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FOREWORD

HIS book gives a taxonomic and phylogenetic
survey of the findings of diverse experimental
investigations of lemurs, monkeys, and apes. So far
as I know, this information has not been considered
collectively from this point of view before. Students
of mammalian classification seldom pay much attention
to experimental biology, and experimental biologists as
a rule have little time for taxonomy and phylogeny.
Indeed there is a tendency, which has grown with the
success of experimental methods in biology, to decry
interest in these fields of systematic zoology; one of
the signs is that in biological circles to-day the question
of evolution usually attracts less attention as an account
of the supposed histories of different groups of living
organisms than as a discussion of general principles
arising out of such experimental studies as genetics.
This tendency to lay aside phylogenetic problems has
not, however, affected the problem of the relationships
of the group of mammals to which man belongs.
Interest in this question is still as strong as it was
fifty years ago, when it was greatly and vicariously
enhanced by the conflict between the doctrine of man’s
animal descent and certain conventional social opinions.
To-day this doctrine can be considered from a much
wider point of view than was then possible, largely
because of growth in our knowledge of the dynamic

characteristics of the subhuman Primates—the func-
xi



xii FOREWORD

tional characteristics with which this book is concerned.
Since the phyletic significance of this information is
usually a by-product—the facts are generally sought
for more practical reasons—it is interesting to consider
some of the ways in which investigations of function
differ, in their bearings on systematic mammalogy,
from a study so closely linked with taxonomy as com-
parative morphology.

Monkeys and apes are chosen as experimental sub-
jects largely because they are the only animals suitable
for the investigation of certain diseases, for example
poliomyelitis, or for the analysis of physiological
mechanisms, such as the menstrual cycle. In these
studies they are frequently regarded simply as neces-
sary substitutes for rats, guinea-pigs, or other more
easily handled laboratory mammals, and the investi-
gator may be altogether indifferent to the taxonomic
significance of his work—assuming that it has such
significance. As a result, systematists are often left in
ignorance of observations that may, from their point of
view, be of considerable value, and taxonomy remains
the poorer until the observations thus made slowly
filter into the body of general knowledge. Some-
times, however, monkeys are chosen as experimental
subjects in the belief that they are more akin to man
than are rabbits and dogs, and in the hope that informa-
tion gleaned from their use will have a close bearing
on human problems. At times, too, different kinds of
monkeys may be studied in the expectation that a
comparative approach will provide a solution for the
main problem of an investigation; or occasionally,
simply because of interest in the comparison itself.
The interest in the comparison of primate types revealed
in physiological and medical studies usually proves to
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be essentially the same preoccupation with phyletic
relationships as that which characterizes comparative
morphology. If there is any difference between these
diverse fields of primate study in their exploitation
of this interest, it is probably only one of degree.
A survey of the literature suggests that present-day
morphologists, perhaps because of the greater age
of their subject, are more cautious with regard to the
phyletic bearings of their work than are students of
function.

The difference between the practice of comparative
morphology and that of comparative psychology is
much more significant, although to some extent it is
also one of degree. Comparative morphology system-
atizes knowledge about the structure of different
animals, and provides a means for their classification.
Its more dominant preoccupation is not with the
variations displayed in different species of animals by
some single structure which can be isolated from the
total organism, but with the light these variations
throw on the phyletic relationships of the animals
themselves. This is not so in comparative psychology.
Here the emphasis is usually reversed, and interest is
focussed mainly upon variations in the isolate that is
being considered and upon the evolution of that
isolate—for example, upon the evolution of something
called “mind,” not upon the evolution of the animals
whose behaviour tells of this mind. The history of
the subject gives the clue to this difference, for, accord-
ing to many authorities, the scientific development of
the study of animal behaviour was urged as a reaction
against the introspective method of psychology, and as
a search for objectively definable psychological charac-
teristics. 'Thus, behaviour, as such, remained and still
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remains the central interest of comparative psychology:
and while the subject has always included within its
scope questions of the evolution of what is called
intelligence—through such stages as reflexes, tropisms,
and instincts—until very recently it rarely concerned
itself with the differentiation among different animals
and groups of animals of such aspects or characters
of behaviour as can be isolated and defined.

In the past few years several comparative studies,
manifesting this newer interest, have appeared, and
there are many signs that this field of investigation is
rapidly growing. If these studies are to align them-
selves with other systematic researches on Primates,
the characters they consider must be classified as
thoroughly as possible within their own fields before
any attempts are made to correlate them with facts
derived from other primate studies. This obvious
point has often been overlooked. Thus some writers
on animal behaviour have assumed, apparently because
morphologists have declared the apes to be man’s
nearest-of-kin, that chimpanzees necessarily excel mon-
keys in, for example, memory and the use of instru-
ments. Actually, of course, such a conclusion could
be justified only by experiment. As the study of
taxonomy has amply shown in the past, there is no
a priori reason why the distribution of characters of
behaviour that are arditrarily chosen for study should
be in accordance with classification by morphological
characters; indeed, it may often prove that such charac-
ters of behaviour have no taxonomic value at all. It
is plain that the student of behaviour is likely to be
misled if he pins too much faith—with but few obser-
vations—to any single view of primate relationships
based on morphological investigation. Wood Jones
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has voiced the suspicion, in his book Man’s Place
Among The Mammals (1929), that the laboratory worker
studies apes “under the belief that they represent Man
in the making,” and he warns the experimenter against
believing “‘that he is investigating an incipient human
stage—a stage through which Man has passed, and
which may, therefore, be expected to throw light upon
the development of human characteristics.” He goes
on to say that the findings of these experimenters are
findings ‘““derived from a specialized and senile end-
product of a phylogenetic line.” Whether or not
Wood Jones’s opinions on phylogeny are accepted,
his statements emphasize the fact that the student of
behaviour must be fully conversant with the bases of
morphological views of the phylogeny of the Primates
if he wishes to use them as points of departure for
speculations in his own field of study. Unless this is
realized, or comparative studies of primate behaviour
are given wider scope than they formerly have been,
such investigations cannot be expected to throw much
light on the probable line of human descent, and
many evolutionary generalizations within this field will
probably prove to be false.

It is not only taxonomy that would benefit if the
functional characters of the Primates were extensively
studied from the comparative point of view, for there
can be no doubt that the systematic zoological approach
provides an excellent method for co-ordinating data
in such a way as to suggest problems for further
investigation. This method of evaluation reveals the
gaps in our present knowledge of functional differenti-
ation, and at the same time frequently helps to throw
light on the nature of functional characters regarded
from the points of view of physiology or behaviour.
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What is obscure in a functional activity of one species,
for example man, may be clarified by some peculiarity
in the working of the homologous process in a related
species, and problems whose existence had not pre-
viously been realized might be revealed by this method
of approach. In so far as the following pages give a
taxonomic view of the distribution of primate func-
tional characters, they are also to a large extent a
presentation of problems dealing with the differentiation
of these characters. In its taxonomic bearings the
book is not intended as a final statement about the
inter-relationships of different Primates. My aim has
been, rather, to emphasize seldom-used approaches to
the question of primate phylogeny, to show how little
they have been systematically tried, and to indicate
what I regard as the proper place of functional investi-
gations in the study of the classification and evolution
of the Primates.

In discussing facts which demonstrate the use of
systematic and taxonomic methods in physiology and
in the study of behaviour, I am aware that I may have
omitted some facts which could very well have been
included, although, so far as I know, the field of data
available for this purpose is not yet wider than I have
actually indicated. I may also be charged with having
chosen to consider only those characters which fit
present views about the subdivision of the order
Primates. This is partly true, but the same charge
could be made against the morphological characters
considered in taxonomy. Although tails are recog-
nized characters, no one classifies Primates according
to the length of these organs, since the resulting system
would not be adequate to denote the distribution of a
very large number of other characters, morphological
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and physiological, whose correlation with each other is
indicated by a different system of classification. The
functional characters which merit most consideration
in the classification of the Primates are those which
show some degree of correlation not only amongst
themselves, but also with characters in other fields of
primate studies. I have freely used the term “func-
tional character” to refer to any character that is
revealed by methods used in the investigation of the
dynamic, rather than the static aspects of organisms.
In any case the distinction between function and
structure in taxonomic discussion is probably largely
artificial, since all the processes of the body presumably
have a physical basis; gross structure may therefore be
regarded as the expression of the peculiarities of
chemical processes.

The subject-matter of this book was originally pre-
pared as a contribution to the discussion on “Primates
and Early Man,” which took place at the 1932 York
meeting of the British Association for the Advance-
ment of Science. Part of the same material also formed
the basis of a paper which I read before the Royal
Anthropological Institute, London, on November 2 3rd,
1932 (an abstract of this communication was published
in Man, Vol. 33, pp. 13—16). In preparing the book
I have been very greatly helped by the encouraging
advice and stimulating criticism of Professor G. Elliot
Smith, of Professor J. P. Hill, of Professor W. E. Le
Gros Clark, of Professor H. A. Harris and of Professor
C.Daryll Forde. Iowe thanks also to the Prosectorial
Committee of the Zoological Society, especially to Sir
Peter Chalmers Mitchell, who for the past five years
greeted all my ventures into primate studies in that
favourable way which greatly stimulates further ven-
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turing. I am also grateful to those of my new and
temporary colleagues at Yale University, particularly
to Professor Fulton and to Professor Yerkes, who were
kind enough to read the proof and offer suggestions.

S. ZUCKERMAN.



CHAPTER 1

PECULIARITIES OF CLASSIFICATION IN
THE ORDER PRIMATES

CIENTIFIC thought becomes increasingly difficult
the less its material is amenable to quantitative
treatment and the more it is related to deeply rooted
emotional attitudes. This is well recognized in ques-
tions of human origins, and students in this field usually
realize that they must subdue what anthropocentric
interest they naturally have in their subject if they
wish their conclusions to have a sound and unbiassed
foundation. Thus Darwin (1871), a prominent ex-
ponent of objectivity, writes that the descent of man
should be discussed in the same way as that of any
animal. What, for instance, are man’s relations to
other vertebrates’? Does he vary in bodily structure
and mental faculties? If he does, are his variations
“governed by the same general laws, as in the case of
other organisms?”’ Has he given rise to “‘varieties and
sub-races, differing but slightly from each other, or to
races differing so much that they must be classed as
doubtful species?”’

A complete answer to questions as broad as these
demands extremely wide study, particularly of human
genetics, and far wider, indeed, than Darwin himself
probably realized. Until such studies have been made,
views on human descent must continue to have a more

modest, but nevertheless not altogether insufficient
F.AM. I B
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basis in the findings of paleontology, and in the com-
parison of man with other animals (particularly with
the sub-human Primates) in regard to structure, em-
bryology and growth, physiology, susceptibility to
disease (including parasitic infections) and behaviour.
Some of these fields of relationship are, unfortunately,
not so widely known or explored as are others, current
views on the phylogeny of the Primates being largely
based on the conclusions of comparative anatomy and
the relatively slight evidence provided by palzontology.
The physiological evidence, with the exception of the
blood reactions, is seldom considered. The same may
be said about the facts relating to disease and behaviour.

These omissions in the discussion of the classifica-
tion and phylogeny of the Primates are unnecessary.
Partly they are the results of too narrow a specialization
in primate studies, for natural interest in human struc-
ture, and the difficulties of observing living animals,
have combined to lay far too heavy an emphasis, in
phylogenetic discussion, on comparative morphology.
Partly they are also due to the absence of any effective
co-operation between the systematist on the one hand,
and the physiologist, or biochemist, or helminthologist
on the other. Although the professional systematist
is trying to express animal relationships as correctly
as possible, he is generally compelled to draw his
conclusions from the evidence of morphology alone.
Even should he possess the necessary training in other
fields, it is unlikely that he would have the time to
examine the journals of physiology, or biochemistry,
or experimental medicine, in search of facts which,
though primarily of interest to students in these fields
from an entirely different point of view, may neverthe-
less have bearing on the taxonomic questions he is
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studying. As a result of this, the real meaning of
taxonomy—the science of the laws of arrangement or
classification—has in some quarters been narrowed to
mean classification on the basis of a few arbitrary
structural characters. If this restricted interpretation
is disregarded, little reflection is needed in order to
realize that the consideration of phylogeny can have
a much firmer taxonomic foundation in the order
Primates than in other groups of mammals where,
owing to lack of knowledge, it is usually of necessity
limited to palaontology and more superficial anatomy.

This fact helps to explain why, apart from anthropo-
centric interest, the systematics of the order of animals
to which man belongs has so peculiar an appeal. It
also suggests why it is so controversial a subject. The
characters by which taxonomic and phylogenetic rela-
tionships are traced may or may not be conspicuously
related to one another; but, whether they are cor-
related or not, the more they are multiplied, the more
scope do they provide for argument, and the greater
is the resulting confusion.

There are, however, other explanations of the end-
less scientific controversies about human descent. For
example, the phylogeny of the Primates is mostly a
preoccupaticn of anatomists with a medical training,
whereas animal phylogeny as a general study is a
problem of professional zoologists. Naturally, there-
fore, a profound difference in point of view often exists
between the human anatomists and the zoologists who
take up the studies of the phylogeny of man and the
classification of the Primates. The zoologist is warned
against constituting a species with few individuals and
on a small number of characters. Moreover, his greater
experience of animal forms gives him a better oppor-
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tunity for becoming the competent systematist by whose
judgment a species can be defined—to use a “‘definition”
of species that seems to be greatly in vogue at the
present time.* He realizes, at least in theory, that if
one group of animals differs from another in the absence
of certain characters and the greater expression of
others common to both groups, the true value of
the difference can be assessed only statistically. The
anatomist, on the other hand, usually approaches the
problem from a totally different angle, long acquaint-
ance with the human form giving him a somewhat
unwarranted confidence in the systematics of the
Hominide. When the anthropometrist (see Morant,
1926 and 1930) tells him that skulls which he has
regarded as distinct types are, from the point of view
of measurement, a sample from a homogeneous popula-
tion, he may refuse to accept such a view. He may
affirm (see Keith, 1931) that in his craniological studies
he is guided by anatomical characters whose value can
be assessed, for purposes of race identification, by the
unaided eye—apparently forgetting for the moment
that measurement can only increase the power of
observation, and that he continually uses it where he
isable. As I have tried to show elsewhere (Zuckerman,
1933), the main result of this arbitrary “‘anatomical”
treatment of the bony remains of archaic men is that
to-day we accept an altogether irrational classification
for the family Hominide.

But in his acclamation of this peculiar point of view,
the anatomist may partly be labouring under the in-
fluence of a widely spread impulse to hail new observa-
tions in the field of primate studies as unparalleled
and unique in their significance, irrespective of their

* A similar “definition” occurs in Darwin’s Origin of Species.
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exact relationship to pre-existing knowledge. It is an
attitude sometimes demonstrated also by palzontolo-
gists, and one of its effects is chaos in the classification
of another family of Primates, the Pongide (apes).
The somewhat arbitrary systematic reference of fossil
Primates may be exemplified by the following instance.
At a recent meeting of the Anatomical Society of
Great Britain and Ireland, Hopwood, who speaks with
authority as a palaontologist, exhibited a maxilla, to-
gether with some teeth, found in a Central African
Miocene deposit (believed to be Lower Miocene).
He pointed out that the teeth are of the Dryopithecus
pattern, and that they closely conform to the classical
description, given by Gregory (1916), of the corre-
sponding chimpanzee teeth. This he interpreted
as indicating that the fossils represent an ancestral
form of chimpanzee, but rather than refer them to
the genus Paz (chimpanzee) or to the genus Dryo-
pithecus, he suggested the creation of a new genus,
Proconsul (see Hopwood, 1933).

Arbitrary though the creation of new genera and
species may be, there can be little justification for this
proposal. None can be found on the score of the
age of the teeth, for there is. no obvious reason why
the same genus should not have persisted more or less
unchanged through several geological epochs. An
actual instance of this is provided by the Lamp shells
of the Cambrian, which palzontologists are quite
satisfied to call by the generic name (Lingula) that
is used for existing shells of the same kind. Thus
unless justification for the creation of new genera of
apes or man is to be sought on the score of convenience
of reference, a skull bearing the characters of Homo
sapiens should be classified as Homo sapiens, even if it
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were recovered from an Oligocene deposit. If the
teeth described by Hopwood are as much like those
of a chimpanzee as he stated, there is no reason why
they should not be included among the chimpanzees
in the genus Pan. Moreover, precedent for more
conservative treatment of the teeth of fossil apes is
well provided by the genus Dryopithecus, which con-
sists of more than six species, the teeth of which would
seem to differ far more amongst themselves than the
teeth of Proconsul differ from the corresponding teeth
of the chimpanzee.* Fortunately for those who wish
to see a less sensational classification and phylogeny
of Primates than is usual, the danger of creating genera
on the strength of single teeth is sometimes strikingly
apparent, as the instance of Hesperopithecus shows, even
though such procedure may occasionally be brilliantly
justified, as in the case of Sinanthropus.

Proconsul is not a solitary exception to an otherwise
well-balanced discipline of classification and phylo-
genetic study. Indeed, cases of a similar kind are so
numerous as to force the conviction that primate material
has a peculiar power of overweighting the conclusions
of its students. This is unfortunate. General interest
demands the constant re-telling of the tale of human
evolution. In the circumstances this tale becomes
either distorted or more dogmatic than the evidence
warrants. Whether we like it or not, almost every
fossil primate form, at least in the first excitement
following its discovery, is given some special signifi-
cance in the story of man’s descent (e.g. the Taung’s
fossil). Moreover, the importance, whether it be real
or unreal, attached to the question of man’s evolution,
prevents any separation of primate classification from

* See Gregory and Hellman, 1926.
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primate phylogeny. The two are firmly knit together.
It is essential, therefore, that the genera within a single
family such as the Pongide, or the species within a single
genus, should be at least approximately equivalent in
their taxonomic differentiation, if the theoretical condi-
tion is to be fulfilled that the sub-groups of a given
genus or family can be regarded as more closely related
to each other by descent than they are to the members
of other genera or families. Biassed speculation on the
descent of the Primates only too easily prevents this,
and a classification once made soon bears fruit. New
students will accept without question a classification in
which the relative difference between two genera of a
family may actually be less than that between two
species of a single genus, and will automatically draw
distorted phylogenetic conclusions. If only to prevent
this, a strong case could be made for the delimitation
of taxonomic groups on a basis of a sliding scale of
artificial units.



CHAPTER II

THE DYNAMIC BASIS OF CLASSIFICATION
AND EVOLUTIONARY THEORY

HE explanation of the processes of variation and
the scientific assessment of the concept of selec-
tion are the critical points on which the validity of
theories of evolution ultimately depend. Neither varia-
tion nor selection can be adequately studied except by
experiment and statistical analysis, and it is undoubtedly
true that such studies as experimental genetics have
vitalized the evolutionary hypothesis by providing it
with a physiology. Their influence can be recognized
in all biological fields in which the evolutionary concept
has to be considered, and the effect they have had on
such a subject as palzontology is one of the more
remarkable features of twentieth-century biology. Even
palzontologists who believe that new characters arise
through the adaptation of old ones to changed con-
ditions and function, realize that their views require
further examination in the light of modern experimental
genetics.

The experimental method can also find a field of
application in taxonomy, and in phylogeny—the dynamic
interpretation which the evolutionary concept allows
to be made of the ideal classification or *“natural system”
provided by taxonomy. An ideal classification would
be based upon a complete analysis of the resemblances

and differences of all the ‘“‘characters” that could be
8
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isolated from the organisms under consideration. And
in this connection, characters, to quote Robson (1928),
“include every structure and property of the animal or
plant, whether they be organs, cytological structure,
physiological activities, habits or ecological relation-
ships.” The obvious difficulties that prevent the
realization of such an ideal classification also constitute
the obstacles which serve to separate taxonomy from
phylogeny. If, however, these fields of study are to
be adequate, they must always tend towards each
other, however far circumstances may keep them apart.
A restriction of outlook in either the theory or the
practice of taxonomy may easily lead to irrational con-
clusions. Thus in discussing the descent of man,
which more widely is the problem of the phylogeny
of the Primates, it may be misleading to refer, as
Gregory does (1922), to “the taxonomic, palzontological
and anatomical evidence”, as though there existed a
distinction between the taxonomic and anatomical evi-
dence bearing on the problem, and as though the
one kind of evidence supported the other. It is even
more dangerous to base a classification on too few
characters, or on characters weighted for arbitrary
reasons. As Crow (1926) has pointed out, “each
character, as it is observed in nature, must be accorded
equal weight; there can be no evaluation of characters
on the nature of the characters themselves.” Such
value ultimately depends upon the positions taxonomic
characters assume in a scale showing their distributions
within the group of organisms in which they are mani-
fested. In practice, of course, organisms are classified
according to purely superficial resemblances, but as
Crow has written, it has been established in many cases
that if a number of forms are arranged “‘in respect to
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the degree of development of one character they are
also #pso facto arranged in a series in respect to other
characters.” In other words, characters are often
correlated with one another, and we may, with justifica-
tion, refer to the ‘“‘character complex” of a species.
Unfortunately the many cases which do not show such
correlation of characters provide only too ready an ex-
planation for the controversies of systematic biology.

