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Neanderthals and their social and biological relation-
ships to us have long been a subject of fascination span-
ning the scientific and lay communities. The hominins 
generally classified as Neanderthal are found in western 
eurasia, from the Near east to Spain, and extend tem-
porally from sometime in the late Middle Pleistocene 
through Oxygen Isotope Stage (OIS) 3 of the Upper 
Pleistocene (Finlayson et al. 2006; Harvati 2007; klein 
2003). Within this temporal and geographic range, 
Neanderthals almost certainly lived as mobile hunter-
gatherers, with small family-based social groups occu-
pying territories of variable sizes and moving between 
residential camps, which they occupied for variable 
lengths of time in order to acquire, process, and con-
sume the resources they needed to survive and repro-
duce. Such a lifestyle leaves little in the way of material 
residues and most of what is left rapidly decomposes 
to invisibility from the standpoint of current archaeo-
logical data recovery methods. even the bones of ani-
mals consumed and hominins who died are preserved 
only in exceptional circumstances. Stone artifacts are 
the only behavioral residues of Neanderthal behav-
ior that remain in any abundance, scattered across 
the landscape—and these are largely discarded trash 
(Barton 1991; Frison 1968). There are probably more 
known Neanderthal sites than of any other premod-
ern human. However, of the hundreds of thousands or 
millions of camps at which these Pleistocene hominins 
carried out their daily activities over the course of 100 
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26 BARTON & RIeL-SALVATORe

to 200 kya and across some 2 million km2, archaeologists know of only a few 
hundred (klein 2003; Serangeli and Bolus 2008)—and most of these are in 
rockshelters and caves that probably were visited only rarely by these hunter-
gatherers but that offer the exceptional conditions of preservation needed in 
order to find more than lithics (Laville, Rigaud, and Sackett 1980). Moreover, 
there is a general tendency for Paleolithic archaeologists to focus on one or a 
few deeply stratified sites, requiring many seasons of painstaking excavations. 
Such sites, while offering a long, diachronic view, provide but tiny windows 
on past human ecological behaviors, the kind of information that is needed to 
understand the drivers of human evolutionary dynamics.

In this chapter, we summarize continental-scale data on human ecology 
and land-use that builds on over a decade of prior work identifying robust 
proxy measures of Upper Pleistocene human land-use and mobility strategies, 
supported both by archaeological analysis and agent-based models. We begin 
with an overview of the theoretical framework for using Paleolithic lithic 
assemblages to study past human ecology. Subsequently, we present a syn-
thesis of human land-use and ecology, in response to environmental change 
during the Upper Pleistocene. We conclude with a discussion of implications 
of this biogeographical change for human evolution.

middle-RAnge lithic theoRy
While a number of complex classification schemes have been devised to 

characterize the diversity of lithic artifacts found in the archaeological record, 
in fact much of the macroscopic variability noted by archaeologists results 
from a few fundamental characteristics of workable stone and the tech-
niques needed to make it useable: stone is heavy, stone was necessary for all 
Paleolithic hunter/gatherers, stone tools have short use lives, and stone tech-
nology is messy.

Stone Is Heavy
Most lithics are made from rocks that are composed primarily of silicon 

dioxide (SiO2). With a density of 2.2 g/cm3 a 20-cm-diameter piece of flint 
weighs 9.2 kg. The equal volume of water weighs 4.2 kg; a small child weighs 
around 7 kg. Modern dietary recommendations suggest that 9.2 kg of pro-
tein would meet the nutritional requirements of an average woman for 200 
days and an average man for 164 days (Otten et al. 2006). In other words, 
for a mobile prehistoric forager on foot, stone for making tools had a much 
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A LITHIC PeRSPeCTIVe ON eCOLOgICAL DYNAMICS IN THe UPPeR PLeISTOCeNe 27

higher energy cost to transport than many things of more direct importance 
to human survival. given the high cost/return ratio of toolstone, foragers 
should have tried to minimize the amount of stone they needed to carry on a 
regular basis so that they could carry other items with higher and more direct 
energy payoffs.

