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During the last quarter-century, the
study of human origins has proved re-
markably successful. Crucial fossils and
primate behavioral data are now avail-
able from which to reconstruct man's
e-volution during the last 15 million
years. Equally important is the recogni-
tion of a close genetic relationship be-
tween man and the other extant homi-
noids (especially Pan and Gorilla) (1).

Material Culture

The most commonly i

between man and apes is
liance on material culturn
tools were pivotal to th
hominids was initiated b:
has remained the most X
6). Darwin was impres
sence of large canines in

Summary. Five characters separate man from other hominoids-a
bipedality, reduced anterior dentition with molar dominance, mate
unique sexual and reproductive behavior. Evidence provided by tl
primate behavior, and demographic analysis shows that the traditionw
human evolution was a direct consequence of brain expansion and n
incorrect, and that the unique sexual and reproductive behavior of
sine qua non of human origin.
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left no record because of the use of per-
ishable materials, there is still the neces-
sary presumption of a 6- to 10-million-
year period dominated by reliance on
material culture-a view with numerous
shortcomings.
The use of p.imitive tools by extant

pongids (13) supports the contention of
ejoy comparable abilit;es in early hominids,

but it also demonst'ates that tool use is a
general capacity of pongids, none of
which exhibit the unique characters of
hominids (14). If tools were the primary
determinant of early hominization, why-

cited distinction should their first appearance be so late in
the former's re- the hominid record? More importantly,

e. The beliefthat what activity requiring tools was"critical
ie divergence of to early hominid survival and phyletic
y Darwin (3) and origin (15)? It is now clear that hunting
popular view (4- does not qualify as such an activity (16).
;sed by the ab- From the first recognizable tools to the
i man and attrib- industrial revolution required only 2 mil-

lion years, whereas if tools played a part
in the origin of hominids, they must have

lrge neocortex, remained primitive and unchanged for at
trial culture, and least 5 million years. It is likely that ei-
he fossil record, ther the earliest hominids made no use of
al view that early tools at all, or that such use was com-
naterial culture is pamble to that in other extant hominoids
man may be the and was not critical to their survival or

pivotal to their origin.

Experiments on DNA hybridization in-
dicate at least 98 percent identity in non-
repeated DNA in man and chimpanzee,
sufficient similarity to suggest the possi-
biliyf a viable hybrid. These data con-
firm studies by comparative anatomists
who have emphasized the striking ana-
tomical similarities of apes and man (2).
As a consequence of this physical simi-
larity, models of human origin must di-
rectly address the few primary dif-
ferences separating humans from apes.
Clearly, the rate of acquisition of these
differences, the fossil evidence bearing
in their first appearance, and their un-
derlying selection are crucial to an un-
derstanding of human evolution.

uted their reduction to tool use. As Hol-
loway (7) and Jolly (8) have cogently ar-
gued, however, tool use is not an ex-
planation of canine reduction since there
is no behavioral contradiction in having
both functional canines and tools. There
is little doubt that material culture has
played a role in the evolution of Homo
sapiens and H. erectus, but this does not
require it to have been a significant fac-
tor in the origin of hominids. In fact, the
earliest recognizable tools are only about
2 million years old (9), but there is con-
siderable evidence placing the phyletic
origin of hominids in the middle to late
Miocene (12 to 6 million years ago) (10-
12). Although the earliest tools will have

Exnsin of the Neocortex

It is now clear that the marked expan-
sion of the hominid cerebral cortex took
place during the last 2 to 3 million years
(17, 18). Detailed study of the Hadar
crania from Ethiopia, recently attributed
to Australopithecus afarensis (19), has
revealed that they were strikingly primi-
tive (20). Preliminary estimates of cranial
capacity indicate a brain size well within
the range of extant pongids (21). The pel-
vis of the skeleton known as "Lucy"
from Afar Locality (A.L.) 288 has been
fully reconstructed (22). One of its most
salient features is a birth canal whose
shape and dimensions show little or no
effects of selection for passage of en-
larged fetal crania, adaptations that so
clearly dominate the form of the modem
human pelvis (23, 24).
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Bipedality

Bipedality is an unusual mode ofmam-
malian locomotion. Contrary to the so-
called efficiency argument, energy ex-
penditure for bipedal walking is probably
not significantly different from that dur-
ing quadrupedal locomotion (23, 25). Yet
the adoption of nonsaltatory bipedal pro-
grssion is disadvantageous because
both speed and agility are markedly re-
duced (23, 24, 26). All present evidence,
especially that made available by the
postcranium ofA. afarensis, confirms an
essentially complete adaptation to biped-
al locomotion by at least 4 million years
ago (22, 27). This conclusion is provided
unequivocal support by the hominid
footprints discovered at Laetoli in Tan-
zania (28).

Detfiton

Additional distinctions between homi-
nids and pongids are found in their re-
spective jaws and teeth. In fact, these
differences have allowed the identifica-
tion of possible hominids in the Mio-
cen'4-there are no distinctive post-
crtnial or cranial remains of undoubted
hominid affinities before about 4 million
years ago. As a result of recent field
work in Mio-Pliocene deposits (29, 30), it
is now possible to suggest a broad sched-
ule ofphases in the evolution of the hom-
inoid dentition that can serve as an out-
line of hominoid phyletic events during
the last 23 million years.
Phase I. This phase has a generaled

dryopithecine dentition including a dis-
tinct Y-5 lower molar cusp pattern with
bunodont crowns, thin enamel, and
cheek teeth small relative to body size;
incisors are broad with canine-premolar
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shear. This phase is associated with for-
est faunas and floras (31) and is shared
by all hominoids before 15 million years
ago (range, 23 to 15 million years) (30-
32).
Phase II. This phase shows a shift to-