A rational definition of ‘“‘characters” such as that
provided by Robson does away with any necessity to
excuse the introduction of data relating to function
into discussions of taxonomy or phylogeny.* If pre-
cedent for such a step be required, it is only necessary
to remember the dynamic basis Cuvier gave to his
“Reégne Animal” (1817), or the more recent welcome
given by systematists to Nuttall’s classic researches
(1904) on the serum precipitin reaction. Unfortu-
nately, however, experimental biology is a young subject,
and knowledge of the extent to which physiological
differentiation occurs in the living world is very limited.
It is unusual for enough facts about function to be
available, as they are in the case of the Primates, to
justify an attempt to trace their phyletic ramifications
within the narrow boundaries of a single order of
animals.

Apart from its use in providing taxonomic characters,
the experimental method has other obvious and im-
portant functions to fulfil in taxonomy. Thus it should

* The question is discussed at length by Robson. Crow’s (1926)
view “that physiology, as ordinarily understood, cannot affect the findings
of phylogeny” is based on the assumption that physiology is only con-
cerned with “explaining the life processes” in terms of physics and
chemistry. The contents of any physiological journal, however, show
that a large part of its function is also to discover and describe these
processes, which vary considerably from one living form to another.
Like morphological characters they can therefore be used in taxonomy.
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be used where possible to test the value of those single
morphological characters for which special virtue is
claimed in classification. A possible use, for example,
is provided by the problem recently raised by Regan
(1930). Regan has proposed a new and very un-
orthodox phyletic classification of the Primates, based,
almost entirely, on the straight or wavy character of
the enamel prisms of the teeth. He has not, however,
provided any reason to explain why this character,
which was described by Carter in 1922, should be
regarded as of greater consequence than the correlated
series of morphological features on whose distribution
depends the orthodox view. Because of this omission
it might quite reasonably be doubted whether his
suggestion is sufficiently valuable to demand examina-
tion. An altogether different light would be thrown
on the character, however, if his view were supported
by an experimental study showing the factors which
determine whether enamel prisms should have straight
or wavy edges. It is of course possible that “straight”
and “wavy”, in regard to enamel prisms, are discon-
tinuous characters, and that adequate statistical study
will establish Carter’s conclusions that they are differenti-
ated as such among the different groups of Primates.
If this were proved, enamel prisms would become a
genetically distinct character of taxonomic value, and
ipso facto would demand egual consideration with other
such characters. As yet, however, it has not been
shown whether or not their shape is affected by onto-
genetic age, or by the mineral and vitamin content of
the diet. Until this is done, there is no good reason
for investing them with any special phyletic signifi-
cance even though they suggest a novel classification
of the Primates.
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There are other individual characters used in taxo-
nomy which could first be investigated experimentally,
but only one more—coat colour—need be mentioned
here. This character is constantly referred to in
primate systematics, and if the ideal were possible,
its physiology and genetics would doubtlessly be con-
sidered before it is used to differentiate species. If
experimental knowledge of this kind were available,
it would meet such difficulties as those raised by the
classification of the Bornean leaf monkeys, Pithecus
cruciger, P. chrysomelas, P. rubicundus, of which the
first named, although at present regarded as a distinct
species, may actually be, as Banks (1929) has pointed
out on the basis of coat colour, a hybrid of the other
two.

Some workers would extend this use of physiological
data even further. With faith in the assumption that
physiological characters, for example the protein speci-
ficity of blood serum, are more fundamental in their
phyletic significance than those of morphology (in the
language of phylogenetic discussion, that they are due
to heritage rather than to habitus), they would relegate
to them the function of a deciding issue in controversies
occasioned by conflicting morphological taxonomic
characters. There is no logical basis for this point
of view. Function cannot be stressed more than form.
Their separation from each other, and their individual
isolation from the intact working organism, are both
essential, but to a large extent necessarily incomplete,
operations. The same is true of the abstraction of
biochemical facts. Form, chemistry, and function are
indissolubly united, and it may truly be said that from
the taxonomic standpoint all the characters of the body,
whatever their nature, have a fundamental equivalency.
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Characters can be taxonomically differentiated amongst
themselves only as they have a wide or narrow dis-
tribution among the organisms exhibiting them. To
discuss them on the basis of ex cathedra judgments of
their relationship to heritage or habitus is to attempt
the impossible, and to ignore in greater part the lesson
taught by the experimental study of genetics and
growth.

Thus far I have been discussing functional characters
in their bearing on taxonomy. On this level of dis-
cussion their application to the problem of phylogeny
is the same as that of morphological taxonomic charac-
ters. As they may throw yet a different light on the
problems of man’s evolution, it is necessary to realize
clearly that phylogeny as understood in systematic
biology is an attempt to reconstruct, on the funda-
mental basis of the concept of evolution, the historical
stages in the evolution of existing types. This it
does by correlating a comprehensive taxonomy of exist-
ing and fossil animal forms with the spatial and temporal
characters of these forms, the first being denoted by
geographical distribution, and the second by the time
sequence of the rocks. If animal classification is to
some extent an arbitrary process, in so far as it demar-
cates groups which actually may have no natural
definition, the phylogeny of systematic zoology is even
less conclusive, and particularly so in its attempts to
reconstruct the wider and the finer ramifications of the
evolutionary process. Attempts to trace evolution in
and out of a maze of genera and species are countered
not only by the deficiencies of a somewhat arbitrary
taxonomy, but also by the ever-present possibility that
parallel and convergent evolution may have taken place
among morphologically similar forms. The increasing
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number of students who accept the principle of ortho-
genesis (in the sense of a persistent evolutionary trend
within a group of related organisms) is a striking testi-
mony to the realization of this fact, and a warning
against the acceptance, as scientifically valid, of the phylo-
genetic views of those students who are still only too
ready to press their evolutionary studies too far on
inadequate evidence.

Functional characters, however, help in revealing
another, and possibly more interesting, side of the
evolutionary process. It so happens that man’s in-
clusion in the order Primates enables him to be used
as a fixed point when the evolution of this group of
animals is considered. Relative to other organisms, his
most outstanding human characteristic is human intelli-
gence, and the main emphasis in the story of man’s
evolution has always been laid on inferences, drawn
from structural characters, concerning the functional
stages through which man may have passed before his
behaviour became what it is to-day. This story of
change has in recent years become more than inference
from anatomy, for a sound beginning has been made
in the experimental investigation of the behaviour and
cerebral function of sub-human Primates. It is still
only a beginning, but the facts already discovered
provide far more than corroboration to the inferences
of anatomy, and, within the limitations of the com-
parative method, help one to visualize a dynamic
human evolution. Here, perhaps, is a more valuable
use for the study of physiology and behaviour than the
mere provision of taxonomic characters.

In brief, the data derived from investigations of
function may be used in studies of the taxonomy and
phylogeny of the Primates in three ways; firstly, as
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simple taxonomic characters; secondly, in order to
supplement our knowledge of morphological char-
acters used in classification; and thirdly, as a basis for
a ‘“functional phylogeny”. An attempt to use such
data in this way is made in the following chapters,
where they are discussed in relation to the accepted
system of the classification of the Primates based upon
morphological characters. In this discussion, as I have
stated in the Foreword, the term “functional characters”
is freely used to refer not only to characteristics of
physiology and behaviour, but also to any characters
that do not readily come under the heading of
morphology.



CHAPTER III
THE SUBDIVISION OF THE ORDER PRIMATES

MONG the more recent definitions of the criteria

which a mammal must satisfy before it can be

considered to be a Primate is that of St. George Mivart
(18734) Primates are

“unguiculate claviculate placental mammals, with orbits en-
circled by bone; three kinds of teeth, at least at one time of
life; brain always with a posterior lobe and calcarine fissure;
the innermost digits of at least one pair of extremities opposable;
hallux with a flat nail or none; a well-marked caecum; penis
pendulous; testes scrotal; always two pectoral Mamme.”

These morphological characters are generally believed
to represent a primitive mammalian condition, so that
it may be truly said that the Primate, except for its
general tendency to cerebral development, is relatively
a non-specialized mammal.

A fairly orthodox classification of the animals which
comply with St. George Mivart’s criteria is given on
p. 17, opposite. In slightly modified form, this list
is chiefly a synthesis of the views of Pocock (1906, etc.)
and of Schwarz (1926, etc.). The arrangement is
based almost entirely on a consideration of external
taxonomic characters, such as coat colour, relative
proportions, and form of the genitalia. Nevertheless,
in its main essentials the classification also satisfies the
views of those students (e.g. Elliot Smith, Hill) who

base their conclusions on more detailed anatomical
16



17

SUBDIVISION OF THE ORDER PRIMATES

epruruoyy Aqurey
8Bueip

ozuedwry)
e[on  @piduog Apuiey

uoqqry  @pReqo[dH Anueyg
(ezarano) snqojo)
(£oxjuowr ssoqoid) siresenN
(an3
-ug] pasou-qnug) sndayPdouryy
(an3ue) snkqssrg ‘usn
®prqo[o) "we-qng
(uroderey) msuuﬁiomzw
(uouann) sndayardoora)
(Laxyjuour sereyq) snqadorqifig
(£aqeSueyy) snqad0d13)
(snbeoepy) eoesepy
(s2q91
-3) jo ady yoerg) sndayudouly
(uooqeq epe[an) snoayadoray
(uooqeq) ordeq
(mpuein) snqIEpuein ‘w29

2uaydodd) ‘weg-qng 2pIqa)
xpayidoors) Ajtuey  @predey Apweg
(e1sv pue edLyY) (eo1raury Yanog)
nuy4o1p) a3q suyadbold “o3q (ersv) pusrey, Anueq
(;p0004 ‘ruiyrordery apero) (300004 “turyrordeyy apero)
VEAI0DAHLI] ‘P40-97S VAAIOISYV ], ‘P40-9nS

SHLVINIYd dI3@I0

@pideen
2pisuoT e

(ersy pue ery)
SOWLIOJISIIOT  SAIIG

QﬁmmEOuﬁoﬂﬂNQ
@pisIpu]
@punway Aruey
(xeose3epepy)
SIWIOJLINWIY] SIAIIG
(00304 ‘rurqusdang apern)
VAAIOUANIT ‘p40-qns

F.A.M.



18 SUBDIVISION OF THE ORDER PRIMATES

study. It should be noted that the monkeys, apes,
and man are referred to a sub-order called Pithecoidea,
not Anthropoidea. Otherwise the nomenclature used
in this book is mainly that of Flower (1929).

In order to facilitate reference in later chapters, the
classification is given in some detail in the case of the
catarrhine division of the sub-order Pithecoidea. Know-
ledge about systematic differentiation in the fields of
physiology and behaviour is not yet available with
respect to other groups.

The scheme given could have been altered without
seriously influencing its phyletic implications by adopt-
ing certain well-recognized views. For example, the
gibbons could have been denied familial rank and
included with the Pongide (see Sonntag, 1924), or
the sub-family Colobidz could have been termed a
separate family (see Pocock, 192 5¢).

Other variations have greater phyletic significance.
Thus it was once usual to include the suborder
Tarsioidea as a family of Lemuroidea (see Elliot,
1912; Gregory, 1916), but to-day this procedure is
almost universally regarded as unjustifiable. Pocock
(1918) is apparently alone in wishing to give sub-
ordinal rank to the family Daubentoniide of the
series Lemuriformes. Some workers again (see Kau-
dern, 1910; Le Gros Clark, 1925) would include the
Menotyphla within the primate order. This pro-
cedure would give definite expression to the accepted
view that the roots of the primate stem are very closely
intertwined with those of these primitive mammals.
Wood Jones (1929) has added this view to his revival
of the old idea (see, for example, Milne Edwards,
1871) that the Lemuroidea should be excluded from
the order Primates, and suggests that a separate Tree-
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shew-Lemur order should be created. There would
be less opposition from orthodox circles to his acquies-
cence in the view of the relation of the Menotyphla
to the lemurs than to his proposal to form a new order
of mammals.

None of these modifications seriously affects the
phylogenetic implications which are inherent in the
commonly accepted classification of Primates. It is
generally assumed that the Menotyphla of the upper
Cretaceous gave rise to primitive prosimians, and that
these divided into Lemuroidea and Tarsioidea. A
group of the latter, some time before the close of the
Eocene, evolved into primitive monkeys, which sepa-
rated into a New World Platyrrhine group, and an Old
World Catarrhine group from which the existing
monkeys, apes and man developed. The nature of
the relationship of the lemurs to the primitive Eocene
tarsioids which are believed to have been the pro-
genitors of the Pithecoidea is unknown, and some
workers incline to the view that the Platyrrhine monkeys
sprang from the Notharctide, a group of fossil Primates
which Gregory refers to the series Lemuriformes of the
sub-order Lemuroidea (for recent discussion see Straus,
1929). It is conceivable that one day a fossil may be
found which will combine the characters which will
satisfy Gregory’s speculation (1922) that ‘“‘the platyr-
rhine series . . . . started from small primates which had
a tarsioid form of skull, but with certain marked differ-
ences in the front teeth and in the region of the audi-
tory bulle, which are more compatible with derivation
from primitive members of the Notharcride.” In the
meantime it is useless to speculate that the prosimian
ancestors of the Platyrrhini were widely different
from those of the Catarrhini. Anatomical evidence
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(gg. see Hill, 1932) gives support to the view that
both divisions of the sub-order Pithecoidea were derived
from a more primitive pithecoid stem, to which the
platyrrhine monkeys approximate more closely than
do the existing catarrhine Primates (Elliot Smith,
19304). Thetwodivisions may be regarded as diverg-
ing lines of descent from these primitive Pithecoidea.

In discussing variants of the orthodox classification
of the Primates I have not referred to the “Tarsian
hypothesis” of Wood Jones or to the diphyletic view of
Regan, since both emphasize the phylogenetic rather
than the purely taxonomic point of view. Wood Jones’
opinion, as is well known, is that man evolved from
tarsioid ancestors independently of other catarrhine
Primates. Tate Regan’s suggestion is that both the
platyrrhine monkeys and the Tarsioidea evolved from
Lorisiform, and the catarrhine Primates from Lemuri-
form, ancestors. This view he bases primarily on the
character of the tooth enamel discussed in the preced-
ing chapter (p. 11). Both of these unorthodox views
are briefly considered in the concluding chapter of this
book.

Since the history of the arrangement of the genera
in the family Cercopithecide is not only of great interest,
but also relevant to the argument of this book, it is
reviewed here.

The arrangement given in the systematic table on
page 17 is the one usual in modern works on the classi-
fication of the Primates. It is also quite common in
pre-Darwinian literature, and so far as I can discover
is founded on the memoir of G. Cuvier and E. Geoffroy
Saint Hilaire on the Orang-Outangs.* In this work
classification is chiefly based on degrees of elongation

* For a translation of this paper, see E. Griffith and others. 1827.
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of the muzzle, and apart from the interpolation of tHe
Sapajous (genus Cebus) between the apes and the genus
Cercopithecus, it is very similar to the one in vogue to-
day. Allowances must of course be made for the
absence of forms described after 1800, and to errors
due to imperfect and hearsay evidence.

In the Tableau des Quadrumanes, produced by E.
Geoffroy Saint Hilaire in 1812, the Sapajous were
removed from their anomalous position among the Old
World Primates. Although other arrangements are
given in many zoological treatises that appeared be-
tween 1800 and 1850, E. Geoffroy St. Hilaire’s order
of the genera Cercopithecide slowly became established
as the accepted one. It appears, for example, in Kuhl
(1820), in Temminck (1827),in Lesson (1827%),and of
course in his own and G. Cuvier’s important Histoire
Naturelle des Mammiféres (1824). 'The genera Cercopi-
thecus, Cercocebus, and Macaca, were often confused and
telescoped in these earlier works, but they are clearly
defined in Schinz’s 1844 Syropsis Mammalium and in
I. Geoftroy Saint Hilaire’s 1851 Catalogue des Primates.

It is essential to realize that the pre-Darwinian
order of the genera of the Cercopithecide was a purely
systematic one. Its arbitrariness is amply revealed by
the modifications introduced into it by different authors
on the basis of such new taxonomic characters as the
length of the tail, the presence of ischial callosities
and buccal pouches, and the degree of elongation of
the muzzle. Moreover the order was fixed in a period
when the accepted zoological opinion was that species,
separate and immutable, had been divinely created; a
fact which makes it somewhat illogical to suppose that
the pre-Darwinian classification was intended to convey
any phyletic implications. It is true that the small
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band of dissenters from accepted zoological opinion
included E. Geoffroy St. Hilaire, but so far as I can
discover, there is no evidence that even he regarded the
classification which he had helped to devise, as repre-
senting a phyletic scheme. His evolutionary leanings
were not very manifest in the period in which he was
interested in the taxonomy of the Primates (his well-
known debates with Cuvier on the subject of the fixity
of species date only from about 1830). In the circum-
stances one can but conclude that if the pre-Darwinian
classification of Primates meant anything at all outside
the narrow sphere of systematic zoology, it was accepted
as revealing, not stages in the development of langurs
from baboons, but the plan followed in the work of
divine creation.

The idea of lower and higher in a phylogenetic
sense could emerge only as part of the doctrine of
descent, and in a system in which transformation plays
a part. In this school of thought the post-Darwinian
systematists were steeped, and when they inherited the
pre-Darwinian classification of the Primates, they were
not slow to interpret it phylogenetically. Thus the
order of arrangement became an evolutionary one,
so that to-day we may read such statements as “the
Baboons are the lowest of the Catarrhine or Old World
Monkeys” (Forbes, 1894), lowest being meant here in
the evolutionary sense.* In spite of the frequency of
such statements there does not appear to be the slightest
evidence in favour of the view that baboons are actually
lower in the evolutionary scale than are macaques, or
that the genera of the Cercopithecide represent a linear

* It should perhaps be noted that such mention is not made in im-
portant works like Gray’s 1870 Catalogue of Monkeys, and Flower
and Lyddeker’s 1891 Introduction to the Study of Mammals.
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phylogenetic series. Those who have imposed this
implication on the arrangement of the genera of the
Cercopithecide have failed to realize either the arbitrary
character of the classification they took over from pre-
Darwinian naturalists, or the significance of the taxo-
nomic evidence on which it is based.



CHAPTER 1V

THE DIFFERENTIATION OF THE MECHANISMS
OF REPRODUCTION

HE reproductive organs are specifically differ-
entiated amongst nearly all orders of animals,
and are of great diagnostic value in classification (see
Robson, 1928). Reproductive mechanisms also are
extremely varied, but they have been too little studied
to be of use in the systematics of more than a very
few groups, to which the Primates fortunately belong.
In recent years research in this physiological field has
made considerable advances, and has revealed many
facts that bear on the inter-relationships of this group
of animals.

For the purposes of the present discussion, the
phenomena of reproduction may be considered under
the following headings: duration of pregnancy; breed-
ing season; reproductive cycle; and the changes in the
sexual skin. I have included here, as well, data of
great interest in themselves, relating to the duration
of life in the sub-human Primates. This information
is relevant to the subject-matter of this chapter, for
although we have no knowledge of the duration of
reproductive life in these animals, or of its relation to
total life, we may reasonably suppose on the basis of
our knowledge of human beings that there is some
such relation.

24
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(4) Tue Durarion or Lire 1n THE Sus-Humawn
PriMaTES

In considering this question first, my idea is to
dispose of it before dealing with those problems which
are more closely related to each other and to the ques-
tion of reproduction itself.

As all who have studied the comparative longevity
of animals have pointed out (e.g. see Lankester, 1870;
Mitchell, 1911), conclusions on this subject can be
based only on the ‘“‘vague materials” constituted by
the records of captive mammals. Because of this, it
has been necessary to define with care the significance
that can be attached to such figures as are relevant to
the problem. Lankester’s exposition of the various
interpretations which in this connection can be made
of the term “longevity”’, has been adhered to by most
later writers, and the following of his points—all of
which are fairly obvious—may be noted here.

