
PART II.

GENETIC RELATIONS OF THE MAMMALIAN ORDERS.

CONTENTS.

Page
Introduction. Remarks on the Principles of Research in Mammalian Phy-

logeny ...................... . 105
Chapter I. The Origin of Mammals and the Problem of the Mammalian Ossi-

cula Auditls . . . . . . . . . . . . . . . . . . . . . 113
Chapter II. Genetic Relations of the Monotremata . . . . . . . . . 144
Chapter III. Genetic Relations of the Mesozoic Orders Protodonta Multi-

tuberculata, Triconodonta and Trituberculata .. .162
Chapter IV. Genetic Relations of the Marsupialia . . . . . . . . . 197
Chapter V. Genetic Relations of the Insectivora and Tillodontia . . . . 231
Chapter VI. Genetic Relations of the Carnivora (Creodonta, Fissipedia, Pinni-

pedia) .... . . . . . . . ....... . . . . . 294
Chapter VII. Genetic Relations of the Dermoptera, Chiroptera and Primates 315
Chapter VIII. Genetic Relations of the Rodents and Edentates . . . . . 323
Chapter IX. Genetic Relations of the Ungulata and Sirenia . . . . . . 342
Chapter X. Genetic Relations of the Cetacea . . . . . . . . . 411
Chapter XI. Osteological Miscellanies . ... . . . . . . . . . . 420
Chapter XII. Conclusions. The "Meseutheria" and "Caneutheria." Super-

ordinal and Ordinal Classification of the Mammalia . . . . . . . . 457
Selected references . . . . . . . . . . . . . . . . . . . . 469

INTRODUCTION.

REMARKS ON THE PRINCIPLES OF RESEARCH IN MAMMALIAN PHYLOGENY.

Difficulty of reaching correct phylogenetic results.- The greatest stum-
bling blocks of the phylogenist lie: first in the difficulty of distinguishing
between primitive and specialized characters, secondly in the tendency
to assume relationship between two given forms on the basis of resemblances
that may have been brought about by either parallel or convergent evolution.
From the earliest times comparative anatomists and palheontologists have
repeatedly misread the record, mistaken analogy for homology, and inter-
changed descendants and' ancestors.
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The general aspects of this problem have been very fully dealt with by
Cope (1896), Scott (1891), and Osborn (1902, 1904, 1905, 1910) and need
not be discussed here; but the universality of parallel evolution and the
confusing intermixture, in every form, of hereditary characters and, homo-
plastic resemblances to distantly related forms, are conditions which seem
to call for some formulation and brief discussion of the principles which have
been applied in the following studies on mammalian phylogeny.

Necessity for conducting phylogenetic research in accordance with the
strict rules of the inductive process.- In the study of the genetic relations of
mammals there are very few maxims which are of universally deductive
application. Phylogeny is essentially an-inductive subject, a reasoning by
analogy, which is the shifting sand whereon hypotheses and theories are
built. In general, the student must (1) concede nothing more than he is
forced to, (2) strive to separate probability from plausibility, (3) test his
hypotheses by the principle of negation, and (4) avoid explaining the little
known through the less known. Above all (5) he must strive to keep in
touch with all data bearing on the subject, (6) make constant reviews to see
that no pertinent fact has been omitted and (7) test again and again his basal
assumptions.

These principles may indeed seem to be obvious councils of perfection;
but so much zoological study has been vitiated by the neglect of them that
it has come to be scarcely respectable to draw up a phylogenetic tree.

Among the phylogenetic principles which have become fairly well estab-
lished the following seem to require notice in the present study.

Bearing of the imperfection of the record upon the interpretation of mam-
malian phylogeny.- One of the cardinal postulates of the phylogenist should
be the well known imperfection of the geological record. There is much
evidence to show that many existing orders of mammals were already
represented in the Cretaceous or even earlier epochs, that is, that certain
of the more fundamental ordinal characters are older than the Tertiary;
and that therefore the points of separation of these orders occur where the
discovered record is extremely meagre. Many families also may have
acquired their family characters in some area as yet unopened by palaeonto-
logical exploration, such as northern Asia.

Palkeontology may be said to be little more than comparative anatomy
applied to faunas of different periods, i. e., to sections of the phylogenetic
tree taken at various planes. The true chronological succession of forms is
obscured by many factors, notably: (1) the imperfect knowledge of the time
equivalence of Tertiary mammal horizons in different continents (cf. Osborn,
1900), (2) the intermingling of immigrant and autochthonous elements in a
fauna through migration (cf. Deperet, 1908), (3) the intermingling of
persistent primitive and highly specialized forms in the same fauna.
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Reconstruction of synthetic types.- For these reasons the phylogenist
must attempt a sort of survey by triangulation: the characters of known
forms merely affording variously situated points for the backward projection
of assumed lines of development to their intersection in undiscovered syn-
thetic types.

Persistent primitive forms.- The very factors which complicate the
problem, however, serve also to elucidate it, because the immigrant elements
in one fauna furnish examples of a fauna originally bred elsewhere; while
in each age the persistent primitive forms and structures 'carry us back to
the stem forms of antecedent ages.

Relative phylogenetic value of characters of the dentition and of the feet.
As shown above (pp. 421, 80) this question is an historic one: Which set
of characters is more often adaptive and more likely to exhibit misleading
homoplastic resemblances between ordinally separated forms, the characters
of the dentition or the characters of the feet?

Before attempting to answer this question we note the predominant
place of the dentition in mammalian palawQntology. The majority of fossil
mammalian species, especially in Europe, are known chiefly through the
dentition, and dental characters enter very prominently into the classification
of the species, genera and families. Even man.y orders take their names
from characters relating either to the teeth or to the food and manner of
using the teeth; as "Protodonta," "Triconodonta," "Trituberculata,"
"Insectivora," "Creodonta," "Camrivora," "Rodentia," "Tillodontia,"
"Simplicidentata," "Duplicidentata," "Tubulidentata," and "Toxo-
dontia." Generally in cases where the ordinal position of an animal is
known on other grounds, the teeth offer a safe criterion of its specific, generic,
family and subordinal affinities.

Characters of the dentition often inferior in value to characters of the feet.
Where the ordinal or superordinal affinity is in doubt the teeth are often,
but not always, inferior in value to the feet.

(1) Great differences in the dentition may occur even among members
of the same family, in cases where the mutual affinity is clearly indicated in
the feet.

(a) Contrast, for example, the cat-like cheek teeth of Cryptoprocta with
the bunoid cheek teeth of Arctictis; yet both genera belong in the Viverridie.
Still greater differences may occur within the limits of the same suborder or
order.

(b) How great is the difference between the many-columned last molar
of Phacocheerus and the two-ridged molar of Dicotyles; yet the resemblances
in the feet clearly indicate the superfamily alliance between the genera in
question.
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(c) What a wide difference between the many-plated molars of Hydro-
cha?rus and the simple molars of Sciurus; and yet there can be no doubt
that both are correctly referred to the same order; again the feet are more
alike than the cheek teeth.

(d) The Australian Diprotodont Marsupials show a great adaptive
radiation in the dentition, which includes such very diverse types as the
specialized sectorial dentition of Thylacoleo and the prismatic rodent-like
dentition of Phascolbmys; and yet all these Marsupials are closely related in
numerous weighty characters; and here again the foot-structures, while
differing greatly in adaptive features, retain clear evidence of derivation
from a single type.

(e) Between the two living genera of Monotremes most striking differ-
ences obtain in the dentition: the transitory teeth of Ornithorhynchus are
of the many-cusped type and all the adaptations of the adult are for a shell-
crushing diet; but in Echidna, in adaptation to ant-eating habits, the teeth
are lacking entirely. The feet of these animals, on the contrary, while dif-
fering in external adaptations to aquatic and dry land habits respectively, are
full of the most significant, detailed evidences of close relationship (p. 154).

Examples of this kind might be multiplied almost indefinitely, showing
that great differences in the dentition are quite compatible with near (sub-
ordinal or ordinal) relationship of the forms in question.

(2) On the other hand very many striking resemblances between the
dentition of different forms have frequently been brought about either by
parallel or by convergent evolution, in cases where the ordinal separation
is clearly indicated in the feet.

(a) The cheek teeth of Hyrax, for example, superficially resemble those
of Rhinoceroses, but it is practically certain (pp. 360) that these resemblances
are secondary; and here again the detailed structure of the feet (apart from
resemblances in the mere number of digits) correctly indicates the wide
gap between the two groups.

(b) The cheek teeth of Meniscotherium (p. 355), an Eocene Condylarth,
furnish in most respects an ideal prototype for the cheek teeth of Chali-
cotherium (as first pointed out by Osborn, 1893, pp. 127-130); but evidence
(p. 399) that the ancestors of Chalicotherium were only very indirectly related
to Meniscotherium is again revealed in the feet.

(b) The molar teeth of Macrotheriumr, another member of the Perisso-
dactyl-Chalicotheriidae are so much like those of Anoplotherium that
de Blainville (1839-1864) and Dep6ret (1892), apparently regarded the two
forms as being ordinally related and standing near the border line between
the Perissodactyls and Artiodactyls. But Macrotherium and its allies are
shown by the structure of the feet and skull to be related to the Perissodactyls
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(p. 400), while the feet of Anoplotherium show that it is an aberrant Artio-
dactyl.

Foot-structure also subject to the deceptive efects of parallel evolution.
Reduction in the number of digits, pursued independently in different
genetic lines, brings about some curiously close parallelisms.

(a) The hind feet of Theosodon, a Patagonian Litoptern, are tridactyl,
and analogous in certain respects to those of the Perissodactyl genus Colodon
-of the North American Oligocene; while the monodactyl feet of Thoatherium,
another Litoptern, are remarkably horse-like. These resemblances have
caused Ameghino (e. g., 1904, pp. 518-521) to place the Litopterns in the
order Perissodactyla. But the detailed relations of the carpals and of the
tarsals in the Litopterns suggest that they have no close relationship with the
Perissodactyls;. and this conclusion is supported by much other evidence
(p. 379).

(b) Both the manus and pes of Nesodon, a Santa Cruz Toxodont, are
similar to those of a Rhinoceros (Gaudry, 1908, p. 9, fig. 34) and this general
similarity extends also to the hind feet (Gaudry, 1. c., p. 11, figs. 39-41);
while the general characters of the skull and cheek teeth also recall those
of the Rhinocerotoid Metamynodon. These resemblances seem to have
been regarded by Lydekker (1896,.pp. 83, 84) as indicating a genetic relation-
ship between Rhinoceroses and Toxodonts. But notwithstanding these
resemblances the two groups differ in so many seemingly "non-adaptive,"
or palaeotelic, characters that the relationship between them is probably
similar to that obtaining between Litopterns and Hippoids; namely, in both
cases we seem to be dealing merely with the terminal members of adaptively
parallel and partly convergent series, which are probably related only very
indirectly' through descent from different families of the Condylarthra.

(c) The manus of the Perissodactyl genus Titanotherium, with its four
somewhat spreadink digits and broad carpus is superficially similar to that
of the Artiodactyl Hippopotamus; but here again the wide ordinal separa-
tion of the two forms is faithfully revealed in the detailed characters of the
carpus, which in Titanotherium conforms to the Perissodactyl, in Hippo-
potamus to the Artiodactyl, type.

Effect of close kinship upon parallel evolution.- Where there is a close
relationship between ancestors the results of parallel evolution in descen-
dants become still more striking.

(a) The similarity between the manus of Titanotherium and that of
Metamynodon, an Oligocene Rhinocerotoid, is even greater than the similar-
ity between the manus of Titanotherium and that of Palwoosyops, its own
collateral ancestor. In this case even the detailed relations of the carpals
(which served to separate Titanotherium from the Artiodactyl Hippopotamus)
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fail except in regard to minor details, but the cheek teeth correctly indicate
that Titanotherium and Metamynodon belong to very distinct families of
Perissodactyls,- a conclusion which is supported by much additional
evidence.

(b) The fore arm and feet of Arsinoitherium (Andrews, 1906) from the
lower Oligocene of Egypt are remarkably similar to those of Proboscideans,
the hind limb and foot are full of resemblances to the heavy bodied Ambly-
poda; but the cheek teeth may be a development of the Hyracoid type.
In this instance it is probable that we have a mingling of hereditary and
homoplastic resemblances, and that Arsinoitherium is actually related,
more or less distantly, to all three orders, Amblypoda, Proboscidea and
Hyracoidea.

Both teeth and feet often inferior in interordinal value to the carpals, and
especially to the tarsals.- In brief it has been shown that in certain cases the
cheek teeth are misleading guides to the relationships between orders, and
in other cases the number of digits and the general characters of the manus
and pes are equally misleading guides. But in perhaps the majority of
instances, and with the exceptions noted above (p. 109) the detailed charac-
ters of the carpals, and still more of the tarsals, especially the astragalus, yield
more reliable indications of ordinal relationships than the characters.of the
cheek teeth. The fuller evidence for this view is given below, especially in
Chapter XI under the headings "Marsupialia," "Insectivora," "Rodentia"
and "Ungulates."

Each case to be judged on its oum merits.- While the carpals and tarsals
are in the majority of instances reliable guides to ordinal affinities, it must be
understood that no single characters or set of characters are always reliable;
that, as Linnaeus discovered (p. 34), a character may be of great value to
the systematist in one order and of very little value in another; that in short
every case must be judged on its own merits.

Why primitive characters survive in the carpals and tarsals.- Why is it
that the carpals and tarsals, in their detailed characters, correctly indicate
remote relationship (ordinal or interordinal) more often than do the cheek
teeth? Does this fact indicate: (a) that food-habits and tooth-structure
have in the cases cited changed more rapidly than locomotive habits and foot-
structure ?

Does it indicate: (b) that changes in food-habits and tooth-structure have
a wider range of possibilities than changes in locomotive habits and foot-
structure ?

Does it indicate: (c) that the teeth are more subject to orthogenetically
divergent tendencies than are the carpals and tarsals?

Whatever may be the true-explanation 'of these facts the following con-
siderations should not be lost sight of.
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The shape of the teeth in a given race is of course determined primarily
by germinal, hereditary, perhaps "orthogenetic," factors. But even if it
is true that changes in the soma are in general not transmitted to the germ,
yet the form and conditions of one part of the soma must in some way, in
the long run, act and react on the evolution of other parts of the soma;
because the correlation (mutual adaptation) of organs is a universally ob-
served fact. The shape of any given tooth must then be determined to some
degree by somatic conditions: such as the interaction between upper and
lower teeth (p. 190), the indirect influence of each tooth upon adjacent teeth
(p. 194), the size and arrangement of the muscles of mastication, and the like.

The shape of the teeth is also profoundly influenced, in the long run, by a
wholly external, "environmental," factor, namely the nature of the food,
and this is true even although it is not known how the result is effected.

In the case of the carpals and tarsals there is also a set of somatic factors:
such as the weight of the animal, the pull of the muscles, the interaction
between adjoining facets, etc. Each 'of these somatic factors must be in
part hereditary, in part adaptive i. e., depending on the nature of the environ-
ment. But assuming that in some way environmental conditions do affect
evolution, then the environment can not operate on the evolution of the
carpals and tarsals directly, but only through the intervention of the parts
that are in contact with them.

Primitive characters often retained in sheltered parts of the organism.-
In general, primitive or largely hereditary (palseotelic) characters seem to be
retained longer in parts which come less directly into relation with the en-
vironment. This law is well illustrated in the mammalian reproductive
system. Amid the innumerable modifications of the external form, teeth,
limbs, skeleton and digestive apparatus in the Placental orders, the uterus
varies only from the "duplex" to the immediately derived bicornuate and
"simplex" types. In many instances (e. g., Ornithorhynchus, Orycteropus,
Castor) a very primitive type of uterus may coexist with a very highly spe-
cialized skull and dentition.

Great phylogenetic value of so called "non-adaptive" "morphological"
or palwotelic1 characters.-We are thus brought to one of the guiding
principles of the following investigation, a principle which also seems to have
led de Blainville, Gill (cf. p. 91) and others to the best features of their
classifications: namely, that the parts which come more directly and simply
into relation with special food-habits and special environments (such as the
teeth, claws or hoofs, digestive system, etc.) are more plastic, and frequently

1 The words palcotelic and cwnotelic may be invented, as being more expressive than "mor-
phological" vs. "adaptive," to contrast ancient, with newer, characters. A palaeotelic char-
acter becomes canotelic by a change of function.
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of less value as criteria of remote interordinal relationships, than those parts,
(such as the brain, reproductive organs, foramina of the skull, auditory
ossicles etc.), the relation of which to the environment is more indirect and
complex. If, however, any of these sheltered, persistently-surviving palheo-
telic organs or characters are brought into more direct relations with new
conditions, either environmental or somatic, they become just as "adaptive,"
or caenotelic as the rest. For example: (a) the auditory ossicles of the
Fissipede Carnivora, as figured by Doran (1879), are in general of a recog-
nizable ordinal type, but those of the Pinnipedia, in response to the new
aquatic conditions, rapidly lose this type, and finally, in the most highly
specialized forms (the Sea-elephants), take on several superficial points of
resemblance to the Cetacean type. (b) Again, in the brain of the Pinnipedia
(Weber 1904, p. 545) the cerebrum retains very strong evidence of relation-
ship with the Fissipedia, but the olfactory parts are reduced-an aquatic
adaptation which is accentuated in the Sirenia and Cetacea.

The phylogenetic value of palseotelic characters is occasionally lessened
(p. 423) by sudden departures from type, which may be made possible by
the lower value of these characters in terms of natural selection.

Importance of determining the order of appearance of diagnostic characters.
- The relative age of different characters should in all cases be a prime ob-
ject of research. This historical method (although open to many pitfalls)
when judiciously applied seems more likely to lead to lasting phylogenetic
results than the time-honored method of setting down all the resemblances
and differences between two animals, without further analysis, and then
striking a balance at the end.

