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Abstract Neanderthals are a group of fossil humans that
inhabited Western Eurasia from approximately 300 to
30,000 years ago (ka). They vanished from the fossil record
a few millennia after the first modern humans appeared in
Europe (ca. 40 ka BP). They are characterized by a unique
combination of distinctive anatomical features, and are
found with stone tools of the Mousterian stone tool
industry. Current consensus views them as a distinct
Eurasian human lineage isolated from the rest of the Old
World and sharing a common ancestor with modern
humans sometime in the early Middle Pleistocene. The
extreme cold of the European Ice Ages is considered at
least partly responsible for the evolution of some of the
distinctive Neanderthal anatomy, although other factors
(functional demands, effects of chance in small popula-
tions) were probably also important. The causes for the
Neanderthal extinction are not well understood. Worsening
climate and competition with modern humans are implicat-
ed. Neanderthals were our sister species, much more
closely related to us than the chimpanzees, our closest
living relatives are today.
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Modern human origins

The Discovery of Neanderthals

Neanderthal remains were already discovered in the early
nineteenth century (Engis child in 1830, Forbes Quarry
adult in 1848), but their significance was not recognized
until the discovery of the skeleton from the Neander valley
in 1856, roughly coinciding with the publication of
Darwin’s The Origin of Species in 1859. This locality
lends its name to the group, and this discovery marks the
beginning of the continuing debate surrounding the rela-
tionship of Neanderthals with modern humans.

The antiquity of the Neanderthal skeleton and its status
as an extinct kind of human were not immediately accepted.
Instead, its peculiar anatomy was attributed to various
pathologies, including rickets. Its antiquity was only firmly
established with the eventual discovery of additional similar
skeletons that, unlike the Neanderthal skeleton, were found
together with stone tools and with the bones of extinct
animals. Once their status as fossil predecessors of modern
humans was accepted, their relationship with modern
humans, and particularly modern Europeans, began to be
intensely debated. The predominant view in the 1910s and
1920s was represented by scientists like Marcellin Boule
and Sir Arthur Keith, who were among the most influential
scholars of their day. They placed Neanderthals in their
own species, Homo neanderthalensis, and rejected any
ancestral role for them in the evolution of modern people,
pointing out their “primitiveness” and presumed inferiority
(e.g., Boule 1911–1913).

This perception of Neanderthals changed starting in the
1930s. Mayr, Simpson, and Dobzhansky, among the fathers
of the Modern Synthesis in Biology, placed Neanderthals
and other Pleistocene fossil humans within our own
species, Homo sapiens. According to this view, Neander-
thals were thought to have evolved into modern people
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through slow, gradual evolution (Trinkaus and Shipman
1993; Tattersall 2000). This view has been reconsidered in
more recent years, with new evidence coming from modern
human and fossil genetic studies, the development of better
dating techniques, and new approaches to the analysis of
fossil anatomy. Currently, the majority of scientists view
Neanderthals as a distinct, Western Eurasian evolutionary
lineage, which probably did not contribute significantly to
the evolution of modern people.

Temporal and Geographic Range

The earliest human remains known in Europe are dated to
approximately 1.2 million years before present and were
recovered in the Spanish site Sima del Elefante (Carbonell
et al. 2008). These early European populations, sometimes
referred to as Homo antecessor, are considered by some to
have been ancestral to the later, European, Homo heidel-
bergensis and to Neanderthals (Bermudez de Castro et al.
1997), but may also represent unsuccessful early episodes
of colonization that ended in local extinctions.