ward greater molar dominance. About 14
million years ago, hominoids fall into
two groups. The first retained phase I
characters and may constitute ancestral
populations of extant apes (Proconsul,
"'Rangwapithecus," and Limnopi-
thecus, Dryopithecus) (30). A second
group exhibits enamel thickening, in-
creased molar wear gradient, and moder-
ate anterior dental reduction or in-
creased relative molar size, or both.
Mandibles are more robust and progna-
thism is reduced. The shift toward great-
er molar dominance has partially been
attributed to greater reliance on terrestri-
al food sources. This group includes gen-
era (Ramapithecus and Sivapithecus)
probably related to hominids, an extinct
ape (Gigantopithecus), and possibly the
modern orang-utan (range, 14 to 8 mil-
lion years) (12, 30-34).
Phase III. This phase represents a

conservative period. The dentition ofA.
afarensis appears only moderately
changed in morphology and proportions
from phase II; the features include com-
paratively large incisors, fiequently a
unicuspid lower first premolar, canines
of moderate size, molars of moderate
size (relative to body size and later homi-
nids), and loss of canine-premolar shear
(range, 7 to 2'/2 million years) (12, 17).
Phase IV. This phase represents Plio-

Pleistocene specialization. The sample in
this time range is divisible into two
clades or phyletic lines (17). The first
was possibly restricted to savannah and
grassland. It displays extreme anterior
tooth reduction and excessive molar

l
Post repro-
duction

Fig. 1. Progressive prolonga-
tion of life phases and gesta-
tion in primates. Note the pro-
portionality of the four in-

Adult dicated phases. The post-re-
productive phase is restricted
to man and is probably a re-
cent development (101, after
102).

dominance and became extinct by mid-
Pleistocene (A. africanus -- A. robus-
tus -. "A. boisei"). A second clade, an-
cestral to H. erectus, retained a more
generalized dentition in the early Pleisto.
cene but underwent dentognathic reduc-
tion in the middle and upper Pleistocene
as a consequence of reliance on material
culture [for example, reduced dental ma-
nipulation and greater preoral food prep-
aration (3S)]. My view is that this clade
occupied more varied habitats. Both
groups are probably directly descendant
from A. afarensis (17).

Models ofHuman Origin

A model of hominid origin proposed
by Jolly (8) uses analogy to anatomical
and behavioral characters shared by
Theropithecus gelada and some early
hominids. He suggests that early homi-
nid populations relied on small-object
feeding, that this dietary specialization
led to a suite of adaptations to the grass-
land savannah, and that bipedality devel-
oped in response to feeding posture. Yet
geladas, which do rely on small-object
feeding, are not bipedal and show no sig-
nifiant adaptations to bipedality. Biped-
al locomotion is clearly not required for
extensive small-object feeding especially
on grasslands where speed and agility
are of great value in animals who also
lack wide visual fields and sensitive ol-
faction (36). Furthermore, the dental
morphology of A. afarensis is consid-
erably more generalized than that of later
hominids. The dietary specialization
seen in A. robustus is possibly account-
able by Jolly's model, but the more gen-
eralized dentition of A. afarensis is not
(37). It is more likely that hominids ven-
turing into open habitats were already bi-
pedal and that their regular occupation of
savannahs was not possible until in-
tensified social behavior was well devel-
oped.
Other theorists have viewed hominiza-

tion as the direct result of savannah oc-
cupation by prehominids. Proponents of
this view believe that the selective pres-
sures of life on grassland savannahs di-
rectly produced the human charcter
complex. Bipedal locomotion is posited
as sentinel behavior and as an adaptation
allowing weapons to be used against
predators. Intelligence is said to be fa-
vored because highly integrated troop
behavior is necessary for predator repul-
sion. Differences in some behaviors of
chimpanzee populations now living in
woodland savannahs versus those in-
habiting more forested areas are cited as
evidence (38).
There are many problems with this
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view. Bipedality is useless for avoidance
or escape from predators. Occasional bi-
pedality, as seen in many primates, is
sufficient for the use of weapons. Most
importantly, brain expansion and cultur-
al development remotely postdate homi-
nid divergence.

Furthermore, Miocene ecology is in-
consistent with the savannah selection
theory. While cooling, aridity, and in-
creased seasonality had pronounced ef-
fects on Old World floras, the pre-
dominant effect of these climatic trends,
in areas where hominids are known to
have been present, appears to have been
the development of diversified mosaics,
rather than broad-scale forest reduction
(39-41). It would be more correct to say
that hominids of the middle and late Mio-
cene were presented with a greater varie-
ty of possible habitats than to view them
as having suffered an imposed "'terrestri-
alization." It is also clear that some Mio-
cene sites at which possible hominids
have been recovered had canopy forest
conditions (12, 42). While increased sea-
sonality would have imposed a need for
larger feeding ranges, occasional use
of woodlands and edaphic grasslands
would not necessarily impose elevated
carnivore pressure. Nor, as was pointed
out above, would early hominids be re-
quired to abandon quadrupedality in or-
der to use more orthograde positional be-
havior during feeding. Quite the con-
try, it would appear that late Miocene
habitat mosaics would allow adoption of
bipedality (in forests and transition mo-
saics) rather than directly select for it.
All present evidence therefore indicates
that hominid clade evolved in forest or
mosaic conditions, or both (43), rather
than only on grassland or savannahs. and
that bipedal locomotion was not a re-
sponse to feeding posture, material cul-
ture, or predator avoidance.