Stone Was Necessary
If stone had such an apparently low direct return relative to the cost needed 

to transport it, why then do we find it associated with all past humans so ubiq-
uitously? In fact, until very recently, stone was a critical resource for human 
survival (kuhn 1992; McCall 2012). People began to make recognizable flaked-
stone artifacts over two—possibly three—million years ago and may have used 
stone for much longer (Harmand et al. 2015; cf. McPherron et al. 2010; kimbel 
et al. 1996; Semaw et al. 1997); by at least a million years ago we do not find 
traces of humans without also finding stone artifacts. Stone tools had become 
an essential component of being human (cf. Nowell and Davidson 2010). They 
were the fundamental technology needed to process resources and to make 
other technological items upon which humans increasingly came to depend 
for their survival. This meant that, in spite of its high transportation costs, to 
be without usable stone could be as fatal as to be without food—and in fact 
could result in a lack of food. Humans had to stockpile usable stone at places 
they visited regularly and/or carry it with them on their increasingly lengthy 
foraging trips (kuhn 1992). The constant need for useable stone along with its 
high transport costs put humans under strong and continuous selection pres-
sure to devise ways to get increasing usability out of decreasing mass.

Stone Tools Are Short-Lived
Many years ago, a student on a field project sported a t-shirt with the phrase 

“Love is fleeting, stone tools are forever.” While a catchy turn of phrase (for 
archaeologists at least), it is a misleading portrayal of stone tools. Stone far 
outlasts the most enduring affection, but stone tools commonly have a use-life 
much shorter than even the most casual flirtation. As observed in many rep-
licative and ethnoarchaeological studies, stone tool edges dull rapidly, retouch 
is not particularly effective at rejuvenating a worn edge, and retouch rapidly 
reduces the size of the tool to the point that it becomes unusable (Andrefsky 
2009; Barton 1990; Dibble 1987; Frison 1968; gould et al. 1971; White and 
Thomas 1972). The short use-life of lithic artifacts is particularly problematic 
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28 BARTON & RIeL-SALVATORe

given their critical role for prehistoric human ecology and the cost of ensuring 
that sufficient stone was available when needed. Again, this characteristic of 
stone artifacts must have kept human technological behaviors under strong 
selection pressure to devise ways to extend short use-life of available stone.

Lithic Technology Is Messy
When archaeologists began to carry out quantitative replicative experiments 

of lithic technology, one result of flint-knapping was immediately apparent: 
making any artifact rapidly and easily produces a very large number of flakes, 
fragments, and pieces of debris, only some of which are useful for many tasks 
(e.g., Amick and Mauldin 1989; Magne and Pokotylo 1981; Shott 1994). even 
assuming that most sharp-edged flakes of reasonable size potentially served as 
tools, creating even flakes produces a large amount of debris.

given the strong constraints on lithic artifacts described above, the messi-
ness of lithic reduction technology meant that people whose activities required 
them to move their residence regularly would be under considerable selection 
pressure to carry with them only those pieces of stone with the most usable 
edges and least amount of waste, rather than carrying entire nodules and the 
heavy, unusable waste that they produce (kelly 1983; kuhn 1994; Surovell 
2009). They would only discard these pieces of stone into the archaeological 
record (i.e., the trash) after trying to extend their use-lives as much as possible 
through rejuvenating the tool edges. On the other hand, people whose activi-
ties allowed them to reside in a single locality for longer and accumulate a 
stockpile of stone, could break rocks with abandon, replacing short-lived tools 
with fresh ones instead of resharpening them, and amassing great quantities 
of lithic debris in the process (Parry and kelly 1987). Because such temporarily 
sedentary groups did not have to worry as much about portability and did not 
have to pay the cost of transporting waste stone, lithic debris could accumulate 
rapidly at residential localities.

Implications for the Archaeological Record
These inherent characteristics of flaked-stone technology have important 

implications for the archaeological record created from the trash generated 
by lithic production and use (Shott 1998, 2008). Human foragers who exhibit 
high residential mobility should be expected to transport and discard rela-
tively few stone artifacts because stone is heavy but important for survival. In 
order to extend the short use-lives of the relatively few stone artifacts they 
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carry, lithics discarded by residentially mobile foragers should also exhibit reg-
ular evidence of edge rejuvenation. That is, a comparatively higher proportion 
of the discarded artifacts should be retouched. On the other hand, logistically 
organized hunter-gatherers (i.e., those practicing central place foraging) have 
the opportunity to accumulate stone at regularly visited base camps, which 
they can occupy for longer stays. Lithic refuse at such sites should be charac-
terized by larger quantities of lithic debris and fewer retouched artifacts.

