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The establishment of modern humans in the Late Pleistocene,
subsequent to their emergence in eastern Africa, is likely to have
involved substantial population increases, during their initial
dispersal across southern Asia and their subsequent expansions
throughout Africa and into more northern Eurasia. An assessment
of younger (20–40 y) versus older (>40 y) adult mortality distribu-
tions for late archaic humans (principally Neandertals) and two
samples of early modern humans (Middle Paleolithic and earlier
Upper Paleolithic) provides little difference across the samples. All
three Late Pleistocene samples have a dearth of older individuals
compared with Holocene ethnographic/historical samples. They
also lack older adults compared with Holocene paleodemographic
profiles that have been critiqued for having too few older individ-
uals for subsistence, social, and demographic viability. Although
biased, probably through a combination of preservation, age as-
sessment, and especially Pleistocene mobility requirements, these
adult mortality distributions suggest low life expectancy and de-
mographic instability across these Late Pleistocene human groups.
They indicate only subtle and paleontologically invisible changes in
human paleodemographics with the establishment of modern
humans; they provide no support for a life history advantage
among early modern humans.

paleodemography | age-at-death | teeth | postcrania | mandible

The emergence of modern humans in the later Pleistocene in-
volved an emergence of modern human morphology in

equatorial eastern Africa in the lateMiddle Pleistocene (≥150 kyr
B.P.), followed over the subsequent 100,000 y by an uneven ex-
pansion through the remainder of theOldWorld (1, 2). There was
a geographical expansion approximately 100 kyr B.P. into south-
ern Asia, evident paleontologically in southwestern and south-
eastern Asia. The subsequent approximately 50,000 y involved
early modern humans in eastern Africa and portions of southern
Asia with late archaic humans (western EurasianNeandertals plus
non-Neandertal archaic populations elsewhere) in southern and
northwestern Africa, across more northern Eurasia, and reoccu-
pying portions of southwestern Asia after approximately 75 kyr
B.P.. The final period of modern human establishment took place
between approximately 50 and 35 kyr B.P., during which process
modern human biology became the dominant form of humanity.
Whatever the extent to which the eventual replacement of late
archaic human morphology involved admixture, absorption, and/
or population displacement (2–6), the process was ultimately
a demographic one.
There are several indirect indications of a demographic con-

trast between late archaic and early modern humans. The mor-
phology of all the early modern humans is overwhelming the
derived morphology of extant humans (cf. ref. 7), to whatever
degree those early modern humans exhibit morphological char-
acteristics of late archaic humans not present in the earliest
modern human samples (3, 4, 6, 8–10). Their ancestry must
therefore have been predominantly that of expanding populations
of early modern humans rather than of late archaic humans.
Although the anatomical evidence suggests demographic ex-

pansion of modern human populations approximately 100 kyr
B.P. and subsequently approximately 45 kyr B.P., it is principally

after approximately 45 kyr B.P. that there are multiple indirect
indications of such population increases, in at least some portions
of the Old World. Cultural traditions in both technology and or-
namentation become stable in some regions (11, 12), implying
more demographic stability (13). Evidence from stable isotopes
and faunal remains suggests that populations were increasingly
needing to exploit small package food resources requiring greater
investment of acquisition effort (14–17). The demise of at least
one of the large Pleistocene carnivores, Ursus spelaeus, has been
attributed to increased competition for space from expanding
human populations, especially after approximately 50 kyr B.P.
(18, 19). And although body decoration appears sporadically
earlier (20, 21), there was a marked increase in the social modi-
fication of one’s appearance, especially through beads and pig-
ments (12, 22). The increase in this uniquely human behavior
suggests population densities sufficiently large to warrant per-
sonal image modification for projection beyond the local social
group. These changes appear in the initial and early Upper Pa-
leolithic, especially in western Eurasia, but they become pro-
nounced across the Old World during the post-35 kyr B.P. Mid
Upper Paleolithic.
Despite these indirect indicators of demographic changes,

especially with the final establishment of modern humans 45 to
35 kyr B.P., there has been little consideration of human pale-
odemographic indicators of such populational shifts. There have
nonetheless been suggestions, based on the dearth of older
Neandertals (23) and more rapid development among them
hypothesized from dental histology (24), that there may have
been life history contrasts across this Late Pleistocene transition
(cf. ref. 25).
Although it is apparent that one cannot conduct a true pale-

odemographic analysis of Late Pleistocene human populations,
given the small sample sizes from individual sites and the dis-
tribution of the diagnostic fossil remains across tens of millennia
and thousands of square kilometers, it is nonetheless possible to
assess the patterns of mortality for these groups of late archaic
and early modern humans. This was done previously for the
Neandertals (23), in which it was noted that their immature
mortality pattern approximated those of normal recent human
populations, but that their adult mortality distribution contrasted
strongly with demographically viable recent human populations.
To date, similar assessments have been done for immature early
modern humans (26) but not for their adult mortality patterns.
In such assessments, it needs to be kept in mind that these

regional groups of humans, whether late archaic or early mod-
ern, persisted for tens of millennia. Local groups may well have
gone extinct as a result of nonviable demographic profiles, but
the sum total of their demographic parameters permitted them
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to persist under the adverse conditions of Late Pleistocene
foraging populations.