The appearance of Neanderthals in the fossil record is
gradual. Neanderthal-like features appear for the first time in
the European human fossils (also known as H. heidelbergen-
sis) dating to as early as 600 thousand years before present
(Bischoff et al. 2003). The frequency of Neanderthal features
increases through time, with specimens dating from approx-
imately 200 to 100 thousand years before present showing
clear Neanderthal anatomy. The full suite of Neanderthal
features appears with the “classic” Neanderthals in the Late
Pleistocene, dated from approximately 70 to 30 thousand
years before present. This gradual appearance of Neanderthal-
like features through time indicates a continuous evolutionary
lineage in Europe from H. heidelbergensis to Neanderthals
(although there is intense debate about the nature of the
transition to Neanderthals from earlier humans, and about
how many and which species are represented in the fossil
record prior to the appearance of Neanderthals) (e.g., Rosas
et al. 2006; Tattersall and Schwartz 2006). This process of
Neanderthal evolution has been described as the “Accretion
Model” (e.g., Dean et al. 1998; Hublin 2009).

Neanderthals disappeared from the fossil record approxi-
mately 30,000 years before present, only a few millennia after
the first appearance of modern humans in Europe around
40,000 years ago. A very recent date of 24,000 years ago as
the date of last appearance of Neanderthals in Iberia
(Finlayson et al. 2006) is not secure due to stratigraphic
inconsistencies (Delson and Harvati 2006), and its validity
remains to be confirmed.

Within Europe, Neanderthals range from Iberia to Russia
and from the Mediterranean to Northern Europe (Fig. 1). It
has been hypothesized that the southern peninsulas of

Europe may have acted as refugia for Neanderthal popula-
tions during glacial intervals, allowing for their survival
during extreme climatic conditions when more northern
regions of the continent would have been uninhabitable (e.g.,
Finlayson et al. 2006; Harvati et al. 2003, 2009). Outside the
strict boundaries of Europe, a Neanderthal presence has been
documented in the Near East and in Western Asia as far east
as Uzbekistan and even Siberia (Krause et al. 2007a).

Anatomy and Paleobiology

Neanderthals are characterized by a multitude of distinctive
cranial, mandibular, dental, and postcranial anatomical
features (Fig. 2), many of which are unique to them.
Neanderthals also show several “primitive” features, i.e.,
features shared with the common ancestor of both Nean-
derthals and modern humans (see Harvati 2007).

The Neanderthal face is characterized by a heavy,
continuous, and double-arched bony brow ridge. The eye
sockets are large and rounded. The nasal opening is very
large and broad, with a voluminous nasal cavity. There is a
pronounced projection of the midface, and the cheekbones
are obliquely oriented and “inflated.” Internally, the
maxillary sinuses are large, while the frontal sinus is
expanded laterally to fill most of the bony brow ridge.
The Neanderthal lower jaw is receding and lacks a protruding
chin; furthermore, there is a distinct space between the lower
wisdom teeth and the vertical branch of the lower jaw (Heim
1976; Stringer et al. 1984; Rak 1986, 1998; Trinkaus 1987;
Schwartz and Tattersall 1996; Arsuaga et al. 1997; Francis-
cus 2003; Nicholson and Harvati 2006). The dimensions of
the Neanderthal back teeth completely overlap with those of
the teeth of modern humans. However, Neanderthal front
teeth, and particularly the incisors, are larger, and several
dental anatomical features appear much more frequently in
Neanderthals compared to modern humans (Bailey 2002,
2004). The Neanderthal dentition is also worn down in a
distinctive pattern, with the front teeth usually worn down
much more than the back teeth of the same individual (Keith
1913; Trinkaus 1983).

The Neanderthal large nasal opening and associated
structures have long been proposed to relate to cold-climate
adaptation, and are thought by some scholars to function in
warming and humidifying inspired air, as well as in
dissipating heat (e.g., Coon 1962; Dean 1988; Hubbe et
al. 2009). Another interpretation sees the Neanderthal facial
features as biomechanical consequences of intense para-
masticatory behavior (i.e., using their teeth as tools), as
evidenced by the unusual anterior tooth wear pattern
exhibited by many Neanderthals (e.g., Heim 1976; Rak
1986; Trinkaus 1987). A third interpretation considers
Neanderthal facial morphology as primarily the result of
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chance-driven processes (genetic drift; e.g., Hublin 1998;
Weaver et al. 2007).