Osteology the core of phylogenetic research.- The last principle requiring
notice here is one well recognized by many palaeontologists. It is that
osteology must after all constitute the core of the true theory of mammalian
history. It is only by means of the skeleton that we are able to correlate the
knowledge of living with that of fossil mammals and thus to synthesize the
results of palaeontology, systematic mammalogy and comparative anatomy.

Summary.- Some obvious corollaries of the foregoing principles are:
(1) that the phylogenetic and broader systematic value of a character can
rarely be appraised with confidence until its general adaptive purpose is
understood; (2) that the trend of adaptation of the whole organism and of
its race should be sought for; (3) that far reaching homologies and conclu-
sions should never be based upon isolated or sporadic resemblances, in
possibly caenotelic characters, between widely removed forms. The phylo-
genetic relations of orders requires in brief: (1) a consideration of a very wide
range of characters drawn from all parts of the organism, (2) a careful
analysis of the intricate complex of homology and analogy, of adaptation
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and change of function, and (3) a constant search for the little-noticed,
palaeotelic characters which are likely to prove the most significant of remote
relationship.

CHAPTER I. THE ORIGIN OF MAMMALS AND THE PROBLEM
OF THE OSSICULA AUDITUS.
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The living and fossil Amphibia are admitted by most contemporary
authorities to be very far removed in the sum of their characters from the
direct ancestors of the mammals. After a very careful review of the subject
Professor Kingsley (1900, pp. 250-255) concludes "that it is impossible that
the mammals have descended from any form distinctly urodelan nor is
there any known stegocephalan which will meet the requirements of the
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case." And yet Kingsley is so impressed with certain comparisons between
the Mammalia and the Amphibia in respect to the relations of the quadrate
and its supposed homologue the mammalian incus, of the anterior abdominal
vein, of the mesenterial structures, of the amnion and trophoblast and of the
hair, that he concludes that all the osteological resemblances between the
mammals and the mammal-like reptiles of the Permian and Trias are the
results of parallel development; and that the mammals have descended
from forms "with amphibian affinities but more primitive in structure than
any known stegocephalan." He therefore implies (p. 255) that the com-
mon ancestors of the Amphibia, Reptilia and Mammalia must be sought
in the Devonian. The purpose of the present article is to show that so far
as the osteological evidence indicates it is not necessary to have recourse to
unknown Devonian amphibians for the ancestry of the Mammalia; but that
all recent evidence tends to support the view developed by Owen (1876),
Seeley (1888-1895), Osborn (1898-1903) and Broom (1901-1908), namely,
that the ancestry of the mammals is to be sought within, or very near to,
the Triassic reptilian order of Cynodontia ("Theriodontia" in part).

I. THE SYNAPSID REPTILES.

The subject may conveniently be approached by a cursory review of the
reptilian orders constituting the subclass Synapsida of Osborn (1903).
These are typically distinguished by their prevailing resemblances to the
Mammalia, especially in the possession of a single temporal arch in the skull,
and they contrast with the Diapsida, or primitively two-arched reptiles
which center around the Rhynchocephalian type. The composition of the
Synapsida, as defined by Osborn (1903, pp. 455, 456) is as follows:

The Diadectids, Chelonia, etc.

First we may set aside certain highly specialized groups which are more
or less widely removed from the ancestors of the mammals. Among these
are: (1) The Permian Diadectidae, the original type of the order Cotylosauria
Cope (see Williston, 1908). These distinctly foreshadow the Chelonia in
many significant characters, as observed by Cope, Case (1905) and Hay
(1908, p. 29). (2) The Chelonia themselves. (3) The Placodontia, which
Jaekel (1907) has recently shown to include forms resembling the Chelonia
in the general configuration of the body, but allied in other directions to the
Nothosaurs and Plesiosaurs. (4) The Nothosaur-Plesiosaur group, which
is considered by some authorities (Williston, 1907) to be derived from very
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primitive Therocephalians (see below), by others (e. g., Broom, 1904.3,
Andrews, 1896) to be an early off-shoot of the Rhynchocephaloid group.

Procolophon and the Pelycosauria not Synapsida.

Two other single-arched Permian orders, the Procolophonia and the
Pelycosauria, by many authors have been superordinally associated with one
or more of the above mentioned groups under the well known term Thero-
morpha. In regard to Procolophon however Broom (1905.5) has shown that
while it is related on the one hand to the earliest Synapsida, its tarsus and
other characters place it rather on the side of the Diapsida. The Pelyco-
sauria, as revised by Case (1907) approach the Synapsida in some characters,
but, the tarsus figured by Osborn (1907, p. 270) differs considerably from the
typical Synapsid type, and this, joined with other characters, indicates that
the group, as held by Osborn (1903) and Case (1907, p. 158), is an offshoot
from the base of the Diapsidan series.

Turning now to the more generalized Synapsida we note the following
groups:

Pareiasauria.

(1) In the Pareiasauria of South Africa, as described by Seeley (1888.1),
the top of the skull approximates to the Stegocephalian type, especially in
the relations of the bones and in the absence of any fenestration. The
pectoral and pelvic girdles and limb bones are also of a very lowly, almost
Stegocephalian type. The Pareiasauria retain a cleithrum (epiclavicle)
and a plate-like pelvis without any thyroid ("obturator") fenestra. The
phalangeal formula according to Broom (1908, pp. 1050-1051) has proba-
bly not yet been reduced to the typical Synapsid form of 2, 3, 3, 3, 3; but
approaches the higher formula 2. 3. 4. 5. 3, which is characteristic of even the
most primitive Diapsida and which may have been inherited from Micro-
saurian ancestors. The Pareiasauria are shown to be Reptiles and not
Amphibians by the reduction of the parasphenoid and the presence of a
single median occipital condyle.

(2) More or less nearly related to the Pareiasauria are the American
Permian family Pariotichidae of Cope, which are often referred to the Cotylo-
sauria. These forms have recently been redescribed by Case (1899), Broili
(1904) and Williston (1908). Like the Pareiasauria they resemble the
Stegocephalia in the arrangement of the bones of the roof of the skull and in
many characters of the shoulder girdle and limbs; while the base of the
skull is reptilian in type. A cleithrum has not yet been observed (Williston,
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1908, p. 143) but in most other characters they stand near to the common
stem of the Diapsida and Synapsida (Osborn, 1903; Broom, 1908).

The next group, the superorder or order Therapsida of Broom (1905.2)
includes a series of four orders or suborders, the lowest of which approaches
the Pareiasauria and the Pariotichidae, while the highest approaches the
Mammalia.

Droomasauria.

This very generalized order recently defined by Broom (1907.1), is so
far known only from a single type, Galechirus scholtzi, found in the Middle
Permian of South Africa (Broom, 1909). The genus retains the abdominal
riblets which are characteristic of the Microsauria and of the more primitive
Diapsida, but which are lost in the typical Therapsida, while the facial region
is "not unlike that of Palceohatteria, there being no specialized canine."
But in the structure of the lower jaw, shoulder girdle, pelvis, limb bones,
phalangeal formula etc. the genus approximates the order described below
(Broom, 1908, p. 1051).

Therocephalia.

As defined by Broom (1903.5, p. 7) this Permian suborder, represented
by XElurosaurus, Ictidosuchus and other genera, stands on a lower plane
than the "typical Theriodonts," Cynognathus and Galesaurus, as shown by
the retention of the following generalized characters:

The palate is of the general type retained in the Rhynchocephalia, (Broom,
1903.2, 1903.6), while the occipital condyle is single as in the typical reptiles.
A pineal foramen is retained (Broom, 1903.4). The lower jaw (Fig. 2,
No. 1) has large angular, surangular and articular elements, as in the Droma-
sauria. Among their progressive characters, the Therocephalia had already
developed the single temporal arch, containing the same elements as in the
mammals, but distinguished by being continuous with the frontals back of
the orbit. The manus is known in Theriodesmus (Seeley, 1888.2), a genus
which Broom (1907.3, p. 3) refers to this order. It had all the characters
which might be expected in the manus of the remote ancestors of the
mammals (see below, p. 439). The pes is not known.

The Therocephalia enjoyed a great adaptive radiation, the larger forms,
forming the sub-order Dinocephalia of Seeley (1895.1, p. 1014) being as big
as a rhinoceros, while the smallest, Scaloposaurus, (Owen, 1876, pl. XVI,
Figs. 10-15) had a mole-like skull. The teeth are recurved and caniniform.
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The Mammal-like Reptiles.

Anomodontia Proper.

The Anomodontia, as limited by Broom (1905. 1) are also Permian forms.
They are contemporaneous with the known Therocephalia but are believed
by Broom to have been derived from earlier members of that order. The
typical genus Dicynodon and its allies are very aberrant in skull structure.
The edentulous muzzle was encased in a horny beak and there are either two
great walrus-like tusks or none at all. The related Endothiodonts (Seeley,
1895.1, p. 1015; Broom, 1905.1) retain small round teeth on the maxillaries,
palatines and pterygoids, thus recalling the Cotylosaurs. All are distin-
guished by the peculiar a -shaped squamoso-quadrate region. The well-
developed secondary palate is about the only striking analogy to mammalian
conditions among the cranial characters. The manus and pes, which are
known especially in Oudenodon (Broom, 1901), are probably a development
of the Cotylosaurian type. They show strong resemblances in the phalangeal
formula and in the ungual phalanges to the Monotreme type (cf. Fig. 28,
p. 440). The carpals and tarsals, while very generalized, also show strong
evidence of affinity with the stem of the mammals (see p. 439). The
Endothiodonts retain small teeth in the roof of the mouth but are otherwise
like the typical Anomodonts (Broom, 1905.1).

Cynodontia (Theriodontia in part).

These are the forms that Owen, Seeley, Osborn and Broom have recog-
nized as standing close to the stem of the mammals. They are found in the
Upper Triassic of South Africa and are separated by a wide stratigraphic
interval from the Permian Therocephalians (Broom, 1907.4). They have
advanced much beyond the Therocephalians: notably, in regard to the
dentition, in the loss of the pineal foramen, and in all those characters which
tend to ally them with the mammals,- especially in the reduction of the
quadrate, articular, angulare-and in the enlargement of the dentary (cf. Figs.
.1B, 2B).

II. RELATIONS OF THE MAMMALIA TO THE TRIASSIC CYNODONTIA.

The structural relations of the Cynodonts to the Mammalia may be
considered under two general headings: first, their primitive reptilian char-
acters, secondly, the characters in which they foreshadow the mammals.
This leads to a discussion of the fate of the quadrate and the origin of the
mammalian auditory ossicles.
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Primitive, reptilian characters of the Cynodontia.

The Cynodont skull (Figs. 1B, 2B) is distinguished from the generalized
mammalian skull by characters which appear for the most part to be of
a primitive rather than divergent nature. Separate pre- and post-frontals
and (except in Bauiria) a post-orbito-malar bar are retained, the opposite
occipital condyles are continuous 'across the mid-line, the basioccipital is
extremely short, the palatine plate of the maxillary is short, the secondary
palate is limited to the anterior part of the skull; the pterygoids are large
anteriorly but are smaller than those in Sphenodon and the Therocephalia;
ending anteriorly in large flanges,' running inward toward the middle
line and overlapping the basisphenoid; alisphenoids diverging posteriorly;
the reduced quadrate and articular apparently had not yet begun to func-
tion as accessory auditory ossicles (see below). The skeleton of Cynodonts
differs from that of'mammals in many important particulars. A well de-
veloped proatlas is present. The cervical vertebrae of Cynognathm (Seeley,
1895.4, p. 98) bear large separate intercentra, structures which are not found
in the cervical vertebroa of mammals, but which may be represented by the
chevrons in the tail and possibly by minute intercentra in the lumbar region
of certain Insectivores, especially in the embryo (see however p. 265 below).
The dorso-lumbar vertebrae of Cynognathus (Seeley, loc. cit., p. 105) bear
peculiar broad, flattened ribs which curve backward, and distally overlap
each other.

The femur of Cynognathus (Seeley, loc. cit., p. 120) is very primitive and
seems to indicate that the limb was held well out from the body. The
greater and lesser trochanters together form a great broad curved crest
upon which rests the small sessile head; the femur thus contrasts sharply
in form with all known mammalian types.

In Diademodon the lesser trochanteric ridge is not so big and offers a
better, but still distant, comparison with the Monotreme type (Broom,
1905.4, p. 100). The pelvis in Cynognathus is typically reptilian in its
broadly triangular ilium (Seeley, 1895.4, p. 113). That of Diademodon is
noticed below (p. 119).

Characters in which the Cynodontia foreshadow the Mammalia.

Skeleton.- The atlas of Cynognathus (Seeley, 1895.4, pp. 100-102)
resembles that of Ornithorhynchus in the median ventral extension of the
anterior facet. The cervical vertebrie also bore ribs.

1 These flanges were called "transverse palatines" by Seeley but Broom (1909.2) has
recently proved that they are entirely comparable with the mammalian pterygoids.
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Mammal-like Characters of Cynodonts.

The shoulder girdle of Cynognathus (Seeley, loc. cit., p. 93) realizes all
the ancestral mammalian conditions which are indicated in the Monotremata
and embryonic Diprotodont Marsupialia. The broadly curved anterior
border, derived, Broom suggests (1899, p. 768) from the cleithrum of the
Pareiasauria, is clearly homologous with the acromion of marsupials and
placentals, and with the anterior border of the scapula in the Monotremes
(pp. 152, 157). The rudimentary prespinous fossa is confined to the upper
anterior part of the scapula. The glenoid cavity is extended transversely
as in Monotremes, and is partly formed by the large coracoid. The pro-
coracoid is pierced by the procoracoid foramen (lost in mammals). The
humerus (represented in several of the Gomphodontia) was exceedingly
mammalian in type (Seeley, 1895.3, p. 29). It is strictly comparable in all
its parts with the typical mammalian humerus. The manus is only partly
known: i. e., in Microgomphodon (Seeley, 1895.3, pl. i, fig. 7) and 1Eluro-
suchus (Broom, 1906.2, pl. x, fig. 7). It apparently resembled the Thero-
cephalian type, and therefore probably contained all the ancestral mammalian
conditions (see p. 442 below). The pes is also only partly known (in Micro-
gomnphodon, Seeley, 1895.3, pl. i, fig. 6) but seems to conform to the type
more fully displayed in Oudenodon, and probably therefore contained the
same elements as did the pes of the ancestral mammals (see p. 453 and Fig.
28, p. 440).

The pelvis of Diademodon (Broom, 1905.4, pl. x, fig. 3) shows a decided
approach toward the mammalian condition in the following characters:
(1) The antero-superior part of the ilium is produced upward and forward,
while the posterior angle is slightly reduced, thus foreshadowing the much
more advanced conditions in the mammalian ilium. (2) A considerable
thyroid ("obturator") fenestra, lying between the pubis and ischium, appears
for the first time. (3) The pubis is "very mammal-like in structure."
Broom (1907.3, p. 6) infers that it may possibly have borne epipubic car-
tilages.

Skull.- The resemblances in the dentition of the Cynodonts to the
mammalian type were noted by Owen and all succeeding writers. The
dentition of Cynognathus is heterodont, with incisors, canines, premolars
and molars, and the cheek teeth are of the incipiently triconodont mam-
malian type. The dentition of Sesamodon (Broom, 1905.3), apparently an
ally of the Gomphognathidae is very mammalian, the dental formula being
I. i, C. i, Pm + M. {. The cheek teeth had small, transversely expanded
well-enameled crowns which were ground down after the fashion of mam-
malian teeth. This seems to indicate that the motion of the jaw was not
strictly vertical as in Cynognathus, but that as in the carnivorus Marsupials
the' posterior end of the jaw moved slightly from side to side (see p. 220).
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In mammals this lateral vibration of the posterior end of the jaw, when the
dentary came into contact with the squamosal (see below) may have condi-
tioned the development of a transversely oval condyle.

The skull of Galesaurus, a small ally of Cynognathus, is in top and side
*iew much like'that of Didelphis, the resemblance extending even to the
nasals, which broaden posteriorly in a characteristically Marsupial fashion
(Owen, 1876; pl. xviii, fig. 8). The jugal has a strong postorbital process,
which is continuous with the postorbital process of the postorbital above.
In the Carnivorous Marsupials the malar also extends forward and sends
up a postorbital apophysis (Fig. 1A, p.o.Ma.).

The characters of the mammalian zygomatic arch are completely real-
ized in Bauria (Broom, 1909.1, p. 272), since in this Cynodont the jugal
(malar) is not connected with the post-orbital, so that the orbit remains
open posteriorly.

The' practical identity in the characters of the base of the skull I in
Galesaurus, Cynognathus and Gomnphognathus indicates the close ordinal
alliance of these genera to each other (cf. Seeley, 1895.4, p. 139 and
1895.3, p. 24). This region (Fig. 1, B) seems to show certain underlying
resemblances to the generalized mammalian condition in so far as they are
preserved in the skulls of Didelphis and Thylacynus (Fig. 1, A). The hard
palate, though as yet confined to the anterior part of the skull, is composed
of the same elements as in the mammals. The apparent large size and
relations of the pterygoids at first sight appear as a very fundamental differ-
ence from the mammalian skull; but Broom has very recently determined
(1909.3) that the pterygoids, unlike those of typical reptiles, did not extend
back to the quadrate, but were comparable, in their relations with the sur-
rounding bones, to the pterygoids of mammals. The remaining differences
between the pterygoids of Cynodonts and those of. mammals may be ex-
plained as a result of three simultaneous processes: (1) the backward
prolongation of the palatines caused the posterior border of the latter bones
gradually to usurp the position of the anterior flanges of the pterygoids; (2)
the reduction of the articular (p. 140) of the lower jaw caused the reduction
of the powerful pterygoid muscles which were inserted on the articular and.
attached to the pterygoid flanges. (3) Perhaps in order to support the
pterygoid muscles the alisphenoids sent down a flange on either side, external
to the pterygoids, which were finally reduced to mere scales of bone. But in
spite of all these reductions the pterygoids in primitive mammals still retain
their ancient contact with the palatines and still extend inward below the
floor of the sphenoids (cf. Fig. 1A, pt).

I As may be observed upon casts of the original skulls.
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Mammal-like Characters of Cynodonts.

