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PREFACE

A GUIDE to the fossil remains of Man in the Department
of Geology, written by the late Sir Arthur Smith Woodward,
appeared in 1915 ; it reached a third edition in 1922, but
has been out of print for some years. Meanwhile new
discoveries in Africa, Asia and Europe have so enlarged the
picture of Man’s early evolution that a fresh approach was
essential, and Prof. W. E. Le Gros Clark very kindly under-
took to write an entirely new guide. In this, after sketching
the background of the principles of classification and evolu-
tion, Prof. Le Gros Clark treats the history of the group of
Primates, both living and fossil, in such detail as will enable
the student to appreciate the evolutionary aspects of the
origin of Man. The implements and culture of early man,
however, which played such an important part in his sub-
sequent development, are dealt with in a separate guide,
‘ Man the Tool-Maker,” by Dr. K. P. Oakley.

For permission to make use of published figures thanks
are due to the American Museum of Natural History, the
Editors of Biological Reviews and of Discovery, Dr. R. Broom,
Prof. W. K. Gregory and Dr. G. G. Simpson. The drawings
of recent Primates are by Mr. Maurice Wilson, and the
cover-design by Mr. D. E. Woodall.

W. N. EDWARDS,
March, 1949. Keeper of Geology.

Apart from minor alterations the second edition is mainly
a reprint, called for by the rapid sale of Professor Le Gros
Clark’s booklet. New figures of recently discovered speci-
mens have however been substituted for figures 2o and 23,
the latter by permission of the Council of the Geological
Society, and references to the age of Piltdown Man
have been brought up to date.

January, 1950. W. N. EDWARDS.
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HISTORY OF THE PRIMATES

AN INTRODUCTION TO THE
STUDY OF FOSSIL MAN

MAN IN THE SCHEME OF LEVOLUTION

In his bodily structure Man shows such remarkable
resemblances to the lower animals that it now seems astonish-
ing to us that his kinship with them should ever have been
seriously controverted. His skull and skeleton are com-
posed of the same bony elements, his muscular system is
made up of identical muscles disposed in the same general
pattern, his heart and blood-vessels are constructed on
exactly the same plan, and even his brain (though it is
more elaborate) is made of the same kind of nervous tissue
and built up on a foundation of the same basic elements.
Anatomically, therefore, Man is simply one of the animals.
But we can go further than that. We can say that he
belongs to the group of vertebrate animals called ‘“‘mammals,”
for he shares with these all their distinctive features, such
as warm-bloodedness, the hairiness of the skin, the structure
of the teeth and jaws, the design of the breathing apparatus,
the method of giving birth to young, of suckling them after
birth, and so forth. Mammals, again, are subdivided into
a number of separate groups, or Orders, each of which is
characterized by a certain combination of distinctive ana-
tomical features. For example, there are the Carnivora
(including lions, tigers, wolves, badgers and the like), the
Chiroptera or bats (all of which have modified their fore-
limbs in the same curious way so as to convert them into
wings), the Perissodactyla or odd-toed ungulates -(including
horses, rhinoceroses and tapirs), and the Artiodactyla or
‘even-toed ungulates (including deer, cattle, pigs, camels and
giraffes). The mammalian Order to which Man naturally
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belongs (by reason of his anatomical structure) is called the
Primates, and it also includes apes, monkeys, lemurs, and
certain other smaller creatures.

THE CLASSIFICATION OF ANIMALS AND ITS EVOLUTIONARY
IMPLICATION

As just indicated, each of the Orders of the mammals
is defined by certain anatomical characters which their
members possess in common, and which serve to distinguish
them from other Orders. By the same sort of criteria, each
Order can be subdivided into separate sub-Orders, each sub-
Order into families, each family into genera, and each genus
into individual species. A satisfactory definition of the term
‘“ species ' still defies the ingenuity of the zoologist, but, as
a rough approximation, it may be said to consist of a homo-
geneous group of individuals closely resembling each other
(except for relatively minor variations, such as those of
moderate differences in size and colour), and usually capable
of interbreeding freely and producing fully fertile offspring.

The relatively minor variations often shown by different
geographical groups belonging to one species may lead to
the recognition of a further subdivision into sub-species, or
races, but such varieties tend to grade into each other, and
also (as just indicated) they can usually interbreed freely.
For example, the different races of mankind may be regarded
as sub-species of the species Homo sapiens, and some of the
varieties of domestic dog as sub-species of the species Canis
familiaris. Asamatter of fact, it is not always easy to decide
in all cases whether differdnt varieties are just sub-species,
or whether they are sufficiently distinct to be called separate
species. Some zoologists would argue that the different
races of mankind are really to be regarded as different species,
though it is generally agreed that, by the usual criteria, such
a distinction is unwarranted. On the other hand, there is
every reason to suppose that sub-species are nothing more
than species in the making, that is, they represent actual
stages in the process of evolution, and, if this is the case,
it is to be expected that the one type of category will tend
to grade into the other.

The hierarchical system of zoological classification, where-
by the smaller units with common anatomical characters are
grouped together into larger and larger categories, owes its
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origin to the great naturalist, Linnaeus, in the middle of
the eighteenth century, and it was initially designed simply
as a convenience for cataloguing and ready identification.
It was an attempt to reduce to some sort of system and
order the apparent confusion in the diversity of plant and
animal life, as a necessary preliminary to their systematic
study. But, particularly since the time of Darwin, it has
come to have a far more profound significance. For one
of the essential implications of the evolutionary hypothesis
is that fundamental resemblances in anatomical structure
betoken an actual blood-relationship.

One might have supposed that there would have been
nothing very startling in this idea when it was first seriously
entertained by biologists, for it was generally recognized
that local varieties or races of a single species might be
the result of a diversification produced by different environ-
mental influences, so that differences in size, colour and
other superficial traits need not obscure the fact that all
these varieties were originally derived from the same stock.
Thus, naturalists were quite ready to accept the view that
the different breeds of domestic dog might have been pro-
duced by a process of gradual diversification from a common
stock represented (probably) by the wolf. The different
sizes, proportions and colours of the various breeds do
not conceal the fundamental similarities in anatomical
details which show that they have a common origin.
But, at the time of the Darwinian controversy, the idea of
the fixity and immutability of the different animal and plant
species was very prevalent, no doubt because of the influence
of the biblical story of the creation. It was largely because
of this (and also because the relationship of Man to lower
animals was brought into the problem) that Darwin’s
““ Origin of Species ”’ met with such severe opposition from
certain quarters.

NATURAL SELECTION

Darwin’s claim to fame in the history of evolutionary
theory is not merely that he amassed overwhelming evidence
that the various species of organisms have arisen by a process
of gradual evolutionary differentiation from common ances-
tral forms, but he was the first to give a rational explanation
of how such evolution had occurred. It is common know-
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ledge, of course, that animal and plant breeders can develop
new varieties by artificially selecting from their stocks
individuals which show novel features, isolating them from
the rest of the stock, and crossing them with each other. If
such novel features are the result of some change in the
hereditary particles in the germ cells, that is to say, if they
are the result of what biologists call *“ mutations,” they will
be transmitted from parent to offspring, and thus by artificial
selection and careful breeding a completely new variety of
animal or plant can be established. Darwin showed quite
conclusively that there is also a process of ‘‘ natural selec-
tion ’ going on all the time which is equally effective in the
production of new types. Put baldly, natural selection (as
it is now generally accepted) can be described as follows.
All living things show a tendency to vary, and heritable
variations (each of which may originate from one or more
mutations) are transmitted from one generation to another.
Those individuals affected by heritable variations which
give them a definite advantage over their fellows will be
more likely to survive in the struggle for existence, and to
reproduce their kind. The less favoured individuals, on the
other hand, will tend to die out. Thus, in the course of
many generations, the species will tend to show a gradual
change in the direction of a more perfect adaptation to the
environment in which it exists.