Longevity varies among the individuals of a species,
and the average longevity of its individuals gives the
longevity of a species. Average or specific longevity,
however, is not the same as potential longevity, which
is the average period to which animals might live
provided that they were not subject to ills, accidents,
and struggles. Thus in some species vast numbers
of individuals are destroyed in early phases of develop-
ment. These catastrophes obviously affect only our
ideas about the average longevity of the species, and
not our ideas about the potential longevity of the sur-
vivors.  Since it is almost impossible to discover the
limits to the “potential longevity” of animals, we may
for practical purposes assume it to be the greatest in-
dividual longevity of which we know.
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A lengthy account of the duration of life in mam-
mals, a large part of which is devoted to the Primates,
has recently been published by Flower (1931). So
far as I am aware, this report, which is based entirely
on actual records, is the most reliable monograph on
the subject ever published. I have used it freely in
the following paragraphs.

Even when records relating to man are excluded,
it is found that the Primates, for their size, form
the longest-lived order of mammals. In the lemurs,
the sexes seem to enjoy an equal longevity, but among
monkeys, as in man, females seem on the average to
live longer than do males. Some species, for example
members of the genus Erythrocebus, almost always fail
to live for any length of time in captivity. Others thrive
exceptionally well. I have tried to summarize Flower’s
further data below, in table I. It must, of course,
be remembered that his data are to some extent selected,
in so far as he has purposely not considered animals
dying for obvious pathological reasons within a short
time of their arrival in a Zoological Garden. I, in
turn, have selected Flower’s data in drawing up the
longevity table, not only for the sake of brevity, but
also because Flower often refers only to the outstand-
ing successes that have been achieved with different
Primates in captivity, and not to average figures.

To what extent either the few ‘‘average lives’ that
it has been possible to include in table I, or the
“longevity records”, reflect “specific’ and “poten-
tial” longevities it is impossible to say. Obviously,
both columns give lower values than the true ones—
since the unknown periods animals have lived before
coming into captivity cannot be taken into account in
the calculations. Again, while in some species (for
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TABLE I
Number | Number ?‘:::gf 11:1) :’:::’t';’
Family (or Genus). of Genera | of Indi- | ¢y i6 5 1 Tin Cap-
(°.r vidual Captivity | tivity
Species). | Records. (Years). | (Years).
Gorilla gorilla: Gorilla I I — YAvt
Pan satyrus: Chimpanzee . I 20 II 264
Pongo pygmeus: Orang I — | circa 8 | 265
Hylobatide: Gibbons . . 2 — |circag | 24
Cercopithecide (OW. monkeys) circa 7 | 46
Presbytis: Langur — — — 15
Cercopithecus: Guenon . 6 II 18 24
Erythrocebus: Patas . 2 3 16 1975
Cercocebus: Mangabey . 1 I —_ 14
Macaca: Macaque . 3 — 15 29
Cynopithecus: Black Ape — — — 1
Papio: Baboon . . — — |circa 15| 4%
Mandrillus: Mandrill — — |circa 10| 46
Cebide (N.W. monkeys):
Lagothrix humboldtii: Woolly
monkey. . — I — sH
Ateles ater: Sp]del’ monkey — — — 7
Cebus: Capuchin. ¢ . — — |circa 10| 2%
Hapalide: Marmosets . — — — 16
Lemuride: Lemurs . 4 119 104 | 26
Lorisidee: Lorises — — — 10
Galagide: Galagos. . . —_ — — 9%
Daubentoniide: Aye-Ayes . I 4 7% 832

example, baboons) the figures may be an accurate
reflection of the real facts, in others (for example,
gorillas) it is plain that the conditions of Zoological
Gardens, though they be as good as can be achieved
in present circumstances, are not good enough to allow
the animals to thrive even reasonably well.
of the limitations of the data, comparison with the
records for other orders of mammals shows, as I have
already noted, that the Primates are among the longest

lived of mammals.

In spite
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() Tue DuraTiOoN oF PRrEGNANCY

The length of gestation in lemurs is imperfectly
known. E. Geoffroy and Cuvier (1824) estimated it
as 111 days in the species L. albifrons, but according
to Schmidt (1882), whose observations were made on
a pair of animals belonging to the species L. macaco
( = L. niger), it lasts about 144 days.

Nothing is known about the duration of pregnancy
in Tarsius.

In the marmosets (family Hapalide, div. Platyrrhini,
sub-order Pithecoidea) it lasts about 150 days. ‘There
are no reliable records regarding the family Cebide of
the same division. In catarrhine monkeys (Rhesus maca-
ques, common macaques, pig-tailed macaques, baboons)
gestation usually lasts between 150 and 180 days.*

A reliable estimate of the length of gestation in a
chimpanzee has recently been published by Tinkle-
paugh (19324), pregnancy in the animal he observed
having continued for nine lunar months. Information
about the gestation of an orang-utan has also recently
been put on record, the investigator, Aulmann (1932)
noting that it lasted 275 days, or nearly ten lunar
months. In man pregnancy continues for 280 days.

In so far as it is possible to generalize on such scanty
data, it can thus be said that the duration of gestation
in apes approximates more nearly to that of man than
does the gestation period of monkeys.

(¢) THE BREEDING SeasoN
Pithecoidea.

Reliable data on this subject are few, but when
critically analysed, they point to the conclusion that

* The sources of this information are given in full in Zuckerman,
1930 & 19324.
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all Old World monkeys about which accurate informa-
tion is available breed at any time, although there may
be seasonal variations in the birth rate (see Fig. 1).
There is no reason to suppose that the apes are any
exception to this generalization, while the only accept-
able data about New World monkeys, both Cebide
(Areles, Cebus and Alouatra) and Hapalide (Hapale),
show that they too breed at all times (for discussion
and bibliography, see Zuckerman, 1931, 19322 & d).

Tarsioidea.

The Hubrecht data regarding Tarsius spectrum show
that this animal breeds continuously, and that no
significant seasonal variation in its birth-rate occurs
(see Fig. 2). This statement is based on the analysis
of almost 1,000 records (see Zuckerman, 19324, for
details).

Lemuroidea.

The members of this sub-order are geographically
divided into the three groups, Mascarene, African,
and Asiatic, the first group comprising the systematic
division Lemuriformes, and the last two groups together
forming the division Lorisiformes.

Available data about the breeding habits of the
Lemuriformes are restricted to the genus Lemur. It
appears to be fairly certain that members of this genus
have a demarcated breeding season. As Figure 3
shows, the composite curve for 66 births in all except
one species of this genus is almost identical with the
frequency polygon for 29 births in the single species
L. fulvus.

The breeding habit of the African members of the
series Lorisiformes appears to be different from that
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of the Asiatic species belonging to the same subdivision
of the Lemuroidea. Thus, the few available records
regarding births in the genus Galago suggest that the
animals belonging to this genus may have a restricted
season, whereas the Hubrecht data for the slow loris
(Nycticebus coucang) prove that this animal breeds
throughout the year (see Fig. 4 and Zuckerman,
19324d).

The distinction in breeding habit between members
of the Lemuroidea, on the one hand, and of the Tar-
sioidea and Pithecoidea on the other, not only seems
to have value from the point of view of classification,
but also appears to have phyletic significance.

The extent of an animal’s breeding activity is affected
by many external factors (e.g. food and warmth), and
some writers, on the basis of experiments on starlings,
ferrets and field mice, are inclined to generalize that
an animal’s breeding potentialities vary directly with
the amount of light to which it is exposed. There can
be no doubt that this is an unsound and unjustifiable
generalization, for a critical survey of the evidence
points clearly to the conclusion that factors inherent
in themselves, and not immediate external conditions,
determine whether mammals have absolutely restricted
breeding seasons, or whether they are capable of breed-
ing throughout the year. Thus, the same conditions
of light do not stimulate the baboons and lemurs in
the London Zoological Gardens to breed at the same
time of the year. Fundamentally, an animal’s breed-
ing habit is part of its inherited physiological con-
stitution.

In mammalian classification, the occurrence or non-
occurrence of a breeding season has different taxonomic
value in different groups. Thus the Axis and Red

F.AM. D
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deer of the family Cervide have habits as widely differ-
ent as those of the Primates we are now considering,
but in no scheme of classification are they more than
generically separated. On the other hand, families
are concerned in this distinction of breeding habit in
the Primates. The variable taxonomic value of the
breeding season character does not, however, seriously
affect the phylogenetic significance of its differentiation
among monkeys and lemurs. The subordinal separ-
ation of the Lemuroidea from the rest of the Primates
is universally demanded on the strength of the distri-
bution of morphological and embryological characters.
So far as is known, breeding seasons, using the term
in the sense of a demarcated season of breeding, do
not occur except in this sub-order. This peculiarity of
breeding habit is thus a further argument in favour of
the sub-ordinal separation of this group of animals.
The peculiarity, however, is obviously not a primary
criterion of sub-ordinal differentiation, since it is
exhibited by some, but not by all members of the
group. The significance of its distribution within the
sub-order could be assessed only in relation to the
taxonomic criteria used in the subdivision of the group
into its two series and its various families.

This peculiarity of the lemurs raises an interesting
question. Have they specialized in breeding habit
from a more primitive condition of continuous breed-
ing which is still manifested by other Primates, or does
the short and definite breeding season represent the
primitive habit, and continuous breeding the specialized
one. This question cannot be considered except in
relation to certain pal@ontological facts concerning the
geological appearance of the different primate groups.
True lemuroid Primates (e.g. Pelycodus of the Noth-
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arctide) appear first in the Lower Eocene, and accord-
ing to Matthew (1928) they have no known Paleo-
cene ancestors. In that geological horizon they are
altogether differentiated from tarsioid Primates (e.g.
Tetonius), which first appear in the Palzocene, and
which are apparently connected with the Paleocene
and Eocene family of tree-shrews (e.g. Nothodectes of
the Plesiadapide). In spite of this, paleontological
authorities (see Gregory, 1922) do not doubt that the
primitive lemuroids of the Eocene (i.e. Notharctide and
Adapide) evolved from a menotyphlous stock (e.g.
Plesiadapide) either in the Cretaceous or in the Palzo-
cene. In discussing the derivation of primate breed-
ing habits, it is necessary, therefore, to know about the
breeding habits of the Menotyphla. It is also essen-
tial to remember that phylogenetic speculation of this
kind always makes far-reaching assumptions about the
physiological habits of extinct animals, for in pursuing
these speculations it is necessary to suppose that struc-
tural affinities between existing and fossil forms imply
physiological affinities as well. Such an assumption
is tacitly accepted in the zoo-geography of Palzonto-
logy. In tracing the history of a group from its
derivation in the Paleocene to the present day, it is
assumed that the animals belonging to the group have
always reacted to climatic and food conditions as their
modern representatives would do to-day,*—that is to
say, that their physiological characters have remained
as constant as their structural ones. For the purposes
of the present argument, therefore, it may perhaps be
assumed that the breeding habits of modern Primates
represent those of the fossil types to which they ap-
proximate structurally.

* See Matthew, 1915; Black, 1925.



OF REPRODUCTION 37

Unfortunately, little is known about the breeding
habits of existing Menotyphla, and, so far as I can
discover, the naturalistic literature does not contain any
reference to the question. The Hubrecht (Utrecht)
embryological collection of Tupaia, which 1 have
discussed elsewhere in its bearing on this problem
(Zuckerman, 1932d), does not include specimens taken
in all months. It does, however, provide enough data
to show that Tupaia breeds during at least eight months
of the year. There are no data about the other four
months of the year, and it is quite likely that the animal
breeds continuously.

Whether or not Tupaia gives birth during more
than eight months of the year, its breeding season is
definitely longer than that of the Lemuriformes. It
could thus be argued that the restriction of the breed-
ing habit amongst the Mascarene (possibly, too, the
African) prosimians is a specialization from a primitive
habit of more continuous breeding, such as is still
demonstrated by the primitive Tarsius, which is cap-
able of giving birth throughout the year. A conclu-
sion of this kind would be consonant with the opinions
of those morphologists who hold that the lemurs are
a specialized and divergent group of Primates.

(d) Tue RepropucTive CycLe *
Pithecoidea.

It has long been known that non-pregnant catar-
rhine Primates experience a menstrual cycle, which is
a rhythmically recurring cestrous cycle lasting approxi-
mately thirty days, successive cycles being separated

* The reproductive phenomena referred to in the following pages

of this chapter have been discussed in detail from the physiological
point of view in Zuckerman, 1930, 19324 & 4.
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by externally visible uterine bleeding. This type of
cycle is characteristic of man, and of all the apes and
Old World monkeys that have been observed. Since
abundant opportunity for observation of New World
monkeys and lemurs has failed to reveal the existence
of such a cycle in them, there is little reason to doubt
that the menstrual cycle occurs only in the catarrhine
section of the Pithecoidea. It is important to note
that the available data suggest that the physiological
mechanisms and morphological changes of the cycle
are much the same in all forms belonging to this group.

Like the Old World monkeys and apes, all the
platyrrhine Primates of South America have a unilo-
cular uterus, but beyond the fact that they must be
polycestrous, since they seem to breed at all times,
practically nothing is known of their reproductive
mechanisms. Vaginal bleeding of a non-menstrual
kind has occasionally been observed in marmosets and
capuchins, and it also appears that the Hapalide
experience demarcated periods of cestrus.

Tarsioidea.

Unfortunately very little is known of the reproduc-
tive cycle of Tarsius. The animal has a bicornuate
uterus. In the absence of pregnancy it is presumably
continuously polycestrous, successive cycles being sepa-
rated by uterine hzmorrhage (see Van Herwerden,
1905). ‘There are no data relating to the duration of
these cycles, but certain observations made by Van
Herwerden indicate that they resemble the menstrual
cycle more than they do the typical cestrous cycle.
According to this observer, ovulation in Tarsius occurs
when there is no sign of uterine degeneration, and her
evidence strongly suggests that ovulation usually pre-
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cedes a period of endometrial degeneration. Such a
histological picture is characteristic of the menstrual as
opposed to the cestrous cycle, for contrary to the con-
dition shown in the cycles of Tarsius and of catarrhine
Primates, the majority of non-primate mammals whose
cestrous cycles have been investigated present signs of
uterine degeneration at the time of ovulation.

An important fact revealed by Van Herwerden is
that the pregnant Tarsius may ‘“‘menstruate”, at least
in the earliest stage of gestation.

Lemuroidea.

The literature contains no reference to the repro-
ductive mechanisms of this group of Primates. All
the animals belonging to the sub-order have a bicor-
nuate uterus, and apparently they do not experience
menstrual cycles. The Asiatic form Nycticebus coucang
must be continuously polycestrous in the absence of
pregnancy, since it can breed at all times. It remains
to be seen whether members of the genus Lemur are
monaestrous or polycestrous during their brief sexual
season.

In spite of the wide gaps in our knowledge of the
reproductive mechanisms of the Primates, it seems
quite plain that these physiological processes are differ-
ently developed in the bigger sub-groups of the order.
It is of interest that Tarsius seems to have a cycle closely
similar to the menstrual cycle, and that the Old World
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Primates differ, apparently widely, from those of the
New World in respect to their reproductive cycles.
This difference can be added to many others relating
to structure, and together they go to show that the
platyrrhine and catarrhine divisions are widely separ-
ated groups of the sub-order Pithecoidea. The men-
strual cycle is indeed yet another character which (like
the number of their teeth) man, the apes, and the Old
World monkeys have in common. As such a cycle
does not occur among the New World Primates, it
would seem that the two divisions of the sub-order
Pithecoidea diverged before the anthropoid and monkey
stems of the catarrhine division had become distinct.
According to the palzontological evidence this division
took place not later then the Lower Oligocene, and
the differentiation of the Pithecoidea into its two sub-
groups must therefore be supposed to have taken place
at some earlier period, probably during the Eocene.

(¢) Tue CHANGES IN THE SEXUAL SKIN

Although the fundamental physiological plan of the
menstrual cycle appears to be the same in different
catarrhine Primates, important variations occur in its
external manifestations, and these variations have taxo-
nomic value. The changing character is the sexual
skin, a specialized area of the body surface, usually the
perineal region, which in many species reddens and
swells, mainly during the first half of the cycle.* This
peculiar change synchronizes with the first or follicular
phase of the ovarian cycle. When the ovarian follicles
begin to grow, the sexual skin becomes active. When
the phase of follicular growth is at its height, the skin

* It may be noted that no such change is known to occur in the
platyrrhine Primates,
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is most swollen. 'When the follicle ruptures (i.e. when
ovulation occurs, which is usually about the middle
of the cycle), the swelling subsides. The correlation
between these ovarian changes and the changes of the
sexual skin is even closer than the above description
suggests, for the sexual skin is activated by the folli-
cular hormone, a secretion which is believed to be
elaborated, at least partly, by the growing ovarian
follicles. This close connection between the follicular
hormone and the activity of the sexual skin has been
demonstrated by injecting the hormone into spayed
female monkeys, whose sexual skins have atrophied
following the operation. Such procedure results in
the swelling of the skin, and the amount and dura-
tion of the swelling are in proportion to the amount
and duration of the injections.

Activity of the sexual skin varies in intensity from
species to species, from individual to individual in a
species, and in the same individual from time to time.
From the taxonomic point of view, it is fortunate that
the variations which occur within a species, and in the
same individual from time to time, are not sufficiently
pronounced to mask generic and specific differentia-
tion. In a baboon the amount of cyclical swelling is
rarely less than nine inches in diameter and six inches
deep. On the other hand, in a common macaque the
swelling, though distinct, is never more than slight.

Among the apes the sexual-skin change is known
to occur in the chimpanzee. Amongst monkeys it is
shown by one species (Talapoin) of the genus Cerco-
pithecus,* by apparently all the species of the genus
Cercocebus, by most of the species of the genus Macaca,

*Only one female of this species has thus far been reported on
(Zuckerman, 1930).
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and apparently by all the species of the genera Cyno-
pithecus, Mandrillus, and Papio. A sexual-skin change
of a very specialized kind (on the chest) has been
reported in the genus Theropithecus, but no data are
available to indicate whether the two species allocated
to this genus also possess the commoner perineal sexual
skin.

Primates which do not show the sexual-skin change
include man, the orang,* and the gibbon, three forms
which belong to the anthropoid group. Amongst
monkeys it is absent from (4) members of the sub-
group Colobide (Semnopithecide) of the family Cerco-
pithecide; () all except one of the many species of
Cercopithecus which have been under observation; (c)
all the species of the genus Erythrocebus; and (d) ap-
parently some species of the genus Macaca.

Adult female gorillas, most species of the sub-family
Colobide, and some species of the genera Cercopithecus
and Macaca have not been under observation. Pocock
(1925¢), however, has made an extensive survey of the
perineal region in dried skins of catarrhine Primates.
According to him, no trace of a sexual skin occurs in
Cercopithecus or in the sub-family Colobide. Hartmann
(1886 and 1904) states, without clearly indicating the
source of his information, that the gorilla shows sexual-
skin changes. Certain anatomical observations of Ger-
hardt (1906) seem to support this view.

It is clear that the changes in the sexual skin have
taxonomic significance, and as such they demand closer
examination. In the first place it may be noticed that
the sexual-skin swelling is the expression of the inter-

* Aulmann and Brandes. Personal communications. Fox (1929)
records the occurrence of perineal swelling during the pregnancy of
an orang.
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action of two factors.” It is the result of the action
of a specific hormone on the blood vessels of an area
of the body specialized in a way that is not yet under-
stood.* The first of these two factors is a chemical
one, the second is morphological, and the two do not
coincide in their systematic distribution. It is a fairly
safe generalization that the follicular hormone is present
in the follicular fluid of all mammals, and therefore in
the follicular fluid of all catarrhine Primates. But as
is plain from what has been stated above, the vascular
specialization is not regularly distributed through the
catarrhine group. Thus two factors, the one physio-
logical and the other structural, which together make
up a morphological character of taxonomic value, are
not necessarily always linked.

On the whole, the distribution of sexual-skin changes
does not cut across classification by morphological
characters, although if the traditional arrangement of
the Old World Primates is accepted, it is quite plain
that as a taxonomic character this physiological pheno-
menon has different value in the different sub-groups
of the catarrhine division of the Primates. Thus
while none of the members of the family Hylbatide
shows the periodic swelling, it is variously developed
among the different genera of the families Pongide and
Cercopithecide. In this, however, it is not peculiar,
for as Pocock has pointed out (1924¢, p. 1570), the
same is true of the morphological characters used in
expressing the differentiation of the genera and species
of the family Cercopithecide.