The basioccipital region in Cynodonts is extremely short antero-pos-
teriorly, a fact probably implying a very small brain. The occipital condyle
is bilaterally paired and although still continuous across the basioccipital
is quite prophetic of the mammalian condition, as observed by Seeley (1895.3,
p. 1). The exoccipitals are broad laterally-expanding wings, but, as in
certain Insectivores and other mammals, are not produced downward into
paroccipital processes. Immediately back of the glenoid region is a groove
in the position of the osseous external auditory meatus of mammals (Fig. 1,
B, M. a. e.) which is apparently tomologous with that structure. At any rate
it is, as in the mammals, bounded anteriorly by the postglenoid region, pos-
teriorly by an apparent post-tympanic process, and -superiorly by a ridge
connecting the superior border of the zygomatic arch with the lambdoidal
crest.

Running inward from the articular region is a horizontal bar (Fig. 1,
B, ?ty.) of somewhat doubtful homology. Broom (1904.2, p. 491) holds that
this bone is the tympanic. He thinks that it cannot be a "rudimentary
straight cochlea" (Seeley, 1895.4, p. 138), because in Oudenodon "the
bone is solid, so that it cannot have lodged any part of the inner ear." It
cannot be the columella auris itself because in Dicynodon the columella auris
lies above the bone in question, "in the hollow formed by the bone and the
exoccipital." In the skull of Trirachodon kannemeyeri, Broom (1. c., p. 493)
found a "delicate bony rod of about the thickness of a pin, which exactly
corresponds with the tympanic in Cynognathus." The homology of this
important bone must be definitely settled if the history of the mammalian
ossicula auditus is ever to be elucidated.

Lower jaw.- In the relations of the lower jaw and its component parts
to the skull the typical Cynodonts ' (Fig. 2, B) had advanced much beyond
the Therocephalians (Fig. 2, A) in the further reduction of the quadrate
and in the development of the dentary, which is now the predominant ele-
ment of the lower jaw (Broom, 1908, p. 1053). The surangular has become
reduced; the rather slender angular is conjoined with the small articular.
All these characters foreshadow the mammalian conditions, as will be more
fully shown below.

1 Bauria is much more primitive, since it retains a large angular anc surangular (Broom,
1909.1, p. 272).
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C'

A
Fig. 2. Morphology of the lower jaw and ossicula auditus.
A. Lower jaw of a Permian Therocephalian, Lycosuchus vanderrieti, diagrammatic. After

Broom.
D, dentary; p. an., processus angularis; Ang, angulare; S. ang., surangulare; Ar., articulare;

Qu, quadrate; Sq., squamosal; z. Sq., zygomatic process of squamosal.
B. Skull and lower jaw of Cynognathus platyceps. Diagrammatic composition from figures

by Broom.
Abbreviations as in A above and in Fig. 1, p. 122. m. a. e. osseous auditory meatus.
C. Developing lower jaw and ossicula auditfis of a foetal Macropus. After Bensley.
D, dentary; Mk, Meckelian cartilage, continuous with M, malleus; I, incus; S, stapes;

Ty., annulus tympanicus; p. ang., processus angularis.
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III. EVIDENCE FROM COMPARATIVE ANATOMY AND ONTOGENY ON THE

ORIGIN OF THE MIDDLE AND OUTER EAR.

The Cartilages of the External Ear.

Numerous attempts have been made, so Kingsley informs us (1900,
p. 253), to derive the cartilages of the external ear of mammals from "opercu-
lar structures like those of the teleostomes," and more especially from branchi-
ostegal rays. But the gap between mammals and fishes is so extremely wide
that it is no wonder these attempted homologies have never proved convinc-
ing. Ruge however (1898) showed that in the Monotremes the cartilaginous
passage of the external ear is continuous with the dorsal portion of the hyoid
arch, from which, he inferred, the ear-cartilages must have been derived.
The figures given by Versluys (1899) show that in many lizards the proximal
portion of the hyoid arch is attached to the skull and to the extracolumella,
or tympanic portion of the columella auris, just above the external auditory
passage, where it would be in a position to support an ear conch if such were
developed. In Sphenodon (Howes and Swinnerton, 1901, pl. IV, figs. 4-9)
the hyoid is attached to the extra-columella on the outer border of the skull.
It may be remarked however that Ruge did not demonstrate that the cartilage
of the ear conch in Monotremes was a derivative of the hyoid cornu, since
he dealt only with structures already formed. Parker (1886, p. 270) found
that in developing Marsupials "a folded cartilage protects the Eustachian
tube [cf. Weber, 1904, p. 145], and outside the former the meatus externus
is protected by a more or less segmented tube of cartilage, which ends outside
in the continuous concha auris." The possibility is thus suggested that the
ear conch is serially homologous with these rings, which in turn appear to be
neomorphs, perhaps analogous to the rings of the trachea. The develop-
ment of a cartilaginous ear conch, through the hypertrophy either of the
proximal end of the hyoid arch or of the rings of the meatus, was at any rate
only one incident in a remarkable series of improvements and changes of
function in the accessory auditory apparatus, whereby the relatively simple
mechanism of reptiles gave rise to the intricate and delicatelv adjusted
mechanism of mammals.

The tympanic cavity.

The external auditory meatus and the Eustachian tube, which together
form the tubo-tympanal canal, are generally considered to be the homologue
of the first gill cleft. When the tubo-tympanal canal first appears in the
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embryo the meatus is filled with cuticle of ectodermal origin and corresponds
to the outer portion of the gill tube; the Eustacian canal opens into the
pharynx and like it is lined with endoderm. The external meatus and the
Eustachian canal are separated by a membrane, the supposed homologue
of the septum between the inner and outer gill cavities in fishes; this accord-
ing to Minot (1892, p. 738) is the "Anlage" of the tympanic membrane (cf.
Fig. 3, A). The tympanic cavity in man (Minot, 1. c., p. 739) arises as a

Fig. 3. Morphology of the ossicula,auditus and adjacent parts; illustrating the quadrate
= incus, malleus =articular theory.

A. Cross section of the auditory region in a human embryo of three months. After Minot.
B. Hypothetical cross section of the auditory r,egion mI an adult pro-mammal.
A shows the developing ossicula (St'., Mal., In.) wholly outside of the incipient tympanic

cavity (cay. ty).
B shows the reduced quadrate (Qu = Inc.) and articulare (Art. = Mal) abutting against

the columelliform stapes (St'). The tympanic cavity (cay. ty.) is growing up around the ossi-
cula. The distal portion of the stapes (St'.= extra-columella) is supposed on this theory to have
given rise to the mnanubrium mallei.

P. au., pinna auris. Mal. (Art.), malleus (= articulare).
m.a.e., external auditory meatus, continuous mb. ty., tympanic membrane.

with tu. eus, Eustachian tube. cay. ty., tympanic cavity.
can. sem., semicircular canals. St'., distal portion of stapes (= extra-colum-
vest., vestibule. ,ella).
fn. ov., fenestra ovalis. coch., cochlea auris.
St'., proximal portion of stapes (columella). Mck., Meckelian cartilage.
In (Qu.), incus (= quadrate). Den., dentary.

r~~~~

dilatation from the tubo-tympanal canal, which grows up from below and
surrounds the auditory ossicles. Accordingly these finally appear to be
within the tympanic cavity "but," says Minot (1. c., p. 240), "they are, of
course covered by the tympanal epithelium or entoderm, and are, therefore
morphologically outside the cavity just as the intestine is outside the perito-
neal cavity." A similar process takes place in other mammals (cf., Parker,
1886, plates showing cross-sections, van Kampen, 1905, pp. 324-329). In
the developing Sphenodon()howes and Swinnerton, 1901, pl. v) and lizard
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(Kingsley, 1900, fig. 3), the tympanic cavity is seen to agree with that of the
mammals in arising immediately externally to the cochlea and above and
inside the cornu of the hyoid (cf., Kingsley, 1. c., fig. 1, and Mead, 1909, fig. 4).
In the lizard (cf., Versluys, 1899, fig. 1) and in Ornithorhynchus (Weber,
1904, p. 145) the Eustachian tube is replaced by a wide communication
between the tympanic and the pharyngeal cavities. It therefore seems
reasonable to regard the tympanic cavity of the lizard as in the main
homologous with that of the mammal.

The tympanic membrane.

From the considerations which follow it appears likely that the tympanic
membrane of mammals may be considered as homologous, at least in part,
with the tympanum of reptiles. The tympanic membrane in man (Cunning-
ham, 1902, pp, 706-707) consists of three layers: (1) the stratum cutaneum,
continuous with the external meatus; (2) the membrana propria, consisting
of two sets of fibres, radial and circular, which center around, the handle of
the malleus; (3) the stratum mucosum, continuous with the general mucous
lining of the tympanic cavity. In the tympanum of reptiles the stratum
cutaneum and the stratum mucosum are present but the membrana propria
is said to be lacking (Denker, 1901, p. 658). Versluys, however (1899, p.
359), in describing the tympanum of lizards speaks of a middle layer of
connective tissue provided with elastic fibres (and apparently homologous
with the membrana propria) as sometimes occurring. It is however gen-
erally vestigial, he says, and in this case the lizard tympanum would be
structurally comparable only with the dorsal segment of the mammalian
tympanum the "pars flaccida," where also the membrana propria is lacking.

A further correspondence between the tympanum of reptiles and that of
mammals lies in the fact that the reptilian extracolumella and its supposed
homologue the mammalian manubrium mallei are in both cases inserted
between 'the inner and outer layers of the tympanum (cf. Versluys, 1899, p.
360, Kingsley, 1900, p. 232 and Cunningham, 1902, p. 707). The reptilian
differs from the mammalian tympanum inits location, since it is attached to
the posterior border of the quadrate and to the articular region of the mandi-
ble and therefore lies much above the three-layered portion of the membrane
in mammals. But in the Cynodont reptiles (Fig. 1, B, mb. ty.) the quadrate
is so much reduced that the location of the tympanic membrane must have
corresponded more nearly with that of mammals. Here, as in so many
other characters, the Cynodonts may have bridged over the morphological
gap between reptiles and mammals.
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The tympanic annulus.

The foregoing considerations in regard to the membrana propria may
have some bearing on the origin of the tympanic annulus, which generally
first ossifies in the periphery of the membrana propria. The suggestion is,
that this is a secondary ossification and that the whole bone is a neomorph,
just as is the inner part of the tympanic or ento-tympanic (van Kampen,
1905, p. 705). It might be questioned whether the supposed cartilaginous
"Anlage" of the tympanic ring which Parker (1886, pl. v) figures in the
embryonic Tatusia may not be homologous with the "annulus fibro-carti-
laginous" of human anatomy, which is merely the thickened periphery
of the tympanic membrane (Cunningham, 1902, p. 706). Van Kampen
however (1905, p. 708), regards the tympanic bone as a transformed dermal
jaw element, the surangulare, while Broom homologizes the mammalian
tympanic with an element of the same name in the mammal-like reptiles
(p. 121).

In adult Monotremes and Marsupials (cf. Doran's figures, 1879) the
tympanic ring is closely connected with the large anterior process of the
malleus, which process also is of dermal origin (see p. 132). The position of
the tympanic ring in Monotremes and primitive Marsupials and Placentals
is oblique rather than vertical, possibly because the tympanic cavity arises
below and internally to the ossicular chain; and in Cynodonts (p. 127 and
Fig. 1, B) the tympanic membrane probably lay on a )lane below the
quadrate and articular.

All the above mentioned facts must be taken into account in the final
solution of the question whether it is a transformed jaw element, or whether
the tympanic bone is a neomorph in mammals, analogous in that respect to
the cartilaginous ear conch and to the entotympanic, and developed in
connection with the membrana propria or, finally, whether it is homologous
with the "tympanic" of Therapsids.

Gadow's theory (1901) that the tympanic bone is derived from the
quadrate. rests chiefly upon the following considerations: (1) In reptiles
the posterior border of the quadrate serves for the attachment of the tympanic
membrane, and in the Crocodile the quadrate and the whole auditory chain
suggests the mammalian conditions (cf. Figs. 5, A, p. 134). (2) In the
ftAal Orycteropus the tympanic is a semi-ring with three arms, in a measure
recalling the quadrate of lizards and likewise articulating by its upper
(proximal) end with the squamosal. (3) The knob of this tympanic
"almost touches"y a certain process on the mandible, which process is
supposed to be the homologue of the secondarily inverted angle of the mar-
supials. (4) This "vanishing mandibulo-tympanic joint" lies immediately
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behind the cartilaginous prolongation of the Meckelian cartilage i. e., in the
approximate position of the quadrate-articular joint of reptiles. From these
parallel relations of quadrate and tympanic to the mandible, and relying on
the other considerations already enumerated, Dr. Gadow concludes that the
tympanic is homologous with a part at least of the quadrate, and he holds
that the inner or posterior angle of mammalian jaws is also a reminiscence
of this former mandibulo-tympanic connection. This argument appears to
be open to several objections as follows:

(1) It seems strange that the Crocodile, a highly specialized predatory
reptile of aquatic habits and belonging to an order which is very remote
from the ancestry of the mammals, should be supposed to have retained in
far greater degree than does Sphenoden and other reptiles the primitive con-
ditions which furnish the key to the homologies of the mammalian ossicula.

(2) In the other direction Orycteropus, it is true, is in many respects a
primitive Placental Mammal, but the structural gap between all Placentals
and all modern reptiles is so almost immeasurably great that a sporadic
resemblance between the relations of the tympanic in the foetal Oryeteropus
and of the quadrate in the Crocodile seems to be a highly unreliable item
of evidence in support of so far reaching a theory. Of very different charac-
ter is the evidence (revieswed below) for the homology of the quadrate and
articular with the incus and malleus respectively, since this is founded on
several independent lines of comparison between all reptiles on the one hand
and all embryonic mammals on the other. And if to this it be replied that
the force of the comparison between the Crocodile and the feetal Orycteropus
rests not in the separate items themselves but in the totality of the resem-
blance, the rejoinder is that the validity of the homology between the quad-
rate and the tympanic rests upon the validity of the homology between the
extracolumella and the malleo-incudal mass, a homology which is shown
below to encounter serious objections.

(3) While the posterior border of the quadrate serves to support the
tympanic membrane in the Crocodile and other recent reptiles this could
not have been the case (at least to the same extent) in the Cynodonts, whose
claims to relationship with the mammals are certainly at least worth con-
sidering. In the Cynodonts the reduced condition of the quadrate and the
position of the supposed osseous auricular meatus indicate that the tym-
panic membrane was possibly stretched in part upon the descending flange
of the squamosal (Fig. 1, B, ty. m.). We conclude therefore that Dr.
Gadow's case for the derivation of the tympanic from the quadrate has not
been made out.
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The Stapes.

Whereas comparative anatomists differ as to the homology and origin
of the more distal elements of the ossicular chain of mammals, practically
all agree that the stapes of mammals is homologous with the stapes, or

proximal portion of the columella auris, of reptiles and amphibians. In all
these forms the stapes, both in ontogeny and in the adult has essentially
similar relations to the internal ear: namely, it is a primitively cylindrical
plug, fitting into the fenestra ovalis (cf. Figs. 3A, St, 7C).

The mammalian incus and body of the malleus.

Perhaps the majority of present day comparative anatomists and embry-
ologists, after the most elaborate and thorough researches (cf. Kingsley,
1900; Weber, 1904, pp. 74-76; Gaupp, 1898, 1908) accept Reichert's
view of 1837 that the quadrate of reptiles became free from the squamosal,
and, by reduction in size and change of function was transformed into the
incus of mammals.

The embryology of Monotremes (cf. Gaupp, 1908) Marsupials (cf.
Parker, 1886, p. 272) and Placentals (cf. Parker, 1886; Kingsley, 1900)
reveals a remarkable uniformity of conditions, and strong evidence in favor
of the view that the mammalian incus and malleus represent transformed
jaw elements (cf. Figs. 1, 3, 4, 7). The embryonic incus and malleus in
all mammals are relatively very large, and this is in harmony with the view
that in their ancestral history they were still larger, and discharged some
function other than that of a sound conducting apparatus (Gegenbaur,
Kingsley). However the fact that the stapes and the whole auditory capsule
are also very large in embryonic mammals deprives the foregoing argument
of much weight, and indeed suggests cenogenesis (Broom). The malleus
and incus form the suspensorium for the Meckelian cartilage (Fig. 2C, 4B, 7)
and are held to be derivatives of the pterygo-quadrate-Meckelian, or first,
gill arch.

Perhaps the most weighty item of evidence for regarding the malleus as a
transformed articular is that in the embryos of all mammals the malleus
is entirely continuous with the Meckelian cartilage and seems to form its
posterior portion, just as does the cartilaginous "Anlage" of the articular
of reptiles. If the malleus is not homologous with the reptilian articular
then this malleo-meckelian connection of all mammals must be entirely sec-
ondary, as maintained by Broom (1907.3, pp. 8-10).

The incudo-malleolar joint suggests the joint between the quadrate and
articulare; while the body of the malleus forms the posterior expansion of
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the Meckeliail cartilage, just as does the articular in embryonic reptiles and
amphibians (Fig. 7C).

It is scarcely necessary to refer to the objection (Weil, 1899) that because
the incus is at first undifferentiated from the malleo-Meckelian bar, therefore
it is morphologically a part of the lower jaw. Kingsley (1900, p. 239) and
Broom (1907.3, pp. 9-10) have very fully met this objection by citing the
well-known fact that in many cases structures which are known to be mor-
phologically distinct are differentiated from a continuous stroma of pro-
cartilage.

II~~~~~~~~~~~~~~~~~~~~~~~~~~I

Iet

'4-a
Fig. 4. Morphology of the auditory ossicles and adjacent parts in the embryo Lizard (A)

and Pig (B). Modified from Kingsley.
The homologies between the several elements in the Lizard and the Pig (according to the

quadrate = incus theory) are indicated by similar shading.