A simple example will serve to illustrate this general
principle. It is known, from a study of the fossil record,
that during the evolution of horses their limbs became
gradually perfected more and more as instruments of speed
while, at the same time, their molar teeth became more
complicated and so more efficient as grinding mechanisms.
It is easy to understand that those individuals which could
run faster would be more likely to escape from enemies and
therefore would be more likely to survive and reproduce their
kind, while in the same way those with more efficient molar
teeth would be able to make better use of the food-stuffs at
their disposal and would therefore be more likely to survive
in times of scarcity. Consequently, whenever in the course of
evolution hereditary changes occurred which led to improve-
ments in the limbs or molar teeth, these would tend to be per-
petuated, while the less efficient mechanisms would die out.
In other words, this process of the *“ survival of the fittest ”
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would lead ‘ automatically ”’ to a gradual change in the
anatomical make-up of the species, which is simply another
way of saying it would result in evolution.

THE INDIRECT EVIDENCE FOR THE PRINCIPLE OF EVOLUTION

What, now, is the essential evidence for the evolutionary
concept 2 We cannot here enter into a discussion of all
of this evidence, but it may be convenient for readers if
some of it is very briefly summarized. Let us, in the first
place, consider the kind of indirect evidence which ulti-
mately led to the establishment of evolution as a biological
principle. To begin with, there is the clear evidence that
several geographical groups of one species may become
differentiated to form separate sub-species as the result of
modifications related to the particular environments in
which they live. If it is once admitted that local races
can be produced in this way, then it seems natural to infer
that the differentiation of species has occurred in the same
manner, particularly since there are many cases in which
it is impossible to decide whether two different types are to
be regarded as sub-species, or two separate species. Then
there is the evidence of comparative anatomy, which
becomes particularly clear when employing the methods of
classification to which we have already referred. In so far
as members of the same group possess certain anatomical
features in common, a unity of design, it is reasonable to
infer that they are genetically related (that is to say, they
have a true blood-relationship), and the closer the similarities,
presumably the closer the relationship.

It is often possible to arrange members of a common
group in a graded series which strongly suggests an actual
scale of evolutionary development. For example, in the
Primates (see below, p. 28), such a series may be constructed
by comparing, in order, Man, chimpanzee, monkey, tarsier,
lemur and tree shrew (see Frontispiece). Here (as will
become more clearly apparent later) we seem to have a
number of graded links through which the bodily structure
of Man is connected with that of small mammals of quite a
lowly appearance. It must not be inferred, of course, that
Man was actually derived from a chimpanzee ancestor, or
that a monkey ever developed from the sort of lemur which
exists to-day. The various members of the Primates which
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exist to-day are all the terminal products of so many diverg-
ing lines of evolution ; they are not in any way to be taken
to represent a linear sequence of evolution. What a series
of this kind does indicate is that, apart altogether from
extinct fossil forms, there are connecting links of an approx-
imate kind between Man and lower mammals; it also
suggests in a very general way the sort of transitional forms
which may have occurred in an evolutionary development
of Man from lower mammals.

The supposition that the various forms of animal life in
existence to-day have been derived from ancestral types by
a gradual process of evolutionary modification is further
reinforced from the study of comparative anatomy by the
frequent discovery of vestigial organs and structures. For
example, modern horses have only one functional toe, the
hoof, in each foot, but remnants of other toes still exist
under the skin as small splinters of bone, which apparently
serve no function. It seems possible to explain these
remnants only by supposing that horses have been derived
from an ancestral stock in which there were several toes,
and that all but one of these have been lost by a process of
evolutionary modification. Attached to the human ear is
a series of small rudimentary muscles which appear to be
functionless. Again, their presence is hardly explicable
unless we suppose they represent the remnants of active
muscles, which, in some early ancestral form, were capable
of moving the ear as they do in most lower mammals to-day.
The little nodules of bone embedded in the floor of the human
pelvis (forming the ““coccyx’) can, it seems, only be the
remains of caudal vertebrae or tail bones, from which it is to
be inferred that somewhere in the pedigree of the human
stock were tailed ancestors. The careful dissection of
certain kinds of snake will reveal inconspicuous rudiments
of limbs, which are only explicable by the assumption of
evolutionary descent from limbed ancestors. Such examples
of vestiges might be multiplied almost indefinitely. No one
can doubt that the vestiges of eyes in blind animals, such as
moles or cave fish, are the remains of organs whose function
has in the distant past been lost in adaptation to peculiar
habits of life. In precisely the same way, other vestigial
structures are only to be explained satisfactorily by postu-
lating a similar evolutionary process.
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Another line of convincing evidence for the evolutionary
concept is derived from the study of embryology—that is,
the process of development of the individual from a fertilized
germ cell, and the following are a few examples of this type
of evidence. The embryos of all mammals (including Man)
pass through a stage of development during which a founda-
tion of gill arches is laid down in the neck region, precisely
similar to that which, in fishes, finally leads to the establish-
ment of functional gills. But in the mammalian embryo,
as development proceeds, the elements of these gill arches
become completely re-arranged so as to form, not the gills
for which it seems certain they were originally intended,
but structures which are more suitable for animals which
live on land. In some mammals, such as the sheep, there
is no collar-bone in the skeleton, and yet in the embryo the
rudiment of this bone does put in a brief appearance, only
to disappear again. Although in baleen whales there are
no teeth, tooth germs actually develop in the whale embryo,
but they never become functionally mature. At a certain
stage in the development of a human embryo, the blood-
vessels of the limbs are arranged in a pattern which is
characteristic of many lower mammals. But the pattern
becomes subscquently re-arranged in a new pattern, which
is more suitable for limbs of human structure. Now, it
will certainly be agreed that all these phenomena (and many
more examples of the same sort could be enumerated) are
quite meaningless unless they are simply due to the inheri-
tance from ancestral forms of structures which have dis-
appeared or undergone some modification as the result of
a gradual evolutionary process. Their persistence in the
embryo, even when they are no longer present in the adult,
is an expression of the astonishing conservatism of anatomical
structures, as the result of which their traces may still be
detected millions of years after they have ceased to have
any function.

TRACING THE EVOLUTIONARY HISTORY OF MAN

Let us first consider the sort of indirect evidence which is
available for inferences concerning the problem of the evo-
lution of Man. In the most recent scheme for the classifi-
cation of mammals, drawn up by Dr. G. G. Simpson of the
American Museum of Natural History, Man is grouped with
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his nearest living relatives, the anthropoid apes, in the same
Superfamily, Hominoidea. He shares with the large anthro-
poid apes (gorilla, chimpanzee and orang utan) a remark-
able combination of distinctive anatomical features, and it
would be difficult to explain such resemblances except on
the basis of genetic relationship, with the implication that
Man and the anthropoid apes have descended from a common
ancestor in the remote past. On the other hand, Man and
the large anthropoid apes have each developed their own
specializations, which in some cases tend to obscure the
similarities in fundamental structures. For example, the
human brain is much more highly developed than the ape
brain (though constructed on the same plan), and the common
ancestor of apes and Man must presumably have had a
brain not more highly developed than that of the former.
Again, the large apes have become rather highly specialized
for swinging about the trees in their arboreal life by the
excessively powerful development of the arms, and a ten-
dency to a shrinkage or atrophy of the thumb, while Man,
in this respect, has retained a more primitive and generalized
type of arm. Hence it may be inferred that the common
ancestor would almost certainly not show the arboreal
adaptations in the upper limb developed to the same degree
as they are in the large anthropoid apes of to-day.
Another striking contrast between Man and ape is the
great development in the latter of long and powerful canine
teeth, used as weapons in attack and defence. On the other
hand, in Man the canine teeth have no special functions—
they form part of the same series with the front biting teeth
or incisors, and are used in just the same way. But, in this
case, there is definite evidence that the human canine teeth
have indeed undergone some reduction in their later evolu-
tionary history. For example, even to-day they still retain
long and powerful roots out of proportion to those of adjacent
teeth, and out of proportion also to the requirements for
strength in the functions which they now perform. Also,
in some people they are pointed and projecting in a manner
which certainly suggests that they once had their own special
functions. But while it may thus be inferred that in the
common ancestor of Man and ape the canine teeth were defi-
nitely more powerful and projecting than they are in modern
Man, it seems probable that they were not so strongly



HISTORY OF THE PRIMATES 9

developed as they are in the modern large apes since, in the
latter, their excessive development has led to specializations
in the adjacent teeth, and in the skull and jaws, which have
been avoided in Man.