The presence of a sexual skin in the chimpanzee and

* It may be noted here that this vascular peculiarity is not limited
to the perineal region. For example, the face may also be specialized,
as in Macaca mulatta, while in Theropithecus gelada the skin of the
chest is said to be specialized in this way.
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its absence in the orang is in accordance with accepted
views, based on morphological and palzontological
study, of the phyletic divergence of these two types.
In the family Cercopithecide it is as a rule exhibited
either by all or by none of the members of the different
genera that are established on the basis of the differ-
entiation of superficial characters. Thus, to give a
single example, the changes apparently do not occur
in any of the genera classified in the sub-family Colo-
bide* In two other genera (Cercopithecus and Macaca),
however, some but not all of the species show the
changes. It is necessary to consider whether these
genera do not require revision on the basis of the
distribution of the sexual skin.

The genus Cercopithecus is divided into some thirty
species. Only one of these, Talapoin, is known to
experience a sexual-skin cycle. 'The Talapoin monkey
is peculiar in other ways. It is less than half the size
of any other member of its genus, and its fellow species
vary in size relatively little among themselves. This
difference, and a few others which it displays, inspired
some systematists (see Elliot) to give it generic status.

* The removal of the Colsbidee into a family of their own and dis-
tinct from Cercopithecide is sometimes advocated because the Colobide
(a) lack cheek-pouches, which are a constant character of other Old
‘World monkeys, and () possess sacculated stomachs, which are unknown
in other monkeys. Apart from these discontinuous characters, they
are also differentiated from other Old World monkeys in the relative
development of certain other structural features, e.g. nose, hands, feet,
and in some very slight dental modifications. All these characters,
however, do not imply so wide a gap between the Colobidz, on the
one hand, and all other Old World monkeys and baboons on the other,
as those which justify the separation of the Pongidz from the Hylobatide,
and of these two families from all monkeys and baboons. The most
they would seem to justify is the separation of the monkeys which
constitute the Colobide into a sub-family of the Cercopithecidee. ‘This
course was adopted by most older systematists, but is rejected in Pocock’s
recent classification.
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This procedure has not been accepted in recent years
(e.g. Pocock, 192555 Schwarz, 19284; Flower, 1929).

As their main reason for referring to the Talapoin
by the generic name Mjiopithecus, older systematists
stated that its lower third molar possessed only three
cusps (the third molars of all other members of Cerco-
pithecus have four). In 1925 Pocock pointed out that
this is incorrect, and that the tooth actually has four
cusps, and in 1928 Schwarz drew attention to the
strange fact that it is the upper third molar of the
Talapoin which has three cusps, and not four like most
other cercopitheques. Schwarz believes that the state-
ment that the lower tooth had three cusps was due to a
lapsus calami on the part of 1. Geoffroy Saint Hilaire,
the original describer of this monkey, the error being
later passed on from book to book. This actual dental
peculiarity is not restricted to this species of Cerco-
pithecus only, and thus Schwarz, like Pocock, does not
subscribe to the view that the Talapoin should be given
generic rank. Neither of these authors appears to
have been aware that the Talapoin has a sexual skin.
Since it is the only species of Cercopithecus to show such
a specialized area of the body, there seems some good
reason to separate it into a genus of its own, Miopithecus,
as I have done in the chart on p. 17; certainly this
character is more striking than differences which have
been regarded as sufficient to establish generic rank
(e.g. see Pocock, 1924). Moreover, Pocock (192 5¢)
has himself drawn attention to the fact that the Tala-
poin, apart from being the smallest of all the species
of Cercopithecus, retains “in the skull, at all events,
certain characters found in immature specimens of the
larger species.”

The other genus in which the sexual-skin phe-
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nomenon does not appear to characterize all species,
is Macaca. Here the limited state of our knowledge
prevents the distribution of the sexual-skin phenomenon
being made the basis for a revision of the group.
Many species (e.g. #7us) which systematists have stated
do not experience sexual-skin changes, have been found,
on more careful observation, to doso. Different species
of this genus do show considerable variation in their
expression of the phenomenon, but it is doubtful if
these variations are sufficient reason to divide the
group, as has been attempted before on different
grounds, into sub-genera. They may be of no greater
taxonomic value than the interspecific variations, dis-
cussed in the following chapter, that occur in the
structure of the hamoglobin in the genus Papio.

Regarded physiologically, the occurrence of sexual-
skin activity in a monkey is important because it is a
sign that the animal is in a phase of heightened sexual
activity (cestrus). This phase, as was pointed out
above, is in turn correlated with the imminence of
ovulation. Amongst animals living a social life, the
consequences of a specially demarcated cestrus are very
great, and although in catarrhine Primates the cycli-
cally returning sexual-skin swelling merely represents
a periodic increase in the intensity of a more or less
uninterrupted sexual life, the social consequences of
the phenomenon are nevertheless profound (see Zucker-
man, 19324). There is no evidence from any quarter
to tell us whether or not man’s immediate sub-human
primate ancestors exhibited sexual-skin activity, but
the fact that there is no trace of a sexual skin in Homo
sapiens suggests that they did not.

The distribution of the sexual skin among the various
Old World Primates would appear to have little phylo-
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genetic significance. Pocock (1925¢), it is true, has
argued that the similarities of its manifestations in
Cercocebus and Papio suggest the close kinship of these
two groups, a view also supported by the fusion of
the anal callosities in the males of these two genera.
The seemingly chaotic distribution of the character
among the Catarrhini, and in particular the variety of
its expressions in the genus Macaca, seems, however,
to indicate that it has developed independently among
different Primates. If such a view is denied, it would
be necessary to adopt a diphyletic, and perhaps a
polyphyletic, scheme to explain the relationships not
only of the genera of monkeys but also those of the
apes.



CHAPTER V
THE DIFFERENTIATION OF BLOOD REACTIONS

HE characters of the blood of the Primates may
be discussed from the points of view of tax-
onomy and phylogeny under the headings of (4) the
morphology of the blood cells, (#) the crystallography
of the hzmoglobins, (¢) the serum precipitin reaction,
(4) the blood groups, and (¢) the specificity of the red
cells. In view of the unanimous admission of the
relevance of hzmatology to the problems of animal
classification, it is unnecessary to introduce this chapter
with any general discussion. As I hope to show, the
facts to a great extent speak for themselves.

(#¢) Tue Broop CeLLs

Ponder, Yeager and Charipper (1928, 1929) have
recently published a report of an extensive investiga-
tion on the blood cells of the Primates. Their main
results are summarized in table II, opposite. It is un-
necessary here to refer in detail to their observations,
but in passing it may be noted that, with the exception
of the green monkey, the marmoset, the capuchin and
the ring-tailed lemur, the red blood corpuscles of all
the species investigated appear to be more resistant
to hypotonic saline than are human red blood corpuscles
—those of the common macaque showing the greatest
resistance. The behaviour of the blood corpuscles to
other hemolysins (e.g. sodium taurocholate and saponin)

48
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is not quite the same, little relation being found between
resistance shown to one lysin and that shown to an-
other.*

(4) Tue CrysTaLLoGRAPHY OF THE HZMoGLOBINS

Reichert and Brown (1909) have shown, by crystal-
lographic methods, that the globin or proteid part of
hazmoglobin is different in different vertebrates (the
hematin fraction is the same in all animals [Anson,
Barcroft, and co-workers, 1924]).  Their investigations,
so far as the Primates are concerned, were limited to
Lemur catta, the ring-tailed lemur; three species of the
genus Papio (cynocephalus=babuin, the yellow baboon
—in which, following Elliot, I include here the species
langheldi, although Reichert and Brown regarded it as
a distinct type; porcarius, the Chacma baboon; anubis,
the olive baboon); both the drill (leucophezus) and
mandrill (sphinx) of the genus Mandrillus; and man.
With the exception of the yellow baboon, apparently
only one specimen of blood was examined in each of
the sub-human species.

These investigators have shown that the oxyhzmo-
globin crystals of the genera Papio and Mandrillus
belong to the same crystallographic system (i.e. are
isomorphous), and they were able to demonstrate three
types of crystal, except where the material was insuffici-
ent or bad. Two of these types also occurred in human
blood, and were strikingly similar to the baboon crystals,
both being orthorhombic, to which system the crystals
of the blood of the lemur also belonged. Monoclinic
oxyhzmoglobin crystals were obtained only from the
several species of baboons, which differed amongst

* See Solowiev, 1930, for a short paper on the specific weight of
the blood of monkeys.
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themselves with regard to the angles and ratios of the
crystals.

Although their taxonomic importance has often been
emphasized (e.g. see Robson, 1928), it is unnecessary
here to refer in greater detail to Reichert and Brown’s
observations. In the case of the Primates they are
too fragmentary to do more than point the way to
what may prove a fertile field of phylogenetic research.

(¢) Tue Serum Precrermin REeacTion

The researches on the blood serum precipitin re-
actions of Primates, initiated in England early in this
century by Griinbaum (1902) and by Nuttall (1904),
are too well known to demand more than brief mention
here. Their experiments have been repeatedly con-
firmed, and have also been extended by many other
workers. The technique of this reaction is quite
simple. Rabbits are immunized against human, ape,
and monkey sera, and the anti-human, anti-ape, or
anti-monkey sera so obtained are then tested with the
sera of other Primates, to see to what extent positive
precipitin reactions are obtained. The amount of
precipitation is also recorded.

A paragraph from Nuttall’s book (1904, p. 214)
excellently describes the results yielded by these
experiments.

“These tests were conducted by means of antisera for man
(825 tests), chimpanzee (47 tests), ourang (81 tests), Cercopi-
thecus (733 tests). Maximum reactions were only obtained
with bloods of Primates. The degrees of reaction obtained
indicate a close relationship between the Hominidee and Simiide,
a more distant relationship with the Cercopithecide, the bloods
of Cebide and Hapalide giving still smaller reactions than
the last, when we consider the results obtained with the first
three antisera. The tests with antiserum for Cercopithecus
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gave the largest reactions with bloods of Cercopithecide, next
with those of Hominide and Simiide, but slight reactions with
those of Cebide and Hapalide. All four antisera failed to
produce reactions with the two bloods of Lemuride tested,
except when sufficiently powerful to also produce reactions
with other mammalian bloods. From this we may conclude
that the Lemurs properly belong to an Order separate from
the other Primates.”*

The last sentence in this paragraph implies an unduly
strong belief in the taxonomic value of the precipitin
reaction. ‘That it is unsafe to lay so much taxonomic
emphasis on this test is suggested by the fact that
Tarsius, which undoubtedly 75 a Primate, gives a nega-
tive reaction, as does also Nycricebus (Le Gros Clark,
19244).

Nuttall and Strangeways also attempted a quantita-
tive expression of the relationships of the Primates,
by estimating the volume of precipitate, a method not
altogether free from objection (see Landsteiner and
Miller, 192 §4, and Boyden, 1926). Using anti-human

serum the following relative figures were obtained:

Man . . . . 100
Chimpanzee . . . 130 (precipitate less compact)
Gorilla . . . . 64
Orang . . . . 42
Mandrill . . . . 42
Guinea baboon . .29
Spider monkey . . 29
With anti-orang serum the figures were:
Orang . . . . I00
Man . . . . 75
Rhesus monkey . . 62

* Nuttall tested the following catarrhine bloods: the gorilla, chim-
panzee, orang; various species of the genera Papio, Mandrillus, Thero-
pithecus, Macaca, Cercopithecus, Presbyris. And the following platyrrhine
bloods: species from the genera Alouatta, Cacajao, Aotes, Saimiri, Areles,
Lagothrix, Cebus, Hapale. 'The only lemur bloods he tested belonged
to the family Lemuride. ‘The most recent general corroboration of his
conclusions is that of Wolte, 1933.
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Gibbon serum was not tested in these investigations,
but has since been examined by Le Gros Clark (19244),
who notes that it gives a positive reaction with anti-
human sera, and by Mollison,* who remarks that the
amount of reaction he observed was almost equal to
that of the chimpanzee. This observation will be
referred to again below. From the point of view of
the affinities of the various members of the order
Primates, the figures given above speak for themselves.

- .
.+ (d) Tue Broop Grours
e

As is now well known, the blood serum and red
blood corpuscles of the apes, including the gibbons,
respectively contain group iso-agglutinins and group
iso-agglutinogens which are specifically the same as
those found in human blood. These cannot be demon-
strated directly with human serum, since the latter
also contains hetero-agglutinins for the corpuscles of
the apes, the effect of which has to be obviated be-
fore it is possible to demonstrate the presence in
these animals of the blood groups which are identical
with those of man.t

Many investigations of this peculiar man-ape relation-
ship have been made, all of them being limited on
account of the regrettable lack of material. Recently
both Weinert (1932) and Lattes (1932) have collected

* Vide Weinert, 1932.

1 For full discussion see Landsteiner and Miller (19254) and Snyder
(1929). Groyp specific iso-agglutinin solutions for this work are
prepared by absorbing the iso-agglutinins of human serum with human
corpuscles, from which they are then freed by heat. In this way solu-
tions are prepared free from hetero-agglutinins. Another method of
preparing group specific absorbed immune sera is to use rabbits, first
immunizing the animals with human cells of different groups, and then

absorbing the hetero-agglutinins of the rabbit serum with group O
human cells.
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together the published records of these investigations.
The table given below is to some extent a synthesis of
the figures they provide, since each author seems to
have overlooked data considered by the other. To
their figures have also been added the records of two
orangs (published by Penrose, 1932) which neither of
them mentions.

TABLE III
Broop GrouriNG oF Hylobatide aND Pongide
0 A B AB
Chimpanzee * 6 58 — —_
Gorilla — 4 — —
Orang t — 4 6 3
Gibbon — 2 6 2

*® Lattes gives A 58, 0 6. Weinert A 56, O 6.
T Lattes mentions only ten orangs, Weinert eleven. To the latter’s eleven have
been added Penrose’s two.

The investigation of the blood groups has naturally
not been limited to the apes, and very interesting
results were obtained when lower Primates were tested.
The present account is taken from a paper of Land-
steiner and Miller (1925¢). These authors examined
the following catarrhine monkeys: eight animals be-
longing to the genus Papio; ten belonging to the genus
Cercopithecus; one belonging to the genus Erythrocebus;
four belonging to the genus Cercocebus; twenty-three
belonging to the genus Macaca. Twenty-two New
World monkeys were also examined, nineteen belong-
ing to six different genera of the family Cedide, and
three to one genus of the family Hapalide. Inaddition
to these, eight lemurs were examined, all belonging
to the family Lemuride.
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All these animals were tested with group specific
sera prepared in the way briefly summarized in the
footnote to p. §3. Not one of the forty-six Old World
monkeys thus examined gave any indication of a true
reaction, and most of them gave entirely negative
responses.* On the other hand, all the New World
monkeys, and some of the lemurs, gave distinctly positive
reactions with an agglutinin solution Group II. It
was possible to state in the case of the apes that the
iso-agglutinogens of their erythrocytes are specifically
the same as those of human red blood cells.  This means
that after being saturated with the agglutinogen from the
cells of an ape, a serum is incapable of agglutinating
human cells containing the same agglutinogen.t This
applies to sera prepared by both methods mentioned in
the footnote to p. §3. The New World monkeys and the
lemurs, however, which, by reacting to Group II human
purified agglutinin solution, attested to the presence

* Thomsen and Kemp (1930) tested two baboons and fourteen maca-
ques (seven belonging to the species M. mulatta) with the same sera
used in typing human blood (titre for human B cells 1/128), and they
suggest that the red cells of nine of these animals contain B receptors,
their observations thus conflicting with those of Landsteiner and Miller,
who failed to find an agglutinogen B in the blood of Old World monkeys.
Of the nine positive bloods, two agglutinated in titres no higher than
1 /4, fivein 1/8,and the remaining four in titres no higher than 1/16.
Earlier in their paper Thomsen and Kemp argue that titres for rabbit
cells in human anti-A serum of the range from 1/8 to 1/32 (titre for
human cells 1/128) are representative of hetero-agglutination, and not
group-specific agglutination. They themselves thus throw doubt on
their conclusion that the cells of Old World monkeys contain the
receptor B, since the figurcs they obtained with the bloods of the
monkeys may, also have been representative of a hetero-agglutination
response. In any case, the capacity of the monkey cells to absorb the
anti-B agglutinin cannot be very high, since absorption experiments
with four bloods in various concentrations showed that the anti-B sera
could still agglutinate human cells in titres of from 1/16 to 1/64.
Further investigation is necessary to decide between the conclusions
of these observers and those of Landsteiner and Miller.

T See Landsteiner, 1928, and Troisier, 1928.
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of an agglutinogen related to B,* nevertheless failed
to react to absorbed group specific immune sera pre-
pared by the use of rabbits. This suggests that their
agglutinogen B is not specifically the same as that of
man and the apes. Not surprisingly, therefore, the
blood of these Primates fails to absorb all the human
iso-agglutinins contained in the serum to which they
actually do react.

These facts appear to be of very great phyletic im-
portance. 'The uniformity of the results of Landsteiner
and Miller’s experiments indicates, as they write, “a
definite rule”, and the blood-group character exposes
sharp limits to the different primate families, there
being no gradual transition from one group to another.
Like the distribution of the menstrual cycle, that of
this hzmatological character indicates a wide phyletic
gap between the monkeys of the Old World and those
of the New. It also suggests a wide gap between the
members of the family Cercopithecide on the one hand
and the apes and man on the other. But before dis-
cussing the significance of the presence of specifically
the same agglutinogens and agglutinins in all members
of the anthropoid group of Primates, certain other
facts relating to the characters of the blood require
mention.

(¢) THE SeeciFicity oF THE REp BrLoop CELLs OF THE
Primates

In the light of the evidence of the blood groups
and precipitin reactions, it would seem that, except
for the presence in each of reciprocal hetero-agglutinins,
there is little hamatological differentiation between

* Such an agglutinogen is shown by many animals.
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man and the apes. By the use of anti-erythrocyte sera,
however, differentiation has been revealed in the red
cells, and this method, as ILandsteiner and Miller
(19254) write, “will regularly differentiate between
species so closely related that their sera are indis-
tinguishable by means of the precipitin reaction.” It
was in a somewhat similar way that Marshall (1901-5)
showed that while anti-human erythrocyte sera caused
as much h@molysis of macaque as of human blood,
similar anti-macaque sera had little hzmolytic effect
on human blood.

This method of investigation has been well exploited
by Landsteiner and Miller, who found that with anti-
human erythrocyte sera prepared by the use of rabbits,
there is little, if any, difference in intensity of agglutina-
tion between man, the chimpanzee, and the orang (one
experiment); the amount of agglutination was less
with gibbon blood (one experiment). More striking
results were obtained by absorbing anti-human sera
with chimpanzee red blood cells, and anti-chimpanzee
sera with human red blood cells.  After such procedure
it was found that these sera still contained agglutinins
for human blood and for chimpanzee blood respectively.
This method thus provides a means of differentiating
between closely allied bloods. By its use it was possible
to show (4) that orang blood is more closely related
to chimpanzee than to human blood; (#) that human
and chimpanzee bloods have a greater affinity with
each other than chimpanzee blood has with the blood
of baboons and macaques; (¢) that the latter two can
be differentiated from each other; and (4) that both
are conspicuously different from the blood of a New
World monkey (Cebus hypoleucus). Anti-macaque and
anti-baboon sera absorbed with the red cells of this



58 DIFFERENTIATION OF BLOOD REACTIONS

monkey still had full agglutination power for macaque
and baboon erythrocytes.*

Tue PuvyLeric Bearings ofF THE BrLoop REeactions

The first point that may be noticed about the re-
actions described in the preceding pages is that they
do not always point to the same phyletic conclusion.
Thus, to give an example, gibbon serum gives a greater
precipitate with anti-human serum than does the serum
of the orang, but it is the blood of the orang which
appears to be more ‘“human’ in its reaction to anti-
human erythrocyte sera.