Results
The distributions of younger versus older Late Pleistocene adults
(Table 1, Fig. 1, and Table S1) confirm the previous finding (23) of
a dearth of older adults in the late archaic human sample. How-
ever, the earlier Upper Paleolithic modern human sample and
especially the Middle Paleolithic modern human sample similarly
have far more prime age adults than older individuals. When the
paleontological distributions are compared with the average
percentages of older individuals for the archeological and eth-
nographic samples (39.3% and 65.0%, respectively; Table 1 and
Table S2), the former are significantly different at P< 0.05 and the
latter at P < 0.001, all after a multiple comparison correction.
If the five late archaic and Upper Paleolithic specimens that

may well be less than 40 y old (27, 28) are placed in the younger
age samples, their differences with the archeological average
older adult mortality increase (P = 0.0010 and P = 0.0025, re-
spectively), making all the comparisons significant at P < 0.01.
Similarly, if the southern and northwestern Middle Paleolithic
African remains are added to theMiddle Paleolithic samples, they
are different from the archeological average at P < 0.01 (P =
0.0031 and P= 0.0080, respectively, for the late archaic and early
modern human samples). All of them remain markedly different
from the ethnographic average (P < 0.0001).
The three paleontological samples are significantly different

(P = 0.0198), which is largely driven by the marked absence of
older individuals in the Middle Paleolithic modern human
sample. The late archaic and earlier Upper Paleolithic samples
are not significantly different from each other (P = 0.1664).

Discussion
It is therefore apparent, given available Marine Isotope Stage
(MIS) 5–3 human remains, that all of these samples have adult
mortality profiles at variance with those of viable human pop-
ulations. As noted (29, 30) for the less extreme recent human
paleodemographic profile from the Libben site (31), which has
a higher older adult percentage (30.5%) than any of the MIS 5–3
samples, all these fossil samples would have had high immature-
adult ratios, elevated work loads for the adults, a dearth of
grandparenting, an excess of orphans, and levels of fertility at
least 20% higher than those expected by using model life tables.
There are several possible, non–mutually exclusive, reasons for
these biased distributions.
The young adult mortality may well reflect generally low adult

life expectancy among these populations, in response to the
multitude of stresses associated with a Late Pleistocene foraging
existence. Paleopathological indicators of such stress, particu-
larly in the form of dental enamel hypoplasias and healed trau-
matic lesions, are evident in all of these samples (32–37). Yet,
there were decreases or stasis in the incidence of both forms of

lesions among both Middle Paleolithic and earlier Upper Pa-
leolithic modern humans relative to the late archaic humans (33,
35, 37, 38). This paleopathological shift is not likely to reflect
differential survival, given the survival of individuals with serious
developmental and degenerative abnormalities in both groups
(6, 37, 39–45).
The prevalence of younger adults in the sample may indicate

the frequent occurrence of local population crashes, from which
the mortality profile (a catastrophic one) would more closely
resemble the life pyramid than an attritional distribution (46).
Although populational instability has been argued for Middle
Paleolithic late archaic and early modern humans (13, 23), the
archeological indicators listed above imply more populational
stability in the Upper Paleolithic.
The adult age distributions may reflect socially motivated dif-

ferential burial, in which preferential burial was given to prime-
age adults. However, considering only the remains from definite
or probable burials (Table S1) increases the percentages of older
adults for all three fossil samples to 44.4% (n = 18), 9.1% (n =
11), and 33.3% (n = 27) for the late archaic, Middle Paleolithic
modern, and earlier Upper Paleolithic modern human samples,
respectively. Therefore, although there may have been an age bias

Table 1. Distributions of younger and older adults for Late Pleistocene samples

Sample Younger adults Older adults (%)

P value

Vs. archeological mean Vs. ethnographic mean

Late Archaic* 45 14 (23.7) 0.0049 <0.0001
MPMH† 12 1 (7.7) 0.0128 <0.0001
Upper Paleolithic‡ 36 13 (26.5) 0.0219 <0.0001

Late Pleistocene samples are shown in Table S1. Binomial P values are for comparisons with the average of the percentage of older
adults in the Holocene archeological (39.3%) and ethnographic (65.0%) demographic samples (Table S2).
*Eurasian late archaic humans.
†Late Pleistocene Middle Paleolithic modern humans from northeastern Africa and southern Asia.
‡Earlier upper Paleolithic modern humans from approximately 45 to 25 kyr B.P., normally included in Early and Mid Upper Paleolthic
human samples (cf. ref. 3).