Lizard. Pig.
Qu., quadrate =-Inc., incus.
St., stapes -St., stapes.
Hy., hyoid cornu = Hy., hyoid cornu.
ex. col. extracolumella = manubrium mallei.
ar., articular region of Meckelian cartilage = Mal., corpus mallei.
Mck., Meckellan cartilage = Mck., Meckelian cartilage.
VII, facial nerve = VII, facial nerve.
c. t., chorda tympani = c. t., chorda tympani.

A well known reason for homologizing the incus and body of the malleus
with the quadrate and articulare respectively, lies in the identical relations
of these bones in the two classes, not only to the internal ear and the tym-
panic cavity but also to the chorda tympani nerve, which is a major branch
of the seventh or facial nerve. A comparison of the embryonic conditions
in the mammal (Fig. 4, B) and in Sphenodon (Howes and Swinnerton, 1901,
pl. v, fig. 12) shows that the incus on the one hand and the quadrate on the
other arise externally to the cochlea, dorsally to the stapes and to the "An-
lage" of the tympanic cavity, and internally to the outer border of the
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squamosal. Moreover, as shown by Kingsley (cf. 1900, figs. 10, 14) the
incus of mammals and the quadrate of reptiles both lie above and in front
of the chorda tympani, while the malleus of mammals and the articulare of
reptiles lie below and behind the chorda tympani (Fig. 4). Broom, however
(1907.3), does not think that these comparisons prove that the incus is
homologous with the malleus, and he believes that the position of the chorda
tympani in mammals is secondary (cf. p. 143).

The tensor tympani muscle, which is inserted into the manubrium mallei
is thought to be a derivative of the pterygoid muscle because it is innervated
by the third or mandibular branch of the fifth nerve (Weber, 1904, pp.
144-145, 160). This favors the view that the malleus represents a lower
jaw element, the articular.

The anterior process of the malleus.

Below and around the cartilaginous bar (Figs. 2C, 4B) which connects
the developing malleus with the Meckelian cartilage a dermal splint is
formed (cf. Parker's figures of embryonic mammals, 1886), which seems to
occupy the position of the angulare in Cynognathus (Fig. 2, No. 2) and which
Parker and other authors have homologized with the angulare of modern
reptiles. This derm bone is variously named the processus "longus,"
"gracilis," "Folianus," " anterior."

The manubrium of the malleus.

The manubrium mallei (Fig. 2B, 7C), being fastened in the middle layer
or membrana propria of the tympanic membrane (p. 127) corresponds with
the extraeolumella of reptiles, which is also fastened between the inner and
the outer membrane (cf. p. 127). Kingsley (1900, p. 232) states that in the
pig the manubrium "arises distinct from the body of the malleus" and is at
first, like the extracolumella, "a separate element developing in the tympanic
membrane and only later uniting with the rest of the structure." Mead
however (1909, p. 188, and pl. iii) found that the manubrium in the pig was
continuous with the malleus, Fischer (1901, p. 501, and Taf. xxx, Fig. 4)
found the same condition in the mole and Dr. Broom informs the writer
that the same is true in the Marsupials, and that in his opinion the manu-
brium has not been derived independently of the maleus. Kingsley's figures
show that the extracolumella, like the manubrium, arises below and exter-
nally to the tympanic cavity and much below the level of the stapes and quad-
rate or incus; and that the extracolumella further agrees with the manubrium
in its position with reference to the chorda tympani and " hyomandibular"
nerves: namely below the former and above the latter (Fig. 4, A).
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If the manubrium has not had a phylogenetic history distinct from that
of the body of the malleus this would constitute an objection to homologizing
the malleus with the articular (see below).

Rival hypotheses of the origin of the incus and malleus and of the fate of the
quadrate and articular.

Gadow (1901, pp. 396-398) believes that both the incus and the malleus
have been derived from the reptilian columella and its appendages, the
suprastapedial, etc. This opinion is also held by Broom (1907.3, pp. 10-11),
while similar views were held by Peters, Dollo, Baur and Cope (1883). These
all base their argument chiefly on the similarity in function and relations
between the extracolumella and the incus and malleus; because, as stated
above, the extracolumella, like the manubrium of the malleus is fastened ex-
ternally in the tympanic membrane, while internally, like the incus, it articu-
lates with the stapes. Kingsley held that the malleus is really a compound
bone and that the assumed homology with the extracolumella applies only to
the manubrium, but as stated above Kingsley's view that the manubrium is a
separate element has not been confirmed. The extracolumella of the Croco-
dile has a dorsal process called the suprastapedial, which Broom (1907.3, p.
10) homologizes with the incus. On the other hand the variability of the
extracolumellar processes of the Reptilia and the difficulty of homologizing
them within the class (Gadow, 1901, p. 399) rather warns against attempt-
ing to seek the homology of one of them in the mammals, which lie so far
outside the limits of the modern Diapsida. If Broom and Gadow are right
then the Crocodile is more primitive than Sphenodon with respect to its
auditory ossicles. Broom's hypothetical diagram (1907.3, p. 10, cf. Fig. 5
above) of the ossicula in an embryo Cynodont is in fact a graphic average
between the embryonic conditions in the Crocodile and in the mammal.

Another comparison in favor of homologizing the incus and malleus with
the extracolumella and its appendage the suprastapedial respectively, has
been adduced by Gadow (1901, p. 398). In the embryo crocodile (cf. Fig.
5, A, col. art) the extracolumella is joined with the posterior or articular
expansion of Meckel's cartilage by a bar of cartilage or connective tissue,
which may be designated as the "columella-articular" bar. In the embryo
mammal (Fig. 7, C) the malleus is prolonged anteriorly into the Meckelian
cartilage, and the part in front of the malleus may be designated as the
"malleo-meckelian" bar. Since the extracolumella has the same relations
to the "columella-articular" that the malleus has to the "Malleo-meckelian"
Gadow homologizes the extracolumella with the malleus (the incus is as-
sumed to be a part of the same mass). But this argument simply begs the
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question, by assuming the homology of the "columella-articular" with the
"malleo-meckelian." For if on the other hand the malleus be assumed to
represent the articular (a view which is supported by many authors) then
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Fig. 5. Broom's theory of the evolution of the mammalian ossicula auditus. After Broom
(lettering modified).

A. Embryo crocodile; B, hypothetical restoration of the conditions in an embryo Cyno-
dont; C, embryo mammal.

sup. st., suprastapedial.
ex. col., extracolumella (= Malleus).
St., stapes.
col. art., columella-articular bar.
mal. mck., malleo-meckelian bar.
man. Mal., manubrium mallei.
Other abbreviations as in Figs. 3, 4.

the "columella-articular" bar of the Crocodile lies behind the articular and,
as in Sphenodon, it may be homologous with some part of the hyoid cornu,
i. e., of the second gill arch; while the "malleo-meckelian" bar of the mam-



Fate of the Quadrate; Gaupp's Diagram.

mal lies in front of the articular and is a part of Meckel's cartilage, and there-
fore belongs to the first gill arch. The cogency of Gadow's argument on
this point seems therefore to be open to doubt.

The Fate of the Quadrate.- Various other theories have been proposed
to account for the fate of the quadrate in the mammalia.

Albrecht (1884) held that the quadrate became reduced and was absorbed
in the squamosal; but the principal evidence he adduced in support of this
view was a malformed idiot's skull which showed on one side a separate
bone in the assumed position of the quadrate. This is a fair example of the
kind of "evidence" which formerly was often accepted in the domain of
comparative anatomy and even of paleontology. Isolated points of re-
semblance between the most widely removed forms were used to support
far reaching homologies, with little regard to the totality of evidence drawn
from all parts of the organism.

Osborn also (1898, p. 331), in view of' the great reduction of the quad-
rate in the Cynodonts, not unnaturally favored the theory that the quadrate
had been absorbed into the squamosal, but this view (which was also held
by Baur) lacks direct confirmatory evidence.

Broom (1890, 1906, 1907.3) sees in the reduced quadrate of the Cyno-
donts the homologue of the interarticular disc, or meniscus, which lies be-
tween the mandibular condyle and 'the glenoid fossa of mammals (cf. Fig.
5, C). The presence of an ossified meniscus in the rodent Pedetes proves
only that this element may occasionally become ossified. Further consider-
ations on the origin of the meniscus are given below (p. 138).

Supposed mechanical objection to the theory that the incus and malleus
represent transformed jaw elements.

From the foregoing it appears possible but not by any means proven
that the middle elements of the mammalian ossicular chain have attained
their present relations through a change of function, whereby they gradually
become relieved of the jaw-supporting function and, being pushed against
the stapes-extracolumella, came thus to participate in its function of trans-
mitting vibrations to the inner ear. Gaupp (1905, p. 136) has undertaken
to conceive the conditions during the time when the new and old joints both
functioned together; but in his diagram, which is based on the conditions
in the Lacertilia, the anterior joint, between the new mandibular condyle
and the squamosal, is separated by a considerable interval from the old
joint, between the articular and the quadrate.

Apart altogether, however, from the fact that all known streptostylic
reptiles belong to the Diapsida, which appear to be widely removed in many
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characters from the ancestral mammals, there are several weighty objections
to Gaupp's diagram. First it assumes that the coronoid process of the
mammalian mandible is a neomorph, developed later than the mandibular
condyle; but there is strong palaeontological evidence (Fig. 6, Nos. 1-7)
that the coronoid was originally very large and broad, and in reality older
than the condyle (see below p. 137). Secondly the diagram in question as-
sumes that the quadrate could bend backward and forward like that of a
Lizard, but if the Cynodonts represent the prototypal conditions of the
Mammalia, then the motion of the quadrate must at first have been very
limited. Thirdly this process, as conceived by Gaupp on the basis of the
conditions in the recent Lacertilia, has been objected to by Gadow (1901,
p. 410) on the ground that while it was in progress the Promammal "could
not use its jaw and could not hear."

IV. APPLICATION TO THE CONDITIONS IN THE CYNODONTIA OF THE THEORY
THAT THE INCUS IS DERIVED FROM THE QUADRATE, THE MALLEUS FROM

THE ARTICULAR.

While it might or might not have been a mechanical impossibility for
the mammalian relations of the lower jaw and ossicula auditus to have
evolved out of the conditions represented in the Lacertilia, it is at any rate
almost certain that in the Cynodonts a double articulation between the
skull and mandible is foreshadowed, if not actually realized; and yet it is
evident that in spite of this both the jaw and the stapes-extracolumella must
ha-ve been mechanically workable and useful. Broom (1904.2, pp. 495, 496)
has suggested that the mammalian conditions must have been initiated by
the backward prolongation of the condylar process of the dentary till it
came in contact with the glenoid region of the squamosal(Fig. 2, B). This
hypothesis is strengthened by the fact that the condylar process of the
dentary shows an increasing backward prolongation in the following series
of Triassic Cynodonts and so called mammals: Bauria, Cynognathus,
Trirachodon, Dromatherium.

The double articulation between jaw and skull which would thus result
would be homologous, so far as concerns its separate elements, with the
double articulation conceived by Gaupp, i. e., the new joint would be by
way of the condylar process and the glenoid portion of the squamosal, while
the older one would be by way of the small articulare and quadrate. But if
the conditions thus foreshadowed in the Cynodonts were actually realized,
these two articulations would be so close together that they would function
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practically as a single fulcrum for the lower jaw (cf. Fig. 7, B), especially if
there was a light movement between the angulare and the dentary; and
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Fig. 6. Morphology of the mandibular condyle, coronoid and angle in Mesozoic Therapsids
and Mammals. Scale various.

D., dentary.
p. ang., processus angularis.
sin. corono-condylar sinus.
con. condyle.
cor. coronoid.
No. 3. Lower jaw of a Triassic Cynodont reptile, Diademodon mastacus, after Broom. In-

cipient condyle and corono-condylar sinus, angular process well developed.
No. 2. Lower Jaw of a Triassic Cynodont, Tribolodon freresi, after Seeley. Large coronoid

with sloping anterior border.
No. 4. Lower jaw of a Triassic Promammal (?) Dromatherium sylvestre, after-Osborn.

Condyle prominent, coronoid very broad and sloping anteriorly, corono-condylar sinus (sin.)
incipient.

No. 5. Lower jaw of a Triassic Promammal (?) Microconodon tenuirostris, after Osborn.
Angular process incipient.

No. 1. Lower jaw of a Triassic Promammal (?) Karoomys browni, after Broom. Angle
and condyle well developed.

No. 7. Lower jaw of a Middle Jurassic mammal Phascolotherium bucklandi, after Osborn.
Angle inflected, condyle sessile, corono-condylar sinus well marked; coronoid very broad,
sloping anteriorly.

No. 6. Lower jaw of an Upper Jurassic mammal Docodon striatus, after Marsh. Condyle
pedunculate but not raised very much above the level of the teeth, angle well developed, coronoid
very broad and sloping anteriorly.
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this would entirely meet Gadow's objection (cited above) to Gaupp's
"double articulation" theory.

The slender character of the angular and articular bones, and the in-
stability of their connection with the dentary, combined with; the backward
and upward pull of the powerful temporal muscles upon the large dentary,
may have conditioned the backward growth of that element until its posterior
(condylar) extension found secure lodgment against the squamosal. The
new joint would then be more in line with the pull of the temporal muscle
and would be mechanically better and more stable than the old joint.

These considerations are in harmony with the arguments against the
view (p. 135), that the quadrate was transformed into the meniscus. That
the new condylar process of the dentary did not impinge altogether against
the quadrate, but partly above it, is indicated by Broom's detailed side view
of this region in Cynognathus (op. cit., pl. xxxv, figs. 5, 6). In the front
view of this region in Gomphognathus (op. cit., pl. xxxv, figs. 2, 3) the condy-
lar process is represented as below the level of the quadrate, but this is because
the jaw is depressed at an angle of 900 to the palate.

When the condylar process of the dentary grew backward we may imagine
that it did not abut directly against the squamosal bone itself but merely
pressed against the muscles which occupy this region in reptiles. This
would agree with the conclusion reached by Kjellberg (1904) who sees in the
meniscus merely the tendinous origin of some of the fibres of the external
pterygoid muscles, which fibres are attached to the meniscus in man
(Cunningham, 1902, p. 260) Echidna (Lubosch, 1906) and other mammals.
Lubosch (1905, pp. 591-594) regards the meniscus as representing a sepa-
rated portion of the periosteum of the lower jaw.

In order to substantiate the conclusion that the mandibulo-squamosal
joint in mammals is a wholly new structure, into which the quadrate and
articular did not enter, we recall the facts: (1) that embryological research
gives no warrant for the belief that the mammalian jaw is composed of more
than one element (except for the occasional vestiges of a splenial); (2) that
the oldest known mammalian jaws, from the Triassic, Jurassic and Basal
Eocene never show any trace of sutures; (3) that in the Cynodonts the broad
ascending ramus, or corono-condylar region appears from Broom's researches
(1904.2) to be a part of the dentary.

In proportion as the new squamoso-mandibular joint became established
the old quadrato-articular joint would probably dwindle in size and become
available for the change of function which is the chief condition for the
transformation of the quadrate and articular into the incus and malleus.
But there are two important difficulties which must be met before the view
that the quadrate became the incus, the articular the malleus may be con-
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sidered as even probable: (1) How did the reduced quadrate, which is gen-
erally spoken of as being "fixed" in the Cynodontia, become sufficiently
free from the squamosal to enable it to assume the functions of the incus ?
and (2) how did the reduced articular gain contact with the stapes without
intelfering with the hearing function?

(1) The quadrate in Galesaurus and Cynognathus (cf. Gadow, 1901, fig. 4;
Broom, 1904, 2, pl. xxxv) appears to be fixed in the squamosal by its dorsal
portion (cf. Fig. 1, B, Qu.), but even here it seems possible that the lower
end may have been capable of a slight antero-posterior motion. A little
atrophy of the posterior wall of the descending flange of the squamosal,
which is certainly very thin at this point, would greatly increase the mobility
of the lower end of the quadrate. In Gomphognathuw kannemeyeri (Broom,
op. cit., pl. xxxv, figs. 2, 3) the quadrate is a small bone flattened antero-
posteriorly; in the front view it appears to be held in place against the
squamosal only by the articular, and that too only on its inferior surface, and
there is nothing in Broom's figures to show why these two bones together
may not have moved more or less against the squamosal. This quadrate of
Gomphognathus parallels the incus of primitive mammals in the following
particulars: (a) it is a very small flattened bone attached to the squamosal
and located at the postero-external corner of the skull, just internally to the
backward prolongation of the zygomatic arch (cf. Echidna and Parker's
section of the skull in the embryo Tatusia: 1886, pl. iv, fig. 11); (b) it
articulates by a convex surface with the articular (the supposed homologue
of the malleus) and this circumstance suggests the large convexo-concave
articulation between the incus and the malleus in embryo mammals. If
the quadrate and articular were further reduced in size it seems possible
that they might acquire enough mobility to function as the incus and
malleus, which indeed move through very small arcs.

(2) The problem of the manner in which the reduced quadrate and articu-
lar could gain contact with the middle of the primitive stapes-extracolumella
without interfering with the hearing function is very obscure, and until all
the mechanical stages are clearly conceived the whole hypothesis must re-
main on trial; but whatever the final answer may be it must take into
account the following among other considerations:

(a) The fact that the tympanic cavity arises as a diverticulum from the
Eustachian tube, and enfolds the ossicula from below and internally (p. 126).

(b) The oblique position of the tympanic membrane in primitive mam-
mals, and the fact that the membrana propria appears to be an adjustment
for regulating the tympanum (p. 127).

(c) The supposed homology of the extracolumella with the manubrium
mallei (p. 132).
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(d) The probable position of the tympanic cavity in Cynodonts (Fig. 1,
B), immediately below and internal to the posterior end of the jaw (p. 127).

(e) The position and relations of the supposed tympanic bone of Therap-
sids (p. 121).

SUMMARY.