At most Paleolithic sites that are recognized as such by archaeologists—that 
is, recognized because of the quantity of ancient refuse (mostly stone artifacts 
and animal bones)—single occupations by residentially or logistically orga-
nized foragers are not easily discernable. When they are, they are very difficult 
to interpret due to the low number of clearly associated artifacts (Aldeias et 
al. 2012). In fact, most assemblages that we study are probably time-averaged 
palimpsests of the trash of repeated human occupations of a locale (Barton et 
al. 2004; Barton and Clark 1993; Riel-Salvatore and Barton 2004). Hence, we 
would expect to see variable mixtures of residues from the different mobility 
strategies discussed above. The more that refuse from transiently sedentary 
base camps is represented, the greater the overall density of lithic debris that 
should be found, but the lower the relative frequency of retouched pieces in 
the assemblage. Conversely, the more that residentially mobile foragers con-
tributed their lithic trash to an assemblage, the more it should be character-
ized by a lower overall density of discarded lithic materials per volume of exca-
vated sediment and by a higher frequency of retouched pieces. If the largely 
inherent properties of lithic technology and selection pressures on human 
technological behaviors described above hold true, we would expect to see a 
strong negative relationship between retouch frequency and total lithic arti-
fact volumetric density in assemblages. In fact, in a series of papers published 
over the past decade, we have shown this to be the case repeatedly in assem-
blages across southern europe (Barton 1998; Barton and Riel-Salvatore 2012; 
Barton et al. 2011; Riel-Salvatore and Barton 2004; Riel-Salvatore and Barton 
2007), and others have further replicated these results (Clark 2008, 2015; kuhn 
2004; kuhn and Clark 2015; Sandgathe 2006). Furthermore, a series of recently 
published experiments using agent-based models have lent further support to 
these studies (Barton and Riel-Salvatore 2014); in fact, so far, only in excep-
tional cases have these expectations not been met (e.g., Conard and Will 2015). 
These complementary studies and lines of evidence lend strong support to 
our hypothesis that this relationship between retouch frequency and artifact 
density (which we have elsewhere termed the “whole assemblage behavioral 
indicator,” or WABI) serves as robust proxy for human land-use strategies. In 
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30 BARTON & RIeL-SALVATORe

addition, recent comparisons between the results of WABI values and detailed 
morphological analysis of individual artifacts further support these conclu-
sions (Riel-Salvatore 2007, 2009).

Building on this work, we use this proxy record of human land-use to inves-
tigate large-scale human ecological dynamics during the Upper Pleistocene 
across southern europe and the Near east. It is clear from our work and that 
of others that, because retouch frequency and artifact volumetric density are 
predicted to be negatively highly correlated—and indeed often are—we only 
need to use one of these two measures as a proxy for past land-use strategies. 
As noted in our prior work (Riel-Salvatore and Barton 2004), lithic volumetric 
density can vary with deposition processes across space and time, and so does 
not provide a comparable measure for synthesizing large-scale behavioral pat-
terns beyond a particular depositional context, while retouch frequency is a 
normalized measure that is not affected by such depositional processes. Hence, 
we focus here on the frequency of retouched artifacts within entire lithic 
assemblages as a proxy for human land-use strategies.

ecologicAl dynAmicS foR WeSteRn euRASiA
The syntheses presented here are based on data from 167 assemblages, recov-

ered from 31 localities distributed geographically from gibraltar to southern 
Jordan (figure 2.1, table 2.1). Temporally, they span the entire Upper Pleistocene 
from the last Interglacial through the end of the Pleistocene. In terms of stan-
dard typological assignment, these assemblages include Middle Paleolithic, 
Upper Paleolithic, and what are sometimes called “transitional” (e.g., Uluzzian) 
industries. While not comprehensive of all sites known across western eurasia, 
of course, this sample still represents a large spatial, temporal, and industrial 
range and is sufficient to display robust patterning discussed below.

