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PREFACE

In endeavoring to lav before my students truths embodied
in the evolution of tooth form, I have been hampered as others
undoubtedly have been by the relative inaccessibility of the
essential literature. One cannot refer the undergraduate
student to all soureces of information with which one would
like him to become acquainted. They are too scattered and
too numerous to permit a student whose time is very limited
and who is as yvet only upon the threshold of the subjeet to
glean those essential data whieh he ought to possess. From the
profusion of material in the Anatomical Museum of Western
Reserve University I have gathered typieal examples of the
various mammalian dentitions and have briefly presented these,

allowing them for the most part fo tell their own tale; for in
the eompass of so small a volume it is unavoidable that the
writer’s thoughts outstrip his pen and his conelusions lie often
bevond the matter presented.

It has not been possible nor do I think it neeessary to draw
the attention of the reader to all theories and eonceptions re-
garding the evolution of teeth. The views of Schwalbe and
Bolk, for example, find no place within these pages. This is
not because the writer has underestimated or brushed lightly
aside the work of eertain investicators. The volume has for
its aim the presentation of essentially American views regard-
ing the evolution of tooth forms, views whieh so far have not
been made the basis of an introduetory handbook. It is extra-
ordinary that the Tritubereular Theory of Cope and Osborn
in its more recent garb should find so small a place in the
various treatises upon comparative anatomy of teeth. Now
that faets in embryology hitherto regarded as incompatible
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can be perfectly harmonized with the paleontological record there
18, to the writer’s mind, no reason for further hesitation in
aceepting as a fundamental basis of mammalian tooth forms
the Cope-Oshorn theory elothed in its most modern guise. All
other interpretations have been made subservient to this and
the reader’s mind is not distracted by reference either fre-
quently or fully to other views.

It has been the intention of the writer to illusirate three
fundamental principles of life: the marvellous potentiality for
adaptation exhibited by organisms in general through the eon-
tinual creation of the absolutely new: the oceurrence of adapta-
tions alwayvs in one of several definite directions; the frequeney
of pause, reversal, or secondary progression, in other words the
discontinuous eharacter of evolution,

In every field it has been human fortune to diseover first the
laws of blood and iron, to gain an impression of irrevocable
immutable implacable pitiless Foree unsoftened by one toueh
of tenderness. Only with the fuller hiologieal kaowledge comes
the vision that ““if the courses be departed from, the ends
will chanee’ and further that the courses can be and con-
stantly are departed from. One recollects how Claude Der-
nard’s spirit revolted from the views eurrent forty vears
ago when he wrote: ““1t is not by struggling against cosmie
conditions that the organism develops and maintains its place;
on the contrary, it is by an adaptation to, an agreement with
these conditions. So the living being does not form an exeep-
tion to the great natural harmony whieh makes things adapt
themselves to one another; it breaks no concord: it is neither
in eontradiction to nor strueceling ;1,9_';|i|1:~:1 ceneral cosmie
forees: far from that, it forms a member of the universal
coneert of things, and the hfe of the animal., for exam-
ple, is only a fragment of the total life of the universe.”
At this time when the soul of IFrance typifies the spirit of
emaneipation from all that is hide-bound and eruelly inexora-
hle, it is delichtful to remember that Dernard’s fellow-coun-
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tryman Bergson has first applied the newer and grander bio-
logical interpretation to the philosophy of life,

The author recognizes that a Dental Anatomy eourse of
today ealls for the description mainly of living tyvpes whieh,
however, can only be properly presented by constant reference
to ancestral forms. Hence, although the following pages deal
mainly with recent dentitions, the paleontological viewpoint has
been adopted wherever it has been possible to do this without
overburdening the text. To have elaborated more upon the
paleontologieal aspeet would have greatly inereased the size of
the volume and made it more than a simple introduetion to the
study of feeth.

In the preparation of this manuseript the author is indebted
to many investigators who by personal contact or by their writ-
ings have influenced his thought. It is not possible to mention
all by name, nor has it been thought advisable in so elementary
a book to inelude a literature index.®* To the late Professor
A. H. Young, to Professor Grafton Elliot Smith and to Pro-
fessor Arthur IKeith T owe that debt of gratitude which ean be
acknowledged but never paid for my fraining in comparative
anatomy. To Professor H. F. Osbhorn, Dr. W. D. Matthew and
Dr. W. K. Gregory whose work has so greatly influenced me
and upon whose writings I have so largely drawn I am happy
also to deelare my indebtedness. To Professor B. A. Bensley’s
work I owe the conception of the fundamental plan of this
volume. For recent eneouragement and the material resources
with which the Anatomieal Laboratory here is so rvichly provided
[ am under obligation to four gentlemen. Dr. Hamann my pred-
ecessor and colleague has spared no effort to acquire what-
ever has been necessary to equip the Museum with every ad-
vantage for the work. Mr. (. G. Marshall has provided us
with a large collection of Ohio Mammals. The Hon. Newton D,
Baker when Mavor of Cleveland and his indefatigible Com-

*A few zelected references to recent literature upon the subject of teeth and allied
problems mentioned in this volume are presented as an appendix upon page 282, This
list is merely intended to refer the student who desires a wider acquaintance with
the subject to certain original articles from which he will be able to obtain a more

comprehensive view and an introduction to the literature.
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missioner of Parks Mr. F. Alber placed the resources of the
Cleveland Zoologieal Park completely at my disposal. To all
these gentlemen I would gratefully acknowledge my indebted-
ness. Professor R. A. Budington of Oberlin and Mr. 'W. I
Catheart of the Western Reserve Historical Society’s Museum
have shown me many kindnesses.

The great majority of the illustrations are photographs from
specimens in this laboratory but for some I am indebted to the
kindness of other writers. Figs. 57C and 80 are photographs
of specimens loaned to me by Professor Budington from the
museum of the Zoological Laboratory of Oberlin College. DBy
Dr. Matthew’s courtesy Fig. 1 is reprodueed from his work
Climate and Fveolution. Fig. 2 is modified from Prof. V. But-
tel-Reepen’s work Man and His Forerunners. Figs. 3, 4 and 86
are from Comparative Dental Anatomy by Drs. Thompson and
Dewey. Fig. 5 is from Tomes’ well-known Dental Anatomiy.
Dr. Gregory very kindly made a modification of his Fig, 2
Orders of Manumals for incorporation as Fig. 8 of this work and
also permitted me to copy IFig. 94 from his Studies on the Evolu-
tion of the Primates (Part 1). Figs, 9, 10, 11 and 12B are taken
from Dr. R. Broom’s writinegs (see Appendix). Owing to war
conditions it has been impossible unfortunately to communi-
cate directly with Dr. Broom in order to seeure from him an
expressed willingness for the utilization of his figures. Yet 1
feel sure this permission would readily have been granted had
it been possible to reach Dr. Broom himself. Fig. 12A is from
the late Professor H. (. Seeley’s monograph on Diademodon
( Phil. Trans. Rov. Soc., 1894, vol. 185, p. 1029).

Professor H. I, Oshorn and the Maemillan Company have
kindly allowed me to veproduce Figs. 13 and 14 from Fvolution
of Mammalian Molar Teeth. Figs. 15 and 16 are obtained
through the courtesy of K. 8. Goodrich, Esq., and J. W. Gidley,
Esq., respectively. On aeccount of the transportation diffi-
culties then affecting the United States the works (noted in the
Appendix) of these two gentlemen from which these figures were
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originally taken were inaccessible to me at the time when 1
was completing the list of illustrations. T am therefore in-
debted to Professor Osborn and the Maemillan Company for
the opportunity of copving the reproductions of these two
illustrations from FEwvelution of Mammalian Molar Teeth. 1t
will be observed that the mandibular molar in Fig. 15 was
redrawn for Professor Osborn’s work: this accounts for the
differences in nomenelature from the original figure. For
the speeimens from which Figs. 56A and C were made T am
indebted to Dr. M. J. Cramer and Mr. B. H. Broadbent respee-
tively. Professor Keith has kindly allowed me to reproduee
from his works Figs. 59 and 98. 1 have the opportunity to
inelude Fig. 84 through the eourtesy of Oldfield Thomas, Esq.
Fig. 87 is copied from Dr. Otto Walkhoff’s monograph Der
Unterkiefer der Anthropomerphen und des Mensehen in the late
Professor Selenka’s series Studien iiber Entwickelungsgesehichte
der Tiere, heft 9.

I have enjoved the assistance of several of the departmental
staff in the preparation of this work. Myr. (i, P. Leonhart has
prepared a number of the specimens many of which have heen
photographed by Miss Alice Thing, The index is largely the
work of Miss W. Rothenbeeker. T am under special personal
obligation also to my secretary Mrs. K. W. Merrell for many
suggestions made in the course of writing the manuseript as
well as for the technical preparation of the sheets for the
press.

T. Wingare Tobp.

Cleveland, Ohio,

Dee. 1, 1917.

— .

The transformation of the ITnited States into an armed eamp,
heartening and inspiring to all who have heen privileged to
live in the midst of it, has been responsible for unforeseen
delay in the publication of this volume. One after another
those by whose joint labor the book should have been produced
months ago have taken up other duties in the cause for free-
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dom. Tt has also provided the author with the weleome op-
portunity of putting to praetical application lessons learned
in hospital and lahoratory during the last decade concernine
the generation and regeneration of bone. T am happy there-
fore to acknowledge my indebtedness to Dr. N. W. Ingalls for
undertaking to see this manuseript through the final stages of
the press.
T. W. T.
Carling Heights Military Hospital,
London, Ontario,
May 24, 1018,
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MAMMALIAN DENTITION

CHAPTER 1

ENVIRONMENT AND THE EVOLUTION OF
VERTEBRATES

The relation of Man to other Mammals—Geological changes
since the first appearance of land vertebrates—Influence
of the division of land masses upon animal evolution—
Preservation of bones and teeth—Relation of climate to
evolution and migration—Definition of evolutionary
terms—Variations and mutations.

That which fires the imagination, which encourages us to
follow all the devious paths of mammalian tooth development
in the study we are undertaking, is the evolution of ourselves.
Our chief interest naturally centers around our own dentition.
When we come to ask ourselves what charaecters of really fun-
damental 1mportance differentiate us from other animals we
find these are singularly few. The perfection of the erect pos-
ture, the power of speech and the great increase in the parietal
association area of the brain separate us perhaps most elearly
from even our nearest animal relatives. Other features such as
size and certain characters of the teeth are by no means con-
fined to our own particular history;: they are shared in con-
mon with other animals. We cannot isolate ourselves from
our nearest mammalian kin with which we are elassed in the
order Primates.

If in the attempt to trace our own history we follow back
the ancestors of the Primates {o their earliest beginning we

23



24 MAMMALIAN DENTITION

find ourselves already at the parting of the ways where the
various orders of Mammals diverge. We must then realize that
all Mammals are members of one great tribe and that we ean-
not eonsider the origin of one family or even of one speeics
without referring eventually to the ancestors of others.
Mammalian history covers a eolossal period of time. Not a
century, not a millennium but eons are oecupied in the evolution
of the mammalian elass. During this period incaleulable in

Fig. l.—Zoological regions on north polar projection.  (After Matthew.) The
unshaded areas around the continents indicate the extent of the continental shelf and
thus show the greatest possible land connections permitted by the theory of Isostatic
Balance.

human thought the earth has seen econsiderable changes;
periods of heat and cold have followed each other: the ground
has sunk beneath the sea and risen again above it; yet, and this
is very important, the main confines of land and water in all
probability have remained approximately the same. If one
turn to an ordinary map of the world on Mercator’s pro-
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jection the intimate relation to each other of the land sur-
faces is not apparent. Indeed from a zoological standpoint this
map is useless. On the other hand if one look at a map on
north polar projection (Fig. 1) one sees immediately that Asia
and America are elosely related across the Bering Strait and
also by way of Europe and Greenland. Nowhere is the sea
deeper than some 600 feet. TIf, therefore, the land were raised
by this amount there would be actual continuity between these
various land masses and animals would be free to roam from
one to the other provided the conditions of elimate were not
unfavorable. Very different is the case in the southern hemi-
sphere.  Arvound Antaretica is a sea of great depth separating
this land from Australia, South Afriea and South America and
also isolating these various land masses from each other. No
oentle undulation, no slieht rise of the earth’s surface could
obliterate this sea. It is doubtful if these land masses have ever
been eonnected; if animals could pass from one to the other at
any time exeept across the ocean,

The alternate rise and fall of the land with consequent with-
drawal and eneroachment by the sea is known by the term
Isostatic Balanee.® Around each eontinent, extending under
the sea for a variable distanee, is the continental shelf. The
mountains and the higher lands are constantly washed away
by river aection or by glaciers and the sediments deposited in
the shallow water upon the continental shelf. Thus land is
formed at the mouths of rivers, being transported from its
original situation in the interior. The weizht of this made land
15 supposed to have some influence in eausing the erust of the
earth beneath it to sink and in consequence to bring about the
elevation of the land remote from the eoast. Whether or no
this theory be justifiable we know at least that land is con-
stantly removed and as constantly raised anew. With these

*It is beyond the province of this volume to consider the arguments in support and
in controversion of the vexed theory of Isostatic Balance. Those who are specially
witerested in the relation of this theory to the problems of mammalian evelution and
migration cannot do better than study carefully the papers by Matthew: Climate
and Evolution, Ann, New York Acad. Sc,, 1915, xxiv, 171; and Barbour: Some
Remarks upon Matthew’s “Climate and Evolution,” Ann. New York Acad. 5ec., 1916,

xxvif, 1.

!
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26 MAMMALIAN DENTITION

changes of alternate lowering and raising of the earth’s sur-
face the elimate c¢hanges. In general a low marshy ground
possesses a warm equable humid elimate ; a high platean induces
a cold variable and arid elimate ultimately ending in glacier
formation. The character of the land and the nature of the
climate are intimately assoeiated with each other,

The continents have joined and separated again in the regions
already indicated not onee but several times; most islands also
have varied in their relationship to the adjacent greater land
masses.  DBritain and Japan are comparatively yvoung islands;
thev have not been separated from the adjacent Eurasiatie eon-
tinent long enough for the production of marked insular
changes in the types of animal life oceurring upon them. Mada-
rascar on the other hand has not been connected with Afriea
sinee the life time of the early Mammals and we find in eonse-
quence that the modern fauna of this island differs very con-
siderably from that of the neighboring continent. New Guinea
and Australia form portions of a still older island: between the
Australasian archipelago and the furthest extension of the
Oriental Region represented by the islands of Java and Borneo,
there lies a echannel of deep water formed by the Strait between
the islands of Bali and Lombok and by the Macassar Strait
separating Borneo from Celebes. This barrier of water is
known as Wallaee’s Line and it has been said that no land has
ever bridged across this channel since before the time when
Mammals of modern tyvpe eame to be. It is doubtful how-
ever if this statement should be aceepted in the light of modern
investigation. The fauna of Celebes is difficult to harmonize
with the view that the island has been entirely separated from
the Oriental Region for so long a period. Many authorities
now helieve that Wallace’s Line has never existed exeept in
theory. It is certain however that the modern type of pla-
eental Mammals with but few easily explained exceptions,
never penetrated Australia and the neighboring islands until
taken there by Man. With the foregoing exceptions the only
Mammals found in the great Australasian archipelago are the
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pouched ereatures known as Marsupials. Animals similar to
these in essential respects onece ranged over the rest of the
world but long ago, being less adaptable to the changing en-
vironment, became extinet and were replaced by the rising
group of placental Mammals. In Australasia the Marsupials
still remain relatively unhampered until recent vears by the
annoyance of powerful rivals. New Zealand has been an island
sinee before the time when Mammals first appeared and none
existed there until brought by Man. There are then two types
of island, eontinental like Japan and oceanic like New Zealand ;
upon the former we expect to find a fauna very similar to that
of the neighboring continent whereas upon the latter the animal
life will have developed special local adaptations or peculiari-
ties. The connection of an island with a neighboring conti-
nent has an important bearing upon the nature of its fauna. If
the mtervenimg sea is shallow its breadth is nmmmportant; if it
has been recently nonexistent there will be no marked differ-
ence between the island fauna and that of the main land;: if
the sea has existed for a great period of time independent
evolution will have taken place in the island fauna and great
differences between it and the continental animals will now he
apparent.

The anatomy of animals which are now extinet and the his-
tory of those which still roam the earth are naturally studied
mainly from the bones and teeth, the indestructible portions
defying time which are transformed into fossils. These are
the skeletons of ereatures which have fallen into swamps, into
marshes or occasionally into asphalt pools and dying there have
heen preserved. They are the skeletons of animals over-
whelmed by dust or snow storms and buried. Oecasionally an
animal has been overtaken by the ice, frozen into a glacier and
in this manner preserved until the glacier has melted. Barly
in the present century we heard of wolves glutting themselves
upon the eareass of an age-dead Mammoth newly released from
a melting glacier, before the animal was obtained for the Petro-
grad Museum. The Russian steppes are today occasionally

.
5
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the seene of the extermination of vast herds of cattle or sheep
in a blizzard; the eamels which wander half wild amid the
ruins of Asiatic towns are probably the descendants of those
domesticated animals surviving the dust storm in which their
owners perished. In such several ways are preserved the relies
of ancient faunas but rarely are they undisturbed; the action
of rivers and still more that of elaciers has eleaned from the
slate of history many of the poor remnants that remained and
not onee but many times has the slate bheen cleaned sinee Mam-
mals first appeared.

In the more northern part of Europe, Asia and America we
must not expect to find deposits of animal remains in such
profusion as in the regions further south whieh have not heen
exposed to glacier action. The southern continents of Afriea
and South America have been stated to be the great primary
centers of mammalian distribution on account of the quanti-
ties of fossils preserved there in deposits of all geological epochs
sinee the first Mammals appeared. They may have heen see-
ondarv eenters but it is altogether doubtful if Mammals origi-
nated upon either one of them.

The relation of elimate to evolution and to dispersal of an’-
mals is most important. If we note the periods of alternate
eold and warmth we find that it is in the former alone that
ereat strides are taken by anima! life. In the accompanyving
table (Fig. 2) it will be observed that it was during the glacial
phase of the Devonian period that land animals in the form of
Amphibia first appeared. Again during the cold stage of the
Permian we note the rise of Reptiles and probably the first
bheginning of the mammal-like ereatures. On the other hand
during the warm moist Jurassie epoch we find the Amphibia
which have by this time evolved into a very numerous group
decadent and already disappearing. The Reptiles, a vast and
miscellaneous host, some of them stupendous in size, begin to
disappear during the Cretaceous period which ineluded a warm
moist stage sandwiched between two glacial phases. During
this epoeh we note also the rise of archaie Mammals which be-
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came especially numerous during the warm moist Koeene and
then gradually eave place to modern types of Mammals which
evolved during the cold Pleistocene known usually as The
(Hlacial Period.

From the foregoing it is apparent that periods of cold have
a stimulating influence upon animal life whereas warm equable
elimates by their enervation result in deterioration and final
extinetion of the type. Kxtermination is preceded by inerease
in size and by lethargy ; this is natural sinee it is easier to ob-
tain food as a rule in a warm eclimate and life is much less
strenuous. In the eolder environment the animal must be alert
and vigorous to maintain its existence. In some obseure man-
ner elimate has a marked influence upon the evolution of dif-
ferent types in adaptation to the ever-changing environment
for we note the suceessive dominant types Amphibia, Reptilia
and Mammalia,

Intimately associated with the environment is the dispersal
of animals. Tt stands to reason that a ereature which is not
capable of changing its life habits to suit its ehanging eireum-
stances must migrate when the elimate changes in order to fol-
low the receding warmth and maintain an unchanged environ-
ment. Paleontology shows us that these migrations have
usually been from north to south exactly as we would expect
sinee we have observed that it is the eold phase which stimulates
progressive evolution.

Before going further we should differentiate elearly between
the terms primitive, generalized, advanced, and specialized as
applied to Mammals. A primitive animal is one which has re-
tained many of its ancestral or archaie characters; it may be
very specialized but it eannot be generalized nor ecan it be
advanced. A generalized animal may be primitive and usually
is in some respects; it is not specialized because it refains the
ability to change its life habits with ehanging environment.
An advaneed animal may be generalized or it may be specialized
but it will not be primitive; it has changed greatly from the
ancestral type. A speecialized animal may be primitive or ad-
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vanced but it has lost its power of adaptation to changing
environment and is therefore not generalized.

We wonder in what manner ehanging environment has in-
fluenced the evolution of the vast number of mammalian types
which exist or have existed on the face of the earth. The most
closely related speecies are not found living together; they will
always be separated by some barrier of mountain or water. In
species formation it is usual to consider at least four aspects,—
variation, heredity, selection and segregation® of which the
last has already been touched upon. Regarding variation it is
necessary to define the term more precisely. Those variations
which are heritable are known as mutations. Obviously there
can be three types of mutation, those without effect upon the
relation of the animal to its environment, those which produce
a type less in harmony with its environment, and those which
render it in closer harmony. Of these the persistence of the
first is aceidental; animals exhibiting the second must ulti-
mately become extinet by the action of natural selection ; those
in which the third type of mutation occurs become dominant
and persistent. Segregation permits of the independent evolu-
tion of mutations which we shall eventually find oeeur linked
in vast numbers appearing always in eertain well defined diree-
tions through the inherent tendencies of the germ-plasm. We
~are eoneerned in this book with those mutations only which are
of importanee in the relation between the animal and its en-
vironment,

We are indebted to Waagen, an Austrian paleontologist, for

It must be conceded that these azpect2 differ greatly in complexity and the mean-
ing of all except the fourth varies according to the concept of the writer. Of them
segregation 1s simply one environmental factor; selection 15 not creative, but an ()s-
born's metaphor a sieve for the results of interaction of environment {(animate and
imanimate surroundings), ontogeny {(laws and forces oper ating m the development of
the individual) and heredity (laws and forces operating in the germ-plasm) ; variation
15 the expression partly -:I environment, partly of ontogeny as just dehned, partly of
heredity. Further there is interaction of I.'Llul.ll we are as vet utterly I1{I1u11t11 between
the forees of heredity on the one hand and those of environment and ontogeny on the
cther. ‘The initiation of new characters is not the agnl.h-l pergquisite of any one of
the three factors 1.I:|'I.I!IH'I'II'I:I1._I11.. ontogeny, heredity, but is common to all. Thus upon
closer examination it is seen that the four terms used in the text, though apparently
simple enough, are really the expression of consider |.|b|: confusion --1 thought., The un-
known agency which works through heredity and iz termed by Bergson the original
mapetns, we shall diseuss in Chapter X X1, For further information along these hnes,

consult Oshorn: Tetraplasy, Jour. Acad. Nat. Sc., Phila., 1912, series 2, xv, 273

\
i
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first pointing out the transformation of one form of animal into
another. Ten years alter the publication of Darwin’s Origin of
Npecies Waagen showed that minute and inconspicuous changes
of form oeccur constantly in the history of a raece. These
changes which he ealled mutations are heritable and gradually
acewmulate in suecessive generations until thev become recog-
nizable. The most important of Waagen’s observations was
that these accumulations of mutations oceur always in definite
directions. This means that there is a certain limited number
of types of response whiceh it is possible for the germ-plasm to
exhibit. That these responses are adaptive has been elearly
shown by Osborn. One scareely likes to use either of the
terms ordered response or choice of response in this connection
hecause of the anthropomorphie significance which these
phrases have come to possess. The former suggests a ereative
plan and the latter a mentality on the part of the organism by
no means implied in these pages and carryving us further into
the realm of philosophy than we can go in this volume. We
cannot expect to understand why the germ-plasm should re-
spond in a particular manner until we attain more complete
knowledge than we have today of the interaction of the forces
of heredity with the various factors composing the environ-
mental stimulus. Throughout the succeeding pages, however,
the reader will find in the evolution of teeth ample evidence
of limited and definite fypes of response comparable with those
to which attention was first drawn in Invertebrates by Waagen,



CHAPTER 11

THE DENTITION OF LOWER VERTEBRATES

Attachment of teeth—Teeth

¥

The relation of teeth to seales

of Fishes, Amphibians and Reptiles—Evolution of ““ensps’

—The pronounced development of certain teeth.

Teeth as popularly understood may be defined as ealeified
papille of the skin secondarily implanted in the bones of the
jaws and subserving the purpose of mastication. That this is
hut a erude conception will appear upon the slightest reflection
for it is based only upon eertain generally recognized features
of our own dentition and one cannot think for a moment that
our teeth sprang into existence fully formed and adapted at
once to their present funetion. It is indeed only after a long
period of evolution, of constant modifieation and adaptation to
eireumstances that the present form and characters of our teeth
have developed. To understand even cur own dentition intel-
lHgently it is necessary to trace it back to its earliest berinninge
and to follow earefully the suecessive steps by whieh it attained
its present condition. Upon diseussing our definition more in
detail we shall find that it beeomes merely a generalization
more or less exaet and of limited applicability.

If we examine the jaws of a Dogfish or Shark (IFig. 3) we
shall observe that the horny scales of the skin are continued
over the framework of the jaws into the mouth and that on the
rounded surface of the jaws these seale-like structures assume
the form of simple triangular teeth in suecessive rows. Hence
we shall be less surprised at the suggestion that the teeth are
in reality modified dermal appendages. But if next we take the
head of a Pike (Fig. 4) we do not see this simple transition and
further we note the appearance of small but distinet tooth strue-

)
whak
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tures upon the walls of the pharynx and the branchial arehes
bevond the limit to which Embryology has taueht us the exter-

nal skin has penetrated. 1t is plain then that teeth eannot in

b Shark chow formation of eimnple teiai # teath from dermal seales

|.""||'r'1".- Cadse |'ill.' |i|:"|'||:.'-'i| i:!L 1.Ii"i:1_'|i|| ||'Ii|| |I|i|"'. hilll.L'lirl:L'."- |||"'.|'||||P |I|'||]||
the surface laver of the alimentary canal itself. Thus we see
that struetures finally similar may in the beginning arise

quite different manner from dissimilar tissues.
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The very faet that we have chosen fish in this first illustra-
tion indieates that the oceurrence of teeth is by no means eon-
fined to the higher animals. Analogous structures have indeed
been found in some Invertebrates but it would not help our
present purpose to consider these. We must note however that
teeth of a simple pattern exist far down in the vertebrate

seale.

Fig. 4.—Jaws of Pickerel to show the occurrence of teeth upon the palate. (After
Dewey-Thompson.)  Teeth are not confined to the jaws themselves.
Another point to notiee is that whereas the teeth upon the
jaws of the Pike are firmly united to the underlying bone those
of the palate are hinged so that they can he made to lie flat
against the buccal lining, their tips pointing toward the throat,
by small fish as prey passing through the mouth. Ii however
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the small fish should attempt to wriggle out again and resist
heing swallowed, its backward movement causes these palatine
teeth to rise and form a forest of spears whose points are all
directed toward the throat, effectually preventing the eseape
of the vietim. The attachment of teeth to their foundation is

by no means uniform and although we are aceustomed to think

Fig. 5.—Section of palatine tooth of Pike (Esox lucius). (After Tomes.) The
hinged character of the attachment to the underlying bone is shown, This permits
change in position of the tooth,
of teeth in Man and all Mammalia as socketed in bone yet in lower
forms teeth may be attached to underlying tissues i one of
several wavs (Fig. 5). In Sharks indeed the teeth are not fixed
to the underlving jaws at all but simply held in place in the
intecument.

Very few fish ean be said to mastieate their food even in
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limited degree and henee onee again our generalization falls
short of completeness.  Many Mammals, the domestic Cat
among them, use their teeth only for seizing and dividing their
prey not for masticating it. Teeth are then in the first place
prehensile organs and only later heeome modified for dividing,
erushing or mastieating food. For the mere seizing and hold-
ing of prey the conical teeth seen in many fish are perfeectly
satisfactory and it is with such simple forms that our study
must commenee,

The numerous modifications of form, strueture and attach-
ment of teeth as exemplified by ishes have no immediate con-
cern for us sinee our object is the investigation of the mam-
malian dentition and we may therefore pass on at once to con-
sidler teeth in higher forms.

On an evolutionary plane higher than that of the Fishes we
find the now specialized and aberrant group Awmphibia whieh
ineludes the Frogs, Toads, Newts and Salamanders. Upon ex-
amination the upper jaw of the Frog shows a row of small
conical teeth firmly ankylosed to the underlying bone and pro-
jeeting but little from the surface of the soft tissues lining the
mouth while the fower jaw is edentulous. There are other teeth
upon the palate, the so-called vomerine teeth, also simple and
sinall but we shall not stay to consider them. The Frog is not
limited to one set of teeth alone; successional teeth originally
developed at the inner aspeet of the older teeth eventually
undermine the bony pedestal of the last mentioned and com-
plete their development in what was originally the pulp eavity
of their predecessors, ultimately being fused with the bony tis-
sue precisely as are the teeth on the jaws.

Iigher in the seale than Amphibians are the Reptiles whieh
comprise Lizards, Snakes, Turtles and Alligators.  All of these
have become speecialized although the Lizards perhaps less
than the rest. But all modern Reptiles are far removed from
the main evolutionary track which we intend to follow, Never-

theless among them are to be found many interesting modifiea-
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tions of tooth structure one or two of which may be mentioned
as of special significanee for our purpose.

The jaws of the lguana (Iig. 6) show an experiment of
Nature in |rI'|r|iII=‘i|ILt atype of 1tooth somewhat more 4'Ir|t|]|3i4'ilil'|1
than the simple cone. Careful examination of these shows that
most have not one single point or tip but several, often seven
in faet, of which the eentral one is the largest and the most

prominent. We see then that by very little modification a

tooth with many tips can originate. A further point which is
worth our eareful attention 1s that in the Ieunana the teeth near
the front of the mouth and below the nostril retain alimost
without exeeption the simple conical form. The more com-
|1Eir;11[*r| teeth 1 this animal are most numerous further bael
on the jaws near the areas of muscular attachment.

The skull of the Mississippi Alligator (Fig. 7) shows thaf

certain teeth may consistently grow to a greater size than
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others. In this specimen the third and ninth in the upper jaw
and the first, fourth and eleventh in the lower have attained
agreater size than the rest. The yvoung Alligator when just
hatehed has as many teeth as the adult but the teeth are re-
|:|;Il':'1| from thme to thne |r.'~' snceeessors,  Nevertheless, at what-
ever age the animal be, on examination it will alwayvs be found

LO pOSsess these |;;||"|it".l|.'||‘ teeth lareer than their fellows,

a [ [aws of Alligator (Allirator mississipiensig 81.4-1 I'he teeth are implanted o
bonv sockets and certain téeth are constantly larger tha hers.

A character again exemplified in the Alligators but not in
other Hq']r1i|r'ﬁ 1s the iln!:|.‘|||1.‘|1i::|| of the tooth into a socket.
The tooth itself like that of the Mammal consists of dentine
with a cap of enamel on ity |r|'|r_]f'|-1i||:' surface and a sheathing
of cement around its implanted portion. Though the teeth of
the Alligator resemble those of the Mammal in possessing
sockets in the Ii.‘l'ﬂ._‘-\ 1]L|'j. are naol Hil'it"ll}' 1'||1ll|l'r|.|"r|.|||1.' for

whereas the socket in the ease of the Mammal is produeed by
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the growth of the tooth itself its oceurrence in the Alligator
precedes the eruption of the tooth.

The Reptiles form a large and miseellaneous assemblage of
cereatures but their most numerous and more primitive repre-
sentatives are extinet, We must not expect to find among the
living examples of this elass the tyvpes which will interest us
most.  In faet the Reptiles may be subdivided into primitive.
mammal-like and bird-like forms. of whieh all the first and
second groups and many of the third are extinet. Modern
Reptiles are all more or less ¢losely allied to the Birds and it is
interesting to note that the teeth in many of them, the Turtles
for example, have been replaced by horny coverings for the
jaws as in Birds. We now know that several at least of the
ancestral forms of Birds possessed truly reptilian teeth.

A rapid survey has shown us the following suggestive faets.
Teeth already oceur in the lower vertebrate forms. They are
at first simple eonieal outerowths of surface epithelium which
may or may not be attached in one of various wayvs to the un-
derlving jaw. In higher forms the projecting part or erown
may become subdivided into more than one point and this sub-
division is liable to oecur with greater frequeney in the teeth
situated on the jaw near the areas of muscular attachment
rather than in those located near the middle line in the front of
the mouth. Certain teeth, as shown in the Alligator, become
larger and more powerful than the rest and these characters
are also shared by the replacing teeth. Lastly the imbedded
part or root of the tooth becomes implanted secondarily in a
socket in the jaw bone. With these observations in mind we
are now ready to commence the study of the origin of the
mammalian dentition itself.



CHAPTER 111

THE ANCESTRY OF THE MAMMALIA

Geological dawn of mammalian hife—Differences between Rep-
tiles and Mammals—Origin of mammal-like Reptiles
transformation of the limbs—development of the brain
in mammal-like Reptiles—Cynodonts—Protodonts—Multi-
tuberculates—Triconodonts—Tritubereulates—the parent
form of mammalian teeth.

In the present volume the study of mammalian teeth is the
essential object. By eomparison of tooth forms zoological rela-
tionships of the various Mammals and of Man will be indieated.
To institute comparisons of real value we must have a standard
and this standard will necessarily he the primitive type of
mammalian dentition. It is obvieusly futile to seareh for
parent or stem forms among the considerably speeialized Mam-
mals existing today. KEven among the remains of extinet
Mammals ancestral to and simpler in form than those now liv-
ing it is unlikely that the actual parent form#® will he found
although the fossil Mammals of an earlier day may be expected
to show indieations more or less elear of what that parent form
must have been. Our search for indications of the features of
this dawn type of Mammal must then bhe among the fossilized
faunal relies of earlier geological periods.

With the exception of such rarities as the imprisonment of
entire Mammoths in the ice fields of Siberia and the preserva-
tion of portions of the skin of girantiec Ground Sloths in the
caves of Patazonia the onlv vestizes of extinet Mammals left
to us are teeth and bones. Scarcely ever is a skeleton found
complete and very frequently the component bones themselves

*Presuming, as is probable, that all mammalian orders had a common ancestral
stem form.

41
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are broken. Often there is merely a portion of a limb or a
mandible exhibiting an imperfect complement of teeth, a frag-
mentary skeleton on whieh to base our reconstruction of the
animal to whieh it onee beloneged.

If then the rocks hold the secret of mammalian aneestry,
in what geological stratum may we expeet to find it. Some au-
thors have coneeived the history of Mammals reaching to very
early times but it appears probable that we need penetrate no
further into the geological past than the Permian epoch to attain
our eoal. Examinine in sueeession the Mammals of former
periods, receding always further into the dim and more imper-
feetly known ages of the world’s history, or even comparing
the more primitive members of the mammalian elass existing
today with those more advanced, we note the occurrence of
reptilian features more pronounced and more numerous the
more primitive the type. From this fact we realize that Mammals
must have been derived originally from reptilian forms al-
though from forms very unlike those Reptiles which exist in
modern dayvs,

There must have been a time when certain ereatures were
transformed from the cold to the warm-blooded type and with
this ehange the Mammals first appeared. Similar transforma-
tion of a different group of Reptiles brought about the origin
of Birds to whieh rather than to Mammals all modern Reptiles
are related. The story of the Birds however lies heyond our
present scope.

It is true that the organization of a Mammal differs very
agreatly from that of a typical Reptile but in this account it is
unnecessary to deal in detail with the characters of the body as
a whole. We shall confine our attention to a few points illus-
trated by the dentition and the skull (Fig. 8). The mammalian
mandible is constituted by a single bone® the representative of
the reptilian dentary. The mandible in the Reptile on the
contrary is more complex and is formed by several elements.
"~ *Although the angular and surangular are not usually recognized many Mammals

show a mere rudiment of the former and Ormithorhynehos possesses vesliges probably
of both,
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Of these the dentary bears the teeth; the angular and surangu-
lar lie near the hinder end; the articular forms a joint with the
quadrate bone of the skull, a bone which has disappeared as
such in the Mammal ; the splenial lies upon the inner side of the
dentary. Not only does the mammalian mandible differ from
that of the Reptile in consisting of a single element but the

M,
o

Fig. 8.—Morphology of the Mandible and Auditory Ossicles (afier Gregory,” Orders
of Mammals. Bull., Am, Mus, Nat. Tist,, 1910, vol, 27, fig. 2, o 1245,

A. Mandible of a Permian Therocephalian {(Lycosuchus vanderrieti, after Broom).

Ang., angular; Ar., articular; I}, dentary; p.an., processus angularis; (du., quadrate;
5. ang., surangular; Sq., sqouamosal; 2 Sq.. zyvgomatic process of squamosal,

B. Skull and mandiile of Cynognathus platveeps (composed from figures by Broom),

Abbreviations as in A, Mk., Meckel's cartilage; ', art., prearticular (Wilhiston, 1. e,
the dermal medial extenzicn of the articular); St., stapes.
I Jl”. Developing mandible and auditory ossicles of Kangaroo (Macropus, after Dens.
LY/t

Abbreviations as in foregoing.  In., incus: Ml malleus: noant., processos anterior
miallei; Pr. ar., preartienlar; St., stapes (furned back): Ty, Tympanie ring,

articulation of the bone with the skull is essentially dissimilar.
In the Mammal the articular and quadrate disappear as such,

*Thiz illustration has been maodified by Dre. Gregory sinee the publication of his
monograph, The Orders of Mammals, from which the fgure was ariginally taken. By
kind permission of e, Gregory the most recent modification of the figure is here re-
produced.,
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possibly to become aunditorv ossicles the mallens and ineus
respectively,® and the dentary itself forms with the glenoid
fossa on the squamous temporal a new and secondary articula-
tion which tends to lie above the plane of the eheek teeth and
not at or below their level as in Reptiles. In the Alligator
some teeth project more than others although all are alike in
shape. In the earliest Mammals it is always the first maxillary
tooth whieh takes on a caniniform eharacter, the ineisors are
relatively simple and the posteanine teeth become inereasingly
complex backwards. Whereas all reptilian teeth possess only
a single fang, the roots of the cheek teeth and occasionally of
the ineisors and canines in the Mammal are subdivided.

In the skull as in the jaws we shall refer only to certain
features of special present significance. In the Reptile the
anterior nares are completely surrounded by bone; in the
Mammal they are not. The reptilian condition is largely due to
an upgrowth of bone from the premaxilla forming an osseous
narial septum to whieh is attached the eqgg tooth utilized by the
hatehing Reptile for the purpose of ehipping open the ege.y
[n Mammals the orbit is separated from the temporal fossa by
the postorbital process of the frontal and not by a speeial bone,
the postorbital, as in Reptiles. The temporal fossa and coro-
noid process of the mandible providing attachments for the
temporal musecle, and the zyvegomatic arch and ramus of the
mandible for the attachment of the masseter are well devel-
oped in typieal Mammals, The hard palate in the Reptile is
formed by the premaxillae alone so that the posterior nares
open into the mouth. In the Mammal on the other hand the
horizontal proeesses of the maxillary and palate bones forming
a septum between mouth and nose and thus foreing the latter
to open into the pharvnx, constitute the so-called secondary
hard palate behind the ineisive or anterior palatine foramen.
__'il must not be sppposed that .'L]I writers are in agrecment concerning the fate of
these elements. What we do know is that the elements disappear as such. The malleus,
incus, tympanic ring, interarticular cartilage of the temporo-mandibular joint and even
the zygomatic process of the squamous temporal have been elaimed as representing the
1|_1IIl|rl1.L

¥ This bone 15 represented in the yvoung Monotremes and, according to Broom, in the
voung of gome Marsupials (Macropus, Trichosnrng).
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The mammalian skull shows two laterally placed oeceipital con-
dyles whereas the Reptile possesses a single median condyle
ventral to the foramen magnum.

During recent yvears Dr. Broom and Mr. Watson have given
mueh attention to the subjeet of premammalian Reptiles and
the former has summarized in a tentative but attractive man-
ner various features of the probable evolution of Mammals,
We owe largely to Broom the elueidation of a group of fossil
carnivorous Reptiles found i South Afriea and beloneging to
Permian and Triassie times. In the earlier period the Thero-
cephalia alone were present ; in the Triassie the Cynodonts also
appeared. Tt is undoubtedly from one or other of these related
groups that the mammalian ancestor arose but it must not be
supposed on that account that the first Mammals appeared in
Afriea. From the history of the Insectivora and other mam-
malian orders we learn that the early Mammals very probably
evolved in the Northern hemisphere and that the less adaptable
members of the class, as previously sugeested, migrated south-
ward when the elimate in the north changed. Upon this hypoth-
esis we should find in South Africa only the more specialized
primitive members of the group. We do not look to any one of
these South African forms as the actual mammalian ancestor
but we know that in many features they must elosely resemble
it.  KExisting IFishes and Reptiles, none of which are at all
close to the hyvpothetieal line of mammalian descent, have al-
ready taught us certain lessons in the phylogenetic development
of tooth forms. Thus it is with the South Afriean fossils: none
of them represents the actual mammalian aneestor but from
them we can reconstruet stages in mammalian evolution with a
fair degree of probable aceuracy.

[n the Therocephalians the first maxillary tooth heeame
caniniform and with this change the temporal museles in-
ereased considerably in size and strength. In its turn the
erowth of the temporal musele brought about an enlargement
of the temporal fossa and mdueced the appearance of the coro-
noid process in the mandible. A zveomatie arch of mammalian
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type also appeared for the first time. In consequenece of the
development of the coronoid process and the greatly inereased
size of the dentary element in which the teeth, are lodeed the
Theroeephalian mandible hegan to assume a somewhat mam-
malian appearance.

The Cynodonts in general were mueh more mammal-like
than the Therocephalians. They possessed a secondary palate,
a large median unpaired vomer and two oecipital condyles.
The dentary increased so greatly that it constituted almost the
entire mandible. The teeth differentiated into incisors, eanines,
premolars and molars. Aecording to Broom it i< probable that
these mandibular and dental changes together with a narrowing
and deepening of the snout resulted in the formation of the
secondary palate. The method of articulation of the mandible
with the skull even in Cynodonts is however still typieally
reptilian.

If then Dr. Broom’s theory proves correct we may take it
that in Triassic times the mammalian ancestors were either
Cynodonts or Cynodont-like Therocephalians. One feature dis-
tinguishing these ereatures from other more primitive Reptiles
was the possession of well-developed limbs by which the animal
was raised off the ground. Our common Horned Toad has
limhs developed to the stage of supporting the body above the
eround only in the act of walking. It can represent for us the
early Reptile flattened dorso-ventrally, the limbs of which be-
sides subserving the more primitive function of locomotion are
heeoming adapted also for the purpose of support. It has been
suegrested that the similar change of gait exhibited by the
Therocephalians was due to development of the brain but it
15 altogether inconeeivable that at so early a stage of animal
history the bhrain could have sueh influence upon the body. li
is more natural on the contrary to helieve that conversely
changes in the brain resulted from the altered mode of locomo-
tion. The Cynodonts show a relatively great development of
the cerebellum which seems to be accounted for by the inereased
coordination of movement entailed by the new walking habit
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Therocephalian Ancestor

I

Hammelian
Ancestor Sessmodon

ﬁ:::::?ﬁlesaurus

Melinodon Nvthosaurus
Trirachodon
Cynognathus
Diademodon GD!ﬂphnRﬂEthuE
Fig, 9 —0Cenetic relationships of the principal known Cynadents,  (After Broom.)

and greater activity., Tt is Broom’s interesting surmise thal
this greater activity ultimately brought about the develop-
ment of the warm-blooded Mammals,
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After this brief general outline it will he instructive to
turn to some of the Cyvnodonts most nearly related to Mammals
in order to observe the gradual appearance ,of manmmalian
traits.

The two South African Triassic Cynodonts Bauria and
Sesamodon are probably nearest to the direct line of mam-
malian evolution.  Although almost certainly a Cyvnodont Bau-
ria retains many of the Therocephalian features and thus rep-
resents a comparatively early ancestral stage. 1In spite of the
faet that it is less mammal-like than certain other Cynodonts
Bauria exhibits some mammalian characters which the higher
forms have lost. Sesamodon is interesting because it displayvs most
of the mammalian characters of Bauria and in addition presents
the majority of thoze found in other higher Cynodonts. The
relations of the various mammal-like Reptiles, now to be dis-
cussed, to each other and to the hypothetical mammalian an-
cestor are diagrammatically shown in Broom’s table (Fig. 9).

Examination of the restored skull of Bauria {Fie. 10) shows
that the feeth fall into ineisor, eanine and premolar-molar series,
The last mentioned are numerous, comparatively small, and
simple in form; the canine as in Mammals is represented by the
first maxillary tooth. The dentary element forms the greater
part of the mandible whieh exhibits a well marked coronoid
proeess but articulates with the skull in typieal reptilian fash-
ion by a joint between the articular element and the quadrate,
the latter invisible in the illustration because of the laterally
overlapping squamous. The skull no less than the mandible
and teeth presents a general mammal-like appearance. The
temporal fossa is large and incompletely separated from the
orbit by a process of bone whieh though analogous is not
homologous with the proeess separating the temporal fossa from
the orbit in Mammals. In the Cynodont this process is formed
by a special bone, the postorbital, which disappears in the
Mammal and 1s vreplaced by the postorbital proeess of the fron-
tal. The zyvwomatie arch is not powerful and no process arises

from the zyvgomatie bone to meet the postorbital. Strikingly
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unlike the mammalian condition is the separation of the nostrils
from each other in Bauria not by cartilage only but by an up-
wardly directed process of the premaxilla sueh as oceurs in
Amphibians, Birds and many other Reptiles. Another ele-
ment in the skull of the Cynodont not usually found in Mam-
mals although oceurring in certain forms which have retained

Fig. 10.-—5%ide view of restored skull of Bauria cynops., (After Broom.) Abbrevia
tiong as in Fig. 8, A, Fr., frontal: Ju., svgoma; La., lachevinal; Mx., maxilla; Na.,
||i|--,'l,|'l |'“ . |-:.,|'r|".,|.:'l I.'lll'\... :|I'|'It'|,’1x1i|.".',' Pl h., |li|:-tl-l'| It:||: “;:ll'l'\-c., .‘-l:']lﬂl.lt'l'lil'|'\||.|,']|':|',

very primitive features (Ornithorhynehus, Eehidna, Dasypus)
is the septomaxillary whieh in Bauria appears on the face
between the nasal and the premaxilla but as we shall see
later becomes partly submerged in Sesamodon and retires into
the nose itself. In the undifferentiated condition of the pre-

Fig. 11.—Si1de view of restored skull of Sesamodon browni. (After Broom.) Al
breviations 2s in Figs. 3-A and 10, Aud. Gr., groove for lodgment for external auditory
canal,

molar-molar series, the absence of a complete postorbital areh,
the large frontals and the condition of the septomaxillary Bau-

ria approaches more closely than Sesamodon to the probable
mammalian aneestor,
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In Sesamodon (g, 11) as restored by Broom we see a Rep-
tile in certain respeets even more mammalian in appearance
than Bauria. In this Cyvnodont the lower canine was long
enough probably to overlap the maxilla when the jaws were
closed: the first upper posteanine tooth is more conieal than
those succeeding it and illustrates the varving c¢haraeters oY
the cheek teeth for whieh however we shall do hetter to con-

Fig. 12.—4A. Falatal view of left maxilla of Diademodon mastacus. (After Secley.)
k. Lateral view of the left dentary of IDhademodon mastacus with oeclusal view of the
seven lower molars of the right s.de. (After Broom.) Note the tubercular character
of the crown, the elevation of the laieral eusps and the transverse elongation of the
single roots of the maxillary teeth, In the mandibular molars note the smaller rounded
crown and the single transverse ridge on the ocelusal surface.

sult the illustration of Ihademodon; the zygomatie 18 more
powerfully built and sends a proeess upward; the mandibular
articulation permits limited antero-posterior movement which is
probably to be associated with the flat thick erowns of the
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molars., In the oeccipital region of Sesamodon we note iwo
condyles as in Mammals instead of the partially subdivided
single median condyle reminiseent of Reptiles found in Bauria.
The frontals like those of Bauria and unlike those of other
Cynodonts enter into the formation of the orbits as they do in
Mammals. Unlike the condition in Bauria the separation of
orbit and temporal fossa is complete owing to the large size of
the postorbital hone, an element non-existent in the Mammal.