The foregoing review of the mammal-like reptiles of the Permian and
Triassic appears to show that it is quite unnecessary to have recourse to
unknown Amphibian-like creatures of the Devonian in the search for the
immediate ancestors of the Mammalia. Nor does it favor the view that the
mammals are descended from streptostylic reptiles or from any reptiles of
the subclass Diapsida. There seems, in fact to be a large body of evidence
in favor of the view advocated by Osborn and Broom that the mammals have
been derived from the Triassic reptilian order Cynodontia, although not
from any known member of it. As is well known the Cynodontia foreshadow
the mammalia: especially in the constitution of the temporal arch, in the
development of the secondary palate and of paired occipital condyles, in the
possession of incisors, canines premolars and molars, and in the enlarge-
ment and functional importance of the dentary. Perhaps even more sug-
gestive of mammalian affinities are the resemblances in the pterygoids,
in the phalangeal formula (so far as known) in the humerus, carpus, tarsus,
shoulder girdle and pelvis. Structurally if not genetically the Cynodontia
certainly bridge over the gap between mammals and reptiles; because in
combination with the above mentioned mammalian features they possess
many reptilian characters, inherited from the orders below them. For
example they retain a bar connecting the jugal with the postorbito-frontal
(absent- in Bauria), and the pterygoids have anterior flanges (although lack-
ing the pterygoquadrate portion); a quadrate, articular, angular, surangular
and splenial are present, and the vertebrie have intercentra. All these are
characters which may reasonably be sought in the remote ancestors of the
mammalia.

As regards the mammalian auditory ossicles, the theory which homolo-
gizes the mammalian incus with the reptilian quadrate, the body of the
malleus with the articular, rests upon considerable evidence, which has been
developed, especially by Reichert, Kingsley and Gaupp. The strength of
this theory proceeds from the fact that it is founded upon morphological
relations common to all embryonic mammals on the one hand and all modern
reptiles on the other. Gaupp's corollary that the Promammals once had
two joints between the jaw and the skull was shown to be open to serious
objections, but only in so far as it assumed the mammals to have been
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derived from streptostylic reptiles of the type represented in the Lacertilia;
and strong anatomical and paleontological evidence reviewed above shows
that the squamoso-mandibular joint in mammals is, in fact, a neomorph.

An attempt was made to demonstrate (pp. 136, 140) that the application
of, the above mentioned "quadrate-incus" doctrine to the conditions in the
Cynodontia might explain to a certain degree the supposed transformation
of reduced jaw elements into accessory auditory ossicles. Upon this assump-
tion these structures only very gradually gave up the suspensorial function,
dwindled greatly in size and began to come into functional relations with the
stapes-extracolumella, possibly serving at first merely as a point of support
for the middle part of this jointed column (Fig. 7, B). But until every
mechanical and morphological stage in the progressively intimate relations
of the primary and secondary ossicles to each other and to the muscles be
clearly conceived and supported by well founded analogies, the quadrate-
incus, articular-malleus theory must remain somewhat doubtful. In its
defense it might be said that the functional integration of the stapes-extracol-
umella with the vestigial quadrate and incus was but one incident in the
wonderful metamorphosis of saurians into mammals, a process which
involved the transformation of scales of some sort into hairs, of skin glands
into milk-secreting organs. But it must be admitted that in these cases the
change of function was less radical and the intermediate steps more easily
conceived than in the supposed case now under consideration.

The quadrate-incus theory may not be seriously hampered by the partial
fixity of the quadrate in Cynodonts because a secondary increase in the
mobility of the quadrate is quite conceivable under the conditions assumed
(p. 139); but a more serious objection is the fact that Kingsley's view of the
separate origin of the manubrium of the malleus has not been confirmed by
subsequent research, and therefore the opposing arguments for homologizing
the malleus with the extracolumella rather than with the articular have not
been fully met.

Turning now to the opposing theory, held notably by Gadow and
Broom, we note that it makes no demand for a very hardly conceived and
elaborate change of function, since it regards the tympanic membrane and
the auditory ossicles of the lizard and crocodile as strictly homologous with
those of mammals; and it assumes only that:

extracolumella = malleus,
suprastapedial = incus,

stapes = stapes.
On the other hand the weak points of this theory appear to be as follows:
(1) The connection between the malleus and Meckel's cartilage, which

is universal in mammalian embryos of all orders, must be assumed to be
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secondary and to have resulted from the proximity of these elements during
the course of development. Broom, however, has cited supposedly analo-
gous cases where structures which are known to be distinct morphologically
become connected in ontogeny and arise from a continuous cartilage.

(2) The fate of the quadrate is still unsettled. According to Gadow
a part of it at least has become transformed into the mammalian tympanic
bone, but this view appears to have extremely little evidence in its favor.
According -to Broom the quadrate has been reduced into the interarticular
disc or meniscus. Broom interprets the conditions in the Cynodontia as
pointing in this direction, but the ontogeny of the mammals has so far not
lent any direct support to this view, but has been interpreted by Kjellberg
as indicating that the meniscus is a neomorph, derived from the fibres of the
pterygoid muscles.

(3) The general theory in question assumes that the crocodile is more
primitive than Sphenodon in the condition of its auditory ossicles, a fact
which appears contrary to what might have been expected.

(4) The suprastapedial, which Broom homologizes with the incus, is an
inconstant element in the Reptiles, which show a wide range of variability
in the appendages of the columella (Versluys) and therefore the supra-
stapedial is hardly free from the suspicion of being a neomorph.

(5) The theory under consideration must assume- that the chorda
tympani, which lies above the ossicular chain in the reptiles has passed
through it and come out on the under side (Broom), since it appears below
the chain in mammals. Such migrations of nerves through bones are of
course not rare (Broom) and the variable position of the carotid foramen
in a single family, the Viverridae, appears to be a case in point.

Whichever of these two theories shall finally be adopted will apparently
be entirely reconcilable with the view that the mammals have been derived,
not from unknown Devonian amphibia, not from streptostylic reptiles allied
to the lizards, but from as yet undiscovered Synapsid reptiles of the order
Cynodontia.
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I. OUTLINE HISTORY OF THE CLASSIFICATION.'

1791 (?). Shaw describes the spiny anteater of New South Wales
under the name "Myrmecophaga aculeata."

1795. Geoffroy refers to Shaw's species as representing a new genus,
"Aculeata," of Edentates.

1798. G. Cuvier gives the generic name Echidna to "Les Fourmiliers
6pineux." (Name preoccupied by Echidna Forster 1788, a genus of Morays).

1799. Shaw describes the Duck-billed Platypus under the name
"Platypus anatinus." The name "Platypus" being preoccupied Ornitho-
rhynchus Blumenbach replaced it.

1800. "Les Monotremes" made a family of "les Rdent6s" by Cuvier.
1800. "Ornithorhynchus paradoxus" described by Blumenbach. Ac-

cording to Gervais (1836), Geoffroy and Lamarck both considered the group
as forming a class by itself intermediate between Mammals, Birds and
Reptiles.

1803. The name "Les Monotremes" applied by Geoffroy to include
Echidna and Ornithorhynchus as an "ordre" with the following characters:
"Doigts onguicules; point de veritable dents; un cloaque commun, versant
a l'exterieure par une seule issue." (Quoted by Gill, 1903, pp. 433-434).

J Compiled chiefly from Palmer, 1904.
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1816. De Blainville removes them from the Edentates, at first classify-
ing them along with the Marsupials provisionally in a grand division (p. 76),
but later (1834) formally assigning them to a distinct subclass "Ornitho-
delphia" (p. 82).

1838. Bonaparte applies the name "Monotremata" in Latin form, in
a systematic sense.

1877. Echidna bruynii Peters and Doria, made the type of a new genus
"Acanthoglossus" by Gervais. Acanthoglossus being preoccupied Gill
substituted Zaglossus and Gervais (later) substituted Proechidna (Palmer).

REPTILIAN CHARACTERS IN THE INTEGUMENT. THE ORIGIN OF HAIRS.

From a study of the development of the hairs in Echidna, Romer (1898)
establishes the probability that the ancestors of the mammals were scaly
creatures. The following observations are especially important in this
connection:

(1) In certain regions of the body in the young Echidna (Romer, Taf.
1, fig. 11) each spiny hair protrudes from the apex of a broadly-triangular
scale-like structure. These structures are arranged in transverse rows,
which alternate and overlap in a very scale-like manner. They are not,
however, regarded by Romer as true scales.

(2) On either side of the backwardly-pointed tip of the hair-spine two
or more small papille occasionally appear. These Romer interprets as the
last vestiges of true scales, which were probably also arranged in transverse
imbricating rows and determined the scale-like arrangement of the interven-
ing rows of hair-spines. These papille are composed of the same histological
elements as both hairs and scales, but they protude from, and are not sunken
into, the surrounding integument.

(3) The internal basal papilla of the hair-spine itself, instead of being
a small bulb in the root of the hair as in higher mammals, extends over half
way up the shaft and this fact greatly increases the similarity between such
a hair-spine and an insunken reptilian scale.

(4) Rdmer believes with de Meijere (1894) and Weber (1904) that
hairs have gradually replaced scales.

The preceding observation of Romer naturally lead to the question
whether the hairs in the ancestral mammals may not have arisen much as in
Echidna, i. e., as flattened spiny hairs between the scales?

This hypothesis is consistent with many facts, of which the following
may be cited:

(1) The observations of Poulton (1894) on Ornithorhynchus and of
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Spencer and Sweet (1899) on certain Marsupials show that some hairs are
from the first not radially symmetrical, as usually in mammals, but flattened
dorso-ventrally, with the cortical layer thicker on the dorsal surface.

(2) Pari passu with the reduction of the scales, the heavy spines may
have been replaced by finer and finer spines, just as the strong-spined Echidna
aculeata typica grades into the hairy Echidna aculeata setosa (Thomas,
1885).

(3) If spiny hairs are a primitive mammalian character this may pos-
sibly explain their frequent retention and progressive specialization in the
very lowly orders Insectivora and Rodentia.

The former coeixistence and intermingling of hairs and scales in ancestral
mammals is also supported by numerous facts:

(1) The coiexistence of hairs and true "reptilian" scales in Manis
(Weber, 1894). The primitive nature of these scales has been questioned
by Beddard (1902, p. 189), but defended by Weber (1904, pp. 420-421)'.

(2) The mingling of hairs and minute scales in the foetal Dasypus and
in the tail of Didelphis, Petrogale and many Insectivores and Rodents. The
tail, being of little adaptive importance in the economy of many animals
might be expected to retain in some instances very ancient hereditary char-
acters (p. 334).

(3) The mingling of hairs and a scale-like pattern of the epidermis in
the manus and pes of many Insectivores and Rodents.

(4) The fact that when hairs and scales are intermingled the hairs are
usually grouped together in threes. Hence in other cases de Meijere (1894)
regards the occurrence of "Dreihaargruppen" alone as a vestige of the
foriner coexistence of hairs and scales (Weber, 1904, pp. 11, 12).

REPTILIAN CHARACTERS IN THE REPRODUCTIVE ORGANS. THE ORIGIN
OF LACTATION.

The completely Sauropsidan character of the female genitalia and the
retention of oviparity in the Monotremes are too well known to require
special comment, but there is one character in the male organ that may be
cited here which shows how far below the remaining mammals the Mono-
tremes stand: namely the fact that the penis has not yet acquired its double
function of ejecting both the urinary and reproductive products, but trans-
mits the latter alone (Weber, 1904, p. 326). In the Monotremata also the
ureters open into the urinogenital canal, while in the Theria they open into

1 In view of the completely mammalian nature of Manis in respect to other characters,
and of its numerous highly aberrant specializations, it would seem more likely that the scales
are entirely secondary.
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the bladder (Weber, 1904, pp. 244, 246). However, in respect to the
bending of the vas deferens around the ureters the Monotremes agree rather
with the Placentals than with the Marsupials (Weber, 1904, p. 244).

When we turn to the accessory reproductive characters of Monotremes
especially the organs and process of lactation, we find very illuminative con-
ditions which suggest what may have been the history of lactation in the
mammals.

Semon (1895) gave an excellent account of the brooding habits, nature
of the milk, etc., of the Monotremes in his ' Zoologisches Forschungsreisen,'
and more briefly (1899) in his 'In the Australian Bush' (pp. 160-164).
Eggeling (pp. 332-340) showed that the sweat glands and the mammary
glands of Monotremes were both derived from the same undifferentiated
type. Bresslau in his 'Entwickelung des Mammarapparates der Mono-
tremen....' (1907) gave an extended description of the developmental
stages of the marsupium. His principal conclusions (1. c., p. 512) are: that
the primary "Anlagen" of the marsupium indicate that it arose in the ances-
tral mammals in much the same way as did the brooding ridges in birds,
namely, as a result of -incubating the egg; and that this habit caused an in-
crease in the blood vessels and glands in the mammary fields, which served
at first to aid in keeping the egg warm. Afterward these glands gave rise
by a change of function to the milk glands.

Mivart (quoted by Darwin, 1872, p. 322), in attacking the theory of
natural selection, raised the following objection: "Is it conceivable that the
young of any animal was ever saved from destruction by accidentally suck-
ing a drop of scarcely nutritious fluid from an accidentally hypertrophied
cutaneous gland of its mother?" Darwin (1872, 1. c.), in endeavoring to
meet this objection suggested that the mammary glands were at first devel-
oped within the marsupial sack, cited the rise of the marsupium in the fish
Hippocampus, and emphasised the idea that the sucking habit was "at
first acquired by practice at a more advanced age, and afterward transmitted
to the offspring at an earlier age."

Upon these and similar observations may be based the following general
hypothesis of the origin of lactation.

(1) From the intimate developmental connection between hairs, se-
baceous and suboriparous glands and milk glands it may be inferred that
the milking habit was at first a by-product of the general process whereby
reptiles with variable body temperature (poecilothermous) were transformed
into mammals with a constant body temperature (homceothermous). The
Monotremes, with an imperfectly developed homceothermy, are equally
primitive in the organs and processes of lactation.

(2) The secretion of the proto-lacteal glands at first may have served
to raise the temperature of the egg during incubation (Bresslau, 1907).
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(3) Localization and hypertrophy of the protolacteal glands in the
brooding area thereupon followed (Darwin).

(4) The eggs at first would not be carried along when the mother left
the nest; but they might gradually come to adhere to the brooding surface
by means: (a) of its depressed character (b) possibly in part by the adhesive
quality of the proto-lacteal fluid (cf., the large albuminous element in the
milk of Echidna); (c) eventually by means of the raised borders of the
brooding area which finally became the marsupium (cf., marsupium in
Hippocamprms, Darwin).

(5) The intimate association betweern the maternal brooding area and
the egg would be a necessary antecedent of the intimate association between
the maternal brooding area and the young.

(6) The mother at first merely settled down over the egg but afterward
came to transfer the egg (cf. Echidna) and later the young (cf. Marsupials)
to the pouch.

(7) In the pro-mammals the eggs were large-yolked (cf. Echidna) and
the young were hatched in an advanced condition, as in many reptiles
(Darwin).

(8) These advanced young may have hatched out in the pouch, or
after leaving it, may often have been driven back to it to seek for warmth.
When the mother moved about they may have clung to the long hairs in the
mammary field or buried their heads in this warm bosom.

(9) At the base of these hairs the protolacteal glands were pouring
out their albuminous, oily fluid. This' may have served at first to keep the
young warm, just as it formerly served to keep the egg warm.

(10) The milking habit was initiated when the young ones discovered
that the material milk secretion tasted good. They would then at first
lick it from the base of the hairs (cf. Echidna).

(11) Licking would gradually give place to sucking and all its complex
reflexes, while the nutritive quality of the milk improved.

(12) The newly born (or hatched) young gradually become virtual
external parasites upon the mother. They retain and greatly develop the
habit and organs of sucking, which they acquire at a constantly earlier period
of development (Darwin).

(13) The keratin in the egg shell becomes eliminated.
(14) The maternal teats and marsupium meanwhile are beihg perfected.

In the Marsupials, by means of the compressor mammee muscles and other
maternal adaptations, the milking efforts of the young are at first assisted
and then largely supplanted, so that the young finally become mere larvae,
with special larval organs, such as the intranarial prolongation of the epi-
glottis.
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(15) In the pro-placentals the parasitic adaptations become more
largely intra-uterine as the egg-laying period is delayed. The nutritive
contents of the yolk sack are. reduced, and the vascular uterine walls finally
come in contact with both allantois and yolk sack (cf. Manis). Nutritive
material in the maternal blood passes at first by osmosis to the embryo.
In the Marsupials it is the yolk sack placenta, in the Placentals, the allantoic
placenta which finally predominates.

(17) Pari passu with the prolongation of intra-uterine development the
Placentals give up the imperfect marsupium, vestiges of which seem to be
represented in the protractor muscle of the prepuce in Carnivora and Artio-
dactyla (Weber, 1904, p. 35).

IV. REPTILIAN, ARCHAIC AND ABERRANT CHARACTERS IN THE SKELETON
OF MONOTREMES, TENDING TO SEPARATE THEM WIDELY FROM THE

HIGHER MAMMALS AND COLLECTIVELY INDICATING THAT THEY ARE
AN EXTREMELY EARLY OFFSHOOT OF THE MAMMALIAN STOCK.

Skull.'- A. Top and side views.- Chondrocranium unusually massive
and well developed (Parker, 1885-86, p. 80). Contrast the fenestrated
chondrocranium of most Placentals.

Frontals facing forward and upward, rather small between orbits (e. g.,
like Tritylodon). Brain confined to the occipital and parietal segments.
(Primitive mammalian character).

Separate postfrontals. Of these structures Van Bemmelen (1901.2, p.
794 says: " .... ein Postfrontale ist zwar nach meinem Befunden vorhanden,
aber nicht in dem character eines Deckknochens, sondern als selbstandiger
Knochenkern in vorderen Theil der sogenannten Parietalplatte des Prim-
ordialcranium." Hence homology with reptilian postfrontal is doubted.2
At any rate unique in mammals. "Prefrontal" in Ornithorhynchus (de-
scribed by Seeley) due to overlap of nasals by frontals. Interpreted as
orbital portion of frontal by van Bemmelen.

Broad median parietal homologous (?) with the interparietal of Mar-
supials and Placentals.