The Neanderthal skull looks flat and elongated when
viewed from the side, and rounded when viewed from the
back. The back of the skull projects backward, in what is
termed an “occipital bun” or “chignon” (Boule 1911–1913;
Hublin 1988a, b, 1998; Stringer et al. 1984; Condemi 1988;
Lieberman 1995; Schwartz and Tattersall 1996; Dean et al.
1998; Gunz and Harvati 2007). The temporal (temple) bone
shows several marked differences from that of modern
humans (Harvati 2003b). Recent examination of the
internal morphology of the inner ear using computer
tomography scans has revealed a distinctive shape for the
Neanderthal bony labyrinth (Spoor et al. 2003).

Neanderthal average brain size is larger than that of modern
humans, measuring approximately 1520 cubic centimeters
(from 1,200 to 1,700 cubic centimeters; Holloway 1985).
Large brains might also be related to cold-climate adaptation
in these extinct humans (Churchill 1998). Even though
absolute brain size was larger on average in Neanderthals
relative to modern humans, their relative brain size may have
been smaller due to their greater body mass (e.g., Ruff et al.
1997). The brain enlargement characteristic of both Neander-

thals and modern humans appears to have followed distinct
evolutionary trajectories in the two lineages, with Neander-
thals retaining an archaic brain shape despite larger size, and
modern humans exhibiting distinct shape, as well as increas-
ing size (Bruner et al. 2004).

The Neanderthal skeleton is overall robust, with mark-
edly curved shafts of the femur (thigh) and radius (lower
arm), thick bone, and strong muscle and ligament markings.
Estimated stature averages about 169 centimeters for males
and about 160 centimeters for females, shorter than that of
early modern humans. Body mass is estimated at about 78
kilograms (about 160 pounds) for males and about 66
kilograms (about 145 pounds) for females. Neanderthal
skeletons are also characterized by ribcages which are
broad and deep at the bottom and narrow at the top
(Franciscus and Churchill 2002; Sawyer and Maley 2005);
relatively short distal limbs (i.e., lower arms and legs) and
large articular ends of the tibia (shin) and femur (thigh)
(Boule 1911–1913; Trinkaus 1983; Ruff 1991; Ruff et al.
1997; Weaver 2003). Several of these traits have been
linked to high activity levels and/or cold-climate adapta-
tion. Neanderthal body proportions are commonly viewed
as adapted to cold conditions. The short stature and short

Fig. 1 Map of the geographic distribution of Neanderthals, showing important Neanderthal and pre-Neanderthal sites. Adapted from Harvati 2007
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distal limb proportions are thought to follow Bergmann’s
and Allen’s rules for cold environments, as seen also in
wide ranging mammal species and some modern human
populations (e.g., Holliday 1997). Overall robusticity, wide
trunks, and features of the Neanderthal femur and pelvis
have also been interpreted as relating to cold climate (e.g.,
Pearson 2000; Weaver 2003). However, a recent estimate of
the ability of the Neanderthal body shape to withstand cold
temperatures showed only a small advantage over early
modern humans with a less “cold-adapted” body form
(Aiello and Wheeler 2003). This indicates that Neander-
thals could not have inhabited high-latitude habitats without
some form of shelter and clothing.

