°N parallel during the 1.2-0.8 mya time interval

(top panel).
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study has challenged these results and suggested that, relative to the Early Pleistocene,
competition was lower throughout the Middle Pleistocene (Rodriguez-Gomez et al. 2017).

There is clear evidence for a significant shift in both technology and hominins
either side of the proposed ‘gap’ (Mosquera et al. 2013, table 3), and Mosquera et al.
proposed a two-stage model for the post-800 kya period: a small-scale, ultimately fail-
ing, hominin dispersal, associated with the earliest Acheulean, between 800-500 kya;
followed by a major H. heidelbergensis dispersal at around 500 kya. Yet the change in
occupation intensity, or at least the duration of the gap, was perhaps over-stated. The
period between c. 700-600 kya includes Notarchirico and Isernia la Pineta, Italy, La
Noira and other sites in the Cher river valley, France, and Pakefield, England, while
the period from c. 600-500 kya includes the earliest levels at Arago (P & Q) and rich
artefact assemblages associated with the Bytham River in eastern England (Despriée
et al. 2010; 2011; Parfitt et al. 2005; Pereira et al. 2015; Peretto et al. 2015; Falguéres et
al. 2015; Moncel et al. 2016; Davis et al. 2017). While these are not rich records in com-
parison with post-500 kya Europe, neither do they appear to be substantially more
modest than the pre-c. 800 kya record. The two-stage model of Mosquera et al. (2013)
therefore seems problematic. Instead I think it is more likely that the H. heidelbergensis
dispersal occurred from c. 700 kya onwards, reflected in sites such as La Noira, with
the ‘lag-time’ prior to its widespread distribution after 500-400 kya reflecting a period
of wider acclimatisation to Europe (an acclimatisation which H. antecessor appears
never to have fully managed: Messager et al. 2011; Agusti et al. 2015). Overall the sites
and assemblages in western Europe from this initial post-1 mya period, while small,
are perhaps suggestive of sustained occupations, albeit by changing hominin species
and with a fluctuating geographical distribution. During cold stages the maintenance
of this sustained presence would have been dependent on southern sites such as
Notarchirico, which would have been the likeliest locales in which occupation could
have been sustained while the north was periodically ‘abandoned’.

The Middle Pleistocene

Whether the European early Middle Pleistocene, in particular, was or was not a period
of possible ‘abandonment’ is of particular interest because the European record rapidly
looks rather different soon after, with the first appearances of H. heidelbergensis sensu lato
fossils at c. 500-600 kya (Table 2.8) and the first widespread appearance of Acheulean
technologies in western Europe during the same period. As Mosquera et al. (2013) have
argued, an occupation break strongly supports the notion of new hominins and new
technologies entering Europe, most probably from the Near East, although their appear-
ance would not necessarily require the prior disappearance of H. antecessor and is not
followed by a simple or complete replacement of core and flake technologies (Villa 2001).
This change in the occupation record may reflect the significant climatic, landscape and
ecosystem changes associated with the Early-Middle Pleistocene Transition (e.g. Muttoni
et al. 2018), combined with the adaptations, behaviours and environmental tolerances
of H. heidelbergensis (MacDonald et al. 2012). An occupation break and new dispersal into
Europe is also supported by the apparent paucity of sites tracking the emergence of
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Acheulean technologies from core and flake traditions within Europe (Mosquera et al.
2016), with only very modest or controversial examples of Acheulean large cutting tools
(LCTs) currently known from the Early Pleistocene (Jiménez-Arenas et al. 2011; Vallverdi
et al. 2014; Mosquera et al. 2016). 1t is notable that this lack of continuity remains true
whether the Acheulean is defined and detected on the basis of the presence/absence
of LCTs or on the basis of a wider variety of technological traits (e.g. well-structured
knapping, standardized cores, and diverse retouched flakes; Mosquera et al. 2016).

Overall the European Middle Pleistocene after c. 600 kya is characterised by a
much more substantial hominin presence, albeit one still marked by cyclical northern
extirpations, as has long been recognised (e.g. Roebroeks and van Kolfschoten 1994;
Dennell and Roebroeks 1996; Hosfield and Cole 2018). What changes in Europe at this
time? This has previously been explored from both palaeoclimatic (e.g. Candy et al.
2015; Candy and Alonso-Garcia 2018) and behavioural perspectives (e.g. Ashton 2015;
Moncel et al. 2015). In behavioural terms emphasis has been placed on the timings
of the first appearances of fire use evidence (Roebroeks and Villa 2011) and clear-cut
hunting (Villa and Lenoir 2009), and changes in planning ability and landscape use
(Moncel et al. 2015).