DBefore leaving this important group it is necessary to refer
fo ecertain features illustrated by other and more specialized
species.  Very significant is the possibility in many Mammals
of a lateral movement of the cheek teeth when the jaws are
closed and the ineisors locked. This primitive triturating move-
ment is already foreshadowed in Sesamodon and in Cynogna-
thus (see Fig. 9).

The number as well as the character of the teeth is impor-
tant. Aelurosuchus, the cheek teeth of whiceh are not known,
possessed on each side five incisors and a eanine in the upper
jaw, four and a canine in the mandible; its dental formula can
therefore be expressed:

) |

[t Bt Ll Bl
1 |

Diademodon, (Fig. 12) another Cynodont deseribed by See-
ley and Broom, possessed four premolars and seven molars; its
formula therefore is:

i

7,C1, P,
Lk l-i 1
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The lower premolars inerease in size from before backward
and the fourth projects more from the mandible than the first
molar. Each displays two cusps, a larger outer and an inner.
The molars are much bigger teeth than the premolars but never-
theless exhibit the reptilian eharaecter of a single root. Those
of the upper jaw are larger; they are broader transversely,
compressed antero-posteriorly and between them the lower
molars ocelude. Each of the mandibular molars like the pre-
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molars presents an outer and an inner cusp connected by a well
developed slightly concave ridge dividing the erown into a
posterior half which engages the corresponding maxillary tooth
and an anterior half which oceludes with the maxillary tooth
next in front. The larger outer cusp fits between and internal
to the eorresponding cusps on the two upper teeth with which
the lower molar oceludes. In addition to the main cusps and
ridge each molar presents a number of small eusps on both
anterior and posterior margins, The erown of each maxillary
molar exhibits two lateral eusps of whieh the anterior is the
larger and three medial eusps decreasing in size from before
backwards. Some smaller cusps lie along the posterior margin,
I'rom the prominent anterior lateral cusp a transverse ridee
connecting with a eusp on the medial aspect divides the erown
into two parts which ocelude with the lower teeth as previously
indieated. Tt is to be observed further that the elevation of
the maxillary molar erown was probably greatest in the mid-
tdlle of the series so that from front to back of the jaw the
molars, as in many mammalian forms, exhibited a convex curve.

Although at one time thought to be of herbivorous habit if
is now believed that Diademodon was a carrion feeder: its den-
tition seems to indieate a degenerate earnivorous tvpe. The
temporal muscles must have been enlarged as in Carnivores
and the molars though worn show no such egreat attrition as
might be expected to result from a vegetable diet. DBut the
crowns are flat-topped, the eusps not very well marked and
the last molar smaller than the preceding tooth, all features
indicating departure from the primitive type.

The features of the Cynodont dentition have been dwell
upon in some detail sinee they show so many striking analogies
to the dentition of mammals and seem to illustrate a tendeney
shared in common with the Mammalia and other mammal-like
ereatures to develop along eertain general lines. This inherent
tendeney on the part of teeth in phylogeny to respond in some-
what similar fashion to similar environmental conditions will
frequently engage our attention in the sneceeding parts of this
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hook. It may be wondered how teeth which seem so stable
should have the power of change. The changes which we ob-
serve are not those hetween one generation and the next, but
the accumulated modifications of many suecessive cenerations.
As stated in the first chapter these changes are probably due to
the oceurrence of minute abrupt mutations linked in vast num-
bers and appearing adaptively in certain definite directions.
We are as yet in the dark regarding the manner in which these
modifying mutations arve correlated or induced. They oceur
as if in response to mechanical requirements but though they
resemble acquired characters they are transmissible,

THE PROTODONTA

Another group of animals oceurring in Triassie times calls
for some attention. We know but three members, all tiny erea-
tures two of them from the upper Triassiec of North Carolina.
They have been elassed as Mammals sinee the mandible of each
apparently consists of a single bone. But we cannot abso-
lutely eliminate the possibility that some elements entering
into the formation of the mandible during life are unpreserved
in the fossil remains.

The two North Carolina mandibles are represented in Fig
13; the upper is that of Microconodon: the lower Dromathe-
rinm.  The latter shows differentiation of the teeth into in-
eisors, canines, premolars and molars, and we may infer that
this was true of the former also. In each case the molars are
larger and display more cusps than the premolars. The jaws
are unlike those of Mammals since the condyle and coronoid
process with the intervening sigmoid noteh are but poorly de-
veloped and in Dromatherium the incisors extend down on to
the front of the symphysis. Further both mandibles differ
from those of the Mammals of the next geological period, the
Jurassie, in presenting a considerable diastema direetly hehind
the canine vet the molar teeth unlike those of Reptiles show
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a depression at the base of the erown indicating ineipient divi-
sion of the root into two.

Although these fragmentary specimens undoubtedly repre-
sent stages in the evolution of the Mammal thev are probably
too speecialized to be actual mammalian ancestors. Having
noted their mammal-like charaeters we can butl say as we said
of the Cynodonts that Mammals probably arvese from some

mg
Fig. 1i.—Mandiblezs of Microconodon tenu rostris {unper figure) and Dromatherium
sylvestre (lower hpure). (After Oshorn.)  The mandible of Microconodon is seen

from the lateral and that of Dromatherium from the mesial aspect. Abbreviations.—
d, angle: o, canine: en., condyle; er., corenoid; 1., incisors: mg., groove for Meckel’s
cartilage; m., molars; p., premolars; 1b, the fourth or fifith melar of Microconodon and
2, the gecond molar of Dromatherivm both much enlarged.

creature like them: that Nature was trying her hand and these

represent one of her many experiments whieh, sinee it did not
ultimately succeed, was discarded after trial,

THE MULTITUBERCULATA

Another group of Mamnals representing one of Nature’s trial
efforts 1s that known as the Multitubereulates. These animals
like the Protodonts first appeared in the Triassie but lingered
on until the Basal Eoecene when they finally became extinet,
F'rom certain skeletal features we infer that they were mar-
supial in eharacter but in no direet way allied to modern Mar-
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supials.  The most distinetive trait of the Multituberculates is
the many-cusped appearance of the molar teeth. Sinee these
animals existed at a period so early in mammalian history and
hecause of the fact that the probable aneestors of modern Mam-
mals when first encountered® present molars with several cusps
it has been sugeested that the existing mammahian dentition
may have been derived from that of a primitive ancestor with
many-cusped molars. This hypothesis is known as the Primi-
tive Polybuny Theory. Later investigation has shown that the
Multituberceulate dentition probably is either of independent
origin or derived by reduetion from the primitive Prototherian
dentition, and although some modern Mammals reecall this type
in certain features, the features in question are in reality seec-
ondary results of convergent evolution. The Multitubereulates
therefore are no longer considered as the parent stem of modern
mammalian forms.

THE JURASSIC MAMMALS

It is in the next geological period, the Lower Jurassie, that we
find the first examples of mandibles whieh we ean be sure are
mammalian and they indicate immediately that we are once
again observing Nature’s experiments. The Jurassie Mammals
clearly fall into two eategories each quite distinguishable from
the other, the Triconodonta and the Trituberculata.  Of these
as of so many other fossil animals the mandible is the bone by
far most commonly found.

The Triconodonta

In the mandibles of eertain Triconodonts illustrated in Fig.
14 can be observed a low lying sessile condyle reealling in its
position the articulation of the Cynodonts, a hroad coronoid
process and an angle more or less infleeted as in recent Mar-
supials. The teeth of Triconodon show three cones arranged
in an antero-posterior line. Of these the middle one tends to be

*uee section on Trituberculates.
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the highest. In Menacodon the two smaller cones lie somewhat
on the internal or lingual aspeet of the larger middle one.
Spalacotherium presents the two lesser cones adjoining at their
hases on the inner aspeet of the larger middle eusp, their tips
being directed respectively forward and backward. In all
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Fig. 14.—Jaws of Jurassic Triconodonts. (Al after Oshorn.—Menacodon and the
upper figure of Triconodon originally after Marsh. Enlarged.)

A, Mesial aspect, Triconodon, America,

B. Mesial and C. lateral aspects, Menacodon, America,

). Mesial aspect, Spalacotheriom, America.

IZ. Mesial aspect, Triconodon, England.

these mandibles the molar teeth show a strong internal ridge
or cingulum.

The most generalized of all the Triconodonts is Amphilestes
with the dental formula:

[-,0—,P—, M~

1 1 4 i
which is identical with that of the Cynodonts previously men-
tioned. The premolars in this group as in the Cynodonts
steadily inerease in size from before backward to eulminate
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in the last which projeets more than the first molar. It should
also be noted that in Triconodon the fourth posteanine tooth
alone is replaced by a suceessor,

It was from Triconodont mandibles that Cepe many years
ago formulated his theory of a migration of the lesser cones
from their original position to form ultimately a triangle with
the larger eusps. This view is not held at the present day hut
i view of its historie importance as an early enuneiation of
the Theory of Trituberenly we shall reeapitulate the two

r|1

propositions in the original presentation of the theory by Cape
and Osborn.

(1) In the more advaneed Triconodonts the upper and lower
maolar erowns are shaped like reversed triangles shearing past
each other. In the upper jaw the triangular three-cusped
erown 1is called the frigon; in the mandible the trigonid. In
essence the Tritubereular Theory calls for the derivation of
modern mammalian molar teeth from similar reversed triancles
and this part of the theory is still held to be correet. In the
upper molar the large internal eusp forming the apex of the
trigon is called the protocone. 1In the lower molar the outer
cusp whieh at first was thought to be homologous with this
since it also forms the apex of the triangle is the protoconid.
The paracone and metacone, the former in front and the latter
behind, lie at the basal angles of the upper molar triangle and
the analogous paraconid and metaconid ocenpy corresponding
positions on the lower molar erown. The suffix #d was given
to the cusps of the mandibular teeth to distinguish them from
the supposedly homologous cusps of the upper teeth. It is
now recognized however that the protoconid is the homologue
of the paracone and not of the protocone,

(2) According to the original enuneciation of the Trituber-
cular Theory the para- and metacones or -conids primitively
lay in a straight line with the main cusp but later in phylogeny
their positions relative to this cusp alter and thus the trian-
cgular erown was formed. It may possibly be that such a mode
of evolution did occur in the molar teeth of the Jurassic Tri-
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conodonts but it is no longer considered probable that sueh
a cusp migration took place in any other eroup of Mammals
recent or extinet. '

The Trituberculata

The other group of Jurassic Mammals, known as the Tritu-
herculates, differs quite extensively from the Triconodonts.
Amphitherium which is represented by the mandible onlyv is
probably the most generalized speecies known. It appears to
have possessed five premolars and six molars, each of these

R med : med

A
Fig. 15.—Lateral aspect, mandible of Amphitherium prevostii, Middle Jurassic,
Fuogland, (After Goodrich, Enlarged, ) Restored right mandiboalar molar of Amph
therium prevostii.  (After Goodrich.) A, mesial aspect; B, lateral aspect; Abhrevia-
tions, o, angle; ac., comndyle; ep., coroncid process; m.. molars; mel., metaconid; mg.,
groove for Meckel’s cartilage; p., premolars; pal., paraconid; prl, protoconid; Tat,,
talonid. Note the Lifanged character of the cheek teeth, a typically mammalian featugpe,
the 1I-'""il"il.| premaolars and the primitive tubereulo-sectorial maolars. The angle in this
species 15 partly inflected.

posteanine teeth being provided with two roots. The total
number of posteanine teeth is the same as in the Triconodonts
and in the Cynodonts previeusly deseribed. Sinee the teeth
of the actual specimen are somewhat worn the enlarged re-
stored models (Fig. 15) give a bhetter idea of the molars of
this animal. These differ ereatly from the Triconodont molars,
The large central protoconid is very prominent and, as in the



ANCESTRY OF THE MAMMALIA a9

foregoing group, occupies the hueeal aspeet of the tooth. The
paraconid unlike the condition in the Triconodont is not suh-
equal with, but smaller than, the metaconid whieh lies internal
rather than postero-internal to the protoconid. There is also
a further strueture, a kind of heel, developed on the posterior
aspeet of the tooth; this has received the name falonid. In
Amphitherium there is but one eusp, the entoconid,® upon the
heel. No ecingulum is developed. The lower molars of Amphi-
therium differ very considerably from those of Triconodonts
in the relationship in size between the paraconid and metaconid,
in the position of the metaconid relative to the protoconid and
in the absence of the internal c¢ineulum. The mandible also of
Amphitherium is built upon a plan slightly different from that
of the Triconodont. The angle is not inflected in one species
though it is in another and whereas the eondyle seems to be
sessile and the eoronoid proeess broad in Amphitherium itself
the related form, Peramus, shows a narrowing of the eoronoid
and a slight suggestion of a neek on the condyle.

In Amphitherium as in the Triconodonts there is a sharp
differentiation between premolars and molars and the former
teeth inerease in size from before backward until the last is
even more elevated than the first molar. In both respects
these Jurassic Mammals resemble Diademodon.  The tooth
formula:

P— M
I

"'-]I

is fairly characteristic of all these three types and may have
been a primitive feature inherited by both Triconodonts and
Trituberculates from a remete commaon ancestor but the marked
differences between the teeth of the two Jurassie groups of
Mammals indicate that they must have evolved on long separate
and divergent lines,

We know the upper jaws of three examples of the Tritu-
hereulates and to these should probably be added a fourth. As

"Lichind the metaconid.  Later we shall find that two other cusps develop on the
heel, the hypeconid behind the protoconid, and the hypoconulid axially and pos.
teriarly.
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a type molars of Dryolestes arve figured (IFig. 16). The upper
molars are dissimilar in form from the lower molars and in this
the Trituberculates differ from the Triconodonts. The upper
molars again are very wide transversely and larger than the
lower molars. The protocone on the inner side of the erown
fits like a pestle into the mortar-shaped talonid of the corre-
sponding lower tooth. Paracone and metacone are present and
between the latter and the protocone a smaller cusp, the mefa-

Fig. 16.—Maolar tecth of Dryolestes sp. Jurassic, America.  (After Gidley.) Upper
igure. Left upper molars (left) and first right upper molar (right). Lower figure.
Left upper molar. lateral (right) and posterior (left) wiews. Dryvolestes represents
a stage in which the upper molars, thongh more numerous (8) than in higher Mammals,
WETe Narrower antero-posteriorly.

conitle, On the buecal side of the para- and metacones are two
outlving cusps, the parastyle and metastyle.

In later Mammals we shall see that as the talomid grew
larger and more prominent the protocone became depressed.
A further eusp, the hypocone, began to appear from a spur-like

internal eingulum and fitted into the trigonid of the lower
molar next behind. The hypocone is the eusp of the talon or
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heel of the upper molar. Whereas the talonid may have even
three eusps the talon never possesses more than one. These
facts are mentioned at this stage merely to indicate in what
manner the upper molars increase in ecomplexity. No hypocone
is exhibited by the molars of Jurassic Mammals. 1f one ex-
amine the posteanine teeth of modern or even of Tertiary Mam-
mals the striking similarity of the last premolar to the first
molar suggests that the premolars represent stages in the
development of the molars. This resemblance gave rise to the
Premolar Analogy Theory the basie principle of which is
that the premolars exhibit simpler stages in the formation of
the molars. Premolars were distinetly marked off from molars
even in Triassie times (Diademodon, Protodonta). The simi-
larity which they exhibit to the molars in Tertiary and in
recent Mammals has been explained on this account as an
example of convergent evolution. But we have already noted
that there has been no migration or rotation of cusps as was
formerly thought to have occeurred in the ancestral history of
Mammals and, further, that the paracone of the upper molar
and not the protocone is the real homologue of the protoconid
of the lower tooth. There is therefore no reason for retaining
the Scott-Osborn view that the outer cusp of the upper pre-
molar is the homologue of the inner cusp (protocone) of the
molar. Inasmuch as the premolars in many Mammals inerease
in complexity from before backward up to the fourth whieh
resembles but is less complex and more primitive than the
first molar, it now appears likely that as exemplified by some
mammalian forms the premolars do represent stages in the
history of the molars. In the Horse the premolars have taken
on a completely molariform appearance ; in the Dog they have
shown little tendeney to become molariform at all. These are
not examples from whieh information can be gleaned regard-
ing the relationship of premolar patterns to stages in molar
formation. The dentition of the Tapir illustrates the ease mueh
hetter for in the premolar series of this animal each sueces-
sive tooth is more molariform until the last is barely distin-
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euishable from the first molar. In the main then the Pre-
molar Analogy Theory as presented at the present day is
correct., :

The latest presentation of the Theory of Trituberculy as set
forth by Gregory, while emphasizing the bhelief that the para-
cone actually represents the swmmit of the primitive reptilian
crown and is therefore homologous with the protoconid, insists
that the primitive condition of the molars in both jaws was
one of reversed friangles or wedees, that the upper and lower
molar erowns were not alike but strikingly dissimilar and that
there has been no migration of the eusps which originally ap-
peared in the situation where they now exist. Aeccording to
this ** Wedge’' Theory the ancestors of the Trituberculates were
neither Triconodonts nor Protodonts but some unknown Cyno-
dont with transversely widened upper molars. In Tritubereu-
lates the upper melars may indeed he called tritubercular
whereas the lower teeth have always possessed a heel or talonid
in addition to the trigonid and are therefore more properly
termed tubereulo-sectorial teeth. We shall follow these same
types in the differentiation of the teeth of modern Mammals
and we shall note that of the two the lower molar is the more
stable in pattern.

Reeent search among fossil animals for a parent tyvpe of
later Mammals has established the elaim that modern Mam-
mals originated from Jurassiec Trituberculate-like forms but
the ancestry of the Trituberculates themselves is obseure,

In eomputing the relative age of marsupial and placental
Mammals it is interesting to speculate upon the preeise relation-
ship of the Trituberculata. Trituberculates like Amphitherium,
as indeed Triconodonts also, exhibit many charaeters now
best illustrated by the Marsupials. DBut many of these fea-
tures may be and probably are specializations and indieate
merely that the animals are not direetly in the mammalian
aneestral line. The same features may be found in the more
specialized Placentals. Varyving infleetion of the mandibular
angle for example is exhibifed in slight degree by several
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modern placental Mammals. For the present therefore it is
probably safest to consider that the Trituberculata represent
a elass of animals from which both Marsupials and Placentals
have arisen,



CHAPTER IV

THE RELATION BETWEEN LIFE HABITS AND
DENTITION

THE MARSUPIALS

Ihstinetive features of mammalian subelasses—Origin of Mar-
supials—Characters of primitive and of marsupial skulls—
Plexodont Theorv—Deseription of marsupial dentition—
Aberrant forms—Reasonableness of the persistence of the
tritubercular tuberculo-seetorial dentition—The marsupial
milk dentition—Reversion, divergence and parallelism in
evolution—Species formation.

In the last ehapter the origin of modern Mammalia has heen
considered and the Jurassic Trituberculates have been indi-
cated as exhibiting most clearly the features which probably
characterized the ancestor of the Mammals of today. Instead of
following the theme in Paleontology it is now proposed to dis-
cuss existing Mammals and to show by these whenever pos-
sible the adaptation of teeth in response to animal habits and
environment,

We have used the terms marsupial and placental on several
occasions and it now becomes imperative that these terms
should be elearly defined. Existing Mammals are divided into
ege-laying (oviparous) and non-egg-layving (viviparous) sub-
¢classes. The modern representatives of the former, the Duek-
hill and the Spiny Anteater, we shall discuss in due course
and shall find that they are survivals of a very early primitive
tyvpe of Mammal. Such primitive Mammals, among which must
he referred the Protodonta already described, are known as
Prototheria. The higher subelass comprising the viviparous

!
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Mammals received from Gill the name Eutheria. This term
unfortunately was used in a more restricted sense by Huxley
to signify merely the Placentals and their immediate ancestors.
The Marsupials and their ancestors (from which also the hy-
pothetical placental ancestors arose) Huxley considered a sub-
elass in themselves and termed the group the Metatheria. This
subelass is now considered an infraclass of the subelass Theria
(Parker and Haswell) the other infraclass being the Kutheria
(Huxley). The relations of these various groups are pre-
sented in diagrammatie form below, the terms being used in the
significance which Huxley gave them to signify successive
staces of evolutionary development (after Bensley).

Monotremata Marsupialia Placentalia

Euntheria
__— _Huzxley)

Metatheria

. { Huxley)

=

Prototheria

A placental Mammal differs from a Marsupial in its more
advanced type of placentation and in remaining in the uterus
until it has attained a higher degree of development. Irom
the chorion of the fetus in the placental Mammal villi pene-
trate into the maternal mucosa to form a ‘“placenta.”’ No pla-
centa is formed in the case of the Marsupial® and the young are
born in a very immature state. After birth they are placed
by the mother in the marsupium or pouch} where they attach

*The Marsupials differ quite considerably in the form of their i:l;l“-”“n..””'_,l.];t:
Pandicoot (Perameles) and the Dasyure (Dasyurus) presenting a type maost nearty
like that of true Placentals.

+The pouch is present in most but not in all Marsupials.
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themselves to the maternal teats, remaining thus until eapable
of looking after themselves until which time thev are nourished
by injeetions of milk indueed by periodic eomitractions of the
breast museulature, The pouch is really a mere fold of abdom-
inal skin and is temporarily or permanently present according
to the species. The Marsupial represents a very ancient tyvpe
of Mammal probably older than the Placental.

In addition to the distinguishing characters relative to birth
and the zenital organs Marsupials present other features some
of which we may note as differentiating them irom placental
Mammals., Of these the infleetion or inhending of the mandibu-
lar angle is a character present in all but one of the Marsu-
pials although oceurring to a less extent in the Insectivores
and in a few Rodents. The condyle is low and sessile and the
sigmoid noteh shallow. The brain case 1s relatively narrow
and in consequence the zyvegomatic arches project very ob-
viously. The sutures tend to remain open long after the animal
reaches adult lite. The nasal bones inerease in breadth back-
ward. The malar or zygomatie forms part of the glenoid fossa,
The tympanie remains througchout life a simple ring unfused
with surrounding bones. The great wing of the sphenoid forms
part of the tympanie bulla. Fenestra or openings oceur in the
hinder part of the palate. Not all the foregoing features are
truly primitive but taken together they clearly distinguish
the skull of a Marsupial from that of a placental Mammal,

In the Marsupial there may be as many as five incisor teeth
m each side of the upper jaw whereas in a placental Mammal
there are rarely more than three. The incisor teeth in the
Marsupial usually differ in number in upper and lower jaws.
The premolars are never more than three in number, the
molars usually four and sometimes more.® In Placentals four
premolars and three molars represent the maximum.y A fur-

*In order to bring the Marsupials into harmony with placental Mammals some
writers describe the first molar as a premolar, thus attributing to the Marsupial four
premolars and three (or more) molars. The older usage is followed in this velume.

TExcept in a few Placentals, for example the Large-eared Wolf of South Africa
{Otocvon) which has four lower molars on each side. In some Armadillos and in
some Cetacea the posteanine teeth are increased in number.
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ther feature of the dentition in the Marsupial is the fact not
clearly explicable at present that only one tooth at most
namely the last tooth preceding the molars possesses a suceessor,
This condition also oceurs in the Jurassic Triconodon.

It is probable that the reduction of the milk dentition in
Marsupials is a secondary specialization like the pouch forma-
tion and associated peculiarities relating to birth. The Miocene
Santa Cruz formation of
of certain undoubted Marsupials which show no fenestration
of the palate. In these animals the milk dentition is not so
ereatly reduced as in modern Marsupials nor ineidentally as

*atagonia has vielded the skeletons

in the Jurassie Triconodon: the canines and one or two post-
canine teeth (milk molars) possess suceessors. The enamel of
the teeth also in the only form in whieh it has been mieroscop-
ieally examined resembles the enamel of placental Mammals.
[t mav therefore be inferred that in diverging from their an-
cestral prototypes modern Marsupials have specialized in many
features. .

Among the existing Marsupialia are forms almost as minute
as the smallest Placental, others laree like the Kangaroo and
powerful like the Tasmanian Wolf. Inhabiting only Aus-
tralasia and the Americas, represented indeed but sparsely in
the latter continent, they comprise the last remnant of a host
which once inhabited the entire northern hemisphere.

The Marsupialia comprise arboreal, terrestrial and fossorial
animals. Some of the terrestrial forms run, others leap, a
few are semiaquatie. In respect of diet there are insectivorous,
omnivorous, carnivorous and herbivorous species. Yet with
all this variation in life habits the Marsupials belong to a single
mammalian order; all are relatively closely akin. Henece they
form a group in which may be traced better than in any other
the struetural modifications of teeth associated with change of
habit. Marsupials as an infraclass are very anecient and the
precise relationships in ancestral history of the suborders exist-
ing today are not very clear. They are probably all derived
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from some generalized Polvprotodont form of the Upper
Jurassie.

The most primitive Mammals were probably small inseec-
tivorous or insectivorous-omnivorous forms with teeth resem-
bling those of the Trituberculates and of slow-moving terres-
trial or arboreal habit. It may be advantageous at this point
to enumerate certain features characteristic of the primitive
Mammal and at the same fime to state the relationship of these
primitive features to the marsupial skull. By eomparing the
following tables it will be elear that, although modern Marsu-
pialia display a greater number of primitive features and may
he assigned a longer ancestry than placental Mammals, yet in
certain respects the latter present more primitive traits,

Primitive Characters

FoUND INDIFFERENTLY IN MARSUPIALS AND PLACENTALS
SIZE: Small.
TEETI ; Adjusted for insectivorous ommnivorons diet,

Incisor rows parallel or obliquely inelined to each other.
Canines large,
Premolars inerease in size hackwards.
Molars inerease in =ize backwards.
Milk dentition well represented.
MaxpmigrLE: Condyle seszile; at or about the level of the teeth,
Coronoid broad,
Sigmoid noteh shallow.
Angle inflected,
SKULL: Brain ease very narrow,
Zygomata projecting.
Sutures open.
Nasals broader behind.
Lachrymal extends on to faee.

Features Differentiating Infraclasses of Theria®

Metatheria (Marsupials) Eutherta (Placentals)
TEETH : Upper incisors often  Upper inecisors never more than 3
more than 3, (except shrews). !

Premolars never more  Premolars may be 4.
than 3.
Molars usually 4. Molars rarely more than 3, (Ceta-

cea, Armadillos, Otoeyon).

*It 15 not to be supposed that cach of these characteristic features is to be found in
every example of marsupial or of placental Mammals.
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Only one sueeessional  Milk dentition usually well repre-
tooth at most (last sented,
premolar),

Different teeth modified . h
for sectorial purposes. M1 modified as seetorial or earnas-

sial teeth.

MaxpigLE: Condyvle sessile, Condyle with neek.
Sigmoid noteh shallow. Sigmoid moteh deep.
Angle inflected. Angle rarely or but slightly in-
fleetod,
SKULL: Brain ease very narrow.  Brain ease hroader,
Avgomata pro jecting  Zygomata projeciing less.
greatly.
Sutures  remain open  Sutures close earlier,
late.
Nasals broader behind.  Nasals broader anteriorly,
Malar reaches glenoid  Mualar does not reach glenoid fossa.
fogsn.
Palate fenestrated. Palate not fenestrated,

Before passing to the actual deseription of marsupial denti-
tions, it is opportune to refer to an interpretation of tooth
evolution which has not yvet been mentioned, namely that de-
veloped by the late Dr. Ameghinoe and known as the Plexo-
dont or Progressive Simplification Theory. The oldest
Mammal known which approximates the modern tvpe, Pro-
teodidelphys, from the Cretaceous of South America presents,
as would be expeeted from its Trituberceulate ancestry, a tuber-
culo-sectorial type of molar. We have already noted that this
type of molar when first encountered is fairly fully developed
and nothing is known of how it evolved.

According to Ameghino it is probable that the molar type
developed rapidly and to do this must have resulted from the
fusion of a number of teeth each presenting a simple eonical
erown and a single root. Furthermore aceording to this
theory, as in the Polybuny Theory previously discussed, all
simpler forms of teeth found among Mammals today have re-
sulted from progressive simplification. A little refleetion upon
the features of the reptilian and early mammalian teeth pre-
sented in the foregoing pages will convinee the reader that
the basal assumptions of this theoryv are not warranted. It
may therefore be dismissed as untenable.
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We shall now proceed to the consideration of the dentition
of the Marsupialia as a study in the adaptation of tooth forms
to life habits. As a standard a fairly primitive type of animal
must be taken. It must fulfill at least many of the require-
ments already laid down: thus it will be of small size, of in-
sectivorous (or insectivorous-omnivorous) diet and of terres-
trial or arboreal hahit.

An ammal fulfilling the foregoing requirements is the tiny

Fig. 17 Ceclusal view of dentition in Marsupial Mouse (Phascologale favipes,
9.211-2). Compare the upper molars with those of Drvolestes (Fig. 16) and the lower
molars with those cf Amphitherium (Fig. 13) The scale in this as in all succeeding
illustrations indicates millimeters.

Australian Marsupial Mouse (Phascologale flavipes). A glance
at the photograph (Fig. 17) shows the marsupial character
in the fenestrated palate, the inflected mandibular angle and
|Jilf'1il‘i|h‘l1 101 of the malar bone m the elenoid fossa. The tooth
formula is:

I 2 [ T P ' A :,1|-HL| [,

The incisor rows approaching each other obliguely, the well
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marked canines, the friangular transversely elongated upper
molars and the typieal tuberculo-sectorial lower molars indi-
cate its primitive character. The characters of the molars re-
call at once the appearance of Jurassie Trituberculates. The
sharp needle-pointed cusps and the presence of pronounced
styles upon the upper molars (Fig. 18) proclaim its inseetiv-
orous diet. Nevertheless there are eertain features whieh sue-
eest that even in this animal some specialization oecurs. The
ineisors on each side of each jaw are one less in number than
in the American Opossums which in this respeet are still more
primitive. Again the third lower premolar is smaller than the

second mdicating that the former tooth 158 undergoing redue-

Fig., 15.—Lateral aspect of skull of Marsupial Mouze ( Phascoiogale flavipes, 9.211-2).

Mote the typical needle-like insectivorous cusps and the forceps-grnip between the pro

cumbent lower meisors and the median upper ncisors. Very plainly shown are the
two-rooted condition of the upper premolars and the deep groove analogous to sub-
divigion omnn the upper camne root (see po 3.

tion. In the main however Phaseologale may be said fairly to
represent a very primitive type of Marsupial.

Reference to Fig. 18 shows that all the lower ineisors are
procumbent and form a foreeps-like oeclusion with the simi-
larly proecumbent upper median ineisors, a trait charaeteristic
of the insectivorous dentition. The upper median incisors have
their tips approximated though their bases are set widely
apart.

Regarding the molars it should bhe remembered that the pro-

tocone of the upper tooth fits into the talonid of the correspond-
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ing lower as a pestle in a mortar. Again the trigonid of the
lower tooth shears behind the tricon of the upper next in
front. Henee the protoeconid and paraconid of the lower molar
correspond to one blade of the shears while the metacone and
metastyle of the upper form the other blade. 1t is especially
important to emphasize this as a preliminary to the discussion
later of carnivorous adaptations in teeth. Equally important
15 it to remember in connection with omnivorous and herbiv-
orous modifieation that the first indieation of triturating acetion
is the mortar and pestle relation of the talonid with the proto-
cone.  Onee these fundamental relationships of the upper
and lower molars to cach other are fully understood the reason
for the imperfect development of the last member of both series
hecomes obvious. Having no lower molar to shear behind it
the last upper has developed no metacone or metastyle. Also
the last upper tooth being reduced and possessing an imper-
feet protocone the talonid of the last lower molar is incom-
pletely formed.

The carnivorous adaptation of teeth is next introdueced, first
because it is simpler and more direet in its evolution than the
herbivorous modifieation and secondly because there 1s a dirveet
suecession toward this adaptation in the family Dasyvuridae to
which Phascologale belones.

Sarcophilus ursinus, the Tasmanian Devil, a purely carniv-
orous, powerfully built and very ferocious animal inhabiting
Tasmania alone, is becoming rapidly exterminated by the farm-
ers as the penalty of its depredations on the stoek. This uegly
and nocturnal animal, illustrated in Fig. 19, kills every ereature
whieh falls in i1ts wav and is not too large to attack: even
sheep are not infrequently vietims of its bloodthirstiness. The
size of the skull is shown by the millimeter seale. The animal
is about as large as a terrier though much thicker set and with
shorter limbs.

The tooth formula is:

l

4 1 52 o4
I 3 ( = I 5 M e total 42,
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The mandible as m all purely carnivorous animals retains the

t'um|}']1' on the level of the molar teeth. The ecoronoid is elon-

eated and in consequence hecomes less broad. The jaws are

greatly foreshortened, packing all the teeth closely together
and redueing the antero-posterior extent of the ineisor portion,
The shortening of the jaws 1s associated with the elimination
of the last premolar, a process already foreshadowed by its re
duetion i size in Phascoloeale.  Sueh shortenimme 1s not neeces-

sarily characteristic of a earnivorous dentition; it oecurs only

pa?
prd
hy?
enf"
Fig. 19.—Dentition of Tasmaman Devil (Sarcophilus ursinus, 9.211-53). An exampl
the shortjawed Carnivore th reduction of the premolar series. Compare the
obhguity of the upper molar shear with that in Fig. 17

in certain genera. The milk molar preceding the third pre-
molar in most Marsupials, like its suecessor, does not oceur in
Sarcophilus.

Turning attention to the ineisors, it is observed that these are
small and more or less identical with each other exeept the
upper median teeth which as in Phascologale retain the sepa-

rated bases and approximated tips.* The inecisor rows however

*Thizs feature is better marked in some specimens than in others It 15 not very

earlvy exhibited 1n the skull
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are almost transverse sinee these teeth are no longer required
as foreeps but form rasps for eleaning flesh from bones.

The canines are powerfully developed as is natural in a
carnivorous tvpe.

[n the molars the development of shearing action is pro-
nounced and all triturating funetion is praetically eliminated.
In eonformity with the adaptation of the molars to a pure
shearing function the following modifications have occurred.
In the upper teeth the protocone and paracone are reduced
and the two anterior styles are nonexistent. On the other
hand the metacone and metastyle are greatly developed. With
the reduction of the protocone the hinder margin of the tooth
swings round to bring the shearing edge more in line with the
direction of the dental arch. This will be apparent if a
ruler is applied on the figure to touch the metastyle and
metacone of the third upper molar. The straight edee will
pass across the second premolar of the opposite side. If the
same test is applied to the third upper molar of Phascologale,
the straieht edge will pass through the second molar of the
opposite side. In the lower molars the protoconid and para-
conid are strongly developed and together form a shearing edge.
The metacone is nonexistent though it is represented on the
last tooth by a small cingular cusp. In all the talonid is greatly
redueed, being represented by a small entoconid and an ob-
viously decadent hypoeonid. The last upper molar having no
shearing funetion is very degenerate and sinee there is praec-
tically no protocone on this tooth the talonid of the last lower
molar is also vestigial,

Another type of earnivorous adaptation, this time retaining
the long jaw, is represented by Thylacinus cynocephalus, the
Tasmanian Wolf (Fig. 20). The most striking feature of this
animal whieh is larger than and almost equally ferocious with
Sareophilus is the faet that the jaws instead of being fore-
shortened are lengthened, especially in the premolar region.
This elongation has not interfered with the typieal carniv-
orous arrangement of the ineisors but has resvlted in the re-
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tention of the third premolar whiceh sinee it is the lareest of
the premolar series represents an even more primitive condi

tion than that of Phascologale. On the other hand the milk

molar which 1s replaced by this footh 1s simall, funetionless and
shed very early.
The dental formula is:

[—, C—,P-

¥

¥
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. M x total 46,

The inecisors are arranged in almost transverse rows, the
typical carnivorous rasping position. All the upper teeth are
incurved and the median ineisors do not show the separation
of bases and the approximation of tips found in Sarcophilus.

The canines present the usual earnivorous size and strength.

The molars are modified for shearing action as i Sar-
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cophilus but their general plan is not guite the same nor is
the talonid so extensively reduced. The metacone and meta-
style in the upper teeth and the protoconid and paraconid of the
lower exhibit the typical carnivorous exaggeration and the
posterior border of the upper teeth is swung round as in Sar-
cophilus. The metaconid in the lower molars is nonexistent.
As ean be seen from the retention of protocone and talonid in
unredueced form the last molar in both upper and lower jaws is
more developed than in Sarcophilus. Indeed in the mandible
the third molar presents the primitive character of heing the
largest of the series and has the best developed talonid into
which fits the comparatively large protocone of the last upper
molar,

The lengthening of the jaws, the presence and large size of
the third premolar and the charaeters of the molars just men-
tioned indicate at onee that Thylacinus is no near relative of
Sarcophilus. Rather these two animals present in eommon a
carnivorous adaptation of the teeth but they have attained
some similarity in tooth form by quite dissimilar stages. (Even
their ancestors are only distantly related.) Sarcophilus is a
modified Dasyure and Phaseologale represents a primitive stage
in its evolution. Thylacinus had with Phaseologale a remote
common ancestor but that is the extent of the relationship.

So far in tooth adaptation the emphasis has been placed
upon the shearing aetion of the trigon and trigonid. Next
must be considered the development of the erinding or trit-
urating action of the heel or talonid of the lower molar
in eonjunetion with the protocone of the upper. An example
of speeialized omnivorous dentition is to be seen in Thalacomys
minor, a Rabbit Bandicoot (Fig. 21). The present specimen
is from South Australia. Its food consists of insects and worms
torether with roots, bulbs, berries, fallen fruits and other
vegetable substances. In pursuit of these it must often dig
and this faet has given rise to the mistaken idea that the
animal lives in a burrow. It is about as large as a small rabbit,
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has long ears and silky fur but a long tail with a erest of hair
on the dorsal surface. The tooth formula is:
5 I 5] i
- : M —. total 45.
} i
The jaws are elonzated and associated with this feature is
the retention of the primitively large third premolar.
The upper inecisors, five in number on each side, also repre-
sent a stage as primitive as that of the American Opossum.

Although they and the lower incisors retain the insectivorous

Fig. 21 Dentition ot Raliit DBandicoot (Thalacomys minor, 9.213-1) This 12 a
very specialized form of omnivorous dentition It 15 also one of the extremely rare
ipstances where a cusp (the metacone) has apparently migrated I'he elongation of the
LALEEs &) aof the third lower 1 lar {one I1oriT Ol vy --||||-!:". j 15 Very o =|:||'!'-. AT A

arrangement and the latter are also somewhat procumbent
the erowns are flattened laterally and inerease in antero-pos-
terior leneth.

The canines present the great length usual i primitive
Mammals.

The molars are quadrituberculate teeth adapted for grinding
rather than for shearing insects or flesh. Unfortunately the
dentition is somewhat worn in the specimen figured and

some eusps are not so elear as eould be wished. DBy tracing their
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history through less specialized members of the family the
method by whieh the molars have attained their present form
is clearly demonstrated. In the upper teeth the protocone re-
mains large, the paracone is small and what at first appears
to be this ensp is really part of the parastyle (style b. DBens-
ley). A remarkable and almost unique feature is the migration
of the metacone toward the palate so that this cusp comes to lie
immediately behind the protocone execept in the last molar
in whieh it retains its normal position. The fourth large cusp,
oceupying what is normally the situation of the metacone upon
the erown, is really the mesostyle (style ¢. Bensleyv). Unlike
the condition found in the carnivorous dentitions just deseribed
the metastyvle is eliminated and the metacone has taken on a pestle
action somewhat similar to that of the protocone. This peculiar
conduect of the metacone is the single known instance of migration
of a cusp in the teeth of modern Mammals and as sueh it 1s
worthy of note. Only in one order (Amblypoda) is a similar
condition found even among Tertiary Mammals, Migration of
eusps in animals of Trituberculate orvigin is therefore of the
rarest occurrence and this is significant in relation to Gregory’s
presentation of the Wedge Theory (See page 62).

In the lower molars there are two striking features, great
inerease in size of the talonid and the reduction of the trigonid.
The former is clearly a grinding adaptation, the latter the
natural result of an inereasingly herbivorous diet. In the
talonid whieh is raised as high as the trigonid there are two
cusps, the entoconid and hypoeonid exeept in the last tooth.
The talonid fits itself as a mortar for the pestle-like action of
the protocone. In the trigonid, although the paraconid 1s lost,
there still exists a part of the shearing ledege running from the
site where this cusp onee lay to the protoconid: this with the
two remaining cusps of the trigonid bounds a second mortar-
like area against which oceludes the metacone of the upper
tooth next in front.

Yet another point should be observed in the molars of Thala-
comys. The grinding of roots and other vegetable substances
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which are of necessity mixed with earth must entail ereater
wearing of the molars than the purely imsectivorous or carniv-
orous habit. In Thalacomys this has been provided for by the
marked elongation of the body of the tooth, one variety of a
condition known as hyvpsodonty. In other animals the term
hyvpsodonty is used to indicate marked elongation of the cusps
themselves,

A mueh more general form of omnivorous dentition is that

presented by Petaurus breviceps the Lesser Flying Squirrel

g, 22 Dentition of Lesser Marsupia! Flyving Squirrel. Petauruzs brevieeps,

i Example of an omnmivorous dentition forecasting in many features the evolu

tion of the herlivorous adaptation. Note the elongated lower median incisors and the
gquadrilateral crowns of the molars with thetr four rounded CLISS,

(Fig. 22). 1t is true that the parachute flight of this animal
imdicates a certain specialization but 1ts dentition 1s stated to
he the same as that of its nonvoelant parent form Gymnobelid-
eus. Naturally, in spite of its name this ereature is not a squir-
rel at all but a phalanger. It has a dentition most important in
the present connection because it foreshadows the method of

evolution of the truly herbivorous adaptation.
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Petaurus 1s an arboreal animal, its strueture rendering it il
adapted for terrestrial habits, Its diet consists partly of in-
seets and partly of the blossoms of the Euecalyptus tree.

The tooth formula is usually given as:

1 3

: C=F=.M _-:.Intzl] 40,

L5 Cor g

although the identification of the vestigial lower antemolar
teeth is difficult. Many evidences of considerable specializa-
tion are present. The elongated lower median incisor, the re-
duced upper canines, the irregularity of the upper premolars,
the vestigial character of the lower teeth between the median
ineisors and the molars, the reduction in size from hefore
backwards of the molars themselves especially evineed in those
of the upper jaw, and the inturning of the hinder ends of the
upper dental arch all indieate specialization, There are how-
ever certamn primitive features which cannot be hidden. For
example the upper incisor tooth rows are direeted toward
each other in typical insectivorous fashion. The median in-
cisors also are somewhat procumbent and have their tips ap-
proximated more than their bases. The third upper premolar
shows no sign of reduction. The median lower ineisors are
procumbent and although elongated and greatly enlarged meei
the uppers in true foreeps manner. Bevond these features the
dentition displays new traits for examination. The large size
of the median lower ineisors has resulted in foreshortening of
the mandible and reduetion or elimination of all the lower inter-
mediate teeth. The molars themselves no longer present needle-
like eusps or, in the case of the uppers, well marked styles so
characteristic of the insectivorous dentition. Their cusps are
rounded, mound-like or bunodont. The styles are practically
nonexistent and all trace of shearing action is lost. In the
upper teeth, in addition to the original proto-, para- and
metacones a fourth eusp appears behind the protocone and is
fairly well marked in all exeept the last tooth. This new eusp
is ealled the hvpoeone and its importance as a second pestle
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aceessory to the protocone becomes evident., There is a slight
ridee connecting the proto- and hypoecones and indieations are
present also of ridees passing transversely from the proto-
and hypocones to the para- and metacones respectively,
Finally from the hypocone a ridege ill-marked as yet passes
round the anterior margin of the tooth in front of the paracone
and a similar erest originating in the hyvpocone runs round the
posterior margin behind the metacone. All these features are
deeply significant as forecasting the commenecing herbivorous
adaptation.

In the mandible the molars, exeepting the first, are gquaduri-
lateral in shape and display four bunodont cusps, the proto-
conid, metaconid, entoconid and hypoconid. The paraconid is
eliminated. There is a sliecht external ridee connecting the
proto- and hypoeonids. In the first molar not only is the para-
conid absent but the metaconid is vestigial and the protoconid
shows an appearance reminiscent of its relatively great devel-
opment in insectivorous forms since it exhibits to a slight de-
gree a sectorial character. These bunodont molars are very
serviceable in triturating food for the pestle and mortar rela-
tionship of the protocone and talonid is aided by a similar in-
teraction of the hypocone with the anterior slope in front of
the protoconid and metaconid of the lower molar next behind.