From the small number of studies that have been carried
out so far, it appears that Neanderthal children grew faster
than modern human children (Dean et al. 2001; Ramírez
Rozzi and Bermúdez de Castro 2004; Smith et al. 2007).
Neanderthals also seem to have had distinct demographics:
The percentage of adolescents and prime age adults

recovered from Neanderthal sites is unusually high relative
to that of older adults and infants (commonly more frequent
in modern human cemetery populations). This pattern
suggests a high mortality among young and prime age
Neanderthals, with corresponding low adult life expectancy.
The reasons for this high mortality are probably related to
the high levels of stress and trauma also observed on
Neanderthal skeletons. Signs of injury can be found on
almost every well-preserved adult Neanderthal skeleton
(Trinkaus 1995; Berger and Trinkaus 1995) and are
concentrated in the head and neck, producing an uncom-
mon pattern of injury that may have resulted from hunting
strategies requiring proximity to large prey animals (Berger
and Trinkaus 1995). Some of them have also been argued
to result from interpersonal aggression (e.g., Churchill et al.
2009). The majority of injuries are healed or partially
healed, therefore suggesting that Neanderthals showed
some level of compassion: Many of the injured individuals
would not have survived the period of convalescence
without being cared for by others (Trinkaus 1983). In
addition to injury, Neanderthal remains show elevated
developmental stress, suggesting an elevated level of
hardship during childhood and throughout life (e.g., Ogilvie
et al. 1989; but see Guattelli-Steinberg et al. 2004).

Neanderthal Genetics

Neanderthals were the first extinct species to yield genetic
information. The first glimpse of their mitochondrial DNA
(or mtDNA: genetic material found in the mitochondria, a
kind of cellular organelle, outside the cell nucleus; it is
inherited exclusively through the maternal line) came with
the publication of the seminal article by Krings and
colleagues in 1997 (Krings et al. 1997). These researchers
were able to recover mtDNA from the Neanderthal
(Feldhofer 1) specimen, and to compare it to the homolo-
gous (equivalent) mtDNA from several different modern
human populations. The Neanderthal pattern of mtDNA
was outside the range of modern human variation and was
equally dissimilar to modern human sequences from
different geographic regions. This study pointed to a last
common ancestor for the mitochondrial genome of Nean-
derthals and modern humans between approximately
317,000 and 741,000 years ago.

More recently the same mitochondrial DNA has been
sequenced partially or in whole for seventeen Neanderthal
specimens from sites across Europe andWestern Asia (Krings
et al. 1997, 2000; Ovchinnikov et al. 2000; Schmitz et al.
2002; Serre et al. 2004; Beauval et al. 2005; Lalueza-Fox et
al. 2005, 2006; Caramelli et al. 2006; Orlando et al. 2006;
Krause et al. 2007a; Green et al. 2008). All have produced
similar sequences, which group together and are distinct

Fig. 2 Complete Neanderthal skeleton (left) reconstructed using
elements from five partial skeletons (principally La Ferrassie 1 and
Kebara 2) compared with a modern human skeleton (right). Courtesy
of and copyright Ian Tattersall, American Museum of Natural History
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from those of modern humans. In contrast, all of the earliest
European modern human specimens so far tested have
yielded only modern human-like, and no Neanderthal-like,
mtDNA sequences (Caramelli et al. 2003; Serre et al. 2004).
These findings support the earlier conclusion of very small
or negligible contribution of Neanderthals to modern
human ancestry. Estimates based on these studies place
the most recent mtDNA ancestor of all Neanderthals to
approximately 250,000 years ago. (Lalueza-Fox et al. 2005;
Caramelli et al. 2006). The divergence between modern
human and Neanderthal mtDNA lineages, on the other hand,
is estimated at 660,000 or more years ago to 140,000 years
ago (Green et al. 2008).

In the last few years, scientists have begun deciphering
the nuclear DNA of Neanderthals with the goal of
assembling the Neanderthal genome. This work has not
been completed yet, but has produced some interesting
results. Among these is the discovery that Neanderthals
share with modern humans the FOX P2 gene variant, one of
the genes affecting language abilities, which was previously
thought to be unique to modern humans (Enard et al. 2002;
Krause et al. 2007b). A draft sequence of the Neanderthal
genome published recently suggested a limited contribution
(one to four percent) of Neanderthals to modern people
from Eurasia (Green et al. 2010; see below). This study also
estimated the average date of divergence of the Neanderthal
and modern human autosomal (i.e., found in the nucleus)
DNA at 825,000 years before present. Because gene
divergence before populations actually separate, this esti-
mate also puts the population divergence of Neanderthal
and modern human ancestors between 270,000 and
440,000 years ago (Green et al. 2010).