Our prior work suggests a general trend through the Upper Pleistocene 
toward reduced variation in land-use strategies, as indicated by retouch fre-
quency and an accompanying trend toward an emphasis on logistical mobil-
ity, and suggests further that variation in land-use strategies is responding to 
environmental change (Barton 1998; Barton and Riel-Salvatore 2012; Barton 
et al. 2011; Riel-Salvatore and Barton 2004, 2007; Riel-Salvatore et al. 2008). 
While reliable radiometric dates are available for only a few of the assemblages 
(unfortunately, the norm for most of the Upper Pleistocene archaeological 
record), we are able to assign all 167 assemblages to an Oxygen Isotope Stage 
(OIS; figure 2.2). At this temporal resolution, the pattern toward reduced vari-
ability is clear, as is the trend from variable mobility strategies toward a focus 
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Figure 2.1. Locations of sites that produced assemblages used in analyses. Map shows 
Pleistocene coastlines (at –100 m bmsl) in gray, with modern coastlines as black line. 

primarily on logistical mobility by the Last glacial Maximum (LgM) (fig-
ures 2.2 and 2.3).

In a recent, detailed analysis of assemblages and paleoenvironmental data 
from OIS 3 in Italy, Riel-Salvatore suggests that the amount of environmental 
variation is as important as general environmental trends as a driver of human 
land-use changes during the Upper Pleistocene (Riel-Salvatore 2007:87–92; 
Riel-Salvatore 2010). That is, increased unpredictability over much shorter 
time frames and consequent risk of resource shortfalls in the period leading 
up to the LgM created a fitness landscape strongly favoring flexible logisti-
cal mobility strategies. These allowed humans to concurrently target a wider 
range of potential resources, over a much larger spatial extent, than could resi-
dentially mobile strategies that cycled sequentially through more predictable, 
seasonally variable resources. Indeed, studies of recent hunter-gathers show 
that logistical strategies are more common at high latitudes, with high spa-
tiotemporal variance in resource distribution and abundance, while residential 
mobility predominates at low latitudes (Binford 1980; grove 2010; kelly 1995).

We use a high-resolution proxy for global climatic change—18O/16O ratios 
from the gISP2 (greenland Ice Sheet Project) ice core (Meese et al. 1997)—
to represent climate change at large scales. A simple comparison of retouch 
frequency for dated assemblages and δ18O (figure 2.4) shows some degree of 
correspondence, but it is not visually compelling. However, the combination 
of environmental variance with the maximum range of 18O/16O values within 
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32 BARTON & RIeL-SALVATORe

Table 2.1. Assemblages used in analyses.

Country Site Industry
Number of 

Assemblages
gibraltar gorham’s Cave Upper Paleolithic 4
gibraltar gorham’s Cave Middle Paleolithic 6
Italy Capelvenere Middle Paleolithic 11
Italy Castelcivita Proto-Aurignacian 2
Italy Castelcivita Uluzzian 4
Italy Marcello Zei Middle Paleolithic 3
Italy Mario Bernardini Uluzzian 3
Italy Mario Bernardini Middle Paleolithic 21
Italy Riparo Bombrini Proto-Aurignacian 2
Italy Riparo Bombrini Middle Paleolithic 8
Italy Serra Cicora Proto-Aurignacian 2
Italy Serra Cicora Uluzzian 2
Italy Serra Cicora Middle Paleolithic 3
Italy Torre dell’Alto Middle Paleolithic 6
Italy Uluzzo epigravettian 3
Italy Uluzzo Uluzzian 2
Italy Uluzzo C Uluzzian 3
Italy Uluzzo C Middle Paleolithic 17
Jordan Ain al-Buhira Late Ahmarian 1
Jordan Ain al-Buhira Ahmarian 1
Jordan Tabaqa Late epipaleolithic 1
Jordan Tor al-Tareeq Middle epipaleolithic 1
Jordan Tor al-Tareeq early epipaleolithic 2
Jordan Tor Sadaf early Ahmarian 1
Jordan Tor Sadaf Transition 2
Jordan Tor Sageer early epipaleolithic 1
Jordan WHS 621 Middle Paleolithic 1
Jordan WHS 634 Middle Paleolithic 1
Jordan Yutil al-Hasa Late epipaleolithic 1
Jordan Yutil al-Hasa early epipaleolithic 1

continued on next page
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Table 2.1—continued