Lastly, in association with the habit of standing and
walking in the erect posture, the human foot has undergone
a considerable degree of specialization in the relative enlarge-
ment and immobility of the big toe. Yet a dissection of
the foot shows that the big toe is still provided with all the
necessary musculature which has been developed in apes
to provide it with highly mobile and grasping functions
(somewhat in the same manner as a thumb). It seems
reasonable to infer that this musculature is found in the
human foot simply because it once subserved similar
functions in human ancestors (though perhaps not to the
degree shown in the arboreally adapted modern apes).

These examples will be sufficient to show that, by com-
paring the anatomical characters of all the members of the
Hominoidea one by one, it is possible to make certain
theoretical assumptions regarding the anatomical structure
of their common ancestor. But it must be realized that
such assumptions are only approximate and tentative, for
there are some complicating factors. One of these is the
phenomenon of ‘“ parallel evolution,” that is, the evolu-
tionary development of the same feature in two groups of
animals independently. It is known, on the evidence of
fossils, that this does occur, and clearly it may lead to ana-
tomical resemblances which are in a sense fortuitous, and
are thus not indicative of close affinity in the ordinarily
accepted sense of the phrase. On the other hand, even
resemblances based on parallel evolution may be interpreted
-as indicating an wultimate relationship, in so far as they are
an expression of a well-known evolutionary principle that
the same results tend to appear independently in descendants
of the same ancestors. This is because the descendants
must presumably be endowed with somewhat similar
potentialities for evolution which they have inherited in
common, and they will therefore tend to react in the same
way under the influence of similar environmental conditions.
Experience has shown, indeed, that as a working hypothesis
it is justifiable to assume that animals which show a pre-
ponderating resemblance to each other anatomically are

2
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genetically related forms, unless some flagrant discrepancy
exists in one or more features, such as could only be ex-
plained by supposing a long period of independent evolution
from an ancestral form of a much more primitive type.

Tue EVIDENCE OF FossiLs

However compelling in the aggregate is all the evidence
for evolution derived from the study of comparative ana-
tomy and embryology, it is of course only indirect evidence.
Much more direct evidence has been collected by biologists
who have actually observed new species arising in nature,
and have also been able to produce them artificially in the
laboratory. But some of the most convincing evidence of
all is provided by the study of fossils (a study which is called
palaeontology), for this provides the opportunity for exami-
ning the actual remains of those intermediate stages which
presumably must have occurred in the evolutionary transfor-
mation of one type into another. It has taken a good many
years to collect this evidence, for it is only by a rare chance
that the remains of an animal become sufficiently well
preserved as a fossil in a geological deposit to be of use to a
palaeontologist millions of years after its death. When
Darwin wrote his book on The Descent of Man in 1871, there
was almost no fossil evidence in support of his thesis of
human evolution, and many critics seemed to think that
this lack of evidence constituted a most serious objection
to the thesis. To-day, however, the situation is very
different.

As we shall see later, there have now been discovered quite
a number of ‘“ missing links ” which closely approximate to
just those intermediate stages which had been indirectly
inferred simply by a comparative study of the anatomy and
embryology of living species. Naturally, so far as actual
evidence for evolution is concerned, the most convincing
demonstration is provided by a series of fossils from different
levels in the same geological deposits, which show gradual
and progressive modifications in a definite time sequence.
For it is clear that if in the same geographical region large
numbers of fossil remains are found in geological strata of
successive ages, and if they exhibit a graded series of struc-
tural changes linking up an ancient form, X, with a later
form, Y, then here we have presumptive evidence of the
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evolutionary route by which, in the process of time, Y has
been derived from X. Some examples of series of this kind
are actually available which provide objective evidence of
progressive evolutionary change, but, in most cases at
present, intermediate stages in the evolutionary develop-
ment of a particular group of animals are represented by
fossils derived from geological deposits in different parts of
the world. However, the relative ages of such scattered
deposits can usually be satisfactorily established from
geological data.

It is well known that the fossil record of evolutionary
development is already fairly detailed in the case of some
groups of mammals. The pedigree of the horse, for example,
is well attested by the remains of extinct forms, starting
from Hyracotherium, a small creature that lived in Eocene
times fifty million years ago or so, and which still had
four toes on its fore-foot and three toes on its hind foot,
and followed by successive phascs in which one toe after
another was eliminated until the modern one-toed type
of horse appeared. Similarly, stages in the evolutionary
history of the elephants can be objectively demonstrated
in some detail by reference to the actual remains of an-
cestral types. There can be little doubt that the con-
tinuation of palaeontological research will eventually provide
more and more complete series demonstrating in detail the
actual evolutionary history of the various other groups of
animals which exist to-day. It is for this reason that
students of evolution tend to concentrate their attention on
the collection and study of fossils.

Fossil remains of extinct Primates are, unfortunately, but
rarcly come by, for the reason that, being mostly arboreal
creatures, they lived in forested regions where the conditions
were very unfavourable to the preservation of their remains
in a fossilized form. Conscquently, the geological history
of the Primates has for many years been much less well
known than that of some other groups of mammals (for
example, horses or elephants). But the fossil evidence is
now beginning to accumulate rather rapidly, and there can
be no reasonable doubt that in the course of time it will
become complete enough to enable us to present the evolu-
tionary history of Man and the other Primates in some detail.
Even now, though the palaeontological evidence still remains
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far from complete, it is already sufficient to justify a sketch
in broad outline of the evolutionary path followed by the
forerunners of Man. Indeed, this path can be traced as far
back as the time (probably about 70 million years ago) when
the earliest Primates made their appearance in this world
as quite small and inconspicuous insectivorous mammals
living among the branches of the trees. This evidence will
be presented as impersonally as possible, with the inten-
tion that the reader shall be able to draw his own con-
clusions.

GEeorocgIcAL TIME

Discussions of fossil records can hardly be pursued without
a preliminary statement about the time scales used by
geologists. All of the fossils with which we shall be con-
cerned were found in what are called sedimentary deposits,
that is to say in geological formations which have been
dep051ted layer by layer under the influence of agents such
as running water. Everyone knows that, as it flows rapidly
in its upper reaches, a river carries down mud and sand
which may be deposited when it slows up towards its mouth.
Indeed, some harbours tend to become quite rapidly silted
up in this way. Again, it is common knowledge that, in
their retreat, floods may leave behind them a thick layer
of mud covering everything that has been submerged. The
carcase of an animal may become buried by deposits of this
sort, and, while the soft parts of the body rapidly rot away,
the bones and teeth may be preserved sufficiently long to un-
dergo a permanent mineralization. The mud and sand may
in course of time become hardened into shale or sandstone,
thus effectively sealing the mineralized remains and keeping
them intact for many millions of years. It is obvious that,
as sedimentary formations are deposited in this way layer
by layer, the more ancient fossils will be found in the deepest
layers, and the more recent in the uppermost layers. In
just the same sort of way, the remains of cave-living animals
may become covered and sealed off by a hard layer of stalag-
mite (formed by the continual drippings of lime-impregnated
water on to the floor of the cave) and, again, the older the
fossil, the more deeply will it be found embedded in the
stalagmitic floor. It is because of this, of course, that
geologists are able to assess the relative antiquity of fossils
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dug up in the excavation of some particular geological
formation. It also enables them to place in their proper
chronological order all the geological formations which
make up the crust of the earth, since the later formations
normally overlie the earlier, forming a series of layers or
strata arranged in regular time sequence. It is unusual in
any one locality to find more than a few consecutive for-
mations out of the many which have been deposited in the
past, but by comparing one site with another it has been
possible finally to arrange them all in their correct sequence.