Technology, Diet, and Behavior

Neanderthals are most commonly, though not exclusively,
associated with the Mousterian stone tool technology, named
after the site of Le Moustier in the Dordogne, France.
Mousterian industries typically feature Levallois and discoi-
dal flaking techniques for the production of stone flakes that
could be converted to a wide range of shapes and tools
(Debénath and Dibble 1994; Mellars 1996; Shea and Brooks
2000). Mousterian industries appear in Europe as early as
around 200,000 to 150,000 years ago and possibly earlier in
the Near East, but most sites are dated to the interval from
about 130,000 to 30,000 years ago. The stone used for the
production of stone tools in most Mousterian sites tends to
derive from within a five- to six-kilometer range from the
site, and only a very small component originates from more
distant sources (Mellars 1996). This suggests relatively small
territorial ranges. Some points appear to have been hafted,
and were probably used as spear points (Mellars 1996; Shea

and Brooks 2000). Wooden tools were probably also made,
as is evidenced by several well-preserved wooden spears
discovered in Schöningen and dated to approximately
400,000 thousand years ago (Thieme 2000), and by parts
of similar implements from Clacton-on-Sea (possibly around
350,000 years ago) and Lehringen (around 130,000 to
110,000 years ago; Mellars 1996). Neanderthal sites show
relatively little structure compared with later Upper Paleo-
lithic (modern human) sites. The living areas are small and
show no clear focus of activity, while artificial structures
such as walls are rare. Hearths are well defined and were
probably central in tool production and food processing
(Mellars 1996). Controlled use of fire appears widespread in
Europe approximately 400,000 years before present onward,
and possibly earlier (e.g., Gowlett 2005).

Until recent years, the Mousterian was commonly
thought to represent a static culture. However, redating of
Mousterian sites has shown changes with time in regional
industries as well as technological responses to climatic
change (Kuhn 1995; Shea and Brooks 2000). Some
“transitional” Middle–Upper Paleolithic stone tool indus-
tries, like the Châtelperronian industry in France, the
Uluzzian in Italy, and the Szeletian in East-Central Europe,
combine strong similarities with the Mousterian with
modern technological elements. These transitional indus-
tries date from the period of overlap of Neanderthals and
early modern humans in Europe (approximately 40,000 to
30,000 years ago) and were originally thought to have been
made by early modern humans. Since the discovery of
Neanderthal remains associated with such industries,
however, they are now thought to have been produced by
late Neanderthal populations. This discovery opened up the
possibility of Neanderthal acculturation by, or trade with,
early modern humans and prompted debate over the
cognitive capacities of Neanderthals (see, e.g., d’Errico et
al. 1998; Zilhão and D’Errico 1999; Mellars 1999, 2005).

Neanderthal sites abound in faunal remains of various
animals, indicating a high reliance on meat in their diet.
Animals such as bison, wild cattle, horse, reindeer, red and
fallow deer, ibex, wild boar, and gazelle are commonly
found (Shea and Brooks 2000). Neanderthal sites from the
Mediterranean region also preserve evidence for consump-
tion of other food sources, such as shellfish, birds, and
marine mammals (Stiner 1994; Barton 2000; Currant 2000;
Hockett and Haws 2005; Stringer et al. 2008). Plant
remains in Neanderthal sites are relatively rare, but prob-
ably this is a bias due to the poor preservation of such
fragile remains in the fossil record.