It is difficult to differentiate between the values of
the various reactions, but there can be little doubt
that greater emphasis may be laid, for practical purposes
and from the point of view of phylogeny, on those
characters which appear to be discontinuous (i.e. those
that are limited to natural sub-groups), than on those
that vary in a continuous and orderly way throughout
all groups of Primates. Thus in their bearing on the
question of man’s descent, the existence in apes alone
of blood groups specifically the same as those of man is
more significant than the precipitin responses of these
animals, since these vary greatly, and even approximate
to those of catarrhine monkeys. The fact of the anthro-
poid blood groups is of equal importance phyletically
with the fact that man and the apes are among the
very few mammals known to be incapable of carrying
the oxidation of purine bases as far as allantoin. This
metabolic process is possible for “the monkey”’, whereas

* Uhlenhuth (1901, 1902, 1926) has described a method of differen-
tiating primate bloods by the precipitin reaction, and Landsteiner and
Levine (1932) have recently described experiments on the immunization

of chimpanzees with human blood. These further methods of differen-
tiating primate blood are not relevant to the argument of this chapter.
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in man, the chimpanzee, and the orang the process of
purine metabolism ends with uric acid.*

While the serum precipitin reaction, which con-
cerns the specificity of serum proteins, suggests the
existence of a wide gap between the Lemuroidea and
Tarsioidea on the one hand, and the rest of the Primates
on the other, it seems to indicate that the latter are
all in some way related, and that their human affinities
become closer as one passes from the New World
monkeys to those of the Old World, and from the
latter to the apes. The tests with anti-human or anti-
sub-human primate erythrocyte sera, which concern
the specificity of the red cells, help to define these
affinities, and indicate that the ha@matological gap be-
tween Old World monkeys and man, though great, is
not much greater than that between the monkeys and
the anthropoid apes. They might also be taken to
indicate that this gap is possibly less than that existing
between the blood of Old and of New World Primates.
The existence of the four blood groups amongst the
apes is an indisputable sign of their phylogenetic
anthropoid status, and it is a criterion which cuts
them off sharply from the catarrhine monkeys. It

* A genera] account of this interesting observation is given by both
Pryde (1931) and Rose (1923). 'The actual investigations were carried
out by Wells (1909), Wiechowski (1912), Hunter and Givens (1912,
1914), Wells and Caldwell (1914), Hunter and Ward (1920). In
all, one orang, four chimpanzees, twenty-three Old World monkeys of
three different genera, and one New World monkey appear to have
been examined. The apes were exceptional in so far as their tissues
lacked uricolytic enzymes and their urine was free of endogenous allan-
toin. Certain peculiar facts relating to the orang and to the New World
monkey suggest the possibility of more detailed differentiation of purine
metabolism in the Primates than is expressed by the statement “apes
alone fail to oxidize uric acid”. The whole question, like almost all
aspects of the physiology of the sub-human Primates, requires further
examination.
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may again be noted here that the occurrence of an
agglutinogen similar to B, but not specifically the same,
in New World monkeys and lemurs, is no indication
of their close affinity to the apes and man, since a
similar factor is found amongst non-primate mammals.

Although these considerations point to the close
similarity of human and ape bloods, it must of course
be remembered that the two are nevertheless specifi-
cally different, as is evidenced, for example, by the
existence of reciprocal hetero-agglutinins in the different
species concerned.

The blood groups of the apes present an interesting
problem. The human groups, on Bernstein’s (1925)
hypothesis, are supposed to have arisen at some time as
mutations of the recessive R genes,* and writers have
speculated whether this occurred during man’s simian
phase or during a phase when he would have been
recognized as human. Many investigators (see
Snyder, 1929) hold the view, which they base on the
distribution of the groups amongst the peoples of the
world to-day, that the A and B mutations in the R
gene occurred independently in different parts of the
globe and at different times during man’s human
phase. Others (see Woollard, 1932) hold that man
inherited his blood groups from ape precursors. Table
ITI, however, definitely seems to support the view
that the same blood-group mutations occurred several
times and independently in what are clearly allied

* On Bernstein’s triple allelomorph hypothesis, the genetic formula
of the groups may be written :

Group. Genes.
o . . . . . . RR
A . . . . . . AA or AR
B . . . . . . BB or BR

AB . . . . . . AB
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stocks. Thus it is significant that although only ten
gibbons and thirteen orangs have thus far been tested,
it is already known that the A and B mutations have
occurred in both species. On the other hand, not
one of sixty-four chimpanzees have given any indica-
tion of the presence of B, which suggests strongly
that the species is characterized by A alone. It is of
course conceivable that an original chimpanzee stock
was characterized by both groups, of which B, owing
to some chromosomal alteration, was later lost. Whether
or not this may be the true explanation, it does not
alter the fact that the blood group characters have
evolved independently and differently in the African
and in the Eastern apes. Since this is the case, there
can be little reason for denying the possible occurrence
of similar independent mutation in the homologous
human genes. If, nevertheless, this is denied, and
if it is insisted that man inherited his blood groups
from ape or ape-like precursors, it would have to
be assumed that many human beings have greater
affinity with the existing Asiatic anthropoids than with
those of Africa, since the latter give evidence of the
presence of only factor A. This attractive view, while
it can already claim supporters in virtue of some mor-
phological considerations, is highly debatable, and
would be denied by the majority of students of ihe
subject. In the existing state of our knowledge it
would be safer to support the view of independent
mutations.



CHAPTER VI

THE DIFFERENTIATION OF RECEPTOR ORGANS
AND THEIR FUNCTIONS

HIS chapter concerns the specific differentiation

of the perceptual processes of the Primates.

Unfortunately this is a field which has been studied

very little as yet, and available knowledge is limited
almost entirely to the functions of vision and smell.*

Tue VisuaL Processes oF PrimMaTEs

Macular Vision.

Experimental data relating to this subject are scanty,
and refer almost entirely to the apes and catarrhine
monkeys. Much, however, is known about the struc-
tural characters of the ocular apparatus of almost all
Primates, and this information allows fairly safe infer-
ences about function.

Lemuroidea.

Like those of most sub-primate monodelphian mam-
mals, the eyes of the members of this sub-order, even
of the short-snouted Galagos, are set more to the sides

* In his new book, Behavior Mechanisms in Monkeys, Kliiver (1933)
reports on the reactions of monkeys in experiments demanding the
differentiation of a variety of auditory stimuli. I am greatly indebted
to Dr. Kliiver for the privilege of reading the proofs of this book. The
opportunity to do so came when my own book was also in proof, and
unfortunately I was therefore unable to add in the following pages more
than a few scanty references to his important study.

62
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than to the front of the head, the visual fields over-
lapping very little. Fovea and macula are absent
from the retina, which conforms to what is known as
the nocturnal type. (It is interesting that the retina
of Tupaia of the Menotyphla is of the diurnal type.
It too lacks a fovea and macula.)

From these facts it is safe to assume that the vision
of the lemur is not stereoscopic.

Tarsioidea.

In Tarsius, according to Woollard (1925), “though
the orbits are inclined in their major axes to each
other at an angle of about ninety degrees, this is not
repeated in the eyes themselves for they face almost
directly forwards in the same plane.” The retina of
this animal, like that of the lemur, is of the nocturnal
type, but differs in possessing a differentiated area
lateral to the entrance of the optic nerve, the possession
of which, Woollard believes (1927), enhances visual
acuity. Nevertheless, the eyes of Tarsius are incapable
of conjugate movement—the animal does not possess
“the complex nervous mechanisms for muscular co-
operation necessary to bring the images of an object
into the corresponding positions on the two retinae”
(Elliot Smith, 1926).

Like the lemur, therefore, Tarsius almost certainly
lacks stereoscopic vision.

Pithecoidea.

The forward position of the eyes of the monkey, of
the ape, and of man, allows the two visual fields to
overlap greatly, and in their movements the eyes are
automatically conjugated. With one known generic
exception (Aotes) (see Woollard, 1927) apparently all
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of the higher Primates have a retina of the diurnal
type, together with fovea and macula. The members
of the Pithecoidea are perhaps the only mammals with
stereoscopic vision, but although apparently capable of
form, size, and distance discrimination, it is doubtful
whether these abilities are always employed as they are
in man. (For brief reviews of this subject see Yerkes
and Yerkes, 1929, and Zuckerman, 19324.)

The exceptional genus of the sub-order Pithecoidea,
Aotes, 1s a group of primitive nocturnal South American
animals belonging to the family Cebide. While the
axes of their eyes are the same as in other monkeys,
these animals have a retina of the nocturnal type, with-
out cones, fovea or macula. Because of its cranial
and dental characters, Gregory (1922) believes that
Aotes is among the most primitive and “tarsioid” of
existing Platyrrhines, and since it is generally accepted
that this group of animals evolved from small Primates
related to the Tarsioidea and Lemuroidea, it is possible
to regard the peculiar retina of Aorzes as the retention
of a prosimian character. Woollard’s alternative ex-
planation (1927) of the existence of this single retinal
exception in the sub-order Pithecoidea—that the
animal’s nocturnal habits provide the explanation of
its retinal defects—raises a very controversial and wide
issue of biology, and is incompatible with the more
usually accepted views on the methods of evolutionary
change.*

Colour Vision.
The facts revealed by colour discrimination experi-
ments also indicate a wide gap between the Lemuroidea

* Many of Woollard’s observations have been corroborated by Kolmer,
1930.
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and the higher Primates. The chimpanzee (Kohts,
1923), macaques (Watson, 1909; De Haan, 1925 «
and ¢; Trendelenburg and Schmidt, 1930), the Chacma
baboon (Zuckerman and Wallace, 1932), and the capu-
chin (Watson, 1909) have been investigated, and it has
been clearly shown that these animals discriminate
colours probably as well as we do.* On the other
hand, recent experiments carried out by De Haan and
Frima (1930) suggest strongly that the lemur is colour-
blind. It appears to discriminate between coloured
discs mainly on the basis of differences in brightness.
One of the two animals (out of four) which yielded
results in these experiments did, however, react in
such a way as to suggest that it was capable of colour
discrimination of a very feeble kind.

THE OLracTorY PRrROCESSEs oF PRIMATES

Experimentally controlled facts regarding this recep-
tor system are remarkably difficult to obtain, even
in the case of man, and 1t is not surprising that the
physiology of the olfactory processes of the sub-human
Primates has not been investigated. Certain inferences,
however, may be drawn from the facts of comparative
anatomy.

One of the striking characteristics of the primate
brain, as Elliot Smith has pointed out (1927), is the
reduction in the part of the cerebral hemisphere con-
cerned with smell, and the corresponding increase in
the cortical representation of visual functions. The
reduction in the olfactory part of the brain is more
pronounced in Tarsius than in any of the Lemuroidea,
and is still more conspicuous in the monkeys and

* Klitver (1933) presents data which strongly suggest that the squirrel

monkey (Saimiri sciurea) is endowed with colour vision.
F.A.M, F
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apes. This suggests that the sense of smell is of
greater importance to lemurs than to Tarsius, to whom,
again, it is probably more important than to members
of the Pithecoidea.

It is difficult to relate these inferences to the dis-
tribution of cutaneous scent glands among the Primates.

Amongst Lemuroidea, arm glands are found in the
ring-tailed lemur, Lemur catta, and the grey gentle
lemur, Hapalemur griseus; anal glands are also com-
monly found, especially in the genus Lemur (Pocock,
1918). Amongst the Hapalide complex scent glands
are found in the pubic region, on the genitalia, or in
the perineeum (Edipomidas, Hapale) (Wislocki, 1930),
while amongst the Cedide sternal glands have been
found on the chest in Areles (Wislocki and Schultz,
1925). No glands have been reported in the family
Cercopithecide, but sternal glands have been found on
the chest of both the orang (family Pongide) (Wislocki
and Schultz, 1925; Schultz, 1921) and the gibbon
(family Hylobatide) (Pocock, 192 5¢).

There can be little doubt that these glands are scent
organs, but without experimental knowledge it is clearly
impossible to diagnose their precise function, or to
determine whether they demand for the perception of
their emanations a specially developed olfactory receptor
system. It is interesting to note, however, that their
development is not correlated with that of the olfactory
cerebral centres, which progressively diminish in mor-
phological importance in a series beginning with the
Lemuroidea, and passing through Tarsius to the pithe-
coid Primates.



CHAPTER VII

THE DIFFERENTIATION OF BEHAVIOUR
PATTERNS

NIMAL behaviour shows almost as much differen-
tiation as does either animal morphology or
physiology. Among the Primates differentiation of
this kind is easily observed, and its taxonomic implica-
tions are in close harmony with classification based on
external characters. Thus the behaviour of one New
World monkey of the family Cebide is far more like
the behaviour of another member of the same family
than like that of a baboon. Similarly the behaviour
of an animal of one species of Cercopithecus resembles
that of a member of another species of the same genus
more than it does that of a macaque. This clearly
suggests that forms of behaviour, provided that they
can be defined, would prove to be valuable taxonomic
characters. They are also characters which readily
lend themselves to experimental study.

In the space of a short chapter it is clearly impossible
to do more than indicate certain broad differentiations
in the activities of Primates, and for this purpose I
have chosen a few well-defined behaviour patterns, of
social significance, which will be considered in' the
way other characters have been treated in previous

chapters.
67
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FaciaL MoVEMENTS

The nose and upper lip of animals belonging to the
sub-order Lemuroidea are constructed differently from
those of higher Primates, and in their structure they
represent the primitive mammalian naked glandular
rhinarium. Pocock (1918) has given full value to
this fact by separating the Lemuroidea from the Tar-
sioidea and Pithecoidea into what he terms a ““Grade
Strepsirhini”’—the remaining Primates forming a “Grade
Haplorkini” * It is particularly noteworthy that Tar-
sius falls into the latter group, its nose and relatively
free upper lip being constructed on very nearly the
same plan as those of all the Pithecoidea.

DrinkiING

These sub-ordinal structural differences are reflected
in the facial movements which characterize the different
groups. Thus lemurs drink by lapping. (So, incident-
ally, does Tarsius, in spite of its “Haplorhine” lip.)
On the other hand, members of the Pithecoidea drink
in the way man does, by making use of freely movable
lips and cheeks.

FaciaL Expression

Lemuroidea. The distinction between the three
sub-orders of Primates is well defined in the matter
of facial expression. Here lemurs are notoriously blank.
Neither when they withdraw in fear, nor approach with
interest (for example, when offered food), do their
cheeks and lips move. What changes of expression
they manage to convey to the human observer appear

* The terms Strepsirhini, Platyrrhini, and Catarrhini were apparently
first used by E. Geoffroy St. Hilaire.
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to be effected entirely by flinching (which may involve
the whole body) movements of the eyes and upper
eyelids, and sometimes very slight movements of the
forehead and ears. Mouth movements as a rule are
not made except when the animals are actually engaged
in one of the processes of eating, lapping, licking,
grooming or fighting.

Tarsioidea. 'The few available notes about Tarsius
show that in this respect it differs greatly from the
lemurs. “On approaching it in its cage,” writes
Cuming (1838), “it fixes its large full eyes upon the
party for a length of time, never moving a muscle; on
drawing nearer, or putting anything near it, it draws
up the muscles of the face similar to a monkey, and
shows its beautiful sharp regular set teeth.”  This
observation is corroborated by Le Gros Clark (19244).

Pithecoidea. Monkeys and apes are capable of an
amazing variety of facial expressions, in which the
facial muscles, the jaws and the tongue take part. A
human observer can soon learn to interpret their various
facial movements. Some expressions (for example that
which is usually termed chattering) are common to all
members of the Pithecoidea. Others, again, seem to
be peculiar to one kind of animal. In spite of such
variations, an observer with even moderate experience
of these animals will usually have no difficulty in
understanding the significance of the facial expressions
of almost any monkey or ape. Monkeys themselves
seem to have no specific or generic barriers to this
kind of understanding.

In its fullest manifestation chattering comprises
rapid, rhythmical, lip, jaw and tongue movements.
The jaws and lips quickly open and shut, while the
tongue is rhythmically extruded, the latter movement
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being partly responsible for the chatter. When the
tongue movements are suppressed these activities are
often referred to as smacking of the lips. The manner
in which the performance is executed varies from
species to species, and from one social situation to
another. In its complete form it is well exhibited
by young macaques, where it often seems to signify
a friendly greeting tinged with fear. Mouth move-
ments of this kind are indeed an integral part of all
friendly and sexual activities, which they both precede
and accompany. By making them himself, a human
observer can readily evoke them from an amiably
disposed monkey. In modified form smacking of the
lips is also exhibited by the chimpanzee, who, when
grooming a fellow ape or a friendly human being,
will slowly bring its lips together with a slight smack,
at the same time making a louder noise as its molars
come into opposition and grind together. Chattering
is also manifested by marmosets, in whom it consists
mostly of up-and-down jaw movements, and by all
the commoner members of the Cebidz. Amongst the
latter the lips are very mobile, but their mouth move-
ments can nevertheless be readily resolved into three
main forms. The first is an exaggerated pout, the
lips pushing forwards to make the aperture of the
mouth circular. The second is the exposure of the
teeth by the drawing back of the lips. The third is
the rhythmical up-and-down movement of the jaws—
“chattering”’. The sounds of these animals are very
varied, and capuchins, in particular, appear to vocalize
with ease even when their lips are shut.

Exhibiting the teeth in a wide yawn in moments of
dominance preceding fights—a movement which may
justifiably be interpreted as a threatening one—is an-
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other expression common to apparently all the catar-
rhine Primates. It appears to have slight variations,
as, for example, the complete eversion of the upper
lip of the Gelada baboon.

The facial movements, accompanying different emo-
tional conditions, which are peculiar to the chimpanzee,
are referred to at great length by Yerkes and Yerkes
(1929), and therefore need not be considered here.
A curious specific expression is that of the pig-tailed
macaque. This animal erects the hairs of its scalp,
which it draws back; at the same time it wrinkles and
draws up its face and slightly everts its upper lip.
These facial movements may be made more significant
in expression by the animal depressing its shoulders
and raising its head. The whole complex of move-
ments usually implies a kind of dominant curiosity,
and it often precedes sexual or aggressive activity.
As a last example of specific facial expression amongst
the Catarrhines may be mentioned the extrusion of the
lips into a small funnel, exhibited by members of the
genus Cercopithecus, e.g. C. leucampyx, the Pluto monkey.
This gesture seems to be a friendly and slightly suppliant
one.

GROOMING

Lemuroidea. The activities comprising grooming
behaviour differ considerably amongst the Primates.
Teeth, tongue, hands and feet are all made use of by
members of the Lemuroidea. Thus if a group of
animals belonging to the genus Lemur is watched for
any length of time, the following grooming activities
will be observed:

(@) Licking, and raking through the fur with the
procumbent lower incisors. The latter are said to be
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cleaned by the sub-lingua, to which Pocock (1918)
refers as the tooth-brush. This manner of grooming
is employed for apparently all accessible parts of the
body. The hair of slightly inaccessible areas, e.g.
towards the rump, may be made more accessible by
pulling with both hands.

(8) Other parts of the body, particularly the sides,
are cleaned by scratching with the feet, the left foot
being used for the left side, the right for the right.
As Pocock has pointed out, only the second digit of
the hind foot (which is short and has a short terminal
pad and a long, semi-erect claw) functions as a scratcher.

(¢) Mutual grooming is often seen, one animal using
its incisor comb and tongue on the other. The hands
of the grooming animal are used only to hold on to
the fur of the animal that it is cleaning. It is a not
uncommon sight to see two lemurs together, their heads
in opposite directions, each cleaning the other’s back.

Tarsioidea. The grooming activities of Tarsius are
different from those of the lemur, owing perhaps to
the absence of procumbent lower incisors and a sub-
lingua modified as a brush. Le Gros Clark (19244)
has watched a Tarsius performing its toilet, and he
describes it as being similar to that of a cat, the animal
licking its fur. The hind-limbs, when it comes to
their turn, are held outstretched with the hand of the
same side. 'Two of the digits of the hind-foot are differ-
entiated as scratchers, the other toes being held flexed
when the animal is engaged in scratching. Mutual
grooming has not been recorded.

Pithecoidea. The grooming activities of the mem-
bers of this sub-order are altogether different from
those of the lemurs and Tarsius. Amongst them,
fingers are pre-eminently the implements of the toilet.
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One hand is used to brush the hair aside, while the
fingers of the other pick off particles from the skin
and foreign matter adhering to the hairs. The tongue
may be used to wet the hair, and odds and ends may
be nibbled directly.

The fundamental pattern of grooming behaviour is
apparently the same among all members of the sub-
order Pithecoidea, and the sight of hair seems able to
stimulate grooming during most phases of the life of
a monkey or ape.* Different species differ, however, in
the frequency with which they groom (thus gibbons
are less conscientious about their cleanliness than are
baboons) and in the extent to which lip movements
accompany theactivity. Although in all species groom-
ing is more usually a performance in which two animals
meet, a solitary animal may clean itself, or, on the
other hand, as many as four may make up a single
toilet party.