In summary, four major characterf*
complexes are usually cited as distin-
guishing hominids from pongids. Homi-
nids have remarkable brain expansion, a
complex material culture, anterior dental
reduction and molar dominance, and bi-
pedal locomotion. Only bipedal locomo-
tion and partial dental modifications can
be shown to have an antiquity even ap-
proximating the earliest appearance of
unquestioned, developed hominids (A.
afarensis).

Demographic Strategy and the
Evolution of Homrinids
The order Primates has long been rec-

ognized to display a scala naturae con-
sisting of ""intercalary types" extant
forms that represent earlier stages in the

Fig. 2. Mechanical model of Bkth Get
demographic variables in Lo vi space
hominoids. The R is the in- oefant Sex
trinsic rate of population in- .Rpermat 1 -R
crease (I = static population A
size). An increase in the
lengths of the four periods
on the bar to the right (birth space, gestation, infant dependency, and sexual maturity) is accom-
panied by a comparable shift of longevity to the left, but without realization of that longevity,
prolonged maturation reduces R and leads to extinction or replacement by-populations in which
life phases are chronologically shorter. Of the four variables on the right, only birth space can
be significantly shortened (shifted to the left) without alteration of primate aging physiology.

development of major adaptive trends.
Figure 1 is a well-known diagram of the
chronology of life phases in living pri-
mates. There is an obvious trend toward
prolonged life-span, which has both
physiological and demographic corre-
lates bearing directly on the phyletic ori-
gin of hominids.
The physiological correlates (Fig. 1)

include a longer period of infant de-
pendency, prolonged gestation, single
births, and successively greater periods
between pregnancies. Cutler (44) has
demonstrated that such developmental
parameters are ""qualitatively and se-
quentially similar in different mammalian
species" but proceed "at different char-
acteristic rates defined by the reciprocal
of their MLP" (maximum life potential).
The progressive slowing of life phases
can in turn be accounted for by an in-
creasingly K-type demographic strategy
(45). With each step in the scala naturae,
populations devote a greater proportion
of their reproductive energy to subadult
care, with increased investment in the
survival offewer offspring. Among chim-
panzee populations, this trend appears to
have resulted in marginal demographic
conditions. Field studies at Gombe in
Tanzania show the average period be-
tween successful births to be 5.6 years
(46). This can be attributed in part to a
greatly prolonged period of subadult de-
pendency. Van Lawick-Goodall's (47)
description of the chimpanzee life phases
is instructive:

The infant does not start to walk until he is six
months old, and he seldom ventures more
than a few yards from his mother until he is
over nine months old. He may ingest a few
scraps of solid food when he is six months,
but solids do not become a significant part of
his diet until he is about two years of age and
he continues to nurse until he is between four-
and-a-half and six years old. Moreover, while
he may travel short distances ... when he is
about four years old, he continues to make
long journeys riding on his mother's back un-
til he is five or six....

This extreme degree of parental invest-
ment has profound demographic con-
sequences. A chimpanzee female does
not reach sexual maturity until she is
about 10 years old (46). If she is to repro-
duce herself and her mate, that is, main-

tain a stable population, she must sur-
vive to an age of 21 years (48). Whereas
in rhesus macaques, the age is only
about 9 years (49, 50).

Figure 2 shows a balance depicting the
reciprocal relation between longevity
and the primary demographic elements
of parental investment. The two sides of
this hypothetical balance are physiologi-
cally interdependent; as longevity is in-
creased, each of the developmental
stages is proportionately prolonged. The
relationships between these variables, in
fact, are not exactly linear, but they do
have remarkably high correlations in
most mammals (44). As the scale in-
dicates, greater longevity is accom-
panied by a proportionate delay in repro-
ductive rate and therefore requires a fe-
male to survive to an older age in order
to maintain the same reproductive value
(measured at birth) (Si). Put another
way, the total reproductive rate of a pri-
mate species can remain constant with
progressive increases in longevity only if
the crude mortality rate is correspond-
ingly reduced. Actual mortality rate is
dependent on both maximum life poten-
tial, a genetic factor, and environmental
interaction. Deaths caused by predation,
accident, parasitism, infection, failure of
food supply, and so forth, are at least
partially stochastic events beyond the
complete control ofthe organism. Only if
mechanisms are developed to increase
an organism's resistance to such factors,
can the effects of increased longevity be
reproductively accommodated. Strong
social bonds, high levels of intelligence,
intense parenting, and long periods of
learning are among factors used by high-
er primates to depress environmentally
induced mortality. It is of some interest
that such factors also require greater lon-
gevity (for brain development, learning,
acquisition of social and parenting skills)
and that they constitute reciprocal links
leading to greater longevity. This posi-
tive feedback system, however, has an
absolute limit; environmentally induced
mortality can never be completely under
organism control, no matter how ef-
fective the mechanisms developed to re-
sist it.
Suppose that late Miocene hominoids
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were approaching the effective limit of
this feedback system or at least were suf-
ficiently near the limit not to thrive in
novel environments (52). Two demo-
graphic variables could be altered to im-
prove reproductive success-survivor-
ship (the probability of surviving) and
the time period between successive
births (the birth space). All other factors
are direct linear functions of mammalian
developmental physiology and could not
be altered. The argument is subject to
the following simple quantification

MNLP
RV = i(s) J l(x)b(x)dx (1)

where RV it reproductive value of a co-
hort measured at birth, that is, the ex-
pected number of offspring produced by
a unit radix; b(x) is fertility at age x; 1(x)
is survivorship at age x; s is age at sexual
maturation; and MLP = maximum life
potential. Assuming that a female gives
birth at age s years and subsequently
every P (birth space) years until reaching
MLP, her total offspring would be given
by