However, the sustained relatively ‘mild’ conditions in northwest Europe across
MIS 15-13 (c. 620-480 kya; Candy and Alonso-Garcia 2018) may also have been sig-
nificant. MIS 14 is the warmest of any cold stage of the last 1 myr, with the harshest
conditions only lasting 9 kyr. While it is unclear whether conditions were generally
more interglacial or interstadial in character, the latter would still favour a hominin
dispersal, as many of the British sites from this period (e.g. Boxgrove, Happisburgh I,
High Lodge) are associated with late warm stage or interstadial conditions (Table 2.3).
A further key factor in the expanded hominin distributions may have been the north-
south climate gradients of MIS 13. Candy et al. (2015) suggested a relatively modest
difference of c. 4°C between Britain and Spain (based on sea surface temperatures
from North Atlantic records), c. 2-3°C less than in later interglacials. These particular
conditions may have enabled a detectable hominin range expansion,? in both spatial
distribution and numbers, at this time.

The exact nature of these range expansions is inevitably a matter of some con-
jecture. Whether there was or was not overall population continuity in Europe from
the Early to Middle Pleistocene (and beyond; Mosquera et al. 2013; Ollé et al. 2016),
it seems logical that ‘pre-dispersing’ populations were primarily adapted to the
particular conditions of the Mediterranean core areas, and perhaps also western
Asia.” It thus seems likely that European range expansions from this southern ‘core’
would most easily have occurred through non-directional, territorial drift mapped
onto familiar habitats, in response, at least in part, to local ‘ecological events’ such
as shifting resource availability (e.g. Roebroeks 2006) or increased predatory threats.
The extent and distribution of those ‘familiar” habitats would fluctuate over time (e.g.
reflecting warm stage vegetation successions), and range expansion into the north
would probably have occurred incrementally, rather than through any large-scale
dispersals into the unknown. In this model, the ability of the hominins to continue to
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meet those familiar challenges would seem to be the logical constraint on their range
expansion. Comparably, range contraction might have involved an accumulation of
relocations ‘back’ into core zones, in response to gradual climatic deterioration. The
complication of the latter model however is that other hominin bands or communi-
ties may well have already been present in those core zones: hence the preference
of Dennell et al. (2011) for extirpation in light of climatic deterioration.

But does this model of incremental range expansion fit with the evidence for a
substantial expansion in the scale of the Lower Palaeolithic record in northern Europe,
and elsewhere, after c. 600 kya? Population pressure in the southern core areas does
not appear to be a factor (Mosquera et al. 2013). The ‘mild’ conditions of MIS 15-13 and
the suggested low south-north climate gradient of MIS 13 (Candy et al. 2015; Candy
and Alonso-Garcia 2018) may instead have been a critical ‘trigger’ factor, facilitating
initial range expansion, subsequently reinforced by progressive adaptations to new
conditions. This may well have operated in tandem with the various suite of behav-
iours associated with the early Acheulean phase (Moncel et al. 2015).

It is notable however that the post-600 kya Lower Palaeolithic occupation of the
north was still broadly dominated by warm stage-only occupations. In northern
France, for example, the primary context sites are mainly associated with optimal
interglacial (e.g. La Celle), final warm stage (e.g. Soucy) or early warm stage conditions
(e.g. Cagny-la-Garenne: Antoine et al. 2010; Limondin-Lozouet et al. 2015). Indeed, the
apparent expansion in the scale of hominin activity in Europe, and especially northern
Europe, immediately after MIS 12 may in part reflect the favourable conditions of MIS
11c (c. 425-398 kya, although its duration may be shorter in central and eastern Europe;
Candy et al. 2014; Kousis et al. 2018). These conditions are especially well illustrated at
La Celle in the Seine valley, where the optimal interglacial habitats were characterised
by high temperatures, rainfall and Mediterranean plants (e.g. figs, box and hackberry)
and mammals such as hippo and macaque (Antoine et al. 2010; Dabkowski et al. 2012).
While derived handaxes are associated with cold climate deposits, these associations
are uncertain and the most likely and parsimonious interpretation is that the north
was effectively ‘abandoned’ (probably principally through extirpation, with perhaps
some range contraction) during each glacial stage,” although occupations may have
occurred during cooler transitional periods, as suggested at the Rue du Ménage site
in the Somme valley, possibly also at the Carriere Carpentier (Antoine et al. 2015), and
at various central European sites (Szymanek and Julien 2018). This suggests that any
significant behavioural changes in the early Middle Pleistocene, such as fire control
or hunting proficiency, only extended hominin tolerances so far.