Broad squamosal, leaving open canal posteriorly, analogous to post-
temporal arcade in Sphenodon and possibly homologous with a similarly
placed canal in Anomodonts. Unique in mammals.

No separate lachrymal (van Bemmelen). (Aberrant character.)
Jugal absent in Echidna, represented by a vestigial postorbital apophysis
I Cf. van Bemmelen 1901.2, Taf. xxx-xxxii; Lubosch, 1906, Taf. 26, and text fig. 1, 2.
2 Homologized by Lubosch (1906, text fig. 1, 5) with the orbitosphenoid (Ornith.) or

orbitosphenoid + postfrontal (Echid.)
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of the zygomatic process of the maxillary in Ornithorhynchus. (Van
Bemmelen, 1. c., Taf. xxx.) (Aberrant.)

Zygomatic process of squamosal extending back of glenoid (Primitive).
Glenoid fossa in Ornithorhynchus external to auditory region (cf. Cynodon-
tia.)

Septo-maxillary separate in embryo (Gaupp, 1905). A reptilian char-
acter retained also in Dasypus (Broom, 1906. 1, p. 370.)

Very large mastoid portion of periotic, analogous in position to opisthotic
and epiotic of reptiles, extending dorsally as a broad plate postero-lateral to
the parietal and in Ornithorhynchus extending beneath glenoid fossa of
squamosal. (Primitive.) The periotic complex consists of three parts:
(1) mastoid, exposed on postero-lateral part of brain case external to parietal;
(2) mastoid process, seen in palatal view posterior to the tympanic fossa;
(3) petrosal, lodging the semicircular canals, etc.
B. Palatal view.- The dumb-bell bone or prevomer of Ornithorhynchus

is equivalent to the palatine process of the premaxilla in other mammals
(Broom, 1903.1), to the anterior paired vomer of foetal Insectivores, etc.
(W. K. Parker, 1886) and to the vomer of Lacertilia and Ophidia (van
Bemmelen, 1901, p. 753). (Primitive.)

Posterior nares in both genera extended backward further than in any
other mammal except Myrmecophaga. (Partly secondary (?).)

Pterygoids. According to Gaupp (1905) the flattened pterygoids of
Monotremes are homologous with the elements of the same name in Saurop-
sida, but not with the so called ptervgoids of other mammals which he calls
the "parabasale" and homologizes with the lateral wings of the parasphenoid
(presphenoid rostrum) of reptiles. A comparison of the pterygoids of foetal
Monotremes (van Bemmelen, 1901, pl. xxxi, xxxii) and of foetal Edentates
and Insectivores (Parker, 1886) fails however to convince the writer that the
pterygoids of Monotremes have any different homology and derivation from
those of Placentals (cf. also Cynognathus p. 120).

.The palatine and pterygoid enter into the floor of the brain-case (Aber-
rant).

Occipital condyles with a median basioccipital portion (i. e., tripartite,
cf. Cynodontia). Possibly a fossorial adaptation.

Carotid foramen.- The entocarotid (cf. van Bemmelen, 1900.2, plate;
1901.2, pl. xxx, xxxi) pierces the floor of the cranium at the posterior end of
the basisphenoid, an arrangement which approximates more closely to the
Marsupial than to the Placental condition.

Occipital fenestra. In Ornithorhynchus in front of the occipital condyle
on each side is a large fenestra which corresponds with the combined foramen
condylare (nerve XII) and foramen jugulare (for. lac. post., nerves, IX,
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X, XI) (cf. van Bemmelen, pl. xxx). In Echidna these nerves pass out
through an oblique fissure above the mastoid process.

In both genera the optic foramen is united with the foramen lacerum
anterius (sphenorbitale) as in Marsupials. The foramen rotundum (V2)
is distinct in Ornithorhynchus but united with the sphenorbital fissure in
Echidna.

As stated below (p. 427) in Ornithorhynchus there is only a single olfac-
tory foramen instead of a cribriform plate (unique; aberrant) while in
Echidna the plate is present and is horizontal. (Aberrant ?.)

There is no osseous arch above the external auditory meatus (i. e., no
post-tympanic process of the squamosal. (Aberrant.) In Ornithorhynchus
the small round tympanic opening, at the bottom of which lies the fenestra
vestibuli seu ovalis, is antero-internal to the prominent mastoid process of
the periotic. In Echidna the tympanicfossa (the roof of the tympanic cavity)
is a large triangular depression bounded, posteriorly by the prominent trans-
verse mastoid process and antero-internally by the flattened pterygoid.

The tympanic opening is approximately horizontal. Weber (1904, p.
320) suggests that this may not be interpreted as a primitive character with-
out some uncertainty, on account of the degenerate nature of the lower jaw
in both genera; but the horizontality of the tympanic ring in many embryo
mammals (cf. Parker, 1886) and in certain adult Marsupials and Insectivores,
together with the fact that the tympanic cavity arises below and internal to
the tympanic ring, establishes the presumption that the horizontal position
is a primitive one.

Auditory bones.- Tympanic ring more or less semicircular, not expanded
(primitive); in Echidna touching the temporal process of the pterygoid.
The latter character, if the tympanic represented the transformed quadrate
(Gadow, see p. 128 above) would no doubt be regarded as primitive, but it
seems more likely to be the result of the extreme backward prolongation of
the palate, with the consequent posterolateral displacement of the pterygoids
(cf., van Bemmelen's Taf. xxxi). Tympanic ring connected with very large
anterior or Folian process of the malleus (Primitive, cf. the figures of Mar-
supials and embryonic Edentates and Insectivores given by Doran, 1879,
and Parker, 1886). Ossicula auditus relatively large (primitive); malleus
firmly connected with incus (aberrant); stapes columelliform, imperforate
(primitive). Cochlea, very primitive, not spirally wound but turning only
through 1800 (Denker, 1901).

For further notes on the Monotreme skull see pp. 155, 156.
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Vertebral column, limbs.

Axis. Anterior facet of odontoid with a ventral extension very similar
to that in Cynognathus (Primitive).

Cervical veertebrc without autogenous transverse processes but with true
cervical ribs (primitive), as in Reptilia, which remain suturally separate
from the centrum till late in life. (Unique among mammals, save that in
Perameles the transverse process of the axis is also rib-like.) These cervical
ribs have a capitular and a tubercular portion between which runs the
vertebral artery, which perforates the seventh cervical (as well as C 2-6), as
it does in Marsupials.

Dorso-lumbar vertebrc. The number of these vertebrae to be assigned to
Monotremes depends upon the interpretation of the sacrals. Howes (1885,
p. 89) gives 4 sacrals to Echidna and 3 to Ornithorhynchus. In that case
both genera would have 19 dorso lumbar vertebrae (Proechidna 20) a number
characteristic of primitive Marsupials. But in the view of the writer the
anterior "sacral" is only a slightly modified lumbar and the posterior sacral
only a slightly modified caudal. In that case the vertebral formuloe would
be as follows: Ornithorhynchus C. 7, D. 17, L. 2, S. 1, CS. 1, Cd 19;

Echidna C. 7, D. 16, L. 5, S. 2,-, C 10.
In the dorsal vertebrce " the canals for the exit of the spinal nerves perforate

the neural arch" instead of issuing between the vertebree (Flower, 1885,
p. 65) (Unique ?).

Epfiphyses. There are no epiphyses on the presacral vertebrae. (Second-
ary, cf., Sirenia, but of uncertain adaptive significance.)

Ribs with reduced tubercula, not articulating with transverse processes
but attached to centra only, "the greater part of the articular surface being
below the neuro-central suture, the reverse of what occurs in the higher
-Mammals" (Flower, 1. c. p. 65). (Possibly reptilian in part.)

Sternal ribs. Becoming fully osseous as in Armadillos, but very peculiar
inasmuch as they ossify by ectososis, as in Birds (Parker, quoted by Flower,
I. c., p. 119).

Fore limb. The position of the fore and hind limbs is unique among
mammals. The scapula is inclined forward, overlapping the neck vertebra.
The extreme forward inclination is probably secondary (pp. 119, 433). The
humerus, instead of facing forward and downward as in other mammals,
faces inward and 'downward (partly primitive, partly aberrant). The
elbow is turned sharply outward. The glenoid fossa of the scapula is close
to the mid-line of the sternum instead of being widely removed from it as
it is in other mammals. This condition is correlated with the large size of
the coracoid and procoracoid (Primitive).
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Scapula. The- anterior border of the scapula, as shown by its connection
with the clavicle, and by the relations of the muscles, is homologous with the
spina scapuloe and acromion of the other mammals (Wilson and McKay,
1893, Broom, 1899). The prespinous fossa is absent (Echidna. ? Secondary),
or rudimentary (Ornithorhynchus. Primitive). The glenoid fossa is trans-
versely elongate and is borne by the coracoid (primitive) and scapula,
whereas in most mammals it is antero-posteriorly elongate and the coracoid
portion is generally reduced (compare, however, certain Edentates, Weber,
1904, p. 97, in which the true-coracoid takes a considerable part in the
glenoid). The procoracoids (" epicoracoids" Weber) overlap in the median
line above the T-shaped interclavicle ("episternum") exactly as in Coty-
losaurs and other Permian reptiles. (Primitive.) The T-shaped inter-
clavicle is unique in mammals but somewhat doubtfully identified vestiges
of it, called "preeclavia" occur in higher Mammals (p. 237).

Humerus. The humerus resembles that of the mammal-like reptiles
(p. 119) in the following points: (1) Proximal and distal ends greatly ex-
panded. (Secondary emphasis of a primitive character.) (2) Proximal
end with very large tuberosities (cf. Fig. 27, no. 2, p. 437), the head being
markedly elongate in the direction of the tuberosities. (Partly primitive.)
(3) Smaller ectocondylar or "supinator" crest and enormous entocondylar
crest with large entepicondylar foramen. (Partly primitive.) (4) Capitel-
lum for radius subglobular. (Primitive, cf. p. 436.) (5) Ulnar trochlea on
posterior face of humerus, the proximal portion of the ulna being hidden
by the radius in front view. On the front face of the humerus, there is no
ulnar trochlea, the articular surface being occupied exclusively by the
radius. (Largely primitive.)

Since all of these characters are true of both Ornithorhynchus and Echidna
(notwithstanding the marked divergence in life habits) and are also found in
Sphenodon, Pareiasaurus, and Naosaurus, it seems very probable that they
are at least in some measure primitive reptilian characters.

The ulna is remarkable for the expansion and bifurcation of the distal
end of the olecranon (possibly a fossorial character, cf. Chrysochloris).

The manus and pes are full of marked peculiarities.
Manus. The scaphoid and lunar are fused at least in adults. (Second-

ary.) The magnum of Ornithorhynchus (Cuvier, 1825, pl. xiv, fig. 13) is
fused at its supero-external angle with the cuneiform. (Aberrant.) The
unciform is very shallow. In both genera the trapezium is small and does
not suggest serial homology with the metacarpals (cf. p. 442).

The digits are somewhat more subequal than in most mammals. In
Ornithorhynchus there is the usual mammalian overlap at the proximal
ends of the metacarpals, metacarpal IV overlapping III, III overlapping
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II and II overlapping I. (Primitive.) The manus bears no marked sug-
gestion of formeropposibility in digit I. In Echidna the proximal ends of
the metacarpals are more in line. The manus of Echidna as a whole rather
resembles that of Oudenodon (cf. Broom, 1901, pl. xvi).

Hind limb.- Pelvis. The most noteworthy feature (aside from the
epipubic bones) is the small round thyroid or "obturator" fenestra; the
ventral aspect of the pelvis is rather "plate-like" i. e., as in Permian Reptiles
(p. 115). (Primitive.) The pectineal tubercle as in Marsupials and certain
Placentals is well developed. The ilium in Echidna is fully mammalian in
character, i. e., it is a trihedral bar, rather short, and with a reduced postero-
dorsal projection (contrast Therapsid reptiles, p. 118, 119). In Ornithorhyn-
chus the dorsal border of the ilium is everted. In Echidna the acetabulum
is perforate, as in Sauropsida (not so in Ornithorhynchus). The acetabular
notch, for the ligamentum teres is lacking.

Femur. In Ornithorhynchus the inclination of the neck and head of
the femur to the shaft is much less than in ordinary mammals. The greater
and lesser trochanters are on directly opposite sides of the shaft. In Echidna
the first and third trochanters are continuous and are represented by a
single plate-like extension. Comparison with other archaic mammals
indicates that this may be a primitive character. The patellar surface in
both genera is flat and not grooved as it is in typical mammals (Primitive).
The femur in Ornithorhynchus is turned outward much more than in other
terrestrial mammals. (Partly primitive.)

Fibula. The fibula is remarkable for the dorsal extension above the
.level of the distal end of the femur. In Marsupials and certain Insectivores
(Microgale, p. 251) the fibula also has a proximal expansion, which however
never attains the development that it does in Monotremes.

Pes. The pes of Monotremes comprises the same elements as that of
other mammals but the tarsal bones are modified in a very extraordinary
manner. The tarsal spur (vestigial or reduced in females) is borne on the
postero-inferior border of the large quadrangular tibial sesamoid, which in
turn articulates with the internal end of the tibia and with the internal inferior
side of the tarsus. The astragalus is flattened inferiorly; its upper surface
bears a high postero-external convexity for the support of the fibula, and a
lower, antero-internal concavity for the tibia. The calcaneum is a squarish
depressed bone, and points backward and downward, parallel to the long
axis of the body and at right angles to the pes, which is turned outward.
In Echidna the tuber calcis forms a downwardly pointed hook and the
whole calcaneum is much smaller than the astragalus. The latter has a
very large convex postero-external condyle bearing the fibula and most of
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the tibia, and a shallow antero-internal depression for the internal malleolus
of the tibia. These characters are unique among mammals.

Analysis of skeletal characters. The characters reviewed above may be
classified under the following headings: (1) reptilian characters not pre-
served in higher mammals; (2) reptilian characters preserved also in higher
mammals; (3) characters of doubtful origin; (4) primitive mammalian
characters not definitely known to be of reptilian heritage; (5) specialized or
aberrant characters.

1. Reptilian characters not preserved in higher mammals: Squamoso-
parietal canal; cochlea auris not spirally wound; cervical vertebrae with
true ribs; scapula, with acromial border anterior, prespinous fossa rudimen-
tary; large coracoids and procoracoids, the latter overlapping in the middle
line; T-shaped interclavicle; glenoid fossa of shoulder girdle very near mid
line; long axis of humerus held in a nearly horizontal plane, elbows held
well out from the body; humerus with head elongate anteroposteriorly;
femur (Ornithorhynchus) flattened, head not sharply inclined to shaft,
greater and lesser trochanters very large, subequal; pelvis with small ob-
turator foramen.

2. Reptilian characters, preserved also in varying degree in higher mam-
mals. Septomaxillary retained in embryo Echidna (p. 150); dumb-bell
bone (prevomers) of Ornithorhynchus (cf. foetal Insectivora); mastoid large,
possibly homologous with opisthotic of reptiles; frontals not covering cere-
brum; very large pterygoids (cf. Edentata); occipital condyles with con-
siderable basi-occipital portion; stapes columelliform (cf. Manis); malleus
in ontogeny connected with Meckel's cartilage; 26-27 presacral vertebrae
(cf. 27 in Oudenodon, Broom, 1901, p. 27); humerus with stout ento- and
ectocondyles, entepicondylar foramen and globular capitellum for radius;
phalangeal formula, 2. 3. 3. 3. 3; elements of carpus and tarsus derived from
the plan preserved in mammal-like reptiles (pp. 440, 442); manus and pes
fully plantigrade.

3. Characters possibly reptilian but doubtful. Separate "post frontals,"
developing in the chondrocranium; entocarotid piercing floor of cranium;
optic foramen united with for. lac. anterius; zygomatic portion of squamosal
extending' very far back, the glenoid fossa in Ornithorhynchus even over-
lapping the mastoid and lying external to-the mastoid process. Ribs articu-
lating only with centra; ungual phalanges resembling those in Oudenodon.

4. ' Primitive mammalian characters, not definitely known to be of
reptilian heritage. Chondrocranium unusually solid and massive; frontals
facing forward and upward; median parietal probably homologous with
paired interparietals, mastoid exposed on postero lateral part of brain case
and extending inferiorly into prominent mastoid process; tympanic ring
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semicircular, oblique rather than vertical in position, connected with large
anterior process of malleus; ossicula auditus relatively large; stylomastoid
foramen present; 7 cervical and 19-20 dorso lumbar vertebrae; epipubic
bones (cf. Marsupialia); ilium trihedral, large pectineal tubercle on pelvis;
fibula expanding proximally; heel pointing downward.

5. Specialized or aberrant characters. Among the very numerous fea-
tures belonging under this category are the following: the divergent modi-
fications of the snout in Ornithorhynchus and Echidna; lachrymal absent;
jugal absent (E) or vestigial; hard palate prolonged very far backward,
causing the pterygoids to approach the auditory region; palatine and ptery-
goid entering the floor of the brain case; olfactory opening single (0),
ethmo-turbinals enlarged and extending backward below the olfactory
peduncle (E); malleus and incus firmly connected; no osseous arch above
the external auditory meatus; condylar foramen (in 0) fused with for. lac.
post; single olfactory foramen (0); canals for spinal nerves perforating
neural arch; no epiphyses on presacral vertebrae; ribs with reduced tuber-
cula; sternal ribs fully osseous (by ectostosis); scapula inclined sharply for-
ward; humerus with extreme development of crests; olecranon bifid;
femur (0) pointing almost directly outward; pes (0) pointing outward,
digits II-V curved backward; tarsal spur bone an enlarged tibial sesamoid;
astragalus bearing both tibia and fibula; tuber calcis at right angles with
cuboid.

Many of the peculiar skull characters: such as the very broad condyles
nearly continuous across the basioccipital, the powerful mastoid processes
(which served for the attachment of heavy muscles) may possibly be a result
of primarily fossorial adaptations (p. 161).

CHARACTERS WHICH DEMONSTRATE THAT THE MONOTREMES ARE TRUE
MAMMALS.