By reference to geological formations, geological time has
been subdivided into four main subdivisions or ‘‘eras.”
The oldest and longest of these, which has left few traces of
life, is that vast period during which the Pre-Cambrian
rocks were formed. The succeeding Palaeozoic era began
about 500 million and terminated about 200 million years
ago ; during the greater part of this era the only vertebrates
in existence were fishes of a very prlmltlve type, but towards
its end amphibians and reptiles put in an appearance. The
Palaeozoic was followed by the Mesozoic Era, which is
sometimes called the Age of Reptiles, since it was during this
time that the huge dinosaurs, pterodactyls and many other
remarkable types of extinct reptile lived and flourished.
The Mesozoic Era is further subdivided into three periods,
the Triassic, Jurassic and Cretaceous. It was during the
last of these that the chalk cliffs in the South of England
were deposited as a marine sediment. Towards the end of
the Cretaceous period the great reptilian dynasties became
extinct, but even before this true mammals had already come
into existence. These earliest mammals were small and
inconspicuous creatures of exceedingly primitive type. Some
of the most ancient groups, whose fossil remains have been
found in Jurassic deposits and even in still older Triassic
deposits, died out before the end of the Mesozoic Era. But
during the Cretaceous period little mammals of more modern
type began to flourish, and they included some of the earliest
members of the mammalian Orders which exist to-day.

The Mesozoic Era was succeeded, probably about #0
millions years ago, by the Caenozoic or Tertiary Era. This is
subdivided into the following periods from its commence-
ment : Eocene, Oligocene, Miocene, Pliocene, Pleistocene and
Recent. The relative time intervals occupied by each of



I4 HISTORY OF THE PRIMATES

these periods is indicated in the accompanying diagram
(Fig. 1). The Pleistocene period, which began nearly a
million years ago, together with the subsequent or Recent
period, is sometimes termed the Quaternary, and it is of
particular interest since it marks the emergence of Homo
sapiens and his gradual diffusion over the greater part of
the world. A striking feature of the Pleistocene period was
the repeated occurrence in many parts of the world of cold
periods of the utmost severity—the glaciations of the Ice
Age. The greater part of the British Isles, for example, was
on several occasions covered over by ice-sheets formed by
the confluence of glaciers which spread down from the
regions of high land. It is now generally agreed that there
were four of these glaciations, separated by interglacial
periods during which the glaciers retreated and the climate
became temperate and probably warmer than it is to-day.
These startling fluctuations of climate, which were accom-
panied by large-scale migrations of the Pleistocene fauna
(including early Man), were world-wide in their effect, though
actual glaciation was confined to an area of the globe extend-
ing from the Arctic over the northern part of Europe, Asia
and the North American Continent, and from the Antarctic
over a corresponding region of the Southern Hemisphere,
and to regions surrounding mountain formations, such as
the Alps and Himalayas. Since the several glacial periods
can be to some slight extent equated with each other over
different parts of the world, they provide a most useful
chronological scale of reference. The glaciations of the
Pleistocene period will be further discussed in the section
dealing with the last phases in the evolution of Man (p. 84).
Mention has already been made of the approximate
number of years which are estimated to have elapsed since
the termination of certain of the main subdivisions of geo-
logical time. The question now arises, how are such esti-
mates arrived at, and how far is it possible to rely on them,
even if they are only to be regarded as broad approxima-
tions? The relative lengths of time required for the deposi-
tion of some geological formations can be roughly assessed
by comparing their relative thickness, but, apart from the
fact that it involves possible errors of considerable magnitude,
this method in any case only provides a relative time scale.
In a number of instances, however, an absolute time scale can
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also be calculated—a matter of very considerable interest,
since this permits a quantitative analysis of the actual rate
of evolutionary change. Space does not permit of a dis-
cussion here of the methods whereby attempts have been
made to establish an absolute chronology, and fortunately
there is no need to do so, since the whole of the fascinating
subject of “ geochronology *’ has been recently described in
great detail by Prof. Zeuner in a book entitled Dating the
Past. 1t should be mentioned, however, that the time scale
and dates to which reference is made in this account are
based on estimates of an approximate order only, and certain
of them may need revision later. But some of the compu-
tations so far completed by reference to various methods
are sufficiently consistent to make it probable that they are
reasonably correct, at least within broad limits. It is
interesting to note that recent reviews of all the fossil
evidence, combined with the available geochronological data,
lead to the conclusion that it may take as much as 500,000
years for the evolutionary development of a new animal
species, and that some modern species are probably at least
30 million years old.

BonNeEs AND TEETH

It has already been mentioned in a previous section that
the study of fossils, or palaeontology, provides the most
direct evidence available for the theory of evolution, since
it demonstrates those intermediate or transitional forms
which are necessarily postulated by this theory to have
existed in past geological ages. It also supplies the objective
data from which the actual course of evolution followed by a
particular group of animals can be inferred. As a rule,
fossils are formed only by the least destructible parts of the
body, usually elements of the skeleton, which, under favour-
able circumstances, are preserved in geological deposits.
When an animal dies, the soft parts undergo rapid dissolu-
tion, but the bones, since they are composed largely of an
inorganic matrix of lime salts, may remain intact for a time.
If they chance to be fairly quickly covered up by layers of
sediment, such as mud or sand, and thus sealed off and pro-
tected from the destructive effects of weathering or from the
predations of carrion eaters, they may become preserved
for an indefinite time. Their permanence is usually further
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ensured by the fact that they become gradually impreg-
nated with mineral salts derived from the deposit in which
they lie embedded. Even more resistant to destruction
after death are the teeth, for not only are they mainly
composed of a durable substance, dentine, which is similar
to bony tissue although much denser, but they are also
capped by an exceedingly hard layer of enamel. Hence
it follows that a great deal more is known of the teeth of
extinct mammals than of any other part of the body, and
for this reason the comparative anatomy and evolution of
teeth have been studied in very considerable detail. Only
quite exceptionally are parts of an extinct mammal other
than bones and teeth preserved as fossils; examples of
these rarities are the remains of a whole mammoth which
was found frozen in ice-bound earth in Siberia, and the
pieces of dried skin of a giant sloth from a cave in Patagonia.

Although vertebrate palaeontologists deal almost entirely
with bones and teeth, they can learn a great deal about the
anatomy of the soft parts of an extinct animal simply by
studying these remnants. For, in spite of the fact that the
dried skeleton of an animal gives an impression of rigidity
and permanence, in life bony tissue may be said to be plastic
in the sense that during the period of growth it becomes
moulded by the soft tissues with which it is in contact. For
example, the attachments of muscles are impressed on the
limb bones in the form of rough surfaces, ridges and pro-
minences, and some idea of the muscular development can
thus be gained by a study of the bones. The soft brain, as
it expands in growth, moulds the inside of the bones of the
cranium, so that by examining the latter the disposition
and complexity of the cerebral convolutions can sometimes
be ascertained from their imprints. Nerves and arteries
may form grooves where they lie in contact with bones, and
thus leave some indication of their size and importance.
From his familiarity with matters such as thesc, the palaeon-
tologist can with little difficulty construct a fairly clear
mental picture of the appearance during life of an extinct
animal whose skeletal remains he is studying, provided that
these remains are sufficiently complete and well preserved,
and the evidence which he thus obtains for unravelling
the details of evolutionary genealogies is of paramount
importance.
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It may be thought that, if the reader is not particularly
familiar with skeletons and teeth, it will be difficult to
present to him in an intelligible form the fossil evidence
bearing on the evolution of Man. In fact, the main points
of evidence can be made adequately clear as they are put
forward, with brief explanatory references where these are
necessary. It is convenient, however, to give a little pre-
liminary consideration to certain of the salient features of
the skull and teeth, and these can be indicated quite simply
in a diagrammatic fashion.