Country Site Industry
Number of 

Assemblages
Jordan Yutil-al-Hasa Late Ahmarian 2
Romania Baia de Fier-Pestera Muierii Middle Paleolithic 1
Romania Borosteni-Pestera Cioarei Middle Paleolithic 4
Romania Cosava-Cuca Aurignacian 2
Romania Nandru-Pestera Curata Middle Paleolithic 5
Romania Nandru-Pestera Spurcata Middle Paleolithic 1
Romania Ohaba Ponor Aurignacian 1
Romania Ohaba Ponor Middle Paleolithic 4
Romania Pestera Moieciu-Pestera Mare Upper Paleolithic 2
Romania Pestera Moieciu-Pestera Mare Middle Paleolithic 1
Romania Pestera Valea Coacazei Middle Paleolithic 1
Romania Rasnov-gura Cheii Middle Paleolithic 1
Romania Romanesti-Dumbravita Aurignacian 1
Spain Beneito Solutreo-gravettian 1
Spain Beneito gravettian 1
Spain Beneito Aurignacian 1
Spain Beneito Middle Paleolithic 1
Spain Cova del Salt Middle Paleolithic 6
Spain Cova Negra Middle Paleolithic 15

Total 31 sites 167

each OIS provides a measure of the extremes of environmental variation that 
hominins faced during the Upper Pleistocene in western eurasia. In fact, 
these values are highly correlated with mean retouch frequency values for the 
167 assemblages (figure 2.5).

Moreover, there is a general tendency for the resource forays of logistically 
mobile hunter-gatherers to extend over a much greater geographical area than 
the territories occupied by residentially mobile foragers (Binford 2001; grove 
2009; kelly 1983). That is, even though residentially mobile foragers may move 
more often during the course of a year, they tend to do so within an area of lim-
ited spatial extent. On the other hand, logistically organized hunter- gatherers 
may travel less frequently but acquire resources over a region of much greater 
geographic extent on an annual and lifetime basis. The geographic range over 
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34 BARTON & RIeL-SALVATORe

Figure 2.2. Retouch frequencies for all sites, by Oxygen Isotope Stage (N = 167 
assemblages). Box plots show median and mid-spread. Dashed regression line shows overall 
trend in retouch frequencies over the Upper Pleistocene; grey shading shows 95% confidence 
intervals around the trend line. 

which hunter-gatherers forage also affects the size of their potential mating 
network (sensu Wobst 1974; see Amick 1996 for an extreme case) with poten-
tial consequences for biocultural evolution that are discussed below.

diScuSSion
These results have interesting and potentially important implications for 

biobehavioral change during the Upper Pleistocene of western eurasia. One 
way to interpret this evidence would be to say that Neanderthals were residen-
tially mobile foragers, and were replaced by logistically mobile anatomically 
modern humans (AMH), whose flexible land-use strategies were favored by 
deteriorating climate approaching the LgM. However, while this story makes 
for an appealing narrative, it is overly simplistic and is not supported by the 
evidence presented here.
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Figure 2.3. Least-squares regression of temporal trends in retouch frequency 
and variance in retouch frequency seen in figure 2.1. 
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36 BARTON & RIeL-SALVATORe

Figure 2.4. (Top) GISP2 δ18O and retouch frequency for all dated sites (N = 55 
assemblages). (Bottom) Retouch frequency for dated assemblages and temporal variation in 
environments, as shown by coefficient of variation for 100-year rolling mean of GISP2 δ18O. 

Indeed, during OIS 5–4 all the lithic assemblages in the assemblages stud-
ied are classified as Middle Paleolithic and the only human remains in west-
ern europe, at least, are classified as Neanderthal. Similarly, during OIS 2, all 
the lithic assemblages studied are classified as Upper Paleolithic and the only 
human remains found are classified as AMH. But these observations tell us 
nothing about the nature of the changes in human behavior and biology that 
transpired during the Upper Pleistocene nor their causes. During OIS 3, when 
human remains classified as both Neanderthal and AMH are found, as well 
as lithic assemblages classified as Middle and Upper Paleolithic, there is still 
much debate over which “kind” of hominin made which “kind” of assemblage 
at this time (Hublin 2013). But, it is likely that most Middle Paleolithic and 
Transitional assemblages were made by hominins classified as Neanderthals 
and that most assemblages labeled Upper Paleolithic were made by hominins 
considered AMH (Riel-Salvatore and Clark 2007; Zilhão and d’errico 2003).