All the Marsupials hitherto deseribed have belonged to' the
suborder Polyvprotodonta, so-called beeause they possess more
than one funetional ineisor on each side of the mandible.
Petaurus is the first example of the suborder Diprotodonta, the
members of which possess only a single pair of functional in-
cisors in the lower jaw. Referring then once again to the den-
tition of Petaurus it is seen that the second and third upper
incisors merely act as stops to the long lower inecisors. It will
shortly be apparent that the dentition of the herbivorous Dipro-
todonts is developed direetly from the inseetivorous type
through the omnivorous adaptation by a peculiar elongation
of the median lower incisor. There is however no direet line
of evolution in which all the steps may be followed. IHence it
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is necessary to examine the dentitions of two animals whieh
represent side lines in evolution,

Trichosurus vulpecula, the true Phalanger (Iig. 23), one of
the so-ealled Australian Opossums, is an animal about the size

and form of a small fox. It is common everywhere in forested

Fig. 23 LDantition of the true Phalanger I I, 222
dentition indicates still more clean y than that of Petaurus the evolution of
}'u.l.'l'|.lll.'|-.'-|',|_1 :_-.'En,,

reeions of the continent and its diet consists of small hirds and
leaves espeecially of the peppermint gum tree. The tooth

Tormula 1s:

( |"_"l||ll|""~'

5 3 5 4 . L3k 5t -
| |

The upper Incisors are arranced 1 a r-:u]lll"ﬂ.']ﬁ.‘ﬂ l'g|1'||i'-.'nl'n'll'-'
rasping arch and the last premolar of both jaws is sectorial m
type, a form equally servieeable for eutting flesh or shoots. The
canines are greatly redueed and the molars bunodont and
roughly quadrilateral. The median lower incisors are elon.

oated as in the herbivorous Kangaroos and the next ineisors
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merely vestigial.  All other intermediate lower teeth in ad-
vanee of the last premolar are eliminated. The upper molars
show protoeone, paracone, metacone and hypoeone and from
the first and last mentioned cusps which are conneeted by a
low ridge there run ledges round the anterior and posterior mar-
gins of the tooth as in Petaurus but more stronely marked. All
trace of styvles has vanished. The hypoecone is not developed on
the last molar. Transverse ridees are well marked between
protocone and paracone and between hypocone and metacone.
OFf the mandibular molars the first still shows some sectorial
traits because of the relative prominence of the protoconid and
the vestigial character of the metaconid. In the others the loss
of the paraconid is obvious, although a remnant of the proto-
conid-paraconid ledege remains to form a triturating surface
upon whieh the hypocone of the upper tooth next in front may
play. The heel exhibits two well-marked eusps, the entoconid
and the hyvpoconid, the latter of whiceh is connected with the
protoconid by a slight ridge. From the hypoconid a small
ledee runs round the posterior border of the crown,

Before passing on to the lophodont Kangaroos we must note a
tvpe of purely herbivorous dentition with ereseent cusped molars
presented in the so-called erescent-toothed Phalangers. Of
these the most advanced species is Phaseolaretos einereus, the
Koala or Native Bear (Iig. 24). This heavily built animal of
the size and somewhat of the appearance of a poodle dog is
never seen in captivity outside - Australia because of the im-
possibility of obtaining the proper food. The animal lives
largely upon leaves of the blue gum tree though it also de-
seends to the ground at night to dig for roots. Its diet is thus
purely herbivorous. The tooth formula is:

| : ¢ {'r P : M . total 30.

The dentition is at onece distinguished from that of the Pha-
langer by the absence of the rudimentary lower second ineisors,
the elimination of more antemolar teeth, the retention of styles
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on the upper and the oceurrence of erescent-shaped ecusps on
the lower molars. A feature of the mandible hecominge more
marked with an inereasinely herbivorous habit 18 the raising
of the condyle above the molar level with econsequent inerease
in the area of the ramus, reduetion in breadth of the coronoid
proeess and clearer definmition of the sigmoid noteh. It is also
worthy of note that in the more purely herbivorous forms the

zveomata do not project so greatly beyvond the brain ease as

in inseetivorous and earnivorous forms. The upper incisors
are no longer arranged as for rasping but obviously as a coun-
tercutting edee for the eloneated and procumbent lower n
eisors. In this funetion the median upper teeth alone are 1m-
portant, the second and third incisors being greatly redueced.
The upper canines are quite rudimentary; the lowers eliminated,
The single premolar in each jaw still shows some remnant of a
sectorial character. The molars, more especially those of the

upper jaw decrease in size from before backward. One of the
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most significant features is the oceurrence of crescentie or
selenodont eusps. In the upper teeth proto-, para-, meta- and
hypoeone are all present, the inner eusps being less prominent
than the outer ones and the hypoeone, as a younger cusp phylo-
genetically, smaller than the protocone. Each cusp presents a
coneavity open outwards. On the lateral margin of the tooth
oceur the parastyle and mesostvle with a vestize of the meta-
stvle. Owing to the lateral movements in iastication the eusps
of the talonid of the lower molars swing transversely through
the groove between the protocone and paracone in front and
the hypoecone and metacone hehind: apparently in assoeiation
with this the mesostyle is bifid. The last upper molar presents
a noteworthy feature in having a pseudohypocone. This cusp
simulating the hypoeone in position and appearance is observed,
by comparison with less specialized members of the family, to
be produced by the subdivision of the metacone. If ever a true
hypocone ocenrred on this tooth it has been lost and a tritu-
hereulate condition restored as a speeialization whiech may be
seen in less advaneced creseent-toothed Phalangers. Later in
response to necessity a pseudohvpocone was developed as al-
ready mentioned. The progress of evolution towards reduc-
tion of the fourth upper molar has in this case been first ar-
rested and then aetually reversed. In other words this is an
instance of reversibility of evolution. In association with this
the last mandibular molar is only slightly reduced in size.
The cusps as in the upper teeth are erescentic but the con-
cavity is directed inward. As in the maxillary teeth the
erescents are more pronounced in the outer cusps. The para-
conid is the only eusp lost. The oceurrence of a slight ex-
ternal eingulum diminishes somewhat the noteh between pro-
toconid and hypoconid.

A selenodont adaptation of molar eusps oceurs several times
in the evolution of mammalian dentitions. It represents one of
the inherent responses of the tooth to funetional requirements
and is by no means confined to a single order.

There remains another modification in which however
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imdividual eusps are united to form erests. This is termed the
lophodont dentition and will be illustrated by examples from

the Kangaroos. In it the molar teeth tend to be long crowned

or hypsodont whereas in both other modifications so far con-
sidered (except in Thalacomys) the teeth are short crowned or
hrachyvodont.

The three tyvpes chosen to represent the lophodont dentition
are the following: Potorous tridactylus, the common Rat Kan-
earoo of Eastern Australia and Tasmania (Fig. 25), Dendro-

lagus inustus, a Tree Kangaroo from New Guinea (Fig. 26),

g. 23, —Dentition of Rat Kangaroo (Potorous tridactylus, 92215

and Macropus bennetti, Bennett’s Wallaby of Tasmania (Ig.
27). Potorous is a noeturnal animal living in the serub jungle
and feeding on roots and bulbs as well as erass and leaves.
Coneerning the habits of Dendrolaeus hittle 1s known, but it
certainly feeds upon ereen shoots of the trees in which it hives.
Maeropus is the most advaneed example and though varying its
diet with shrubs and roots it is in the main a grazing animal.

Fixamination of the photographs shows that the dentition of
Potorous recalls somewhat that of Petaurus: the other two are
more specialized. Marked changes oceur in all the teeth. The
upper median ineisors, long thourh not proecumbent in Poto-

rous, become shorter in Dendrolagus and equal in length the
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other upper ineisors in Macropus. The lower inecisors becom-
ing elongated, lanceolate and more proeumbent, provide, in
Maeropus, a eutting edge which works against all three upper
teeth. The second upper incisors from their eramped position
may beeome very reduced. The third ineisors tend to lengthen
antero-posteriorly perhaps because they have room to extend.
The canines, absent throughout in the mandible, become pro-
aressively reduced in the upper jaw until in Maeropus merely a
small groove in the bone indicates their presence. The pre-
molars vary in number with age; in the voung individual the
second and third are present in both jaws. As the animal grows
older these two are lost though the second remains longer in
Macropus than in the others for reasons to be specified later.
In each of the examples shown the second premolar is already
lost. In all but espeeially in the charaeteristically shoot-feed-
ing form, Dendrolagus, this tooth shows a well marked sectorial
character retained with some modification from the inseetiv-
orous-omnivorous stage,

The greatest chanres are observable in the molars. The tooth
rows are slightly inturned posteriorly in all three types. The
molars of Potorous are short erowned quadritubereular buno-
dont teeth with slightly marked transverse ridges eonnecting
the two anterior and the two posterior cusps. There are also
ill-defined longitudinal rideges connecting the inner cusps in
the upper teeth and the outer eusps in the lower teeth. The
fourth upper molar shows a pseudohypocone produced as in
Phaseolaretos by the division of the metacone. In Dendrola-
cus the teeth are still brachyodont but the transverse ridees
with the eusps have grown prominent to form distinet erests or
lophs. The antero-posterior ridge is also better marked. These
features are accentuated in the most advaneed type, Maero-
pus, in whieh also the teeth are long erowned or hypsodont, the
inereased length residing more in the cusps (lophs) themselves
than in the body of the teeth. This hypsodont charaeter should
he eontrasted with the hyposodonty in the bandicoot, Thala-
comys. The photographs of these three animals represent as
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nearly as possible individuals at eorresponding stages of life.
But whereas in Potorous and in Dendrolaenus all the molars are
erupted and the first worn only slightly more than the fourth
in Macropus the fourth is still not fully erupted although the
first is greatly worn. A similar eondition will be noted in the
grazing Ungulates and in the Elephants. The grazing habit
causes greater wear of teeth than any other form of feeding and
Nature, in defense, has arranged that the hinder molars erupt
later in these than in other animals and come into action as the
more anterior teeth wear out. Several other features of the
dentition of the Kangaroos are explicable upon the same basis.
The hypsodont character of the teeth, the transformation of a
bunodont into a lophodont dentition and the exageeration of
the longitudinal ridges are examples. Again whereas in Poto-
rous the last molar is the smallest, in Maecropus this tooth has
hecome secondarily enlarged, an example of reversed evolu-
tion. In this respeet Dendrolagus represents an intermediate
stage. As the smaller but more numerous anterior teeth be-
come worn and fall out the longer hinder teeth erupt, migrate
somewhat forward in the jaw, and provide the animal with an
unshortened molar row. The reasons for retention in earlier
life of the second premolar in addition to the third is now clear.
This tooth assists the molars before the eruption of the hinder
teeth. Lastly the herbivorous Marsupials differ from insee-
tivorous and carnivorous forms in presenting a better marked
vestige of the milk dentition. All herbivorous Marsupials have
a well-developed milk molar which remains in position a com-
paratively long time before it is replaced by the seetorial last
premolar. The milk tooth thus assists the first permanent
molar in funetion and only falls out when much worn. In
Macropus, counting the milk molar, there are seven cheek
teeth (two premolars, four permanent molars) of which, how-
ever, only three are present in old animals.

The tooth formula for the Kangaroos may now he stated but
it must be remembered that these formulae vary with age.
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The progressive elongation and Ungulate-like appearance of
the jaws should be noted. The condvle is raised above the
molars thus entailing lenethening of the mandibular ramus
and narrowing of the coronoid process.

still another animal must be ineluded in the studv of the

L TR S R T
8. Dentition of Tasmaman Wombat ( Phascolomys ursi us, 9.222.5). Thiz ammal
is the only gnawing tvpe among the Marsupials

adaptations of the marsupial dentition, namely, Phascolomys
ursinus, the Tasmanian Wombat (Fige. 28). Tt is a herbivorous
animal but its dentition has taken on a gnawing character like
that of the most specialized placental Rodents. It is a noe-
turnal burrowing ereature about as large as a badger but more
thiekly set and feeds upon grass, other herbage and roots.

The tooth formula 1s:
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The gnawing character is seen in the sealpriform ineisors in
which the enamel lies mainly upon the labial face and in the
double triangular appearance of the molars which like the
ineisors, growing throughout Ilife, have permanently open
roots,

Nothing need be said concerning the single premolar since
it resembles half a molar. The molar bodies are eurved, the
concavity of the upper teeth directed laterally and that of the
lowers facing toward the tongue. In this way grinding
pressure is not transmitted to the growing root but is sup-
ported upon the side of an arch. The ¢rowns are worn obliguely
so that the sharp edge is lateral in the upper teeth and mesial
in the lower. The connected bases of the maxillary molars are
lateral; those of the mandibular series mesial. The upper
molars diminish in size from the second backward; in the man-
dible the first three molars are subequal. In both jaws the
fourth molar is the smallest.

A specimen with worn teeth like the one figured does not
oreatly assist in the identification of the relationships of Phas-
colomys. For this a very voung example is necessary. It then
appears that Phascolomys is very like Trichosurus in the pos-
session of pointed ineisors and unworn molar erowns. In both
there oceurs the same arrangement of bunodont cusps, rideges,
and ledges. Probably, therefore, Phascolomys had a phalan-
verine ancestor and its burrowing habit is secondary being
readopted after a previous arboreal existence,

The peculiar condyvle and coronoid proeess and the remark-
able glenoid fossa should be noted.

To complete fully an account of the Marsupials, some refer-
ence should be made to the aberrant forms Tarsipes, Myrmeco-
bius, and Notoryvetes.

Tarsipes is a long snouted phalanger which, having taken to
a diet of honey, exhibits a degenerate dentition. Myrmecobius,
the Banded Anteater, is an aberrant dasyure which possesses
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a very modified dentition the most remarkable feature of which
is the inerease in number of molars associated with degen-
eration of the antemolar teeth. These two peculiar diets are
invariably associated with a modification of tooth form, but to
avoid tedium consideration of this phenomenon will be post-
poned until placental Mammals exhibiting similar modifica-
tions come to be discussed (see pp. 161, 224 271).

It will now be elear that the reason for the dominant position
in phylogeny of the so-called trituberculate type of dentition
is its infinite range of adaptation to meet all possible dietary
conditions. The absenece of this adaptability in the tooth pat-
terns which characterize Multituberculates, Protodonts and
Triconodonts is one of the factors which led to their ultimate
extinetion.

One peculiar modification of the tritubercular tuberculo-
sectorial dentition, namely that of Notorvetes the Marsupial
Mole, will be diseussed in the next chapter with the very simi-
lar dentition of the Zalambdodont Insectivores.

Although full diseussion of the deciduous teeth cannot bhe
entered upon at this stage eertain prominent facts concerning
the marsupial milk dentition should be recalled. In this Order
the milk dentition has become greatly reduced probably in
consequence of the peculiar conditions of birth and of early
life. In no Marsupial is there ever more than one tooth pos-
sessing a temporary predecessor. When replacement occurs it
invariably involves the last premolar. The deciduous tooth is
molariform and is therefore unlike its suceessor. The succes-
sional tooth moreover develops in front and not behind its pred-
ecessor as in the case of most replaced teeth in Placentals.
The condition is therefore difficult to interpret. Possibly the
deciduous tooth is really one of the permanent molar series
projected as it were over the top of the posterior premolar.
But whatever be the explanation the deciduous marsupial den-
tition illustrates very clearly the principle of reversed evolu-
tion. In the insectivorous-carnivorous series the deciduous
tooth becomes progressively reduced but in the purely herbiv-
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orous group this tooth apparently takes on a secondary stage
of development. In the Opossums, the most primitive of all
Marsupials, this tooth is well developed. Tt is mueh reduced
in Phascologale, vestigial in Thylacinus and absent in Sareophi-
lus. Henee it is becoming progressively eliminated though, as
may be inferred from the condition in Thylacinus in which the
last premolar is well developed and retains its primitive c¢har-
acter, the elimination of the milk tooth is by no means neces-
sarily paralleled by corresponding reduection in its suceessional
tooth. The milk tooth is also vestigial in the Bandicoots, in
the Koala and in the Wombat but in the Phalangers and
lKangaroos ( Macropodidae) its reduction has heen arrested and
indeed reversed. Apparently because of the advantage which
the tooth subserves in a purely herbivorous dentition it has
taken on a secondary growth in these animals and remains in
place until the attainment of early adult age.

Although we have spoken of reversed evolution the expres-
sion must not be taken too literally. Evolution is irreversible
after a certain stage in so far as actual strueture is concerned;
for example, a hyvpoeone onee lost eannot he restored. On the
other hand the formation of a pseudohypocone on the last
molar ean result from the division of the metacone as in the
[Koala and the Kangaroos. Evolution is reversible in the pos-
sibility of adaptation to environment or to funcetion. The de-
ciduous molar becomes secondarily enlarged in the Kangaroos
s0 as to simulate its primitive appearanece in the Opossums,
although the parts aetually eliminated cannot themselves he
recained. Further in consideration of adaptation to environ-
ment and funetion it must not bhe forgotten that the loss of a
tooth, as of a digit, necessarily diminishes the plasticity of the
organism as a whole in future possible adaptations.

In the adaptive radiation of the Marsupials various other
principles of evolution are to be noted.

Divergent evolution is seen in the produection of the molars
which are bunodont in the Phalangers, selenodont or ereseent-
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shaped in the Koala, lophodont in the Kangaroos and columnar
in the Wombat.

Parallelism is exhibited in the evolution off the molars of
Dendrolagus and Maeropus. These two Kangaroos are related
aneestrally in the primitive bunodont stage alone bhut because
of the inherent tendeney of animal types to respond morpho-
logically in the same manner fo the same environment and life
habits the lophodont dentition is strikingly similar in both.

The last mentioned prineiple gives some clue to the forma-
tion of species and genus. It i1s possible that a new speeies is
finally evolved through similar and simultaneous modification
of numerous individuals although the part played by muta-
tions appearing in a single individual should not be underesti-
mated. It is elaimed that a new genus of South American fresh
water fishes is even now in process of development through the
transformation of several speeies of an older genus, the change
coing on simultaneously but independently in widely separated
parts of the eontinent.,



CHAPTER V
THE INSECTIVORES

The order to which a Mammal belongs is no real indieation of
its diet—Central position of the order Inseetivora among
placental Mammals—Dilambdodonts and Zalambdodonts—
Relationship of the Tree Shrews to ancestral Primates—
Parallel evolution in modern Tree Shrews and Lemurs—
Convergences displayved by the Marsupial Mole andd
Zalambdodonts—Derivation of the Zalambdodont denti-
tion.

In deseribing the dentition of the Marvsupialia a fact of very
ereat importance emerged namely that within a single order
variations in dietary habit are found to be associated with dif-
ferences in dentition. This should be horne definitely in mind
in studying the various mammalian groups for it is easy at
first to confuse the ordinal position of a Mammal with the type
of its feeding habits. Among the so-called Carnivora for ex-
ample the Cats are pure flesh feeders bhut the Does are omniv-
orous and even the most purely carnivorous DBear, the Polar
Bear, varies its diet of seal with berries and erass during the
short Aretic summer. One must realize therefore that the name
of the order to which an animal belongs is no real guide to its
customary diet. One must not infer from the foregoing de-
seription of the Marsupialia however that a complete sequence
can be traced in every order commeneing alwayvs with a central
msectivorous or insectivorous-omnivorous form. Recent Mam-
mals usually represent speecialized and often isolated modifiea-
tions from the ancestral type and it is only in the Marsupialia
that a fairly complete and comprehensive sequence can be
traced in existing forms. In some orders every speecies is now

95
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so thoroughly speecialized that only obscure traces remain to
show what from the paleontological record we know its ances-
try to have been but it is eertain that all orders at one time or
another, some in the very remote past, have originated from an
insectivorous-omnivorous type.

The foregoing statement will render clear the reason for
studying the Insectivores first among placental orders. Many
vears ago Huxley laid particular stress upon this eentral posi-
tion of the Insectivora and announced his conviction that any
one who is acquainted with the range of variation of structure
in this order and in the Rodentia possesses the kev to every
peculiarity met with in the Primates, Carnivora and Ungulata.
How true Huxley’s statement has proved to be will hecome
apparent in the perusal of the ensuing chapters.

The ovder Inseetivora is without doubt the most aneient
placental order and the animals ineluded therein subsist upon
an insectivorous diet with its usual adjunets—worms, rep-
tiles, eges, nestlings and fruit except in the case of the Afri-
can Water Shrew Potamogale which is said to feed entirely
upon fish. Animals which have preserved to the present time a
phylogenetie character so aneient cannot he expected to
exhibit the eeneralized features of their ancestors. Though
certainly primitive all are exceedingly specialized and aber-
rant. They are sparsely distributed in the more inacecessible
parts of the world or have developed some special habit of
life (Moles) or some particular method of defense (Hedgehogs)
whereby they are enabled better to preserve their existence.

Of the Insectivores there are two types distinet in their den-
tition though similar in their diet.®* Of these the Dilambdo-
donts present W-shaped upper molars like those of the insee-
tivorous Marsupialia, whereas the Zalambdodonts exhibit a pe-
culiar triangular type of upper molar which has probably been

*T'hiz seems in direct contradiction of the geéneral statement so often emphasized
in these pages that like diets are associated with similar types of dentition even in
different orders. In view of our ignorance concerning the mode and canse of evalu-
ton of the Zalambdodont dentition, one can only say that this, the most striking excep-
tion cannot weaken the case for the relationship in general of dentition with diet
which stands self-evident (but see pp. 197, 223).
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derived from the typical primitive tritubereular form through
the fusion of the paracone with the metacone, Associated with
the latter CTOup from the ]Hni||1 of view of tooth form is the
curious httle Marsupal Mole, _"";Lﬂnr':'.':'It‘h.

As one of the I‘l"]II't‘Hl'!HFi[i".I'H of the Ihlambdodonts the eom-
mon European Mole, Talpa europea (Fig. 29) has been c¢hosen,
The form of its molars with their needle-lile cusps proelaims at

onee an insectivorous habit. Yet the semicireular upper in-
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Fig., 29 —Dlentitio f Furapean Mole (Talpa europea, 9.337-1 An example «

[rrEinatey nmisccbhivorous '.-'.;:::-! -,-,:!!: SONTE CArNIVol 15 ol pations,

cisor arch suggests earnivorous approximation, an adaptation
further indicated by the prominent sharply pointed seetorial
last upper premolar and by the shearing edee produced from
the ridge conneeting metacone to metastyle. The last named
feature is especially obvious in the first molar. The diet of the
.I'l-IHll:' "“ll?‘:.-li‘:‘lf"ﬁ '5'|I |'.:'|]'|'Ii|1.".“|':|r|:“‘~L i||"‘||"'.|"*L d'||i|| 1|'||'i-|' |i||"‘-'.'l' :l||1| 1i|1'

tooth formula 1s:
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3 1 4 3
= (=P LA atE A
l:-.‘- I I 1 lg total 44

This formula is important because it represents the full
placental dentition. The premolars are one more and the
molars one less in number than in Marsupials. Only in oe-
casional (Otoeyvon, Cetacea, ete.) or in doubtful (Shrews) in-
stances are these numbers exceeded. Examining the teeth in
detail and ecomparing them with the dentition of Phascologale
the following points may be noted. The upper median ineisors
show no procumbeney or approximation of tips but are uniform
with the others. The lower ineisors are also subequal in size
but are slichtly procumbent. Unlike the strong upper tusk the
lower canine is reduced and slightly proecumbent. Associated
with this 1s the exaggerated size of the first lower premolar.
The second, third, and fourth lower premolars progressively
inerease in size. In the maxilla the last premolar alone at-
tains any considerable development: it hecomes a earnassial or
sectorial tooth similar to but less developed than that found
in Carnivora. The upper molars except the last show the three
cusps and the three styles as in Phascologale bui the protocone
is a low shelf-like strueture and projecting behind it on the
first and second molars is an extension which may represent
the hypocone. This is doubtful however sinee the cusp does
not fit into the trigonid of the lower molar next behind. Into
the triangular spaces between the upper teeth pass the trigo-
nids of the lower molars in closure of the jaws. The last upper
molar exhibits no metacone-metastyvle shear since there is no
lower tooth to ocelude behind it. Eaeh mandibular molar shows a
typical three-cusped trigonid with a somewhat smaller two-
cusped talonid or heel immediately behind. The talonid is re-
duced in the third molar. In brief then the dentition of Talpa
as just deseribed differs from the purely inseetivorous denti-
tion of Phascologale in its incipient carnivorous adaptation.

A somewhat different type of Dilambdodont dentition is
represented in the lesser Gymnura, Hylomys suilla dorsalis
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(Fig. 30), a very primitive Hedegehog from Borneo. The food
of this animal so far as it 18 known is insectivorous: beetles.
white ants and larvae being its favorite. Quite possibly
the diet 18 more u‘l*ill'l'lnl]ﬁlf' omnivorous like that of its
[luropean relative. The tooth formula is the same as that of
T.‘I||:.‘I_ The dentition shows IillllLiﬁith.‘llﬂ_‘u' that the animal leans
to the omnivorous rather than to the earnivorous adaptation.

The neisors, canines and premolars, though small are typ-

Fig, 30, —Dentition of Lesser Gyvmnura (Hylomys suilla dorsalis, 9.330-4). I'his
imal retainsg many insectivorous teatures ts densition which 1z adapted tor an

1cally insectivorous. The lower ineisors are proeumbent but
the median uppers show neither this feature nor approxima-
tion of their 1-I]Ih_ In each jaw the last |H'l-||m|:'.r' 1% Very large
and seetorial. It 18 the molars however to which attention 1s
Imnaost :|:-1*i:lrc|]} attracted. Throuch reduction of the H'l:'.'ll'.‘-\. and
the appearance of a hypocone-bearing heel the upper molars
have become quadricuspid. The hypocone is well developed in

the first and second but is absent in the third tooth, its place
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in this being taken by an elongation of the metacone. Even in
the two anterior molars the metacone-metastyle shear is greatly
reduced and in the second and third it is nonexistent. The
needle-like appearance of the cusps is lost and sinee the molars
are quadrilateral there is but little space between them for
the reception of the trigonid of the lower molars. In this there
is a4 marked difference from the pattern and relations in Talpa
and Phascologale. In conformity with this construetion of the
upper teeth the protoconid on the lower molars is greatly
reduced. The protoconid-paraconid shear is found only upon
the first molar. In other respects the lower teeth call for no
special deseription. The reduetion in size of the molars in both
Jaws from the first backward is an example of specialization,
The glenoid fossa compared with that of Phascologale is com-
paratively shallow to allow for freer rotary movement in assc-
ciation with the omnivorous adaptation of the teeth.

Perhaps the most significant family of the Dilambdodonts is
that of the Tupaiidae or Tree Shrews which are of special im-
portance because of their relationship to the Primates. They
differ from other Insectivora in many features, for example,
the orbit instead of being open laterally is encireled by a ring
of bone as in Primates. The example chosen is Tupaia tana,
a Bornean Tree Shrew (Fig. 31). Its diet consists of insects
and fruit and the dentition is therefore insectivorous-omniv-
orons. The tooth formula is:

12,0t 22 M2 istalas
3 1 3 a3

The third upper incisor and the first premolar of both jaws
in the aneestral dentition have been lost. The markedly pro-
cumbent lower ineisors, the reduced upper eanines and the
inerease in size backward of the premolars are noteworthy.
The upper molars exeept the last show the styles plainly al-
though the metacone-metastyle shear is absent. The hypocone

r

is more developed than in Talpa but less pronounced than in

Hylomys. Eaeh lower molar shows a small but distinet para-
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conid. The molar teeth of both jaws show the specialized
feature of deerease in size from the firs |r.'|.v:*]{'n-.';]r':|h, The L{']l'-
noid fossa 1s broad antero-posteriorly and shallow in conform-
ity with the omnivorous tyvpe of dentition.

[n general then the teeth of Tupaia exhibit a tendeney toward
the omnivorous adaptation less pronounced than that of Hy-
lomys. But Tupaia is an advanced type. Its anecestry can he

traced back to the Kocene of North America in whieh oeceurs

a Tupaiid, Kntomolestes, the primitive characters of whieh in-
dicate that it lies elose to the Fmi||t of |lih'|'1'2'1~||1'|- hetween
modern Tree Shrews and non-Malagasy Lemurs. IFrom this
we must infer that althoueh 1 skull, skeleton and dentition,
Tupata resembles the Lemurs quite elosely it has attained the
Lemur-like features independently by parallel evolution. In
the study of teeth and skull there is often noted a tendency
in different orders or families towards evolution along paral-
lel lines, a tendency of very great importance which cannof

|:|1' Loo Hillc-|| |*|||||l|4|hi;ﬁ1'|],
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In a work of restrieted size many important tyvpes must
necessarily  be omitted. 1t would be mexeusable however
to pass over the Zalambdodonts without at least some refer-
ence, although for obvious reasons they cannot be fully con-
sidered. With these animals should be grouped the Marsupial
Mole, Notoryetes which presents a similar type of dentition.

A r-;!u'['ju“;{wl representat ve of the Zalambdodonts is 11||]'I'1 S0)-

chloris trevelyani, the largest of the Cape Golden Moles (Fig.

32). This fossorial animal belongs to a family which is

FFig. 32.—Dentition of Cape Golden Maole (Chrysochloris trevelyvani, 9.335-1) A repre
sentative of the most primitive type of living Mammals.

probably more primitive than any other group of Mammals
now hiving., So far as is known its food consists mainly of earth-
worms but the dentition differs egreatly from that of other
Moles although paleontology shows it to have been derived
probably from the same stock as the Dilambdodonts. The tooth
formula 1s:

0 )
=T !.."-[ ~. total 40.
The upper median incisors are nearly vertical but are large

and their tips approximate. This, together with the infleetion
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of the mandible gives the skull a superficial resemblance to
the Marsupials which however is not confirmed upon fur-
ther study. The canines are reduced and the last premolar in
each jaw is completely molariform. The last molar is greatly
reduced as would be expected in so specialized an animal and
in each jaw the first molar is the largest of the three. The
upper molars are triangular, compressed from before back-
ward and elongated from side to side. There is a single in-
ternal cusp flanked on its palatal side by a well-marked
cingulum. Laterally placed are two cusps, the homologies of
which are obscure. The lower molars also are triangular,
having on the labial aspect the apex formed by a tall cusp, the
protoconid. On the lingual side are two eusps, paraconid and
metaconid which are related to the protoconid almost as in
typical Jurassic Tritubereulates. On the distal or posterior
face of the tooth is a small spur-like heel. The lower molars
fit between the upper teeth and thus form well-marked shears.

The inference to be drawn from examination of the teeth
of the Zalambdodonts is that they must be considered apart
from more truly tritubereular tuberculo-sectorial dentitions
exhibited by other Mammals. The Marsupial Mole either is
derived with the Zalambdodonts from a remote common an-
cestor or has attained the very speecialized features of its denti-
tion by convergence.

Gregory’s most recent attempt to homologize the cusps of
the teeth in Chrysochloris depends upon a modified coneeption
of the Premolar Analogy Theory. Suffice it to observe that
the first permanent molar quite possibly belongs in reality to
the milk dentition, whereas the permanent premolars belong
to the sueccessional set. Looked at from this standpoint pre-
cise homologies of the cusps of the permanent molars must not
be sought direetly in the premolars but in the milk molars
(see Fig. 77). It is known that the first eusp to develop in the
upper molar is the paracone and that the protocone develops
later: henee it is probable that the paracone is phylogenetically
the older cusp and that it represents the apex of the primi-
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tive simple reptilian tooth., In its turn the main eusp of the
premolar has the same homology and thus corresponds with
the molar paracone. In Chrysochloris the upper molar eusp
whieh oceupies the site upon the erown in series with the main
cusp of the premolars is the palatal eusp at the apex of the
triangle. This should then be the paracone and the cusps at
the base of the triangle represent the external styvles: the
palatal cingulum eorresponds to the protocone. This type of

tooth dates baeck almost unchanged to the Oligocene (Apter-

Fig. Ji—Dentition of Weszt African Water Shrew (Potamogale velox,” 9.333-1).
The dentition ni this animal stands intermediate between those of the more typical
Insectivores and that of the wve ry  specialized form Chrysochloris. A milk tootl
i5 retained in this specimen among ithe upper premolars. The shadow falls g0 densely
between the trigonids of the mandibular molars that the heel or talonid can be ser

ipon the last one only,

nodus) and it wmay be that the metacone like the hypocone
never formed. IFurther light upon the derivation of this type
of molar is shed however by Palaeoryetes, a very aneient
Mammal oceurring in the Paleocene. In this the paracone and
metacone are very close together as if the latter had just
budded off the former,

|’ri1.‘t|!|lu'_{'.'||1' 1.'1']113*;, the West Afriean Water Shrew :\l-'ll_d_-j_ o

e
gt
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an animal aberrant in many details and adapted it is said for
a fish diet, exhibits a dentition very similar to that of the
primitive Palaeoryetes and thus supplies an indication of the
correlation between the teeth of the Zalambdodonts and Di-
lambdodonts. The tooth formula is:

"
-

M-

. total 40.

-

The specimen figured has retained the first milk cheek tooth
in the upper jaw but it is a very useful specimen sinee the last
premolars are just erupting and all eusps are elearly shown.
In general the dentition and the shape of the dental arch are
of the usual insectivorous type and the last two premolars
im each jaw are increasingly molariform. Each mandibular
molar shows a typical trigonid with all three eusps and a heel
of fair size but low. In the upper molars a cusp not found n
Chrysochloris appears behind and shghtly lateral to that af
the apex of the triangle on the palatal aspect. It is best
marked on the second molar. 1If the cusp at the apex be the
paracone this one must be the metacone either just budded off
from or fusing with the paracone. The very ancient and very
specialized nature of the Zalambdodont group renders difficult
exact comparison with the cusps of the teeth in other mam-
malian forms.



CHAPTER VI

THE PRIMATES (EXCEPT MAN)

tieneral features of the order—Its Foeene historv—Tarsiidae
and Adapidae—The Lemurs—Recent chanee of life habits
in Lemur eatta—Extreme Rodent adaptation in Ave-ayve—
Parallel evolution in Primates—Importance and early oe-
currence of reduction in ineisor series—IHerbivorous adap-
tation in some New-World Monkeys—Ancestry of Old-
World Monkevs and Apes—Parapithecus—Commenecing
herbivorous adaptation in Lasiopyga—~Completely herbiv-
orous forms—Papio—The Langurs and Guerezas—An-
cestors of the Anthropoids—DPosition of the modern Gib-
bons—The black Anthropoids, Gorilla and Chimpanzee—
The red Anthropoid, Orang—IFrugivorous adaptation in
Orang—=>Summary of features oif the Anthropoid dentition.

The Primates, a varied assemblage of Mammals, most of
them arboreal in habit, are especially interesting since the
order includes Man himself. Our closest relations are the
ereat Anthropoids, the Gorilla, the Chimpanzee and the Orang.
Further removed is the small Anthropoid, the Gibbon. The
Old-World Apes and Monkeys represent a more distant branch
of Primate stock but further still removed are the American
Monkeys. The Lemurs, for the most part highly specialized
and even retrogressive, stand so distinetly by themselves that
many authors deny their right to inclusion within the order.

In studying these animals it is quite important to remember
that they do not represent a steady sucecession with Man him-
self as the eulmination but each family having derived its
origin from some primitive ancestor has speecialized along its
own line whieh however has run more or less parallel during

106
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the ages with the lines of speecialization of other families, It
is usual to consider Man as the fopmost twig of the phylo-
genetie tree while other twigs on lower planes and perhaps
further removed from the trunk represent other members of the
Primate stoek. Yet it is perhaps not quite exact to speak of
Man as at the top unless one understand thereby a relatively
steady evolution in Man’'s history with the maintenance of a
still largely generalized strueture even at the present day.

Exeept for certain fossil representatives oceurring before
the Primate line of evolution was thoroughly established all
members of the order are readily distinguishabl >, though details
of the distinetive features lie bevond the compass of this work.
It may be mentioned in passing that with the exception of cer-
tain Lemurs, all Primates present two upper and two lower
meisors and further that the orbit possesses at least a com-
plete ring of bone separating it from the temporal fossa. The
dental formula 1s very eenerallv:

P ), M —_: total 36 (or 32),

to | b
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Within the order are to bhe found, originating from a eentral
insectivorous-omnivorous type not unlike that of the Tree
Shrews, several forms of dentition adapted for frugivorous or
for herbivorous diet or even for the extreme enawing habit.
Though many species will and do eat flesh, none is entirely
carnivorous. It is not along the purely flesh-eating line but
in the herbivorous direction that we find evolution of the Pri-
mate dentition. The general principles of this adaptation have
already been set forth in the chapter on Marsupials so that
the student may be expected to be familiar with them. It will
thus be an easy matter to note the increasing specialization of
each family discussed.

It is not possible to utilize modern Primates to illustrate
progressive evolution so readily as it was in the ease of the
Marsupials, for the order Primates does not contain among
its existing representatives so comprehensive a series of tooth
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forms.  The various families diverged from one another very
early and of each there is now living only a scattered rem-
nant. It 1s quite necessary to turn to paleontology to learn
exactly what was the general method of evolution. For this
purpose the early history of any family will serve provided it
is fairly satisfactorily known. One of the modern species
which will be figured later is the Specter-lemur Tarsius and
the paleontological history of the family to which it belongs
will serve as an example.

In Eocene times, as Dr. Matthew has shown, the various
genera of Tarsiidae present a fairly uninterrupted suecession.
In the earliest species the mandible i1s slender with gently pro-
cumbent ineisors and a moderately large canine. There is no
crowding of the premolars: and the molars, in spite of the faet
that the talonid is already large, show a well-marked paraconid.
The last molar is unredueed. In the upper jaw the premolars
are bicuspid and the molars present a typieal tricon with no
external styvles and but an ineipient hypocone, The last upper
molar is somewhat smaller than the others and shows no hypo-
cone. The dental formula is:

In later species the mandible becomes short and deeper and
the small incisors more vertical thoueh the eanine retains its
moderate size. The premolars are rather erowded and the
molars beeome shorter with the paraconid showing signs of
retrogression although the last lower molar is still unreduced.
From these speecies it is known that the upper ineisors num-
bered two and that there was an upper eanine. In still later
speecies the shortening and deepening of the mandible are more
marked, the premolars more crowded, and the molars yet
shorter with the paraconid more vestigial. The last lower
molar however remains lone. In the most recent Foeene
eroup at present known the mandible is very short and very
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deep, the paraconid remains in greatly lessened size and the
last molar is reduced.

Early features of the Primate stock are then a short and deep
mandibular body with vertical ineisors, a moderately large
:anine, erowded premolars, and molars showing in the mandible
a large talonid and a redueced paraconid and in the maxilla a
simple frigon with an ineipient hypocone but no styles. In
addition the last upper molar is only slightly reduced and the
last lower not at all. But even this primitive stage shows some
deviation from the common ancestral insectivorous Mammal.
3oth ineisors and premolars are less in number and in the
molars the talonid is already pronounced.

Earlier stages in the phylogenetic history of the Kocene
Primates are illustrated in another extinet family of the Le-
murs, namely the Adapidae. In these the dental formula was:

I C-F M2

s 1 4 o

In the more primitive species the premolars are only slightly
or not at all bieuspid and the upper molars have no hypocone.
In more advanced forms the upper molars show the beginning
of style formation.

The loss of one ineisor must have oecurred at the very com-
mencement of Primate evolution whereas the loss of premolars
oceurred later and has been progressive. Certain other primi-
tive features of the Primate mandible are the divergence hack-
ward of the limbs of the dental arch, the absence of an ‘‘ape-
shelf’” and the lack of bony deposit on the inner side of the
mandibular body in the region of the anterior teeth.

THE LEMURS

“The Lemurs, undoubtedly the lowest group of the Primates,
are now represented by a number of highly specialized and
more or less degenerate speeies which, however, in spite of
divergences characteristic of the group, illustrate the trend of
progress in the dentition general to the Primates.
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Tarsius, already mentioned, the Specter-lemur of the Malay
Arechipelago (Fig. 34), though specializing from the main an-
cestral stoek very early, still retains eertain quite primitive
features. The dental formula is:
= total 34.

. M

- -
e | b

Despite the marked change in the ineisor region the molars
retain their H|1|rt-1|ll.'|| size (indeed the last lower molar is even

longer than the others), the upper molars possess no hypoeone

Fig, 34 Dentition of Specter-lemur (Tarsmas borneanus, Elhot; 9.8516-1).
[emur exlibits very primitive features i the molars although the incigor region has
- :

UNAergyone marked Y LA 1alizatio

but merely a low emgulum on the palatal aspect of the proto-
cone, and each lower molar exhibits a paraconid while the
third has a large median hyvpoconulid. The retraction of the
ineisor reezion, normal for all Primates, has been carried fur-
ther than usual in Tarsius but there seems to have been no
marked erowding in the molar area. The divergent limbs of
the dental arch and the extension of the ]1;L|.'Ilc- somewhat be-

hind the last molars are, like the pointed premolars, primitive
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characters. The canines are reduced in size. The diet of
Tarsius 1s not eertainly known but captive animals will eat
erasshoppers and drink milk out of a spoon. So far as infor-
mation goes the diet is insectivorous although the cusps of the
teeth are less sharp and more rounded than unsual in inseectiv-
orous Mammals.

Another small Lemur, Mieroeebus murinus, the Mouse-lemur
(Fig. 35) of Madagasear belonging to a different family shows

pronounced lemuroid peeuliarities, though at the same time it

|':'..:. 3, Denpition of Mouse-lemur { Microcebus murinus, MMiller: 9.813-1) I'his
entition shows some advances upon that of Tarsins in the incipient hypocone and the
i : 1 ) X g \
loss of the par nid It 15 not 20 specialized as that of Tarsiug in the incisor region.

represents a priumitive stage i evolution of the Primate denti-
tion. Its food consists of inseets, fruit and perhaps honey.

The dental formula is:

2 1 3 3
=i P = M =. total 36.
y gty

The very procumbent lower inecisors and canines are typi-

callv lemurine and are said to be used as a comb for the fur.
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The approximating tips of the upper median inecisors and the
fenestration of the palate are marsupial-like but the student
should not mistake the animal for a Marsupial. The upper
canine is not prominent and the last upper premolar is bicuspid,
The upper molars, subequal in size, show a trigon similar to
that of Tarsius, but in addition, there is an ineipient hypo-
cone upon the internal e¢ingulum in the first and the second
molars. In association with this the lower molars have lost
their paraconid and in all of them the metaconid lies upon a
plane somewhat distal to the protoconid, a situation primitive
in Primates. The hypoconulid on the last lower molar is large.

Lemur ecatta, the Ring-tailed Lemur of Madagascar (Iig.
36), 18 a muceh larger animal than Mieroeebus but more retro-
gressive. It is a species which has recently (geologically speak-
ing) forsaken an arboreal existence for a life among the rocks
and stunted bushes. lts prineipal food is now the prickly pear
probably supplemented in the summer by bananas and figs. It
will not eat meat. 1t is perhaps because this echange in diet
is of recent oceurrence that the dentition shows insectivorous-
omnivorous features, although certainly more degenerate than
those of Micerocebus. The dental formula is the same but the
teeth exhibit many specialized and retrogressive characters.
The upper ineisors are vestigial, the lower first premolar in-
creasingly caniniform, the internal eingulum of the first and
second upper molars is now represented by two tubercles, one
in front (Carabelli’s tuberele, see page 161), the other hehind
the protocone. The last upper molar is the smallest, the first
and second are subequal. The hinder ends of the elongated
upper dental arch are mueh less divergent than in Microecebus
and the palate does not extend back to the third molar. In
the mandible the third molar is the smallest, lacks the hypo-
conulid and its axis tends to converge backwards toward that
of its fellow,

The purely herbivorous Lemurs or Indrisinae all exhibit eres-
centic eusps on the molars, but like other Lemurs are a degen-
erate and specialized group. As a representative species we
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will consider lLiachanotus |u|!liu'r|', the 1'!.1'1.'|ui|]_r Lemur of Mada-
cascar (g, 37), the tooth forms of which may profitably be
compared with those of Tupaa. Regarding the habits of this
nocturnal animal little is known but it is probable that its
diet like that of its nearest relations, the Sifakas, consists of
leaves, fruits and flowers. The tooth formula is probably best

represent el thus:

£

LN )
| ]

.M { total 30

. % : & = lEe . P

Fig. 36.—Dentition of Ring-tailed Lemur (Lemur catta, Linnaeus: 9.812-3). I'h:s
wamal hav 1w only recentls |":.;"-._:||I 1ts  mode i life amd feeding habits has not Vel
developed any marked resultine CrANFes i 1ts lll.l:i!i-:,

The deerease in size backward of the upper molars, the eon-
vergence backward of the limbs of the upper dental areh and
the extension of the palate no further than the middle of the
second molar all indicate specialization. So also do the rudi-
mentary upper incisors, the premolariform econdition of the
upper and the ineisiform appearance of the lower canine to-
gether with the loss of the second lower ineisor. It is nofe-
worthy that in the last upper molar the metacone has sub-

divided to form a pseudohypocone, probably in assoeciation
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with the tyvpe of diet, thus recalling the eondition in the marsu-
pial Koala. The paraconid has disappeared from each of the
lower molars and the third presents only a small hypoconulid
but althongh very speeialized there are traces left of a primi-
tive feature in the oeccurrence on the first and second upper
molars of the three outer stvles whieh are utilized as in the
Koala for the conversion of paracone and metacone into cres-

centie eusps.  Indeed the molars of the purely herbivorous

Frig. 37.—Dentition of Woolly Lemur ( Lichanotus lamiger, Gmehin: 9.811-2). Ths
purely herbivorous Primate

beenn lost in the specimen |
nature of the teeth L

presents crescent-cusped molars. I'he upper incisors havi

lemur and the correspondingly herbivorous Koala present a
strikineg mstance of convergent evolution. The general pat-
tern of the molars of Tupaia affords an indication of the type
from which the molars of Lichanotus originated.

The most aberrant of the Indrisinae is the rodent-like Ave-

*The dental tormula ot the Indrisine 15 in disputs Some give
0 1 o
| . - o - M . total 3,
] (1] 2 3
Such an interpretation would indicate that the lower ncigtorm tooth in Dauben

tonia is really an incisor,



THE PRIMATES—EXCEPT MAN 115

ave, Daubentonia madagascariensis (Ifig. 38) a peculiar and
little known ereature which lives in the dense forests and bam-
hoo brakes of Madagasear. lis food consists F]]'Hl':'r"lhl:n' of erubs,
plant juices and fruits, the two former being extracted after
the powerful ineisiform teeth have torn off the bark. The two
halves of the mandible, as in the Kangaroo, ean be separated
somewhat and thus allow a little space between the chisel-like

teeth. The dental formula is probably best represented thus:

[ 1 3 4
—, total 18.
)

The front teeth of bhoth jaws are long, eurved and possess

persistent pulps.  As in Rodents the enamel is largely upon the

wle skull is modified in acceordance with the dental specialization

labial face of the teeth. From these the cheek teeth are sepa-
rated by a long interval. They have not persistent pulps like
the front teeth but present true roots and are plainly very

degenerate with obseure cusps. The absence of convergence
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of the hinder ends of the upper dental arch and the extension
of the palate as far back as the last molar are of course ac-
counted for by the narrowing of the entire palate and the
small size of the degenerate cheek teeth. The milk dentition
of this animal is muech more lemurine than the permanent set.
The Aye-aye in fact is a remarkable instance of convergence
in evolution. In Madagasear as in Australia there are prac-
tically no Rodents. In the one island the Ave-aye and in the
other the Wombat takes their place and presents similar modi-
fications in its dentition.

In general the Lemurs are a most interesting suborder for
they show exeellently many variations possible in dentition
following changes in life habits and in diet but all originating
Yrom a single eentral type. The modern representatives of the
suborder thoueh widely distributed from Afrieca throueh India
to the Malay Archipelago are very definitely divided into two
croups, the Malagasy and non-Malagasy. These two groups
have evolved along parallel lines but have been separated
from each other ever since Madagascar was eut off from Africa
at the base of the Tertiary. Existing forms are very specialized
and largely decadent as already stated.

In the evolution of the Lemurs there has been a gradual
logs of premolars until only the third and fourth of the orig-
inal series remain for whereas the extinet Adapidae possessed
fonr premolars, the majority of living Lemurs have but three
and the Indrisinae only two. There is no doubt that a similar
process of reduetion has oceurred in the Monkeys and Apes.