The numerous characters cited below (p. 157) which tend to connect the
Monotremes with the Marsupials, reinforce other mammalian characters,
as follows:

(1) Four optic lobes as in Mammals, contrasted with two in lower
vertebrates (Flower, quoted by Beddard, 1907, p. 110).

(2) Jacobson's organ agreeing in its principal features with the mam-
inalian type (Seydel, quoted by Weber, 1904, p. 323).

(3) Alimentary canal showing "no great divergencies from the normal
structure" (Beddard, 1. c., p. 109).

(4) Liver with the usual mammalian subdivisions (Beddard, 1. c., p. 110).
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(5) Diaphragm perfectly normal (Beddard, 1. c., p. 109).
(6) Stylomastoid foramen for exit of facial nerve piercing the mastoid

process inferiorly at its external angle. This foramen is constant in mammals
(Weber, 1904, p. 53).

(7) Seven cervical vertebrae, as in mammals.
(8) 19 or 20 dorso-lumbar vertebrae (O.), as in primitive mammals.
(9) Large pectineal tubercle on pubis, as in many primitive mammals.
(10) Auditory ossicles of adult not differing in essentials from those of

other mammals (Doran, 1879).
(11) Ontogeny of the auditory ossicles also of mammalian type: e. g.,

cartilaginous "Anlage" of malleus continuous with Meckel's cartilage
(Gaupp, 1908).

(12) Tympanic membrane with middle layer, or membrana propria as
in typical mammals (cf. p. 127 above, Denker, 1901).

CHARACTERS SUGGESTING AFFINITY WITH THE MARSUPIALS.

Both'groups possess the following characters in common:
(1) Typical mammalian hairs, formed in identically the same manner

(Spencer and Sweet, 1899) the differences being in detail only (see p. 146).
(2) Acinose and tubular glands.
(3) Milk glands which, while differing from those of Marsupials in

mode of development, are regarded as derivatives of a single type (Weber,
1904, p. 31).

(4) The glandular mammary area in Monotremes is homologized by
Gegenbaur, Ruge and Weber (1904, pp. 31, 34) with the teats of Marsupials,
while the pouch is probably homologous in the two groups.

(5) The cartilages of the larynx are homologous and strikingly similar
in the two groups; the cricoid cartilages in Echidna realize the ancestral
condition of the Marsupials since they remain unconnected dorsally (Weber,
1904, p. 218).

(6) Epipubic bones, preformed in cartilage.
(7) Three auditory ossicles of similar embryonic history. Although in

the Monotremes there are some secondary fusions and modifications, yet
there is a general resemblance between the ossicula in the Monotremes and
Diprotodonts, which is especially noticeable in the similar elongation of
the anterior process of the malleus; (cf. Doran, 1879).

(8) Optic foramen not separated from foramen lacerum anterius
(sphenorbital), a reptilian inheritance (cf. Parker, 1886, p. 271).

(9) In the foetal Marsupials (at least in the Diprotodont genera Tricho-
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surus, Phascolomys and Petrogale and in the Polyprotodonts, Perameles
and Dasyurus) the shoulder girdle passes through a characteristically
Monotreme stage (Broom, 1899). The scapula is inclined somewhat
forward, the large coracoid reaches the sternum, the precoracoid is large
and is pierced by a precoracoid foramen, and the glenoid cavity is elongate
transversely and shared by the acromion. In both groups the acromion
and border of the spina scapulae are homologous with the curved anterior
border of the scapula in Cynognathus (Broom).

(10) While the Marsupials are no longer oviparous, evidence of former
oviparity is seen in the large yolk sack and especially in the retention of a
vestigial shell membrane in the egg of Dasyurus (J. P. Hill, 1908, p. 649).

(11) Both azygos veins persist in many Marsupials and in Echidna
(Beddard, 1907, p. 219).

These and other resemblances outweigh all the differences in skull,
skeleton and soft anatomy and demonstrate that the ancestral lines of the
Marsupials and Monotremes converge into a common source 'Which had al-
ready acquired many essentially mammalian characters.

NATURALNESS OF THE ORDER MONOTREMATA.

The families Ornithorhynchidae and Echidnidae, notwithstanding wide
adaptive divergence form a perfectly natural group. Among the many
divergent adaptations between Echidna and Proechidna on the one hand and
Ornithorhynchus on the other are the following:

(1) Cerebrum well furrowed in Echidna but quite smooth in Ornitho-
rhynchus (Weber, 1904).

(2) Tympanic fossa (roof of tympanic cavity very small in Ornitho-
rhynchus, very large in Echidna.

(3) The differences in the shape and structure of the snout both exter-
nally and internally, and in the fenestrae cribrosee, or olfactory openings
(see p. 151),

(4) The transitory cheek teeth of Ornithorhynchus are multi-cuspidate,
while Echidna has no teeth at all.

(5) Lower jaw extremely reduced in Echidna, but large enough to
crush small mollusc shells in Ornithorhynchus.

(6) Integument more or less spiny in Echidna and Proechidna, but
extremely fine and fur-like in Ornithorhynchus.

(7) Fore feet webbed in Ornithorhynchus, Armadillo-like in Echidna.
(8) The difference in the astragalus (p. 154).
(9) Dorso-lumbar vertebrae: large and powerful in Echidna, but very

weak in Ornithorhynchus.
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If the two genera were extinct and' known only from imperfect skulls
their close relationship might be doubted or unsuspected.

The more significant points of agreement between the two families include
the following:

(1) The fundamental similarities (combined with differences in propor-
tion) in the scapula, coracoid and procoracoid, humerus, radius and ulna,
carpals, pelvis, femur, tibia and fibula, tarsals, and tarsal spur. The
astragalus and calcaneum also present a unique ordinal type (p. 154).

(2) The underlying similarity in the cranium (e. g., chondrocranium
massive, rounded, large median parietals, very small frontals, backward
prolongation of palate, pterygoids and palatines entering into floor of brain
case, jugal vestigial or absent, arrangement of foramina, etc.).

(3) The close similarity in the reproductive system. In this instance,
as in many others, the characters of the girdles, limb-bones, carpals and
tarsals, and reproductive system are more significant of affinity (pp. 110,
111) between adaptively divergent animals than the characters directly
relating to food habits, such as the dentition, jaws, digestive tract, etc.

SUMMARY OF THE GENETIC RELATIONS OF THE MONOTREMES.

The Monotremes resemble the Anomodonts (proper) in the phalangeal
formula and in many characters of the tarsus, humerus and shoulder girdle;
they retain structures in the embryo which have been interpreted as the last
vestiges of scales (p. 145) and the reproductive organs of both sexes exhibit
numerous reptilian characters; so that one is at first tempted to adopt the
hypothesis that they have been derived from some family of Permian or
Triassic reptiles other than that, (or those) which gave rise to the higher
mammals. Upon this hypothesis the numerous characters, which give
the Monotremes their systematic rank as mammals would have to be ex-
plained as parallel developments; and if this were so it would seem rea-
sonable to assume that the mammal-like reptiles which gave rise to the
Monotremes had already begun to acquire the first rudiments of hair, of
the diaphragm of lacteal glands etc. But as to this, there is some indirect
evidence that not even Cynognathus, which was surely more advanced
toward the mammals than were the Anomodonts, had proceeded very far
toward acquiring the distinctly mammalian characters above mentioned.
The hard palate of Cynognathus was limited to the anterior end of the
pharynx. Here then is evidence of a reptilian mode of respiration and
consequently of a relatively unstable body-temperature. But it has already
been shown (p. 147) that the development of both a hairy covering and of
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lacteal glands was probably a by-product of the process which transformed
poecilothermal reptiles into homceothermal mammals. The inference is
that Cynognathus possessed neither rudimentary hairs nor milk glands.
The large size of the pterygoids and the retention of a functional articular
bone indicates a corresponding development of the pterygoid muscles, and
this in conjunction with numerous other reptilian features in the skeleton
(e. g., in the femur, cervicals, pelvis) raises the presumption that reptilian
characters likewise predominated in the rest of the economy. Again it
seems likely that in Cynognathus the auditory ossicles were of the reptilian
type, since the quadrate and articular were still functional as such (p. 118).
Consequently there is little ground for inferring that the Cynodonts had
acquired external ear cartilages like those of mammals (cf. p. 125).

While not in the least incompatible with the hypothesis that the mammal-
like reptiles were remotely ancestral to the Mammalia as a class, these con-
siderations seem unfavorable to the suggestion that they had progressed
very far in the direction of the Monotremes and give added weight to the
long list of characters (p. 156) in which the Monotremes were found to be
typically Mammalian. The adult skull of the Monotreme is very far ad-
vanced beyond any reptilian type in the side, top and palatal aspects. The
development of the skull is thoroughly mammalian (Gaupp) and the sup-
posed reptilian features are of somewhat doubtful significance (p. 155). The
ossicula auditus in the adult state are likewise mammalian, while in their
development they go as far as, but no further than, those of other mammals
in suggesting that the incus and malleus are transformed jaw-elements. The
inference is that the Mammalia are monophyletic rather than diphyletic in
origin; i. e., that the common ancestors of Monotremes, Marsupials and
Placentals were already mammals.

The Monotremata share with the Marsupials many important characters
listed above (p. 157) especially the resemblances in the auditory ossicles,
the possession of epipubic bones, the lack of a separate optic foramen, the
perforation of the sphenoid by the entocarotid artery, the characters of the
larynx, the fundamental characters of the brain (Elliot Smith, 1894), the
tendency for both azygous veins to persist, etc.

Their association with the Marsupials in the Australian fauna is also an
indication of common origin; and at the time when the ancestors of the
Marsupials had a shoulder girdle of the Monotreme type (p. 157) and were
also oviparous (p. 148), the gap between the two groups was evidently far less
than at present.

The Monotreme stock must have begun to. diverge from the Marsupio-
Placental remnant at an exceedingly remote epoch. Not only do they
retain many reptilian characters not found in higher types, notably in the
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reproductive system, shoulder girdle and pelvis, but also they have had time
to acquire so many deep seated peculiarities in the skull that the Monotreme
skull may be set in a class by itself, in contrast to the primitive Marsupio-
Placental type.

The immediate common ancestor of Ornithorhynchus and Echidna may
provisionally be conceived as follows:

In the present cycle of life habits both existing types of Monotremes are
animalivorous, and hence it may be inferred that the common ancestor was
probably insectivorous. The true teeth of Ornithorhynchus indicate that in
the stem form the cheek teeth were short crowned and irregularly cuspidate,
perhaps analogous to those of Myrmecobius, but few in number. Front
teeth were lacking. The snout was rather short, tapering and somewhat
depressed at the end (cf. embryonic Monotremes); the orbito-temporal
fossa was short, the maxillary and squamosal portions of the zygoma were
stout, the jugal (as in Placental Insectivores) was already reduced. The
glenoid fossa of the squamosal was located well back, but not so far as in the
existing genera, the angle of the jaw was inflected (cf. Ornithorhynchus) and
the pterygoid muscles well developed. The hard palate, as in Phlangers,
Edentates and Insectivores; was carried well backward, probably not fene-
strated (cf. p. 220), and the pterygoids were large and flattened; the ethmo-
turbinal complex was well developed, the frontals were small, sloped down-
ward and forward and did not cover the cerebrum; the median parietal was
large, the occiput rounded, the occipital plane slightly inclined forward,
the mastoid exposure large; the broad condyles as in Armadillos may have
been correlated with the habit of digging with the snout; the foramen mag-
num was surmounted by a median vertical opening.

The large odontoid was suturally separate from the axis and ended in a
cylindrical peg which articulated with the basioccipital. The six cervical
ribs were well separated from the centra and the vertebral artery passed
between the head and the tubercle of each; in the dorso-lumbar vertebrae
the spinal nerves notched the base of the neural arches and the epiphyses
were reduced. The dorsolumbars were of nearly uniform size and character
with low neural spines, the neural arches being broad and flat in top view,
with prominent prezygapophyses, which permitted but little lateral move-
ment. The lumbar parapophyses were reduced or absent. There were
about 17 dorsals and perhaps three or four lumbars (p. 152). The primary
sacrum consisted of only one vertebra; the caudal parapophyses were broad
and flat.

The majority of the foregoing characters indicate semi-fossorial and
perhaps partly amphibious habits; and it is also a fair inference from the
existing genera that in the ancestral form the body was stocky, the ribs,
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sternum, and reptilian shoulder girdle heavy, the limbs stout and provided
with powerful muscles, the feet fully plantigrade, armed with heavy claws
and well adapted for both digging and swimming. No trace whatever
of the primary syndactyly, which is retained to some extent even in highly
specialized Marsupials (p. 215) is observed in the pes of Monotremes, nor are
there any evidences of former marked divergence of the pollex and hallex..
The general conclusion is that the Monotremes began to separate from
the mammalian stock before the Marsupials acquired arboreal habits (p. 226).

CHAPTER III. GENETIC RELATIONS OF THE MESOZOIC
ORDERS: PROTODONTA, MULTITUBERCULATA, TRI-

CONODONTA AND TRITUBERCULATA.

Analysis.
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The Protodonta: Dromatherium and Microconodon.

THE PROTODONTA.

In his description of the lower jaws of the American Triassic genera
Dromatherium and Microconodon, Professor Osborn (1907, p. 19) says,
"The chief reason for considering these jaws mammalian is that they are
composed of a single bone, there being no evidence of the separation into
dentary, articular and angular elements, as in the jaws of reptiles."

This reason would doubtless be conclusive if the jaws of Cynodont reptiles
were not known; but comparison (Fig. 6) of the jaws of Dromatherium
(No. 4) and Microconodon (No. 5) with those of Tribolodon (No. 2) and
Diademodon (No. 3) reveals the possibility that small angular and articular
bones may in fact have been present in life but not preserved in the fossil
remains of Dromatherium and Microconodon already discovered. The
condylar process of the dentary in Dromatherium, so far as the cast of the
fossil shows, is prolonged backward more than in Diademodon, and may
well have touched the glenoid region of the squamosal; but its apparently
slender character may indicate that the reduced quadrate-articular-angular
chain still retained part of its old supporting function (cf. pp. 137, 124). The
broad corono condylar portion is similar in type to that of the Cynodont
genera Cynognathus (Fig. 2, B), Trirachodon, Tribolodon and Diademodon.
It has also the same gentle forward and downward sweep.

In Microconodon the incipient development of the angular process of the
dentary is similar in position to, but broader than, that in the reptile Diade-
modon, while the molars are more advanced in form than, but of the same
general type, as those in the reptiles Tribolodon and Cynognathus. Again,
the styliform premolars of Microconodon are rather suggestive of those in
Diademodon (Broom, 1905.4).

So far as the evidence shows, the Protodonta differ from and are more
primitive than all known mammals, first in the low development of the
corono-condylar notch, or sinus, separating the coronoid process from the
condyle posteriorly, secondly in the arrangement of the incisors (in Dro-
matherium), which extend down on the front of the symphysis. On the
other hand, the Protodonta are more progressive than the reptiles in the
division of the fangs of the molars and in the slightly greater backward
prolongation of the condylar process of the dentary. They seem to fore-
shadow in several features the coronoid, mandible and cheek teeth of the
genus Priacodon Marsh from the Como Beds (Upper Jurassic) of Wyoming.

There seems accordingly to be considerable reason for accepting Seeley's
view (1895.4, p. 90) that the Protodonta may be related to the Cynodontia;
but in view of their more progressive characters as compared to the Reptiles,
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and of the lack of evidence for placing them in either of the mammalian
subclasses it seems advisable to treat them provisionally as representing a
transitional group to which the name "Promammalia" of Haeckel may
conveniently be applied.

Definitions.

Class MAMMALIA. Condylar process of dentary articulating with the squamosal.
Quadrato-articular joint with squamosal much reduced
or (usually) absent. Lower molars with at least two incipient
fangs.

Sub-class Promammalia Haeckel. (Hypothetical definition). Quadrato- artic-
ular joint much reduced but still retaining its primary func-
tion in part. Oviparous; integument retaining some scales
mingled with the hairs. (Compare the definition of Proto-
theria, p. 230.)

Order Protodonta Osborn. Dentary the main functional element of the
lower jaw. Corono-condylar region very broad. Corono-
condylar sinus shallow. Lower molars with two incompletely
separated fangs, a single pointed main cusp and small ante-
rior and posterior cusps. Talonid spur incipient. Premolars
styliform.

Family Dromatheriidm.
Genus Tribolodon Seely. No angular process, molars with larger

anterior and posterior cusps, but division of fangs only be-
ginning. (Possibly a Cynodont).

Genus Dromatherium Osborn. Lower incisors three, styliform,
erect, arranged in a decreasing series which descends anteri-
orly upon the symphysis, the upper incisors probably over-
hanging the lower in a similar descending series. Canine
piercing, recurved. P 4, M 6. No angular process. Oppo-
site rami weakly conjoined at symphysis ? P,-p, pro-
cumbent.

Genus Microconodon Osborn. A small angular process, exca-
vated on the internal face as if embracing a separate angular
bone. Molar crowns lower, with anterior and posterior
cusps better developed than in Dromatherium. A well
marked depression between the anterior and posterior fangs.
Symphyseal region stout. Third lower premolar with inci-
pient fangs, premolars erect.

THE ALLOTHERIA, OR MULTITUBERCULATA.

Historical development of the ordinal classification.'

1847. Plieninger describes the single lower molar of Microlestes antiquus
from the Keuper (Upper Trias near Wurttemburg).

1 Compiled chiefly from Palmer's " Index Generum Mammalium.'
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The Allotheria, or Multituberculata

1855. Charlesworth describes a fragmentary lower jaw, Stereognathus,
oiolithicus from the Stonesfield Slate (Middle Jurassic).

1857. Falconer describes the mandible and teeth of Plagiaulax from the
Purbeck (Upper Jurassic).

1864. Dawkins describes the grooved premolar of a relative of Plagiaulax
(Hypsiprymnopsis) from the Rhaetic of Somersetshire, England.