MLP-s (2)

Fertility is then seen to be dependent on
birth space P8 according to

b(x)dx= MLPs (3)

A simple solution (but one which is fully
acceptable because of the proportionate
relation between MLP and s) is b(r) =
1/p. The expression for RV then be-
comes

RV *-[l(s) I l(x)dx] (4)

Because the term in brackets is inde-
pendent of P, RV is inversely propor-
tional to 8, and RV is increased by a
shorter birth space, by greater values of
I(x) for any age, or by both. Table 1 pro-
vides reproductive values for chim-
panzees, Old World monkeys, and man
from estimated values of (, s, and MLP
under the simplifying assumption of
1(x) = 1x. It can be seen from this table
that both chimpanzees and humans have
considerably lower reproductive values
than Old World monkeys for low values
of 1(x). As the values used for calculation
are conservative, the existence of suc-
cessful hominid clades in Pliocene mo-
saics suggests that both birth space re-
duction and elevation of survivorship
had probably been accomplished. This is
without explanation unless a major

344

change in reproductive strategy accom-
panied occupation of novel environ-
ments by these hominids. Yet neither
brain expansion nor significant material
culture appear at this time level and were
therefore not responsible for this shift.

A Behavioral Model for
Early Hominid Evolution

Any behavioral change that increases
reproductive rate, survivorship, or both,
is under selection of maximum intensity.
Higher primates rely on social behavior-
al mechanisms to promote survivorship
during all phases of the life cycle, and
one could cite numerous methods by
which it theoretically could be increased.
Avoidance of dietary toxins, use of more
reliable food sources, and increased
competence in arboreal locomotion are
obvious examples. Yet these are among
many that have remained under strong
selection throughout much of the course
of primate evolution, and it is therefore
unlikely that early hominid adaptation
was a product of intensified selection for
adaptations almost universal to anthro-
poid primates. For early hominids we
must look beyond such common vari-
ables to novel forms of behavioral
change. The tendency has been to con-
centrate on singular, extraordinary traits
of later human evolution such as intense
technology, organized hunting, and the
massive human brain. Yet these adapta-
tions were not likely to have arisen de
novo from elemental behaviors seen in
extant nonhuman primates, such as the
primitive tool using of the chimpanzee,
in the absence of a broad selective mi-
lieu. It is more probable that significant
preadaptations were present in early
hominids that served as a behavioral
base from which the "breakthrough" ad-
aptations (53) of later hominids could
progessively develop. We are therefore
in search of a novel behavioral pattern in
Miocene hominoids that could evolve
from typical primate survival strategies,
but that might also include important ele-
ments of other mammalian strategies,
that is, a behavioral pattern that arose by
recombination of common mammalian
behavioral elements and that increased
survivorship and birthrate.

In her essay on mother-infant relation-
ships among chimpanzees, van Lawick-
Goodall (54) noted two primary causes of
mortality among infants: "inadequacy"
of the mother-infant relationship and
"injuries caused by falling from the
mother." An intensification of both the
quality and quantity of parenting would
unquestionably improve survivorship of

the altricial chimpanzee infant. The feed-
ing and reproductive strategies of higher
primates, however, largely prevent such
an advancement. The mother must both
care for the infant and forge for herself.
A common method of altricial infant care
in other mammals is sequestration of
offspring at locations of maximum
safety. Nests, lodges, setts, warrens,
dreys, dens, lairs, and burrows are ex-
amples of this strategy. A similar adap-
tation in primates is usually not possi-
ble, however, because the need to forage
requires both mother and infant to re-
main mobile. The requirement of mother-
infant mobility is a significant cause of
mortality and is at the same time the
most important restriction on primate
birth spacing. X
Many primates display significant sex

differences in foraging. Diet composi-.
tion, selection of food items, feeding
time, and canopy levels and sites dffer in
some species (55). In at least Pongo pyg.
maeus and Colobus badius, males often
feed at lower canopy levels than females
(56-58). In the gelada baboon, all-male
groups "tended not to exploit quite the
same areas as the reproductive units thus
reducing indirect competition for food"
(59). Clutton-Brock (55) notes that an in-
creased separation of males from female-
offspring foraging sites is advantageous
where (i) animals feed outward from a
fixed base, (ii) the adult sex ratio is close
to parity, and (iii) feeding rate is limited
by search time rather than by handling
time, which is the time spent both pre-
paring and consuming food. Similar feed-
ing differences by sex are found in birds
and other mammals (60).

It is reasonable to assume that Mio-
cene hominoids traveled between food
sources on the ground and that these pri-
mates would be best characterized as
omnivores (12). These are ecologically
sound assumptions. Increased season-
ality coupled with already occurring lo-
cal biotic variation (edaphic grasslands,
savannah, woodland, forest) (8, 12, 39-
41) would have presented variable and
mosaic conditions. Occupation of heter-
ogeneous ("patchy") environments and
use of variable food sources favors a
generalist strategy, whereas reliance on
a homogeneous diet requires high food
concentrations (61, 62). The time spent
searching for food is greatest among gen-
eralists who live in food-sparse environ-
ments (63). In short, Miocene ecological
conditions support the view that feeding
rate would have been more dependent oil
search time than handling time.