It is instruetive to note that among the Indrisinae there has
been a type now extinet but represented during the Pleistocene
by the speeies Paleopropithecus in whieh the denfition was
adapted for a purely herbivorous diet and whieh considerably
resembled in consequence that of modern Baboons. This is
another instance of parallel evolution,

In the Primates reduetion in the number of incisors took
place very early:; reduction in the premolar series oceurred
later and probably more slowly. Among the Anthropoidea
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(Monkeys and Apes) we find suecessive reductions in the pre-
molar series. In the American Monkeyvs the premolar for-
mula is:

a

3
but in all Md-World Monkeys, in Anthropoids and in Man i
has become;

(R e

THE AMERICAN MONKEYS

Little is known coneerning the anecestry of the New-World
Monkeys (Platyrrhinae) and as they are an off-shoot of the
main Primate stoek they will be only briefly considered. The
two families are the Hapalidae or Marmosets and the Cebidae
which comprise all other varvieties. The Hapalidae differ from
the other family in having only two molars in each jaw instead
of three. The members of this tamily are very specialized and
retrogressive. Of the Cebidae two examples are presented, the
first showing an omnivorous dentition and the second a purely
herbivorous adaptation.

Ateleus belzebuth, the white bellied or ““Mexican’ Spider-
monkey from the region of the Orinoco (Fig. 39), feeds upon a
mixed diet of inseets, eres, bhirds and fruit and presents a
fairly typical omnivorous dentition. The formula is:

b

| =2

+ M —. total 36.
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Its specialized position is indieated by the termination of the
palate at the level of the second molar and by the almost
parallel limbs of the dental areh. The inecisors of both jaws
are gently sloping; this is not a primitive character but pseudo-
primitive having been adopted comparatively recently. The
canines are of moderate length and the premolars, especially
those of the maxilla, are bicuspid. All these features, as pre-
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viously noted, indieate progression. The molars of both jaws
deerease in size from the first to the third and their erowns
are rhomboidal with a somewhat rounded eontour, characters
similar to those of the human molars and attained as the re-
sult of parallel evolution. In the upper series there 15 a well
marked trigon and a pronounced hypocone. An oblique ridee
conneets the protocone with the metacone as in Anthropoids

and in Man. In the lower molars the paraconid is lost and the

Oblique
|'id8€

Fig. 39.—Dentition of White-hellied Spider-monkey ( Ateleus belzebuth, E. Geoffrov:
Q.882-2), The left upper 1 1CISOT i MNote the rounded molar crowns and

the presence ol an abili e ridee on th

metaconid extends its base as far forward as that of the proto-
conid with whieh eusp it is eonnected in the first and second
molars by a low transverse ridee. The talonid is large and
hasin-shaped and possesses a small hypoconulid.

In contradistinetion to the omnivorous charaeters of the
dentition of Ateleus are the purely herbivorous features of the
teeth in Alounatta, the Howler (Fig. 40), an animal the dief
of which is stated to consist entirely of leaves. The dental

formula is the same as in Ateleus.
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Alouatta is also a specialized type although the hinder mar-
oin of the palate in this animal has traveled backward. The
mandible presents a striking feature in the enormous expan-
sion of the body at its junction with the ramus. There is also
considerable restrietion of the interdental spaee as far back
as the first molar by the deposit of bone on the inner aspeet
of the jaw. The small incisors, both upper and lower, slope

forward as in Ateleus. The canines are large. The premolars

;HI_'J.;_'!. TR 1 “* - e P L] # Q L T — = SE—_
Fig. 40.—lentition of Howler (Alouatta palliata, Gray; 9.822-1). I'he cres
4 I — 1 3 F i i i | 1 E i - [’ [ I
ent-cusped molars of this dentition should be compared with those of Lichanotus
{Fig. 37). lhe upper incisor and canine series is imperfect in this specimen.

are bicuspid and in the mandible the first is larger than either
of the other two. 1In the upper molars which slightly decrease
in s1ze from the first backward, the pronounced eharacter of the
external cingulum and the development of a mesostyle eombine
to provide the teeth with ereseentie cusps concave outward
like those of the marsupial Koala. It will be recalled that the
diet of the Koala consists almost wholly of leaves. A

resemblance between the lower molars of these two animals is
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also to be noted. In Alouatta the lower molars are subequal 1n
size and elongated from the presence of a large talonid. The
protoconid and hypoconid are well-developed eusps which by
continuation into the anterior and posterior bounding ridges
respectively of the tooth become creseentie, the coneavity of
the ereseent being directed inward. As in Ateleus the para-
conid is lost and the metaconid has extended forward. An-
other feature assoeciated in Alouatta with the purely herbiv-
orous diet is the upward extension of the mandibular ramus
which brines the condvle to a level far above that of the molar
teeth.

It reference now be made to the marsupial dentitions of the
Phalanger (page 82) and the Koala (page 83), it will be seen
that in their cheek teeth patterns these resemble in general
the dentitions of Ateleus and Alouatta respeetively, sinee simi-
lar food habits tend to eall forth corresponding modifications
in dentition, especially in the molar series, of animals belong-
ing to widely different orders.

THE OLD-WORLD MONKEYS AND APES

All existing Old-World Monkeys are specialized. Henee to
render the successive adaptation morve intelligible the earliest
and most primitive species vet discovered, namely Parapithe-
cus, is introduced (Fig. 41). This animal lived in Egypt dur-
ing the Oligocene and is known from the mandible alone. The
jaw presents a superficial resemblance to that of Tarsius. In-
deed the same dental formula has been given to both though
it now appears that the formula for Parapitheeus should read:

= .I'LJ.."I-T—-

2 3

i

The resemblance alluded to is not confirmed on ecloser investi-
eation and this is searcely remarkable for Tarsius is a modern
type speecialized in many respeets whereas Parapithecus is an
early and more generalized form.
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Parapithecus possesses a short mandible and a dental areh
with divergent limbs, features so characteristie of the more
ceneralized early Primates. The jaw however is not deep
and there 1s marked obliguity of the symphysial region. In
these features and in the characters of the teeth the animal can-
not be ealled primitive. The canines are greatly redueced and
the third molars are also small. All the molars have lost the
paraconid. In the second and third mandibular molars the
protoconid lies more anteriorly than in the Lemurs or in FKoecene

Primates, The molar ecusps are rounded and inecipient

Fig., 41 Mandibular dentition of |':|I'.|!III||--' 1= II:|:|~-iI =mchlosser (from cast I'_'-'
Lrantz, 9.823-12X), An Oligocene omnivorous ancestor of modern O0d-World Mon-
Keys, I'ne specimen shows that al :"'.--i:l. SOIME Sed ialization had occurred in the Old

Waorld line

ridges conneet the protoconid with the metaconid and the
hypoconid with the entoconid. Notwithstanding these features
the dentition in Parapithecus shows less speeialization than
the teeth of modern Old-World Monkevs.

The dentition of Parapithecus as just outlined is adapted
for an omnivorous diet. From this there have developed in
more recent times dentitions mmereasingly herbivorous or fru
givorous in type. As examples of progressive adaptation the
Mona Monkey and the Arabian Baboon are taken but it must be

clearly understood that these animals are in no way eclosely
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related and certainly the one i1s not derived from the other.
Their dentitions eompared with each other and with that o!f
Parapithecus however show the general line of progress in
the dentition of Old-World Monkevs in all of which the dental
formula 1s:

(Fig. 42). although feeding largely upon fruits, leaves and

honev still retains a taste for fledglings and eges. One finds
its dentition, therefore, though progressing considerably be-
vond that of Parapithecus along the herbivorous line, less spe-
cialized than that of the Baboon. Compared with that of Para-
pithecus the mandible of Lasiopyega is secondarily elongated

and the limbs of the dental areh instead of being divergent



THE PRIMATES—EXCEPT MAN 123

are parallel, even approximated at the level of the last molar,
The svmphysial region is fairly well filled up with bony tissue.
The palate extends as far back as the last molar. The ineisors
of both jaws are gently procumbent. There is a great inerease
in length of the eanines different in type from that found in
Carnivora and suceesting another rile. The upper canine is
mueh longer than the lower and is peculiarly twisted so that
the teeth do not interlock as in the pure flesh-feeder. This
elongation of the canine is partly sexual and defensive but its
special character is indicated by the peculiar formation of the
first lower premolar. This tooth is seetorial in appearance
and, being tilted baeckwards, presents a ecovering of enamel
well down its anterior root. It is obvious that the upper eanine,
shearing between the adjacent edges of this tooth and the lower
canine will have great piercing and cutting power very advan-
tageous in bhiting roots and fruits which possess a thiek and
tough rind. This adaptation of the canines and the first lower
premolar is very common among modern Old-World Primates
and indeed is one of their chief speecializations. The second
mandibular premolar inclines to a molariform appearanee ; the
two upper premolars are simple bicuspid teeth. Certain mark-
edly progressive features are present in the molar series. In
both maxilla and mandible the first molar 1s the smallest and
though the third is the largest in the lower jaw the second is
somewhat bigger than the third in the maxillary series. Trans-
verse ridges are apparent on the molars of both jaws and the
cusps are rather long. In the upper molars the hypocone is a
large cusp connected with the metacone by a ridge.® In the
lower molars the paraconid is missing and the metaconid is
placed well forward and connected with the protoconid by a
ridge. The talonid is large but presents no hypoconulid even
on the third molar.

There is still further speecialization in the dentition of the
purely herbivorous Baboon. Papio hamadryas arabiceus, the

*The obligue ridge connecting protocone with metacone is found only in the An
thropoids amoeng Old-World noen-lemurine Primates,
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."H':llriiln HEIIHHIH. {he :l[-l|1ililr1| of which 1s !]l'l"‘:"i‘i“"l 11 |'1i‘..1'.
43, feeds solely upon roots and bherries. The pronouneced elon-
gation of the jaws whieh has plainly oceurred after the pre-
molars had become reduced in number gives the animal a doe-
like appearance and has resulted in actual convergence back-
ward of the limbs of the dental arech. In the mandible the
interdental space is very narrow, the symphysial region being

largely filled up with bone. Sloping ineisors, enormous ea-

Fig. 43, Dentition of Aralwan Baboon | E':,!-E-. "|.|;"'--',':. as arabicus, 1" b
g 233,58} | BRSET iple of A |-':':::-. herbivorous Primate dentition Compare the molars
inn this hgure with those of the Pig (Figp. 721, Note the secondary elongation of all
the molars but especiallv of the lower third,

nines and a typieal Primate sectorial first lower premolar are
arain obvious, the last-mentioned being espeeially well marked.
The molars are H1l'i|~;i!t;_r|j.' 1[f'1'|‘|+||:-1':l'. 1]!I.‘I".' merease in size froum
first to third in both jaws and the transverse ridges joining
the high nipple-shaped cusps are very pronounced. The last
lower molar is considerably lengthened by the oceurrence upon

1ts talonid of a large hyvpoeconulid. Altogether the dentition of
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Papio presents a swine-like appearance which ean be explained
as the result of a similar diet.

We have used Papio as the type of all more specialized Old-
World Monkeys ineluding the Maecaques. Like Lasiopyga this
animal belongs to the subfamily Lasiopyginae (Cercopithe-
cinae. Had space permitted it would have been possible to
show precisely the same progressive features in the other sub-
family, namelv the Colobinae (Semnopithecinae), which com-

!
prises the Langurs and Guerezas,

THE ANTHROPOID APES

Like the Old-World Apes the modern Anthropoids are all
specialized and in order to evaluate correetly the various fea-
fures of their respective dentfitions it is essential first to note
the dental characteristies of earvlier forms. For this purpose
we shall turn to the Oligocene Primate Propliopithecus.

Propliopithecus (Fig. 44), known only from the mandible,
was discovered in Eegypt and probably is the direct ancestor
of all the higher Anthropoids and even of Man himself. The
teeth and jaw undoubtedly reveal the primitive features char-
acteristic of the early Anthropoid stem. Both body and ramus
of the mandible are stout and the former presents the depth so
distinetive of the higher Primates. The symphysial region is
much less sloping than in Parapithecus. The ramus i1s very
broad and gives a large area of attachment for the masseter and
internal pterveoid museles whereas that for the temporal is
strikingly small. The muzzle was short, not elongated. There
18 no “‘ape-shelf™ projecting backward from the symphysis
into the tongue space which itself is relatively large and well
hollowed-out.

Though the incisors are not certainly known it is probable
that they were small and almost vertical. The eanine is low-
crowned but strong and vertical. The first premolar shows
none of the special features already noted as characteristie of
the fruit, rind and root cutting dentition. The second premolar
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15 a bicuspid tooth. The three molars are subequal in size but
the posterior molety (talonid) of the third is relatively nar-
rower and longer than in the others.

[n all the molars the paraconid is lost and the hypoconulid
which 1s present tends to lie toward the inner side.  All the eusps
are low and rounded and ineipient crests eonneect the proto-
conid with the metaconid and with the hyvpoconid. The last-
mentioned is the largest eusp and 1t is important to note that

its base, joining that of the relatively large metaconid, sepa-

5| 6 7l 8l g

=N Mandibular dentition of F'!--||!--|-il"||'|"|- haeckeli, Schlosser (from cast
Krantz, 9.88-17). An Oligocenes omnivorons ancestor of the anthropoids,

rates the protoeonid from the entoconid. The molars are nof
rhomboidal as in Parapitheens but rather oval with the antero-
posterior diameter very little ereater than the transverse. The
basin-like erown is hollowed for the reception of the protocone
of the upper molar. From these features we may infer that
the skull had a short stout muzzle, that the area for the tem-
'le'n] musele was small, the upper canine short, the ]H‘l‘tlluhl.t':-:
bicuspid and that the molars each presented a typical trigon
with the addition of a hyvpocone. The formula of the man-

dible is:
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The dentition is certainly not yet adapted for a pure fruit or
root diet but is that of a more generally omnivorous animal.

Turning now to the modern Anthropoids we find both large
and small varieties. The small Anthropoids or Gibbons are
animals weighing about 17 1bs. when adult. The large Anthro-
poids are as heavy or heavier than Man. The dental formula
im all is:

)

1 ’,'; 3 { o 29
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The Gibbons (Hylobates) are widely distributed over Further
India and the Malay Archipelago. They are light arboreal
apes with disproportionately long arms by means of which they
swing themselves from branch to branch. Among the numerous
species considerable variations oecur in teeth and jaws., Differ-
ences are to be found also between members of the same species
and of the same sex.

The speeimen fieured {Fig. 45) is a voung male approaching
maturity; the third molar is not yet erupted but the details of
the teeth are very elearly shown. The species is rather special-
ized and illustrates to what extent Gibbons have deviated from
the central primitive tyvpe represented by Propliopithecus.

The diet of the (ibbon is essentially omnivorous although
with a large preponderance of roots, shoots and fruits: indeed
some speeies live almost entirely upon herbivorous food.

The mandible is not powerful and on the skull the weakness
of the zvgomatie arches is also striking. The muzzle 1s elon-
cated but the incisors have retained their almost vertical posi-
tion. The rows of the teeth are nearly parallel and apt to be
inturned at their hinder extremities. There is no definite ‘‘ape-
shelf”" and the tongue space between the anterior teeth is not
greatly eneroached upon by bone. The upper ineisors slope for-
ward, the lateral ones being somewhat pointed. The eanines are
long saber-like teeth and the upper is much longer than the
lower. The upper premolars are bieuspid and set rather more
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medially than the molars. The first lower premolar in the speei-
men figured shows a definite seetorial form, much more pro-
nounced than in some other species. Of the molars the second
1s the largest and the third is very variable in size. The uppers
exhibit the typieal trigon, an oblique ridge connecting proto-
cone with metacone, and a hypoeone the development of

whiceh differs aceording to the species. In all the lower molars

g1 el
mErie Fagngm 21
Fig. 45.—Dentition of Gibbon (Hylobates hoolock? Harlan; 9.83.1). The Gibh
15 a form less speciahized than- the larger Anthropoids s example 15 a voung mal
with the third molar not Yl |".'|-Il.l].

in the figure there is a pronounced hypoconulid almost
axial in position and in no species is a paraconid present. The
hypoconid is large and by its approximation to the metaconid
shuts oft the protoeconid from the entoconid as in |}|'||]b|-I=J]]'|[h-
eeus.

The Gibbon then is an Anthropoid whieh, so far as we
know, never attained large proportions but, diverging from
the ancestral stock, specialized in its elongating muzzle and

tooth forms toward a frugivorous adaptation.
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Of the larege Anthropoids the Orang-outan of Borneo and
Sumatra feeds entirely upon the durian, a fruit which possesses
a very tough rind whereas the Gorilla and the Chimpanzee of
tropical Afriea still have an ommivorous diet consisting of her-
ries, fruit, roots, small mammals, birds and eges. 1t will there-
fore be simpler to consider the African Anthropoids first.

The Gorilla (Fig. 46) is an animal heavier and bulkier than

Man and possesses long jaws which give it a superficial resem-

Fig. 46.—Dentition of Gorilla (Gorilla gorilla, Wyman; 2.588-14). This iz a nearly
adult fe -!..'L_i;-, 01 _|_i|- clear-cut “erystalline” cusps on the molars, The third molar 1s
not vet fully erupt
blanee to the Baboon. The female is much smaller than the
male. The elongation of the muzzle and the laree size of the
canines cause the limbs of the dental arches to be diversent
backwards in the male; they remain approximately parallel in
the female. The body of the mandible, thoueh stount, 1s rela-
tively less deep than in Man. The syvmphysizl region which

may be almost vertical in the female slopes downward and
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backward in the male. The ““ape-shelf’” can be clearly seen
Jutting backward from the symphysis and the anterior part of
the tongue space is eneroached upon by bone, The palate, as
in other Anthropoids extends behind the last molar tooth.

The lower incisors are almost vertical but those of the upper
Jjaw slope forward. The eanines are much larger in the male,
the upper being a little longer than the lower. The upper pre-
molars are bicuspid and in the male set rather within the line
of the molars. The lower first premolar is seetorial but not
markedly so: the second is molarviform, Of the lower molars
the second is the largest, the third may or may not be smaller
than the first. In the upper molars there is a typieal trigon
with the obligue ridge connecting protocone and metacone
but there is also a well-marked hypocone which tends to he
somewhat smaller in the third molar than in the others. In
the lower molars the hypoconid 1s rather small but still by its
approximation to the large metaconid separates the other two
main eusps. The hypoconulid is present on all the molars and
is placed well fowards the lateral side.

The Chimpanzee (g, 47), an Anthropoid about as heavy as
Man, is in many respeets more man-like than the Gorilla and
the teeth have developed certain secondary features also found
in our own dentition. The jaws are very similar to those of
the Gorilla. The mandible is strong with a moderately deep
hodv. A symphysial region and *‘‘ape-shelf’’ oceur as in
Giorilla. The tooth rows are almost parallel in the female but
diverge forward in the male.

The lower ineisors are nearly vertical and the uppers gently
sloping. The canines are large and project somewhat laterally
as in Gorilla. The upper premolars are bicuspid and set a lit-
tle within the line of the molars; the lower firs: is sectorial in
appearance and the second molariform. In the molars the
cusps are more nipple-shaped than i Gorilla and the erowns
show numerous variously arranged tiny grooves or erenations
ohseuring to some extent the original cuspidation. This erena-
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tion also occurs upon the premolars. The first molar, especially
m the upper _i.‘l"-'-', is often a little lareer than the second, a con-
dition also oceurring i Man., The third is variable in size and
pattern but tends to be smaller than the others. In the man-
dible the first molar does not present the marked contrast in
size with the second premolar so plammly apparent in Man.

The upper molars show a typieal trigcon with an oblique ridee

g fo—Dentition ¢ Chompans o Pan sp., 9.83-1 A nearly adult female,
Mole slight development of crenations on the molars. The third molar is not yet

and a hypocone. In the last tooth however either the hypo-
cone or the metacone may be vestigial; or the tooth itself miay
not erupt. The lower molars exhibit an .".Ilivl'll-!nmi:':'ilrr' diame-
rer |1|H_'_L'|'!' than the transverse and the corners of the erown are
not so rounded as in Man., The hypoeonid varies greatly. It
may be relatively lareer than in Gorilla or it mayv be very
mall and the entoconid mmereased in size so that the four EH"III-

cipal eusps meet in the center of the erown somewhat as they
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do in Man. A hypoconulid may be present on all the teeth
and lies rather toward the lateral side.

The Orang (Fig. 48), a pure fruit-feeder, shows a dentition
more completely adapted to fruit diet than either of the other
ereat Anthropoids. 1t 1s a heavier animal than Man though less
bulky than the Gorilla. The muzzle is relatively longer than that
of the Chimpanzee and in this respect resembles the Gorilla, As

in Gorilla also the palate is prolonged backward some distance

Fig. 48 —Dentition of Orang-outan ( Ponzoe premaens, Hoppius: 2.88-53), Ao
e Example of a pure frugivorous cdentition i an Anthrepoid, wole oW Crena
]

tions obscure the molar vattern,

bevond the last molar. In the male the hmbs of the dental
arch diveree forward in consequence of the large canines. The
body of the mandible is very deep owing to the extreme length
of the roots of the teeth. The sloping symphysial region and the
““ape-shelf " are similar to those of the Gorilla.

The lower ineisors are practically vertical, the uppers oblique.
Of the large laterally projecting canines the upper 1s the

longer. Both premolars and molars exhibit very well the
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erenations already noted in less pronouneed form in the Chim-
panzee, The upper premolars are hicuspid teeth; the first lower
shows a more pronounced sectorial character than in any other
Anthropoid sinee it is tilted backward and the enamel elothes
the upper part of the anterior root; the second lower premolar
may be quite molariform in appearance. In the molar series
the second is the largest and the third, especially in the man-
dible, tends to be of considerable size. The cusps are so low as
to be almost indistinguishable i many cases. In the upper
molars the trigon, the obligue ridge and the hypocone can all
be made out except in the last in which erenations make the
outlines very obscure. In the lower molars which are elongated
though not so markedly as in the Gorilla the approximation of
hypoeonid and metaconid causes separation of the two other
principal cusps. The hypoeonulid present on all the feeth lies
axially or to the outer side.

Havine now discussed in detail the dentitions of the various
Anthropoid Apes so far as the jaws and crowns of the teeth
are concerned it will be advantageous to recapitulate several
important features hefore passing on to the teeth of Man., Dis-
cussion of the roots of the Anthropoid teeth and of the milk
dentition will be taken up in later chapters.

The mandible has a broad ramus and a body only moderately
deep, the height of which shows more or less sudden inereases
in the premolar region and between the lateral incisor and
canine. The symphysial region slopes bhackward espeecially in
the male and an ““ape-shelf’’ is present in varying degree ex-
eept 1 eertain Gibbons. The palate extends well baek of the
last molars espeeially i some Gibbons and in the male Gorilla

+

and Orane. In all the muzzle is eloneated.

The incisors are set in an arch between large and powerful
canines hevond which the cheek teeth are arranged in rows
almost parallel in the Gibbons and the females of the large
Anthropoids but diverging forward in the male Chimpanzee,
Gorilla and Orane. The antero-posierior axes of the molars
of both jaws are in the same straight line or form an angle
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open laterally. Inturning of the hinder ends of the dental
arches is seen only in some individuals,

The sloping upper and almost vertical lower ineisors meet
edge to edge and the upper lateral tends to be pointed. The
canines, apart from the sexual difference, are long, except in
some Gibbons and are laterally directed. The upper pre-
molars, bienspid in appearance, are usually set rather within
the line of the other cheek teeth; the first lower is sectorial
especially in some Gibbons and in the Orang ; the second lower
is large and molariform, in the Orang more than in other Anthro-
poids.  Premolars and molars alike show crenations which
are so marked in the Orang as to obseure the cusp patterns;
they are not found in the Gibbons or Gorilla. The molars ex-
hibit manv individual variations but in general the following
are characteristic. In the Gorilla the cusps are high and tri-
angular, in the Chimpanzee nipple-shaped, in the Orang flat and
little marked, in the Gibbon hich and rounded. The erowns
are rhomboidal above, elongated below exeept in the Gib-
bons, and form areas of contaect of considerable extent be-
tween the suecessive teeth. In the upper molars the hypocone
is very well marked except in the Orang and the oblique ridge
is distinet. These features may not be seen so elearly in the
third molar which varies greatly in size. In both second and
third molars there is a tendency toward reduction of the
metacone and hyvpocone. The second molar is usually the
largest. In the lower molars there is sometimes a vestige of the
paraconid shear in the Gorilla alone. In the dentition of this
animal the metaconid lies a little more posterior to the proto-
conid than in other Anthropoids. The distance between the
metaconid and the entoeonid is considerable and a deep cleft
oceurs on the lateral border of the erown between protoconid
and hypoeonid, The last-mentioned eusp varies considerably in
size but may be quite small and in any case does not projeet
laterally bevond the protoconid. Its base adjoins that of the
laree metaconid and this connection separates the two other
principal eusps. The groove which reaches the inner border



THE FPRIMATES—EXCEPT MAN 135

of the tooth between metaconid and entoconid usually passes in
a straight obliquely placed line between the hypoconid and
the hypoconulid which is present on all the teeth and tends to
lie rather toward the lateral aspect. Balaneing the hypoconulid
there is sometimes developed from the cingulum a eusp behind
the entoconid at the postero-mesial corner of the tooth. The
hypoconulid tends to be small most frequently in the Chim-
panzee,
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THE HUMAN DENTITION

Earliest known human type—The Heidelberg mandible—Euro-
pean Races during the Pleistoeene—THomo aurienacensis—
Neandertal Man—Relation of the Neandertal Race to mod-
ern Man—The teeth of Neandertal Man—Modern Races—
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he Tasmanian—The European dentition—Relative posi-
tion of the Negro—Effects of civilization upon White and
Negro Races—DParallelism in the evolution of Primates.

GLACIAL OR PALEOLITHIC MAN

In dealing with other families of Primates we have
endeavored to trace the line of evolution progressively from
some early or primitive form. In the ease of Man we are un-
able to do this in a manner altogether satisfactory sinee no
human or directly pre-human type has vet heen discovered
whiech ean with eertainty be assigned to a period more remote
than the early Glacial epoch.

All the evidenee presented by Man’s body indicates his
origin in a eursorial, predatory type of Anthropoid which left
the trees at a comparatively early period in its evolution and
hence escaped the speeializations exhibited by modern omniv-
orous and frugivorous Anthropoids but, on the other hand, be-
came adapted as a ground living animal, retaining the omniv-
orous habit and using its fore-limbs in the manufaeture of
simple tools and instruments of assistance in obtaining and
preparing food.

The earliest authentie example of the human race, namely,
Heidelberg Man (Fig. 49), is known only from the mandible
recovered from the valley of the Neckar about six miles from
Heidelberg. Although typically human this mandible presents
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certain quite primitive and generalized features. Whether the
mdividual existed during the first or the second interglacial
phase is disputed. Dut from mammalian remains in the same
and in contemporaneous deposits we infer that the country in
which he lived was well forested and possessed a relatively
moist elimate.

The mandible is extraordinarily massive and although it is
considerably longer than any mandible of today it 1s not
really much longer in the dental arch than many modern jaws.

The nnusual leneth is due to the marked breadth of the ramus.

L 7R

Fig. 47, —0Occlusal view of the Hedelberg mandible (F. 3, W.R.U.: from cast by
Irantz). This cast has been broken at the symphysis and in the nght ramus. Note
the crucitorm patierr of tarrows on the molar teeth and the angle between the long

axes of the hrst and sccond molars, both teatures distinetively haman.

In the great vertical depth of the body, the breadth of the
ramus, the form of the svmphysial region, the absence of an
“ape-shelf’” and the oceurrence of merely a moderate amount
of bony tissue eneroaching upon the anterior part of the
tongue space, the Heidelberg mandible displays ancestral fea-
tures reminiscent of Propliopithecus. The masseter and inter-
nal ptervegoid must have been the most powerful masticatory
museles ; the area for attachment of the temporal indicates that
it was not disproportionately large for the massive skull.

Similar features are to be noted in Propliopitheeus. The
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mylohyoid ridge is less clearly marked than in either modern
or Neandertal Man, also a primitive feature.

The feeth, thoueh retaining many ancestral features, are
typically human in form and no larger than those to be found
i many modern Australian skulls.

The ineisors are vertical and must have met the correspond-
ing upper teeth in an edge to edge bite. The canines, like
those of Propliopithecus, are stout but ¢an have projected lit-
tle or not at all bevond the incisors. The second premolar is
larger than the first and more definitely bieuspid as it is in
Propliopithecus and the first shows none of the specialization
exhibited in the corresponding tooth of the recent Anthropoids.
Both premolars are relatively large and their labial surface
projects bevond the lateral border of the molar areh. Inecisors,
canines and premolars in Heidelberg Man mav be said to be
arranged in an oval eurve, whereas those of modern Man are
set rather in parabolie form,

The molars are stout but present the primitive relationship
of subequal size in the first and second; the third is some-
what reduced. All the molars exhibit a hypoconulid and are
relatively less transversely widened than many modern molars.

Distinetively human features are obvious throughout the
dentition, some of which being primitive have already been de-
seribed. The vertical ineisors with edge to edee bite, the stump-
like eanines, the proportions of the premolars arve all definitely
features of the human dentition. But it is in the pattern and
arrangement of the molars that the human character is most
strikingly seen.

The maximum diameters of the erown in the molars are con-
siderably greater than those of the ocelusal surface. The pro-
toconid and more especially the metaconid are much redueed
in size whereas the hyvpoconid is relatively laree and the ento-
conid greatly exaggerated. All these cusps are slightly eur-
tailed, however, by the rounding off of the corners of the
erown, a feature which tends to reduce the area of contact bhe-
tween suceessive teeth. The transverse and antero-posterior
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diameters of the erown are much more nearly alike than in
Anthropoids and as a result of this the two inner cusps are
drawn more closely together while the furrow between the
labial surfaces of protoeonid and hypoeconid is very slightly
marked. As a result of the altered relationships of the eusps
the furrows upon the oceclusal surface, instead of presenting
an appearance similar to that of the molars in Gorilla, are ar-
ranged in eruciform pattern. The very small metaconid does
not come into contact at all with the hypoconid and the well-
developed entoconid eneroaches upon the area of the crown
oceupied in the Anthropoids by the metaconid, so that all four
prineipal eusps meet at the central point of the oeelusal sur-
face. The groove between metaconid and entoconid is continu-
ous in a transverse line with that separating the protoeonid
from the hypoeconid, whereas in Anthropoids it is eontin-
uous obliguely backward with the furrow between the hypo-
conid and the hypoeonulid. Another consequence of the rela-
tively large cusps on the talonid is the increase in transverse
hreadth of the posterior moiety of the tooth over the anterior
part. The hypoconulid is not displaced so far laterally as in
Anthropoids. In addition to the foregoing facts relating to the
appearance of the individual teeth themselves, essentially hu-
man characters are found in the general arrangement of the
cheek teeth in the jaw. Instead of the premolars and molars
forming either a straight line antero-posteriorly or an arch
very slichtly concave laterally, they are set in a curve mosi
pronounced anteriorly indeed but concave throughout towards
the tongue. The antero-posterior axis of the first molar is set
at an angle with that of the second, a feature whieh is distine-
tively human though more promounced in some mandibles than
in others.

The conspicuous even wearing of all the teeth causes them
to resemble those of more recent Man in whom the teeth arve
worn by the mastication of food prepared from cereals ground
hetween gritty mill-stones and suggests that Heidelbere Man
was already in the habit of masticating cakes prepared from
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erude flour. This seems further tfo be borne out by the flat-
tened condyles; but the condyles are subject to great variation
in the human raece and in the appearance of them too great con-
fidenee should not be placed.

Special features, wherein Heidelberg Man differs not only
from more ancestral Primate types and from Anthropoids. but
indeed from modern Man and his late Pleistocene forerunners,
are the stoutness of the teeth in whiceh the crown and root
merge without the oceurrence of any narrowed intermediate
portion or neck and in tendency to fusion of the roots, a condi-
tion called by Keith, taurodontism (see page 146). In the
stoutness of the teeth Heidelberg Man is resembled by another
individual, the skull of whieh, also very primitive, was re-
covered from the limestone breccia of Forbes Quarry, Gib-
raltar.

The Gibraltar skull, pronounced by some to he that of a
woman, probably belonged to a Neandertaloid individual, the
most striking feature being the short and relatively wide palate.
Its exaet relationship to the other fossil human skulls is un-
certain; we know that during the Glacial period there were
several different types of skull.

Reeent discoveries have shown that there were in Europe two
distinet races of men during the later part of the Great Iee
age. One of these was similar and very probably ancestral to
ourselves; the other, the Neandertal race, shorter and bulkier,
large jawed and beetle browed with sloueching gait and stoop-
ing shoulders, was named after the site of discovery of the
first recoenized cranial fraecments. Of these two huwman forins
the Neandertal race probably originated from the type de-
seribed as Heidelbere Man and although this is not positive it
may be that the other form, our ancestor, Homo aurignacensis
had also the same origin. Dut H. aurignacensis appears
quite suddenly in the geological horizon of the later Pleistocene.
It becomes necessary then to compare examples of Neandertal
and Aurignacian Man. For this purpose we shall examine the
jaws of a young Neandertal boy of about fourteen vears of age
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known as H. mousteriensis hauseri on the one hand and on the
other a eranium dating also from the later part of the Pleisto-
cene and belonging to the Aurignacian tyvpe. Both speeimens
were diseovered m the South of France.

In most respects H. aurignacensis (Iig. 50) presents
very modern characteristies. The mandible, though power-
ful, has a well-marked chin and the vertical depth of the body

15 considerably greater near the symphysis than in the molar

Fig. 50.—Creclusal wview of dentition in Home aorignacensis hauwseri (F, 2, W.R.LU.:

1N Cast v IhFaintiz k. |'.:w- I'C T e Mnks our Oowi |"||-i-!-h'<|||- Ioferininer

rezion. The toneue space iz well exeavated. The palate 1s
rather lone and narrow. Indeed the limbs of the dental arches
thoueh shorter than those of Heidelbere Man are still almost
parallel. To a certain extent this is due to the long narrow
skull.  Among modern races, generally speaking, the long
headed more closely resemble H. aurignacensis in the form of
the dental areh than do the broad short headed people.

The teeth themselves are smaller and less stout than in

Heidelberg Man and possess a constrieted neck at the gum
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line. The small lower inecisors are vertieal. The uppers are
also vertical, the small size of the lateral members resulting in
the stout but non-projecting upper canines bemg placed rela-
tively elose together. The lower ecanines again are also stout
teeth. The upper premolars are bicuspid and set well within
the molar line, the second being distinetly the smaller. In the
lower premolars this relation is reversed but though the
second 1s the lareer of the two it is nevertheless much smaller
than the first molar. As in the case of the upper teeth the
labial faee of the lower molars does not project so far laterally
as the labial aspeet of the molars. In hoth jaws the first molar
is the largest and most reminiseent of ancestral form and the
size diminishes through the second to the third. The upper
molars are rhomboidal and in each the transverse diameter of
the erown measured over the protocone and the paracone con-
siderably exceeds the antero-posterior dimensions. The first
shows a well-developed hypocone, the second a hypoeone oh-
viously reduced and the third practically no hypoeone at all;
in this last tooth the metacone also is considerably reduced.
In the lower molar series as in the upper the first tooth is the
most stable, the more progressive second and third are smaller
than the first. Eaeh molar displays the hypoconulid (exeept
the right third) a eusp which tends to be absent in modern
Man especially on the second molar. All the lower molars are
remarkable for their rounded contour, The antero-posterior
axis of the first is set at an angle with that of the seecond in
characteristically human fashion. As in H. heidelberzensis the
teeth are considerably worn down.

Turning now to the Neandertal type (Homo mousteriensis
hauseri, Fig. 51) we find the teeth in general somewhat simi-
lar to, though larger than those of H. aurienacensis but also
distinetly human. The mandible has a more rounded angle
than that of H. aurignacensis and a body of less vertieal
depth especially in the incisor area. The mental region is
very differently shaped, there being no c¢hin, A mueh ereater
deposit of hone eneroaches upon the tongue area than in 1L
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aurienacensis but not so marked as i Hewdelbere Man, The
limbs of the dental arches are divergent owing to the consid-
erable hasieranial breadth and the arches themselves are
squarer. All the teeth show a well-marked neck at the gingival
line and the roots are long and unfused. All the incisors are
stout, relatively large and long rooted teeth and the erowns
are vertically placed. The upper teeth overlap the lower very

slightly. The spatulate form of the upper median ineisors is

Fig. 51 Oeclusal view of dentition i1 Neandertal Man (Homo mousteriensis
hauseri, F.1, W.E.U'.: from ecast by Krantz). A specialized and aberrant form of
i I 1 ¢ and disapoearing suddenly in Europe during the Pleistocene Period.
I'l | | 1 1l 1 15 1 ed this skull

very pronounced and in these as well as in the laterals the
long axis of the root forms an angle with that of the erown, a
secondary speecialization also found in the great modern An-
thropoids. The cingulum is elevated into a small palatal eusp
more pronounced in the lateral than in the eentral upper in-
cisor, The canines are stout teeth projecting |||||E__".' H“;““}'
heyond the general oeclusal plane. The maxillary ecanines

POSSERS 1 VEery Fﬂ':]lllllllll-u-e| i|;||;|1;|| t‘illl_’El_liII' CUS]D i'||31||1'+'1c-:|
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with the apex of the erown by a low ridge. The upper pre-
molars have quite massive erowns and are subequal in size. In
the mandible the premolars present a rounded and obliquely
sloping labial surface. Their main cusp lies in the vertical
axis of the tooth and in consequence the occlusal surface is
directed obliquely inwards, The second premolar is especially
massive and molariform through the development of a posterior
moiety. The molars again are powerful teeth with long almost
parallel and unfused roots; the third is not yvet fully erupted.
Both first and second maxillary molars present a typieal tri-
gon with an oblique ridee and in addition a well-developed
hypocone. They are subequal in size with the antero-posterior
dimension almost equal to the transverse. The third molar
erown, smaller in size, does not show the cusps so elearly as
the more anterior teeth but it also possesses a hypocone. The
teeth are obliquely rhomboidal and exeept in the third molar
the eorners are but slightly rounded off. The lower molars are
typically human in the eruciform arrangement of their fur-
rows. BEach possesses a hypoeonulid but displays advanced
charaeters in certain respects. The transverse ridge between
protoconid and metaconid is quite pronounced. The occelusal
surface is narrower than the crown itself. The hypoeconulid
tends to be subdivided. In addition to these advanced features
of individual teeth the purely human eharaeter of an angle
hetween the antero-posterior axis of the first lower molar and
that of the seeond is present. All the teeth are well rounded
and are subequal in antero-posterior length, An interesting
feature reminiseent of the Kocene Primates and found also as
a small tuberele in the Gorilla molar is a small sixth eusp be-
tween the metaconid and the entoconid.

Having drawn attention to the main distinetive marks of the
Aurignacian and Neandertal dentitions it may be asked if the
latter shows in reality any features not to be observed in some
at least of modern erania. There is no doubt that every fea-
ture discussed can also be found in any fair-sized collection of
recent skulls although perhaps the extent and blending of the
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features will not be the same. It might seem, therefore, that
the Neandertal type is rveally ancestral to oar own race as
indeed has been and is the view of many anatomisis; that all
human races have passed at some period or other of their his-
tory through a Neandertal stage. This is a question diffieult
to settle in any ease and quite impossible if we consider only
the teeth. Stress has been laid upon the faet that there seems
to be an unusually large number of specialized features, many
of them present to a pronounced degree, in the dentition of
Neandertal Man. More than this we know that he eould not
bhe the direet ancestor at least of Aurignacian Man sinee hoth
lived in the same period. The features in which the Neander-
tal dentition differs from that of . aurignacensis or of
modern Man are largely secondary specializations many of
whieh are present also in Anthropoids as the result of parallel
evolution.  These indieate the specialized and aberrant con-
dition of Neandertal Man so strongly confirmed by the ehar-
acters of other parts of the skeleton. It is true that there
were many variations in Neandertal Man as there are in mod-
ern Europeans, which variations affeet not alone the skull and
skeleton but also the teeth, and henee the dentition of the ex-
ample deseribed stands no more typieal of all than a single
example would represent every variety in the dentition of
modern Europeans. Indeed so pronounced and aberrant are
certain features exhibited by some Neandertal teeth that we
must briefly consider these peculiarities.

Examination by the radiographie method of the mandible of
a ereat Anthropoid or a modern human being shows the roots
of the teeth varving somewhat in length, in disposition and in
relation to the inferior dental eanal. In the majority of cases
one feature is apparent in all, namely, that the pulp chamber,
though small, is well defined and lies entfirely or almost en-
tirely outside the limit of the alveolar process of the jaw. In
the Heidelberg mandible the pulp chamber is less sharply out-
lined and although its limits do not greatly extend below the
free alveolar border still the pulp e¢hamber is large and its
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bhorders overrun the limit usual in modern Man. For such
stout teeth possessineg no obvious neck the roots strike one as
rather short. The ““woolly’’ appearance presented by the
horder of the pulp ehamber is due to the formation of second-
ary dentine normally laid down in all teeth as the wear in-
creases and especially after the enamel coated surface of the
cusps 1s lost. A similar shortening of the roots with inerease
in size of the pulp cavity oceurs in the molar teeth of the very
specialized Daubentonia as compared with the less special-
ized Indrisinae. It is worthy of record that we meet these
characters greatly exaggerated in some but by no means in all
of the Neandertal race. In some molars from Krapina and in
those from St. Brelade’s Bay, Jersev (Fig, 98), the shortness
of the roots which are fused mto a sinele mass and the large
size of the pulp chamber partially enceroached upon by second-
ary dentine are strikingly seen. In the ease of the Jersey
teeth the jaws are unknown but in fragments of Krapina
skulls the lowering of the margin of the pulp chamber helow
the alveolar border is quite pronounced. It is impossible to
disregard these features which are eertainly not primitive
but exeeedingly specialized and thongh they may be met with
even in modern Man the extent to which they oeeur is mueh
less than in the Krapina Neandertalers. The short fused
roots, large pulp eavity and absence of a neck give a general
appearance simulating the teeth of the ox and Keith has,
therefore, proposed for this variety the adjective faurodont in
distinetion from the more dog-like or eynodont roots of the
usual form.

Having now diseussed the two main types of Glacial Man
and having indicated that H. aurignacensis is probably our
ancestral representative, whereas Neandertal Man is an aber-
rant and speecialized form which probably was ousted by his
less speeialized eompetitor, we may turn to the consideration
of modern human races.
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MODERN MAN

All human races of todayv are obviously different from IHei-
delberg Man in possessing greater tongue space and smaller
jaws though not necessarily smaller teeth. They are unlike
Neandertal Man in the possession of a chin. Their features
recall those of H. aurignaecensis, a long-headed European of
the Glacial period.

Tt is an interesting faet that the long-headed or dolicoce-
phali¢ type of Man has always been pre-eminent as a sea rover
and we shall take as our first example the skull of a native
Tasmanian (Fig. 52), a type who could only have attained his
final distribution after considerable travel, as representing the
most primitive modern race though recently hecome extinet.
Unfortunately the dentition is not very complete and no fea-
tures of the ineisor and eanine teeth ean be direetly noted.
These teeth do not greatly differ however from the correspond-
ing teeth of other human races and therefore we shall not paunse
over these or indeed over the premolars which resemble those
of H. aurignacensis rather than of Neandertal Man. 1t is
the molars to which attention is drawn at the moment. All have
well-marked neeks, parallel unfused roots and large erowns.
The total leneth of erindine surface of the three mandibular
molars 1s as great as in Heidelberg Man or in H. mouste-
riensis. It i1s considerably greater than in H. aurignacen-
s1s.  The first molar 1z actually longer than that of Heidel-
berg Man but the second is shorter. In the maxilla we find
likewise that the total molar surface is longer than in T
aurignacensis but is slightly shorter than that of the Neander-
taler. The first maxillary molar is aeain the largest. This
merease in size, usually relative but in eertain instances actual,
15 characteristic of modern Man. Typieally human features such
as the anele hetween the axes of the first and second mandibu-
lar molars need not be dwelt upon sinee they have already
Leen emphasized in the descriptions of fossil Man. When we
look at the individual teeth we note several features whieh



145 MAMMALIAN DENTITION

may be rightly inferred to have appeared comparatively re-
cently in Man’s history. For example the second upper molar
has lost its hypoeone as an independent eusp while its meta-
cone is mueh reduced by the rounding of its contour. These
features are still more marked in the third molar. In the lower
molars, especially the second, the posterior moiety represent-

ing the talonid has inereased considerably in transverse breadih

i, 52, —0Decluzsal view of dentition in a native Tasmanian woman (0102, W.E.1
A primitive modern race recently becon

so that 1t now may aectually exceed that of the anterior part.
The large size of the human hypoconid and entoconid is well
illustrated by this example. Many features however are
primitive: the molars are large and more especially they are
relatively long: each lower molar possesses a hyvpoeonulid which
15 axial in position: the distance between the tips of the meta-
conild and the entoeonid is relatively ereat, in the first molar
greater than in the others: the lateral groove markimg off the
]1]'1|1|H'urliq[ from the ||.‘~'|I1H‘+I11ili 15 quite extensive. In spite of

the presence of a well-developed ehin the body of the mandible
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is strikingly shallow and in this respeet recalls the mandible of
the Neandertaler. When the foregoing facts are carefully
weighed there is no doubt that Tasmanian Man is a primitive
modern race.

Next let us consider the general dental features of present
day Europeans. Again, as in Neandertal Man, we find long
and short headed varieties. In the latter the limbs of the den-
tal arches tend to be more divergent and the arehes them-
selves shorter in antero-posterior length. We eannot consider
further differences here.

As an example of the modern European dentition® we have
chosen a skull (Fie. 53) in which the dental arch is rather
long and its limbs not very divergent. In their occlusion the
upper incisors only just overlap the small lower teeth and the
simall size of the upper molars and the marked reduction in
the second lower molar result in the practical elimination of
alternate occlusion in the molar region. These two features
are worth noting. If we refer for a moment to H. aurigna-
censis, we shall find that in addition to edee to edee bite of
the meisors the molars alternate so that although the majority
of the erown of each upper molar oceludes with the ecorre-
sponding lower vet nearly one-third of the erown is in occlusion
with the lower molar next behind. The same is true of the
Tasmanian skull. In Anglo-Saxon times almost the enfire
population possessed an edge to edge ineisor bite. After the
lapse of less than a thousand years ninety-five per cent of

*In order to correlate the zoological cusp terminology used in this book with the
terms commonly used by dentists the following table (Osborn: Evolution of Mammalian
Molar Teeth, 1907) is presented:

Upper Molars

Anterior palatal Protocone ]
Anterior buccal Paracone Primitive triangle, or trigon,
FPosterior buccal Metacone [

Posterior patatal Hypocone  Primitive heel, or talon.

sower Molars

Anternior buceal Protocomid P . 1 - »
! 4 : L Lo e b
Anterior lingual Metaconid [ Primitive triangle, or trigonid,

Posterior huceal Hypoconud

Posterior lingual Entocanid Primitive heel, or talonid.
. Posterior mesial Hypoconulid [
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modern Englishimen, as Keith points out, possess upper ineisors
which overlap the lower teeth. Henee in the development of
modern Europeans eertain changes of quite marked extent have
occurred even in recent times. A prominent ehin and eapacious
toneue space are present in this as in all modern human skulls.