Looking at the points and graphs in figure 2.2, it is obvious that logis-
tical strategies have been practiced since OIS 5–3 by hominins who made 
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Figure 2.5. Least-squares multiple regression of mean retouch frequency (x-axis) vs. 
combination of range plus variance in δ18O in the GISP2 for OIS 5–2 (y-axis). 

assemblages classified as Middle Paleolithic (cf. Lieberman and Shea 1994). 
What changed over the course of the Upper Pleistocene was the frequency of 
highly residentially mobile strategies. This decline is seen from OIS 3–2 among 
assemblages classed as Upper Paleolithic as well as in those classed as Middle 
Paleolithic during OIS 5–3. That is, the vectored changes in lithic industries 
that we have documented across western eurasia in the Upper Pleistocene 
cross-cut the typological classifications of Middle and Upper Paleolithic. This 
is especially clear if we look at the distribution of retouch frequency sepa-
rately in assemblages classed as Middle Paleolithic, Transitional, and Upper 
Paleolithic within OIS 3, when all are found (figure 2.6).

By definition, we classify as Upper Paleolithic assemblages those that contain 
higher frequencies of artifacts that were probably hafted in compound tools, 
such as backed blades. Such compound tools, being lightweight and maintain-
able (sensu Torrence 1989) should be more commonly associated with logis-
tical land-use strategies. Conversely, we classify as Middle Paleolithic those 
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38 BARTON & RIeL-SALVATORe

assemblages dominated by flake artifacts that were less likely to be hafted and 
more likely to be ad hoc tools typical of residentially mobile foragers (Nelson 
1991). Yet while the mean values for retouch frequency differ for the Upper and 
Middle Paleolithic assemblages shown in figure 2.6, there is complete overlap 
in the distributions of both groups. That is, during OIS 3, both Middle and 
Upper Paleolithic assemblages range from ones indicating high levels of logis-
tical mobility to ones indicating moderate amounts of residential mobility.

Returning to human biology, even if only Neanderthals were the makers 
of Middle Paleolithic and Transitional assemblages, and only AMH made 
Upper Paleolithic assemblages, the trends we discuss would cross-cut these 
biological differences as they do lithic classifications. If, as is increasingly sug-
gested by paleogenetic data (e.g., Fu et al. 2015; Hawks and Throckmorton 
2013; Hershkovitz et al. 2015), the relationships between human skeletal 

Figure 2.6. Retouch frequencies for OIS 3 assemblages from western Eurasia classified 
as Middle Paleolithic, Transitional, and Upper Paleolithic. Individual assemblages shown 
as black dots. Box-plots in gray show median, mid-spread, and range. Dashed line shows 
linear regression for industries; grey shaded zone shows 95% confidence interval. Auth
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morphology, human behavior, and the forms of discarded stone artifacts and 
production debris are more complex than this, the data we have presented 
offer a new window into the dynamics of human biogeography and behavior 
during this time of rapid environmental change (cf. green et al. 2010).

The increased prevalence of logistical mobility strategies across the span of 
the Upper Pleistocene, regardless of how assemblages are classified or who 
may have made and used them, means that all hominins were undertaking an 
increasing number of longer distance forays to collect resources to return to a 
home base. This would have brought members of all western eurasian hom-
inin groups in contact with a larger and more diverse number of other humans. 
This resulting increase in opportunities for social and biological interactions 
across much wider geographic regions would have had profound impacts on 
human biological variation.

The very small sample of human fossils known even in western eurasia, 
means that paleoanthropologists still have virtually no information about 
the nature of biological variation within real hominin populations (i.e., con-
temporaneous individuals and social groups within delimited regions) in the 
Upper Pleistocene. But those individuals that have been found in western 
eurasia especially (i.e., those classified as Neanderthals) seem to have devel-
oped and maintained a suite of derived characteristics of skeletal morphology 
from sometime in the Middle Pleistocene into OIS 3 (Harvati 2007; Hublin 
2009; klein 2003; Wolpoff et al. 2004). The presence of a biologically dis-
tinctive regional population in this region is not surprising, given its geogra-
phy as a long, narrow peninsula, especially during periods of continental and 
Alpine ice sheets. This geography would have left western european hominins 
semi-isolated, allowing them to emerge as a regionally distinctive population 
(Serangeli and Bolus 2008). It would also be easier for western european hom-
inins to maintain these distinctive characteristics when residential mobility 
within spatially delimited “territories” was the common land-use strategy, lim-
iting the social and biological interaction of any group to its immediate neigh-
bors. This scenario is congruent with Voisin’s characterization of Neanderthals 
and the AMH as ring species, with gene flow between adjacent populations 
but considerable genetic differences between geographically distant popula-
tions (Voisin 2006; see also Holliday 2006). greater long-distance mobility, 
resulting from increasing reliance on logistical land-use strategies, would have 
considerably reduced the limitations to gene flow and cultural transmission 
imposed by geography and residential mobility patterns in this region.