Neanderthal diets have also been assessed through the
study of the chemical composition of the Neanderthal
skeletons themselves. Analysis of the ratios of stable
isotopes of carbon and nitrogen in these bones has been
undertaken for a number of Neanderthal specimens from a
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wide temporal range (about 130,000 to about 30,000 years
ago). So far, such analyses have invariably indicated a very
strong reliance on herbivore meat, with Neanderthals being
similar to top predators in the isotopic composition of their
bones (Fizet et al. 1995; Bocherens et al. 1999; Richards et
al. 2000; Bocherens et al. 2005). Some of these studies also
suggested a much greater consumption of very large
animals, such as wholly rhinoceros or wholly mammoth,
than was previously thought (see Bocherens et al. 2005).
The isotopic analyses agree with zooarchaeological studies
in finding a very small component of marine foods in
Neanderthal diets, in sharp contrast with Upper Paleolithic
modern humans (see Richards et al. 2001, 2005). However,
no isotopic analysis has yet been conducted for Neanderthal
specimens from the Mediterranean coast, whose diets may
have been more varied.

The Neanderthal ability for symbolic thought and
language remains an open question. “Symbolic” objects
that might suggest such capabilities, such as objects of art
or personal ornamentation, are extremely rare in Neander-
thal sites, compared not only with later Upper Paleolithic
sites (Mellars 1996) but also with some African sites from
the same time period (e.g., McBrearty and Brooks 2000;
Henshilwood et al. 2001). The lack of such objects has
been argued to indicate a lack of human cognitive abilities
and language. However, it should be kept in mind that the
archeological record is an imperfect record of behavior,
perhaps in this case resulting in a biased documentation (or
lack thereof) of Neanderthal symbolic activities. Evidence
in support for Neanderthal ability for some symbolic
thought is the occurrence of ochre and manganese
“crayons” in Neanderthal sites, and the burial of at least
some individuals. Nevertheless, evidence for grave goods
and other burial practices is scant (Mellars 1996; Shea and
Brooks 2000).

Sister Species

Ever since their assignment to the distinct species H.
neanderthalensis (King 1864), the classification of Nean-
derthals and their role in human evolution have been the
subject of intense discussion. It is now commonly recog-
nized that Neanderthals and earlier Middle Pleistocene
European fossils form a separate evolutionary lineage, at
least partly geographically isolated in Western Eurasia.
Certainly, the number and magnitude of anatomical differ-
ences between Neanderthals and modern humans is such
that it warrants their recognition as a separate species, and
their exclusion from Homo sapiens (e.g., Stringer 1974;
Tattersall 1992; Stringer and Andrews 1988; Hublin 1998;
Harvati 2003b; Harvati et al. 2004). There is no doubt that
Neanderthals were our close relatives, much more closely

related to us than our closest living relatives, the chimpan-
zees, and can be regarded as our sister species. What is still
unclear, however, is the nature of the interaction between
Neanderthals and modern humans arriving in Europe
approximately 40,000 years ago. Since Neanderthals and
modern humans overlapped in Europe for up to 10,000 years
(Stringer et al. 2003), it is widely thought that the two
species would have met at least on some occasions.

There is no agreement as to whether Neanderthals and
early modern humans were able to reproduce successfully,
as closely related mammal species often do. Some
paleoanthropologists see evidence for Neanderthal-like
features in early modern European specimens and for
trends of “modernization” in some late Neanderthal
samples (e.g., Smith 1982, 1991; Frayer et al. 1993; Ahern
et al. 2002; Trinkaus et al. 2003). However, others find no
evidence of intermediate morphology (e.g., Bräuer and
Broeg 1998; Bräuer et al. 2006; Bailey 2002; Harvati
2003a, 2009; Harvati et al. 2004, 2007). A recent claim for
a Neanderthal–modern human hybrid from Portugal dated
to approximately 24,000 years ago (Duarte et al. 1999) is
difficult to substantiate because this specimen is a child and
because its geological age of approximately 24,000 years
before present places it several thousand years after the
disappearance of the last Neanderthals (Tattersall and
Schwartz 1999). Another proposed hybrid, an adult early
Upper Paleolithic individual from the Cioclovina site,
Romania (Soficaru et al. 2007), has been disputed on the
basis of several criteria for recognizing hybrids from
skeletal remains; this specimen appears completely modern
in its anatomy (Harvati et al. 2007).