The canines are ]H‘Illililll‘||1, 5«'.1I|,1i||r-]'l|~11-~ ||||||-irr't=.ii'|'Til]i_l,' teeth

whiech do not stand out from the almost uniform contour of the

Fig, 533, —0weceluzal view of dentition of modern European (Skull 248, W, R 1.
f civilization upeoay a dentition like that presente-d i Fag. 51,

antemolar dental arch. The premolars are small and set rather
within the line of the molar teeth., The second [:u:'rllln].;l]‘, hav-
ing its posterior moiety very slichtly developed, appears small
beside the large and stable first molar. Of the molars the first
15 the largest and the progressive reduetion in size from hefore
backwards is well seen. The angle between the antero-posterior
axes of the first and second upper molars is r|lliI1' apparent
but in the mandible the eruption of the corrvesponding teeth is

less regular. In all three upper molars the metacone 1s reduced:
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in the first there is a fair-sized hypoeone but this cusp 18
reduced in the second and absent in the third. A hypoeconulid
oceurs in the first and third mandibular molars but is absent
from the second. All these teeth exhibit a greater transverse
hreadth of the posterior moiety (talonid), are well-rounded in
contour and show the typically human crueiform arrangement
of furrows. The hypoeonulid of the first molar is almost in
the axial line but in the more progressive third which pos-
sesses a strikingly large entoconid and a eorrespondingly small
hvpoeonid this eusp lies more on the lateral side.

It is true that there are marked changes going on in the
jaws of modern Europeans. It is true also that there is greaf
variation in the size and development of the third molar but it
must be remembered that this tooth is normally small in the
ancestors of modern human stoek and therefore inerease in
its size is much more noteworthy than reduction. The second
molar is undergoing most obvious retrogression in the human
race, especially in the Europeans. We see this clearly in its
reduetion in size and its loss of cusps but it will be still more
evident when we have discussed the anomalies of the human
dentition.

The only other human type which we shall consider in this
account is the Negro. Frequently in every-day talk we inelude
the Negro among “‘lower races’ of Mankind although there
seems to be no other justification for this than the assumption
that White Man is the most highly evolved human type. 11
we pause to eonsider what we really mean by the indefinite
term ‘‘highly evolved’ we shall readily discover that there
is at least doubt concerning the validity of our standard. If
we mean that White Man is more adaptable than the Negro.
we merely infer that the former has retained to a greater de-
eree the primitive potentiality of adequate response to en-
vironmental conditions and sinee the Negro is less adaptable
he must be more specialized. Dut specialization may also be un-
derstood by the term ““highly evolved.”” The physical char-
acters of the Negro show indeed that he 1s an advaneced speeial-
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ized form, considerably more specialized indeed than the Euro-
pean. The Bushmen and the Pyvemies of the Congo forests are
more primitive and specialized than other Neero races. In this
aceount we shall examine simply the dentition'of the American
Neero although he 1s not typieal of the true Afriecan race
since the changes which we have already noted as oceuwrring in
guite recent times in Europeans are to he found in him also,

The skull of which Iig. 54 is a photograph is unusually

Fig. E4.-—0e¢eclusal view of dentition of American Negro (Skull 524, W R.LUL)
In some respects a very specialized dentition modified in recent centuries by civilization

broad and therefore the length of the dental areh is some-
what obscured by the divergence of the molar series. The
ceneral setting of the teeth in the jaws is very similar to thaf
of the European exeept that there is greater spacing of the
teeth of the upper jaw. The overlapping of the upper inecisors
and the oeclusion of one maxillary molar solely with the cor-
responding tooth of the mandible oceur here as in many Euro-
peans. In the typical African Negro, however, the edge to
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sion of the molars is found as in Tasmanian and in Aurigna-
cian Man. The mandibular body is not strikingly deep and
the e¢hin is very prominent. The upper incisors are large teeth
and like the lowers have their crowns set vertically. The
qanines though stout do not project beyvond the ocelusal sur-
face of the neighboring teeth nor do they break the uniformity
of the dental arch. There is nothing particularly noteworthy
about the premolars although in some Negroes the second
lower premolar possesses a large posterior moiety like that
shown by H. mousteriensis (Fig. 51). The molars as in the
White race present rounded contours. The first maxillary
molar is the largest and exhibits a hypocone: the second which
is not so large and the still smaller third have not this eusp and
in addition show a redueced metacone. In the present case the
antero-posterior axes of the upper molars are erratic. 1In the
mandible the first and third molars are subequal, the second is
smaller. The axis of the first makes the typical human angle
with that of the second. Each presents a hyvpoconulid which
is axial in the first but progressively more laterally placed
in the second and third. The last tooth shows its advanced
nature not only in its size and in the position of its hypoconulid
but also in the great transverse hreadth of the posterior moiety
of the erown. The eomplexity of the secondary grooves upon
the crowns of the cheek teeth increasing to a maximum in the
third molar also demonstrate advanced specialization in the
Negro.

We may now summarize the characteristics of the human
dentition in the followine manner. The Tasmanian, though
showing some specialized features, presents a greater number of
primitive traits than other modern races. The European in
historie times has undergone marked changes in his jaws and
dentition and now presents an interesting admixture of primi-
tive features mingled with characters indicating very recent
adaptation. The Negro also exhibits marked recent modifiea-
tions, but possesses a dentition more specialized in certain re-
spects than that of the European.



154 MAMMALIAN DENTITION

In looking back over this short review of the Primate den-
tition in general the reader cannot fail to be lmpressed, as
the author has been, by the striking similarity shown in their
evolutionary progress by all families no matter at what stage
in ancestral Primate history these families have diverged.
Further he will realize how definitely parallel are the lines of
evolution in tooth forms presented even by diverse orders of
Mammals,



CHAPTER VIII
ANOMALIES OF THE HUMAN DENTITION

Sienificance of anomalies—Inereased number of ineisors—
[mperfect developmental subdivision of teeth—DPara-pre-
molars—VYariations of the third molar—Aeceessory molars—
Instability of the second and third Molars—Inerease of

cusps—Paramolars—Retention of deciduouns teeth.

In the explanation of variations in number, position and
form of the human teeth dental sureeons have before them an
interesting and diffieult study and it is muech o bhe regretted
that the frequeney of occurrence of these anomalies does not
stimulate to investigation, more than has been the ease hitherto,
those who are brought constantly into toueh with these abnormal-
ities in the course of their daily routine. Too often the valuable
data to be obtained only by the dentist are lost or irrevocably
destroved in consequence of the widespread tendeney to con-
sider anomalies merely as freaks. Professor Bolk of Amster-
dam has recently given much attention to this subjeet and has
published highly original and stimulating views whieh should
encourace more ceneral research along the line of anomalies
of teeth. There is no doubt that certain variations are sim-
ply sports but the fact that some fall into this eategory is by
no means justification for considering as such all departures
from the normal. We are handicapped at present by lack of
sufficient information regarding the variations in teeth among
other Mammals. That Man is not isolated in this respeet is
indicated by many seattered published notes of similar anomalies
occurring in other families and in many orders of Mammals. In
Anthropoids especially deviations from the normal dentition
have been recorded but one learns oceasionally of abnormali-
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ties appearing in other Anthropoidea and in the Lemurs. The
example of Potamogale already illustrated (Fig. 33) shows
retention of a deciduous tooth. In other Insectivora indeed the
apparent mingling of the milk and l)i!l'lilél]ll}]:lt dentitions has
presented many perplexing problems. In every large collee-
tion of eanine skulls many are to be found in which the last
lower molar has never erupted. In this study it will only be
possible to consider briefly some variations in the dentition of
Man.

Generally speaking anomalies of the human dentition, be-
vond retention of certain of the milk teeth, are those of varia-
tion in position, number and conformation of the permanent set,

With variations in position of normal teeth in either denti-
tion we have nothing to do since these are always of patho-
logical origin so far as is known but it 1s necessary to review
rapidly examples of the other types.

IFig. 55 shows a variation met with perhaps more frequently
in the skulls of American aborigines than in those of the
White race. An extra tooth oceurs between the upper median
incisors which seem normally formed in every respect. From
the appearance of these teeth it is obvious that the anomalous
ineisor eannot have oceurred as the result of division of a
normal ineisor, a proeess known as schizogenesis. With it must
be contrasted the split inecisor whieh is occasionally observed.
Inasmuch as genuine subdivision may result in the production
of an extra tooth between the central and lateral inecisors or
between the lateral inecisor and the canine, it has heen stated
that our normal upper ineisors vepresent numbers 2 and 4 of a
series consisting originally of five teeth such as oceurs today
in the Opossum  This interpretation however cannot be
considered seriously in view of the very different modes of
origin of the two types of supernumerary ineisors just men-
tioned. Again it has been suggested that subdivision or diminu-
tive size of the lateral incisor has been brought about by the
oceurrence at and the splitting by the junetion of the premaxil-
lary and maxillary elements of the upper jaw of the rudiment
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of this tooth. Sinee schizogenetie division is met with also in
the ease of the eentral incisor it does not seem possible to aceept
this explanation as altogether satisfaetory. The extra tooth
ficured in Fie. 55 mayv oceur in the normal areh as repre-
sented in the present ease or upon the palatal aspeet of the een-
tral ineisor; it alwavs assumes a stump-form with a eurious

and typical erown.
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Occasionally a condition of imperfeet developmental separa-
tion of two teeth is met with in either the milk or the perma-
nent dentition (Fig. 56-4) or the germ of the upper lateral in-
cisor may be altogether absent.

Very rarely has apparent duplication of the permanent ea-
nine been recorded.

Sometimes small tooth masses have been observed in Man,
but more often in Anthropoids on the bueeal aspect of the pre-

molars, both between these two teeth and between the second
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FIG. 56.—ANOMALIES OF THE HUMAN DENTITION.

A. Left upper decidupus lateral ineisor and ecanine develop-
mentally fused (from ecast by Dr. M. J. Cramer).
The corvesponding teeth of the right side were nor-
mally formed.

. Secondary elongation of third lower moelar from develop-
mental increase in size of the talonid and defieieney
in transverse growth (Colored skull 486, W.R.U.).

', Presenee of fourth molar ( European skull loaned by Mr.
B. H. Broadbent.) This tooth which can be seen still
embedded in the jaw is of typieal molar size and
form and oceurs only on the left side of the mandible.

I}, Retained npper milk eanine and seeond molar. Deficiency
of metacone in second permanent molar (FKuropean
skull 317, W.R.U.). The permanent canine and second
premolar ean be seen unerupted below the correspond-
ing deciduous teeth in this man of 35 vears, There is
deficieney in growth of the alveolar process of the
jaw in the vicinity of these teeth., Absenee of the
metacone 18 a not infregquent condition in the second
maxillary: molar,

E. Stump-like left upper third molar  (Colored skull 3523,
W.R.T1.).

F. Paramolar of the eusp type attached to left npper second
molar (Colored skull 416, W.R.U.),

(i, Paramolar of the eusp type attaehed to lower right third
molar (Colored skull 388, W.R.U.).

H. Carabelli’s tubercle on rvight upper first molar ( European
skull 392, W.R.U.).

[. Extra cusp between metaconid and entoeonid on right
lower first molar ({ Buropean skull 471, W.R.U.),

J. Retained right lower seeond deciduons molar (Colored
skull 441, W.R.U.). XNote how all the molars are
coated with tartar on this side. The left teeth are
clean. There is no sign of a second premolar,
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premolar and the first molar of the maxilla. Indeed such
anomalies as have already been touched upon are mueh more
frequent in the upper than in the lower Jaw. It is variation
in the molar series which occurs most frequently and has at-
tracted greatest attention.

Anomalies among the molars affect number and appearance.
Extra teeth and extra eusps are in some instanees indeed inti-
mately related in origin but sinee this is not always so one
must carefully avoid generalizations in diseussing anomalies.

The variation in size of the last molar and its not infrequent
absence indicate a condition of instability in this region but
the fact that the last molar is smaller than the others and is
often lacking in the normal molar eusp formation does not
in itself indicate degeneration in the modern human dentition.
As we have already seen these features oceur in fossil Man;
they are present also even in primitive Mammals and they seem
to result from there being no tooth with which it mayv oeclude
hehind the third molar.

It has been shown previously that in the specialized Negro
race there is a marked tendeney to elongation of the last lower
molar through exaggerated size of the hypoconulid (Fig. 56-8).
The same feature has been noted in the Gorilla and Orang
among Anthropoeids and in all the most specialized of the
Old-World Monkeys. We are also familiar with its occurrence
in the purely herbivorous Marsupials and shall meet it again
in other orders of Mammals where it is likewise a secondary
adaptation.

It is a curious and as vet unexplaimed fact that, whereas ex-
treme reduetion of the last molar is more frequently observed
in the maxilla, actual absence of this tooth oceurs more often
in the mandible. In many people none of the wisdom teeth
erupt at all. On the other hand, a fourth molar may be found
in either jaw (Fig. 56-C) especially in the Negro and in Melane-
sian races. It is also observed occasionally in the Gorilla and
much more frequently in the Orang in which a fifth tooth has
been noted in rarve instances. Accessory molars are very infre-
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quent in the Gibbon and in the Old-World Monkeys in which
latter family their rarity may be conneeted with the tendeney
to elongation of the normal third molar. Among American
Monkevs Ateleus, also an advaneed form, shows this anomaly
most often and again the very speecialized genus Lemur exhibits
it more frequently than the relatively primitive genera of the
Lemuroidea. In other orders the anomaly appears eonstantly
in the aberrant canine Otoeyon, in the very specialized Armadil-
los and toothed Whales, and among Marsupials in the Banded
Anteater. It seems, therefore, to be a secondary progression
ocenrring more frequently with inereasing specialization until
it becomes normal in very aberrant types.®

We have already commented upon the relative instability
of the second and third molars in the human dentition. The
second upver especially in White races tends to lose its hypo-
cone (see I'ig. 54). It may lose its metacone also in which
case the not infrequent condition represented in Fig. 56-D
results. Aegain both these cusps may be rudimentary or absent
in the third upper molar which may be reduced indeed to a
simple stump-like tooth (Fig. 56-£). Of the lower molars the
second loses its hyvpoconulid more frequently than the third
(see I'ig. 53) and only the first exhibits this eusp with any
recularity.

Regardineg the inerease in number of eusps of the molars there
are several types and the eauses underlying these differ in them-
selves. One not infrequently finds an aeccessory cusp on the
second or third molar fused with the paracone in the upper
(Fig, 56-F) or with the protoconid in the lower tooth (Fig, 56-(7).
To these we shall return in a moment. There is sometimes a
supernumerary eusp on the mesial side of the molar fused with
the anterior aspeet of the protocone in the upper tooth (Cara-
helli’s tuberele, Iig. 56-1 ), or with the entoconid of the lower,
The former of these is stated by some to represent the cingular
cusp in the corresponding situation in the upper molar of the

.‘ll iz probable that the six successive molars of the Elephant really represent three
deciduons and three permanent tecth,
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Lemur (g, 36) but if this is so the production of the cusp is
the result of parvallel evolution. Aecording to Bolk the extra
cusp oceurring on the palatal side of the upper molar and on
the lingual side of the lower corresponds to a fourth molar and
is genetically different from that on the lateral aspeet of the
tooth.

In the lower molar the hypoeonulid is found subdivided not
infrequently, a condition analagous to the splitting of the
metacone of the last upper molar seen in the Koala (Fig. 24).
Again the lower molars, as in Fig. 56-f, are apt to present a
sixth eusp on the lingual side of the erown bhetween the meta-
conidd and the entoconid. This oceurs as a small tuberele al-
most regularly in the Gorilla and is found also in many Eocene
Primates (see page 144).

Returning now to the aceessory eusp on the lateral aspeet of
the molars it should be noted that sometimes an extra tooth
with a simple erown oceurs in the interval between the molars
in either the upper or lower jaw and it is impossible to avoid
the coneclusion that the accessory cusp really represents this
supernumerary tooth imperfeetly separated off from the normal
maolar., The extra tooth invariably oceurs in the same situation
but in the upper jaw, if it be imperfectly separated from the
permanent molar, it is represented usually as a eusp whereas
in the mandible it most frequently occurs as an accessory root
between and lateral to the two normal roots. The presence of
this anomaly in its various forms has furnished Bolk with
erounds for a theory that the first molar, in which he avers
such an abnormality is never found, belongs to the milk denti-
tion along with the supernumerary denticles just deseribed,
which may or may not fuse with the second and third molars,
and that the second and third suceessional molars with the
oceasional fourth belong rightly to the permanent set. Before
this view is accepted, however, it must be subjected to further
eritical examination.

Before terminating this very rapid and by no means complete
review of anomalies in the human dentition it is necessary to
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pause for a few moments that we may note the retention of
milk teeth.

Too eommonly e¢urrent is the impression that some defective
eruption of the corresponding successional tooth resnlts from this
retention and that if the offending temporary member be ex-
tracted the permanent tooth will come normally into place,
Retention of eertain milk teeth is by no means eonfined to the
human race (see Fig. 33). Indeed among the inseetivorous
Hedegehogs it is said, though not proved, to be the rule. It
ocenrred oceasionally in the Neandertal race (Fig., 51) and
is present in some cases of general disease sueh as riekets,

Any one of the temporary teeth in either jaw may be re-
tained for many vears beyvond the age at which it is normally
lost, perhaps even throughout life (IFig. 56-D,.J). In many
cases a corresponding permanent tooth is present but under-
goes mal-eruption. The most significant condition is met with
in the ease of the second milk molar which is retained perhaps
more frequently than any other milk tooth. It may be nor-
mally formed even as to the curve of its roots and nor-
mally erupted vet the germ of the suecessional second premolar
may be wholly absent without apparent cause. Exeept after
a radiogram has been taken to ascertain the presence and situa-
tion of the premolar and the chances of its being induced to
come into normal ocelusion no sound second milk molar should
he extraeted.

Sometimes the milk tooth fails to be in proper ocelusion after
the permanent teeth erupt on each side of it but this is by no
means always the ease. The retained deciduous tooth may
remain healthy and useful throughout life. Its position with
regard to the suceessional set varies somewhat but very fre-
quently its oeclusal surface reaches the plane of the oeelusal
surface of the first permanent molar with which it forms a well
marked line of contaect., Its longitudinal axis often forms an
angle with that of the first molar since it naturally retains the
orientation it possessed when oceluding with the rest of the
milk dentition whieh is set in an arcade of radius less than
that of the permanent dental areh.



CHAPTER IX
THE EDENTATES

RETROGRESSION IN EVOLUTION

Origin and peculiarities of the Edentata—Relation of loss of
teeth to skull form—Extinet Armadillos—The zyvgoma
Experimental results of loss of teeth—Interpretation of
changes in the human skull—Old-World Edentates,

The animals included within the order Edentata are un-
doubtedly modern representatives of stoeks differentiating in
very remote times from general mammalian ancestors. It is
doubtful if all belong in reality to a sinegle order; indeed it 1s
hecoming usual to subdivide them in the following manner:
the African Aard-varks as possibly related to the very early and
primitive 'ngulates; the Oviental Pangolins of unknown an-
cestry: and the American Fdentates, the Sloths, Armadillos,
and Anteaters, now widely divergent in superficial features hut
without doubt of common derivation.

The name of the order is itself particularly unfortunate
since only the Anteaters and Pangolins are entirely toothless
and even in the jaws of these animals vestiges of tooth bands
have heen discovered. Nevertheless, all members of the order
lack median incisors and in this restricted sense theyv arve en-
titled to the term Kdentata.

As regards milk dentition no indieation has vet been dis-
covered in the Sloths, On the other hand, temporary teeth
have been found in the Aard-vark and in the Armadillos.

In general it may be said that althoueh the teeth of the
Edentates vary in number from ; in the Sloths to as many as
100 in one of the Armadillos they alwayvs present certain gen-
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eral charaeters. They are devoid of enamel; their cusps are
quickly lost and become replaced by more or less wedge-shaped
surfaces, the result of alternate ocelusion: they possess perma-
nent pulps and are hypsodont in appearance. These features
all indicate the very speecialized position of the Edentate
dentition.

The American Edentates are well known in Miocene times
and there are scattered fragments especially of the Armadillos
from wet earlier deposits. Even in the Miocene however the
teeth display the same general eharacters as they do today and
the loss of the enamel must therefore be of great antiquity,
though even vet a rudiment of the enamel orean persists in
the developing teeth. It is quite probable that the American
Edentates at least originated from the mammalian stoek in
Mesozoie times before the differentiation of Insectivora or the
ancestors of the Carnivora and of the Uneulata; indeed some
co so far as to sugeest for them the formation of a special
subelass.

A elance at the several skulls (Fig. 57) shows at onee that
there is not much to be learned in the present study from the
teeth themselves but there are marked differences in the skulls,
in part the result of the dental condition. Naturally the skull
varies considerably in form and proportions aceording to the
character of the food and the manner of feeding but very
closely associated with these are the type and even the oceur-
rence of teeth. The Sloths are vegetarians and have a short
rounded head with a small face. The Armadillos, lareely ear-
rion feeders, possess a flat low skull with a tapering and more
or less elongated muzzle. The Anteaters, the diet of whieh is
indicated by their name, exhibit a long narrow almost evlin-
drical skull, the jaws being long and very slender. In the Sloth
the condyle of the mandible lies a short distanee above the
plane of the teeth; in the Armadillo it may be relatively high;
i the Anteater the mandible is very attenuated and delicate
and possesses only a vestigial condyle raised but slightly above
the mandibular body and the coronoid process is almost non-
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existent. In the Santa Cruz deposits of the Miocene of Pata-
,L_:‘HllllH imuvxt-r' My hl’”'i‘iPH of ,"l,';'t||;in“||u wenre 1|1'1'|'i1.']|z-[t]LL'L]_
in voleanic ash and these display less uniform characters than
the existing representatives. Stegotherium for example pos-

sessing only few teeth, and these so small that they were no
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Fag. 3/-A and bB.—lLateral aspect of skulls of;
A, Armadillo (Dasypus sexcinctus, 9.314.2

., Twotoed Sloth (Choloepus aidactylus, 9313

more than minute points i the gums, exhibits a facial skele-
ton and mandible very similar to those of the modern Anteater.
On the other hand Peltephilus, an Armadillo deseribed by

Seott as looking like a tiny Rhinoceros in armor, had a man-
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dible the two halves of which were fused together at the
svimphvsis while the condyle was placed at the level of the
teeth thus |1-.~;1-|||h“'n]_f in these respects the Two-toed Sloth.
Comparing the skull of the Arvmadillo with that of the Sloth
or better with that of the Anteater we are impressed by its
angularity, by the prominent muscular ridges espeecially those

of the neck museles hafting the head on to the trunk, by the

Fig. 57-C and D.—Lateral aspects of skulls of

C. Aard-vark (Oryveteropus capensis, Oberhin College Collection),

). Anteater (Tamandua tetradactvia. 9.311-1).

Note the slenderness of the mandible in 1D, and of the edentulous portion {
:|:.: ||||':-'Il--| " i :._'-_':-a:_'. SR ] | :||| < leul] '-'!-| the sn :;': =17 ol L Lt ll:--',:| At i

ments in the Anteater compared with the skolls of other Edentates,

tapering ol the anterior part of the mandibular bhody and by
the slender evlindrieal muzzle in front of the first upper teeth.
The stout zyvegoma of the Armadillo attracts attention sinee the
two eomponent parts of this arch do not meet in the Sloth and

are even less developed in the Anteater. Variation in form of
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the zveoma is not direetly conneeted with the state of the den-
tition and it must therefore be ignored in our present survey.

In spite of the relative smoothness of the Hllnth 's skull care-
ful observation shows that although the occiput slopes upward
and forward and does not display powerful muscular impres-
sions the masticatory muscles are quite well developed. The
area of origin of the bulky temporal musele is large and
rough. The zyvgomatic arch for the attachment of the masseter,
in spite of its incompleteness, is powertully built and the man-
dible shows areas also indieative of large temporal and mas-
seter museles. DBut turning to the Anteater we find quite a
different state of affairs. The mandible is reduced to a mere
splinter of bone showine the usual inferior dental and mental
foramina sinee the lower lip must receive its sensory nerves
though the teeth be absent, but in spite of a clearly defined
angle the condyle is rudimentary and the coronoid a mere ves-
tige. The last named feature suggests a poorly developed tem-
poral musele and on reference to the skull it 1s seen that the
surface of origin of this musele is restricted to a tiny postor-
hital area. The masseterie attachments are relativelv less
ereatly reduced but they are small and the pterygoid attach-
ments almost non-existent. There is a coneavity of the palate
and weakness in the facial skeleton together with a rounding of
the oceipital area all elearly indicating the effect of absence of
teeth.

The lesson to be learned from the Edentates is then that the
absence of teeth results in weakness of the mandible and faeial
skeleton, greatly reduced size of the masticatory museles and
ceneral smoothness of the skull.  We note moreover that these
features may be distinguished independently of the type of
skull.

Some vears ago Professor Anthony in Paris compared the
skull of a dog from which six months hefore he had extracted
all the teeth with that of another animal of the same weight
from the same litter. The features which we have just ob-
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served in the skull of the Anteater Professor Anthony noted
in less degree certainly but just as distinetly in the edentulous
dog. There were a weak mandible, the rounding of the oeeiput,
the concavity of the palate, the weakness and falling in of the

Fig. 38.—The human mandible at diferent ages (one-half satural size).

A illustrates the avpearance shortly Lefore birth,

I renreseits the m;.,mi!ihlg_- of a 1_"hi|l| of Tour Yoars n whom ;|_|'| the 1|,'z1|]||'-:;||:|.
tceth have appeare:dl.

C shows the mandible of an adult with complete permanent dentition,

[} represents the senile mandilde after the loss of all ieeth,

zveoma, the small areas of muscular attachment and the
smooth and rounded skull.

The features of the old partially or wholly edentulous human
being now become explicable. The rounded weak jaw, the ap-
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proximation of the nose and ehin, the hollowness of the cheeks
and temples from wasting of the museles, the loss of angularity
in the skull and the thin tapering neck are apparent in life.
Preecisely the opposite is noted during adolescence as the milk
dentition becomes replaced by the occeluding permanent set.
(Certain local features such as the inerease in size of the alveolar
porfions of the Jaws are the direet result of the development
of teeth but the permanent dentition must be present in oeclu-

sion before the full complement of secondary mastieatory

Fig. 5%.—5kull of young Gorilla superposed upon that of an adult animal.  (Afte
Keith.) Note that with the appearance of the permanent teeth the temporal and
occipital muscles prow so laree that additional erests are formed upon the skull for
therr .'n'.-r-|11|um|*|r:-m. iIll"I. attachment.

features appears. In Fig. 58 we have reproduced the char-
acteristics of the mandible at different periods of life. To
render more clearly the changes which the skull undergoes
during adoleseence reference should he made to Fig. 59 which
represents the skull of an infant Gorilla superposed upon that
of an adult. This illustration serves to mdicate the changes
bronght about mdireetly through the funectional nse of the
teeth.

After this digression we return to the «discussion of those
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Edentates still remaining, namely the Old-World members of
the order.

The skull of the Pangolin recalls at onee the ceneral features
of the skull of the American Anteater. This curious sealy
Oriental Mammal, also an Anteater in habit, is nevertheless
widely removed from the American form and the relationship
of the two animals is very distant if indeed it exists at all,
No teeth are present although vestiges have been found. The
features consequent upon absence of teeth oeeur in the Pangolin
as well as in the American Anteater. Thus is presented a ease
of parallel evolution of which the stimulating factor is known.
It is the absence of teeth which has brought about the appar-
ent similarity of the two forms,

It is probable that the Aard-vark (Iig. 57) was originally
derived from a mammalian stock possessing the typical placen-
tal dental formula:

L pd a3
O PT/ M.

l b
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but the number of cheek teeth has imereased during evolution to

é.- although the anterior members of the series like the in-
cisors and canines are quickly lost. The effeet of absence of
teeth upon the anterior part of the maxilla and mandible is
clearly seen. The c¢heek teeth have the form of double columns
lacking enamel and similar in all general respeets to the teeth
of the American Edentates but differing in their histological
pattern. The milk teeth are brachyodont and each possesses
two roots. This curious African Anteater possesses a brain
which Elliot Smith states 1s ‘‘distinetly comparable with a
primitive Ungulate type’’ and although there may be some dis-
tant relationship, as vet unproven in entirety, with the Ameri-
can Edentates, this speculation is all that we can offer at pres-
ent regarding its ancestry.



CHAPTER X
THE CARNIVORES

DIVERGENCE IN EVOLUTION

The unity of the order—Aneestral importance of the Dogs—The
primitive position of the Civets—The Hyenas—Specializerd
position of the Cats—Peculiarvities of the Weasels—The
Raceoons and Bears—Specialized and aberrant features oi
the Pinnipedia.

The Fissipedia

The order Carnivora today comprises two great suborders:
the Fissipedia ineluding the Dogs, Cats, Bears, Raceoons, Civets,
Hyenas and Weasels: and the Pinnipedia under which title
are ranged the Sea-lLions, the Seals and the Walrus. The
ancestry of the Pinnipedia is very imperfectly known and we
shall therefore refer to them only in the briefest manner after
the other more typical suborder has been considered.

Modern Fissipedia are widely divergent in habit and in
physical characters and but for their history as elicited from
the rocks it would be realized with diffieulty that they have
all a common origin, To understand this common origin we
must toueh upon another suborder of the Carnivora, a group
of animals long extinet and known as the Creodonta., The
recorded history of the Creodonts began in the Paleocene and
they become finally extinet in the Oligoeene. They were very
varied in character, being earnivorous or omnivorous and sonie
of them very possibly inscetivorous in habit. As a rule the
dentition was:

172
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though sometimes a tooth at the premolar-molar juncetion was
lost. The Creodonta, forerunners of the modern Carnivores,
were themselves derived from Mesozoie aneestors the characters
of which are estimated by Dr. Gregory to have been, among
others, the following: ‘Small, semi-arboreal, inseetivorous and
partly earnivorous Placentals with a dental formula:

3. 1. 4. 3

B [
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a well-developed milk dentition, small tritubercular upper
molars, simple premolars, small simple canines, ineisors of op-
posite sides arranged in convergent rather than transverse
series. The muzzle was broad and heavy, the skull eonstricted
back of the orbits, the brain-ease very small, probably sur-
mounted by a long low sagittal erest. the zveomata not large.
Thus the ancestral Carnivores would approach the ancestral
Insectivores with whieh they had common forerunners al-
though they early began to assume predaceous flesh-eating
habits, to inerease in size and to bhecome adapted for living
upon the ground.

Of the Creodonta one family, the Miacidae, small animals none
of which attained the size of a fox, is especially significant
sinee its members possessed so many characters in common
with the primitive Iissipedia that some aunthors elass them
within this suborder. Perhaps one of their most striking fea-
tures is the constant oceurrence of speeialization of the last
upper premolar and the first lower molar for the purpose of
shearing flesh. To these teeth Cuvier long ago gave the name
carnassial : they are often now called seetorial but either term
is equally expressive of their funetion. This specialization of
P4
M
in all families.

Of the Fissipedia the Dogs probably represent the central

15 found in the Fissipedia though it is not equally marked
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line of development and this family arose imperceptibly from
ancestral Creodonts during the upper Eocene. Almost as old
though not so elearly defined in origin the Civets also developed
in the upper Eocene. In the Oligocene the Cats appeared with
shortening of the skull, inerease in the size of certain teeth,
and reduetion in their number and eusps. At this time also
we find the earliest Weasels in which again the skull was
shortened. From the Dogs in the lower Miocene originated the
Raeceoons and in the upper Miocene the Bears, in hoth cases the
teeth increasing in complexity. Lastly the Hyaenas differen-
tiated in the lower Pliocene, probably from the Civets. It is
therefore most instruetive to take up the consideration of these
families with the origin of each in mind. Animals which are
solitary rather than gregarious naturally will leave fewer fos-
silized traces of their existence and hence the history of the
Carnivores is not known with the same precision as that of the
['negunlates: mdeed it 1s only in the Dogs that the ancestry
can be traced baeck to its ineeption without a break. In each
family progressive features have appeared with change in
habits and these have occurred along parallel lines as in other
orders. In the chapter on the Primates we have devoted con-
siderable space to the study of parallelism in evolution. We
must therefore be content simply to outline the general fea-
tures of the existing Carnivore families.

First then we take up the Canidae: the Dogs Wolves and
IPoxes. Of these the Dogs and the Wolves have very similar
dentitions although the domesticated Dogs are less purely
flesh-eaters than the Wolves: the Fox dentition is easily dis-
tingunished. Dogs of the middle Plioeene possess skeletons
searcely distinguishable from those of today and so far back as
the middle Mioeene the differences are very small. The fore-
runner of the Canidae in the lower Miocene does not differ
greatly from the modern Wolf. But the lower Oligocene an-
cestor shows so many feline features as to render it probable
that here we have the commencing divergence of the Cats from
the Dogs,
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g, 60 illustrates the dentition of the Dog, Canis familiaris.
The superficial resemblance to the marsupial Thylacine (Fig.
20 will be immediately recognized but there is no real simi-
larity and a second glance shows that the teeth differ consider-
ably in the two animals although elongated jaws and the
carnivorous adaptation are present in both. Primitive fea-
tures are seen in the Dog 1 the low position of the condyle, in

the termination of the palate near the hinder upper molar and

srwe ! yema b

Fig, G0 —Dentition of Dog (Cams tamiharns, 9.7424-43), Sote the markedly se

torial last upper premolar and first lower molar, the loss of the last upper and the

diminntivi SiEEe Ol !':||_ |;|-I -:I-.-',',n.; ||--|:!|,
m several dental echaracters sueh as the trituberceular formation
only slightly modified in the upper molars. The dental for-

mula is:

0 I | &

[ = C=—. T ' M —. total 42.

and thus lacks only one upper molar of the complete placental
dentition.

The meisors gradually inerease from the first to the third
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which is eaniniform in the upper jaw. The eurved nature of
the upper ineisor crowns enables their tips to point downward;
the lower teeth slope obliquely upward; all have a well-marked
eingulum on the inner aspeet and tend toward a trefoil design.
The canines are long but not so typically earnivorous as in the
Cat. The premolars are simple exeept the last upper tooth
and display the primitive inerease in size from before back-
ward. The sectorial fourth upper premolar exhibits what
corresponds to the metacone-metastyle shear of the Insectivore
molar together with a low palatal eusp borne on a separate
root ; this tooth shears lateral to the sectorial first lower molar.
In the maxilla the third molar is non-existent and the second
reduced. The first 15 larege and shows the three eusps of the tri-
gon with a well-developed palatal eingulum and a small hypo-
cone., The same features on a much smaller seale distinguish
the second molar. The first mandibular molar has a pro-
nounced protoconid-paraconid shear with a diminutive cingu-
lar eusp taking the place of the metaconid:* the talomid is
low and presents two cusps the hypoeonid and the entoconid;
its trigonid is thus developed for sectorial purposes. The see-
ond molar is small with protoconid and metaconid both low
and a basin-shaped talonid: the third is greatly reduced and
simplified, even non-existent in many eases.

Passing next to the equally primitive Clivets we take as our
example the Indian Rasse, Viverra malaccensis (Fig. 61) the
smallest of the true Civets, an animal whieh is still arboreal
in habit, rapacious, living upon such small animals as it ean
cateh but also probably upon insects as the sharp cusps of its
molars indieate. The jaws are elongated, the ineisors set more
transversely than in the Dog, the condvle is low and the palate
extends only a short distanee hehind the molars. The dental
formula of the Rasse is:

In the Carnivora there is a tendency to lose the metaconid. This is especially
obvions 1 the sectorial first lower malar.
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In the .-:;H*L'illlt‘n fieured two left lower ineisors and one
F:!'I'IIHI!E“' have heen lost 1[IH"lI!I;L" l1te. The meisors iare ||lli|1
upon the same plan as in the Dog and the eanines are long,
the ]H'l-lnlll:ll‘r-. merease i size from before backward and the
fourth lower tooth is moelariform. The sectorial fourth upper
premolar is also molariform i appearance showing a molar-
like trigon with all three cusps and a metacone-metastyle

shear. The upper molars remaimn almost typieally trituberen-

i} A B @ i i [}
I"1g v Dentition of Indian Rasse (Viverra malaccens’'s, 9.7422.3) A repre-
sentative ol family as ancient as the Dogs.  The third lower molar is eliminated from
15 fle HY A% el T respoinding upper tooth

lar but the second is greatly reduced. The sectorial firs
lower molar has a laree triconid and a low bhasin-shaped talonid
each showing the full complement of three cusps. The second
molar is reduced praetically to a talonid, the protoeonid and
paraconid being absent,

There is great variation in the dentition of the Civets (Viver-
ridae) accordine to the food habits (see Fie. 99 i, the Fossa of

Madagasear a purely carnivorous form possessing teeth like
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the (fats and the oriental Binturong having teeth with low,
mound-hke cusps. To this subjeet of dental variation with
food habits in the Carnivora we shall return later (see page
270). ‘

The Hyaenas, like the Civets from which they arose, never
penetrated to the western hemisphere. They are carrion feed-
ers with the teeth specially modified for the purpose of erush-
ing bones. The rueged streneth of the skull is observed at a
olance. Large rough areas accommodate the powerful masti-
catory and neck museles assoeiated with sueh stout teeth.
Each cheek tooth possesses a pronounced eingulum to proteet
the soft tissues of the gum against laceration from splinters of
erushed bone. The dental formula is:

3 1

4 |
1 ] d i
I:;.[ 1.| :{,H ,l.hrt.llul.

The sectorial teeth are as usual Eth and thongh there are three

varieties of Hyaena these show only minor differences in their
dentition. The upper molar is veduced in all but more in the
Spotted Hyaena than in the Striped; the lower molar also is
more specialized in the Spotted Hyaena, having lost its metaco-
nid and possessing a mere vestige of a talonid. A closely asso-
ciated animal, the Aard-wolf, also a carrion feeder, exhibits a
verv degenerate dentition which however need not detain us.

At the beginning of this ehapter it was observed that the
Cats differentiated in the Oligocene from ancestors common
to them and to the Dogs. Tn the Cats (Felidae) we find marked
shortening of the jaws with reduetion and great modifieation
of the teeth. The dental formula is:

| 1
. C L =] I.tnlul 0.
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The upper anterior premolar is often absent but otherwise the
dentition is uniform throughout the family praetically all of
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which feed solely upon warm-blooded animals. In the Cats,
therefore, the purely carmivorous dentition i1s seen in its full
|u'3'|l1‘t'r't|r||.

In the domestiec Cat, Ielis domesticus (Fie. 62) the ineisors
are small and set transversely; the canines are long: the firs
upper premolar very small, often ahsent; the second larger,
the third sectorial. The two lower premolars are comparatively

simple and the second 1s the larger; the single upper molar ves.

1E-

tigial and the lower sectorial. The lasi Lprper 'M*t‘?m'i:ﬂ_" pre-
molar shows a molariform appearance with a trigon and a meta-
cone-metastyle shear. The lower molar, also sectorial, has losf
all vestige of cusps save the protoconid and the paraconid whieh
form a typical earnassial shear.

In this |';|]||'1|j-.' as in the Carnivora as a rule the condvle 1s low
and the palate terminates near the level of the last molar,
[t becomes apparent then that the low position of the condyle

is the most satisfactory for the flesh-eater, and it is only in
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those the diet of which is l||.'||']{1'l||j.' omnivorous that the con-
dyle rises. In the purely flesh-eating Mammals the elenoid fossa
15 a deep transverse groove permitting of no antero-posterior or
lateral movement but this feature may also be distinet in others
of the Carmivora which indulge in a more varied diet.

The Mustelide, ealled for the sake of simplicity the
Weasels in the earlier part of the chapter, inelude many and

varied genera whieh are very diffienlt to arrange. There are

S|ReCTImen,

otter-like, badger-like and weasel-like forms. In this account
we can take only one and we choose therefore the common Skunk,
Mephitis mephitis (g, 63) a member of the second group.  Al-
though because of the small size and fragility of the skulls of this
family the records of its history are by no means complete we

know from Oligocene aneestors that considerable changes

have oceurred in the skull durine the evolution of the Muste-
lidae and that the skull is now mueh shorter than it was., In

oeneral the skulls of the Mustelinae are most like those of the
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Bears and Raccoons but are readily distinguished from those
of all other Carnivores by the peculiar shape of the single upper
molar. The inner part of this tooth has a greater antero-pos-
terior measurement than the outer part, although this eharaeter
is not alwavs very pronounced. In the Skunk, for example,
it i1s slight.

The Skunk feeds on miee, froes and eges, worms, roots and
berries, but in addition it destroys more inseets than all our
other Mammals put together. 1t is both arboreal and fossorial
in habit, The dental formula is:

am | e
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The small transversely set ineisors and the long eanines both
adapted for earnivorous food eall for no comment. The pre-
molars inerease in size backward and arve all simple exeept the
last upper tooth which is sectorial though by no means pro-
nouncedly so. The sharp eusps of the cheek teeth hespeak the
pre-eminence of this animal as an insect-cater. The upper
molar has a well developed external einegulum upon whieh the
usual three styles can be distinguished ; the internal eingulum
rising into a hypocone behind is also very large, The lower
molars resemble quite closely those of the Rasse already de-
seribed but their cusps are not quite so needle-like. The first
molar is not at all strongly sectorial; it possesses trigonid
and talonid both with a full complement of cusps. The second
as i Viverra is greatly redueced and exhibits praectically only
the talonid.

The next family to receive attention, the Raccoons or Procy-
onidae, i1s almost exelusively American, there being only one
representative in the Old World, the Panda of the Himalayas.
As already stated the family arose fromm the ancestors of the
Dogs in the lower Miocene. One of the principal dental fea-
tures of the early differentiation of the Raccoons was the
change taking place in the seetorial fourth upper premolar. A
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diminution in the sectorial character of this tooth hegan to
oceur together with the appearance of a postero-internal cusp.
Other features were the correspondinge diminution of the shear-
ing edee of the first lower molar and the transformation of
the first upper molar into subquadrate shape. Similar stages
to these are even now to be observed in the comparison of the
(acomistle (Bassaris), the Coati (Nasua) and the Raceoon

||’|-m-lrunl (see e, 100): the first shows a seetorial ]II"I.‘IIIIIl.'II‘

{l"‘\"

}. Dentition of Ceoati-mundil ( Nasua narica, 9. 7425.4 wole the

sectorial features in the last upper premolar and hrst lower molar.
with a fair shear and no postero-internal cusp, and a first up-
per molar narrow antero-posteriorly; the second, diminution of
the FJI':'IHHFHI‘ shear 1-.'n.'i1|'| a small ]:llhh‘r'u imternal cusp and a h]i]l-
quadrate first upper molar; the third, a ereatly transformed
premolar and a subguadrate molar.

As an example of the family we shall take the Coati-mundi,
Nasua narica (Fig. 64) from tropieal America. This 1s a gre-
carious beast, hunting in small troops and feeding upon fruits,

voung birds, eces, hizards and msects.  lts dental formula 1s;
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The ineisors eall for no comment but the canines are nar-
row, blade-like and characteristically turned outward. The
four premolars inerease in size and complexity from before
hackward, the last in each series being quite molariform. On
the fourth upper premolar which has lost its seetorial characeter
almost completely the small postero-internal cusp previously
mentioned is apparvent. The first upper molar is subquadrate
with a hypocone of fair size; the second is smaller and tritu-
bereular. The first mandibular molar presents a triconid of
which the metaconid is more prominent than the other two
cusps and a large talonid the breadth of whieh is greater than
that of the triconid. The second 1s similar but has lost its
paraconid and has a better marked hypoconulid upon its
talonid.

The last family of the Fissipedia remaining for consideration
is that of the Bears (Ursidae), which in spite of their present
considerable differences in structure can be traced back to
canine forms of the upper Miocene. The specimen fieured
15 the somewhat deformed skull of a youne female American
Black Bear, Ursus americanus (Iig. 65). The example was
chosen in spite of its defeets, becanse the full quota of upper
premolars is still present on the right side and the cusps of
the cheek teeth are but little worn. The food of the Black
Bear consists, according to Dr. Merriam, “‘not only of mice and
other small mammals, turtles, frogs and fish, but also ants
and their eges, bees and their honey, cherries, blackberries,
raspberries, blueberries and various other fruits, vegetables,
and roots.”” The dental formula is:

) | 4

¥
— 0=, P—. M=, total 42.
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In the Bears the three anterior premolars are rudimentary
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and are frequently missing; the second is lost in early adul
life.

]H I!H' {'Ni|1r|]}|l' fiu‘l]r'!wi one of HH' ]n‘.'ﬂ'l' illi'imrl'a; ]H []Iih“;ill'_[,
The ineisors and eanines do not differ in an¥ important par-
ticular from those of other Carnivores., Of the premolars the

upper fourth calls for notice since it has lost its sectorial char-

acter and is a mueh simplified tooth. In the present specimen

$1 2 . : | 2
the premolars still in place on the right side are I and
Fig, 63, —Dentition of American Black Bear (Ursus americanus, 9.742 Ll
seive that almost all trace is lost of sectorial feaiurcs in the teeth. Compare the molar
crowins with those of the Baboon (Fig. 43)

1 34
12 4°
posteriorly, especially the second, with low, rounded cusps on

on the leff The upper molars are clongated antero-
their erowns obviously very special’zed, and the lower molars
are also greatly transformed for, although the first and second
show elearly their derivation from the tvpieal form possessing
triconid and talonid each with the full complement of cusps,

the third presents a crenated surface with no definite cusps.
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The sectorial eharacter of the first lower molar is almost com-
pletely absent.

In the Bears as in the other families different species ex-
hibit various stages of speecialization and adaptation but we
have already sufficiently emphasized this point in discussing
Previous groups.

The Pinnipedia

The history of the aquatic Carnivora is almost a blank page
in paleontology and we know but little of their affinities. I
has been suggested that they are related to the early Creodonts.
Of late the Creodont theory has been displaced by one which
would derive them from some form related to the °‘Bear
dogs’” of the Miocene but this suggested origin again is not
very clearly demonstrated. Certain resemblanees whieh may
imply a relationship to the Walrus have been pointed out by
Dr. Matthew in the Eocene Insectivore Pantolestes. We can
only sayv at present that there 1s no doubt that the forerunners
of this order were terrestrial Mammals with a typieal and com-
plete dental formula and furthermore that it does not take
very long, zeologically speaking, for a tritubereular molar to
retrogress into a simple conical tooth.

Of the Pinnipedia there are three existing families, the Sea-
lions, Walruses and Seals, of which the last mentioned are in
general the most specialized. Nevertheless the Walrus has a
curiously aberrant dentition and in this feature must take the
place furthest from typical Carnivora.