Greater seasonality and the need to in-.
crease both birthrate and survivorship
would also favor at least partial separa-
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tion of male and female day ranges since Table 1. Relative reproductive values of Old
this strategy would increase carrying ca- World primates calculated from Eq. 4 (see
pacity and improve the protein and calo- text) and multiplied by 10 for clarity.
ne supply of females and their offspring. Reproductive values
Terrestriality, however, would require a si- Old
centrifugW or linear displacement of vorship World Chim- Mant
males, as opposed to vertical strati- monkeys* z St
fication in canopy feeding. Given the 17 4 2

Miocene conditions described above, 92 23 7 4

such separation could become marked .94 31 13 9
especially in the dry season. If such sep- .96 42 25 24
aration were primarily due only to an in- .98 58 50 64
crease in the male day range, moreover, *Maximum life potential 20; sexual maturky -4;

the range of the female-offspring group birth spe- 2 (49, 50, 103). tMaximum hfe po-
tential - 40; sexual maturity - 10; birth spce - 3

could be proportionately reduced by pro- (4654. 103). tMaximum lif potential - 60; sex-

gressive elimination of male competition ual maturity - 15; birth space
-

2.5.

for local resources. This separation
would be under strong positive selection.
Lowered mobility of females would re- them to the mate and offspring. Contrary
duce accident rate during travel, maxi- to the opinion that such behavior would
mize familiarity with the core area, re- be altruistic, it would not be so in the
duce exposure to predators, and allow proposed system, because it would only
intensification of parenting behavior, benefit the biological offspring of the
thus elevating survivorship (64). Such a male carrying out the provisioning and
division of feeding areas, however, thus would be under powerful, direct se-
would not genetically favor males unless lection. If this behavior were to become
it specifically reduced competition with a regular componeq[_of the male's be-
their own biological offspring and did not havioral repertoire,(it would directly in-
reduce their opportunities for consort crease his reproductive rate by corre-

relationships. Polygynous mating would spondingly improving the protein and
not be favored by this adaptive strategy calorie supply of the female who could
because the advantage of feeding diver- then accommodate greater gestational
gence is reduced as the number of males and lactation loads and intensify parent-
is reduced. Conversely, a sex ratio close ing (66). The behavior, would thus
to parity would select for the proposed achieve both an increase in survivorship-
feeding strategy. Such a ratio would ob- and a reduction in birth space. It would
tain if the mating pattern were monoga- allow a progressive increase in the num-
mous pair bonding. In this case, males ber of dependent offspring because their
would avoid competition with their nutritional and supervisory requirements
bonded mates and biological offspring could be met more adequately.
(by using alternative feeding sites) and Behaviors associated with similar re-

not be disadvantaged by physical separa- productive strategies are in fact present
tion, that is, there would be no loss of in other primates. In both the Calli-
consort opportunity. In short, monoga- trichidae and Aotinae, extensive pater-
mous pair bonding would favor feeding nal care of the young constitutes a criti-
divergence by "'assuring" males of bio- cal part of reproductive, strategy in some
logical paternity and by reducing feeding species (67, 68). Among callitrichids, the
competition with their own offspring and social unit is usually an adult male and
mates. female, plus one to several subadults.
Such a system would increase survi- Maternal care is largely restricted to

vorship and would also favor any in- suckling and grooming, the male being
crease in the reproductive rate of a mo- responsible for subadults at all other
nogamous pair so long as feeding strate- times. The modal birth is dizygotic twins
gy was sufficient to meet the increased (55, 68). It is likely that this system is a
load on the sources of protein and calo- partitioning of care in response to the
ries. One element of feeding among for- high protein and calorie requirements of
est chimpanzees is the "food call" some-VI these small species. Male care during
times made by males upon discovery of a foraging tends to equilibrate the high ca-
new food source (65). In the proposed loric load imposed on females by lacta-
system, however, selection would not fa- tion and gestation of two (and sometimes
Vor this behavior; instead, selection three) offspring-the process of twinning
Would favor a behavior that would bene- being an obvious demographic adapta-
fit only the male's own reproductive tion of elevated birthrate. As Hershkov-
ullit. The simple alternative to the food jtz (68) notes: ".survival of a population
Call would involve collecting the avail- {[of callitrichids] in the wild depends on
able food item or items and returning close synchronization between cyclical
23JANUARY 1981

nutritional requirements for young and
old and the seasonal changes in the quali-
ty and quantity of available food." This
same statement could be as well applied
to early hominids, especially given in-
creased Miocene seasonality and the
need for a decrease in birth spacing. The
altricial infants of Miocene hominoids,
however, would have required reduced
mobility and therefore prevented a cal-
litrichid strategy of male care, with the
simplest solution being the male provi-
sioning model proposed above.

The Origin ofBipedalty

Provisioning is, of course, the primary
parental care strategy ofmost canids and
birds (69-71). Both groups exhibit direct
male involvement similar to that de-
scribed for callitrichids. Their offspring
are normally immature at birth, immo-
bile, and require constant provisioning
and parenting. In some species, a sexual
division of labor, like that posited here
for early hominids, is observed. Female
hornbils (Bucerotidae), for example, de-
pend totally on male provisioning for
their survival and that of their offspring.
Monogamous pair bonding is character-
istic of90 percent of bird species (70, 72)
and is the most common mating system
in provisioning canids (69). Both groups,
as a fundamental feature of reproductive
strategy, commonly sequester their off-
spring at home bases (73).
One critical difference separates provi-

sioning in birds and canids from that sug-
gested for early hominids. Birds and can-
ids can carry in their mouths or regurgi-
tate (or both) a significant proportion of
their body weight. Oral carrying would
have been inadequate for early homi-
nids, however, and a strong selection for
bipedality, which would allow provisions
to be carried "by hand," would thus ac-
company provisioning behavior (74).
Chimpanzees are fully capable of

