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An illustration from De Humani Corporis Fabrica (On the Structure of the Human Body) by Andreas Vesalius
(1514-1564)
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n order to interpret the fossils, to determine what hominid fossils were like in life,
Iit is necessary to compare the structure of their fossil bones and teeth to those of
humans, apes and other primates. This can help us to determine not only that they
were on the human line, but also details about their function, how they moved and
what they ate. Only by such analogy with modern humans and non-human primates
can we have confidence in our conclusions about the nature of our evolutionary
ancestors. e

—Leslie Aiello and Christopher Dean
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After Reading This Chapter, You Should Be Able to Answer These Questions:

1. What are the major patterns of locomotion among the primates?
2. What are the features of the skeleton that distinguish apes from monkeys?

3. What skeletal characteristics related to locomotion does the human skeleton share with
the ape skeleton? What skeletal characteristics related to locomotion are unique to the
human skeleton?

4. What are the major features of the human hand? How does this hand permit fine
manipulation and the manufacture and use of tools?

5. What features of the human skull differentiate it from ape and monkey skulls?

6. What are the significant characteristics of the primate brain? How does the human
brain differ from monkey and ape brains?

7. What are the distinguishing features of ape and human teeth and jaws?

8. What can be learned about the evolutionary relationship between organisms through
the study of comparative cytogenetics?

9. What are phylogenetic trees and molecular clocks?
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178 Chapter 8

vertical clinging and
leaping A method of
locomotion in which the
animal clings vertically to a
branch and moves
between branches by
leaping vertically from one
to another. The animal
moves on the ground by
hopping or moves
bipedally.

orthograde Vertical
posture.

quadrupedalism
Locomotion using four
limbs, with hands and feet
moving on a surface such
as the ground or top of a
branch of a tree.

pronograde Posture with
the body held parallel to
the ground.

branch running and
walking A form of
quadrupedalism in which
the animal is walking
along a branch, grasping
with both hands and feet.

ground running and
walking A form of
quadrupedalism that takes
place on the ground as
opposed to in the trees.
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The fossil record provides, in a sense, the “hard evidence” of evolutionary history. Yet, as
we will see in later chapters, the fossil record is difficult to read because of its fragmentary
and incomplete nature. Evolutionary history also can be reconstructed from the study of
living primates. New features, anatomical and genetic, do not suddenly arise from nowhere.
Instead, they develop gradually as modifications of preexisting structures. By comparing
anatomical features, as well as chromosomes, proteins, and DNA, of living primates, anthro-
pologists are able to gain an understanding of the evolutionary relationships among living
forms. Such comparisons also allow anthropologists to make educated guesses about the
nature of the hypothetical common ancestors of contemporary primates. This chapter will
examine these comparative studies.

COMPARATIVE ANATOMY OF LOCOMOTION
AND MANIPULATION

Humans are erect bipeds, but they are not the only erect bipeds in the animal kingdom, nor
are they the only primates capable of this method of locomotion. Unlike other primates,
however, hominins habitually depend on this mode of locomotion. They have evolved many
anatomical features that have made efficient and habitual erect bipedalism possible. As we
will see in later chapters, these anatomical features evolved over the last 6 million years or
more.

Locomotor Patterns among the Primates

Primates exhibit a rather large repertoire of locomotor behaviors. Not only are many pat-
terns found in the order, but a wide range of locomotor patterns may characterize a single
species. Figure 8.1 illustrates the major locomotor patterns among primates.

Vertical Clinging and Leaping Vertical clinging and leaping is the dominant locomotor
pattern of the tarsiers as well as many of the lemuriformes, such as the sifakas and gala-
gos (Figure 8.1a). As the term suggests, the animal rests on a tree trunk in a clinging posi-
tion, keeping its body in an upright, or orthograde, posture. In moving from one tree to
another, it uses its long, powerful legs to leap, landing vertically with its hindlimbs on the
new trunk. On the ground, the animal either hops or moves bipedally.

Quadrupedalism The basic pattern of locomotion of most terrestrial vertebrates is
quadrupedalism. The quadruped moves on all four limbs with its body held parallel to
the ground, a position known as pronograde posture. Different forms of quadrupedalism
vary in terms of the relative importance of the hands, feet, and tail in locomotion. These
differences reflect the requirements of different habitats. Here we present the five basic
forms of quadrupedalism, but they are not always distinct and tend to grade into one
another.

In branch running and walking, the primate walks, climbs, jumps, and leaps on and
among the branches (Figure 8.1b). Since the branches are often small and uneven and tend
to move a great deal, arboreal quadrupeds use their hands and feet to grasp the branches
as they move along them. Branch runners and walkers are aided in their movement through
the trees by legs that are longer than their arms, relatively short limbs that bring their bodies
close to the branch for stability, and relatively long fingers and toes to facilitate the grasp-
ing of branches.