The possibility that fur picking in monkeys may
constitute an act of adornment as well as a toilet has
recently been raised by Tinklepaugh (1931), who
describes an instance of a male monkey (M. mulatta)
pulling out the hairs of the face of his female com-
panion (a M. irus). ‘‘During this hair-pulling activity,”
writes Tinklepaugh, “‘the male frequently leaned back
and surveyed the female as if evaluating the results.”
More data are necessary before this interpretation can
be accepted as the only one that can fit the facts.

NursiING BEHAVIOUR

The manner in which nursing Primates carry their
young is characteristic of each of the larger divisions

* Yerkes (1933) has suggested that the grooming behaviour pattern
in chimpanzees increases in intensity with maturity.
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of the order. It is sometimes possible to recognize
familial distinctions.

Lemuroidea. Members of the genus Lemur carry
their newly born young horizontally across the lower
abdomen. (See Sclater, 1885.) The young animal
holds tightly to its mother’s fur, with both hands and
feet, and its tail passes round her loins. The mother,
as Mitchell has pointed out (1912), may sometimes help
to support the baby with her own tail, ““which she usually
curls up between her legs over the body of the infant
and then twists round her own body.” At a later
stage, when the young animal is fairly independent
(? from about three months), it may be carried on its
mother’s back. As Wood-Jones has pointed out,
however (1929), lemurs “do not nurse or handle or
carry their young ones.” Indeed, unless the mother-
young relationship among the Lemuroidea is far more
subtle than it appears objectively, it would seem that
the young animal survives mainly because of its innately
adjusted responses to stimuli presented by its mother’s
body. This cannot, however, be the whole story, but
the extent to which the physiological condition of a
recently parturient lemur forces her to show maternal
responses still remains to be investigated.

Male lemurs apparently take little or no interest in
their offspring.

The usual position of the young animal on the
mother’s body seems to be different in those families
of Lemuroidea (e.g. Loriside) in which there are inguinal
as well as pectoral nipples. Wood-Jones (1929) pro-
vides the following description of the slow loris
(Nycticebus):

“In the case of Nycticebus the very dense woolly fur of the
mother, and the small size of the newly-born young, renders
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the concealment of the offspring very perfect. ‘The difficulty
of observation is here increased by the fact that this animal
always bites savagely when interfered with and the coloration
of the young is identical with that of the mother. So difficult
is the little creature to detect that I have purchased, from a
particularly shrewd native dealer, a mother and its offspring
for the price of onc animal, the presence of the baby having
remained unsuspected. With this species the young does not
cling transversely, but buries itself in the fur of the mother’s
ventral surface, with its hind limbs encircling the upper part
and its forelimbs the lower part of the abdomen. The head
is turned towards the mother’s inguinal region of one side and
the false nipple is grasped with the mouth. In this way the
position of the young is inverted, its head being directed to-
wards its mother’s hind end during rest. From this position
the young completely reverses itself when it wishes to suckle
at the pectoral mamme.”

Tarsioidea. There are two reliable records about the
nursing behaviour of Tarsius, those of Cuming (1838)
and Le Gros Clark (19244). The former writer had
the good fortune to buy an adult female which some
time later gave birth to a single baby. He writes:

“The young appeared to be rather weak, but a perfect
resemblance to its parent; the eyes were open and covered
with hair; it soon gathered strength, and was constantly sucking
betwixt its parent’s legs, and so well covered by its mother,
that I seldom could see anything of it but its tail; on the
second day it began to creep about the cage with apparent
strength, and even climb up to the top by the rods of which
the cage was composed. Upon persons wishing to see the
young one when covered over by the mother, we had to
disturb her, upon which the dam would take the young one
in its mouth, in the same manner as a cat, and carry it about
for some time; several times I saw her when not disturbed
trying to get out of the cage, with the young one in her mouth
as before.”

Le Gros Clark failed to corroborate the observation
that the young Tarsius is carried in its mother’s mouth,
but observed that it ‘“‘always held on to the fur of its
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mother’s belly,” without being actively handled by
her.

It is not known whether or not the male Tarsius pays
any attention to its offspring. Le Gros Clark’s obser-
vation (19244) that Tarsius is always found in pairs
except at the end of the breeding season, when the
female and young are found alone, is not consonant
with the established fact that Tarsius breeds at all times.

Pithecoidea. From the above descriptions it is plain
that nursing behaviour in Tarsius is little different from
that in the Lemuroidea. Both, however, differ greatly
from the corresponding behaviour of members of the
Pithecoidea, and within this sub-order the Platyrrhines
differ from the Catarrhines.

Amongst the Platyrrhines the baby appears to be
characteristically carried on the back, its head towards
the mother’s head and its feet and hands buried in her
fur. The mother at first rarely, if ever, handles her
baby, and the young one moves of its own accord to
her nipples, which in many species are closer to the
axille than is usual in catarrhine monkeys. ~When
there are two young, as commonly occurs among the
Hapalide (genera Hapale, Leontocebus, etc.), both are
moored to the back.*

Among the members of the latter family the young

* Dr. C. R. Carpenter, who is studying the howler monkey (Alouatta
palliata inconsonans) in Barro Colarado Island, informs me in a personal
communication that “shortly after birth and for a period of approximately
two weeks, a period which varies considerably with individuals, howler
infants cling to the abdomen and lower ventral thoracic region of the
mother. After this period, infants of this species are to be observed less
and less frequently on the ventral surfaces of the mother, and more and
more often on the sacral and lower lumbar regions of the back.” Thus,
except for a very short period following birth, the young of this species
of New World monkey are carried, like young capuchins, on the mother’s
back.
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may be carried from immediately after birth by the
father and even by the offspring of the previous birth,
if it is still with its parents (Lucas, Hume, and Smith,
1927). The mother, in the case described by these
authors, “only received the baby in order to suckle it,
which she did about every 2—3 hours throughout the
day. She would approach the father and hold out her
arm, when the baby would scramble, apparently spon-
taneously, on to her. After the feeding was over she
would pull the baby off and give it to the father, who
would take it and tuck it back on his flank.” The
young are also carried by the males in certain genera
of the Cebide (e.g. Saimiri, see Zuckerman, 19324,
p. 191). The significance of this curious behaviour
has not yet been investigated.

The father of a young capuchin at present living
in the London Gardens (see table V, No. 9) at first
paid no attention to his offspring, who was always
carried on the female’s back. The latter behaviour,
judging from the naturalistic literature, is apparently
characteristic of the genus Cebus (see Zuckerman,
19324, p. 191). From the time when the baby was
two months old and moved about its cage freely, it
began to play with its father, who occasionally groomed
it. Overtly this relationship was no different from that
of any two unrelated animals.

In the catarrhine section of the Pithecoidea the baby
usually hangs on to the belly of its mother, its feet
grasping the fur of her belly and its hands buried in
that of her chest. When the mother is sitting, her
arm may sometimes be round the body of her offspring,
whose legs may be on the ground. When the mother
moves the young animal hangs on to her ventral sur-
face, usually unsupported. When leaping or moving
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quickly, however, she may support her baby with one
hand, but in some species this appears to be unusual.
Thus the young hybrid mangabey with deformed
limbs, noted in table V, No. 7, hung to its mother’s
belly only with its arms, its paralysed hindquarters
dangling as its mother jumped about her cage.

At a later stage (circa one month) the young catar-
rhine monkey begins to leave its mother’s body and
to move independently in her neighbourhood. During
this phase of its growth it will either return of its
own accord to its mother, or will be snatched up by
her when she moves, or when danger threatens. The
mother also appears to control her offspring’s first
walking movements, and she grooms it assiduously.

At a still later stage (e.g. circa six months) the young
animal may be carried on its mother’s back (especially
in baboons). From about this period other members
of the group in which it lives pay attention to it, and
carry it—both ventrally and dorsally.

It seems as though catarrhine males pay -no specific
attention to their offspring.

The mother-young relationship in apes is funda-
mentally the same as in catarrhine monkeys, although
there appears to be greater maternal care and interest.
Nevertheless, as with monkeys, the young ape is given
little help in finding the breast by its mother. (For
further information on this subject see von Allesch,
1921; Bingham, 1927; Fox, 1929; Nissen, 1931;
Aulmann, 1932. Jacobsen, Jacobsen, and Yoshioka,
1932, report on the first year’s growth of a chimpanzee
whose mother died soon after its birth, and present data
regarding the development of its various behaviour
patterns.)
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OtrHErR BEHAVIOUR PATTERNS OF CLASSIFICATORY
Varue

The above examples of behaviour patterns demon-
strate clearly the differentiation of the main groups
of Primates. Many more examples, typifying sub-
ordinal, familial, generic and specific distinction might
be cited, but their definition and discussion cannot
be attempted here. There is, for example, the “pre-
senting’’ reaction exhibited by all catarrhine Primates
that have been observed—the turning of the perineal
region of the body of one animal into the line of vision
of another. This form of behaviour develops very
early in life, and is a conspicuous feature in the social
lives of the Old World Primates (for detailed discussion
see Zuckerman, 19324). On the other hand, I have
never seen it exhibited by either platyrrhine Primates
or lemurs. Then there is the question of the vocaliza-
tion of the different primate groups, and such charac-
teristic specific behaviour as the chest beating of the
gorilla. Facts like the latter clearly require examina-
tion from the point of view of their ontogeny and
physiological or psychological background.* Never-
theless, even without such study, their sharp limitation
to single species or to wider groups of Primates is a
clear indication of their phylogenetic significance.
There can be no doubt that an extensive study of the
behaviour patterns of Primates would well repay the
trouble entailed. At least some of them would prove
to be of great interest from the taxonomic point of view.

* Yerkes and Yerkes (1929) have reviewed the relevant literature,
and have concluded that chest beating is a specific form of behaviour of
the gorilla, stating that it has only once been reported in the chimpanzee.
To this instance can be added another, which I have reported elsewhere
(Zuckerman, 19324, p. 283). Both the fact that chest beating is charac-
teristic of the gorilla, and that it is occasionally exhibited by the chim-
panzee, are of interest from taxonomic and phylogenetic points of view.



CHAPTER VIII

THE DISEASES AND PARASITES OF THE
PRIMATES

HE enthusiasm with which an old problem is
assailed along a new path does not provide any
criterion of validity either for the method of attack
or for the results it obtains. It may also obscure an
unbiassed view of the new approach. This in many
ways is the position in which phylogenetic speculations
based on comparative host-parasite studies stand to-
day. The fame of this phylogenetic method has grown
to such proportions that it cannot be passed over. But
although the method undoubtedly has a real use, most
of its exponents either fail to realize, or to point out,
that it is a method which can never rank with the more
conservative instruments of taxonomy. An animal’s
anatomy is the animal. So is its physiology, and its
behaviour. The taxonomic relationships they reveal
are definitely valid within the system of logic in which
taxonomy operates. If the characters of a group of
animal’s parasites are in accordance with these relation-
ships—well and good, and these characters may legiti-
mately be explained in relation to some scheme of host-
parasite evolution. On the other hand, the relation-
ships revealed by direct study of the animals are not
necessarily wrong if parasites fail to provide them with
any support. In such a contingency some other

explanation would have to be sought to explain the
80
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distribution of the parasites. For example, many
human parasites show striking resemblances to those
of other primate animals. Many do not, and are more
closely related to the forms inhabiting domestic animals.
Clearly our ideas about which of these parasites are
significant phyletically will accord with predetermined
views of man’s zoological relationships.

The method, too, so far as the Primates are con-
cerned, is limited in scope. This can be seen by turn-
ing to some of the evidence (Ewing’s work on the
genus Pediculus) which Metcalf (1929) adduced in
support of his exposition of the host-parasite method
in his paper on ‘“Parasites and the aid they give in
problems of taxonomy, geographical distribution, and
paleogeography”. Ewing (1927%) points out that there
are two distinct groups of Pediculus in the New World,
the one confined to man, the other to monkeys. This
fact he does not wish to be interpreted as indicating
that if the lice and their hosts were traced back into
the past, a louse ancestral to the two groups of Pediculus
would be found inhabiting a Primate who would prove
to be a common ancestor to man and the South Ameri-
can monkeys. On the contrary, he is at pains to
suggest that the monkeys may at some time have been
infected with lice by primitive man, and that the
parasites have diverged from the human type in their
new environment. This interpretation, if it is correct,
does indeed suggest that a louse was equally at home
on the monkey and on man, and that the two hosts were
therefore in some way related. But this we already
knew from sources far more incontrovertible. In this
case, therefore, the lice provide primate systematics
with doubtful support, at the same time failing to add

anything new. Nevertheless, the host-parasite phylo-
F.A.M, G
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genetic method cannot be denied exercise among the
Primates simply because South American lice fail to
do it justice. Even though none are known up to the
present, it is possible that there exist parasites which
will help to unravel the history of this order of mam-
mals as much as the Opalinids are stated to have helped
to unravel that of the frogs. In any case the facts
about the parasites of Primates are of interest here
even if they only relate slightly to the problem of the
evolution of this mammalian order.

The host-parasite taxonomic method—which Met-
calf calls “the von Ihering method”—can be extended
to include non-parasitic diseases as well.¥ The many
aspects there are to this wider approach to the problem
of the relationships of the Primates were well demon-
strated in the discussion on ‘“Monkeys and Human
Disease””, held on February 7, 1929, at the Royal
Society of Medicine, London (Pocock and others,
1929), when contributions were given from the angles
of bacterial diseases, filterable viruses, protozoal
parasites, helminth parasites, phthiriasis, and morbid
anatomy. Obviously I cannot hope to deal here with
more than a fraction of the available material. For
admirable summaries of the facts, reference must be
made to the report of the Royal Society of Medicine
discussion, to Stiles, Hassall and Nolan’s Key-Catalogue

* Metcalf calls this method the ‘“von Ihering method”, because it
was von Ihering who about 1880 first emphasized the importance of
host-parasite investigations in studies of evolution. In a book of anec-
dotes about the behaviour of monkeys, published anonymously by
Stewart Rose in 1823, is a story of a monkey that died of some gastro-
intestinal disorder on board a ship. In its illness it was attended by
a surgeon who “pronounced that Pug died of the i/iac passion, and
announced this as a reason for believing that man was but a better
breed of monkey.” This seems a fairly good forecast of the host-
parasite-disease phylogenetic method.
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of Primates for which parasites are reported (1929), to
Wenyon’s work on protozoa (1926), and to Hegner’s
paper (1928) on the evolutionary significance of the
protozoan parasites of monkeys and man.

The data to which I mainly intend to refer are those
which throw some definite light upon the taxonomic
relationships of the Primates—in other words, obser-
vations which refer to the segregation of parasites to
definite groups of monkeys or apes. Statements of a
more general character implying that these animals
suffer from diseases similar to those of man, and that
they are either the only animals susceptible to certain
human infections, or that they are more susceptible to
some human infections than are the usual laboratory
animals, are of great interest, but for several reasons
they are very difficult to interpret correctly from the
taxonomic point of view. Most observations of this
kind are based upon cross-infection experiments, and
their taxonomic interpretation depends quite as much
on the experimental technique on which they are based
as it does on questions of natural susceptibility or
resistance. Thus at one time the yellow fever virus
could not be transmitted to any mammals except
monkeys. That is the position to-day with regard to
the transmission of poliomyelitis. But, with the aid
of a new technique, small rodents and cats have recently
been successfully inoculated with the yellow fever virus,
and by comparison, it is difficult to maintain any longer
that the causative factor of poliomyelitis is necessarily
confined in its effects only to Primates. A different
technique might prove such an hypothesis to be
wrong.

Gaps in medical knowledge also prevent a proper
taxonomic interpretation of other very suggestive obser-
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vations made in medical experiments. For example,
usual methods of inoculation, or experimental mosquito
infection, prove adequate to transmit yellow fever, to-
gether with all its signs and symptoms, to members
of the Asiatic genus Macaca, different species varying
in their susceptibility. With similar methods, African
Primates—species of Cercopithecus, Papio, as well as
the chimpanzee—may be made to contract the disease
in so far as the virus can be discovered in their bloods.
As a rule, however, they fail to show any symptoms,
the virus not proving pathogenic.

At first sight this difference between Asiatic and
African Primates would appear to represent the geo-
graphical distribution of a natural immunity, since
yellow fever is endemic in Africa and unknown in Asia.
Such a simple interpretation of the facts, however, is
not supported by the observation that monkeys indi-
genous to South America, where yellow fever is also
endemic, are highly susceptible to the disease.* Before
dismissing the question of susceptibility to yellow fever
from this discussion, it may also be noted that experi-
ments often show that there is a great difference in
the virulence of the same strain of virus in man and
monkey. A mild human infection may prove fatal in
a monkey, and vice versa (see Hindle in Pocock and
others, 1929). Much the same is shown, as is recorded
below, by cross-infection experiments with malaria
parasites.

Observations of similar interest have also been made

* For data relating to these questions, see Hindle’s article shortly
to appear in the Tropical Diseases Bulletin, 1933, the manuscript of
which the author has very kindly allowed me to see. It may also be
noted that Flexner and Lewis (1910) have suggested a difference in
the susceptibility of New and Old World monkeys to poliomyelitis (on
this point see also Jungeblut and Engle, 1932).
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on other organisms—for example, Treponema pallidum,
the causal organism of syphilis, and on a spirochzte
of relapsing fever. Both of these organisms have been
shown by experiments to thrive not only in man and
other Primates, but also in non-primate mammals.
Thus Clark and his co-workers (1931) found that the
spirochete harboured by a “squirrel monkey” (Leon-
tocebus) in the Panama region was identical with the
local species of human relapsing fever, and these
workers readily passed the organism from the monkey,
not only to other kinds of monkey, but also to human
volunteers, white mice and rats anc guinea-pigs. Here
then is a disease without very definite boundaries in
the mammalian world. The Treporema of syphilis is
probably no more restricted in its possible range,
and, as is well known, the signs it produces in the
apes are far more like those it stimulates in man than
are those it produces in monkeys (see Harrison,
1931).

It is easy to over-emphasize the phylogenetic signi-
ficance of this last observation, if one ignores the fact
that in other diseases man shares his misfortunes equally
with animals far removed from his own zoological
group. On the other hand, it does seem that the
facts relating to the distribution of diseases such as
those discussed in the preceding paragraphs are signi-
ficant from the point of view of primate relationships,
however little present knowledge allows them definite
application in this field of study. At some future date
it may be possible to apply them to such studies in
the way that the distribution of certain ectoparasites,
helminths, and protozoa can already be employed.
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THe EcToPARASITES OF THE PRIMATES *

Vermin are rarely found on monkeys and apes in
captivity. Members of the Mallophagan genus Tricko-
dectes occasionally occur on Primates both of the Old
and the New World, but their distribution is not of
such interest as that of the Anopluran family Pedi-
culide. Lice belonging to this family are found on no
mammals but the Primates. The genus Pedicinus is
limited to members of the Cercopithecide, having
already been found in the fur of species of Presbytis,
Colobus, Cercopithecus, Erythrocebus, Macaca, Cynopithecus,
and Papio, in fact in all the main genera of this family.
The many specific differences in the lice affecting the
different species and genera of this group of monkeys
do not seem to be of interest in the taxonomy of the
Primates. The same louse may inhabit the fur of
monkeys geographically as far removed from each other
as the Mona cercopitheque of West Africa and a
macaque of India, while on the other hand two species
of lice may inhabit the same species of monkey.

A few lice belonging to other genera of the Pedi-
culide (e.g. Neopedicinus, Phthirpedicinus) are also found
on Old World monkeys.

No lice of the genus Pedicinus have yet been found
on any of the bigger apes or on the gibbons. Like
those of man, the characteristic vermin of these animals
belong to the genus Pediculus. Species of this genus
have been found on gibbons and chimpanzees—and
also on South American spider monkeys (various species

* The facts recorded below have been abstracted mainly from Stiles,
Hassall and Nolan’s Key-Catalogue {1929). Reference has also been
made to Kellogg (1913, 1914), and to Ewing (1927). My attention
was very kindly directed to the work of Kellogg and Ewing by Mr.
V. B. Wigglesworth of the London School of Tropical Medicine and
Hygiene.
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of Ateles), on the brown capuchin (Cebus fatuellis), and
on marmosets (Leontocebus nigricollis). Ewing has
established the fact that Areles is a true host for certain
species of Pediculus, but authorities apparently regard
the Pediculus lice that were found on the marmosets
and capuchin as “stragglers”. I have already noted
Ewing’s explanation of the occurrence of Pediculus on
spider monkeys. Ewing also suggests that the lice of
these animals should be referred to the sub-genus Para-
pediculus, and those of man to a sub-genus Pediculus.

Another interesting genus of Pediculide is the crab-
louse, Phthirus, which hitherto has been found only on
man and on the Kivu gorilla, Gorilla beringei.