short-range bipedal walking and a varie-
ty of hindlimb stances (75), but because
they lack the pelvic and lower limb adap-
tations characteristic of hominids, biped-
al walking leads to rapid fatigue (23). It
appears likely that the skeletal altera-
tions for bipedality would be under
strong selection only by consistent, ex-
tended periods of upright walking and
not by either occasional bipedality or up-
right posture. While primitive material
culture does not impose this kind of se-
lection, carrying behavior of the type
suggested above, does. It is likely that
the need to carry significant amounts of
food was a strong selection factor in fa-
vor of primitive material culture (76). Al-
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though it is not a significant shift from
primitive tools of the type used by chim-
panzees today, such as '"termite sticks"
and ""leaf sponges," to simple and read-
ily available natural articles that could be
used to enhance carrying ability, it is a

significant shift from such primitive and
occasional tool use to the stone tools of
the basal Pleistocene. Development of
such tools is most likely to have followed
an extended period of more primitive
material culture, which was not critical
to survival. It has been suggested fre-
quently that the earliest tools were weap-
ons. However, the progressive develop-
ment of more advanced stone tools from
rudimentary weapons is unlikely. A pro-
longed and extensive period of regular
and habitual use of simple (primitive)
carrying devices could eventually allow
the coordination and pattern recognition
necessary for a more advanced reliance
on material culture.
The sequential evolution of behavior

proposed in this article has a high proba-
bility of mirroring actual behavioral
events during the Miocene. In most high-
er primates, male fitness is largely deter-
mined by consort success of one sort or
another (77). Male enhancement of off-
spring survival is for the most part in-
direct and is expressed more in terms of
* iclor kin selection by general behav-
iors such as territory defense or predator
recognition and repulsion (78). Females
are solely responsible for true parenting
and their ability in this is under strong
selection. However, progressive in-
tensification of higher primate K strategy
elevates parenting requirements and
lowers reproductive rate. The most obvi-
ous, and perhaps only, additional mecha-
nism available with which to meet this
"'demographic dilemma" is an increase
in the direct and continuous participation
by males in the reproductive process.
Whatever the actual sequence of events,
whether as posed above or by some al-
ternative order, such additional invest-
ment would improve survivorship and
favor a mating structure that intensified
energy apportionment to the male's bio-
logical offspring. Two mating patterns
satisfy this latter requirement: polygyny
(one male and several females) or -
nogamy. The former, however, requires
male energy to continue to be devoted to
maintaining consorts, and a pool ofcom-
peting males is ensured by polygynous
structure itself, thereby directing it away
from direct enhancement of survivor-

ship.
In their synthesis of the evolution of

mating systems, Emlen and Oring (72)
stress three factors common to polyg-

Ynous mating structure. (i) One sex is
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predisposed to assume most, or all, of
the parental care. (ii) Parental care re-
quirements are minimal. (iii) A super-

abundant food resource enables a single
parent to provide full parental care. As
has been noted above, however, survi-
vorship of offspring must have been criti-
cal to Miocene hominoids; further fe-
male parenting is negated by the mobile
feeding strategy; hominoid males may be
considered an ""untapped pool" of repro-
ductive energy; and Miocene ecological
conditions required a genealist feeding
strategy. Conditions were prime for the
establishment of male parental invest-
ment and a monogamous mating struc-
ture. Finally, it should be pointed out
that only among primates in which the
male is clearly and directly involvedUn
the parenting process should monogamy-
be found. This is exactly the case, as this
mating structure is found only in gib-
bons, siamangs, and the New World taxa
discussed above (55).

Human Sexual Behavior and Anatomy

The highly unusual sexual behavior of
man may now be brought into focus. Hu-
man females are continually sexually re-

cetive (79) and have essentially'no ex-
ternally recognizable estrous cycle; male
approach may be considered equally
stable. Copulation shows little or no syn-
chronization with ovulation (80). As was

pointed out above, the selective emer-
gence ofa monogamous mating structure
and male provisioning would require that
males not be disadvantaged in obtaining
consorts. Provisioning in birds and can-
ids is normally made possible by highly
restricted breeding seasons and discrete
generations-the female normally is im-
pregnable for only brief periods during
which parental care is not required. The
menstrual cycle of higher primates (81),
however, requires regular male proxim-
ity for reproductive success. The pro-

gressive elimination of external manifes-
tations of ovulation and the estab-
lishment of continual receptivity would
require copulatory vigilance in both sex-

es in order to ensure fertilization. More-
over, copulation would increase pair-
bond adhesion and serve as a social dis-
play asserting that bond. Indeed, any se-
questration of ovulation (82) would seem
to directly imply both regular copulatory
behavior and monogamous mating struc-
ture. It establishes mathematical parity
between males restricted to a single mate
and those practicing complete promiscu-

ity, and the balance of selection falls to
the offspring of pair-bonded males, since
their energetic capacity for provisioning