In the accompanying illustration (Fig. 2) are shown in
side view the skull of a dog (representing a lower, non-
Primate mammal), a chimpanzee and a modern European.
Let the reader first give his attention to that part of the
skull which contains the brain—the brain-case (sometimes
referred to as the cranium or calvaria to distinguish it from
the skull as a whole). Since it fits fairly closely round the
brain, its size gives some indication of the degree of cerebral
development. In the dog it is much smaller in proportion
to the skull as a whole than it is in the chimpanzee, and in
the latter it is smaller than in Man. The appearance of a
progressive increase in the proportionate size of the brain-
case is accompanied by a change in its position relative to
the facial part of the skull, for whereas in the dog the face
is situated mainly in advance of the cranium, in Man it
seems by comparison to have become withdrawn below it.
This is partly due to the great development of the front
part of the brain in Man, which is also responsible for one of
his most distinctive features, a more or less vertical forehead.
The progressive expansion of the brain leads to certain other
changes in the skull. On the top of the dog’s skull in the
illustration is a median crest of bone projecting up as a
sharp flange ; this provides an extension of the bony surface
which gives attachment to a powerful muscle of mastication
attached to the jaw, the temporal muscle. At the back of
the skull, also, are prominent bony ridges which serve to
attach the muscles of the neck. In the Primates generally,
however, the expansion of the brain-case to a globular form
with a relatively more extensive surface usually provides
a sufficient area for the attachment of these muscles without
the outgrowth of special crests and flanges.

On either side of the dog’s skull in front of the brain-case
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seen from the side, to show the contrast in the relative pro-
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parison the skulls are all represented to be of the same
length.



20 HISTORY OF THE PRIMATES

is seen the bony orbit or eye-socket. In the dog this socket
is by no means sharply defined, for it is widely open behind.
It is characteristic of the evolution of the Primates that
(with the increasing importance of vision and the consequent
elaboration of the eye) the orbit becomes quite early sur-
rounded and protected by a complete ring of bone, and
later (in monkeys, apes and Man) becomes almost entirely
shut off behind by a bony wall. Another developmental
trend in the bony orbit which becomes manifested in the
evolutionary history of the Primates is related to a shift
in the position of the eyes. In most lower mammals the eyes
are situated on either side of the head and look outwards.
Thus (as in a rabbit, for example) each eye sees quite a
different picture. In the higher Primates, on the other hand,
the eyes have become rotated so that they look directly
forward, and now each eye sees the same field of view (but
from a slightly different angle). This new position is
essential for what is called ‘ stereoscopic vision,” that is,
the sort of vision which permits an appreciation of depth
and perspective. The acquisition of full stereoscopic vision
in mammals is a distinctive character of the higher Primates,
and in them the openings of the bony orbits are directed
forwards. But even in most of the lower Primates some
degree of forward rotation of the eyes has occurred, and
this is also reflected in a corresponding shift in the direction
of the orbital apertures.

In the cheek region below the orbit is a bony arch, the
zygomatic arch, which extends from the aperture of the ear
to the upper jaw. This arch bridges over the temporal
muscle (already mentioned), and also serves to give attach-
ment to another muscle of mastication, the masseter muscle.
Consequently, in lower mammals with powerful jaws and
strong masticatory muscles the zygomatic arch is stout and
prominent, but in the Primates it tends to become pro-
gressively attenuated with 'the reduction in the relative size
of the jaws.

The snout region of the skull is very extensive in the dog,
projecting forwards a long way in front of the orbit. It is
largely composed of the upper jaw or maxilla, embedded in
which are the roots of most of the upper teeth. The front
teeth, or incisors, are attached to a separate bony element of
the skull called the premaxilla. The lower jaw, or mandible,
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is hafted by a moveable joint to the base of the skull just
in front of the ear, and contains all the lower teeth. With
the dwindling importance of the teeth in the evolution of
the Primates (associated with the increasing use of the
hands for grasping purposes) the jaws recede, and the
effects of this recession are plainly to be seen by comparing
the skulls of the dog, chimpanzee and Man shown in Fig. 2.
There is another reason why the snout region of the skull
undergoes a progressive reduction in the evolution of the
Primates. It contains the bony skeleton of the nose, which
includes a number of complicated bones covered in life by
a delicate membrane sensitive to smells. The apparatus of
smell becomes much less important in the Primates as com-
pared with most lower mammals. Consequently it dwindles
in size and complexity, and with it the snout region as a
whole becomes less prominent.

One more feature of the skull deserves attention here. It
is the large opening, called the foramen magnum, through
which the spinal cord passes to become continuous with the
brain, and alongside which are the occipital condyles by
which the whole skull articulates with the neck region of the
backbone (Fig. 3). In four-footed animals such as the dog,
the foramen magnum is situated at the back of the skull,
for in these animals the backbone in the standing position
is usually held more or less horizontally, and the skull pro-
jects forwards from its front end. In Man the backbone is
normally held vertically, with the skull balanced on its
upper end, and, in relation to this different type of posture,
the foramen magnum is on the under surface of the skull,
facing downwards. In most living Primates the foramen
is to some degree displaced from the back of the skull
towards its under-surface, but the extent of this displace-
ment varies, becoming greater as we pass up the scale from
lemurs, through monkeys and apes, to Man himself. It will
be realized that by noting the position of the foramen
magnum in a fossil skull we can get important information
about the poise of the head during life, and also about the
posture of the animal as a whole.

We may now summarize briefly the main trends in the
evolution of the Primates so far as they have been mani-
fested in the skull (see Fig. 13). These trends are as follows :
(1) The progressive enlargement of the brain case or cranium,
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F1G. 3.—The basal aspect of the skull of a dog (a), chimpanzee
(B) and Man (c) with the lower jaw removed. The foramen
magnum, which is placed at the back end of the skull in
the dog, is situated relatively further forward in the chim-
panzee, and much more so in Man. Note also that the
relative length of the palate diminishes in this series.
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which becomes more globular in shape and usually lacks the
prominent bony crests or flanges found in many lower
mammals. (2) The enclosure of the orbit by a complete
bony ring and, in higher Primates, the formation of a bony
wall shutting it off behind. (3) The gradual rotation for-
wards of the orbits until their openings look directly for-
wards. (4) The attenuation of the bony arch of the cheek
(zygomatic arch). (5) The recession of the snout, and the
retraction of the face to a position below rather than in front
of the cranium. (6) The shrinkage of the bony apparatus
of the nose. (7) The progressive shifting of the foramen
magnum from the back end of the skull to its basal surface,
so that it comes to face downwards instead of directly
backwards.

The main features of the mammalian dentition and the
evolution of the teeth in the Primates may be summarized
as follows: In typical mammals the dentition is made up
of teeth of various types. If the reader will examine his
own dentition he will find that in front of the jaws on either
side are two teeth of spatulate form with a fairly straight,
chisel-like, cutting edge (see Fig. 3¢). These are the incisor
teeth, and their main function is to bite off pieces of food
which are then transferred back for the attention of the
grinding teeth bchind. Behind the incisor teeth is the
somewhat pointed canine tooth (or ““eye tooth '), whose
prominence varies considerably from one individual to
another. In many mammals it is used for grasping prey
and as a weapon in attack and defence. Behind the canine
tooth are two premolar teeth (or bicuspids)—teeth of rela-
tively simple construction, in each of which the crown is
raised into two little eminences or cusps, one to the inner
and one to the outer side. Behind the premolar tecth are
three molar or grinding teeth, the crowns of which have a
more complicated pattern of four or five cusps. The molars
are used for crushing food and chewing it up into small
fragments.