The challenges of Europe during the Middle Pleistocene, exacerbated by the impacts
of abrupt climate changes within both interglacials and warm stages (e.g. the climatic
and habitat impacts of the OHO and the YHO during MIS 11; Candy et al. 2014), are
therefore likely to have resulted in local group ‘abandonments’, and thus repeated
expansions and contractions in hominin distributions and regional population sizes.
Such ‘abandonments’ most likely occurred in the form of local extirpations in northern
areas: Dennell et al. (2011) convincingly argued that the southern refugia were ‘lifeboats’
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(in which local groups survived through glacial and warm stage periods) rather than
‘arks’ (to which northern groups retreated), and a similar argument has been made for
the later Middle Palaeolithic (Hublin and Roebroeks 2009). Thus, regular northern extir-
pations, driven by stage and sub-stage climatic variations, were an integral component
of European life in the Middle Pleistocene. The frequency of such extirpations might be
further exacerbated by small group sizes (e.g. the Neanderthal-focused genetic studies
of Lalueza-Fox et al. 2011; Priifer et al. 2017): under such demographic conditions local
communities would be particularly vulnerable to the impacts of individual deaths. This
discontinuous nature of northern occupation has long been recognised: Stringer (2006)
estimated that Britain was abandoned for roughly 80% of the period c. 500-12 kya. After
allowing for absence throughout the duration of the cold stage intervals during this
period (MIS 12, 10, 8, 6 & 4-2 span c. 273 kyr or 55%; stage boundaries as per Lisiecki
and Raymo 2005), and acknowledging the impacts of a fluctuating North Sea/English
Channel palaeogeography, this estimate also implies significant periods of absence
within the warm stages. Highly dynamic and fragmented populations, both within
as well as between warm stages, was thus a defining characteristic of the later Lower
Palaeolithic and would result in differing levels of connectivity and isolation over time.
This is in-keeping with the increasing recognition that Palaeolithic demography was
characterised by regional and local variations, rather than a global pattern of slow
growth and small populations (French 2016). Estimating population sizes is extremely
difficult (see also Chap. 5: Box O) but it is likely that there were never more than a few
thousand hominins in Europe at any one time.

Population dynamics may be reflected in the material culture signatures of Lower
Palaeolithic Europe, for example the blend of handaxe and non-handaxe industries in
Europe, especially c. 700-500 kya (Moncel 2010), or the repeated shifts between core and
flake and Acheulean assemblages in the Italian peninsula around 600-700 kya (Peretto
2006), although other prosaic factors (e.g. raw materials, site function) may also have
played roles. Population dynamics and fluctuations, in both space and time, may also
explain the notable hominin variability during the later Middle Pleistocene (e.g. as
evident in the fossils from Swanscombe, Arago, Ceprano, Mauer, and the Sima de los
Huesos; Table 2.8), and the ongoing debates about the definition and membership of
H. heidelbergensis in Europe (e.g. Rightmire 1998; Stringer 2012). While that documented
hominin variability might be a consequence of multiple dispersals into Europe, it may
also be a product of post-dispersal local divergences due to isolated populations, com-
bined with repeated extirpations, and periodic re-blending in southern refugia. Dennell
et al. (2011) in particular have stressed the cyclical inhospitality of the north, arguing
that the history of Lower Palaeolithic Europe is one of repeated extirpations, followed
by renewed occupation of the higher latitudes when conditions improved, stemming
from southern refugia in Iberia, the Italian peninsula and the Balkans (and perhaps
also areas in southern France and Germany). A repeated re-mixing of the biological
and behavioural ‘stock’ in different regions of Europe should therefore be expected, as
stochastic processes and ‘historical” events led to groups going locally extinct in differ-
ent places and at different times, different rates of genetic drift and change in isolated
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northern populations and southern refugia (Skinner et al. 2016), and the specific char-
acter of range expansion (i.e. ‘recolonisation’) varying with each cyclical improvement
in conditions. There is increasing evidence for this in the hominin record. At the end
of the Lower Palaeolithic the mosaic appearance of Neanderthal traits has become ever
more apparent through the Sima de los Huesos fossils, whose morphological attributes
(Table 2.9) and genetic characteristics (Meyer et al. 2016) suggest that they are either
early Neanderthals or their close ancestors, at c. 430 kya. These Neanderthal affinities
are in notable contrast to broadly contemporary fossils (e.g. Arago and Ceprano), which
are characterised by different traits (e.g. with regards to dental morphology in the case
of Mauer and Arago; Martindén-Torres et al. 2012; Stringer 2012).