From a molecular perspective, the mtDNA of Neander-
thals and Upper Paleolithic Europeans shows no evidence
for admixture between the two groups (Serre et al. 2004;
Green et al. 2008). Demographic models of the Neander-
thal–modern human interaction based on the ancient DNA
available data suggested that, although possible, a contri-
bution of Neanderthals to the modern human gene pool
would have been very small (less than one to two percent;
Currat and Excoffier 2004; Weaver and Roseman 2005).
The recent publication of a draft of the Neanderthal
autosomal genome (i.e., the complete, rather than just the
mitochondrial, genome of Neanderthals) compared the
Neanderthal genome with the genomes of five modern
humans (one of each from France, China, Papua New
Guinea, South Africa [San], and West Africa) (Green et al.
2010). This comparison found that the Neanderthal genome
was somewhat more similar to that of all three Eurasians
than it was to the two African individuals, suggesting that
some interbreeding occurred. Nonetheless, it seems that it
would have been only a rare occurrence and contributed
one to four percent of the genetic material of modern
Eurasians. Furthermore, since these similarities are shared
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with all Eurasians rather than just Europeans, the authors
suggested that this must have occurred prior to the
expansion of modern people throughout the Old World
and possibly in the Near East (Green et al. 2010).
Therefore, even though interbreeding seems to have been
possible, it seems to have been a rare event and to have
occurred at a very low level.

The Neanderthal Extinction

For some researchers, the last appearance of Neanderthals
simply signifies their evolution into modern Europeans or their
assimilation into the modern human gene pool. Most, however,
view it as a true extinction, even if limited genetic exchanges
with modern humans took place. Several scenarios for the
Neanderthal extinction have been proposed, and often they
invoke some direct or indirect competition with early modern
humans. Proposed modern human competitive advantages
include demographic and subsistence factors, such as larger
group sizes, slightly higher birth rates, lower mortality rates,
shorter interbirth spacing, greater dietary diversity, more
complex social networks, and better clothing and shelter in
modern humans (Zubrow 1989; Skinner 1997; Flores 1998;
Gat 1999; Richards et al. 2001; Stringer et al. 2003; Hockett
and Haws 2005). Some researchers propose that their
extinction can be viewed as one of the many Late Pleistocene
megafauna extinctions caused by the loss of an environment
with no modern analogue (Stewart et al. 2003; Stewart 2005).

Some paleoanthropologists consider worsening climatic
and environmental conditions to have been major driving
forces in the Neanderthal extinction (e.g., Finlayson 2004).
Recently available detailed paleoclimatic records have
shown that the time period of the Neanderthal disappear-
ance was dominated by very unstable climatic conditions
(van Andel and Davies 2003). However, none of the
proposed dates for the Neanderthal extinction coincides or
immediately precedes a major cooling episode, rejecting the
hypothesis that catastrophic climate deterioration was the
cause for the Neanderthal disappearance (Tzedakis et al.
2007). The fact that Neanderthals had successfully survived
previous cold phases also makes it difficult to accept
climate change as the sole reason for their demise. An
alternative interpretation sees the advent of modern
humans, perhaps with better cultural buffering and more
effective social networks, as providing the coup de grâce to
the highly stressed Neanderthal populations through com-
petition for severely limited resources during the critical
time interval of their co-existence in Europe (Stringer et al.
2003; Lahr and Foley 2003; Harvati 2007). In this view, it
is the interaction between the effects of fluctuating climate
and environment and of competition with modern humans
that led to the eventual Neanderthal demise.
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