In mammals generally these four categories of teeth can
be distinguished, though the number and shape of the teeth
show considerable variation. Their number is commonly
expressed, for brevity, by a simple formula. The dental
formula for Man is 211: zg X 2 = 32, which means that in
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the upper and lower jaws there are normally on either side
two incisors, one canine, two premolars and three molars,
or thirty-two teeth in all. Incidentally, it may be noted
that all these teeth of the adult dentition are preceded in
babyhood by temporary or ‘“ milk "’ teeth, with the excep-
tion of the molars, which have no temporary precursors.

When true mammals first appeared, they seem to have
experimented with different kinds of molar teeth. Some
developed teeth adapted for crushing food, with highly
complicated crowns beset with a large number of small
tubercles. Other mammals developed sharp, shearing molars,
the teeth of the upper jaw working against those of the lower
jaw like the blades of a pair of scissors. In the ancestors
of all the modern mammals (apart from the egg-laying
mammals of Australasia) the molar teeth acquired crowns
of triangular shape, with a sharp tubercle or cusp at each
corner of the triangle. This kind of molar tooth—the #:-
tubercular pattern—proved exceptionally efficient, since it
combined in one tooth the several functions of grasping,
shearing, and crushing or chewing. It was from these
simple tritubercular molar teeth that the variously compli-
cated molar teeth of all placental mammals (including the
Primates) were eventually developed by a process of gradual
evolutionary change.

Now let us consider the nature of the dentition of the
common ancestral stock of mammals which gave rise to the
different existing orders of placental mammals,* including
the Primates. It seems certain—on the evidence of com-
parative anatomy and the fossil record—that in its general
features it must have approximated very closely to the
arrangement shown in Fig. 4. The dental formula was

g::g X 2.= 44 ; this represents the full complement of
teeth in a completely generalized placental mammal, from
which the different formulae found in most living placental
mammals have been derived by some degree of reduction.
The incisor teeth in the ancestral stock were probably small
and cylindrical, with rounded tips. The canine was a
conical tooth, with a pointed tip projecting beyond the level
of the neighbouring teeth. The premolar teeth were each

* Placental mammals include all existing mammals except the
egg-laying mammals and the marsupials.



HISTORY OF THE PRIMATES 25

of simple form with a single pointed cusp. The molars
must all have shown the primitive tritubercular pattern of
cusps.

F1G. 4.—A diagram showing the probable appearance of the
dentition of the ancestral mammalian stock from which all
placental mammals have been derived in the course of
evolution. In each jaw are seen three small incisor teeth in
front, a sharp projecting canine tooth, four premolar teeth
of a simple construction, and three molar teeth.

We may now briefly consider the general developmental
tendencies shown in the evolution of the dentition in Pri-
mates. The fossil evidence shows that very early in their
evolutionary history most of the Primates lost one incisor
on each side of the upper and lower jaws, and, indeed, the
possession of two incisors (instead of the original three) is
often cited as one of the distinctive characters of the existing
Primates. But in some lemurs the reduction has gone
further, for in certain species the upper incisors have dis-
appeared altogether. In the higher Primates, the Anthro-
poidea (monkeys, apes and Man), the incisors have lost their
peg-like character and have taken on a spatulate form with
a fairly straight cutting edge. Finally, we should note that
in all the modern lemurs the lower incisors, together with
the lower canine teeth, have become elongated into slender
points and are close-set like the teeth of a fine comb. Indeed,

3
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they are actually used by their owners for combing their
fur, and form what is sometimes called a ‘“ dental comb
(Fig. 5).

The canine teeth in many Primates became enlarged to
form sharp and powerful dagger-like teeth (for example, in
the larger monkeys, such as baboons). On the other hand,
in their size and shape they have in some instances become
approximated to the incisors and almost indistinguishable
from them.

Fig. 5.—The dentition of Lemur, natural size. In the side
view (A) the upper incisor teecth are seen to be much
reduced, while the canine tooth is sharp and dagger-like.
Behind the canine are three premolars and three molars.
In the lower jaw the incisor teeth and the canine project
forwards and form the ‘ dental comb.” The latter is shown
to better effect from below in (8). Since the canine (c) takes
part in this curious modification, the front premolar tooth
(p) has secondarily assumed the functions of a canine
tooth, and has become sharp and pointed.

The premolars in the early stages of Primate evolution
showed a tendency, in the first place, to a diminution in
size of the first two and a relative enlargement of the third
and fourth, and subsequently to a disappearance of the
first premolar, and later (as seen in Old World monkeys,
apes and Man) of the second premolar also (Fig. 6). More-
over, the third and fourth premolars quite early became
complicated by the appearance of a second cusp, so that
they came to assume a ‘“ bicuspid "’ character, and in some
cases they became even more complicated.

The prevailing trend in the evolution of the molar teeth
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F1G. 6.—The dentition of (a) a New World monkey (Cebus) and
(8) an Old World monkey (Macaca), natural size. Asin all
modern Primates there are only two incisor teeth in each
jaw in both cases. In the New World monkeys the first
premolar tooth of the ancestral mammalian stock has been
lost, leaving only three. In the Old World monkeys the
second premolar tooth has also disappeared, so that in these
Primates (as also in the anthropoid apes and Man) the dental
formula is 2.1.2.3.

27
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in the Primates has been manifested in a tendency to trans-
form their primitive tritubercular pattern into a quadri-
tubercular, or 4-cusped, form. As we shall see, the gradual
conversion of the primitive tritubercular molars into quadri-
tubercular teeth is well attested by the fossil evidence, for
all stages of this slow evolutionary process can be recognized
in the teeth of the extinct carly Primates.

THE PRIMATES AS THEY ARE To-DAY

As we have already seen, Man belongs (zoologically speak-
ing) to the Order Primates. This implies that, in common
with the other representatives of the Order, he belongs to a
natural group whose members have become gradually di-
versified during the course of evolution from a common
ancestral stock. Thus, in order to appreciate fully the
evolutionary history of the human species, it is necessary
also to make some reference to that of the Order to which
he belongs. Only by so doing will it become clear just how
man stands in relation to the animal kingdom as a whole.
But, before discussing the fossil evidence for their evolution-
ary history, it is first desirable to give a brief account of the
various subdivisions of the Primates as they exist to-day,
that is to say, as they are represented by all those terminal
products of evolution which still survive.

It is peculiarly difficult to give a satisfying definition of
the Primates, since there is no single distinguishing feature
which characterizes all the members of the group. While
many other mammalian Orders can be defined by con-
spicuous specializations of a positive kind which readily
mark them off from one another, the Primates as a whole
have preserved rather a generalized anatomy and, if any-
thing, are to be distinguished from other Orders rather by
a negative feature—their lack of specialization. Thus they
have mostly maintained a generalized structure of their
limbs, preserving the primitive pentadactyly (i.e. five fingers
and five toes), as well, also, as keeping intact certain elements
of the limb skeleton (such as the clavicle or collar-bone)
which tend to shrink or disappear in some other groups of
mammals. Again, the grinding teeth (or molars) preserve,
on the whole, a simple and primitive structure, particularly
when compared with the complicated and highly specialized
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teeth which have been developed in some Orders (such as the
elephants, ungulates and carnivores).

It has been pointed out and emphasized by many com-
parative anatomists that the relative lack of specialization
shown among the Primates is consequent upon the circum-
stances of their particular habitat for, with only a few
exceptions, all the Primates are arboreal creatures and live
in tropical or sub-tropical regions. Now there is consider-
able reason to belicve that the prototype of mammals as a
whole was arboreal in its way of life. As far as the limbs
are concerned, this sort of life necessarily requires those
grasping functions which are clearly dependent on primitive
features, such as pentadactyly, with a wide range of move-
ment of the fingers and toes, a well-developed clavicle (which
is used as a strut for sideways movements of the arms) and
so forth. Therefore, since from the outset of their evolu-
tionary origin from the arborcal mammalian prototype the
Primates remained in the trees, they tended to preserve
these advantageous, though primitive, anatomical characters,
In many other matters, also, an arboreal habitat favours
the preservation of a generalized kind of bodily structure.
As far as the dentition is concerned, an arboreal kind of life
obviates the necessity for developing highly specialized
grinding teeth, since the diet available to most tree-living
mammals in the tropics, consisting of leaves, shoots, soft
fruits and insects, can be adequately masticated by molar
teeth of relatively simple structure.

