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Why Do Female Primates Have Such Long
Lifespans and So Few Babies? or Life in the

Slow Lane

ERIC L. CHARNOV AND DAVID BERRIGAN

A major goal of life history studies is to identify and explain features of the life
history of individual species that follow broad rules across many groups of organ-
isms, features that are characteristic of particular phylogenetic lineages, and fea-
tures that are specific adaptations to local ecological situations. In recent years we
have developed a general theory of life history that interrelates many aspects of
ontogeny and reproduction across a wide range of organisms. Contrasted to most
other mammals, primates have long average adult lifespans and few babies per
year for their adult body size. This new theory suggests that these aspects of life
history follow directly from the fact that primates have slow individual growth rates.
This slow growth rate is thus the basic phenomenon that needs explanation to

understand primate slowness.

As mammal life histories go, pri-
mates are slow. We grow up, repro-
duce, and die at a much slower rate
than other mammals. Stated another
way, our birth rates, death rates, and
individual growth rates are roughly
one-fourth to one-half those of other
mammals with similar body sizes.'-?
Figure 1 compares average adult
lifespan and age of maturity (repre-
sented by age at first reproduction) for
a wide range of primates and other
mammals. The primate lines are well
above those of other mammals and
also seem to have steeper slopes, be-
tween .3 and .4, compared with slopes
of between .2 and .3 for other mam-
mals. This indicates that primates take
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longer to reach maturity and have
longer average lifespans for their body
mass in comparison to other mam-
mals. In this discussion we will ignore
the differences in slope by assuming a
central value of .3 forall mammalsand
concentrate on the differences be-
tween the height of the primate lines
and those of the other mammals. Figure
2 compares the average number of daugh-
ters produced each year for primates
compared to other mammals. Here the
primate line is significantly lower. For our
body size, we primates also produce fewer
offspring per year than other mammals.
Are these unusual life history charac-
teristics of primates interrelated? If so,
what is driving us to be so slow in growing,
reproducing, and dying?

In terms of the energetics of growth
and reproduction, the life history of
any mammal can be divided into sev-
eral distinct periods, as diagrammed
in Figure 3. From birth (actually from
conception) until weaning, the growth
of a young mammal is dependent
upon energy derived from its mother.
The growth of an individual from
weaning until adulthood (taken as the
time of first reproduction) is part of
the individual’s own metabolic energy
expenditure and can be modelled by
the simple growth equation discussed

below. In general, the end of growth
coincides with first reproduction and
at this point in its life, an individual
channels all of the energy it previously
used for growth into producing off-
spring. Each of these periods has a
characteristic mortality rate.

If the causal model described in Fig-
ure 3 is correct, the key to the slow
primate life histories lies in the slow
growth of juveniles, as demonstrated
by the « lines in Figure 1, because the
energy allocated to growth also deter-
mines how much energy is allocated
to reproduction later. Since o has an
allometric scaling of approximately .3
with body weight, we can model indi-
vidual growth after weaning as a pro-
duction allometry of .7:

dl/ = AxW?7

dt
where W is weight prior to and at
maturation, 4 is the height of the pro-
duction rate function, and dW/dt is the
production energy (Fig. 3). Because
mammalian total metabolic rates are
roughly proportional to W7, this is
analogous to saying that the energy
used for growth is a fixed fraction of
an animal’s total metabolic budget at
any given size. This equation can be
solved for W at any age, generating the
o (age at maturity) versus W (adult
body mass) of Figure 1. The allometric
relationship between o and W in Fig-
ure 1 allows us to estimate A, the
height of the postweaning production
function. Since primates take longer
to reach a given size than do other
mammals, the height of their produc-
tion function must be less. Using the o
lines in Figure 1 to estimate A, we find
that A is .42 for primates, whereas it is
approximately 1 for other mammals.®
The estimates are derived only from
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Figure 1. Allometries for age at first reproduction (o measured from weaning to age at first birth)
and average adult lifespan (the inverse of the average adult instantaneous mortality rate, M) for
primates versus other mammals. o data from refs. 1 and 9, life table data from ref. 9, with M
estimates in refs. 5, 6 for typical mammals. M estimated for primmates from zoo maximum lifespan
(Tmax) datainref. 4 combined with a calibration equation linking M to Tmax. as developed in Figure

5.6 of ref. 6.

data for growth after weaning since,
prior to weaning, growth is assumed
to be supported by the mother’s meta-
bolism.