In other animals (and plants), a biogeographical change that increases inter-
actions among members of different variant populations or even sister species 
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(e.g., removal of a geographic barrier or transportation by humans of one taxon 
into the range of another) commonly results in increased hybridization rates, 
leading to a rapid disappearance of one of them as a recognizably distinct vari-
ant or species (epifanio and Nielsen 2001; Wolf 1990). Recent DNA sequenc-
ing of a 38,000-year-old Neanderthal specimen, estimates that the last com-
mon ancestor of modern humans and Neanderthals lived between 670,000 and 
120,000 years ago (95% CI), with a mean at 370,000 (Noonan et al. 2006), and 
other estimates of the time of divergence fall within this range (garrigan and 
kingan 2007; green et al. 2006; krause et al. 2007; Harvati 2007). Mammalian 
rates of evolution of hybrid inviability are considerably faster than other ver-
tebrates, but still average 2–4 million years (Fitzpatrick 2004), considerably 
longer than the time since the Neanderthal/modern human divergence. This 
means that Neanderthals and the ancestors of modern humans probably could 
have produced viable hybrids during OIS 3 (50,000–27,000 years ago). Recent 
sequencing of Neanderthal DNA and comparisons with modern (i.e., twenty-
first century) human genomes indicates that such genetic exchange did take 
place between Neanderthals and AMH in western eurasia (green et al. 2010).

However, even viable hybrids often exhibit decreased or increased fertility 
with respect to one or both of the ancestral populations that can have sig-
nificant impacts on parent populations (especially if the parent populations 
have had the opportunity to diverge to some degree evolutionarily), regard-
less of whether they are different species or different populations of the same 
species (Demuth and Wade 2007). Increased hybridization, coupled with 
decreased hybrid fertility will reduce the overall fertility of a parent popula-
tion by siphoning off reproductive capacity into the production of low fertility 
(or even sterile) hybrids. On the other hand, increased hybridization accom-
panied by the higher fertility of “hybrid vigor” can ultimately replace all of 
one parent population with hybrids. Such extinction through hybridization 
is sufficiently common in nature to be an important concern in conservation 
biology with significant impacts on rare and endangered species (epifanio 
and Nielsen 2001; Wolf 1990). The fact that hybrids are often difficult to dis-
tinguish from one of the ancestral species without genetic analysis (Brisbin 
1995) exacerbates these problems. The increased biological and cultural inter-
action between Neanderthal populations and other hominin variants, due to 
the changes in land-use patterns documented here, is sufficient to account for 
the disappearance of Neanderthal skeletal morphology (i.e., extinction) across 
western eurasia through significantly increased hybridization rates without 
invoking interpopulation or interspecific competition or other mechanisms. 
But as Brisbin (1995) points out, obvious skeletal evidence for the existence 
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of recognizable hybrids may be difficult to come by in spite of new genetic 
evidence for such interactions (Fu et al. 2015).

A model of extinction of Neanderthals through hybridization also helps 
explain otherwise puzzling features of their spatiotemporal distribution in OIS 
3 (Smith et al. 2005). With direct competition for resources between human 
groups, the most effective competitors end up with the most productive lands, 
and the less effective competitors are relegated to marginally productive areas. 
This has regularly been the case when agriculturalists competed with hunter-
gatherers, and even when immigrating hunter-gatherers encounter long-
established hunter-gatherers in a region (Fiedel 2004). However, recognizable 
Neanderthal remains from OIS 3 are found across the southern and south-
western fringes of europe. especially as global climate cooled, and became 
increasingly unpredictable and continental ice sheets and tundra spread across 
northern europe, morphological Neanderthals occupied the most mesic areas 
of europe with the most diverse and easily procured resources. The earliest 
specimens of AMH, in contrast, are found in the much more challenging (i.e., 
comparatively marginal) areas of central/eastern europe and the steppe south 
of the ice (Finlayson and Carrión 2007; Finlayson et al. 2006; Nigst et al. 2014; 
Trinkaus 2005; van Andel et al. 2003; Zilhão 2007). At a high cost in organiza-
tion and technology, these human groups managed to survive and (eventually) 
flourish in these rigorous environments in spite of their being especially chal-
lenging ecologically for hunter-gatherers originating in Africa. But they did 
not apparently displace Neanderthals, who were supposedly much less effec-
tive competitors, from glacial europe’s prime real estate for millennia.