On the other hand, the early mammals which descended
from the trees to enter on terrestrial carcers developed all
sorts of specializations quite rapidly. For example, their
limbs tended to lose their grasping functions, and to become
adapted simply as supporting struts for the body or as
instruments of high speed, and so they lost on¢ or more
toes and other elements such as the clavicle.  Their molars
in many cases tended to become exceedingly complicated
grinding mechanisms in order to deal efficiently with hard
roots or tough grass (as in the herbivores), or they became
modified to form sharp shears for cutting flesh (as in the
carnivores). Many of them developed large horns, fierce
tusks, sharp spines, powerful claws, and other weapons of
attack and defence, such as are not appropriate in an arbo-
real life, where agility, cunning, and the protection of foliage



30 HISTORY OF THE PRIMATES

offer far better prospects of sccurity and survival. The
demand for skill and cunning in arboreal life was, no doubt,
one of the reasons why the brain began to expand in size
and complexity very carly in the evolutionary history of
the Primates.

Another feature of terrestrial life is the encouragement it
gives to the development of a highly specialized smelling,
or olfactory, apparatus. For following the scent in tracking
prey, or for detecting the proximity of enemies, the sense
of smell is far more valuable on the ground than in the trees.
On the other hand, life in the trees favours the development
of good eyesight for several reasons, particularly for the
accurate judging of distance and direction in arboreal
acrobatics. Thus in terrestrial mammals the olfactory
organs tend to become larger and more elaborate, while at
the same time the apparatus of vision often remains rather
poorly developed. In the arboreal Primates, on the other
hand, the converse tendencies are shown, for in the course
of evolution the visual organs become more elaborate and
more perfectly adapted to the nceds of their environment,
while the olfactory apparatus actually dwindles in size and
complexity. Incidentally, also, the grasping functions of
the hand and foot are further enhanced in most Primates
by the transformation of sharp claws (characteristic of
primitive mammals) into flattened nails. The latter arc
associated with the development of highly sensitive pads
at the tips of the digits, which provide a very cfficient
grasping mechanism capable of quite delicate manipulations.
One more point which we may note here is that in the evolu-
tion of the Primates the grasping pentadactyl hands become
more and more used for functions which in four-footed
terrestrial mammals are often performed by the front teeth
(incisors and canincs) ; consequently, the jaws and teeth
tend to become much smaller and less obtrusive.

It has already been mentioned that onc of the features
common to the Primates is the use of the limbs for grasping
purposes. Now there are good grounds for inferring that,
even in the primitive mammalian stock from which the
earliest Primates had their evolutionary origin, the hand
and foot were capable of some degree of prehension, in the
sense that the five digits could be splayed out and bent
together in a converging movement so as to permit the
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grasping of small objects. This  flexion-convergence ”’
movement has become considerably amplified in the Pri-
mates, particularly in the case of the thumb and big toe
which have tended to increase their relative size and to
become capable of being moved in opposition to the other
digits for grasping purposes. This “ opposability ”’ of the
thumb and big toe is characteristic of most of the living
Primates, so that the foot as well as the hand has a ‘“ hand-
like ” appearance. It is for this reason that the old natura-
lists in the middle of the last century gave the name ““ Quad-
rumana ~’ to the whole group of monkeys and apes, thus
distinguishing them from the “ Bimana,” which included
Man.

In the preceding paragraphs we have noted some of the
evolutionary tendencics manifested by the Primates in
response to the demands of their arboreal environment.
Of course, they have not all been realized to anything like
the same degree, even by the various members of the Order
which exist to-day, and it is for this rcason that it is not
possible to define the Primates by any one distinguishing
feature. The problem of definition becomes more dithicult
still if we take into account the fossil Primates, particularly
the most ancient forms which were just beginning to become
differentiated from the gencralized mammalian stock that
also gave rise to other Orders, and in which, therefore, many
of the characteristic Primate features had hardly had time
to manifest themselves. Broadly speaking, however, it
is now possible to define the Primates on the basis of the
prevailing tendencies which dominated their cvolutionary
development.  Using such criteria we may say that they
form a natural group of mammals distinguished from other
groups by the following prevailing evolutionary tendencies :
the preservation of a generalized structure in the limbs,
associated with free mobility of the digits (especially the
thumb and big toe) and the replacement of sharp compressed
claws by flattened nails, the elaboration of their visual powers
and a corresponding reduction of the olfactory apparatus,
the shortening of the snout or muzzle, the preservation of a
relatively simple pattern of molar teeth, and the progressive
development of large and complicated brains. In Man
some of these tendencies (particularly the expansion of the
brain) have advanced much further than in other Primates,
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and he shows a unique specialization in his ““ hind limbs,”
for these have now become transformed into ‘‘ lower limbs
for supporting the rest of the body in the erect position,
while the mobility of the foot and toes (so characteristic
of the Primates in general) has become secondarily lost.

Various methods of classification have from time to time
been suggested by comparative anatomists and palaeonto-
logists for splitting up the Order of the Primates into the
natural subdivisions which most accurately reflect their
true genetic inter-relationships. As a matter of convenience
we shall follow here the most recent and authoritative
scheme of classification put forward by Dr. G. G. Simpson.
According to this classification, the Primates are divided
into two sub-Orders, the Prosimii and the Anthropoidea.
The latter includes Man, anthropoid apes and monkeys, and
the former the tarsiers, lemurs and tree-shrews.

The members of the Anthropoidea, as this name implies,
are distinguished by their rather man-like appearance, an
appearance which catches the attention of the most un-
sophisticated eye. The human resemblance of the apes and
monkeys resolves itself on analysis into a few outstanding
characters, such as the relatively voluminous and rounded
brain-case, the flatness of the face, the position of the eyes
(which look directly forwards and so appear rather close-
set), the shrunken appearance of the ears (which do not
stand out from the head as in most lower mammals), the
alertness and versatility of the facial expression, the mobility
of the lips (and especially the upper lip, which is not bound
down to the gums as in most lower mammals), the employ-
ment for grasping purposes of what is obviously a real
“hand ” (and not a fore-foot), and the presence of flattened
nails on the digits of the hand and foot. These superficial
human resemblances of the sub-human members of the
Anthropoidea are paralleled by many remarkable features
of an even more fundamental character, such as are shown
in the reproductive functions, the physiology of the brain,
or the microscopic structure of certain organs of the body.

The Anthropoidea are further subdivided into three super-
families, Hominoidea (including Man and the anthropoid
apes), Cercopithecoidea (Old World monkeys), and Ceboidea
(New World monkeys). The grouping together, in the one
category Hominoidea, of Man and anthropoid apes is an
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indication of the close resemblances which they show in their
anatomical structure. This group is subdivided into two
families, the Hominidae, which includes modern and extinct,
forms of Man, and the Pongidae, which includes the anthro-
poid apes.

ANTHROPOID APES

The living anthropoid apes approximate more nearly to
Man than do the monkeys in a number of significant features,
including the configuration and relative size of the brain,
many details of the skull, skeleton and dentition, the ten-
dency towards the adoption of an crect or ““ orthograde ”
posture (which is correlated with certain features such as
the shape of the chest and the disposition of the abdominal
organs), the absence of a tail, and so forth. But, apart
from structural similarities, they show some remarkable
affinities to Man in many of their fundamental physiological
processes—for example, the chemical reactions of their blood,
the pattern of their growth, certain aspects of the physiology
of the brain, the method by which the young are nourished
in the womb bcfore birth, and even the kind of parasitic
infestation to which they are susceptible.