The more terrestrial quadrupedal primates tend to be larger in size. In ground running
and walking the animal does not grasp the ground as it would grasp a branch, and it seldom
leaps or climbs as it moves along a relatively flat surface (Figure 8.1c). Compared with
more arboreal quadrupeds, terrestrial quadrupeds have shorter fingers and toes and their
arms and legs are of nearly equal length. Branch and ground runners and walkers form the
ends of a continuum, and primates that spend significant amounts of time both on the ground
and in the trees often have intermediate anatomical features.
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Some arboreal quadrupeds spend a considerable amount of time suspended under branches
enabling a primate to reach food below. This pattern is referred to as semibrachiation. In
Old World semibrachiation there is much leaping and hanging using the arms and hands
(Figure 8.1d). However, in New World semibrachiation, suspension is achieved through
the aid of a prehensile or grasping tail (Figure 8.1e). The final form of quadrupedalism is
called slow climbing which is found in a few lemuriformes that move slowly through the
bushes and trees (Figure 8.1f).

Ape and Human Locomotion Ape and human anatomy show many skeletal adaptations for
suspensory behavior. The apes display many locomotor patterns that are variants of this type
of behavior. Unlike the quadrupeds, the apes maintain an orthograde posture when hanging
underneath a branch. The closely related humans have become quite specialized for terres-
trial locomotor behavior while maintaining many anatomical features for suspensory
behavior.

In true brachiation, which is characteristic of the gibbons, the body is suspended from
above and propelled by arm swinging (Figure 8.1g). The animal moves rapidly hand over
hand along a branch while swinging the body. A tail is not involved since all apes lack tails.
Gibbons are bipedal on the tops of large branches and on the ground. Brachiators have short,
compact bodies and short legs but very long, powerful arms and long hands for hooking
onto branches.

The orangutan also spends a great deal of time hanging from branches. The fact that
z0o orangutans spend so much time on the ground is usually due to a lack of climbing
structures in the exhibit. Being large, they move deliberately, using the feet in the manner
of a hand, hence the term quadrumanous (Figure 8.1h). When they do walk on the ground,
they walk with their hands made into fists.

Chimpanzees, bonobos, and gorillas spend varying amounts of time in trees but move
quite well on the ground. However, they differ from the quadrupeds in that they possess
elongated arms and hands, and so the body is held at an angle with respect to the ground.
In marked contrast with the quadrupeds that walk on the palms of their hands, these apes
walk on their knuckles, hence the term knuckle walking (Figure 8.11).

Many primates exhibit erect bipedalism over short distances, but only in humans is
erect bipedalism the habitual means of locomotion (Figure 8.1j). This method of locomo-
tion is problematic in that the animal faces major challenges in maintaining balance while
walking on two hindlimbs in an upright posture. Because of this, humans are perhaps the
most specialized of the primates in terms of skeletal anatomy. Humans maintain an
orthograde posture while standing and walking. As a human walks, the heel of the foot
strikes the ground first; the cycle ends when the individual pushes off with the big toe. This
is called the heel-toe stride.

Comparative Anatomy of Primate Locomotion

A major topic in early hominin evolution is the origin of erect bipedalism. If hominin
and ape locomotor patterns share a common ancestry, evidence should be found by com-
paring those parts of the anatomy that relate to locomotion. From such an analysis, a
hypothetical common ancestor can be reconstructed. In comparing modern forms and the
reconstructed ancestor, the evolutionary history of habitual erect bipedalism reveals
itself.

This section is not intended as a complete survey of comparative anatomy. Rather, it
discusses the method of comparative anatomy and some of the major conclusions of this
method. This section focuses on the parts of the skeleton that function in locomotor activ-
ities. An introduction to the skeleton, including the identification of the various bones, is
presented in the appendix.

The Mammalian Skeleton The basic mammalian skeleton is greatly modified in many
mammalian orders. For example, the horse skeleton is adapted for high-speed running
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semibrachiation
Locomotor pattern
involving extensive use of
arms and hands in a
basically quadrupedal
animal.

old world
semibrachiation
Locomotor pattern
involving extensive use of
hands, but not the tail, in
leaping in a basically
quadrupedal animal.

new world
semibrachiation
Locomotor pattern
involving extensive use of
hands and prehensile tail
to suspend and propel the
body in species otherwise
quadrupedal.

slow climbing Locomotor
pattern in which the
animal moves slowly and
cautiously without leaping.

suspensory behavior
Form of locomotion and
posture whereby animals
suspend themselves
underneath a branch.

true brachiation Hand-
over-hand locomotion
along a branch with the
body suspended
underneath the branch by
the arms.

quadrumanous
Locomotor pattern found
among orangutans, who
often suspend themselves
under branches and move
slowly using both
forelimbs and hindlimbs.

knuckle walking
Semierect quadrupedalism,
found in chimpanzees and
gorillas, with upper parts
of the body supported by
knuckles as opposed to
palms.

erect bipedalism A form
of locomotion found in
humans in which the body
is maintained in an upright
posture on two legs while
moving by means of a
heel-toe stride.

heel-toe stride Method of
progression characteristic
of humans where the heel
strikes the ground first; the
person pushes off on the
big toe.
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