It is likely that such complexities may also have occurred during the Early Pleistocene
- but the limited fossil and archaeological record currently makes it impossible to detect
the impacts on hominin and material culture variability at that time. Speculatively, the
current restriction of H. antecessor to Atapuerca might be suggestive of similar local
variability in the early portion of the European Lower Palaeolithic.

Periods of abandonment?

To what extent may all of Europe have sometimes been empty of hominins during the
Middle Pleistocene? Dennell et al. (2011) suggested that all of Europe may have been
occasionally abandoned, with western Asia (the central area of dispersals of Eurasia
or CADE; Dennell et al. 2010) acting as a periodic source area. This is certainly possible,
given the severity of selected cold stages (e.g. MIS 12), and may in part explain the
morphological variability of Middle Pleistocene hominins. However, the potential for a
stable and persistent southern European population throughout the Lower Palaeolithic
(or at least from the late Early Pleistocene onwards) is perhaps supported by the
region’s environmental characteristics. The glacials were certainly cool and dry, for
example at Notarchirico where the mammals and vegetation indicate a cold and open
climate in MIS 16 (Pereira et al. 2015), typical of the steppe-like conditions associated
with Italian Middle Pleistocene glacial stages (Combourieu-Nebout et al. 2015), and
hominins would have needed to adapt to more open conditions. However Moncel et
al. (2018) argued that the Mediterranean should be considered as a ‘warm spot’ even
during the glacials, a view supported by the evidence for cold stage occupations at
Notarchirico (Pereira et al. 2015) and Guado San Nicola (Orain et al. 2013), the diverse
range of habitats associated with Italian Middle Pleistocene sites (Orain et al. 2013), the
relatively modest temperature differences between ‘glacial’ and ‘interglacial’ stages at
Atapuerca (Blain et al. 2009; but cf. the MIS 12/11 pollen contrasts reported by Sdnchez
Goiii et al. 2016), and the potential role of the Balkans as a tree refugia in MIS 12 (Kousis
etal. 2018). It is also notable that regional records, such as the Mediterranean planktonic
curve from Ocean Drilling Program (ODP) Site 975 (Lourens 2004), suggest that even
MIS 12 and MIS 16 may have had reduced impacts in the Mediterranean (although
the post-MIS 12 glacials were more comparable to the global marine and ice records).
Moreover, this was a region which contained glacial refugia with permanent moisture
(enabling the long-term survival of a Mediterranean vegetation which is constrained
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by aridity not temperature), habitats to which hominins were presumably drawn at
those times. In combination this evidence from the late Early Pleistocene onwards
suggests that if they did occur, such Europe-wide ‘abandonments’ were the exception
rather than the rule (as also argued by Dennell et al. 2011).

Geographical patterns

The other notable European Lower Palaeolithic pattern concerns the relatively limited
evidence to the east of the Rhine, particularly prior to c. 500 kya. While the pattern is
almost certainly partly taphonomic (lovita et al. 2012; Romanowska 2012; Szymanek
and Julien 2018), subtle climatic contrasts between the continental interior and
the Atlantic West may also be a significant factor, with evidence for slightly colder,
sub-freezing, winters and warmer summers in present-day north-central Europe (see
also Chap. 1). There may well have been small but significant differences between the
Pleistocene conditions and habitats of the interior and those inferred by Kahlke et
al. for north-western Europe between 0.9-0.4 mya, during which period much of the
latter region’s Lower Palaeolithic archaeology accumulated:

temperate climate, high precipitation and low seasonality, typical of oceanic mid-latitude
Europe, supporting a diverse ecosystem dominated by forest but with productive open areas
as well. (Kahlke et al. 2011, 1383)

However, when central European occupations occur, the sites show a preference for the
early and late portions of warm stages (not the thermal maximums), associated with
open-forest or forest-steppe environments. Moreover, there is occasional evidence for
occupations in cool/cold and open conditions in these regions, such as at Korolevo VI
and Kirlich H (Szymanek and Julien 2018, table 3), highlighting the potential range of
these hominins’ ecological tolerances and strategies.

Outstanding questions ... and a seasonal approach

The European Lower Palaeolithic record is therefore characterised by marked changes
over time in the distribution, scale and permanence of hominin occupations. These
changes are well documented and have been considered elsewhere with reference to
climate changes, technological transformations, foraging strategies, and new hominin
species. Yet they have rarely been considered from a seasonal perspective. This is a
strange omission when investigating temperate Europe, with its annual fluctuations
in temperature, precipitation, vegetation cover, day lengths and food supplies. To fully
understand those large-scale changes I therefore think it is necessary to explore the
short-term, seasonal challenges to survival, seek out the evidence for how the earliest
Europeans coped with them, and consider whether long-term changes in seasonal
strategies can be detected.