However, if Neanderthals disappeared due to hybridization rather than being 
out-competed in some as yet unspecified way, the spatiotemporal distributions 
of Pleistocene hominins makes more sense. The newcomers to western eurasia 
(i.e., AMH) were initially relegated to marginal environments of the more 
frigid north and east by the established and well-adapted local populations 
(i.e., Neanderthals). We have not compiled lithic data on Upper Paleolithic 
assemblages from eastern/central europe (but cf. Riel-Salvatore et al. 2008). 
However it would not be surprising if an analysis like the one presented here 
shows that OIS 3 hominins in these area faced environmental pressures to shift 
their land-use strategies toward logistical mobility somewhat earlier than pop-
ulations to the more mesic south. Furthermore, as immigrants into a relatively 
new (i.e., for Upper Pleistocene hominins) and expanding ecosystem that was 
also devoid of other human competitors, that of the mammoth steppe south of 
growing ice sheets, there also are ecological reasons to expect higher mobility 
and longer distance moves in these groups (Barton et al. 2004).
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As increasingly unpredictable and extreme environmental oscillations 
during OIS 3 favored logistical land-use strategies more broadly, previously 
isolated Neanderthals in the european heartland came to interact biologi-
cally and culturally to a much greater degree with other human groups to 
the east and north. These even more mobile fringe populations would have 
been transmitting genes and ideas over even longer distances and served as 
constantly replenishing reservoirs of a geographically more extensive “mod-
ern” human gene pool. Once the process passed a critical threshold of genetic 
interchange, recognizably distinct Neanderthal populations could have disap-
peared comparatively rapidly, falling victim to genetic “globalization” (Smith 
et al. 2005). given the geography of europe, we would expect this process 
to move through the population from the east to the most isolated western-
most tip of the european peninsula. In fact, traditionally, the latest dates for 
morphologically recognizable Neanderthals have been argued to come from 
the Iberian Peninsula ( Jordá Pardo 2007; Zilhão 2006), although recent data 
have admittedly challenged this and proposed a relatively sudden shift across 
europe (Higham et al. 2014).

Because humans are cultural animals, with much behavioral information 
transmitted by nongenetic means, we would expect hybridization to likewise 
occur in behavioral residues, including lithic refuse, at an increasing rate from 
OIS 3 onwards. given the expected difficulties in recognizing hybrid homi-
nins, we should not be surprised to find Middle Paleolithic artifacts made by 
individuals who appear to be morphologically modern or Upper Paleolithic 
artifacts made by individuals who resemble Neanderthals. We might or might 
not find mosaics of traits in some specimens—if we were certain which traits 
were indeed ancestral Neanderthal and which were ancestral non-Neanderthal.

In conclusion, we want to point out two other implications of the model 
of human ecological dynamics that we have presented here. The first is that, 
if Neanderthals disappeared due to hybridization, it means that at least some 
Neanderthal genetic material may survive in modern populations, but it is 
no longer clustered into a recognizable constellation of morphological traits. 
Recent comparisons between Neanderthal and modern genomes suggest 
as much as 4 percent or even more of western european genes may have 
Neanderthal origins (green et al. 2010; Hawks and Throckmorton 2013; Wall 
et al. 2009). In this respect, it is interesting that modern europeans and their 
descendants are quite distinct from the rest of humanity in their lack of pig-
mentation, ever-growing dense facial hair in males and general hirsuteness, 
and a tendency toward mid-facial prognathism—with similar characteristics 
also distinguishing Neanderthals from other contemporaneous hominins 
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(Lalueza-Fox et al. 2007; Wolpoff et al. 2004). The second is that the model 
we have developed to explain robust, large-scale spatiotemporal patterning 
in Upper Pleistocene lithic assemblages across western eurasia is based on 
evidence that suggests all hominins in this region, including Neanderthals, 
responded in a similar fashion to significant environmental change. If 
Neanderthals became extinct due to hybridization, it was because they effec-
tively adapted to the environmental uncertainty of the Upper Pleistocene. That 
is, their disappearance was not due to being ineffective competitors, but rather 
a result of their success in adapting to the challenges of global climate change.
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