The Sea-lions, least aberrant of the eroup, are represented in
Fig. 66, which 1s an illustration of the jaws of the common
Gillespie’s Sea-lion, Zalophus californianus.  This animal in its
veneral anatomical characters is the least removed of all the
Pinnipedia from tke terrestrial Carnivora.  In most members of
the suborder the milk teeth are shed about the time of birth,
but in Zalophus they remain in situ for a few weeks. The food
of this animal consists of fish, molluses and sea-fowl. The
dental formula is:
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The third upper incisor is caniniform, each of the others
shows a well-marked noteh on the «erown somewhat similar to
that observed in terrestrial Carnivora. The lower incisors are
slightly procumbent. The canines are stout and slichtly com-
pressed, the upper ones vertical, the lowers directed somewhat
outward. The premolars and molar of the maxilla are see-
ondarily simple teeth each with a well-marked eineulum sur-

rounding the base of the erown. Their single cusp probably

fig, 66.-—DLateral view of skull of Gillespie's Sca-lion (Zalophuz californianus,

MNote the secondary reversion of the cheek tecth to comicsl forn
represents the paracone. -The mandibular cheek teeth are also
simple but the basal eingulum rises into a small cusp in front
and behind the apex of the tooth which may be the homologue
of the protoconid.

The Seals differ quite considerably according to species in
the number of their incisors and their cheek teeth show vary-
EII!_{’ L]v_u‘l'l'l'}-: of r'E."I.[Hl‘1'-|[!|| to a Hi]l|]r||- Or a ?:1'1':=||1E;i!"t]"-.' tricono-
dont form. The fact that ereat variation oceurs even among
individuals indicates that this family i1s even now evolving at
a rapid rate.

The Walrus, Odobenus rosmarus, 1s a gizantie animal Living
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on  bivalved molluses, shrimps, sandworms and
Its funetional dental formula is:
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In the young, however, the dental formula is:
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starfishes,

All the teeth are secondarily simple and retrogressed save
the enormous upper canines which are almost as long in the
female as in the male and are used by the animal in digging
up molluses from the mud and in elambering over the ice.



CHAPTER XI ;
THE RODENTS

A STUDY IN THE EVOLUTION OF HERBIVOROUS TYPES

Rodent suborders—History of the Simplicidentata—Primitive
moderin squirrel-like forms—The adaptation of the Rat
to an ommnivorous diet—Inereasing specialization in the
Poreupines—Extreme herbivorous adaptation in the Pata-
vonian Cavy—Dentition of the Rabbit—History of the
Duplicidentata—Convergent evolution in Rodents, Mar-
supials and Primates.

The Rodents, the skulls of which are ecasily distinguished by
chisel-like incisors and the hiatus between these and the cheek
teeth, are of world-wide distribution, some even having reached
Australia, S0 numerous and varied are they that it is impos-
sible to deseribe them adequately within the restricted compass
of this volume. The best we can do is fo indicate the general
trend of evolution within the order.

As a group the Rodents are separated into two suborders.
The Rabbits, Hares and Picas whieh have two pairs of upper
incisors are termed Duplicidentata whereas the Simplicidentata
possess only a single pair of upper incisors. The latter sub-
order ineludes the following sections: Seiuromorpha, squirrel-
like; Myomorpha, mouse-like ; and Hystricomorpha, poreupine-
like Mammals. Of these the Sciwromorpha are the most primi-
tive and the Hystricomorpha the most highly speeialized.

Even in the Oligocene the Duplicidentata were almost as
ereatly differentiated from contemporary Seiuromorpha as af
the present date. Henee the two suborders must have had

EE
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independent histories from at least the Dasal Hoecene, a great
length of time which has permitted the appearance of many
convergent characters.

In the Basal Eoeene we find the Rodents had already attained
ohviously ordinal characters as in the ease of the Bats, the Eden-
tates, the Cetacea and all the Ungulate orders except the Artio-
daectvla. Therefore we must infer that the point of divergence
of the Rodents from the general mammalian ancestors must lie
well baek in Cretaceous times. It is this order which, above all
among Placentals, shows most the influence of the incisor modi-
fication in determining the characters of the dentition. We he-
lieve the ancestral Rodents were semi-arboreal Mammals with
rather large procumbent ineisors as in some modern Insectivores,
canines and anterior premolars reduced and bunodont molars
adapted for an omnivorous diet. The Kocene genus Paramys
displays eharaeters of this nature.

Starting as we have usually done with a less specialized form
we shall deseribe the dentition of Arctomys fivst.

Aretomys monax, the Woodchuek or Ground Hoe (IFig, 67),
is a Marmot of burrowing habit and lives upon grass and
clover. Although fossorial it ean and does elimb trees hoth for
pleasure and for protection. The Rodent features of the skull
are recoenized at once. Its molar teeth do not ereatly differ
frem the tyvpieal mammahian form, the hinder ends of the upper
tooth rows converge but slightly and the palate ends a short
distanee back of the last molar, three features previously
noted as indicating a comparatively slicht degree of speciali-
zation. The tooth formula is:

| 2
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The specimen photographed is not a completely adult skull:
the first lower and the anterior upper cheek teeth belong to
fthe milk dentition and are replaced in later life by stouter
and more molarviform premolars.  The incisors are enamel-
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coated only in front and laterally, uncompressed, broad and
powerful, beveled upon their posterior aspeet and strongly
curved so that the ]rc'I'H-I.Hh'H'[L\' E'I'Iru'illﬂ roots are not r-;llJJ_iH'[
to injury. This method of protecting tooth roots from pressure
imsults i1s also seen to some extent m the molars but the eurva-
ture 18 muech more strongly marked in the cheek teeth of the
Wombat (page 90). The premolars and their milk predeces-
sors have already been mentioned. Although the first milk

tooth in the upper jaw is very small it 1s replaced by a much

Fig., 67 Dentition of Woodehuck (Arctomys monax, 9.3213-1). This 15 the skull
of a YVOung amimzal, The hrst and second (S o e the first lower cheek teeth belong
to the deciduous dentition. Observe the charactermsiic Rodent incisors and glenoid
fossae and also the relatively slight divergence from the primitive mammalian maolar
pattern.,

larger and molariform premolar. At first sight the molar
erowns do not appear to resemble at all closely the tyvpieal
mammalian pattern. If however the first and second upper
molars be examined with care it will be seen that they exhibit
a well-marked protocone from which ridges pass laterally to
the paracone and the metacone and that about midway along
the hinder ridge there is a clearly marked metaconule. Al

ready in the Marmot the erown is complicated by the oecur-
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rence of anterior and posterior cingula or aceessory ridges
running laterally, the anterior terminating in a small buecal
parastyle, the posterior fading away as it nears the metacone.
There is no hypocone. In the ease of the third molar the meta-
cone recion is enlareed so that this tooth 1s the largest of all,
a character which may be primitive since the molars inerease
progressively in size from before backward but on the other
hand, may be secondary indicating the commeneement of the
well recognized herbivorous speeialization previously noted
on several occasions. The erowns of the lower molars are
rhomboidal with a basin-shaped talonid presenting hypoconid
and entoconid. The anterior edge of the tooth shows a small
lateral protoconid and a larger lingual eusp, the homology of
which is obscure for its position indieates that it may repre-
sent the paraconid, the metaconid or these two eusps fused to-
cether. Here, again, the last tooth is the largest.

The rhomboidal eharacter of the lower molars is explained
by the obliguity of the masticatory movements. Antero-pos-
terior moticn of the jaws ean only take place when the ineisors
alone are used in enawine.  In sueh movements the incisors
by mutual grinding come to bevel each other upon the pos-
terior face; the molars are not in ocelusion.  Great eloneation
of the glenoid fossa in the antero-posterior direction permits
free enawing movement and the lips, sinking deeply their in-
ternal hair covered surfaces into the hiatus between ineisors
and cheek teeth, prevent any chips entering the mouth proper.

In spite of the faet that the Woodehuek is largely a grass
feeder its molar teeth are hrachvodont and do not possess per-
manent tooth pulps. These features it shares with its Old-
World relations, the food of which consists of roots, leaves
and the seeds of various plants.

In the photoeraph of the dentition of the ecommon Brown
Rat, Mus norvegicus (Fig. 68) representing the Myomorpha, it
is seen that the tooth formula is:



192 MAMMALIAN DENTITION

This dentition is more specialized than that of the Seiuro-
morpha since the milk teeth never appear and the typieal
manunalian pattern of the molars is more obscured. The Rat
is an omnivorous feeder and its brachyvodont and bunodont

molars are tuberculated in a fashion somewhat similar to those

TR e Ty e e e e e e e v ey

g, G, —Dentition of Brown Hat (Muoas norvegiens, 9.3212-2) Wote the tuberculated
ine-like features of the cheek teeth.
of the Pig. The parallel rows of cheek teeth, the retention of
a small third molar and the formation of the palate are rela-
tively unspecialized features. The first molar in this animal
on the other hand is considerably enlareed.
We pass next to the Hystricomorpha and take for our ex-
ample Coendou prehensilis, the Tree Porcupine of Brazil (Fig.
69). This arboreal animal feeds upon the leaves, voung shoots

and bark of the trees in whieh it lives. The tooth formula is:
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| ESmat Bt l. M ' total 20.
I f | 3
Both eheek teeth and palate show greater specialization than
in the foregoing representatives of the order. The palate is
narrow and terminates at the level of the immterval between the
second and third molars. The ineisors are somewhat com
|H':'.~i.-1='it and the i11'1'1!|4||;|1' 1 eaeh .i.'|1.'t' 15 |*t:t|tph'h'|}' |||cr|.'|r'it'|rl'|||,

The eomplexity of the molars is not so haffline as at first ap-

Fig. 69.—Dentition of Brazihan Tree Porcupine {(Coendou prehensilis, 2.31213-2). In
sprte of the growing complexity of the crown pattern in the cheek teeth there are not
Wl '|I'!-:'~:¢':.'_|:. Frowing o1 '.'_i.!-':\. l_':".lll roote as 11 tne ||.||.|-_-,-| Ly |'~.|:|_|.|.¢- | ||._\_ S0,

pears to be the case. As in the Kangaroos the two inner CUSPS
(protocone and hyvpoeone) in the upper molars and the two
oufer cusps (protoconid and hvpoconid) in the lower teeth
are connected by antero-posterior rideges. In hoth jaws these
two eusps ean thus be distinguished. The upper molars present
anterior and posterior eingula both proceeding laterally, the
former from the protocone, the latter from the hyvpocone;
separated from these and from each other by deep grooves are

the rideges running to the paracone and the metacone respee.
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tively, In the lower molars the same four eusps seen in Are-
tomys can again be wdentified. All the cheek teeth are sub-
equal in size and though they are brachyodont and do not
possess permanent pulps they begin to show that eurvature of
root and obliguity of ocelusal surface so pronounced in the
type next to be considered and ndieating Nature’s method of
protecting the growing root from injury.

As representing the most advaneed type of Rodent denti-

fion among the Simplicidentata, we have chosen Dolichotis

g, 70.—Dentition of Patagonian Cavy ( Dolichotis vtachonica, 9.3213-6). I'ins
extreme type of placental Rodent should be compared with the similarly extreme Mar-
sppial Phascolomys ( Wombat, Fige, 2853
patachonieca, the Patazonian Cavy or Mara (Fig. 70). In habits
and general appearance this animal resembles the Hare but ifs
lees are loneer and 1ts ears are shorter and broader. 1t 1s essen-
tially a grass feeder but will also eat roots and stems of such
plants as grow near its burrow. Very marked specialization
1s seen 1n the greatly restricted palate, the abutting against one
another of the upper cheek teeth rows in front. and in the

double eolumnar cheek teeth. These are hypsodont, possess per-
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manent pulps and are curved, the concavity of the uppers as
usual being directed outward and that of the lowers inward.
Otherwise the deseription already given of the Wombat's
cheek teeth will suffice for these (page 91) exeept that the
single premolar is completely molariform and does not resem-
ble mervely halt a molar as in the Wombat while the upper
molars inerease in size from before backward.

We now take L]y the .-‘1=ILJ.\' of the teeth of the i)]l;]!ia-i|]1-||];|1;|

but shall examine only a single representative, namely the

iy, 21 of Northern Cottontail (Lepus fQoridanus transitionalis,
.II: this very ed {form the distance between the rows of mandibular teeth s
less  than  tha ween  the maxillary tooth rows Hence i the Rabhit as in
Ruminants, mastication takes place on one side of the mouth only at one tome,

Northern Cotton-tail, Lepus floridanus transitionalis (Fig.
71) a grazing animal which is by no means averse to roots,

stems and bark also. The dental formula is:

3
, M —. total 28.
The large anterior upper ineisors show a well-marked groove
on their labial surface. Behind each of these teeth is the dimin-

utive posterior ineisor, The cheek teeth are all molariform in
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hoth upper and lower jaws and the third molar in each case is
the smallest. DBoth premolars and molars are hypsodont and
resenble the eorresponding teeth of Dolichotis but the columns
are much more closely pressed together so that the antero-poste-
rior diameter of each tooth is much less than the transverse. The
teeth all have permanent pulps, exhibit enamel on the anterior
face only and show the curve characteristie of an advanced
Rodent dentition. In one respect the Rabbit has progressed far
heyvond any of the Simplicidentata for in all Rodent types so
far considered the occlusion of upper and lower cheek teeth
of one side necessarily involved oeclusion upon the other also:
it is not so in the Rabbit in which the distance between the two
rows of mandibular c¢heek teeth is less than that hetween the
rows of teeth in the upper jaw. This condition is also observed
in the Ruminants. In the Rabbit, mastication ean proeeed upon
one side only of the mouth at a time; upper and lower cheek
teeth are not in occlusion upon both sides at once,

Upon tracing back the eheek teeth of the IHares in paleon-
tologieal history it has been found that the enamel was not al-
ways confined to the anterior aspeet of the tooth, that the deep
notehes on the internal and external faces are also secondary,
that the sinele root with its permanent pulp was preceded in
ceologieal times by a three-rooted tyvpe and that the whole tooth
was formerly less hypsodont. Already in the Oligocene the ex-
tent of the enamel was bhecoming reduced and the two lateral
roots growing more rudimentary whereas the internal attained
a proportionately greater size and importance. The trituber-
cular form of the upper molar has become obseured in the
course of time and the complexity of the erown incereased hy
the addition of a large cingulum which eomposes the inner part
of the tooth. The cheek teeth of the milk dentition still exhibit
vestiges of a tritubereular erown and this makes it the more
probable that the permanent teeth were of a similar appearance.
In spite of the present peeuliar pattern therefore we may feel
confident that before the anecient separation of Rodents into
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the two great suborders the ancestors of the Duplicidentata
possessed cheek teeth not differing greatly from those exhib-
ited today in Aretomys and other seiurid forms.

In thus reviewing rapidly the various forms of teeth met with
in modern Rodents we note that there are different desrees of
speeialization, the most pronouneced differing considerably from
the typical mammalian pattern but the less pronounced ap-
proximating fairly well to the general type. It is also known
that the general type was still more approximated in the
Focene Paramys. Some authors believe on both paleontologieal
and embryvological grounds, however, that the Rodent dentition
in its ancestry does not approximate but rather differs more
pronouncedly than it does today from the tritubereular tuber-
culo-seetorial type. There undoubtedly are diffieulties in the
way of acceepting the typical mammalian molar form as ances
tral to that of the Rodent but these are gradually disappearing
as we obtain more knowledge of early members of the order.
Sinee the history of the Rodents must extend back even into
(retaceous times there has been ample opportunity for modi-
fication of tooth forms.

Another significant faet upon which emphasis has been laid
from time to time in foreeoine chapters, a fact whieh will not
therefore be labored at the present, is the striking similarity of
dentition called forth by similarity of environment and habit in
advaneed Rodents, in eertain Marsupials notably the Wombat,
and in the Primate Ave-aye ( see pp. 90, 115). It is worth while
remembering that the two land areas, not penetrated to any
oreat extent by Rodents of whieh order South Ameriea is at
the present time the headquarters, are Australia and Mada-
oasear and that it is in these two regions that the Wombat
and the Ave-ave respeetively have developed through conver-
gent evolution.

In noting the several adaptations of the Rodents to a com-
pletely herbivorous diet we have touched upon certain features
whiech we shall find reproduced in the Ungulate orders. These
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are the inereasing complexity of molar pattern, the molariform
character of the premolars, the hypsodont evolution in the
cheek teeth with their persistently erowing roots and the rela-
tive narrowing of the mandible associated with mastication
upon one side only at once. It was the study of these features
which so strongly impressed Huxley and led him to declare that
anvone who knew the modifications which appear in the Insec-
tivore and Rodent dentitions knew also the range of modifica-
fion of teeth in all other manunalian orders,



CHAPTER XII

THE ARTIODACTYL UNGULATES

['ngulates in general—Differences between Artiodactyls and
Perissodactyls—The Pigs and Hippopotamus—Camels and
Llamas—Divisions of the Pecora—Deer and Giraffes

The hollow-horned Pecora—Paleontological history of the
Artiodactyls.

THE UNGULATES IN GENERAL

Hoofed animals or Ungulates are a numerous and very varied
throng of Mammals from among whieh ean be separated the
even-toed Artiodaetyvls and the odd-toed Perissodaetyvls but
there still remain among modern tyvpes the Elephants and the
Hyrax, the former representing the remnant of a onee numer-
ous egroup, the latter a quaint and zoologically isolated form.

Broadly speaking the distinetion of Artiodaetyls and Perisso-
dactyls as even-toed and odd-toed Ungulates respectively is
doubtless good enough but for scientific purposes a more pre-
eise definition would be: that whereas, the axis of the foot n
the Perissodactyls passes through the third digit, in the Artio-
daectyls it runs between the third and fourth whieh together
form the irreducible mintmum.

But it is not merely in the feet alone that these two groups
differ from each other. The skeleton and soft parts of the Perisso-
dactyl show significant differences from the ecorresponding
structures in the Artiodactyl and what is more striking the
several parts of the body are wonderfully alike within each of
these orders although belonging to animals very various in
external form. There is not space nor would it be profitable
in the present connection to diseuss these differences in detail.

199
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Suffice it o say that so far as teeth are coneerned the premolars
and molars in the Artiodaectyls are never alike as a series and
only rarely does the last premolar ever become molariform. In
the Perissodactyls, on the contrary, all the premolars except
the first are molariform in size and in appearance. Further,
throughout the entire history of the two orders so far as it is
known at present these differences have existed. In the most
aneient examples of the Artiodaetyls the premolars are simple,
the fourth being at most bicuspid; the upper molars are trituber-
cular and the lowers very like typical tuberculo-sectorial teeth,
whereas the oldest Perissodactyls already show a molariform
appearance in the posterior premolars, quadrituberceular upper
molars and lowers with commenecing lophs.

ARTIODACTYLA, THE EVEN-TOED UNGULATES

Included within the order Artiodactyvla are such diverse ani-
mals as Pigs and Hippopotami; Camels and Llamas; Deer and
CGiraffes: Antelopes, Sheep, Oxen and Goats: an ageregation
strange and varied enough vet m strueture showing remark-
able unity and elearly defined distinetions from members of all
other orders.

Among these ereatures we find two types of molar, the buno-
dont and the selenodont, together with varied degrees of hyp-
sodonty. It is often said that of the two types the bunodont is
the more primitive and that from it the selenodont differenti-
ated, but however this may be, the latter tvpe dates back to
the dawn of Artiodaetyl history. In other orders we have
already seen the formation of the selenodont type through the
utilization of styvles but it will be recalled that this develop-
ment was true of the upper molars only. The produetion of
the erescents of the lower molars was rather direetly from the
drawing out of the edges of primitive cusps possessing the
shape of a three sided pyramid. It is probable that the Artio-
daety] erescents were formed in a similar manner for the most
ancient members of this order and of the Perissodaetyvla also
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exhibit molars, the protocone and protoeonid of which are not
round but already somewhat erescentie in shape.

SUIDAE

First among the Artiodactvla we take the PPigs and the
nearly related Hippopotami. The former family includes the
Swine of the Old World and the American Pecearies tozether
with a vast number of other forms now extinet. The original
placental formula:

T ]| 4 3
ey al 44,
I:_;,i ]'I-I I:_; total 44

is found in some species of this family although frequently the
more anterior premolars tend to be lost.

We must pass over the Peecaries whieh are close relations of
the true Swine, more primitive in some respects and more ad-
vaneed in others but with simpler molars and non-everted
canines,

The example chosen to represent the Suidae namely the
Red River Hog, Potamochoerus poreus of West Afrvica (Fig.
72) shows molar teeth in some respeets simpler than those of
the common domestiec Pig, for they are less tubereulated and
the last lower molar is not so eloneated. This animal lives in
moist forests and on river banks and like other members of
the family feeds upon roots and ecarrion. The dental for-
mula is:

=
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The median upper ineisors separated at their bases and ap-
proximating at their tips, and the proewmbent lower incisors
recall the arrangement already noted in Marsupials and to a
less extent in Insectivores. The canines have persistently grow-
ing roots, are tusk-like and very specialized. DBoth upper and
lower tusks project laterally and are triangular in seetion.
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The enamel on the distal aspect of the upper canine is ar-
ranged in three ridees; the distal aspeet of the lower canine is
devoid of enamel. The rows of cheek teeth are almost parallel
and the palate terminates behind the last molar. The pre-
molars in both jaws inerease in size and complexity from the
simple first to the molariform last. A molariform crown even
for the last premolar is by no means common among the Arti-

odactyla. The most anterior lower premolar (P2 of the |11‘i|||i-

g, 7 Nentition of Red River Hoe { Potamochoerus porcus, 9.731-1). Thas ::';
mial possesses a dentition more primitive in certain respects than that of the domestic
Pig e rounded CLERS A ACCessory ous) iles on the molars and the elongation of
the last molar indicate the root diet Compare the dentition of the Baboon (Fig. 43).

tive placental dentition) is lost relatively early in life. The
molars are brachyodont, bunodont and quadricuspid m form,
the paraconid of the lower teeth being absent. But the well-
rounded dppearance of the CLSS like the multitude of addi-
tional cuspules is secondary in character and related to the
tvpe of food eaten., So also is the marked elongation of the

last molar in each jaw, the extension of the talon and the tal-
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onid, as in the Kangaroos and more especially in the Baboon,
immdieatineg a herbivorous diet.

We can only glanee briefly at the Hippopotamus which again
possesses molars the bunodont cusps of which are obseured as
in the Pig by many secondary cuspules tending to eonvert
them into lophs. The erown of each molar presents therefore
a double trifoliate appearance. Sueh ecrowns are excellently
adapted for masticating the roots of suceulent water weeds

torn out by the tusks of the animal. The dental formula is:
P N R
| :.{ I.I*I.."-I :rliit;l1 1.

The ineisors and the canines, the latter supported on
special bosses of bone, are all tusk-like in appearance and
possess  persistently  growing roots to compensate for the
marked attrition to which they are subjected in uprooting the
vegetation upon which the animal feeds. As in the Pig the
median upper ineisors approximate at their tips and the lower
teeth are procumbent. Again, as in the Pig, the canines are
trihedral. The premolars, of which the first is lost early are
all simpler in form than the molars. All the cheek teeth are
subjeet to great wear from the large amount of sand and grit
among the food. The first molar which erupts considerably
before the others shows this wear strikingly. The structure of
the molar erowns has already been noted together with the
numerous secondary ecingules and cuspules. The last lower
molar possesses a backwardly extended talonid. The rows of
cheek teeth are approximately parallel and the palate termi-
nates just behind the third molar.

The elevated position of the ear-holes and orbits and the
dorsal situation of the nostrils in the IHippopotamus indicate
an aguatie habit, the animal floating entirely submerged save

for its ears, eyes and nose.
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TYLOPODA

Passing next to the Camels and Llamas we find that the his-
tory of these animals is fairly well known., Their ancestors
diverge from those of the Pecora (Deer, Antelopes, ete.) about
the middle Eocene and hence the many points of similarity
such as the selenodont and hypsodont teeth found in both these
groups must obviously be examples of parallel evolution rather
than heritages from a common forerunner,

The history of the Camels and Llamas moreover shows that
the development of this eroup occurred almost wholly in North
Ameriea, the Camels for some reason at the present unknown
ultimately migrating to Asia and the Llamas to South America,
The Pecora, on the other hand, are a typically Old-World group.

Differences between the Camels and Llamas arve largely super-
ficial, depending upon charvacter of hair, length of ears, general
build and the presence in the one group and absence in the
other of humps, masses of fat which are naturally unrepre-
sented in the skeleton. Apart from size, certain minor dis-
tinetions and the absence of the two anterior upper premolars,
the skeleton and teeth of the Llama are closely similar to those
of the Camel.

In both animals the skull appears triangular through the
abrupt narrowing of the faecial region. The orbits are sur-
rounded by bony rings and the neck is strikingly long as in
the Giraffe. The dental formula in the Camel (Fig. 73) 1s:

. M =, total 34.
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The first and second upper incisors are lost very early but
the third, the canine and the first premolar are long and sharp
teeth capable of giving a very serious bite. The lower incisors
are procumbent, large, spatula-shaped and overlapping: the
lower canine vertical and standing apart from the ineisors.
The second premolar is missing and the third and fourth each
somewhat resemble the half of a molar; the third premolar like the
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first and second i!'.1'i=~lll'?- 1= lost I'FLI'|.‘-'. The molars are selenodont
but not markedly hyvpsodont. Iach is quadrieuspid. In the
upper molars the three primary cusps and the hypocone are
all present; i the lowers the paraconid s unrepresented but

the other four cusps of the primitive tuberculo-sectorial tooth

IFig i
the 1 the
manci : el
form in Deer and Oxen.

exist. The n|r|i+|LliE_‘w' of setting of the upper molars in the jaw
so that the antero-lateral corner of the one |H'|-j1'|."[.-\ hl‘\'-.'n||:| the
postero-lateral cormer of the tooth in front is a feature shared

in commaon with the Peeora and eharacteristie of the ruminant
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habit. The last lower molar has a talonid extended some-
what by the addition of an extra eusp but this eusp is smaller
than is the case usually among the Pecora. In addition to the
overlapping upper molars, the extension of the last lower molar
and the general hyvpsodont charaeter of the teeth there is an-
other feature in which the dentition of the Camel resembles
that of the Pecora. This is the relative narrowness of the
mandible compared with the breadth of the palate. In conse-
quence the upper and lower cheek teeth of one side only ean
enter mto contact at one time: on the opposite side the upper
cheek teeth project so far bevond those of the lower jaw that
there can be no ocelusion, Thus the Camel like the Deer and
the C‘ow masticates first upon one side of the mouth and then
upon the other.

PECORA

The Pecora or true Ruminants, all of them browsing or
erazing animals of Old-World origin, are the most specialized
and varied of the Artiodaetyla. All are alike in the absence of
upper inecisors and, with the exeeption of some Ileer, of the
upper canines also. The lower eanines are always inecisiform:
the number of premolars three in each jaw and the molars
invariably selenodont. The usual four cusps are present on
the erown of each upper and each lower molar as in the Camel.
The paraconid alone is lost. The last lower molar presents an
additional eusp on the talonid, relatively larger than that pres-
ent in the Camel, thus exhibiting, as previously observed, a
tyvpical herbivorous specialization. But this additional cusp is
not invariable in the Pecora: it is absent in Salt's Antelope one
species of the genus Neotragus, and is rudimentary in other
speecies of this genus and in the Gnus.

The Pecora are subdivided into the solid-horned type or
Cervieornia eomprising the Deer and Giraffes, and the hollow-
horned or Cavicornia ineluding Antelopes, Sheep, Goats, Oxen
and Buffaloes. The latter group is of comparatively recent
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origin, the earliest fossil remains datineg baek no further than
the Miocene,

As an example of the Cervieornia we take the black-tailed
Virgmmia deer, Odocolleus hemionus (Fig. 74), a eenus which
has changed very little since Pliocene times. The skull is that
of a2 voung doe but shows by the relative wearing of the teeth
how mueh later than the first the third molar erupted. The

dental formula is:
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Fig, 74.—Dentition of Black-tailed Virginia Deer (Odocoileus hemionus, 9.7331-7)
| 1 1-!!:*- I'H:|=II!-|I' I-II Eiimiinand -i:'llll'--l- can b ..'.-.~_--...| 1M More proiiont Ciegl -|-:".:
Teatures already nofed in the Camel. The specimen 15 2 YOUNE one and still retm
iront of the permanent molars the three milk moiars which precede the premolars.  The
lowes permanent canines are |ost,

procumbent, the median pair is much the largest. No trace of
the upper canines exists. There i1s a considerable interval be-

tween the ineisors and the cheek teeth, the maxillary series of

*T'he camneas are lost 1 the SARTRU E NS ] "'::I-L-i_

L
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which possesses broader erowns than the mandibular. The
three premolars inerease in complexity from before backward
but not even the last becomes truly molariform:* each of the
upper premolars resembles halt a molar. The cheek teeth arve
Ellziillt}' H!']1'|!11:|||!1I !nl” 1]||;* '-,;I”d'_'n.‘-; hvi WoleT !hd' CUSPS are ullll".'
partially filled with cement. The teeth cannot he called truly
hyvpsodont and indeed the first molar at least in all Cervidae 1s
obviously brachvodont. The upper molars show the typical
ruminant obliquity of setting. A small globular style occurs

in the transverse furrow on the inner side of the first upper

molar and the outer side of eaeh lower molar. An extra eusp
1s present upon the talonid of the last lower molar, produecing
elongation of this erown as already noted above. Mastication
takes place on one side only at a time, a feature common to all
the Ruminants.

Before passing to the Cavicornia it is worth while glaneing
for a moment at the skull of the Musk Deer (Iig. 73), an ani-
mal more primitive in many respects than the true Deer and one

] i1 " fl M al T 3w - i = t il iE -
|' Ll -E.:.I': 1 1ZFured | eI s 1V 1 h 1 [ | JPECEL LEALTY _|-- L

cupied by the decwluous maolars
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which has progressed along lines of its own, Note the hrachyo-
dont molars and the enormous size of the upper canines whieh
are especially tusk-like in the male though present in both
sexes. The elonzation in the male may be associated with ab-
sence of horns. The ehief diet of the animal consists of yvoung
twigs and buds in the hireh forests of the Himalayas above the
zone of pines.

Of hollow-horned Ruminants, though the number of species
is very extensive, space will permit us only one example,
namely, the domestie Cow, Bos taurus (lMig. 76). The skull
illustrated is that of a voung animal between two and three
vears of ace. The dental formula of the Cow like that of all
Pecora is:

3 :
= 0=, P=, M —. total 32.

4 1 3 ;

- | e

In the specimen figured the milk ecanines and the prede-
eessors of the upper and lower third premolars together with
that of the second left upper premolar arve still in situ.  In gen-
eral the dentitions of the Cow and of the Sheep are very
much alike but in the former the ncisors arve less firmly 1m-
hedded and the cheek teeth have a well marked accessory style
not present in the latter. Most of the remarks already made
regarding the dentition of the Deer may be applied with equal
justice to that of the Cow. Reegarding the absence of upper
incisors and canines it may be mentioned that embryological
investieation shows that in the Cow as in the Deer the upper
canines were the last teeth to he lost. The vallevs between
the cusps on the erowns of the bovine cheek teeth have a
oreater amount of cement than those of the Deer. The last
lower molar presents a well marked extra eusp on the talonid.
The style present in the deep furrow notching the palatal
aspect of the upper molars shows very well the pronounced
amount of wear in these hypsodont teeth. In the specimen fig-
nred the style on the first molar, whieh erupted long hefore
the others, i1s already considerably worn. In the second molar
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heyond the hony palate and the tooth is not yet worn to the
level of 1ts apex., In the third molar which has only just
erupted the style is still imbedded in the maxilla,

The oriemm and diverzences of this extensive order are

e
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I"-j_-: T PDentition of domestic Cow ( Bos taurns, 9.7354-9), Note the small lower
deciduous canine (lost on ihe right -»i-!d'l_ the third deciduous maolars (removed on one
-'||1 [ -~-'|--'\.-l the ="'!'|'|!'|3-L |-:|,'!'-|1',| beneathy and the e condd et left |E--':-1f 1018
rind lar,

imteresting though largely obseure. We have already noted
that the Camels and Llamas separated from the main stock af
least as far back as the middle Eocene. Somewhat later, in the
middle Oligocene, the Cervicornia and Cavieornia diverged
from each other. From the former the Giraffe originated and

hecame very widely distributed in the Mioeene. In this epoch
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also the first Cavicornia appeared but they formed no exten-
sive group until the Pliocene when the number of species
oreatly increased with Asia as a eenter of radiation.

As regards origin we have previously seen that even in the
earliest examples the Artiodactyla are quite elearly distin-
ouished from the Perissodactyla, that resemblances between
these two orders are the result of parallel or eonvergent evolu-
tion and that any heritages which they may possess in com-
mon are merely those derived from a protungulate stock.
Some authors have suggested a genetie relationship between
the primitive Artiodactyls and the Insectivores and Primates
but such similarities as oeeur are merely superficial and prob-
ably do not point to phylogenetie connections.  Far more likely
is 1t that the Artiodaetyla are originally related to unknown
Basal Eocene Creodonta which, however wide the difference
hetween modern Artiodaetyvls and this extinet and usually
carnivorous suborder, foreshadowed many of the features
found in the primitive Artiodactyla. In a previous chapter we
have noted that the fissipede Carnivores of today probably
arose from a family of Creodonts known as the Miacidae., The
Artiodaetyl Ungulates have no connection with this family buf
with another Creodont group, the Mesonyechidae which were
animals developed for great speed, possessing hroad blunt elaws
and probably already vegetarian in habit,



CHAPTER XIII

THE PERISSODACTYL UNGULATES

(ireat divergence within the order—IHistory of the Tapirs—
The Rhinoeeroses—DPaleontological record of the Horse—
Features of the equine dentition—Ancestral relationships
of the order.

Perissodactyla the zoological term for the odd-toed Ungunlates
must not be taken to mean literally that representatives inva-
riably possess an odd number of toes, the Tapirs for example
having four toes on the forefeet. Rather, as previously pointed
out, the term must be construed as indieatineg that the axis of
each foot is formed by the third digit. Included within this
order are the modern Tapirs, Rhinoeceroses and Horses but in
aneient times it comprised also many other families, some of
them quite grotesque in appearance. Different as the three
modern representatives are from each other today their lower
Eocene fore-runners are elearly of common stoek. Starting from
unknown but eommon Cretaceous ancestors, the Perissodactyvls
developed into a great multitude of varied forms of whieh the
existing representatives are a mere handtul.

Of modern forms the Tapirs have changed least: they re-
main almost as they were in Miocene times. Indeed we must
compare the modern with the Oligocene Tapirs if we desire to
see any marked differences in skeletal structure. I'rom refer-
ence to these early forms we note that the main dental change
which has occeurred in developmental progression with imerease
i size of the animal is approximation to the molar pattern
of at first only the hindmost premolar but ultimately and at
the present day of all exeept the first, together with reduetion
In size of the upper canine and consequent enlargement of the

212
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third upper ineisor. All the cheelk teeth are low erowned for
the Tapir 1s a forest animal browsing upon shoots, buds andl
leaves. Its dental formula is:
5 | i 3
Ji= il I.|'”."-[ —, total 42,
The skull fieured is that of a yvoung specimen of the so-
called Indian Tapir, Tapir indicus (Fig. 77) which, however, is

found not in India proper but in the Malay Peninsula, Suma-

fra and Borneo. In consequence of its vouth the third upper
Ieisor is only just erupting, the upper canine and second and

third molars of both jaws are still unerupted, and the lower
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third milk ineisors, canines and all the milk molars are still
in place.

One of the most interesting and significant features of the
Tapir dentition is the oecurrence, according to the late Dr.
Ameghino, of at least one funetional premilk tooth in the
premolar region. To this we shall refer later in the chapter
upon the deciduous dentition. The low-crowned molars of
hoth jaws show the formation of transverse crests or lophs
through the union of anterior and posterior pairs of eusps,
a conformation of ocelusal surface evolving in browsing
species of many mammalian orders. The elongated or hypso-
dont character of the loph associated with the brachyodont
hodies of the cheek teeth is verv noticeable; it recalls the
similar arrangement in the Kangaroos. The four cusps pre-
sented by each of the upper teeth are those of the trigon
with the addition of the hypoeone and in the lower teeth the
proto-, meta-, hvpo-, and ento-conids, the paraconid as usual
being lost.  Well-marked anterior and posterior cingula are
to be seen on all molars. There is also a poorly marked ex-
ternal ridee or ectoloph connecting paracone and metacone of
the upper molars.

The Rhinoceroses form one of the largest and most compli-
cated groups of Mammals provided one include all extinet
species. No less than seven phyla flourished at various times
and of these three exist today. In addition there were two
other series allied to the Rhinoceroses in the Kocene and Oli-
gocene periods, one a lightly built cursorial form, the other
heavy and aquatie,

o far as teeth arve coneerned the modern type was reached
in the Pliocene. All Rhinoceroses have low-erowned browsinge
cheek teeth except the White or Square-lipped Rhinoceros of
Afriea, a grazing variety with fairly hypsodont molars which
has lost all its incisors and canines above and below. The
dental formula is:
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15 (or :;}{:: P, M : total 34 (28).

The broad upper incisor with its oblique chisel-shaped
edore shears acainst the lower lateral tusk-like ineisor. The
premolars exeept the first are similar in appearance to the
molars though somewhat smaller. The upper molars show
obliquely placed lophs, not transverse as in the Tapirs, and
the ectoloph eonnecting the paracone and metacone is well
marked. Each lower molar exhibits a double ereseent.

The Horses. by which term we include also Asses, Zebras
and Quaggas, possess a dentition as complicated as that of
any existing Mammals and perhaps the best way to elucidate
the complexity of appearance in the teeth is to follow rapidly
the stages in evolution of the dentition from the first appear-
ance of the aneestral forerunner.

In the little EKohippus or Dawn horse of Kocene times, an
animal searcely larger than a eat, we find that the incisors and
canines are simple teeth and the premolars smaller and sim-
pler than the molars whieh show no evidenee of the involved
pattern which they are later to assume. The upper molars
possess the three cusps of the trigon with the addition of a
hypocone and the first beginning of an ectoloph while the
transverse ridges which appear later in phylogeny are fore-
shadowed by the presence of a small cuspule hetween each pair
of cusps: The lower molars also are primifive teeth and, the
paraconid being lost, display two pairs of cusps united by low
transverse ridees.

In the later Eocene the last premolar only had taken on
the molar pattern and the incisors were still simple eutting
teeth. Before the end of this period the third premolar in
addition had become molariform.

Lower Oligocene Horses show all the premolars molariform
in appearance except the first; the upper ineisors but not the
lower exhibit a low enamel ridge behind the cutting edge, the
first stage in the formation of what is now ealled the ““mark.”’
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The molars were still brachyvodont, It must be remembered
that in the Eocene the elimate of Europe and North Ameriea
was moist and subtropical and only during later ages did the
elevation of the land and the consequently ‘colder elimate re-
sult in the formation of grassy plains. In the Miocene the
forested swamp had given place in many districts to grassy
plains and 1t i1s therefore in this period that we look for the
development of high-crowned grazing molars instead of the
brachyodont browsing cheek teeth universal among Mammals
in earlier ages. In the middle Miocene we first find Horses
possessing hizgh-crowned teeth with eoverings of cement such
as are found in the Horses of today, but the milk dentition,
lageing in progress behind the permanent teeth, still exhibits
brachyodont molars. IFor some time during the Pliocene
browsing Horses existed side by side with the more advaneed
orazing type but gradually became extinet and gave place to
the latter more adapted form in whieh, however, the molars
though distinetly foreshadowing the pattern exhibited by
modern Horses, had by no means reached the present degree
of hypsodonty.

The modern Horse (Fig. T8) possesses teeth which are ex-
tremely high erowned and have roots growing continuously
until the animal is guite old. The dental formula is:

[ G2, P 5, M2 total 44,

In consequence of the length of the teeth the orbit has
bheen pushed back bevond the tooth sockets and this results in
a very elongated facial region. The first premolar, the
““wolf” tooth, of each jaw 1s very small and funectionless
heing lost early and the upper canines oceur only in the
male. The inecisors are all stout teeth. the lowers somewhat
proecumbent, and meet in an edge to edge bite which, admi-
rable for eropping grass, results in great and continuous wear-

ing of the erown. In surveying the evolution of the equine
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dentition it was stated that in the lower Olicocene the ineisors
hegan to exhibit a low enamel ridee behind the eutting edee,
The development of this has resulted in the formation of a deep

enamel ridge behind the eutting edge. The development of this

has produced a deep enamel-lined pit, the “mark,”” on the

e . |
5.1 Fhis old male shows
racteristic of the

the molars consult the t

CTOWN rhll 1|“, hm'!ll. |,,-[.Hq-;|r ]|| r|||:u|4'|-|l ”HI-M'.‘-'\. ill |.u'l.'.!'1r ;I!Hl

upper incisors alike. As the tooth wears down this tube-like
formation, since it never involves the entire erown, becomes
less deep and in the old animal (see Fig. 78) only the last
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remnant remains on the upper first and second ineisors; upon
all others there is a dark stain, the dental ““star,”” an area of
secondary dentine formed just in front of the line of the
“mark.”’ ;

Turning next to the cheek teeth, we note that all the fune-
tional premolars® are completely molariform in appearance,
and the talonid of the last lower molar is elongated as usual in
herbivorous forms. But the erowns of all the eheek teeth show
an exceedingly complicated pattern. The teeth are hypsodont
as would be antieipated but show extreme specialization of the
ocelusal surface, The erenated enamel ridees which in their
highly complex arrangement ean be seen even in worn teeth to
he derived from the more primitive pattern of the teeth in
Fohippus by the addition of styles, lophs and eingula whieh,
if measured in all their closely packed infoldings, represent a
length of about sixteen inehes, that is four times the eireum-
ference of the tooth itself. Thus does Nature provide a surface
upon whieh slight ledges of enamel, projecting bevond the den-
tine of the lophs themselves and the cement which oecupies the
spaces between the lophs, form roughenings always sharp and
ready for the mastieation of the relatively tough and hard
orass stems upon which the animal feeds. It may seem a long
way from the comparatively simple teeth of Eohippus to the
intensely specialized teeth of the modern Horse with their
maze-like pattern but we know from fossils practically every
stage which intervened between them, and can assert pos
tively that the complicated grinder of the modern Horse de-
veloped gradually in easy stages and by a slight modification
at a time during the vast geological period which has inter-
vened between the Eoecene and the present day.

It is worth while then to pause a moment and look back into
the paleontological history, not of the Horses alone, but of the
Tapirs and Rhinoceroses also. We have already noted the faet
that the Perissodactyla and Artiodaetyla traced back to their
earliest known ancestors still show such marked differences that

*I'he “wolf™” tecth of the specimen hgured were lost many years before death.
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it 1s impossible to coneeive their divergence from any eommon
stock later than the very dawn of mammalian life. We have
seenn moreover that the Artiodaetyla originated probably from
a carnivorous stock, the ereodont Mesonyehidae. As we fol-
low baek the Horses, Rhinoceroses and Tapirs we find their
Basal Eocene forerunners obviously related to each other and
in addition we note close relationship between their ancestors
and those of the Proboseidea and of Hyrax representing the
two other Ungulate orders which we have still to discuss, and
also with the ancestors of the Sirenia. It is probable then that
all the orders just enumerated, with the exception of the Artio-
daetyla, trace their ancestry back to a group of Cretaceous
Protungulata, elawed Mammais related to the Creodont-Insee-
tivore stoek, forest dwellers and possibly partly arboreal which
in consequence of their mode of life eseaped destruetion by the
then existing Dinosaurs and the known Cretaceous Mammals
dwelling near the swamps or on the plains.



CHAPTER X1V

THE ELEPHANTS AND SEA COWS

Distribution of the Elephants—Characters of the Elephant
dentition—Evolution of the Elephant—Ieatures of the
Sirenian  dentition—Origin and  relationships  of the
Sirenia.

PROBOSCIDEA

I'ive species of Elephant exist today, four of them in Afriea
and a single one 1n Asia but though the varieties and range
of this animal are now ereatly restricted, it was distributed in
former times over the whole world except Australia, even pene-
trating into South America and was in consequence adapted
for every kind of climate from subaretic to tropical. The
Elephant gives striking conformation of a general principle in
mammalian strueture, namely, that teeth and skull are mueh
more progressive than the skeleton in general: Elephants of
middle Miocene times arve scareely distinguishable in skeletal
features from those of the present day althoueh very marked
changes have occeurred in the dentition and skull.

To look at the example of voung Indian Elephant figured
(Elephas maximus, Ifig. 79) one would wonder from what
sort of ancestral form its teeth have been derived, for they are
among the most speeialized of all teeth, consisting as they do
of a number of transverse plates of dentine coated on both sides
with enamel and held together by cementum, Further in mode
of eruption the Elephant molars differ from those of all other
Mammals in that the successional tooth does not displace its
predecessor vertically but erupts obliquely from behind and
above in the maxilla, behind and below in the mandible.

220
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| 3 Dentition of Ind I shant ( Elephas maximus, 9.614-1), This skull is
hiat « r young female ar gl » third molar in place in the jaws The second
lsir el g hed out of £ illa.

The tusk is not a canine but a second upper incisor greatly

elongated and procumbent, having only its tip enamel-covered
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but its entire length coated with cement. There is a milk pred-
ecessor of this tooth but all other ineisors, the canines and pre-
molars both temporary and permanent are non-existent. There
are three milk molars and three permanent molars in all but
only one tooth is erupted at a time. Each sueceeding tooth as
it erupts pushes forward the worn remnant of the one in front
causing it to be loosened and finally shed. In the specimen
figured the third molar (corresponding to the first permanent
tooth) is erupting and the insignificant roots of the second are
heing resorbed as the tooth becomes displaced. From the ap-
pearanee of the teeth the Elephant is obviously a pure vegetable
feeder, the Asiatic species living upon grasses, the African
upon sueculent boughs and foliage. The number of plates in
the six suceessive molars of the Indian Elephant is: 4, 8 12
12, 16, 24 to 27.

In the African Elephant the molars possess fewer plates,
each less compressed but with oeelusal edges mammillated
when first erupted as in its Asiatie relative. To understand
the mode of evolution of the molars it is necessary to refer to
the extinet Mastodon in which we find not a very complicated
hypsodont molar but a relatively simple bhrachyodont tooth in
whiech the individual eusps have become united into transverse
lophs. Intermediate in form between the molars of Mastodon
and those of Elephas are the teeth of another extinet form
Stegodon common in the upper Pliocene of India.

Earlier than Mastodon was a form living in Miocene times
Tetrabelodon by name in which the molars were swine-like and
though elonegated showed cusps with commeneing loph forma-
tion. At this stage the vertical suceession normal for Mammals
was still present.

(Other and less advanced species have been found in the
Oligocene and in the Upper Eocene of Egypt. In these (Paleo-
mastodon and Moeritherium) the molars are simpler, less elon-
cated and with the usnal vertical replacement. In Moeritherium
which existed from the Upper Eocene into the Oligocene the
upper molars are fairly typieal trituberculate teeth with the
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addition of a hypocone and the lower molars present the usual
tuberculo-sectorial strueture with loss of the paraconid and
elongation of the talonid. In each series the third molar has a
pronounced posterior basal eingulum and it is from the con.
stant gerowth and extension of this that the eloneation of the
tooth so pronounced in later races is brought about.