It is almost unnecessary to define the obvious bear-
ings of the distribution of all these ectoparasites on the
phylogeny of the Primates. A few of the more salient
ones may, however, be noted. In the first place it is
seen that a single and distinct family of sucking lice
is confined to one order of mammals—the Primates
—appearing in all its major sub-groups. Secondly,
one genus of this family, Pedicinus, is confined to one
family of Primates—the Cercopithecide. Thirdly, it is
possible to recognize a close resemblance between the
lice of man and those of the apes.

Tue HeLMiNTHS oF THE PRIMATES *

Cameron,} who has made a wide study of the hel-
minths of mammals, has often pointed out that in spite
of fairly extensive investigations, comparatively little is
yet known of the helminthic parasites of monkeys and

*T am indebted to Professor R. T. Leiper, F.R.S,, of the London

School of Tropical Medicine and Hygiene, for references to the litera-

ture of this subject. Stiles, Hassall and Nolan’s Catalogue has again
been freely used.

+ In Pocock and others, 1929.
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apes. Because of this, great caution is needed in
interpreting from the point of view of primate relation-
ships the information that is already available. More-
over, there are very few genera of helminthic parasites
which appear to be restricted to the Primates, and
differently segregated among its sub-groups, in such
a way as to prove of use in primate taxonomy. Thus
the genus Ternidens of the Strongyloidea, which is said
(Baylis, 1923) to be limited in range to this order of
mammals, has what may justifiably be described as a
chaotic taxonomic distribution within the group (see
Stiles, Hassall and Nolan, 1929), and this distribution
quite plainly allows of no inferences of any sort regard-
ing the relationships of this order of mammals.

Cameron (1926, and also in Pocock and others,
1929) has tried to classify human helminthic parasites
on the basis of their probable history, but only one of
the groups which he defines is of interest from the
point of view of the evolution of the Primates. This
group consists of the pin-worms. Enterobius vermicu-
laris, which occurs in man, finds its closest relations
in the pin-worms of the monkeys, and Cameron sug-
gests that the human worm was a simian parasite
“which first attacked man in his pre-human days.”
In an extensive study published in 1929, he showed
how one species of Enterobius is restricted to one genus
of monkeys—a fact which suggests that the evolution
of the parasite is slower than that of the host. His
further conclusions clearly support the accepted classi-
fication of the Primates—at the same time indicating
the need for cautious interpretation. I quote them
here in full:

“If one assume the existence of a pre-enterobius form in
the pre-simian host, then the modifications of the parasite



OF THE PRIMATES 89

should accompany the generic differences of the host. One
would expect to find forms most closely related to the human
parasite in apes, while those in old world monkeys would be
closer to E. vermicularis than those in new world monkeys
and the lories, but not so close as in apes. This actually
does seem to be the case although many species are inade-
quately described and many other species of monkeys have
to be examined before the series will be sufficiently extensive
to justify any results of value to anthropology.”

Subulura, which Cameron described in 1930, is an-
other genus of helminths of some interest from the point
of view of the classification of the Primates. 'The worms
included in this group are almost wholly restricted
to birds, but six species occur in Primates. Three
of these (from Loris, from Tarsius, and from Galago)
are but little known. The fourth is found in various
species of the genera Cercopithecus, Erythrocebus, and
Cercocebus, and the fifth 1s distributed amongst genera
of the Cebide and Hapalide. The sixth species is of
great interest. It was created by Cameron, who gave
it the name §. distans, to include peculiar forms of
Subulura which he found in the wild green monkeys,
Cercopithecus sabeus, that live in the island of St. Kitts
in the West Indies. It is conceivable that §. distans
has differentiated during the time that has elapsed

since the monkeys were introduced to the island from
West Africa.

THE ProTozoAa oF THE PRrIMATES *

The order in which protozoa are discussed below is
the same as that adopted by Hegner (1928) and by
Thomson (in Pocock and others, 1929).

Amabe. Dobell (1931; references to other papers are

* I am greatly indebted to Mr. C. Dobell, F.R.S., for information
relating to this subject.
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given in this monograph) has shown conclusively that
the coli- and histolytica-like Entameba living naturally in
certain macaques are specifically identical with those
of man, and there seems little reason to suppose that
the corresponding organisms which inhabit the intes-
tinal tracts of gorillas, chimpanzees, and other Old and
New World primate forms will prove to be in any way
different. Thus Entamaba can provide no help in
primate taxonomy. At present, moreover, it does not
appear likely that any other amaba can.

Intestinal Flagellates. 'The genera Trickomonas, Chilo-
mastix, Giardia, and Embadomonas occur in both man
and many sub-human Primates, including apes and
monkeys, the human and sub-human forms being in-
distinguishable morphologically.

Intestinal Ciliates. The balantidia of man are iden-
tical with those of the many sub-human Primates in
which they occur—and possibly, too, with those of pigs
and guinea-pigs. These organisms obviously have no
significance from the point of view of primate relation-
ships. There are some intestinal ciliates, however,
which are of interest from this point of view. These
are the two species of Troglodytella of the order Oligo-
trichida, which are found only in the gorilla and chim-
panzee (see Wenyon, 1926; Swezey, 1932). This
genus is allied to the Ewntodinium and Diplodinium of
non-primate mammals, and in the absence of experi-
mental knowledge it is difficult to assess the significance
of its restricted primate range. This distribution may
signify either similarity of the intestinal environments
of the two African apes, or natural cross-infection of
the two hosts, or their phylogenetic connection.

Malarial Parasites. The distribution and behaviour
of these organisms are of great interest, but in the
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present state of our knowledge it is impossible to assess
their true significance to the problem of primate rela-
tionships. Malarial parasites, many of which closely
resemble the three forms found in man, occur in the
apes and in several Old and New World monkeys (see,
for example, Clark, 1930). They are also believed to
cause the deaths of many monkeys, especially in the
early stages of life (Clark, 1931). Cross-infection ex-
periments (such as those of Clark and Dunn, 1931) have
as a rule shown rather a rigid host-parasite specificity,and
until recently infections had not been transmitted from
man to any sub-human Primate (or vice versa), or with
any success from apes to monkeys, or from monkeys
of the New World to those of the Old. Recently,
however, Knowles and Das Gupta (1932) have suc-
ceeded in producing a remarkable series of cross-infec-
tions, beginning with an original host Cercopithecus
pygerythrus,* and passing the plasmodium through
Macaca mulatta (= M. rhesus), Macaca radiata, Macaca
irus (= M. cynomolgos), Presbytis entellus (= Semno-
pithecus entellus), Hylobates hoolock, to man. In its
passage from one experimental host to another, the
organism displayed amazing variations. In some its
influence was altogether benign. In others (e.g. M.
mularta) it produced severe manifestations of malaria
—and as a terminal event in some of the Rhesus
monkeys, hemoglobinuric fever. Its morphology, too,
varied from host to host. In its original form in the
African Vervet monkey it was similar to Plasmodium
vivax of man; in the Rhesus monkeys it resembled
P. falciparum; and in the human volunteers, P. malarie.

* The original host of this series of cross-infections is elsewhere called
“the Singapore monkey”. This name hardly applies to C. pygeryzhrus,
and belongs more properly to M. irus.
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The appearance remained constant for each species,
but back-crossing from the experimentally infected
Rhesus monkeys to the original host species, the Vervet,
did not stimulate the organisms to revert to their
original wivax appearance.

As the authors of this report write, their results
suggest an entirely new problem in protozoology, if
not in parasitology generally. They might have added
that the dynamic picture they have drawn of differences
in reactions to the same protozoon are in striking con-
trast to the usual story of protozoal uniformity in the
Primates. Apart from that of the ciliate genus Trogl-
dytella, the distribution of these organisms in this order
of mammals provides little or no aid to its taxonomy,
even though the facts of protozoal similarities among
the Primates may, as Hegner writes, be regarded “‘as
evidence of importance in favour of the hypothesis that
monkeys and man are of common descent.”



CHAPTER IX

HYBRIDIZATION, AFFINITY, AND
DIVERGENCE

IT is a fundamental assumption of biology that inter-

breeding implies close phyletic relationship of the
animals that cross. How distant animals may be from
each other phylogenetically, and yet successfully cross,
is doubtful, and at this point arises one of the diffi-
culties of taxonomy. The concept of a species as a
group of individuals propagating their kind, and not
effectively fertile except amongst themselves, has long
been abandoned—rather it has never been truly applied
—in practical systematics, for the simple reason that
we do not possess information about the breeding habits
of more than the minutest fraction of the total number
of the different animal forms that are known. The
acquisition of such knowledge is an experimental
problem, and systematics and experimental zoology are
different facets of biology. Yet systematists have by
no means overthrown the Linnzan concept. On the
contrary, it is still sometimes their custom, and that
of their critics, to regard with suspicion the definition
of a species which subsequently is found to disobey
the Linnzan concept, and its implication that a
species should be unable to cross successfully with a
neighbouring but different one. Evolutionary dis-
cussion, too, is often greatly concerned with the
idea of inter-specific barriers, in the sense of physio-
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logical and morphological impediments to effective
hybridization.

As is now well known, however, absolute sterility
and absolute fertility grade into each other in fairly
definite stages. Robson (1928) has summarized the
possible results of attempting to cross animal forms
as follows:

“(1) Positive hostility between the male and the female.

(2) Absence of hostility{:i?:;:iﬁﬁ ation}to pair.

(3) Coitus without reproduction.

(4) F, obtained, but with disturbed sex-ratio, ill-health or
other abnormality.

(5) F, normal and healthy, but sterile.

(6) F, obtained, but weak or unhealthy.

(7) Fertile and viable F,.”

This summary suggests that inter-specific barriers
need not only be morphological and physiological, but
that they may also be of a kind conveniently termed
psychological. In evolutionary discussion, of course,
geographical or ecological isolation is also a very im-
portant factor. Here, however, this aspect of the
problem is not being considered.

In its actual manifestations, the range from absolute
sterility to absolute fertility does not by any means
necessarily conform with a view that species more alike
should cross more readily than species less alike. In
this connection one may note the following examples,
cited by Robson, that contradict such an hypothesis:
(4) ordinal crosses amongst teleost fishes are sometimes
more successful than crosses affecting families or
genera; () two species of moth (Pecilopsis pomonaria
and P. isabelle), which are conspicuously different
morphologically, give fertile hybrids, but two species
of fruit fly (Drosophila melanogaster and D. simulans),
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which are very similar structurally, give infertile hybrids;
(¢) a male moth caged with two females paired not with
the one of its own species but with the one of a different
species.

In spite of these occurrences, Robson still believes
that there is a ‘“‘general parallelism . .. between the
degrees of mutual fertility and isolation . . . between
morphological differentiation and reproductive capacity
. . . between physiological affinity and morphological
status.” This parallelism is believed to be especially
pronounced amongst mammalia, and inter-specific, and
particularly inter-generic mammalian crosses, are usually
regarded as matters of note. Thus the recently re-
ported cross between a cow and an eland (Mitchell,
1932) received extensive notice in the Press. The
matter was discussed in Narure by Haldane (19324),
who, referring to a previous paper of his, stated that
he had been able to collect no more than six cases of
inter-generic mammalian crosses, almost all concern-
ing the family Bovide. Actually, many more have
been recorded than those that Haldane notes (for
example, all the inter-generic primate crosses referred
to below), but his statement gives a clear idea of the
prevalent opinion on this subject.

Scattered through a wide literature are occasional
notes about the cross-breeding of monkeys. Although
these references cannot be said to be records of con-
trolled breeding experiments, they nevertheless appear
to be reliable, for the reason that they are the records
of the births of young to pairs of specifically or generi-
cally dissimilar animals confined alone in cages. In
none of the published records to which I refer below,
in tables IV and V, is there any hint of doubt regard-
ing the authenticity of the crosses which are reported.
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TABLE 1V
INTER-GENERIC CRrossEs IN THE FamiLy CercoriTHECIDZE

1. Macaca irus 3 X Cercocebus fuliginosus Q: the mother died near
term 2/10/1878.
This cross occurred in the Zoological Gardens, London. (Sclater,
1878.)

2. Macaca irus 3 X Mandrillus sphinx Q: 14/10/78.

This cross also occurred in the Zoological Gardens, London. The
sex of the offspring (which lived) is not given, but Sclater (1878) notes
that it had a short tail.

3. Macaca radiata 3 X Cercopithecus pygerythrus Q:

The male offspring of this cross had the flesh-coloured face of a

macaque and dark brown hair. (Gunning, 1909.)
4. Macaca nemestrina 3 X Mandrillus leucophans Q: (Knottnerus-Meyer,
1904).
5. Macaca maurus 3 X Mandrillus lewcopheus Q: (Knottnerus-Meyer,
1904).
The female of this cross was that of cross number four.
6. Macaca irus 3 X Mandrillus leucopheeus Q:

The same female of crosses 4 and § was party to this one. The
record again is that of Knottnerus-Meyer (1904), who remarks that
the offspring of crosses 5 and 6 died soon after birth, probably having
been born prematurely. The note does not signify clearly whether it
also applies to cross 4. No mention is made of the sexes of the hybrids.

7. Macaca nemestrina $ X Papio porcarius @:

Sex of the offspring not given. It is stated that the hybrid resembled
the young of M. nemestrina, but had the considerably more developed
tail of P. porcarius. (Blyth, 1863.)

8. Macaca irus X Papio cynocephalus (C. babuin): (Scheepff, 1871,
quoted from Ackermann 1898 and Przibram 1910).

9. This is a doubtful case.
Cercopithecus sabeeus 3 X Macaca mulatta Q: 22/3/1873.

There was living offspring to this cross, which occurred in the Zoo-
logical Gardens, London, but there is some doubt as to paternity. In
the Society’s occurrence sheet for that day appears the note, hybrid
“supposed to be between Cercopithecus callitrichus M. and Macacus
erythreus F.°
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TABLE V
InTER-SPECIFIC CROSSES OF PRIMATES *

Sub-order Pithecoidea
Div. Catarrkini

1. Macaca nemestrina 3 and @ X Macaca irus 3 and @: (T'wo instances:
Gentry, 1872, Zool. Soc. Records (sec Zuckerman, 1931)).

2. Presbytis phayrei @ X Presbytis cristatus 3: (Sinyal, 1893).

3. Macaca mulatta 3 and Q@ X Macaca irus 3 and @:

Numerous cases. Offspring fertile and of both sexes. (See, for
example, Niemayer, 1868, who states that the young at first resemble
those of either species, but later assume the shorter snout and shorter
tail of the Rhesus. Knottnerus-Meyer, 1904, and Zool. Soc. Records
(see Zuckerman, 1931)).

4. Macaca mulatta X Macaca radiata: (Zool. Soc. Records, see
Zuckerman, 1931).

5. Macaca radiata & X Macaca irus Q: (Fitzinger, 1864; Rérig, 1903).
The crown hair of the female offspring of this cross was similar to
the father’s.

6. Papio hamadryas X Papio cynocephalus: (C. babuin): (Isis, 1883,
quoted from Przibram, 1g910).

7. Cercocebus torquatus Q@ X Cercocebus fuliginosus 3.

This cross recently occurred (10/6/1932) in the Zoological Gardens,
London. The father is an albino, and the & baby, which was killed
when six months old (2/12/1932), had the coat colour of its mother’s
species. It was killed on account of deformities resulting from some
post-natal injuries. Its eyes were light blue when it was born, and
deepened slightly during the time it lived. All other mangabeys 1
have seen, in fact almost all monkeys and apes, have unmistakable brown
eyes. The eyes of such monkeys (i.e. macaques, capuchins) as I have
observed soon after their births were bluish, but changed to an uncon-
ditional brown always within two months. The persistent blue of the
hybrid mangabey’s eyes is almost certainly related to the peculiarities
of its parentage. 'The cross is discussed more fully below.

Sub-order Pithecoidea
Diy. Platyrrhini
Family Hapalide.
8. Hapale jacchus 3 X Hapale melanura Q: (English, 1932).

* Since inter-generic crosses involving most of the species of this
table have been recorded, the list given here has been curtailed by the
exclusion of certain unimportant cases.

F.AM. H
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Family Cebider.
9. Cebus fatuellis @ X Cebus albifrons 3:

This cross occurred recently (14/6/1932) in the London Zoological
Gardens. The baby, a male, is still alive, and its coat colour immedi-
ately after birth was predominantly like that of its father. The hair,
however, appeared coarser, and the ventral creamy colour of the chest,
abdomen, shoulders and forehead was slightly darker. A central vertical -
bar of brown hair divided an otherwise more or less bare forehead.
Its face was darker in colour than its father’s, and more like that of its
mother. When six months old its coat was almost a perfect blend of
those of its parents, hair having grown on the bare temporal regions.
By the time it was two and a half months old the young animal’s eyes
were hazel-brown and thinly rimmed with blue. This pattern is exactly
similar to that of its father, the mother’s eyes being a uniform rust-red.

Sub-order Lemuroidea

Many inter-specific crosses of the genus Lemur have
been reported (see Knottnerus-Meyer, 1904 ; Pocock,
1911). I have reported elsewhere on eight hybrids
of this genus which were born in the London Gardens
(Zuckerman, 1932d).

Before discussing the phyletic significance of these
crosses, certain practical points relating to the question
of hybridization of Primates may be considered.

No member of the Colobide figures in the table of
inter-generic crosses; this fact need not be taken to
mean that it has been proved that these animals are
incapable of crossing with other members of the Cer-
copithecide. For one thing, the records I have found
may not be all that have been published; and for another,
langurs are notoriously bad breeders in captivity, even
in countries of their natural distribution. Only one
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breeder of this sub-family has ever lived in the London
Zoological Gardens (1912—191§). Clearly, too, the
records given above cannot be taken to represent the
limit of the possible combinations and permutations of
inter-generic and inter-specific crossing in monkeys.
The births I have recorded simply represent the acci-
dental results of confining, from an early age, animals
of different genera in the same cage. Deliberate
attempts to cross-breed Primates have not, to my
knowledge, been reported.

Several conditions would have to be observed in
experiments on the hybridization of monkeys. Thus
although it appears that these animals breed at any
time, conspicuous seasonal variations occur in their
birth-rates (see Fig. 1, p. 30), and the maximum of
fertility in one species might coincide with the minimum
in another (e.g. M. mulatta and P. khamadryas). It is
likely that success in hybridization would be better
achieved by two species whose seasonal variations in
fertility coincide, than by two in which they do not.

Another question which would have to be considered
is the mechanical ability of animals of different genera
or species to pair with each other. Incompatibility
might be due either to discordant body-size, or to the
inter-specific and inter-generic differences which are
found in the form of the external genitalia of both
sexes. These organs have been considered in great
detail from the taxonomic point of view by Pocock
(1917, etc.). In the female the variations mostly con-
cern the sexual skin, for example the degree of swelling
it undergoes, and since the external genitalia of a male
are adapted to those of the female of its own species,
it follows that the chances of a successful cross will be
greater if males are mated with females which exhibit
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sexual-skin variations comparable with those shown by
their own species. But as the record of such a cross
as Macaca irus @ and Mandrillus sphinx Q indicates,
discordant body-size and external genitalia are not a
bar to successful mating.*

The hybridization of two species or genera might
also be effectively prevented by differences in their
gestation periods. This might conceivably be an
explanation of the still-birth of case 1 in the table of
inter-generic crosses. But as I have noted on p. 28,
the duration of pregnancy is very much the same in
the four Old World monkeys and the one New World
form about which we already have information, and it
does not therefore seem that this could be a serious
limiting factor to cross-breeding in the family Cer-
copithecide.

Yet another factor must be considered in the cross-
breeding of Primates. It is of a kind that would be
described as psychological, and is one which I have
discussed elsewhere (Zuckerman, 19324) under the term
‘“‘dominance”. When two monkeys are introduced to
each other it is usual, especially when there is some
disparity in size and age, for the one to be dominated
by the other. Such dominance might take a violent
form, and, if the animals are of different species, it
might superficially be regarded as the pugnacious
hostility of one species to sexual contact with another.
A wide study of this behaviour, however, gives little

* At the time of writing (10/12/32) four months have passed since
an adult male M. zemestrina (pig-tailed macaque) was isolated with an
adult female P. amubdis (Anubis baboon). The male is the father of
three young pig-tailed macaques born in the Gardens, and the female,
although there is no record of her ever having borne young, is appar-
ently in perfect health. Her menstrual cycles, which have been observed
for almost four years, are very regular. Although the animals often
mate, conception has not yet occurred.
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support for such a view. Monkeys and apes, moreover,
have repeatedly demonstrated a very catholic taste in
their choice of sexual partners (see, for example,
Hamilton, 1914). Nevertheless, although an adult
male of one genus will sometimes immediately assume
amicable relations with an adult female of another genus,
it is probably best in hybridization experiments to bring
young animals together, and to allow them to grow up
in company.