Fig. 1. Distributions of younger adult (∼20 to 40 y old) versus older adult
(≥40 y old) for late archaic humans (LAH), Middle Paleolithic modern humans
(MPMH), and earlier (Early and Mid) Upper Paleolithic modern humans
(E/MUP) in raw counts (Upper) and as percentages of total number (Lower).
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in who was buried, the available remains indicate that it was not
responsible for the dearth of older individuals tabulated here.
It is possible that the dearth of older adults is the product of

differential preservation of younger versus older adult skeletal
remains, with more fragile older adult skeletal material pre-
serving less well (cf. ref. 47). The division here between young
and old of approximately 40 y postnatal, however, should be
before significant geriatric loss of skeletal matrix, especially in
robust nonmechanized humans (48). Indeed, the older adults in
the sample exhibit robust remains with little cortical bone loss
(6, 39, 43, 49–51). Moreover, as principally teeth in maxillae or
mandibles are included, nonrecognition of individuals repre-
sented paleontologically only by heavily worn teeth should not
be a factor. The paleontological recognition of older isolated
specimens, such as the Arcy-Hyène 8 and Artenac 1 maxillae and
the Banyoles 1 and Paglicci 14, 15, and 24 mandibles, further
indicates that this should not be an important bias.
There are indications that skeletal aging techniques frequently

underestimate the ages of older adults (30, 52), especially those
older than approximately 60 y. This applies particularly to de-
generative skeletal reflections of age (e.g., pubic symphysis, au-
ricular surface) but less so to dental attrition (28, 52). Although
this effect may modestly inflate the number of younger adults in
the paleontological samples, the individuals inaccurately assigned
to the samples with age younger than 40 y would have to have had
true ages at death close to 40 y given average biases in that age
range of less than 10 y (52). Moreover, the same bias should also
affect the Holocene archeological samples, all of which have
higher older adult percentages than the fossil samples.
A more probable factor in the dearth of older individuals

comes from the evident necessity for mobility among all of these
Late Pleistocene humans. All of them have elevated lower limb
diaphyseal robustness (6, 53). None of the individuals with pre-
served remains sustained and healed a lower limb injury or de-
formity that would have prevented locomotion; the oldest known
such injury (54) is early Holocene in age. Even those individuals,
who sustained serious developmental or traumatic deformities of
the lower limbs (6, 37, 44, 45, 49) or developed advanced post-
traumatic osteoarthritis of primary weight-bearing articulations
(39, 40), continued to be mobile. Under these conditions, it is
likely that older individuals with reduced mobility were left be-
hind, to die and have their remains consumed by the ubiquitous
carnivores on the landscape. They would not have entered the
paleontological record, and hence mobility may account for
some of the scarcity of older individuals.
Whatever the ultimate causes of these depressed adult mor-

tality profiles, and in whatever proportions they were responsible
for producing the adult mortality distributions in these samples
of MIS 5–3 humans, they do not support the substantial increase
in human population size inferred from multiple lines of evi-
dence, especially with the emergence of the early and then Mid
Upper Paleolithic after approximately 45 kyr B.P. (as detailed
earlier). If this stasis in adult mortality patterns through MIS 5–3
reflects the expected longevity for those individuals reaching
maturity, any differential in population growth must have been in
terms of greater fertility and/or more rapid reproductive matu-
ration among early modern humans, especially during the final
establishment of those modern humans.
Given the generally poor archeological preservation of im-

mature skeletal remains (23, 30, 47), combined with a pro-
portional bias against the intentional burial of preadolescent
individuals during the earlier Upper Paleolithic (55, 56), it is not
possible to currently assess differential fertility paleodemo-
graphically. The apparently lower level of developmental and
degenerative stress indicators among early modern humans (as
detailed earlier) may imply reduced immature mortality, which
could allow demographic increases. Yet, reduced juvenile mor-
tality is associated with slower development among extant sub-

sistence-level societies (57). Any such shift in developmental
survival cannot be shown to occur in the context of augmented
overall longevity, given the dearth of older adults across these
Late Pleistocene samples.
At the same time, recent attempts to assess rates of dental de-

velopment, and by extension ages of sexual maturity, have sug-
gested that early modern humans from the Middle Paleolithic
onward may have been developing more slowly than the Nean-
dertals (24, 58; but see refs. 25, 59–61 for assessments finding little
difference in dental developmental rates). Yet, it is unclear how
any difference in dental calcification rates would translate into
overall rates of somatic and reproductive maturation (25), espe-
cially given the substantial variation in growth rates and times of
reproductive maturity among extant subsistence-level societies
living under varying environmental conditions (57). Moreover, if
hypotheses of faster maturation among late archaic humans are
substantiated, any reduction in developmental rates, and hence
presumed delays in sexual maturity, should have reduced the
ability of the early modern human populations to compensate for
elevated prime-age adult mortality levels. Contrary to published
reports (24), modestly delayed maturation among Late Pleistocene
modern humans is not likely to have given them an advantage.