All this sort of evidence indicates a relatively close genetic
relationship, even though it seems certain that some of the
less fundamental resemblances are at least partly to be
ascribed to the results of parallel evolution. It must also
be emphasized that all the anthropoid apes which exist
to-day are pre-eminently arboreal specialists, and, in adap-
tation to their particular arboreal habits of life, have under-
gone a considerable amount of divergent specialization
peculiar to themsclves. Thus their mode of progression
among the trees by swinging from bough to bough with their
arms (brachiation) has led to a great lengthening of the
arms, to a relative shrinkage of the thumb (the hand becom-
ing modified functionally to form a sort of “ hook ™ rather
than a grasping mechanism, so as to allow of a very rapid
release in swinging among the trees), and to an evolutionary
dwindling of the hind-limbs. We shall refer to such aberrant
developments later in discussing the derivation of Man from
an ape-like ancestor, but it may be pointed out now that
these arboreal specializations have been avoided in Man—
in other words, in these particular respects Man himself is
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actually more primitive and generalized than the modern
anthropoid apes.

Apart from quite a number of extinct forms, the anthro-
poid apes are only represented by four living genera, the
Gorilla, Chimpanzee, Orang Utan and Gibbon. The gorilla

_ s\“\}l‘l{/ Ty
NN

N

/

Al ‘
\\ \ N \“\\ § AR
N IR
" %1!\‘\:“\’ l.\]\ oy
S

FiG. 7.—Gorilla,

inhabits the equatorial regions of Africa and is the largest of
the living anthropoid apes. Although to-day it is only
slightly arboreal, spending most of its life moving about in
the undergrowth of the jungle and usually adopting a quad-
rupedal gait (Fig. 7), the anatomical evidence indicates
clearly that the gorilla has only recently in its evolutionary
history abandoned brachiating habits, and, in association
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with the latter, its limbs have evidently been modified in the
same way as in the other apes. Closely related to the gorilla
is the chimpanzee, which has a similar but rather more ex-
tended habitat in tropical Africa, and is smaller and a much
more active climber. The orang utan is an Asiatic ape
confined to-day to Borneo and Sumatra, but in past geological
times it extended its range as far north as China. It attains
to a fairly large size and is exclusively arboreal, descending
but rarely to the ground. These three apes may be referred
to as the giant anthropoid apes, in contrast to the gibbon,
which is a rclatively much smaller animal. Gibbons are
found in the south-castern parts of Asia, extending over a
fairly wide arca in Malaya. They are somewhat slenderly
built, extremely agile, and their arms attain to a great
length (Frontispiece E). They arc the most vocal of the
anthropoid apes and are, also, highly gregarious, going about
in troops of twenty or more. Another point of particular
interest about the gibbon is that it is much more adept at
bipedal progression than the larger apes. Indeed, it can run
with considerable speed in the crect position, not only along
the boughs of trees, but also on the ground, all the time
holding out its long arms as balancers.

MONKEYS

The monkeys represent the lowest stratum of the Anthro-
poidea which exist to-day. Most of them are thoroughly
arboreal, but many (especially the Old World monkeys)
quite frequently come to the ground, and some are wholly
terrestrial. Both among the branches and on the ground
they commonly assumc a quadrupedal (or pronograde)
posture and gait. They arc not such specialized arboreal
acrobats as the anthropoid apes, for they move about rather
by running and leaping among the larger boughs than by
swinging along in brachiating fashion. Hence they have
avoided the disproportionate lengthening of the arms charac-
teristic of the anthropoid apes, and have in most cases pre-
served the more primitive proportions of the limbs—that is
to say, the fore-limbs are commonly shorter than the hind-
limbs. The majority, also, have well-developed tails. The
monkeys are divided into two clearly defined groups, the
Old World or “ catarrhine ” monkeys and the New World
or ‘“ platyrrhine ” monkeys. The significance of these
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terms is related to the disposition of the nostrils, though this
is a distinction which is not always very striking (Fig. 8).
In the catarrhine monkeys the nostrils are separated by a
relatively narrow partition, whereas in the platyrrhine
monkeys the partition is relatively broad, so that the
nostrils are rather wide apart. These two groups of monkeys
are not only sharply contrasted in their geographical dis-
tribution, they are also to be distinguished by many impor-
tant anatomical characters (for example, in the dentition
and the structure of the skull). In Dr. Simpson’s classifica-
tion they form two separate superfamilies, the Cercopithe-
coidea (Old World monkeys) and the Ceboidea (New World
monkeys).
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IF16. 8.—(a) An Old World or Catarrhine monkey (Macaca)
and (B) a New World or Platyrrhine monkey (Cebus), show-
ing the difference in the disposition of the nostrils.

The Old World monkeys comprise one family only, the
Cercopithecidae, and they have a wide distribution over Asia
and Africa, even reaching into Southern Europe. One of
the commonest kinds of these monkeys are the macaques ;
there are about fifty different species, and their geographical
range extends from Gibraltar and North Africa in the West
(where they arc represented by the so-called Barbary Ape),
through India, Burma, Malaya, Siam and China, to Japan
in the East. All the macaque monkeys are rather stoutly
built animals of moderate size and, being exceptionally
hardy, can accustom themselves to many different climates,
from tropical jungle to the snow-covered heights of moun-
tains. Itisbecause of their hardiness that macaque monkeys
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are so commonly used for exhibition at country fairs or in
small travelling zoos. Another group of Old World monkeys
comprises the mangabeys. These are restricted to Africa,
and are characterized by rather long tails and by con-
spicuous white marks on the eyebrows and upper eyelids.
They are more thoroughly arboreal than the macaques, and
more slender in build. The guenons are a large group of
monkeys, also confined in their geographical distribution to
Africa. They comprise a considerable number of species,
many of which are brightly coloured with rather unusual
tints. In this character, however, they are surpassed by
the gucreza monkeys, in which, also, the development of
long parti-coloured ‘“manes ”’ of hair on either side of the
body is a striking feature. Having adopted a purely
arboreal life, the guerezas have gone cven further than the
anthropoid apes in the reduction of the thumb, for this
digit has been reduced to a mere nodule at the side of the
hand.

The langurs are Asiatic monkeys, extending from India
and Ceylon through Malaya to Tibet and Java. They are
mostly of rather large size, but they are lightly built. They
feed mainly on leaves and the young shoots of certain plants
and, in association with their special vegetarian habits,
they have developed large and wunusually complicated
stomachs. Allied to the langurs is the remarkable pro-
boscis monkey, which to-day is only found in Borneo. It
is a grotesque looking animal, for it has developed a fleshy
nose or proboscis which, in the male, is about three inches
long, and projects forwards in a dependent fashion over the
mouth. The significance of this proboscis is not clear, for
it is not related to an accentuation of the sense of smell.
Since it is very much reduced in the female, it can only be
inferred that it is a sexual character—that is to say, an
adornment for the male.

Lastly, we may refer to certain terrestrial representatives
of the Old World monkeys, the baboons and mandrills.
These inhabit rocky, open country, and seem to have
abandoned arboreal habits almost entirely. They are
quadrupedal animals of formidable appearance (Fig. o),
with large projecting muzzles and tails of moderate length,
and they usually live in well-established communities.

The New World or Platyrrhine monkeys (Ceboidea) are
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Fic. 9.—Olive Baboon (Choeropithecus anubis).

Fi1G. 10.—Female Brown Capuchin Monkey (Cebus).



HISTORY OF THE PRIMATES 39

to-day confined to South America, and comprise a large
number of different genera which vary considerably in size
and appearance. They are thoroughly arboreal in their
habits, and many of them (in contrast with the Old World
monkeys) have developed prehensile tails by means of which
they can hang and swing from the branches, or which they
can even use as a 