The Elephant molars are then no exeeption fo the general
method whereby adaptation of the tooth to an extreme brows-
ing or grazing charaeter is bhrought about. Indeed the molar
does not strikingly differ from that of the Rodent Capybara
and the same method of evolution of molars has already heen
studied in less pronounced form in the Pig, Bear, Baboon and
Kangaroo.

SIRENIA

(Moselv related to the Proboscidea are the marine hrowsine
Mammals, the Manatee of Florida and the Duzone of the Indian
Ocean., These strange ereatures also known as Sea-cows feed
upon seaweed, eel-grass and aquatic plants.

The skull of the Dugong like that of the Elephant is markedly
specialized and although the molars when first erupted show an
ocelusal surface of masked selenodont appearanee this surface
spon wears away and the teeth remain as simple hypsodont eol-
umns with permanently growing roots. In the upper jaw the
ineisors, apart from certain vestigial rudiments buried under
a horny easing, are reduced to two long tusk-like teeth which in
the female do not project bevond the gum (see Fig. 80) but in the
male resemble Rodent incisors in that they possess persistently
growing roots and have no enamel upon their posterior surfaces,
In the mandible there are four or five rudimentary antemolar
teeth on each side imbedded in the sloping surface of the symphy-
sis which are funectionless and are covered by a horny plate
opposing the obliguely placed premaxillary part of the palate.
Of the cheek teeth there are altogether five or six on each side
with persistently erowing roots all devoid of enamel and all
evlindrieal except the last which is elongated and grooved on
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its inner and outer aspects. The anterior cheek teeth are lost
as the posterior ones come into place so that only two molars
remain on each side in older specimens.

It 15 obvious then that the Dugeong has undercone reduetion
in number and functional eapaecity of the antemolar teeth. The
Manatee on the other hand is a terminal form illustrating tooth
differentiation of a ||ll,ih' different echaracter: in it we see actual

inerease in the number of molars as we have already noted in

australis?, Oberlin College Collection).
duced dentition, the simphiied hypsodont

erior teeth on the symphysis,

Fig. S Llentition W]
In this sku!l of an adult

cheek teeth and the site o

certain other highly speeialized Mammals, the Armadillos and
certain Cetacea for example. There is no doubt that sueh
increase in number of molars may and does oceur in mam-
malian orders though of the eauses which bring it about we
are completely ignorant.

In spite of the faect that the modern Sirenians are so very

specialized we know enough of their aneestral history to state
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that the forerunner of these animals was a terrestrial Mammal
not very different from the Egyptian Eocene Ungulate Moeri-
therium the relationship of whieh to the ancestor of the Ele-
phants has already been pointed out. We infer that this
Oligocene predecessor early assumed an aguatie existence and
that some members migrated from the Mediterranean to the
Atlantie basin finally evolving into the Manatees while others
entered the Indian Ocean to give origin to the Dugong. Why
tooth reduetion occeurred finally in the latter and tooth in-
erease in the former we do not know,

The number of genera of Sirenia, so far as we have evidenece,
was never very large but from sueh fossil forms as are known it
15 accepted that the primitive Ungulate ancestor of the order
was a terrestrial, five toed, short legged animal with the usual
primitive dental formula, brachyodont bunodont molars, hinder
premolars molariform, anterior ones simple, small ecanines
and a tendeney to the tusk-lilke elongation of one upper and
one lower ineisor on each side.
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THE HYRACES

Features of the Hyrax dentition—Similarity of its cheek teeth
to those of Kocene Perissodactyls—Relationships of Hyrax
—Resemblances to Perissodaetvla and to Proboseidea—A
Mammal retaining primitive features is not necessarily out
of harmony with its environment,

These curtous little animals (Fig. 81) from Africa and Asia
Minor are somewhat of a zoological puzzle. They arve of hrows-
g habits feeding upon the leaves and voune shoots of trees
fl"l

and bushes. he dental formula is:

-
(S B
-

—

-

el B j il | : total 3.

The large median upper ineisors are triangular in section in
the male, oval in the female, eloneated and at first sieht rodent-
lilke in appearance. Like those of the Rodent theyv possess also
persistently egrowine roots but the enamel is not confined to the
anterior surface. The second upper incisors arve tiny and very
early lost. They are represented in the figured specimen
merely by remnants of their alveoli. The lower incisors are
rather procumbent, have persistently growing roots and present
ongation of the three tubercles

a comb-like appearance from e
which eap the erown., They ocelude behind the upper incisors.
After a short interval ecome the premolars all of whieh are
molariform and inerease in size from before backward
whereas the molars present a deerease from before backwards.
Comparison with Eohippus brings out a striking resemblance
hetween the brachyodont® cheek teeth of Hyrax and those of
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THE HYRACES

[ocene |’{'I'i:-;.-.nri|.'||'rj.'|.-;_ The uppenr molars Present two n|'i|'|1|||1'|.1.
il]m't-:l |||]r||:-: connecting Protocone andl paracone, metacone and
]|_‘-.'F1m'|r||1' r'e-:<.||£'1'1i‘.'l'|l‘-.', In addition to these there is an ecto-
]+||hh _-_I;.-L!hi-rilm' np the two outer cones and the three |11'i|1|i[i‘~'1*
stvles. Welllmarked cingula are also present fore and
aft. The last upper molar has no hypocone but instead

the metacone has subdivided to [;]-m[u;q- a1 ],M.l“[“h}],,H.”“l. mn
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]-I.;. =1 Ilentition of Hyvrax (Procavia brucei var -»--'.l:.'||i-:|, 0.62-1) T lye l"\-.l||'.|'|l\.
adult male. Note the rodent-hik (A RIS INCIS0TS, The characters of the cheek

teet] i | lude a I 1 -"| Wit \ritodacty]l Ungulates,

the same manner as we have noted i herbivorous Marsupials
(see page 85). A curious and interesting feature of the upper

molars i1s their oblique setting in the maxilla so that a hinder

*The cheel: teetl Ll S[rECEs fhiewred are bra |3---.-|I_ Lbut from this i L=t
not be inferred that the cheek teeth of all species of Hyrax are low-crowned. oo
gression to the hypzodont type has occurred in quite marked degree within the order
and some ~|.-'-":---- i ':|.'\.':'.'.*-. represe] ting a2 more advanced form ¥ L ;.'ill' Jigh
crowned cheek teeth, Further a hypsodont species 18 usually found hving alongside

hrachvodont =pecies i|' |.||' &511e |--- .|,5|I1 jist @s i Miocent ind  lower F'hiacenae
{ S Bpeci I arse it I | cheek tee [ 1 alongside | specialized
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tooth overlaps the one in front laterally as in the ruminant
Artiodactyla. The lower cheek teeth present anterior and
posterior erescents concave lingually but H.i!]E‘l.‘ the paraconid
itself is absent the ridge passing forward and inward from the
protoconid fades away at the anterior margin of the tooth. The
hinder ridee of the anterior creseent passes from protoconid to
the curiously reduplicated metaconid. The two ridges of the
posterior erescent run from the hypoeonid which forms the
apex to the metaconid and entoconid respectively.

One peculiar and primitive feature of the skull 1s the exten-
sion of the malar into the elenoid fossa as in Marsupials. In
spite of this Hyrax is obviously an Ungulate and its closest
relationships might be suspeeted to lie with the Artiodaetyls
but this coneeption is immediately contradicted by many ana-
tomical features. There is one of these which may he mentioned
<inece emphasis has already been laid upon the essential and
primitive differences between the premolars of Artiodaetyla
and those of Perissodaetvla. The premolars are already very
advaneced in type and molariform in Kocene representatives of
the order Hyracoidea. It may also be noted in passing that
these early forms show an enlarged, pointed and triangular
upper median incisor as in the existing Hyraces,

In many other features Hyrax resembles the remote Peris-
sodactyla; in the reduplicated metaconid of the lower molars
for example, a character exhibited also by the Kocene Megalo-
hyrax. Nevertheless the resemblances of this animal to the
Proboseidea in parts of the skeleton other than the teeth, con-
siderably outweigh the significance of the Perissodactyl-like
molars and premolars.

In short, as Dr. Gregory says, ‘“‘the existence of so many
“eross resemblanees’ hetween the Proboseidea and Perissodae-
tyla by way of Hyrax seems more consistent with the hypoth-
esis that all these now very divergent orders have been de-
rived from a common protungulate stoek, than with the hyvpoth-
esis that all the resemblances are due to convergent evolution,”

Faseinating though the Hyrax may be in its anatomical fea-
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tures and zoological relationship we must not oecupy more
space over the animal. But it 1s well to point out that although
like the Tapir it may with some justice be nicknamed a “‘living
fossil’” because it bears in its body so many primitive features
unchanged or only very slightly modified during its long ances-
try, vet it is by no means an antiquated animal in the sense that
it is out of touch with its environment. The Tapir indeed is
naturally stupid and uninteresting: that may be because we
have little interest in the lines along which the Tapir’s intelli-
genee moves. The Hyrax on the other hand is intensely active,
easily tamed and learns with rapidity, having a natural bent
as it were for investigation and experimentation. Perhaps the
most charming part of Dr. Chalmers Mitehell's delightful book
The Childhood of Animals is that wherein he tells of the
activities and learning powers of his pet Hyrax. One of the
hasal necessities of life for every animal is that it should he

able to adapt itself to its environment,



CHAPTER XVI

THE BATS

General position of the order—Megachiroptera and Micro-
chiroptera—Vespertilio fuseus—Importance of the incisor
specialization—Molars of the Fruit Bats.

The Chiroptera or Bats possess a very long history having
been highly specialized even in Eocene times. Their anatomy
however reveals the probability that they originated from prim-
itive arboreal Insectivores perhaps of the Cretaceous, perhaps
of the Basal Foecene. Their dental formula is derived by re-
duetion from the primitive Placental type. There are two
oroups of Bats, the Megachiroptera or IFruit Bats and the
Mierochiroptera  or insectivorous DBats, the latter being
the more speecialized in their general anatomy, DBut just as
the Walrus though generally less specialized than the Seals
vet has a dentition more aberrant, so also the Pruit Bats gen-
erally less removed than the insectivorous Bats from typical
Insectivores, present a dentition in whieh it is muech move dif-
ficult to trace homologies. The link connecting the Fruit Bats
with the Insectivores proper is the so-called Flyving Lemur,
Galeopithecus.

IFor the purpose of this volume it will be sufficient to glanee
at the dentition of one of the Microchiroptera, the more special-
ized group. We have therefore figured the skull of the common
Brown Bat, Vespertilio fuscus (Fig. 82). The number of in-
cisors and cheek teeth differs greatly among the Bats but in
V. fuscus the formula is:

o= P4 M i total 52,
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The upper median ineisors are separated by a wide gap and
the lateral ones are pointed teeth. The lower inecisors are small,
.-.L'IHi-]rl'lu'tln‘.]le'ln and theiwr erowns are each surmounted |!:-_'-.' three
elobular tubereles. The canines both upper and lower are longe
and sharp. The distal three cheek teeth in both jaws are molari-
form and but little removed from the general Insectivore tvpe.
[iach upper member, except the last, presents a trigon with
the three typical eusps and three styvles and in addition a low

hypocone. The protocone being reduced, the other cusps of the

ig. 82.—Dentition of Brown Bat (Vespertilio fuscus, 9 4-1), Note the typical Insccti
yre molars and the very specialized incisors.

trigon and the styvles give a prominent W-appearance to the
oeclusal surface. The last molar has its posterior moiety muti-
lated. Omn each of the three last lower cheek teeth 1s a typieal
trigonid with three cusps and a large talonid with hypoeonid
and entoeonid.  All the cusps are long, sharp and needle-like
as usual i msectivorous teeth and the more anterior post-
canines simple and conical. The premolar-molar series resem-
bles that of the Mole very elosely in the characters of the
mdividual teeth.

In the above deseription 1t is worthy of note that the molars

are not g0 specialized as the ineisors.  In diseussing the denti-
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tion of the various orders of Mammals it is almost impossible,
because of their greater ecomplexity of form, to avoid seeming
to lay especial emphasis upon the molars. The student is there-
fore apt to gain the impression that adaptations of these teeth
are the most if not the only important changes to be observed
in the dentition.  If he will pause for a moment to consider the
infinite variation in mammalian ineisors and to think of the
very different modifications required for seizing or gathering
according to the particular food habit of the animal, the reader
will readily realize the enormous importance, as emphasized
by Bensley, of ineisor modifieations in  determining the
morphological characters of the entire dentition. Perhaps this
significance of the ineisors is most plainly seen in the Marsu-
pials among modern Mammals. We have been able to treat
of the Marsupials at greater length than other orders hecause
of the large number of representative stages in evolution of
teeth still in existence. Sueh instances as the Horses and the
Rodents will however present themselves at once as marked
examples of adaptation of ineisors in association with great
modification in the dentition as a whole,

Finally lest any reader, observing the peculiar molars of the
I'ruit Bats, should wonder how these can fit in with the view
put forward at the beginning of this chapter it must be stated
that there 1s evidence to show that, though greatly specialized,
these have undoubtedly been derived from the tvpical mam-
malian tritubereular tubereulo-sectorial type.



CHAPTER X VII

THE WHALES AND PORPOISES

Whalebone Whales and toothed Whales—Evolution of the den-
tition in the toothed Whales—Ancestry of the Whales-
Dentition of the Porpoise.

Of the Cetacea there are two suborders, one the Mystacoceti
or whalebone Whales, very highly specialized and possessing
instead of teeth laree masses of whalebone hanging from the
roof of the mouth ; the other the Odontoceti or toothed Whales
having simple peg-like teeth sometimes n great number.
Whereas the former group feeds upon small shrimp-like ernsta-
ceans and swimming molluses the latter is earnivorous in habit,
With the Mystacoeceti we shall not deal in this volume although
minute vestigial two- and three-rooted teeth have heen de-
seribed as existing in whalebone Whales prior to birth, but
shall devote our attention solely to the toothed Whales with
which are assoeiated the Porpoises and Dolphins.

These animals though possessing teeth are in many respects
even more specialized and aberrant than the Mystacoceti and
it is probable that the two are parallel groups possessing a
common aneestor but diverging from each other during their
phylogenetie history. The simple peg-like tooth armament or
to speak in scientifiec terms, the haplodont, homodont dentition
of the Odontoceti is not primitive as might at first appear
but is derived secondarily from the more typical tritubercular
tubereulo-sectorial form. This secondary simplification is an
adaptation to aquatie carnivorous feeding and is seen in a less
advanced stage in the Sea-lions and Seals. In the toothed
Whales as well as in the Pinnipedia there is very great varia-

253
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tion in the form of the teeth whieh is itself evidenece of the
comparatively recent differentiation of the dentition. But this
does not mean that the Odontoeeti and the Pinnipedia are
related. It simply indicates that similar habits eall forth a sim-
ilar adaptation though in varyving degree. In other words the
similar secondary simplification of the teeth mm these two sub-
orders is one of converecent evolution. We have seen that the
Pinnipedia are probably related to the Miocene ““Bear dogs’’
but although the Odontoceti are also carnivorous they arve cer-

tainly not related to any known earnivorous Mammals,

|-'i:___ Q3 Dentition of commaon Poarpoise | Phocaena commumes, 953 . Mot hie prre
number of similar cylindrical teeth and the extreme speciahization of 1l

There may have been typical Odontocetes in the Oligocene
but i1t is quite possible that the Whales are of more recent
origin. There 1s nothing i their anatomy to suggest greal
antiquity as for example in the cases of the dentata and the
Rodentia. The derivation of all the Whales, toothed and tooth
less, seems to be from Insectivore-Creodont stoek but the
earliest examples at present known are certam fossils from
the middle Eoeene of Eevpt, Protocetus and Mesocetus by
name, primitive ereatures which, while perhaps not represent-

ine the direet ancestral stoek, are at least collateral to it.
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The example which we have chosen to represent the toothed
Whales 1s the common Porpoise, Phoeaena communis, the diet
of which consists exelusively of fish. Inspeetion of Fie. 83
shows that the jaws are long and relatively weak and that
the teeth are small, similar, very numerous, with spade-like
crowns and constricted necks.,  The enamel organs are not
mueh developed and the teeth consist of a special type of den-
tine with a coating of cement. Some Odontocetes possess very
few teeth and some, like the Dolphin, more than twice as many
as the Porpoise figured. p

The great number of similar eylindrical teeth of the toothed
Whales is only approached in certain Armadillos in which the
teeth lack enamel entirely and are the result of a muech more
ancient specialization. It is in the toothed Whales that we see
secondary inerease of cheek teeth at its maximum.



CHAPTER XVIII °

THE MONOTREMES

Kxtreme antiquity and speecialization of both existing fami-

lies—The Spiny Anteater—Food habits and dentition of
the Duck-billed Platypus—XNo evidence of elose relation-
ship between existing Monotremes and Multitubereulata.

Sinee one of the existing Monotremes, the Spiny Anteater
of Australia and New Guinea is entirely toothless like the
placental Anteaters and Pangolins, and since the other, the
Duck-billed Platyvpus of Australia and Tasmania has teeth
which are merely transitory, this order is not of great signifi-
canee for our immediate purpose,

Many arehaie and reptilian features are retained in the
anatomy of these animals but nothing is known of their actual
fossil history which must therefore be inferred from the study
of modern forms alone. The characters of the shoulder girdle
indicate that Monotremes orviginated from very early Mam-
mals not far bevond the reptilian stage and eertainly before
the diverging marsupio-placental forerunners had begun to
adopt an arboreal existence. During the lengthy period since
their origin, very marked peculiarities have appeared in both
animals which must therefore he considered separately from
even the primitive marsupio-placental stock, Certain bodily
features however oceur in bhoth Spiny Anteater and Duck-
bill which in addition to the geographical distribution of the
animals indieate a common if very remote ancestry for the
Monotremes and Marsupials. Bevond this we cannot proceed
until further evidence is available.

lenoring then the edentulous Spiny Anteater the skull and

236
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Jjaws of which show the same modifieations eonsequent upon
entire loss of teeth as do those of the Anteaters already dis-
cussed, we turn our attention to the transient dentition of
Ornithorhyvnehus.

This fossorial semi-aquatic animal possesses peculiar jaws
armed in the adult not with teeth but with horny thickenings
of the epithelium, For erushing the shells of fresh-water mol-
luses upon whieh the animal feeds teeth would be poor and
hrittle instruments. On the other hand the nuteracker-like

2 1
’ Fig. B4.—Dentition of Duck-billed Platypus (Ornithorhynchus anatinus, _n'n]cll",{i"l.
after Oldfield Thomas). 1. Left upper teeth. 2. Left lower teeth, The third tooth

i5 not represented; the first is very aberrant but in the second may be traced indications
of an originally tritubercular tuberculo-sectorial type.
jaws with their horny covering are excellently adapted for
grinding such food. Notwithstanding the fact that there aro
no teeth in the adult, actual teeth corresponding to the perma-
nent dentition of other Mammals and even vestizges of a decidu-
ous dentition have been discovered. The “‘permanent’™ teeth are
three on each side of each jaw, twelve in all and after great
attrition from which they are worn to the thickness of paper
they are shed when the animal is about two-thirds grown,

The two anterior teeth are large but the third very small
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and all are obviously cheek feeth. Fie. 84 reveals the fact that
although little can be made out concerning the first tooth the
second presents in masked form the general characters of the
tritubercular tuberculo-sectorial type. (The ‘third is not shown. )
The upper tooth possesses a trigon the large protocone of
which is connected by ridees with paracone and metacone and
in addition there is a well-developed hypocone. The outer
horder of this tooth like the inner maregin of the eorresponding
lower molar is complicated by numerous small seecondary tuber-
¢les. The second lower molar presents a paraconid and an ele-
vated protoconid though the metaconid and the entoconid are
obscure. The heel on the other hand, shows a large hypoconid.
The teeth are much broader than high and their vestigial roots
penetrate the underlying growing horny laver to reach the
bone m which however they are not deeply imbedded.

Misled by the tuberculate appearance of the teeth, some
authors have likened them to those of the Triassie Multituber-
culate Marsupial Mierolestes. The similarity in appearance
hetween these two is merely superficial. The tooth strueture in
Ornithorhynehus is profoundly different from that in Miero-
lestes. On the ground that the Monotremes represent the low-
est phase of mammalian life other writers have sought to find
in the teeth of Ornithorhynehus indieations of what must have
been the dentition of the early Mammals, This is plainly a false
trail for an animal so aberrant and specialized with an ances-
tral history reaching back to the very dawn of mammalian life,
and especially of sueh peculiar feeding habits as Ornithorhyn-
chus could not be expeeted to retain teeth at all approximating
in appearance the typical ancestral mammalian form. There
is then no great difficulty in accepting for the teeth of this
animal a tritubereular tuberculo-sectorial oriein,



CHAPTER XIX
THE DECIDUOUS DENTITION

Specialized Character of the monophyvodont dentition in Mam-
mals—The deciduous teeth do not represent in miniature
the permanent teeth—DMilk Dentition of Modern Man—
The Predmost mandible—Milk dentition of Anthropoids—
Deciduous dentition of Old-World and Ameriecan Monkeys
—AMingled ancestral and adaptive features of the deecidu-
ous dentition—The milk dentition in orders other than
Primates—The Marsupial dentition—TForamina of the
tooth c¢ryvpts.

There is no doubt that Mammals were orviginally derived
Tfrom Reptiles possessing a polyvphyodont dentition, one in which
there oceurred many suceessional series of teeth. Replacement
of teeth is known to have oceurred in Cyvnodonts and in Juras-
siec Mammalia. Tt is therefore natural that the less specialized
of modern Mammals at least should exhibit two series, the
temporary, deciduous, lacteal or milk set and the replacing,
suceessional, or permanent set.  When we find Mammals which
possess only one funetional series of teeth such for example as
the Seals,® Sloths, toothed Whales and many Rodents, we must
regard the feature as evidence of great speeialization. This
interpretation is borne out by the faet that it is usually in those
members of any order more advanced in other respeets which
exhibit the so-called monophyodont character. Consequently
we consider that Mammals which have refained a complete
milk dentition consisting of ineisors, eanines and milk molars,

*The milk dentition of the Seals is shed before hirth.
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the last heine the predecessors of the premolars, are the less
specialized and exhibit what is truly an ancestral feature.

In many respeets the milk dentition differs from the perma-
nent set in the charaeters of its constituent 1{3{*”1, not so greatly
perhaps in the incisors, but more in the canines and most of
all in the milk molars, often ealled milk premolars, the last of
which at least is of a pattern mueh more ¢losely resembling the
molar teeth of the suceessional set than the premolars. From
this fact two widely different interpretations have been drawn,
one that the milk series represents the ancestral charaeters of
the dentition such as were possessed also by the permanent set
in earlier forerunners, the other that the milk teeth are speecial-
ized for the peculiar needs of the young animal. Both of these
views present elements of truth and we shall therefore ex-
amine them with some attention,

It can searcely be said that the diet of young Mammals, once
they are beyond the stage of suckling, differs materially from
that of their parents so that the ‘particular needs’ of the imma-
ture animal are not directly connected with the type of food.
It is however common knowledee that the facial skeleton of
the voung animal, in contradistinetion to that of the
adult, 1s relatively small in proportion to the size of the
skull as a whole, and this for reasons bevond the seope of our
present inguiry. In the childhood of all Mammalia the jaws
are comparatively short and the teeth themselves are absolute-
ly, though not necessarily, relatively smaller than in the adult.
Indeed it can be demonstrated readily in any series of animals
with a well-developed milk dentition, let us say the Anthropoid
Apes, avoiding as far as possible raeial diserepancies, that the
incisors tend to be relatively smaller and the molars relatively
lareer in the milk dentition than in the permanent. Sex dis-
tinetions in the eanines again are not so pronounced in the milk
dentition and the teeth themselves are small. The same diver-
cences can be observed equally well in Man and for them there
must be some adequate explanation. In another seetion (page
268) we note that within limits those teeth nearest to the at-
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tachment areas of the mastieatory museles and to the fulerum,
that is to sav to the temporo-mandibular artieulation, are the
teeth in the best situation for exerting pressure and are molari-
form whereas those teeth furthest removed from musele at-
tachments and joint are best placed for swift movement and
cutting or piercing action and are simple chisel-like (ineisors)
or conical (eanines) in shape. Intermediate in position ave the
premolars whieh are also intermediate in funetion.® In the
milk dentition the relative shoritness of the jaws is associated
with fewer teeth: those forms of teeth naturally are found
which are most essential to the animal’s existence. Henee the
milk posteanines in Man and the Anthropoids reproduce the
more fundamental features of the cheek teeth as @ series in the
permanent dentition.

This sugeestion calls at onee for study of the milk teeth that
we may find out what are the more essential features of the
human and Anthropoid dentitions. It brings home to us the

faet that neither of the terms milk wolars and milk premolars
accurately defines the characters of the deciduous posteanine
teeth.

The milk dentition of Man, of all Anthropoids and Old-
World Apes is:

. total 20.

bad | B

E"! m
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We shall take as our first example the milk dentition of the
European (Figs. 85, 86).

Apart from smallness of size the deciduous teeth possess
enamel of a different hue from that of the permanent teeth.
The neck is relatively better marked, the crown being more
globular and in the case of the molars the roots more diver-
eent than in the suceessional teeth. As to the ineisors whieh
are gquite vertically situated in the jaws the relationship in size

*This interpretation must not be expected to fit all facts. For example in the verwy
-]r:-:_"|.;|ii.;ﬂ,'t|_ Horse the premolars are all completely molarviform in appearance though
their relation to muscular attachments and joint i3 not closer than i Mammals with
less complex premolars.



242 MAMMALIAN DENTITION
hetween eentral and lateral teeth, hoth in maxilla and mandible,
15 about the same as in the second dentition.

The first obvious difference is seen in the eanime whiceh 1s
globular as already stated, has a very convex outer aspect and
projects it anything slightly more bevond the oecelusal surface
of the rest of the teeth than in the adult dentition. The first

posteanine in both jaws is a peeuliar tooth. Though somewhaf

|"|:_f, 23, Deciduons dentition of modern T ropean (hYa, W.R.TI) Mote that
except in the case of the incisors the teeth do not represent in miniature the teeth
of the adult dentition (Fig. 533)

molariform it does not present the definite molar eharacters of
the second and is plainly speeialized for the purpose of acting
as a link between the simple ineisors and eanines in front and
the ecomplex grinder behind. The upper tooth presents outer
and inner eusps as in the permanent premolars but its outer
Cusp 15 Very hroad and I;‘[LIlI_ﬂ:I_Tl'[l ;1||l1'|‘+|-[1uh1L'1'1c:-r'|"-.' ]n_‘.' GO~
nected styles so that the erown is triangular mm shape. The
crown of the lower tooth possesses anterior and posterior moile-

ties, the latter shaped and presenting eusps like the talonid of
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a molar. The anterior moiety is mueh narrower, being beveled

at the expense of its labial portion and shows two eusps in the
sites of the protoconid and metaconid together with a ledee
in front whieh probably may represent the paraconid or al

least a protoconid-paraconid shear. The two eusps on the

ateral aspeet of child’s skull sculptured 1o ghow rools of tem
aowns of developing permanent teeth.,  (After Dewey-Thompson.)
11 '-'i.*- b | :,'I' teeth .::||i the curved roots it 1 he

¥ " v
i Are ACVOiOpHIng.

LHEER ] Ell'l'.'ul'l':I

talonid are |:1]'u|1;|]|]|1 hn||]::|||r;_-nllr-; with the |']I'-.']1|u'n||-![[ and en-

toconid of the permanent molars. The second posteanine tooth

1s much more like a permanent molar, i1s indeed often said to

duplicate the first permanent molar in miniature but this is
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not exactly true. In both jaws the second milk molar has an
ocelusal surface relatively narrow ecompared with the erown
because of the marked beveling of the latter upon its outer
side.  The maxillary tooth is neither so rhomboidal nor so
obliquely set in the jaw as the eorresponding first permanent
molar. It possesses a very large protocone and relatively
small paracone and metacone, the oblique ridge bhetween the
latter and the first mentioned being present as in the permanent
molars, The hypocone is small though distinet. The erown of
the lower tooth is relatively very long, the lateral grooves he-
tween the cusps are deep and the eusps well separated: the
talonid is broader than the trigonid. The protoconid and hypo-
conid are small and the metaconid very laree so that the eross
furrows so tyvpieal of the permanent molars do not exist. The
entoconid is of moderate size and the hypoconulid not axial but
lateral in position.

It now the features just deseribed he compared with those
of the permanent molars alveady interpreted in Chapter VII,
it will be seen at onee that they form a curious mixture of
ancestral and specialized c¢havacters. Whereas the features of
the second upper milk molar and the arrangement of eusps
(exeept the hypoconulid) of the lower second may well be
considered primitive, the reduetion in size of the occlusal sur-
face from that of the erown proper and the lateral position of
the hypoconulid eannot be so regarded. Henee the dispropor-
tionate length of the oeclusal surface of the second lower molar
i# secondary in origin. The interpretation of the first premolar
is not so simple and must be deferred for the moment.,

When we turn to the milk dentition of the modern Negro
we find that the deseription given above for the temporary
teeth of the European holds fairly well and there is no need for
special deseription.

In Paleolithie types we have not many examples of milk
teeth, but from the aceompanving figure of the mandible
of a ehild about seven vears old diseovered in an upper Paleo-
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lithie burial site at Predmost i Moravia (g, 87), we learn
that the lower first milk molar was less molariform and the
second possessed an oeclusal surface approaching more nearly
in breadth the erown itself while the hypoconulid was more
axial in position than is the case today. We eannot say that
the Predmost mandible is of unmixed strain.  Though probably
of primitive Homo sapiens stock there may be in it some ad-
mixture of Neandertaloid blood. However this may be the
mandible indiecates to us the increasingly speecialized condition
of the modern milk dentition.

rl":III"I‘";I“"lln;_l"”!":tl”Il‘“tl"“I”"ngII““;"”FI"“;“

Fig. #7.— Mandibular dentition of Paleolithic European from Predmost. tAfter
Walkhoff.) A less specialized milk dentition than that of today, The teeth present
are the first and second deciduous molars and the first permanent maolar,

We must now examine the deciduous teeth of the Anthropoids
(Fies. 88-91) and note if we can obtain from these some indiea-
tion of what our milk dentition used to be. In doing this if
is essential that we should bear in mind the early divergence
of the human and Anthropoeid lines. Whereas our own ances-
tors early became cursorial and predaceous and therefore de-
veloped a tendeney rather toward a carnivorous and later a
orain diet, the Anthropoids, especially the Orang, progressed
toward a completely frugivorous diet.

As in the case of Man we will pass over the ineisors with the
simple statement that in the Anthropoids also we find these
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teeth more vertically placed than in the adult, obviously a
surviving ancestral character. The canines more triancular
in the Chimpanzee and Gibbon than in ourselves are more
pointed in the Gorilla and the Orang., The first upper milk
molar is bieuspid and plainly triangular in the Gibbon and
Gorilla but shows a tendeney to antero-posterior extension of
the palatal eusp in the other two great Anthropoids. The firs
lower milk molar presents a large pointed cusp with a tiny

subsidiary one on its lingual aspect and a low and ill-developed

Fig. 8§ Deciduous dentition of Chimpanzee (Pan =p., $%.es-111.

heel behind in the Gibbon, Gorilla and Orange but in the Chim-
panzee this tooth approximates the human form, resembles m-
deed the Prec

most tvpe somewhat for the inner eusp is larger
and the heel is well developed and presents two cusps as in
ourselves (Fig. 88). The second upper molar is a typieal tritu-
hereular tooth with a hypocone in all Anthropoids but in the
Chimpanzee and Orang the cusps are low and even indefinite
and secondary crenations appear as in Man. The second lower

molar in the Gibbon presents primitive Anthropoid eharacters.
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Its ocelusal surface is long and as broad as the erown., The
metaconid and hypoconid are laree and the hypoeonulid axial
i position. The same deseription holds for the Gorilla in
which the metaconid is very large. In the Chimpanzee the oe-
clusal surface becomes restricted transversely and the hypo-
conulid mierates somewhat laterally, so that it is not unlike
the second lower molar of the Predmost mandible. In the

Orang the pinched-in condition of the oecelusal surface is very

pronounced though the hypoconulid remains more axially
situated than in man. The molars resemble quite eonsiderably
the lower first milk molar of the human dentition, a case of
converegent evolution in whieh the terminal appearanee has
been brought about 1 very different manner i the two cases,
The forms of the two upper milk molars and the lower second
are comparatively easily understood. With regard to the

lower first molar 1t seems that in the Anthropoids with tusk-
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like eanines this tooth somewhat resembles in funetion the lower
canine since it also forms a shear with the upper canine. In
the Chimpanzee on the other hand and still more in Man the
canines are redueced and the first lower mitk molar possesses
an ever inereasing tendeney to beeome molariform.

I['vrom this brief review and from what we know of the his-
tory of the human milk dentition we may conclude that con-

sidderable specialization has oeceurred in the human milk molars,

g, 9 Deciduous dentition of Orang ( Pongo pyvgmaeus, Hoppius; 9.88-7

especially in the first, adapting them to the needs of the or-
eanism, and further that analogous specialization can be ob-
served in differing degrees in the Anthropoid Apes according
to their requirements, the specialization affeeting the several
teeth in varving measure. But in spite of the superposed
adaptive features, quite pronounced though they may be,
certain primitive and ancestral charaeters are not entirely
overshadowed.
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As was stated at the beginning of this chapter two views are
held reearvding the milk dentition, first that it represents fea-
tures possessed also in ancestral forms by the permanent set
and secondly that it displavs specializations for the require
ments of the voung animal. We now see that these views are
not mutually eontradietory but each 1s true so far as it goes.

The term ““milk molar’ as appears from the foregoing de-

seription i1s no more adequate than the name ““milk premolar™

Fig. 91 Deciduons dentition of (abbon (Hylobates concolor, Harlan; 9.88-4 | T
I

rst molars, central incisors and right lower lateral imcisor of the permanent

-

el ::"-i fmay |':;|-|'i"-. 5T -|§w-|::':;::i-~I ed by theis '-.'-.|ii1l' -.--|-:'.

to express in a word the characters of the deciduous cheek
teeth. We have noted in earlier chapters that i the perma-
nent dentition the premolars cannot always be distinguished
clearly from the molars by their appearance. Nor can we de-
fineg the premolars as possessing forerunners while the molars
do not, for in most instances there is no tooth preceding the

first premolar of the permanent set (see Fig. 93). According to



200 MAMMALIAN DENTITION

M. . Woodward this condition is brought about by the pres-
enee of a large eanine which, oceupying so mueh space in the
Jjaw, results in a deformed permanent first premolar and leaves
no room for a corresponding milk tooth. This view seems to
be borne out by the cases of the Hyrax and the Tapir (see Fig.
77) in both of which the first premolar possesses a predecessor.
In the former animal the eanine is vestigial and never bhecomes
a funetional tooth, in the latter it is reduced and separated by
a considerable distanee from the premolar series.

As for eruption of the deeiduous teeth it is well known
that the lower central incisors are the first to come into place
in the jaw. When one reecalls that in the aet of sucking the
maternal nipp

¢ is eompressed between tongue and palate, the
lower jaw serving merely to steady the tongue, it beecomes
evident that these teeth can erupt without causing irritation
or damage to the delicate skin of the nipple and so enable the
mother to continue suckling her infant for a longer time than
would be possible otherwise. It is also elear that as the young
animal grows and the jaws lengthen there will be unoccupied
space behind the second milk molar. This provides a site for
the developing first molar whieh is thus the earliest of the
permanent teeth to come into position,

The deciduous dentition of both Old- and New-World Mon-
kevs affords confirmation of the conelusion attained above that
the milk teeth do not resemble in miniature any of the perma-
nent set. '

In some Old-World Monkevs, Pithecus rhesus for example
(I'ig. 92), the differentiation of the first milk posteanine in
both jaws has proceeded to a muech more molariform stage
than in the Anthropoids generally. The upper tooth is quad-
ricuspid from the appearance of a hypocone and although the
trigonid of the lower tooth is relatively narrow the talonid is
comparatively better developed than even in Man. The second
milk posteanine is more completely a replica of the first perma-
nent molar than in the Anthropoids or in ourselves, a eondi-
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tion to be expected from the more molariform condition of the
first millk molar,

Passing to the New-World Monkeys we find a somewhat dif-
ferent state of affairs. These animals possess three permanent
premolars and three milk molars but the first successional tooth
to erupt, as in the various Old-World families, 1s the first molar,

In the Sapajou Monkev (Cebus) which we may take as an ex-

| | ] | 1 1 1 1 | 1 | 1§ | 1 ¥ | | il FUTRIRIER |
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Fig. 02 Deciduous dentition of Deneal Macague ( Pithecus rhesus, Audebert;
Ra3-11). In this ammal the milk teeth hawve .|:::|-'-|_|'|'|--! maore l']"-l'i}-' in feature Lo
thix TIma han 1 A Anthropoids

ample the milk ineisors and canines, though small, do not show
sueh striking diveregences from the patterns of the correspond-
ing permanent teeth as do the posteanines. There being one
more posteanine than in the Old-World families the essential
functions of shearine and erushing can be more distributed.
Consequently while the last milk tooth is purely molariform
the first 15 equally nii-ii||§1t-|lx' sectorial and of .-:5||||r|1' |H'1'||Iu|.‘H'i.-

form pattern, the tooth which is intermediate in position being
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also intermediate in appearance. The lower first postecanine
exhibits merely a eingulum, no heel: the second has a erown
approximating in appearance but by no means reproducing
the features of its suceessional premolar; the molariform third
is longer and narrower with a relatively larger trigonid and
smaller talonid than the first permanent molar. Analogous
differences exist in the upper teeth. The first has only a low
cingular eusp on the palatal side of the apex; in the second
which is elongated transversely this palatal eusp has inereased
in size and prominence; in the third it forms a rounded pro-
tocone, the main cusp (paracone) is replaced by a reduplieated
one (paracone and metacone) and there is developed a small
hypocone. We note then that elose resemblances between milk
teeth and their successors are aceidental in nature and more to
be wondered at than strikine differences.®

When we furn our attention to other animals, we again con-
stantly iind evidenee of mingled aneestral and adaptive fea-
tures in the milk dentition. In the Aye-ayve for example the
millk teeth are much less specialized than the permanent set
and elearly indieate by their more primitive features the lemu-
roid eharacter of the animal. In its milk dentition the Horse
possesses shorter crowned teeth with charaeters simpler than
those of their complex, hyvpsodont, permanent suecessors. In
the milk dentition of the Dog (Fig. 95) there are three postea-
nines of which the first upper and first and second lower are
simple premolariform teeth, the second upper and the third
lower sectorial and the third upper molariform, thus reprodue-
mg in miniature the essential features of the adult dentition
as a whaole.

In carnivorous animals generally the milk teeth play their
part and are shed early. In the Se - are shed before birth,
In some animals, the Edentates, for example, the milk denti-

tion is quite vestigial but such teeth as there are show much
less specialization than their permanent successors, The milk

"The pradual inerease in complexity of the milk molars backwards representing as it
were stages in_development culminating in the pattern of the hirst permanent molar 1%
very siriking in the New-World Monkeys, II|.1 reader 15 referred i thiz connection
to statements made on pp. 62, 103 J'L'j.:zl.l'ﬂing the Premolar Analogy Theory.
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dentition is heterodont, whereas the permanent teeth are homo
dont. In the toothed Whales the milk teeth are entirely vesti-
egial. Herbivorous feeders on the other hand retain at least
some of theinr milk teeth until they are sufficiently adult them-
selves to give birth to young and this is probably an adapta
tion to save the permanent teeth in view of the extreme attri-
tion to which, in consequence of the nature of the food. the

dentition of these animals is subjeeted.

Fig, 93.-—Dciduous dentition of Dog (Canis familiaris, 9.7424-47). The milk dent

as a whole reproduces the features of the permanent dentition as a whole T hie
large simple tooth eraptingy immealely belhind each camine is—the—trst-premotar of the
ermanent set, a tooth which in most animals does not possess a predecessor (bul see
Iapi Fi i

According to some authors there are evidences of as many
as five dentitions among Mammalia, one before the milk teeth,
one after the permanent set and another antecedent to the
premilk series. This last rests, it must be admitted, upon very
slender evidenece, Dr. _"l1|||=-i_{'|liil|| 1S I'n'ermll.*-.ihi:' for the state-
ment that in a long extinet Uneulate, Nesodon, there were de-
veloped three suceessive dentitions of whieh the second and
third correspond with the modern milk and permanent series

respectively. The same author asserted that at least one fune-
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tional premilk premolar oceurs in the Tapir. Although this
seems to be a uniquely surviving feature of the aneient mam-
malian dentition it is of scarcely sufficient importance in the
present connection for treatment at length’

Earlier in this chapter the statement has been made that
usually it 1s the more advanced species of an order which have
lost their milk dentition. This is not invariably the case. The
Rat for example, by no means the advanced of Rodents, possesses
so far as we know at present not even a vestige of temporary
teeth. On the other hand the two very specialized Marsupials,
Myrmecobius, the Banded Anteater and Phaseolomys, the Wom-
hat, both possess elear evidence of a definite milk dentition
whereas in the less aberrant Marsupials the milk dentition is
still more vestigial sinee only a single lacteal tooth persists.

This brings us to the consideration of Marsupial teeth in
general. We have noted previously some of the many curious
specialized and aberrant features of this order and in conse-
quence it is not surprising to learn that only one tooth is re-
placed in these animals. During the discussion of the marsupial
dentition this has already been noted and reference should be
made to Chapter IV for details. That one tooth only should he
replaced is no new feature of the dentition since the Jurassie
Marsupial, Triconodon, shows the same phenomenon., A very
striking feature of the case is the faet that in the modern
Marsupials as in Triconodon it is the same tooth, the forerun-
ner of the last premolar, which i1s replaced in all species.
Whereas in most other tooth changes in Mammals the sue-
ceeding tooth develops rather behind the tooth which it re-
places, in this instanee the successional tooth develops some-
what in front of its predecessor,

Opinion at first favored the view let the funetional dentition
of the Marsupials in general represented the permanent set,
Later views inclined toward homology with the milk dentition.
Recently however the former conclusion in modified form is
hecoming more generally aceepted and the evidence grows
elearer that the Marsupials of today are speeialized in their
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dentition to the extent that there is, with the exception of the
two animals above mentioned, no funetional remmant of the
milk teeth unless it be this replaced tooth. The question which
immediately presents itself is the true nature of the so-called
deciduous tooth replaced by the last premolar. Tims has up-
held that it is really the first of the permanent molars whieh
hecomes projected above the last premolar in econsequence of a
progressively relative shortening of the palate in relation to
its breadth as the animal grows older. He maintains that a
similar explanation holds in the case of the Dog and the Guinea-
pig in which animals the last permanent premolar also is very
unlike its forerunner somewhat i front of whieh it develops.
Tims elaims that his ingeniously presented theory covers the
case of certain Insectivores in which, however, the successional
tooth does resemble its forerunner. It is stated that the replac-
ing tooth in Marsupials is not embryvonically eonneeted with
either of the teeth between which it develops and whieh it sue-
ceeds.  On this account it cannot be the homologue of either.
Even after reading earefully Dr. Tins’ statements and eon-
sidering the evidence he presents I eannot see that his eon-
ception clears the situation and while his view may be correct
it is not entirely satisfving at present. There is nothing un-
usual in a suecessional tooth being of different appearance from
its actual predecessor. Kxamples of this have been eited from
many mammalian orders. We have already noted the speecial
adaptations exhibited in the milk molars both of Man and of
the Anthropoids. We have observed moreover that the milk
incisors and canines are comparatively small teeth, their sue-
cessors relatively large. The developing permanent suceessors
of these teeth must then lie rather lateral and posterior to
their predecessors in the jaw. It is only when we come to the
premolar region that we find the actually smaller teeth which
take up less room in the jaw suceeeding the larger milk
molars. A change in relative position between the deciduous
teeth and their successors is therefore to he expected in this
area. The suecessional premolar in the Marsupials is not
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cramped for space in the jaw but it is a very large and speeial-
ized tooth modified for sectorial purposes and as sueh may be
expected to cause some disturbance in the dentition as it erupts
in such animals as the Kangaroos. The question of relation-
ship in appearance and position of the last permanent premolar
to its predecessor and the special difficulties regarding tooth
replacement in the Marsupials must therefore be left sub judice.

One last feature of the temporary dentition must be men-
tioned. The milk teeth alwavs lie to the outer or labial side of
their suceessors even in the case of the molars, although the
developing permanent premolars project between the divergent
roots of their predecessors. If the student examine the care-
fully eleaned jaws of any voung Mammal (see for example the
infant Chimpanzee, g, 88), he will note foramina in the bone
upon the lingual or palatal aspeet of the milk teeth, one imme-
diately behind or internal to each tooth, those related to the
ineisors and canines being large, those near the milk molars
small and overhune hy the corresponding tooth. These are the
openings in the bone through which passed the dental rudi-
ments of the permanent teeth and at the bhottom of eaech hole
is the erypt containing the corresponding suceessional tooth.
Sinee these foramina are of necessity absolutely invariable
their presence indicates with eertainty that the erupted tooth
adjacent to each belongs to the deeciduous series. The absence
of the foramen gives equal assuranee that the corresponding
tooth is of a member of the permanent set.



CHAPTER XX

THE ROOTS OIF TEETH

Evolutionary importance of the roots—Paleotelie and caeno-
telic Characters—Features of the root in mammalian teeth—
Nature’s methods of combating attrition—Inferences from
the deep-seated position of the canine root in Man—The
roots of teeth in Man and Anthropoids—Specialized roots of
teeth in the Ave-ave—Roots of teeth in Neandertal Man.

During his perusal of the foregoing echapters the reader must
have been impressed by the fact that practieally the entire dis-
cussion has related to modifieations of the eusps and erowns of
teeth. He will have observed the wide range of adaptation of
the eheelk teeth to ehanges in habit and the profound bearing
upon the whole dentition of the form of the ineisors but he is
Justified in asking why roots have received such seant mention.
It will of course be quite evident that the exposed ecrowns
from their very position must command attention whereas the
roots buried in the jaws are less acecessible. Nevertheless it
is equally apparent that study of the roots must have its im-
portance in adequate consideration of the dentition as a whole.
It might even be argued that the roots are at least as impor-
tant as the crowns because of the fact that being imbedded in
the jaws they are less influenced than the erowns by modifica-
tions of environment. That they are not entirely unaffected by
environmental changes is sufficiently indicated however by
the frequent transformation in many orders of the brachyodont
into the hypsodont type of tooth.