Conclusion
A series of indirect sources of evidence suggest that there were
increases in early modern human population size and potential
growth relative to those of late archaic humans, to some extent
during the time of the MIS 5–4 Middle Paleolithic but especially
in the mid-MIS 3 earlier Upper Paleolithic. An assessment of the
available Late Pleistocene adult skeletal remains—those that can
be assigned ages at death during the prime reproductive decades
between approximately 20 and 40 y or to the postprime age
period after approximately 40 y postnatal—shows no change in
younger versus older adult mortality patterns through this time
period. All the samples have a dearth of older individuals, which
should reflect a complex combination of low life expectancy for
adults, demographic instability, and the demands of mobility,
possibly compounded by preservation and aging assessments.
If indeed there was a demographic advantage for early modern

humans, at least during transitional phases of Late Pleistocene
human evolution, it must have been the result of increased fer-
tility and/or reduced immature mortality. Neither adult longevity
nor proposed modest shifts in developmental rates are likely to
have played a role in this demographic transition.

Materials and Methods
Distributions of young (∼20–40 y postnatal) versus older (at least ∼40 y
postnatal) adults for the Late Pleistocene (MIS 5–3) samples are based on the
maximum number of mature individuals for which these gross categories of
age at death can be reasonably assessed. The specimens counted minimally
include maxillae and/or mandibles with postcanine teeth in situ and/or as-
sociated postcrania with reliable age indicators; isolated teeth, individually
or in sets, are not included so as to minimize the effect of nonrecognition of
older individuals with heavily worn teeth.

The ages of the majority of the specimens were based on assessments of
occlusal wear, in which all of the postcanine teeth of the individuals in the
younger age category preserved the majority of their occlusal enamel [Smith
(62) categories 1–5]. When possible, these assessments were combined with
skeletal indicators, including pubic symphysis and auricular surface meta-
morphosis, femoral diaphyseal histomorphology, costal cartilage ossification,
proximal femoral trabecular changes, and sacral body ventral ossification, but
not suture closure. In specimens of late archaic and early modern humans, for
which it has been possible to assess multiple age-at-death indicators by using
recent human standards (28, 39, 40, 43, 49, 63–66), there is consistent
agreement across the age indicators within the two categories used here. The
few specimens which are likely younger but could belong in either group (La
Chapelle-aux-Saints 1, Dolní V�estonice 3, La Ferrassie 2, Pavlov 1, P�redmostí 3)
have been conservatively assigned to the older age group; making them
younger than 40 y would increase the differences between the fossil and
recent human mortality distributions.
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Even though individuals normally achieve reproductive maturity by the
second half of the second decade of life (57), it is not often possible to assign
adolescent skeletal remains to the first or second half of that developmental
period. Adolescents, including specimens normally included among Late
Pleistocene adults (e.g., Dolní V�estonice 14, Mlade�c 1, Oase 2), are therefore
not included in the distributions. Including them would accentuate any
differences between younger and older adult percentages for those samples
(all the Pleistocene ones) with more young than old adults.

It is currently debated whether the MIS 5–3 Middle Paleolithic/Middle
Stone Age human remains from southern and northwestern Africa should
be assigned to early modern versus late archaic humans (e.g., ref. 67 versus
ref. 1). They have an abundance of archaic features and few if any derived
characteristics of modern humans (68–73); they are nonetheless treated as
morphologically ambiguous and added post hoc to the Eurasian late archaic
sample and then to the Middle Paleolithic modern human sample. All but
one of the five specimens from those samples providing age indicators
(entirely dental attrition) are in the young adult category.

The distributions of younger and older adults in the fossil samples are
compared with the averaged proportions of these mortality categories for
nine Holocene archeological samples (31, 74–80) and for six 18th- to 20th-
century historical and ethnographic samples (81–86) (Table S2). The former
samples should contain the same sets of biases that might arise from skeletal
aging techniques and especially preservation. The latter samples should
provide more accurate assessments of mortality in recent human pop-
ulations without medical care, albeit in a modern epidemiological context.
Because the fossil samples are necessarily pooled across many populations, it
is appropriate to compare them to the averages of these recent human
demographic profiles with respect to younger versus older adult mortality.

The Late Pleistocene distributions are compared with the archeological
and ethnographic mean values by using a binomial test and a sequentially
reductive multiple comparison correction.
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