According to our model, growth
ceases at adulthood and the produc-

tion energy (dW/dr) is then channelled
into offspring. From conception to in-
dependence (weaning), the rate of
growth is limited by the mother’s abil-
ity to deliver energy to her offspring;
in this model she is allowed to deliver

Figure 2. Allometries for yearly offspring production (daughters per year) for primates versus other
mammals. Primate data from ref. 1, other mammal data from ref. 2. All correlations in the range
0.7-0.9. Primate slopes in the range 0.31-0.4. Other mammal slopes in the range 0.2-0.31.
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energy to offspring at the same rate
she utilized energy when she herself
was growing (AxW7, where W is her
adult weight). At any adult body size,
a female primate has much less pro-
duction to give to her offspring since
A for primates is about 40% that of
other mammals. On average, primates
are like other mammals in weaning
each offspring when they reach about
one-third their adult weight.56.19 The
low production rate (A) means that
young primates spend longer reaching
that weight and thus the number of
daughters reared each year (b) must
be smaller. How small the number of
offspring produced turn out to be de-
pends on details such as how effi-
ciently infants can use the resources
provided by their mother for growth,
and so forth. Rough calculations indi-
cate that the yearly offspring numbers
(b) in Figure 2 for primates and other
mammals are displaced by approxi-
mately the amount predicted by the
differences in the value for A in the
production rate equation.® Thus, ac-
cording to ourlife history theory>6 off-
spring number (b) in primates is lower
relative to body size because the coef-
ficient of the general rate of “growth
production” (4) is smaller.

Our life history theory allows the
age at maturity to evolve in response
to externally imposed mortality. Since
offspring production is a function of
the growth allometry and is an allo-
metric function of adult body size
(W7),large size means greater produc-
tion. But to grow to a greater size en-
tails greater total prereproductive
mortality, since the prereproductive
period will necessarily be longer. The
optimal adult body size (W) maxi-
mizes lifetime production of offspring
by balancing this mortality cost
against the increased production
benefits. In our evolutionary theory,>¢
the mathematical relationship be-
tween these variables becomes:

Average adult lifespan = M~ = %W”

where M is the instantaneous mor-
tality rate; i.e., survival for one year
= e-M(onc year)

But since A for primates is only .42
contrasted with 1 for other mammals,
primates should have average adult
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Figure 3. Schematic diagram of the life history model used to generate predictions about the role of production in life history evolution.5.6 Selection
acts on the age at maturity to maximize lifetime reproductive success in the face of adult mortality rates imposed by the environment. Growth in
babies is controlled by the parent; that is, the rate of energy delivery to the offspiing is determined by the mother’s body size, W (through the growth
law applied to their body weight). At maturity, adults cease growing and the resources available for reproduction are determined by the growth
law as a function of adult size. Juvenile mortality is density dependent and declines until some point before the age at maturity. The density
dependence of juvenile mortality ensures that, in the long term. birth and death rates are equal. This must be true in persistent natural populations.

lifespans that are about 1/.42 or 2.5
times as long as those of other mam-
mals of the same body weight. The
data of lifespans plotted in Figure 1
show that the primate and mammal-
ian curves have heights of approxi-
mately 3.0 and 1.5, respectively, which
are very close to the values of 3.4 and
1.4 predicted by the theory on the ba-
sis of growth allometries.

Using the information on average
adult lifespan and average age at ma-
turity in Figure 1, we can rephrase
these results in more general terms.
The relationships underlying these re-
sults are that mortality rates deter-
mine adult body size (specifically the
time when growth stops and produc-
tion energy is diverted to offspring)
and that slow growth rates (low value
for A) favor smaller adult body size at
any specified mortality rate. Simply
stated, it takes primates so much
longer to grow to a size of, for exam-
ple, 10 kg, with their low production
rates, that only with very low mortality
(and very long lifespans) will natural
selection favor the delay in first breed-
ing to enable a species to grow aslarge
as 10 kg. Thus our theory predicts a
relationship between o and M7; it pre-
dicts that the difference in height be-

tween log oo and M' should be the same
for primate and other mammals—a pre-
diction that is borne out in Figure 1.
The life history theory makes sev-
eral other successful predictions for

According to our
model, growth ceases
at adulthood and the
production energy
(dwW/dt) is then
channelled into
offspring.