(and improved survivorship and reprof..
ductive rate) is maximized.
Man displays a greater elaboration of

epigamic characters than any other pri.
mate (8, 59, 83, 84). Frequently, our sex-,
ual dimorphism is tacitly accepted as evi-
dence for a polygynou's mating structure
because marked sexual dimorphism is.a
most often a product of elaboration of
characters of attraction, display, and
agonistic behavior in males of polyg.
ynous species. Among primates, the de-
gree of sexual dimorphism corresponds8?
closely to the degree of male competition
for mates (56, 59, 83). Yet human sexual
dimorphism is clearly not typical as is
even made clear by the fossil record. InX
their discussion of A. afarensis, Johanb.
son and White (17, 85) note that although
this species shows "'marked body size
dimorphism, the metric and morphologi..,
cal dimorphism of the canine teeth is not
as pronounced as in other extant,
ground-dwelling primates. This implies a
functional pattern different from that
seen in other primates and may have sig-..
nificant behavioral implications." There,l
can be no doubt that large male canines
are part of the "'whole anatomy of bluff,'A
threat, and fighting" (6). The reduction.,
and effective loss of canine dimorphisma
in early hominids therefore serves as pri-t3
mary evidence in favor of the proposed I
behavioral model (86). But it is important-
to stress that while canine dimorphism
was undergoing reduction, other formsl
ofdimorphism were apparently being ac-i
centuated, as judged from their ex-
pression in modern man, who remains.
the most epigamically adorned primate.-i

Since man displays a highly unusual'
mating structure, it is perhaps not sur--
prising that his epigamic, or perhaps'
parasexual, anatomy is equally unusual
and fully explicable by that mating struc-
ture. If pair bonding was fundamental
and crucial to early hominid reproduc-
tive strategy, the anatomical characters
that could reinforce pair bonds would al-
so be under strong positive selection.
Thus the body and facial hair, distinctive
somatotype, the conspicuous penis of
human males, and the prominent and
permanently enlarged mammae of hu-
man females are not surprising in light of
Mayr's (87) observation that in ""monog-
amous species such as herons (egrets) inl
which the pair bond is continuously test-
ed and strengthened by mutual displays,
there has been a "transference' of the dis-
play characters from the males to the fe-
males with the result that both sexes
have elaborate display plumes." In man,'
however, marked epigamic dimorphism
is achieved by elaboration of parasexual
characters in both males and females,
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rather than in males alone. Their display
value is clearly cross-sexual and not in-
trasexual as in other primates. It should
be stressed that these epigamic charac-
ters are highly variable and can thus be
viewed as a mechanism for establishing
and displaying individual sexual unique-
ness, and that such uniqueness would
play a major role in the maintenance of
pair bonds (59). This is especially impor-
tant when other epigamic features of
man (pubic, axillary, and scalp hair),
which have been elaborated in both sex-
es, are considered. Such characters may
also contribute to individual sexual
uniqueness (88). Redolent individuality
is clearly the most probable role of ax-
illary and urogenital scent "organs" (cc-
crine and apocrine glands plus hair),
which are unique among mammals (89).
An objection that might be voiced in re-
sponse to these suggestions is that such
auxiliary pair-bond "'enhancers" are
eclipsed by the paramount role of culture
in the mating practices of non-
technological societies. Quite the con-
trary, the more that culturre can be
shown to dominate the mating structure
and process of recent man, the more an-
cient must be the anatomical-physiologi-
cal mechanisms involved in the forma-
tion and maintainence of pair bonds (90).

Higher Primate Paleogeography

The present-day geographic distribu-
tions ofOld World monkeys and apes are
shown in Fig. 3. The great apes are
markedly restricted and occupy only mi-
nor areas where minimal environmental
changes have taken place since the early
Miocene. Yet the fossil record shows
that their lineal ancestors (dryopithe-
cines, sensu lato) spread throughout the
Old World following the establishment of
a land bridge and forest corridor between
Africa and Eurasia about 16 to 17 million
years ago, and that they enjoyed consid-
erable success after their colonization of
Europe and Asia (41, 91). Old World
monkeys, on the other hand, were much
less abundant during this period (92). Af-
ter the middle and late Miocene, how-
ever, a marked reduction in dryopithe-
cine numbers occurred. While this can-
not be deduced from the sparse fossil
record of the late Miocene and early
Pliocene, the distribution of extant de-
scendants of the dryopithecines is ample
evidence of their relict status. Today,
Old World monkeys are clearly the
dominant and successful group, having
replacej-ihe dryojipthecines and their de-
Scendants during the last 12 million years
(91). One hominoid group did survive
23 JANUARY 1981

Fig. 3. Approximate distnbu- /
tion of extant Old World mon-
keys (hatched) and pongids
(gorilla, chimpanzee, orang-
utan) (solid) (38,58,102,103).

and remain relatively abundant-the
Hominidae. It is probable that the homi-
noid trends of prolonged longevity and
increased parental investment are the
key to the replacement of most pongid
taxa by Old World monkeys, which are
reproductively more prosperous. If only
a portion of Miocene hominoids made
the adaptations described above, two
distinct groups would subsequently re-
sult. One group might counter the ""de-
mographic dilemma" according to the
model suggested in this article; a second
group could survive by occupying habi-
tats with minimal environmental haz-
ards. Hominids, being more demograph-
ically resistant to environmentally induc-
ed mortality, would be more capable of
expanding into novel and varied habi-
tats, especially mosaics, and of com-
peting with the radiating Old World mon-
keys. Conversely, the extant pongids are
by implication descendant of populations
progressively more restricted to highly
favorable forest conditions, where mini-
mal seasonality in food supply, low pre-
dation pressure, and limited size of the
home range would be in effect. These dif-
ferences in habitat preference would re-
sult in a more extensive fossil record for
hominids than pongids, both by virtue of
the geographic expansion of hominids
and as a consequence of the occupation
of habitats with more favorable condi-
tions of fossilization. It is therefore quite
possible that the sivapithecines (sensu
lato) of the middle and late Mio ,pe,
which already evince dental modifla-
tions adumbrating those of late Pliocene
hominids (12), may have contained
primitive emergent hominids, at least be-
haviorally, if not phylogenetically.