In this connection the student should understand the dif-
ference between paleotelic and caenotelic characters. These terms

297
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were coined by Gregory to take the place of the words morpho-
logical and adaplive respectively. A paleotelie or morphological
feature is primitive and unaffeeted or but slightly modified by
external conditions. Ixamples are the auditory ossieles, the
foramina of the skull, certain features of the base of the skull,
the earpal and tarsal bones and the urogenital svstem in gen-
eral. In all of these there is but restricted variation except in
certain speeial tyvpes. On the other hand some features such as
the facial skeleton, the fingers and toes, the color of the skin
and the charaeter of the hair vary throueh a considerable range
in consequence of their exposure to environmental conditions.
Such charaeters are caenotelic and not primitive, but greatly
modified. Should, however, a paleotelic feature become ex-
posed to environmental influence as in the ease of the auditory
ossicles in aquatiec Mammalia it becomes greatly modified and
thus caenotelie in nature. Now upon this basis the erowns of
the teeth, being as a rule much more influenced by external
conditions than the roots are likely to show greater changes.
In other words their paleotelic characters are more likely to
beecome obseured. Infinite are the variations of euspidation
but strikingly few and slight are the modifications of the roots
of teeth.

No biological “‘Law’’ is really an explanation. It is in es-
sence a deseription of sequences. We are not explaining why
changes occeur in structure when we state more or less vaguely
that they oeeur in part at least in response to environmental
influence: we are but correlating facts. When we state that
certain changes in structure appear apparvently as the result
of modification in external eonditions we are giving an instance
of what may be termed the Law of Environmental Influence.
Returning then to the subjeet of teeth it may be stated that the
paleotelic c¢haracters of the erowns have become largely ob-
seured whereas those of the roots show greater tendency to
persist. Ior this reason the tooth erown has received consid-
erable attention in this volume and the root but little.

One feature wherein the mammalian dentition differs from
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that of Reptiles is the possession of teeth with more than one
root. It is not true of all mammalhian teeth and is more char-
acteristie of the molars than of the antemolar series. In the
Cynodonts we find the reptilian character of a single root even
in the flat quadrate molars of Sesamodon and the very mammal-
like molars of Diademodon. The cheek teeth of Protodonta
show ineomplete separation of the root into two fanes (Fie.
13). In all known Triconodonta and Trituberculata on the
other hand the premolars and molars present at least two
roots. In the upper teeth these support the para- and metacones
respectively but in some genera, Dryolestes for example, the
upper molars differ from the premolars in possessing three
roots, a large medial one beneath the protocone and two smaller
lateral ones supporting the outer eusps of the erown. In most
primitive Mammals likewise, whether they are of marsupial or
placental stoek, the premolars and molars are two-rooted al-
though the protocone and its supporting internal root in the
upper molars may be absent. We are justified then in eon-
sidering the two-rooted brachyodont type as the primitive mam-
malian form. Further, it 1s by no means uncommon to find an
actual bifanged appearance in the eanine. This condition oe-
curs in Talpa the Mole, and in Erinaceus the Hedgehog, hoth
being animals whieh from their lowly ordinal position are likely
to retain unchanged the primitive features of the tooth roots.
On reference to Fig. 94 it will be noted that evidenee of separa-
tion of the root into two exists even in the incisors of eertain
primitive animals.* Grooving of the root of a tooth must then
be taken as indicating a geologically older bifanged condition.

We have observed previously that there are various ways
whereby the teeth become elongated to compensate for marked
attrition, the result of a herbivorous diet. There is the elonea-
tion of the cusps so well seen in all lophodont Marsupials
especially in the grazing Kangaroos, and the elongation of the
body of the tooth so plainly marked in the Bandicoot Thala-

*The Flying Lemur Galeopithecus has two roots in the outermost (third) incisor
as well as' in the canine.
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comys. In both of these types the roots are fully completed
i the adult teeth and do not grow persistently as in the case
of the Horse which represents a mueh more advanced stage.
Again attrition is compensated for in a tothlly different man-
ner by forcing up of the stump of the worn tooth so that the
last possible wear can be obtained even after the erown is
praetically nonexistent. This condition also is well illustrated
in the Horse. All three methods are manifested in conjunetion
though in differing degrees by many Mammals.

While progression toward complete hyvpsodonty is usually
associated with inerease in eomplexity of erown pattern this
is not invariably the case. Among the extinet Ungulates pe-
culiar to South Ameriea there lived durine the Pleistocene a
stoutly built semi-aquatic lumbering animal named Toxodon.

Fig. 94.—Upper teeth of Jerboa Pouched Mouse (Antechinomys laniger, after
Gregory).  As in all primitive Mammals the canines, premolars and molars posscss
two large external roots.

Further back and separated from Toxodon by a vast geologieal
period there existed in the Miocene a smaller and lighter beast
Nesodon which we have already mentioned because of a pecu-
liarity in its dentition (page 253). It is probable that Nesodon
is actually the anecestor or at any rate very closely related to
the ancestor of Toxodon. The molars of both animals were
hyvpsodont but the eurious faet 1s that the erowns in Nesodon
were deeidedly more complex than those of its deseendant
Toxodon. We must then be always upon the wateh for excep-
tions to general rules which we find it necessary to formulate,

In a typical specialized hypsodont Ungulate the cusps are ob-
served to be long but a more striking feature is the loss of
distinetion between erown and root., The neck of the tooth
does not exist. Further the root, if one may term it such, is
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obviously single but not primitively so: rather it represents the
fused roots of the primitive tooth uncompleted at the apex.
In the Horse it is only in old age that the divergent root tips
appear. Completely hypsodont teeth possess roots of persistent
growth and such have already been observed in advaneed
forms of ineisors and molars alike,

It is especially striking that in the Horse which is an example
of extreme hyvpsodonty the milk dentition even today is less
high-erowned, thus confirming the view just put forward that
the brachvodont type with two or more roots is primitive.

From lack of spaee it is impossible to deal adequately with
the tooth roots in all orders but a little attention to the appear-
ances found in the higher Apes and in Man will not be mis-
placed.

The first feature whieh strikes the observer in comparing
the teeth of an Anthropoid with those of Man is the fact that
each of the upper premolars possesses three roots like the
molars. Three roots are oeccasionally found in the human
upper premolars; in faet I am inclined to believe that this
condition is not so rare as is said to be the ease. The bifid or
three-pointed tip and the grooving of the root are indieations
of a former separation into more than one fang. Doth in
Anthropoids and in Man grooving of the root of the canine
and of the ineisors oceurs, in the former more frequently than
in the latter. These features and in addition the elearly marked
separate roots of non-persistent erowth so eharacteristie of all
Primate teeth with one exception are certain evidence of the
retention of fairly primitive root features in this order,

The skiagram of a jaw in which the permanent teeth are
still developing foeuses attention upon the situation of the
canine rudiment. This lies mueh more remote from the gum
than any of the other rudiments (see Fig. 86). In the great
Anthropoids we have already noted that date of eruption of
the eanine varies with sex. In the female Chimpanzee it
erupts before the third molar but in the male it is the last
tooth to come into place. In both eases the canine erupts
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relatively mueh later than in Man in whom, however, it lies
Just as deeply imbedded as in the Anthropoids. No sexual
distinetion in time of eruption of the eanine has been noted in
the human dentition yet the deeply seated position of the
rudiment of this tooth is a sure indication that it was formerly
powerful and long-rooted as in the Anthropoids today,

In both Anthropoids and Man the root tips of the second

and third mandibular molars lie near the inferior dental eanal

- _ —

Fig. 93 Skiagram of jaws of Chimpanzee (Pan sp.. 88160, In this adolescent
female the canine has erupted before the third molar. XNote the very close relation
hetween the l:|l:"l.'-.']ln|'i|I].; roots of the 1'I|'.a'-| malar and the il'!-l,'lih-]' dental canal which
openg oul (unlike the condition in Man, Fig. 96) inta a large space at the level of the
second molar, In the adult Anthropoid the root 1i|;.-- of the third molar even aver-
shoot the interior dental canal.

but in the former they often overshoot the canal itself, a con-
dition not found in Man in whom from the tendeneyv, very
obvious in modern Europeans, toward shortness of root the root
tips are further removed from the canal than they are in An-
thropoids ( Figs. 95, 96). The precise distanee naturally varies

with the individual. - In the Heidelbere mandible there 1s a very
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close relationship between the root tips and the eanal as one
would expect from the primitive nature of this jaw. The rela-
tive shortness of the roots in human teeth is the precise opposite
of the condition found i the Orang for the extreme length of
the tooth roots of which no adequate explanation has vet heen
offered. If now we examine a skiagram of the jaws of the

Ave-ayve we note onee again shortness of the roots espeeially

=

Fig. 9o.—Skiagram of jaws of Negro (Skull 524, W.E.L'.}). The maolar rools are
relatively long in this case and approximate the inferior dental canal almost as in the
.'||.||1|:||-|-q|i4l, Thiz 1= not =0 in all human mandibles,
in the second and third molars when we compare these with the
teeth of other nearly related Lemurs (Fig. 97). We note
further that associated with the shortness of roots is the lack

of a well-defined neclk. In Heidelbere Man there is also a prac-
tical absence of the tooth neck. The Aye-ave is a marked ex-
ception to the retention in Primates of a relatively primitive
type of tooth, 1t is a significant exeeption beeause the features

of its cheek teeth assist us to realize what is happening in the
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case of the human dentition. We must therefore consider the
matter in a little more detail.

Not only do the cheek teeth of the Aye-aye possess relativelv
short roots fused in part of their extent, but this fusion, least
marked in the first molar, involves progressively more of the
roots in the second and most in the third. This is natural
sinee, as we have frequently observed, it is the first molar
which 1s the most stable. Again the pulp chamber of all three

Fig. 97 —Skiagram of _'|n.\.~\ of Ave-ave (Daubentonia madagascariens’s, 9.815-1),
Note the short roots fused in part of their ]L1|g1h especially in the third molar, and
the large pulp chamber the outline of which sinks benca'h the level of the alveolar
Lorder of the jaw.

molars but more especially of the third is relatively long and
tends to sink beneath the level of the alveolar bhorder of the
jaw.*  This is a marked distinetion from the appearance pre-

*It is true that the pulp chamber diminishes in size with age through the appear.
ance of zecondary 1IL:|L|.||:. and that in consequence the skiagram of the jaws of a young
animal will show a larger pulp chamber in the third maelar than in the first, hecause
the latter erupted long before the former. Any fallacy in interpretation of Fig, 97
upon this score is precluded by the fact that the specimen is an old one. The inter-
pretation  given is further indicated correct by the progressive fusion of the roots
backward in the molar series.
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sented by all other Lemurs ineluding the Indrisinae which are
the nearest relatives of the Aye-aye. In other Lemurs as in the
Anthropoids and in most types of Man the pulp chamber is
shallow and elearly defined and its outline lies entirely without
the alveolar border. Long narrow root eanals alone appear
in the tooth below the level of the bone surface. In those in-
stances of modern Man in which the molar roots are short and
exhibit a tendency to fusion we find as in the Ave-ave a less
clearly defined outline for the pulp chamber which is long and
extends beneath the alveolar border. Many Neandertal teeth,
it is true, exhibit features differing little if at all from those
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Fig. 98.—Teeth of Jersey Neandertal Man (after Keith and Knowles). Upper
row: upper teeth: 1. third molar. 2. first right molar, 3. second left premolar, 4. second

left molar, 5. third left molar. Lower row: lower teeth: 1. third right molar (erown),
2, second right molar, 3. second right meigor, 4. left canine, 5. first left premolar, 6.

second left premolar, 7. second left molar. This is a form of Man with extremely
specialized 1rml|1_|'r:-nl:-c, MNate the short fused molar roots, the absence of neck and the
great attriticn of the crown.

which are characteristic of most modern dentitions but some
skulls (Fig. 98} present features of very different tyvpe. Not
only are the molar roots short and fused into a solid mass bud
the neck of the tooth is lacking, the erown merging with the
stump-like root, and the pulp chamber is large, long, imper-
feetly outlined and extends far below the alveolar border.
Even the root eanals are eapacious and form simply loeuli of
the elongated pulp ehamber. This thoroughly distinetive ap-
pearance, indiecations of which are met with in some modern
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skulls, is comparable with the similar condition displayed by
the molars of the Aye-aye. It has been defined by Keith as
the tawurodont type, because it considerably resembles the hypso-
dont eharacter of the Ox molars in contradistinetion to the
eynodont appearance presented by the vast majority of modern
human molars which are more primitive in feature and in
skiagrams display characters of the pulp chamber and roots
somewhat similar to those of the Dog. The specialized char-
acters found so much more frequently in Neandertal than in
modern molars are so striking and so unlike the typical human
dentition that they ereate an impression fast becoming a con-
vietion in the minds of many anatomists that Neandertal Man
cannot have been an ancestor of our own line but was rather
a specialized and now extinet offshoot of the human race.

We believe that the food of Neandertal Man was not purely
carnivorous but inceluded tough vegetables and grain. In addi-
tion these anecient people were probably not averse to the
chewing of hides a habit indulged in today by the Eskimos in
whom be it noted the taurodont form of molar tends to appear
more frequently perhaps than in any other modern race. The
specialized diet of the Aye-aye has been diseussed in Chapter VI,
It is impossible to avoid the impression that the teeth of Nean-
dertal Man and those of the Aye-aye represent degrees of the
same modification brought about under the influence of dietary
habit. The reader must remember of course that not all Nean-
dertalers exhibited this peculiarity. This faet, the relatively
infrequent occurrence of the condition in modern Man and the
total absence of the modification in Anthropoids leads us to
helieve that the taurodont form of moelar is a progressive feature
of the Primate dentition. In this character therefore Neander-
tal Man had progressed far bevond the stage which we our-
selves have attained, had in faet reached a position approached
among Primates only by the very aberrant Lemur Daubentonia.



CHAPTER XXI

THE EVOLUTION OF TYPES

Biologieal interpretations and laws—External and internal
factors inducing variation—Examples of pronounced diver-
genee within a single family—Theories of modifications in
dentition—Migration of teeth in the jaw—Variations and
mutations once more—Creative Evolution.

Having now eompleted our brief survey of mammalian teeth,
we turn our attention to eertain features of the dentition as a
whole which, though deeply interesting, ave until now imper-
feetly understood. 1t has already been emphatically deelared
that a truly satisfyving explanation of phenomena is not given
by a statement of sequences nor does one answer the question
how by making an adequate veply to the question why. In all
so-called biologieal interpretations and in all biological laws one
must be on one’s guard against confusing these two simple inter-
rogatives how and why. We have seen that differences in life
habits, especially differences in diet, are associated with changes
in tooth form and we infer that the former at least in part
called forth the latter. But if this be a true statement of faet
it does not throw any light on how the changes are bhrought
about. One may wonder if the alterations in tooth form are
compelled by some dominating foree of which we are ignorant
or if perhaps they are mere chance variations pounced upon
and utilized by natural seleetion,

Every dental student knows that individual variations oceur
in all the teeth vet the complete dentition of any individual,
hroadly speaking, is true to type. We have observed that the
dentition may differ considerably from speeies to species.

L
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Some for example have hrachyodont molars, others hypsodont,
vet each species though living side by side with the other breeds
true. '

We have noted the fact that different genera within a single
family show strikingly how completely dissimilar one dentition
may be from another. We have also seen that traced back to
their simplest or earliest representatives the dentitions of most
if not all mammalian orders indicate derivation from a ecom-
mon forerunner. In mentioning one external factor which
assists 1 bringing about modifieations in the dentition, namely
diet, we have merely opened the question of the origin of modifi-
cations,  We have made no suggestion of a possible foree in-
herent within the organism tending to bring about alterations.
To the problem, unsolved as vet, of how changes are produced
we have devoted no attention whatever. One cannot leave the
subjeet of teeth without at least glancing at these enigmas of
how and why. Many problems of modern biology have found
or will find their solution in experimental investigation, a field
closed to us in the study of teeth. So far as dentition is con-
cerned we can but observe the imperfeet record of Nature’s
experiments earried on over vast periods of geological time,

Early in our inquiry it was noted that the conformation and
articulation of the jaws underwent great modification in the
transition from Reptile to Mammal and at the same time the
homodont dentition gave place to the heterodont. 1t has been
sugeested that the cheek teeth being close to the joint and to
areas of direet museular pull are best situated for erushing or
shearing whereas the incisors and canines, further removed,
operate through a lareer are with ereater velocity and are
henee in a position to execute cutting and piereing funetions,
It is true that in many animals the transition between the sim-
ple eutting inecisiform and the larger crushing molariform
type is gradual and progressive through eanine and premolars
but in the Horse and the Hyrax, to mention only two examples,
the transition is abrupt. It cannot be doubted that such sud-
den transition is secondary in view of its Hon-oceurrence 1 an-
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cestral forms, nevertheless the abrupt change must have be-
come stereofyped very early since we find it present in the
Cynodonts.®  The relation of teeth to jaws, to museulature and
to the temporo-mandibular joint must be regarded as one fac-
tor only of those responsible for bringing about existing modi-
fications of the several tooth forms. The very faet that we see
in all orders of Mammals a definite tendeney on the part of the
dentition to evolve along one or another of certain well-defined
lines itself sueeests an internal heritable factor.

The teeth of the modern Tapir are practieally indistinguish-
able from those of its Miocene forerunner yet we cannot say
why this animal has undergone no change during so vast a
period in which other animals, the Horse and the Whales for
example, have developed striking dental modifieations.

We have dealt fairly comprehensively with the varied forms
of teeth represented today in the single order Marsupialia and
have noted that some members retain guite primitive forms
of teeth although in others the dentition is highly specialized.
Emphasis has been laid upon food habits as a factor responsible
for these differences but food habits alone have not produeced
the change. Had we taken any series, the Bandicoot family
for example, and studied the varying forms of teeth exhibited
by these animals whose food habits differ little if at all, we
should still have noted progressive modifications which in the
Bandicoots eulminate in the most specialized form Thalacomys,

Instead of dilating upon this theme at wearisome length in
the chapter on the Marsupials a further consideration of these
progressive changes of less degree has been postponed until the
student should be better aequainted with the end results, as it
were, of Nature’s experiments. We are now in a position to
appreeiate the importance of these gradually progressive
changes. We might lay out in order of suceession a series of
examples of any family or even genus taken from different
cgeological epochs and, comparing them, note the ever changing

~ *The abrupt change from simple incisiform to crushing molariform teeth is to be
found even in ccrtain fishes,
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forms of the teeth, We should observe that the change has
always been in some definite direction toward final forms which
are approximately the same as the latest example of series
drawn from other orders. Starting with the inseetivorous-
omnivorous tyvpe the lines of progression are toward the long
or short jawed pure Carnivore or in another direction through
the omnivorous form, either to one of several varieties of pure
herbivorous feeder (Ungulate) or to the highly specialized
enawing type (advanced Rodent). The student will have
recognized that the fundamental plan of progressive evolution
in teeth is common 1o all mammalian orders,

We are studying in this volume the dentition of modern
Mammals, not of fossil forms and hence we do not propose
to earry out the suggestion put forward in the preceding para-
eraph, but shall examine existing members of the order Carni-
vora in which we may observe the self-same facts. Why some
genera have retained primitive tooth forms and others, closely
related, have not, we are scearcely in position to state. We can
only say that external conditions eall forth a response on the
part of the organism which is alwayvs along one of several
clearly defined directions.

Instances eannot be multiplied on account of lack of space:
we will give only two examples, one from the Civets, the other
from the Raceoons, illustrating progression in form of teeth
within a single family.

Fig. 99 contains photographs of the skulls of four Viverridae;
namely the Rasse, African Civet, Fossa and Binturong. The
formula of all is

1 i
S B o g ||
1 4

L ]
: (Fossa ﬁ}' total 40 (34).

Apparent exeeptions to this formula are produced in the
Ilossa since the first premolar of each jaw in this animal is
shed in early life, and again in the Binturong in whieh the man-
dibular first premolar is lost in youth., The habits of all these
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animals except the Rasse are little known though the Bintu-
rong differs from the others in being more thoroughly omniv-
orous, even ineluding fruit in its dietary. The differences in
palate and in tooth form are very striking. The Rasse and the
African Civet are long jawed; the other two, in each of which
the first premolar is shed in early life, are short jawed. The
insectivorous character of the teeth of the Rasse is indieated
by their sharp eusps; the carnivorous tendency by the earnas-
sial form of ;:Idl' The carnassial development is greatest in
the Fossa, the jaws and teeth of whieh elosely resemble those of
the Cats. 1In the African Civet on the other hand the teeth
and jaws simulate those of the Doz, We shall not stay to dis-
cuss these resemblances in detail: they are sufficiently obvious
upon careful examination of the photographs and are approxi-
mate recapitulations in another family of the general method of
tooth differentiation found in the true Cats and true Does. Tt
1s perfectly plain also that the dentition of the Hilltllt‘l)ll;__': Orle-
inated from a Rasse-like form, now considerably modified: the
erowns are small and the cusps greatly redueced, a typical retro-
grade character which may be seen also in the dentition of the
Kinkajou (Fig. 100).

The other example chosen (Fig, 100) does not show diver-
gent modifieations as have been noted in the feline- and canine-
like Viverridae just presented. It illustrates the evolution of
a single form of dentition, that of the Raccoon, showing as
nearly as possible the stages met with in anecestral fossil Rae-
coons, reproduced in existing and closely related animals. i
presents further the evolution of a retrogressive type, the
Kinkajou, comparable with the Binturong. Lastly it exempli-
fies a very strange development, the formation of a pure herbiv-
orous dentition from one originally earnivorous. This is all
the more impressive when we recall the faet that modern Arti-
odactyla are desceended in all probability from carnivorous
forms, the Creodont family Mesonyvehidae. The simplest type
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of dentition is seen in the Cacomistle, a more progressive form
in the Coati (Fig. 64) and the fully developed condition in the
Raccoon. Some details regarding the dental features of these
animals have already been given in the ¢hapter upon the Car-
nivora (page 182). The formula for each is:
O -I-, P2, M=, total 40.

| 1 2
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I'rom this formula the dentition of the Kinkajou and the
Panda are also derived but the former has lost the first pre-
molar in each jaw and the latter has lost its maxillary first pre-
molar and sheds the corresponding mandibular tooth in early
life. The diet of these animals is inereasingly omnivorous in
the order Cacomistle, Coati, Raccoon. The diet of the Kinka-
jou ineludes flesh but eonsists largely of eres and fruit and the
teeth of this animal though clearly derived from a Cacomistle-
like form are quite retrogressive: the earnassial teeth, well
marked in the Cacomistle, are no longer specialized. The dief
of the Panda is composed of fruits, ezgs, acorns, roots and the
voung shoots of bamboos, The animal will not touch flesh.
The photorraph of the Panda should be examined with the
areatest eare for the student can easily identify therein the
various eusps and styles and ean observe the transformation
of an insectivorous-carnivorous type of dentition into a purely
herbivorous brachvodont type tending toward the selenodont
form. The initial formation of the crescents, concave laterally
i the maxilla and eonvex laterally in the mandible ean be
studied exeeedingly well.

The foregzoing are among the most instructive examples of
tooth variation to be found in modern Mammals. In the photo-
oraphs it will be seen that considering the marked differences
in the teeth the eondyles and glenoid fossae are remarkably sim-
ilar. It would seem as though changes in the form of teeth long
antedate struetural modifiecations of masticatory significanee
in the jaws. IHowever this may be it direets our attention to
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the various attempts made to explain how changes in dentition
have been brought about. Ryder, Cope and Oshorn have sue-
cessively attacked this problem but the real significanee of an
internal factor in the organism itselt dawned only upon the last
mentioned,

Ryvder’s view was that modifications in type of mastication
result in ehanges in tooth form. He pointed out that there are
different degrees of lateral movement in mastieation in Unen-
lates: none at all in the Pig. sligcht movement only in the
Wart Hog, movement progressively greater in the Tapir, Deer,
Camel and Ox in this order. Ryder also pointed out that in
Ruminants the food is masticated on the side of the mouth on
which the lower molars eross the uppers from within outward
(ental form), whereas in Horses and Rhinoeeroses it is upon the
side on whieh the lowers eross the uppers from without imward
(ectal form). In the Rodentia the movement of the mandible
on the upper jaw is antero-posterior (proal form). Ryder be-
lieved that the selenodont forms of Ungulate teeth are mechan-
ically produced as the result of the direetion and extent of
excursion of the mandible in mastication.

Cope elaborated Ryder’s interpretation and dedueed certain
mechanical causes as operating to bring about dental modifica-
tions. The operation of these supposed mechanical eauses with
their resultant effect upon the organism, Cope termed Kineto-
venesis,  We have already seen that modifiecations of tooth
forms are apt to precede changes in the type of the temporo-
mandibular articulation so that we eannot acecept Ryder’s
interpretation. We shall see immediately that it is not possible
to agree with Cope’s theory of Kinetogenesis either,

In considering Cope’s theory Oshorn’s attention was drawn
to the faet that those areas of tooth erowns most subject to
wear are precisely those which in subsequent geologieal types
develop new cusps. Upon a purely mechanieal basis this ean
only mean an increasing resistance leading to actual growth of
tissue, the exact opposite of Cope’s view aeccording to which
there is diminished resistance leading to plastie moulding of the
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occlusal surface. At present one cannot conceive of the in-
heritance of an acquired® character: that an individual should
transmit to its progeny dental features which it exhibits as the
result of wear is utterly at variance with all known prineiples
of heredity. The tooth, it must be remembered, is pre-formed
in the jaw and its enamel-covered crown ecannot grow or
change actively in response to conditions of ocelusion. Again
the tooth is not firmly fixed in the hone: it is capable of con-
siderable change in position. That teeth do move is obvious
from the wearing which occurs upon the proximal and distal
aspects of the molars. The exeeedingly loose manner in which
the ineisors of the Cow are imbedded in the mandible has pre-
viously been noted. The alteration in level of a tooth in eon-
sequence of damage to or loss of its opponents is well known.
The raising and loosening of a molar, the oecclusal face of
which is worn down or carions is especially manifest immediately
after it is erowned by the dentist. At this time the tooth can
he ““wohbled’” between the fingers but in the course of a few
weeks during whieh the patient will notice the resilience of
the tooth in its bed of softer tissue before the bony socket
aeain grasps its roots elosely, becomes firmly imbedded once
again.,

The change in position of teeth in the jaws in some animals
is very well marked. We have already stated that replace-
ment of teeth in all Mammals exeept the Proboseidea is verti-
cal ; in these animals alone it is oblique. We must now modify
this statement somewhat. As a molar of the Elephant erupts,
it moves forward in the jaw and hence changes its position
with respeet to the bone. It is not immovably fixed in the jaw
as if it were imbedded in a matrix of Portland ecement. When
we come to examine more minutely the jaws of Mammals in
which replacement is vertical we find many instances of the
same forward movement of teeth even resulting in the shed-

“The term i a poor one.  Archdall Reid pointed out some years ago that all
characters can be said to be the resnlt of interaction between internal potentiality and
external stimulus, Nevertheless the precise sense in which the term is used in the
present instance is sufficiently explained by the latter part of the sentence,
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ding of the most anterior members of the series. In Hyrax
there is to be observed the beginning of this forward move-
ment. At first the anterior cheek teeth are more erowded to-
gether so that the total extent of oeelusal surface of the entire
series becomes less as the animal grows older. Finally the
erushed and worn anterior teeth are shed to give room for the
more recently erupted permanent ones. The same proeess on
a more pronounced seale is seen in the Kangaroo, the Manatee
and other Mammals. The Wart Hog is a conspieuous example.
When the permanent teeth first erupt the dentition is almost
the same as that of the Pig, certain important teeth being ab-
sent. The formula is:
L5, G, P, M. total 34.

The third molar equals in antero-posterior length the entire
series of eheek teeth in front of 1it. As they become worn
down, all these anterior teeth are shed one by one, the last
molar alone occupying their place and the formula bhecoming:

WG [ )
| :{.( I M I,hrLI] 145,

We have already seen that molars undergo striking dif-
ferences in appearance in advanee of equally extensive ehanges
in the temporo-mandibular joint. Further we have noted
that similar parallel or convergent types of tooth form develop
independently in many orders. On all these grounds, there-
fore, we must rejeet not only the hypothesis that teeth are
modified in response to changes in the mode of mastication
but also the whole mechanieal theory of Kinetogenesis as ap-
plied to tooth forms. We cannot resist the conclusion that
modifications in dentition are in part the expression of herit-
ahble constitutional factors coneerning which we know nothing
as vet,

Now this brings us onee more to the difference hetween
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a variation and a mutation, definitions of both of whieh have
heen given upon page 31. Bach individual of every genera-
tion in all speeies shows innumerable mutations throughout
its body. Some of these are without significance upon the life
of the organism: some are distinetly detrimental and under
the operation of the Law of Natural Selection will result ulti-
mately in the extinetion of the type: others again bring the
individual more closely into harmony with its environmeni
and this in turn results in the dominance of the type, perhaps
ultimately to the exelusion of other types, as for example in
the paleontologieal history of the Horse. But, it may be ob-
jeeted, the evolution of hypsodonty in the Hyrax has not re-
sulted so far in extinetion of the brachyodont species al-
though hypsodont forms have been present ever sinee the
Miocene. This we cannot explain. Hypsodont and brachyo-
dont species of Hyvrax exist together under what are appar-
ently the same conditions in the same loeality. We must
admit that there are controlling the modification of tooth forms
factors of whieh we are utterly ignorant.

We now find ourselves in the domain of philosophy arguing
against the mechanical interpretation of things. One of the
tenets of Bergson’s doetrine of Creative Evolution is that there
is a constant progression in life, the evolution of new features.
Nowhere in the body is this doetrine more strikingly exempli-
fied than in the teeth which are among the most progressive of
hodily structures and nowhere is the inadequaev of a mere
mechanistie interpretation more obviously unsatisfactory. To
quote Darbishire vefleeting Bergson’s metaphor: ““A rolling
stone eathers no moss. That 1s because a stone is a lifeless
thing. DBut a living thing whose life is made up of its experi-
ence is like a snowball which is rolled in the snow: it inereases,
as it is rolled, with the snow that it gathers, until it is big
L o i

enough to make a snow-man of, When we look at

life we are in the presence of the continual ereation of the

i)

absolutely new. It is not to bhe expected that a single muta-

tion appearing in a single individual is ever going to he able to
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change the form of the whole race but the same or elosely simi-
lar mutations appearing at the same time in a host of individ-
uals, it may be of various speeies within a genus, can and cer-
tainly do result in the origination of a new type less or equally
or more in harmony with the ever changing environment.

If mutations oeceur at random we are faced with the
problem of how the type in which they oceur can persist. We
must admit that in order to insure persistence all the mutations
oceurring in a single type must be linked or complementary.
A modification occurring in the dentition unaceompanied by
suitable ehanges in skull, in museulature, in the whole organ-
ism, eannot become dominant., Thus we find in time complete
specific and later generie differences profound in nature and
far-reaching in influence, the beginnings of the formation of
new families, new orders, new elasses. As Beregson puts it
there must be postulated an original impetus whieh is inherited.
““This impetus, sustained right along the lines of evolution
amonge whiceh 1t eets divided, i1s the fundamental cause of
variations, at least of those that are regularly passed on [muta-
tions|, that accumulate and ereate new species. In general,
when species have begun to diverge from a common stoek,
they aceentuate their divergence as they progress in their evolu-
tion. Yet, in certain definite points, they may evolve iden-
tiecally ; in faet they must do so if the hypothesis of a common
impetus be accepted.”’
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A

Aard-wolf, 178
Aard-vark, 170
Activity, relation of, fto
thermia, 46
Adapidae, 109
Adaptive characters, Z5%
Advaneed, definition of, 30
Aelurosuchus, 51
Age, effect of, upon dentition, 39
Alligator, teeth of, 38
Alouatta, 118
Amblypoda, migration of metacone
i, 78
Amphibia, teeth of, 37
Amphilestes, 56
Amphitherium, 58
Anvestor of Mammals., Jurassie, 62
Angle, mandibular, inflection of, 66
Angle, mandibular, inflection of in
ilacentals, 62, 66
Anglo-Saxon dentition, 1350
Anomalies:
extra median ineisor, 157
imperfect  developmental
ration, 157
para-premolars, 157
variation in last molar, 160
extra molars, 160
inercase of molar cusps, 161
logs of metacone, 161
paramolars, 162
retained deciduous teeth, 1463
Anteater, 165
bamded, 491
spiny, 236
. Anthropoids, dentition of, 1353
history of, 125
milk dentition of, 245
Apternodus, 104
Arvctomys monnx, 180
Armadillo, 165
Articular bone, fate of, 43
Artiodaetyls, ancestry of, 210

honuoio-

S pa-

Artiodactvlz, definition of, 199
Atelens belzebuth, 115
Ave-ave, 115

milk teeth of, 253

1

Baboon, Arabian, 123
Bandicoot, 76
Bassaris astuta, 182, 274, 276
Bat, brown, dentition of, 230
Bats, ancestry of, 230

fruit, 230

fruit, dentition of, 232
Bauria eyvnops, 47
Bears, 183
Binturongz, 270
Birds, teeth of, 40
Bos taurus, 2049
Brain, inter-relation of, with hody,

405

C

182, 274, 270
e

characters, 257

Cacomistle,
Caenotelie
Camel, 204
Camine, relation of
sex, 2061
Canine rudiment, position of, 261
Canines in Primates, 123
Canis, 174
Capybara, 223

ecruption of to

| Clarnassial tooth, 173

Carnivores,  ancestral
172
Carnivores,  progression  of
forms in, 270

Clats, 178

Cavy, Patagonian, 1494

Cebidae, 117

Cebus, milk teeth of, 252

Cerebelluns, relation of  to
tion, 46

history  of,

tooth

Lo

255
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Cetacen, 233 .
Change, power of in teeth, 53
Chaimpanzee, 131
Chimpanzee, milk teeth of, 245
Chrysochloris trevelyani, 102
Civets, 176
Civet, Afriean, 270
Climate, relation of to
a0
relation of to elevation, 26
relation of to evolution, 28
Coati-mundi, 182, 276
Coendou  prehensilis, 192
Condvles, oecipital, 45
Cotton-tail, 195
Cow, 20D
Crown, evolution of eusps of, 55,
41
Crown pattern, relation of, to hyp-
sodonty, 259
Cusps, migration of, 57
Cynodonta, characters of, 46
period of, 45
relations of, to one another, 47
relations of, to mammalian an-
cestor, 47
Cvnodontism, 146
Cynognathus, 51

dispersal

LY

b

Dasypus, 166

Daubentonia madagaseariensis, 1135,
253, 264

Deer, Black-tailed Yirginia, 207

Deer, Musk, 205

Dendrolagus inustus, 56

Dentition, apparent anomalics of
in relation to diet, U6, 2649

deciduouns, mingled anecestral and

speeialized features i 184
230
deciduons, relation of, as in se-

ries  to denti-
tion, 241
milk, in Marsupials, 67, 92, 254
milk, in Triconodon, 67
Disdemodon mastaeus, 51
Diet, relation of, to  ordinal
tion, 95
Dilaniblodonts, 96
Diprotodonis, S1

permanent

posi-

Divergencies of teeth in relation to

function, 268

INDEX

Divergencies of tooth form in &
single family, 268

Dog, aneestral history of, 174
dentition of, 174
effects of loss of teeth in, 168
milk teeth of, 253

Dalichotis patachonica, 104

Dromatherium, 535

Dryvolestes, GO

Dugong, 2235

Duplicidentata, 195

Duplicidentata,

ancestry  of, 196

E
Filentates, absence of enamel o
165
Ameriean ancestry of, 163

milk dentition of, 1G4
subdivision of, 164
Fgo-tooth of Reptiles, 44
Elephant, 220
ancestry of, 222
varietics of, 220
Entoconid, 34
Entomolestes, 101
Eohippus, 215
Futheria, definition of, 65
Evolution, convergent, 114,
119, 125, 197, 279
convergent in check tecth, Gl
ereative, 280
divergence in, 93
parallelism in, 94, 115, 164
reversibility of, 43

116G,

Features, human speeific, 23

Felig, 1749

Fishes, teeth of,

Fissipedia, 172

Food habits insufficient to aecount
for varving tooth forms,
06, 269

Foramina, Dental, 256

Fossa, 175

Fossil deposits, 27

Foxes, 174

Frog, teeth of,

a0
K
Galeopithecus, 250

Generalized, definition of, 30
Gibbon, 127
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Gibbon, milk teeth of, 246
Gibraltar skull, 140
Giraffe, 206

Glacial periods, 28
Glaciers, action of, 27

Gilenoid fossa, formation of, 44

Glenoid fossza, relation of, to den
tition, 2746

Gorilla, 129

Gorilla, milk teeth of, 246

Grazing habit, effect of upon teeth
=1

Ground-hog, 189

Guereza Monkevs, 125

Gymnura, Lesser, 93

H

Hapalidae, 117
Hreidelbery Man, 136
Hippopotamus, 203
Hoo, Red River, 201

Homo aurignacensis, 141
Homo heidelbergensis, 156
Homo mousteriensis, 142

Horned Toad, 4G

Horse, 215
ancestry of, 215
Dawn, 215

Howler, 115
Human teeth, recent modifications
in, 150, 151

Hyvaenas, 178
Hylobates, 127
Hvlomys suilla dorsalis, 98
Hypoeone, 60
Hypoconoid, 59
Hypoconulid, 59
Hypsodonty, 85,
in ugong,
in elephant, 222
elongation of cusps in, 88
elongation of tooth bod+ in, 78
Hyrax, 226
Hyrax, anecestry of, 228
Hystricomorpha, 192

=14, 209
D

I

lguana, teeth of, 58

Incizors, changes of, in Primates,
1604

Ineisors, importance of in  denti-
tion, 232

| Jurassic Mammals,

L

287

Incisors, number of, in Mammals,
[H 1

Indrisinae, 113
Insectivores, central position of, 93

Modern  Carnivorous, maodern
adaptation in, 97
modern,  Omuivorous adaptation

in, 99
modern,  Speeinlized
of, NG
Islands, tyvpes of, 26
Isostatic balanee, 25

J

i']IFlI'HI'“"I'h

55
I

Kangaroon, 36

Rat, S6

Troe, B3
Kinetogenesis, 277
Kinkajou, 276
Koala, 83, 114, 119

]J

Land masses, history of,
Langurs, 125
Lasiopvaa mona,
Lazmmurs, 1049
Lemur eaita, 112
Lemur, Flying, 230
Lemurs, history of,
Lemur, Mouse, 111
Liemur, Ring-tailed, 112
Lemur, Specter-, 110
Lemur, Woolly, 113
Lepus flovidanus, 1495
Lichanotus laniger, 113
Limbs, evolution of, 46
Llama, 204

C3 R

M

Macropus bennetti, 36
Mammals, age of, commencement
of, 41
most primitive habits of, G8
primitive characters of, 68
Man, Aurignacian, 141
effects of loss of teeth in, 169

Furopean, teeth of, 149
Heidelberg, 156
milk teeth in, 241

Neandertal, 140, 142
origin of, 136
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Man—Cont "d.
position of in Primate series, 106
Manatee, 224
Mandible, mammalian,
42
Mandible, reptilian, features of, 42
“‘Mark,’* 217
Marmosets, 117
Marsupials, antiquity or, 62
definition of, G4

features of,

differentiating features of, 68
life habits of, 67

milk dentition of, 67, 92, 254
origin of, 67

Mastication in Rodents, 277
Mastication in Ungulates, 27
Mastodon, 222
Megachiroptera, 230
Megalohyrax, 228

Menacodon,

-
i

514]
Mephitis, 150

Mesocetus, 2504
Mesonyehidae, 211, 219, 27
Metacone, 37

Metacone, less of, 161
Metacone, migration of, 78
Metacone, splitting of, 55
Metaconid, 57

Metaconid in Carnivores, 176
Metaconnle, 60

Metatheria, definition of, 63
Miacidae, 173

Microcebus murinus, 111

Microchiroptera, 230
Microconodon, 55
Microlestes, 205
MMilk dentition, 239
Milk dentition, Marsupial, 67,
254
Moeritherium,
Molars, eruption
220
formation of in Artiodaetyls, 200
milk, 242
of {"_'l.'T'uuhml::-:. il
secondary  elongation of,
Mole, Cape Golden, 102
Mole, European, 97
Mole, Marsupial, 91
Mona Guenon, 122
Monkeys, New-World, 117
Monkevs, New-World, milk
of, 252

-|rn.:|

ahaiall
of in Elephants,

.
-—
]
-

teetl

INDEX

Monkevs, Old-World, 120

Monkeys, Old-World, milk teeth of,
251

Monophyodont dentitions,

Monotremes, 236

ancestry of, 248

Morphologieal characters, 258

Mosehus moschiferus, 208

Mouse, Marsupial, dentition of, 70

Movement, lateral in°  Cvyvnodont
Jaws, 31

Multitubereulates, 54

Mus norvegicus, 191

Mustelidae, 150

Mutations, 31, 151

Mutations, role of in the dentition,
5

Myvomorpha, 191

Myrmecobins, 91

S L]

Mystacoeeti, 233

Sy

F=r1

N
Nares, Anterior, Form of, 44
Nasua nariea, 182

Neandertal teeth, Features of, 142

Negro dentition, 151
Nesodon, Successive dentitions  of.
253
Notorvetes, 91, 97, 103
0
Oeelusion of teeth in Cyvnodonts,

al
Odobenns rosmarns, 156
Chloeoileas hiemionus, 207

Odontoceti, 233

Migoeene Primates, 120, 125
Orang, Deciduors teeth of, 245
Orang-outan, 132

Ovbit in Mammals, 44

Ornithorhvnehus, 236

I'!

Palate, 44
Paleomastodon, 222
Paleopropithecus, 116
|:":1][*|?I'}'1't1':4, 1004

Paleotelic characters, 257
Pan, 131
Panda, 181, 276

Pangolin, 169
Papio hamadryvas, 123



INDEX

Paracone, 5
Paraconid, 57
Parapitheeus fraasi, 120
Pecora, 206

Peltephilus, 164

Peramus, 59

7
]

Permian  epoch, Relation of to
mammalian history, 42
Perissodactyls, ancestry of, 218
definition of, 199
relation of Hyrax to, 228
Petanrus breviceps, 79
Phalanger, 82
Phascolarctos ecinerens, S5
Phascologale flavipes, 70
Phascolomys ursinus, 90
Phoeaena communis, dentition of
235
Phrynosoma, 46
Pigs, 201
Pike teeth of, 32
Pinnipedia, 185
Pitheeus rhesus, milk dentition of,
251

Placental, definition of, 635

Platypus  Duck-hilled, dentition of,
206

Platvrrhinae, 117

Plexodont Theorv, 69

Polvprotodonts, 68, 81

Ponga, 132

Porcupine Tree, 192

ARTE S

Porpoise, 235

Postorbital bone and proeess, 44,
47, 51

Potamochoerus poreus, 201

Potamogale velox, 104

Potorous didactylus, 56

Predmost mandible, 245

Premilk dentition, 214, 253

Premolar Analogy Theory, 61, 1035
213

Proemolas. cehaneez  of, in  Pri-
mates, 100

Primates, adaptive variations in, 107
dental tormula of, 107, 116
Eocene, 108
relative position of to Man, 106

Primitive, definition of, 50

Primitive Polvbuny Theory, 55

Prohosgeiden, 220

Prohoseidea, rvelation of IMyrax teo,

228
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|"1'm'1\'{‘ﬂl. 182, 271
Proeyonidae, progression
forms of, 271
Progressive  Simplifieation
i3
Propliopithecus, 1235
|:"rilh*[u{iih‘[]ﬂl}'ﬁ, [
Protoeetus, 2:3-
Protodildonta, 53
Prototheria, G4
Pseudo-hyvpocone, 835, 85, 93, 114, 127

Q

Quadrate hone, Fate of, 43

in tooth

Theory,

R

Raceoon, 182, 271

Raceoon, Crab-eating,

Rassze, 176

Rat, 191

Reptiles, Mammal-like, 45

Reptiles, teeth of, 37

Rhinoceros, 214

Rivers, action of, 25

Rodent dentition, 115, 188

Rodents, ancestry of, 188
divigions of, 138

Root, ineipient division of in Tri-
assie, 53
Roots of teeth, 145, 257
in Anthropoids, 145, 261
in Daunhentonia, 263
in modern Man 143, 2061
in Neandertal Man, 146, 2635

number of in Mammals, 259

relation of to environment, 257
relation of to hypsodonty 260
relation of to inferior dental

canal, 262

Ruminant-like maodifications in
Rabhit, 196
Bonminants, 206
=
Sapajou Monkey, milk teeth of,

L% Jrly

252
Sarcophilusg nrsinus,
Hea-lion, 1835

Heals, 156

Seas, significanee of, 26
Seiuromopha, 189
SHeetorial tooth, 173

i}
[
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Septomaxillary, 49

Sesamodon, 50

Shark, teeth of, 33

Sheep, 210

Shelf, Continental, 23

Shrew, Tree, 100

Shrew, West Afriean Water, 104
Simplicidentata, 158

Sirenia, 223

Sirenia, anecstry of, 224

Skull, aguatie adaptation of, 203
Skull, effects of loss of teeth on, 164
Skunk, 180

Sloth, 164
Spalacotherium, 56
Specialized, definition of,
Species formation, 94, 281
Spider-monkey,  White-bellied,
Squirrel, Flyving, Marsupial, 79
Squirrels, 188

¢68tar,” 218

Stegodon, 222

S0

Stegotherium, 166
Suidae, 201

4 [
Talon, GO
Talonid, 59
Talpa europea, 97

Tapir, 213
Tapir, suceessive dentitions of, 214,

malel
Tarsiidae, history of, 108
Tarsipes, 91
Tarsing horneanus, 1140
Tasmanian Devil, 72
Tasmanian Race, 147
Tasmanian Wolf, 74
Taurodontism, 140, 146

Teeth, attachment of, 30
canine, evolution of 16
change in position of in jaw, 278
effects of loss of, on skull, 168
evolution of function of, 37
hinged, 35
origin of,
palatine, 33
pharyngeal, 34
progression in, 269
replacement of, by horny epiihe-

ih e
nbek

lium, 40, 237
snhdivision of, 28

suecessional, 23
Vomerine, o4
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fhalich

Tetrabelodon, 222
Thalacomys, migration of metacone
in, 78

Thalacomys minor, 76

Theria, definition of, 63

Therocephalia, characters of, 45
[ll"l:'i["] of, 45

Thylacinus evnocephalus, 74

Triangle, reversed, theory of, 57

Triassie ancestors of Mammals, 46

Triassic, Mammals of, 33

Trichosurus vulpeenla, 82

r!‘]'i{"l"[“]‘l”]. :_’I'.-_]

Triconodonts, 55

| Trigon, 37

O

Trigonid, 57

Trituberenlates, 58

Trituberculate type, dominanee of,
02

Trituberculy, theory of,

Tupaia, 100

Tupaia, relation of, to Primates, 101

av

Tupaia tana, 101
Tylopoda, 204

U
Ursidae, 153

v

Vespertilio fusens, 230

Viverra, 176, 270

Viverridae, Progression
forms of, 270

in tooth

W

Wallaby, Bennett 's, 86
Wallace 's Line, 26
Walrus, 1846

Wart Hog, 279
Wedge Theory, 62
Whales, anecestry of,
Whales, Toothed, 233
Whales, Whalebone, 235
Wisdom tooth, position of, 151
W lE ! tooth, 216

Wolves, 174
Wombat, 9
Wood-chuek,

234

184
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