It is perhaps justifiable to deny, on the score of
imperfect systematic definition, any phyletic importance
to some of the interspecific crosses that have been cited
above. Such an attitude cannot be maintained about
the inter-generic crosses. If the term genus has any
phyletic significance at all, it clearly has this significance
in its application to the more widely different monkeys
—e.g. baboons, macaques and cercopitheques. These
forms have been separated from one another at least
since the closing phases of the Miocene, that is for
some 10,000,000 years. The fact that such types can
cross-breed is hardly indicative of the existence of
physiological or morphological inter-generic barriers,
and clearly shows that the amazing variety of gross
morphological differentiation that has occurred in them
since the Miocene has not gone hand in hand with a
physiological and cytological differentiation. In spite
of the almost complete absence of data relating to the
fertility or sterility of the offspring of these crosses,
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these facts throw a new light on the problem of the
divergence of the Old World Primates from a common
ancestor.

If the occasional notes about the appearance of the
hybrids (summarized in the above tables) are to be
relied upon, it would seem that the generic and specific
characters of monkeys (e.g. tail in length, hair pattern
and colour, and length of snout) behave in hybridiza-
tion like varietal differences.

I have referred in some detail to the appearance of
the hybrids in crosses numbers 7 and 9 of table V.
The main difference in the species of Cebus concerned
in cross number 9 is the thicker, coarser and uniformly
darker hair in fatuellis (the female). This animal also
has two dark brown tufts on either side of the head.
The deep brown hair reaches to the margin of the
face, which is a purplish flesh colour. Cebus albifrons
(the male) has no crests, and his forehead is pale and
almost bare. Short creamy hair reaches to the back
of the head from the region of the coronal suture.
Cream-coloured fur also covers the throat, shoulders
and ventral surface of the body. The rest of the body
is darker in colour. The eye-colours of the parent
animals have been referred to in table V. Apart
from these superficial differences between the two
species, no others of note are recorded in the system-
atic literature. It is probable that the territories of
the two types overlap to some extent. In view of the
superficial differences of the parent species and of the
appearance of their offspring, which I have described
in the table, it is likely that the specific difference
between them would prove to be slight when analysed
genetically.

The difference would also appear to be slight in the
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case of the species Cercocebus fuliginosus and Cercocebus
torquatus concerned in cross No. 7, table V. And
here the fortunate circumstance of the albinism of the
father allows one to see slightly more deeply into the
nature of the divergence. The species fuliginosus is
normally characterized by sooty black fur on the upper
parts of the body and on the outer sides of the limbs.
The cheek-whiskers, throat, underside of the body
and inside of the limbs are ashy-grey. The middle
line of the back is the darkest part of the body; there
is a crown patch of black hair, each with a central olive-
brown band of variable size. The eyes are brown.

Torquarus is much lighter in colour and has a cap
of cream-coloured hairs, which, as in faliginosus, are
tipped for z—} an inch with black.* The upper part
of the body and outer side of the limbs are dove-grey
to a brownish drab. A purplish tinge may sometimes
be detected in this part of the coat. There is a line
of darker hair running down the middle line of the
back. The less exposed parts of the body are lighter
in colour. The eyes are brown. There are no
obvious differences between the species apart from coat
colour, and Schwarz, in his recent review of the genus
(1928¢), regards them only as sub-species of a single
species. The two types are close neighbours in their
distribution, but they are not known to overlap.

The father, in cross No. 7, is an albino of the species
Sfuliginosus. His fur is completely white, with no trace
of pigmentation. His eyes, on the other hand, though
pink, show a distinct trace of blue in the iris—some-
thing more than the opalescent cloudiness of the eyes

* This is the condition in the specimen under consideration. Schwarz
(1928¢) describes the crown patch in this species as blackish brown
with a posterior creamy zone.
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of an albino rabbit. (He suffers from nystagmus and
always shades his eyes when looking closely at an
object, particularly in bright light, thus apparently
diminishing the intensity of retinal stimulation.) It is
probable that his albinism is due to a single gene
mutation as in the case of all other albino mammals
which have been studied genetically. The trace of
blue pigment in the iris suggests that the albinism
may not be quite complete.

The hybrid, a male, was like its mother in coat colour
except for its occipital patch which consisted of brown
gold hair tipped with black. Descriptions of the
species torquatus, however, allow of variation in the
colour of this area. The difference between mother
and child may, therefore, have no special significance
in the present case; it may be an age or sex difference,
or there may be considerable individual variation within
the species. The eyes of the hybrid were perfectly
blue, entirely unlike the eyes of either parent, or of
either parent species (see table V, No. 7).

Obviously it is impossible to draw any certain con-
clusion from this single cross, and it is hoped to dis-
cover more about the differences between the species
torquatus and fuliginosus by crossing together normal
individuals of the two species, as well as by controlled
matings of the hybrids. Meanwhile one is tempted
to speculate, and at least two possibilities present them-
selves, each dependent upon a single gene mutation.
If the albino male fa/iginosus owes his albinism simply
to the absence of a colour developer, as is known to be
the case in some albino mammals, then the colouration
of the female species, forguatus, must be dominant to
that of the male species, fuliginosus. If, however, the
albino owes his albinism to the absence of the colour
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base, as is also the case in many male albinos, the only
possible colour of the hybrid would be that of the
mother and the question of dominance does not arise
—either the fuliginosus or the torquatus colouration may
prove to be dominant. The blue eyes of the hybrid
may well be due to delay or failure of the development
of the pigment of the iris stroma owing to the presence
in the hybrid of only a single “dose” of an essential
colour factor.

Either of these suggestions involves the supposition
that the colour difference between the species fuliginosus
and torguatus depends upon a single gene. It is of
course possible that many more genes are involved,
but the results at present available can be perfectly
well explained on a single gene difference.

Interspecific differences of such an order would cer-
tainly be unusual. In this instance, however, it must
be remembered that Schwarz regards the divergence as
being only a sub-specific one, and that the genes in
which the species differ may occasion other non-obvious
physiological differences which help to keep the two
types distinct. The distribution of the group* of
mangabeys to which these two “‘species’ belong is
imperfectly known, and it is likely that geographical
isolation helps to keep the “fuliginosus’ and ““‘torquatus”
genotypes relatively pure. With a uniformly sooty, a
white-capped, and a red-capped type, the group consti-
tutes an admirable one for experimental genetical study.

The possibility that only a slight factorial difference
separates two accredited primate species—(or two sub-
species)—suggests that there may not be very wide
chromosomal differences between other primate species.
It also stimulates one to enquire whether the systematics

* Called by Schwarz Cercocebus torquatus.
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of the Primates has been pursued less critically than
the systematics of other orders. When one considers
the real and distinct differences between almost all the
species recognized in this order of mammals, however,
it cannot be doubted that they are taxonomically at
least as valid as are most other mammalian species.

It 1s, nevertheless, conceivable that the different
genera of Cercopithecide are in fact less divergent from
each other from the genetic point of view than are,
for example, those of such a family as the Canide. It
is impossible to judge of this by means of any common
denominator between the families, and one can only
speculate that this may be so from an impression gained
by a study of the relative proportions of inter-generic
crosses among Primates and other orders of mammals.
The point is not worth labouring owing to its altogether
speculative character, and more opportunity may have
been given monkeys of different genera to cross than
has been given other mammals of different genera, but
it does seem that relative to the number of primate
births that have occurred in captivity, a larger pro-
portion are hybrids than is the case in other orders
of mammals.

The few facts there are relating to the fertility of
hybrid monkeys refer only to the F.1 generation of
the cross between Macaca mulatta and Macaca irus.
Such-hybrids are said to breed freely. Unfortunately,
monkeys grow and breed slowly compared with the
more commonly used experimental animals, and I have
been unable to trace the later histories of the animals
recorded in tables IV and V. It should be remem-
bered, too, that the Cercopithecide in Zoological Gardens
have “an average life of under seven years” (Flower,
1931), and as they do not reach sexual maturity until
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they are about five years old, those that are born in
captivity as a rule have little opportunity to display
their reproductive potentialities.

Since cytological differences are said (see Haldane,
19325) to be largely responsible for interspecific sterility,
the fertility or sterility of hybrid monkeys may be con-
sidered from the point of view of cellular anatomy.
According to Painter (1924, 1925), one of the fore-
most investigators of the chromosomes of mammals,
the diploid number in the Rhesus macaque is, as in
man, forty-eight; the sex chromosomes are similar in
the two types, but although in both there is the same
general seriation in the size of the autosomes, they
differ somewhat in their form in the two primate species.
These observations have recently been confirmed by
Evans and Swezy (1929). In a capuchin (Cebus
fatuellis) which Painter also studied, the diploid number
was fifty-four. In this New World Primate there were
many more small chromosomes than were found in
the Old World Primates, but the sex chromosomes were
similar in both groups.

In the well-known survey of the chromosomes which
he published in 1925, Painter pointed out that in sper-
matogonial metaphase plates “‘the chromosomes of man,
the rhesus monkey and the bat are so similar that one
would have difficulty in distinguishing between these
species.” The greater number of chromosomes in the
New World monkey he regards as due to the fragmen-
tation of some of the larger elements of a 48 series,
which he considers to be the primitive number for
Eutherian mammals. Such a process would not in
itself, so he states, exercise any influence on evolution.*

* Painter develops the thesis of chromosomal homology in his paper
on the chromosomes of the rat and mouse (1928).
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The similarity of the chromosomes in such widely
separated forms as the Rhesus macaque and man
allows one to expect at least as close a similarity between
the macaque and its fellow members of the family
Cercopithecide. It is thus perhaps permissible to specu-
late that the F.1 generation of inter-generic crosses in
this family will very likely be found to be fertile, and
indeed it is possible that the only obstacle to successful
mter—fernhty between different species and genera of
monkeys is broken down when they have been success-
fully made to mate with one another. Certainly there
cannot occur any process antagonistic to successful
hybridization comparable with the disorganized matu-
ration division in the gametogenesis of the mule.

The facts considered above immediately stimulate
an enquiry into the nature of the several processes
that must have been related to the evolutionary diverg-
ence of the Old World Primates. In the present state
of knowledge it may be tentatively assumed, for pur-
poses of discussion, that the evolution of the OIld
World Primates was due to selection and isolation
operating upon gene mutations and recombinations of
genes resulting from hybridization. The process does
not seem to have depended on polyploidy—and one
may remember here Painter’s conclusion that this
process could not have played an extensive rdle in the
differentiation of any Eutherian mammals.

In the case of the family Cercopithecide, and very
likely in other families of the Pithecoidea, isolation
does not appear to have depended on the development
of fundamental physiological barriers between the differ-
ent genera and species.  Actually it is difficult to under-
stand why the development of such barriers should so
often be emphasized as being one of the more important
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factors operating in the evolutionary divergence of
vertebrate groups, and why, unless for historical reasons,
this criterion of species isolation is so often insisted
upon to a disproportionate extent in present-day dis-
cussions of vertebrate evolution. As a hang-over from
a period in which species were regarded as divinely
created groups of animals breeding purely and only
amongst themselves, it would be easy to understand.
It is also comprehensible as a facile explanation, in
the early days of evolutionary discussion, of the fact
that species continue through the centuries separate
and apparently unchanged. But to-day when the fact
that next to nothing is known about the breeding
potentialities of any except the smallest fraction of the
world’s animal fauna is generally admitted, it seems
unnecessary to insist, as Bateson (1928) did, that the
“production of an indubitably sterile hybrid from com-
pletely fertile parents” is the “particular and essential
bit of the theory of evolution which is concerned with
the origin and nature of species.”” Such a mechanism
of isolation, as Gates (192§) too, and many others, have
stated, may have played an important part in evolution
by segregating from each other organisms which might
otherwise interbreed, but until more is known about
the incidence of interspecific sterility, it is clearly
unnecessary to emphasize this factor of isolation more
than any other factor having the same effect. There
is, indeed, a great deal of evidence suggesting that the
Linnezan species interpreted as ‘““a group limited not
merely by the anatomical resemblance of its individual
members but also by their inability to breed successfully
with other forms” (Hogben, 1930)—is a concept incap-
able of wide generalization in the problem of the evolu-
tionary divergence of vertebrates. The Cercopithecide
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demonstrate its limitations very clearly. Among them
neither evolutionary divergence nor geographical isola-
tion seems to have resulted in the production of inter-
specific and inter-generic barriers in the sense of physi-
ological or morphological impediments to interbreed-
ing ; and in their case there can be no question about
the taxonomic validity of the vast majority of the differ-
ent genera and species which comprise the family.

It is possible that some biological value could be
attached to the concept of a species as defined above,
and that it could be put to some use in the classification
of breeding units. But obviously such a definition
would be more or less useless, at the least cumbersome,
as a basis of a scheme of classification which could
form a foundation for the study of phylogeny.

The factor of isolation nevertheless remains extremely
important. If an animal reacts either to a single gene
mutation or to several gene mutations, or to a recom-
bination of genes, by developing a new observable
character (or characters), the new character will be
preserved and spread only (4) if it is simultaneously
developed in a sufficient number of other individuals,
or (&) if, though developed in one or only a few indi-
viduals, the character has some very strong selective
advantage either in the environment in which it is
developed or in some other accessible one, or (¢) if],
though present in very few individuals, a geographical
or other form of effective isolation protects it from
random extinction. So far as the history of the Pri-
mates is concerned, nothing is known about either ()
or (4). Enough is known of the habits of the OIld
World forms, however, to throw some light on the
possible operation of geographical isolation in promo-
ting the spread of a particular variant genotype developed



AFFINITY, AND DIVERGENCE 189

in a population either by crossing or as a result of
mutation.

From what is known of the social behaviour and
the natural lives of these animals, it would seem incor-
rect to discuss inheritance among them on the assump-
tion that they form random mating populations. Most
Old World Primates—apart from man—appear to live
in small, and seemingly well-segregated, parties, con-
sisting either of separate families dominated by a single
male, or of several families, each of which strictly
maintains its identity within the group it helps to form.
Sexual selection operates intensely—though not in the
Darwinian sense, since the females do not appear to
have any control over their own disposal—and only a
very small proportion of males succeed in propagating
their kind. These males retain hold of as many females
as possible, and prevent other males from coming into
sexual contact with them. This they may do either
by isolating themselves and their females, and actively
avoiding contact with their fellow males, or by virtue
of personal force, which is not necessarily a matter of
physical strength. Thus in certain circumstances iso-
lation may mean effective topographical separation of
the members forming a homogeneous group; alterna-
tively, the families of such a group, though remaining
independent, may still live in fairly close contact in a
relatively small area. It is this relatively close contact
which apparently results in the formation of the larger
groups consisting of several families. To what extent
these comprise permanent associations is unknown.
Although baboons are apparently the most gregarious
sub-human Primates, they often live in single families,
and it is likely that such small parties constantly split
off from the larger groups, to roam in solitude. (For
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data relating to these questions, see Zuckerman,
19324.)

In this brief summary of what is known of the gross
organization of the social lives of sub-human Old World
Primates, I have tried to emphasize the relationship
between the urge that exists in these animals to secure
as many females as possible, and the urge to protect
these females from the attentions of other males.
Where there is great discordance in the degrees of
dominance of the males within a group, it would seem
likely that those males who possessed females would
be able to hold them in spite of being in close associ-
ation with their fellow males. On the other hand, if
no such state of social balance existed, it is equally
clear that males securing females would immediately
seek fresh country, and so avoid sexual clashes. These
suppositions are inferences from observations that have
been made in the field, but they are also supported by
observations made, both during times of peace and
times of strife, of the colony of baboons kept in the
London Zoological Gardens. Here we have a possible
reason for the dispersal and isolation of small groups
of Old World Primates. It is probably the chief
reason, since there is some evidence that in equable
circumstances each group of monkeys or apes will for
years keep to the same area. Certain inferences, also
relating to the problem of dispersal, can be drawn
from these suggestive, although admittedly incomplete,
observations. Firstly, one may assume that the smaller
a group is and the greater the sexual competition within
it, the greater would be the probability of its splitting
into separate family parties. Secondly, it would also
appear likely that in such a case the area of dispersal
of the group would be progressively wider the better
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the external conditions, and the less the competition
from other forms. Conversely, if the type of environ-
ment to which the animals were adapted was restricted
geographically, the animals could not separate so widely
and the chances of the development of daughter colonies
with genotypes differing relatively constantly in any
particulars would decrease—although the amount of
variation in the whole group would probably be greater
as a result of random crossing.

The picture I have tried to draw of the social inter-
actions which to-day lead to the isolation of groups of
monkeys can be applied to earlier stages in the diverg-
ence of the Old World Primates. Since there is no
reason to believe the opposite, we may assume a mono-
phyletic origin for this group of animals,* and unless
the first monkeys behaved altogether differently from
those of the present day—and there is no reason for
assuming that they did—their further evolutionary
divergence must have been assisted by migrations result-
ing from sexual competition. The world of forests lay
open, and they could spread far and wide—as indeed
there is evidence that they did (see Black, 1925)—
thus establishing separate small colonies in which the
amounts of their ‘‘potential variabilities” would be
limited owing to the fact that the particular genotypes
forming these colonies would not be re-absorbed into
the general population. I am, of course, assuming a
high variability for the original group, increasing from
time to time through hybridization and through muta-
tion, both of which processes would also affect the small
daughter colonies. ~That such a process continues
even to-day is suggested by the existence of distinct

* Monophyletic in the sense of derivation from a single ancestral type.

The “derivation” may have occurred repeatedly.
F.AM. I
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geographical races, ‘“‘taxonomic sub-species”, of such
animals as the Chacma and yellow baboons of Africa.

It is impossible to say whether events of such a kind,
aided by natural selection, would be sufficient to account
for the wide differences in the form, in the feeding
habits and in the habitats, of the different primate
genera. Here, however, one faces the same problem
that is met with in regard to other vertebrate families.

In the earliest days of the divergence of the Primates,
the chances of migrating groups of Old World Pri-
mates settling in a territory already occupied by other
members of this group must have been slight. As
their numbers increased, however, so these chances
increased, and in time groups altogether different
morphologically must have found themselves in the
same area—as they find themselves to-day. The
Gelada ‘“‘baboon” and the Hamadryas baboon are
stated to inhabit contiguous cliffs. 'The Chacma baboon
and the Vervet monkey can be found living in the
wooded slopes of the same hills. The question that
has to be answered is why the groups do not inter-
breed in such circumstances, since there is suggestive
evidence that they can, in fact, do so. This question
raises a more general consideration.

Many writers who are careful to show that the
problem of the origin of the new species (in the Lin-
nezan sense) is not directly relevant, as a definite issue,
to the wider problem of the origin of new varieties (and
ipso facto of new genera, families, orders, etc.), never-
theless refer to the question of “‘species incompati-
bility” as a problem whose solution will remove from
the evolutionary hypothesis any ‘“‘ulterior differences in
the way of explaining the origin of differences which
separate the larger systematic groups’ (Hogben, 1930).
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That is to say, the term “species incompatibility” is
used as though it actually defined a universal biological
problem presented by facts of observation. But as I
have already suggested, the idea of “‘species incompati-
bility” is, on the one hand, at least partly an unwarranted
generalization based upon an interpretation of species
as groups of individuals incapable of breeding success-
fully with other groups of animals. A generalization
of such importance cannot stand just as an inference
from the facts that different species generally do not
mingle, that they often prey upon each other, and that
like begets like. It could not be established except
by careful and extensive experiments, and such experi-
ments have certainly not yet been carried out in sufficient
number to provide any generalization at all. The
essential problem suggested by the facts is not that of
species incompatibility but that of species cohesion,
not a problem of why animals of different species are in-
compatible, but a problem of why similar animals remain
together. This distinction can be readily exemplified.

From the seeming fact that different genera and
species of the Cercopithecide can interbreed, this group
of animals would appear superficially to be similar to
the different strains of poultry or different breeds of
dog, to which references are so often made in dis-
cussions of the problems of evolution. Each of these
groups shows conspicuous variations in structure,
which may sometimes prove a hindrance to the success-
ful crossing of the members within each group. Yet
the three groups are profoundly different from the
point of view of their internal relationships. Given
that there were no human interference in either case, it
is fairly certain that the hens and the dogs would, in
time, both form homo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>