The Nuclear Family

Man's most unique character is with-
out question his enormous intelligence,
and its evolutionary pathway has fasci-
nated all who have attempted to explain

the human career. Hunting and toolmak-
ing are most frequently cited as "primal
causes" for the Pleistocene acceleration
in hominid brain development. Yet have
these not figured so prominently because
they leave ubiquitous evidence-the ar-
cheological record? Other human behav-
iors at least as critical to survival (espe-
cially reproductive behavior) are not
"fossilized." It is now clear that man
probably remained an omnivore through-
out the Pleistocene and that hunting may
have always been an auxiliary food
source (93).
As Reynolds (94) stressed, intense so-

cial behavior would seem the most likely
single cause of the origin of human in-
telligence if one origin must be isolated.
Tools are used to manipulate the envi-
ronment and are thus a vehicle of in-
teligence, not necessarily a cause.
Chimpanzees occasionally use tools (a
behavior that has fascinated many early
hominid theorists), but tools are not criti-
cal to their survival. Primates, which are
the most intelligent mammals, have
achieved evolutionary success primarily
by their social and reproductive behav-
ior, which is their most developed ordi-
nal character. It seems reasonable there-
fore to propose that a further elaboration
of this adaptive strategy is the most
likely "cause" of early hominid success
and the further development of intel-
ligence.

It is of interest to explore one further
effect of the proposed model on early
hominid social structure. The strong ma-
ternal and sibling ties of higher primates
are now well documented (47, 54, 94,
95). The matrifocal unit of chimpanzees
continues throughout the life of the
mother, as do sibling ties. In the pro-
posed hominid reproductive strategy,
the process of pair bonding would not
only lead to the direct involvement of
males in the survivorship of offspring, in
prmates as intelligent as extant homi-
noids, it would establish paternity, and
thus lead to a gradual replacement of the
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matrifocal group by a ""bifocal" one-
the primitive nuclear family (84, 96). The
effects of such a social unit on survivor-
ship and species success could be pro-
found. It could lead to a further shorten-
ing ofbirth sce, which would acceler-
ate the reproductive rate and amplify sib-
ling bonds. Reduction of birth space
would allow coincident protraction of
the subadult (learning) period (97). Be-
haviors that in other primates are com-
mon causes of infant death (for example,
agonistic buffering (78), would be largely
eliminated, while those that might im-
prove survivorship (for example, adop-
tion) (46, 98) would be facilitated. The
age until which an orphaned chimpanzee
does not survive the death of its mother
is "around 5 years of age, but may
stretch another 3 to 4 in special circum-
stances" (46). Survival of a second par-
ent may have been a crucial reproductive
advance in early hominids (99). Primi-
parous females are much less adept than
multiparous mothers. Drickamer (50)
found that in free-ranging Macaca mul-
lata "between 40 and 50%6 of the infants
born first or second to a female did not
survive their first year, but by the fourth
infant born to the same female only 9%o
died during the first 12 months." Lancas-
ter (100) notes that: ""Recent field and
laboratory workers have shown that in
many species of mammals, and espe-
cially in monkeys and apes, learning and
experience play vital roles in the devel-
opment of the behavior patterns used in
mating and maternal care." The effect of
intensified parenting, protracted learn-
ing, and enhanced sibling relationships
would have a markedly beneficial effect
upon survivorship. Such projections of
the behavior of developing hominids are
certainly not new, but they have not re-
ceived their due emphasis. Can the nu-
clear family not be viewed as a prodi-
gious adaptation central to the success of
early hominids? It may certainly be con-
sidered as being within the behavior re-
pertoire of hominoid primates, provided
that the reproductive and feeding strate-
gies commensurate to its development
were themselves under strong selection.
This brief review of the fossil record and
some primate behavioral and ecological
adaptations would seem to strongly fa-
vor the correctness of this view.

Conclusion

It is a truism to say that even late
Pliocene hominids must have been un-
usual mammals, both behaviorally and
anatomically. As was pointed out above,
emphasis in models of human origin has
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traditionally been on singular, extraordi-
nary traits of later human evolution. The
model proposed in this article has placed
greater emphasis on a fundamental be-
havioral base from which these unusual
adaptations could be directionally se-
lected.
The proposed model accounts for the

early origin of bipedality as a locomotor
behavior directly enhancing reproduc-
tive fitness, not as a behavior resulting
from occasional upright feeding posture.
It accounts for the origin of the home
base in the same fashion as it has been
acquired by numerous other mammals.
It accounts for the human nuclear fam-
ily, for the distinctive human sexual epi-
gamic features, and the species' unique
sexual behavior. It accounts for a func-
tional, rudimentary material culture of
long-standing, and it accounts for the
greater proportion of r-selected (45)
characters in hominids relative to other
hominoids. It accounts for these charac-
ters with simple behavioral changes
common to both primates and other
mammals and in relatively favorable en-
vironments, rather than by rapid or
forced occupation of habitats for which
early hominoids were clearly not adapt-
ively or demographically equipped. It is
fully consistent with primate paleogeog-
raphy, present knowledge of higher pri-
mate behavior patterns (as well as those
of other mammals), and the hominid fos-
sil record.

If the model is correct, the conven-
tional concept that material culture is
pivotal to the differentiation and origin of
the primary characters of the Hominidae
is probably incorrect. Rather, both ad-
vanced material culture and the Pleisto-
cene acceleration in brain development
are sequelae to an already established
hominid character system, which includ-
ed intensified parenting and social rela-
tionships, monogamous pair bonding,
specialized sexual-reproductive behav-
ior, and bipedality. It implies that the nu-
clear family and human sexual behavior
may have their ultimate origin long be-
fore the dawn of the Pleistocene.
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