In investigating Early and Middle Pleistocene seasonality and its impacts on hominin
behaviour in the European Lower Palaeolithic, the following chapters partly draw on
data and examples from modern ecosystems, extant herbivores and carnivores, recent
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and living hunter-gatherers, and other periods of the Palaeolithic and discussions are
necessarily speculative on occasions. The caveats associated with such an approach are
fully acknowledged and should be kept in mind. The book’s structure also introduces
the danger of over-stressing possible differences between the seasons and/or artificially
partitioning hominin activities into separate times of the year. That is not my intention,
as it is very likely that the earliest Europeans were highly flexible in their foraging and
other behaviours. At the same time, certain activities were more likely to have occurred
at different times of year, whether because of the relative availability of, and/or need
for, specific resources, the timing of events such as childbirth, or the daylight demands
of specific tasks (see Table 1.1). Moreover, the scope for mixing tasks (e.g. collecting
raw material while also foraging for food) would to some extent be limited by each
individuals’ carrying capacity (in weight and/or volume).

The chapters that follow therefore build a model of hominin activity through the
seasons and across the year, with behaviours and strategies based on the available
archaeological and palaeoenvironmental evidence of the climates, landscapes, flora,
fauna and technologies of the Lower Palaeolithic, drawing on both primary context sites
and disturbed assemblages. In particular the following chapters explore the themes of
coping with winter cold (Chap. 3), the timings of hominin conception and birth (Chaps 4
& 5), the opportunities for learning in the long days of summer (Chap. 5), and the fluc-
tuating availability of plant and animal foods (Chaps 3-6), in particular the potential to
target herd aggregations in the autumn and possibly store food resources (Chap. 6). The
final chapter re-evaluates the patterns in the long-term record, such as the punctuated
long chronology, in light of the seasonal behaviours and strategies proposed below.

Notes

1. Thousand years ago.

2. Early and Middle Pleistocene interglacials and glacials are respectively odd- (e.g. MIS 13) and
even-numbered (e.g. MIS 12) in the marine isotope stage (MIS) system (see Box A for further
details).

3. Mesic habitats are characterised by a moderate or well-balanced supply of moisture.

4. This later temperate phase has been tentatively assigned to the 11a interstadial, although this
correlation has been criticised as overly simplistic in light of the evidence for increasingly
complex patterns of sub-stage variability (Candy et al. 2014).

5. Referred to as the Non-Arboreal Pollen or NAP phase in Britain (Candy et al. 2014).

6. Mesoclimatic refers to conditions at the scale of 10s and 100s of metres.

7. Defined by van der Made (2011) as the area to the west of the eastern borders of Germany,
Austria and Italy.

8. Artiodactyla are even-toed ungulates such as deer.

9. However, late Middle and Late Pleistocene remains of H. latidens have recently been recovered
at Schdningen and from the southern North Sea (Serangeli et al. 2015b).

10. Increased logging in the three Polish districts of the Bialowieza forest, approved by
the Polish government in 2016, was ruled against by the European Court of Justice
in April 2018 (https://www.greenpeace.org/international/press-release/15961/
european-court-of-justice-logging-in-bialowieza-forest-was-illegal /).

11. The taxonomy of the Sima de los Huesos fossils has been much debated (see the discussions in
Stringer 2012 and Arsuaga et al. 2014 for example). Here I adopt the view that the material can
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23.

24,
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be seen as belonging to H. heidelbergensis as broadly defined (i.e. sensu lato) ‘to include fossils with

a generally more primitive morphology than the late Middle Pleistocene and Late Pleistocene

Neandertals’, even though the Sima fossils do exhibit some highly derived Neanderthal traits,

especially in the dentition (Martinén-Torres et al. 2012; Arsuaga et al. 2014, 1362).

Although the emphasis on hunted foods varied markedly between different contributions in

the Man the Hunter volume (Lee and DeVore 1968): e.g. compare Lee (‘vegetable foods comprise

from 60-80 per cent of the total [!Kung] diet by weight’; 1968, 33), Woodburn (‘the Hadza rely

mainly on wild vegetable matter for their foods’; 1968, 51), and Laughlin (‘hunting is the master

behaviour pattern of the human species’; 1968, 304).

Although access to the energy from carbohydrate-rich USOs has been argued to be limited in

the absence of controlled fire use (Butterworth et al. 2016).

However wild plant use in modern Europe is widespread, with over 100 million EU citizens

consuming wild foods (Schulp et al. 2014).

Key 