mammalian life histories.>7 Perhaps
its greatest utility in the present con-
textis that it focuses attention on what
emerges as a keystone difference be-
tween primates and other mammals:
Why is A so low for primates? Answer
that (says the theory) and many other
features of primate life histories will
also be explained.®

One possible explanation for the
low values of A in primates is the
greater (?) energy demands for grow-

ing and supporting big brains; there is
a fair bit of irony in this suggestion
because it implies that the long pri-
mate lifespan follows from the cost,
rather than some cognitive benefit, of
having a big brain. Primate biologists
often seem (to us) to be obsessed with
the benefits of large brains. It is worth-
while to note that snakes and lizards
have relatively small brains but have
relatively low values of A;'!12 they also
have average adult lifespans (adjusted
for body size) that are equal to or
greater than those of primates.®!" We
suspect that primate biologists can
easily propose alternative explana-
tions for the cause of low values of A.

Of course, the theory assumes that
the evolution of mammalian histories
is mostly governed by some very spe-
cific (and nearly universal) tradeoffs
(Fig. 3); for example, the allometric
production function (dW/T = AW"7)
for postweaning growth and offspring
production. While these (and other)
specifics are each testable in a piece-
meal fashion, the entire theoretical
package (Fig. 3) presents a useful target
for alternative hypotheses about other
potential tradeoffs (many possibilities
are discussed in the books by Stearns!2
and Roff!3). At the minimum, alterna-
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tive life history theories for mammals
should be asked to produce the allo-
metric structure illustrated by the
data of Figures 1 and 2, both the slopes
and intercepts. After all, the theory dis-
cussed here does just that (and more>-¢),
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Neandertals: Images of Ourselves

ERIK TRINKAUS AND PAT SHIPMAN

During the last two decades, paleoanthropology has focused increasingly on the
global issue of modern human origins, and a preeminent part of that process has
concerned the fate of the Neandertals of the northwestern Old World. Not so long
ago, working on the origins of modern humans was a niche cloaked in convenient
obscurity. Many human paleontologists were content to largely ignore, and thus
remained ignorant of, the hominid fossils of the later Pleistocene, an attitude parallel
to that of Bordes regarding the Neolithic in comparison to the more glamorous
Paleolithic; he referred to the former simply as, “C’est de la merde!” However, the
Neandertals have become a topic guaranteed to attract attention, thus drawing in
scholars who until recently disdained interest in such basically human fossil homi-
nids. They are now willing to direct their students’ and even their own research
toward late archaic humans (such as Neandertals) and early modern humans in
whatever portion of the Old World is most readily available.

This trend is a mixed blessing to the
small number of scientists who cut
their paleontological teeth on the late
Middle and Late Pleistocene hominid
fossil record when it was an unpopular
topic. These scholars saw in those re-
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mains the potential to test interesting
phylogenetic and evolutionary biology
questions in an atmosphere in which
the lack of intense competition and
general interest made it possible to
discuss disagreements cheerfully and
even to collaborate with those holding
opposing views. The recent renewed
interest in the evolution of later Pleis-
tocene humans has indeed generated
more input of ideas and resources into
long-standing and relatively intracta-
ble questions. The shift of attention
has also generated so many interna-
tional symposia and edited volumes!-!3
as to inhibit the primary research pro-
ductivity of those who attend and con-
tribute.

Most of all, it has brought into focus
anissue that has been with us since the

19th century, an issue that dominates
much of human paleontology and on
which all of us have preconceptions. It
is an issue that addresses a more gen-
eral and more important point that, au
fond, motivates most of the research
into human origins: How do we define
what it means to be human, and the
inevitable corollary, to what extent are
we willing to admit into our recent an-
cestry creatures who were less human
than ourselves? The problem goes be-
yond simple phylogenetic problems
such as whether early modern hu-
mansoriginated in Africa, whether the
Neandertals evolved directly into
early modern Europeans, or whether
there were major biological and be-
havioral differences between the Ne-
andertals and early modern humans
in the Near East.

If we are to emerge successfully (in
a scientific sense) from the current
controversies regarding modern hu-
man origins, we must gain some per-
spective on the ways in which we
approach this fundamental question.
Thisis not the appropriate forum forthe
nearly impossible task of conducting a
thorough analysis of the collective social
psychology of the paleoanthropologi-
cal community and its diverse cultural
and intellectual milieus. We can only
hope that the review offered here of
the history of discoveries and interpre-
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