1866. Murray erects for Stereognathus the family Stereognathidae.
1866. Fraas describes a tooth with three rows of cusps from the Rheetic

and proposes the name Triglyphus.
1871. Owen monographs the Mesozoic Mammalia and treats the genera

Microlestes, Plagiaulax, and Stereognathus as a division of the
Diprotodont Marsupials.

1871. Owen proposes the name Bolodon for some upper jaw fragments.
1872. Gill proposes the family name Plagiaulacidse.
1879. Marsh describes some small jaws and teeth (Ctenacodon) from the

Upper Jurassic ("Atlantosaurus Beds") of Wyoming.
1880. Marsh erects the order Allotheria to include "Plagiaulax, the allied

genus Ctenacodon, and possibly one or two other genera."
1881, 1882. Cope describes Ptilodus (1881) and Polymastodon (1882) from

the Basal Eocene of New Mexico.
1882. Cope describes Meniscoessus from the Laramie (Upper Cretaceous)

of Wyoming.
1882. Lemoine describes Neoplagiaulax from the Basal Eocene near

Rheims, France.
1884. Owen describes the front part of a skull with teeth, named Tritylodon

from the Upper Triassic of South Africa.
1884. Cope uses the name "Multituberculata" as a suborder of the

Marsupialia, to include the Tritylodontidae, Polymastodontidee and
Plagiaulacidse.
"Multituberculata" is thus virtually a synonym of Allotheria Marsh.

1884. Cope in his 'Tertiary Vertebrata' gives evidence of the Marsupial
nature of Polym,astodon (Catopsalis).

1887. Cope erects the family Chirogidae.
1888. Osborn revises the group, dividing it into the families Plagiaulacidae,

Bolodontidaw, Tritylodontidae and Polymastodontidte.
1903. Ameghino includes in the group the Patagonian families Polydolo-

pida- Ameghino (1897) and Promysopid&e Ameghino. These
however may prove to be highly modified Caenolestoids (p. 211).

1909. Gidley describes a skull and lower jaws of Ptilodus (all previously
known skull material had been very imperfect), shows that this
genus possesses many characteristically Marsupial features, and
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that the upper dentition of Plagiaulax must have conformed to the
Bolodon type.

Affinities of Tritylodon and Microlestes.

Aside from the American Triassic genera Dromatherium and Micro-
conodon (p. 163), which can scarcely be considered full-fledged mammals
(p. 164), the oldest known mammals are Tritylodon longavus Owen, founded
on the front part of a skull probably from the Lower Jurassic (Broom,
1909.3, p. 289) of South Africa, and the genus Microlestes from the Rhaetic
of Germany and England. Broom (1903) has recently described the jaw
of a small animal (Karoomys), from the Upper Triassic of South Africa,
which may possibly have belonged to a mammal.

Tritylodon was regarded as a mammal by Owen, Osborn and Lydekker
and more recently by Broom, but Seeley (1895.2, pp. 1025-1028) treated it
as a relative of the Gomphodont reptiles. There does not appear to be very
convincing evidence for this allocation. Tritylodon does indeed somewhat
resemble Trirachodon in the top view of the snout. but Owen's figures reveal
no evidence of a postorbito-frontal bar on either side, a character which
might be expected to be present in a supposed relative of Gomphagnathus.
On the other hand the wide post-incisive diastema of Tritylodon appears to
be lacking in the Gomphognaths in which also the opposite molar rows curve
inward and converge anteriorly. In Tritylodon they are straight and parallel.
In the known Gomphognaths the upper cheek teeth consist of transverse
ovals, often with an irregular transverse ridge. In Tritylodon the molars
bear three longitudinal rows of small tubercles, an arrangement known else-
where only in Multituberculates.

Tritylodon is either a Multituberculate or offers a very close convergent
resemblance to that general type. Its resemblances to Multituberculates
are very many in proportion to the total number of known characters. The
upper incisors, judging froni their relative position (which recalls the condi-
tions in Duplicidentate Rodents) and in connection with the Multitubercu-
late pattern of the molars, may well have been of the peculiar prehensile-
incisive type seen in the Upper Jurassic Allodon Marsh. The molars are
somewhat like those of Meniscoessus of the American Upper Cretaceous,
but the small cusps, arranged in three longitudinal rows, are rounded and not
sub-crescentic. The hard palate apparently extends well backward. The
excursion of the mandible was probably from in front upward and some-
what backward but the backward motion could hardly have been as extreme
as in Castor, otherwise the small tubercles would have been worn down level
with the crown. But even a slight backward movement of the mandible
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Tritylodon, Microlestes.

would have been impossible if the articulation had been by way of the quad-
rate and articular. Accordingly Broom concludes (1907, p. 7) that the jaw
worked by means of a mandibulo-squamosal articulation and that therefore
Tritylodon was a mammal.

If Tritylodon is a Multituberculate (and no contradictory evidence
appears at present) then it must go with the Multituberculata into the
Marsupialia. The existence of a highly specialized Marsupial in the Lower
Jurassic (Broom) would indicate a still earlier origin of the Marsupial stem.
At the same time the profile of the Tritylodon skull is rather suggestive of
what may be conceived to have been the ancestral Monotreme type, i. e.,
a long snout, long diastema, small anteriorly placed orbit, narrow frontals,
multicuspid molars. It is also significant that in Ornithorhynchus the
glenoid fossa is extended antero-posteriorly and that the jaw can move
backward and forward to some extent.

Another early Multituberculate is Microlestes (figured by Osborn, 1888,
p. 214), and known from three species founded upon isolated lower teeth
from the Upper Triassic, or Rhaetic, of Germany and England. The
evidence tending to connect Microlestes with the Multituberculates is briefly
as follows:

(1) The Microlestes antiquus molar while more elongate and compressed,
resembles the second lower molar of Plagiaulax minor, a Multituberculate
of the Upper Jurassic, in possessing a high antero-internal cusp on the raised
internal border and a row of small external cusps. In both genera the molars
have a median longitudinal basin and two roots.

(2) The lower molar called "Microlestes" moorei, comes from a forma-
tion from which only one other mammalian fossil is known: viz., the type of
Hypsiprymnop&is rhwticu Dawkins. This is a grooved lower premolar
of Multituberculate type.

The order Multituberculata, being thus already well differentiated in
the Upper Triassic, is known also in the Jurassic of England and the conti-
nent and persisted into the Upper Cretaceous and Basal Eocene of Europe
and North America. Its reported presence in the Eocene of South America
appears somewhat doubtful (p. 211).

Origin of the Multituberculate Molar.

The order Multituberculata had a very long history stretching from the
Upper Triassic into the Basal Eocene, during which it presents several
modifications of a very well defined molar type.

It has been suggested that the Multituberculate molar may have been
derived from the tritubercular type, and certain supposedly analogous cases
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of the evolution of a "basin-shaped" molar out of a degenerate tritubercular
type have been cited (Osborn, 1897, and 1907, pp. 103-105).

The writer at one time accepted this view but further study has not
tended to support the argument. First, the supposedly analogous cases
(loc. cit., p. 80) are shown by examination of photomicrographs I to resemble
the Multituberculate type chiefly in the possession of a more or less depressed
crown with cusps arranged in two anteroposterior rows. But little re-
semblance exists between the molars of any Multituberculate and the molars
of the Rodent Perognathus (1. c., p. 356), of Cercoleptes, of Myrmecobius,
or of certain fruit bats. However the resemblances to Ameghino's Pata-
gonian Eocene genera Propolymastodon and Pliodolops, which may possibly
have been derived from trituberculate forms, are much more striking.

Secondly the Multituberculate molars and premolars retain no direct
evidence of derivation from a tritubercular type, but on the contrary suggest
a totally independent mode of origin, as shown by comparison of the denti-
tion of the Multituberculates Ptilodus and Ctenacodon with the primitive
tritubercular dentition of the Basal Eocene Oxyclaenidie. There is no
similarity whatever in the molars; the upper premolars of Ctenacodon have
it is true three cusps, but the main single cusp is on the external side of the
tooth i. e. the reverse of the condition in Trituberculates.

Thirdly, the Multituberculate molar, appearing in the Upper Triassic
and following its own lines of evolution until the close of the Basal Eocene,
so far as known is a far older type than the tritubercular molar, which is
first known in an undeveloped condition in the Middle and Upper Jurassic
(e. g., Amphitherium) and which ran through its principle evolution in the
Tertiary.

The conclusion indicated is that the theory of trituberculy (which is
most successful in explaining the dental evolution of the more typical mam-
mals) is unnecessarily impaired by endeavoring to make it apply to the
Multituberculata.

There is somewhat better, but still very insufficient evidence for deriving
the Multituberculate type of molar from a generalized triconodont type.
In both these supposedly Marsupial orders, the molar cusps are at least
arranged in an antero-posterior line and the jaw motion was originally
chiefly vertical (see below). In the relatively primitive Multituberculate
Ctenacodon the second molar has four cusps in a fore and aft line and an
external cingulum that might be a development of the one in Triconodon.
In both groups the wearing surface is chiefly on the inner sides of the upper
and on the outer sides of the lower molars. However these resemblances
may not imply close relationship.

1 See Elliot, D. G., Land and Sea Mamm. N. and Mid. Amer. etc., Field Columbian
Museum, Chicago, 1904, pp. 163, 171.
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Multituberculates are Marsupials.

In regard to the Multituberculate dentition it seems to be sometimes
taken for granted that in the Plagiaulacidee the motion of the jaw was much
as in the more highly specialized types of Rodents, namely decidedly antero-
posterior. But the mandibular condyle of Plagiaulax and Ctenacodon is
an elongate oval the long axis of which is strongly inclined to the plane
of the grinding teeth; hence the motion of the mandible must have been
forward and upward and then slightly backward. The large piercing lower
incisors, which probably fitted into prehensile-incisive upper incisors of the
Bolodon type, must have moved principally upward and only slightly back-
ward. The' same conclusion is indicated by the enlarged obliquely-grooved
premolar. Finally even in the more highly specialized. Meniscomss
(Osborn, '1907, fig. 55, p. 106) the well formed small crescents would require
and permit only a small upward and backward pull'of the jaw. Apparently
it is chiefly in Polynastodon that the molar cusps become much worn down
at the tips (Fig. 8).

Marsupial affinities of the Multitubercutlata.

The most important discovery bearing on the genetic relations of the
Multituberculates is that recently made by Gidley (1909) who has described
the skull of Ptilodus (Chirox) as being typically Marsupial in type. Thus
it has the inflected angle of the jaw, the fenestrated palate, the backward
extension of the malar into the glenoid fossa, etc. Gidley also finds that the
upper dentition of Plagiaulax must have been of the type represented by
Bolodon Owen. He concludes that the Multituberculates are Diprotodont
Marsupials.

This conclusion had been reached by Falconer, Owen, Marsh, Cope,
Osborn and Ameghino but the evidence had always remained very incom-
plete. Cope (1882. 2, p. 259), upon the'discovery of the multicusped teeth
of Ornithorhynchuw suggested that the Multituberculates were related to
the Monotremes. 'Confirmatory evidence that the Multituberculates are
Marsupials is offered by remains of Polymastodon ta6ensis in the American
Museum of Natural History (Fig. 8). In this Basal Eocene genus as noted
by Cope in his 'Tertiary Vertebrata,' the angle of the jaw is inflected and
the dental foramen is at the apex of a deep fossa for the external pterygoid
muscle like that occurring in the Diprotodonts. The posterior portion of the
zygomatic arch is deep and extends to the occiput, the malar running well
back to the glenoid region, features seen in both Cynodonts and primitive
Marsupials.

Cope also referred to Polymastodon certain skeletal remains, but
according to Dr. Matthew this association is probably incorrect.
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The Marsupial affinities of the Multituberculates thus seem to be fairly

well settled, but as to their being true Diprotodonts the writer cannot yet

feel certain for the following reasons: (1) because so far as indicated by

Marsh's Allodonfortis the enlarged incisor in Multituberculates is i2, whereas

Fig. 8. Skull and lower jaw of Polymastodon taoen8is Cope. Skull, Amer. Mus. No. 3075,
reconstructed by Dr. W. D. Matthew; lower jaw composition from Amer. Mus. Nos. 968 and

748. X.

in Diprotodonts it seems to be il (cf. Weber, 1904, p. 339, fig. 263); (2)
because the Multituberculates differ greatly from the true Diprotodonts in
the characters of the cheek teeth; (3) because homoplastic resemblances,
especially among related groups, is so frequently shown in the dentition.

THE ORDERS TRICONODONTA AND TRITUBERCULATA.

Historical Development of the Classification.'

1814? Two small fragmentary fossil jaws (later made the types of Amphi-
therium prevostii and Phascolotherium bucklandii) are brought to
Mr. W. J. Broderip from Stonesfield Slate (Middle Jurassic) near

Oxford.
1824. Dr. Buckland announces the discovery of the remains of Mesozoic

mammalia in his paper 'On Megalosaurus.'

1 The early history of the discovery of Mesozoic mammal remains is sketched by Goodrich
(1894, pp. 409-412).

170



Triconodonta and Trituberculata.

Cuvier examines the jaw later named Amphitherium prevostii, notes
its resemblances to Didelphis and also its greater number of teeth.

1818-1842. Controversy in regard to Mesozoic mammals. Buckland,
Prevost, Cuvier contend that the fossils in question are mammalian
and truly Mesozoic. De Blainville takes the opposing view that
they are reptilian.

1838. De Blainville publishes his 'Doutes sur le pr6tendu Didelphe de
Stonesfield,' urging that it showed evidence of a suture on the inner
side of the jaw and inferring that the jaw was composed of more
than one bone as in the Reptilia. This supposed suture was later
taken to be a mylohyoid groove and recently has been shown by
Bensley (1902) to have lodged the Meckelian cartilage.

1838. De Blainville proposes the name Amphitherium prevostii (Didelphis
prevostii Cuvier MS.) in allusion to the supposedly ambiguous
nature of the remains.

1842. Owen finally demonstrates the mammalian nature of the remains and
discovers that the molar teeth in Amphitherium prevostii are of the
type now known as tuberculo-sectorial.

1871. Owen monographs the Mesozoic Mammals and assigns the tri-
tuberculate insectivore-like genera Amblotherium, Peralestes, Achy-
rodon, Peraspalax, Peramus and Stylodon to a division of the
Marsupialia (p. 111).

1879-1880. Marsh discovers Upper Jurassic triconodonts and trituber-
culates in North America and erects for them the order " Pantotheria"
(1880), holding that they cannot be placed satisfactorily in any of
the present orders, although recognizing the resemblances of certain
families to the Insectivores.

1888. Osborn reviews and refigures all these animals and under the Tri-
conodontidee of Marsh he groups the subfamilies Amphilestinve
Osborn, Phascolotheriinae Osborn, and Spalacotheriinme, which he
regards as primitive Marsupials. He includes the Stylacodontidae
and Amblotheriidae in a distinct suborder of the Placentals, the
"Insectivora Primitiva." He also attempts to trace in the orders
Protodonta, Triconodonta and Insectivora Primitiva the -early.
stages of the tritubercular type of molars.

1893. Osborn groups together the Amphitheriidee and Amblotheriidee
[Stylacodontid<e] under the name "Trituberculates" and suggests
that they are the Jurassic representatives of the Eutheria (Placentals).
He compares their tuberculosectorial molars with those of modern
Insectivores and says "they alone [of the Jurassic mammals] exhibit
the typical angular placental jaw" (1893, p. 204).
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1893. Osborn (in Zittel's Palawontologie) substitutes the monomial term
Trituberculata for Insectivora Primitiva and now includes in the
group the families Amphitheriidae, Amblotheriidae and Stylacodonti-
da-. He assigns the Triconodontidae to a new order, the Tricono-
donta.

1894. Goodrich contributes a valuable article, "On the Fossil Mammals
from the Stonesfield Slate" in which he redescribes and gives careful
figures of the types of the species of Amphitherium, Amphitylus,
Amphilestes Phascolotherium.

1907. Osborn (1907, pp. 18-23) further revises the classification and brings
together many new and old figures of specimens.

Special interest of these Mesozoic Orders.

Nearly a century has elapsed since the geologist Broderip received from
the hands of "an ancient stonemason" two small fragmentary jaws from the
Stonesfield Slate which were the means of overthrowing the dogma that
"no mammals occur in the Mesozoic." Notwithstanding the later array of
generic and specific names of Mesozoic mammals, these minute jaws and
teeth still retain some of the ambiguous meaning which was signalized in the
name Amphitherium, inasmuch as they offer suggestions, rather than proof,
of relationship to different groups of mammals.

Yet the few positive facts which they have yielded, when viewed against
the general background of palaoiltological knowledge, appear as important
landmarks in mammalian history. Standing in geological time between the
partly-known reptilian ancestors of the mammals and the better known fauna
of the Tertiary, these Mesozoic orders include certain members which so
far as the scanty evidence indicates were also more or less intermediate
in structure. In certain features they retain reminiscences of more ancient
types, in others they foreshadow the Polyprotodont Marsupials and Insecti-
vores of a later period.

THE TRICONODONTA.

The Triconodonts as described by Owen, Osborn and Marsh are known
from the Stonefield Slate and Middle Purbeck (Middle and Upper Jurassic
respectively) of England and from Marsh's "Atlantosaurus Beds" (Morri-
son formation) of Wyoming. The order as defined by Osborn (1907, pp.
21-22) includes the genera Amphilestes, Phascolotherium, Triconodon, Pria-
codon, Tinodon, Spalacotherium, Menacodon and Peralestes, all known chiefly

172



from mandibular rami with teeth. Upper teeth are known only in Tricono-
don and Peralestes.

Naturalness of the Group.

The question whether the order as thus defined includes any extraneous
elements or is a truly natural assemblage seems to be answered as follows:
The oldest genera Amphilestes and Phascolotherium from the Stonesfield
Slate present the triconodont type of molar in a low stage, reminiscent in
some features of the Upper Triassic Microconodon (p. 164). There is a
strong internal cingulum which rises opposite the main middle cusp. In
Triconodon and Priacodon of the Upper Jurassic the anterior and posterior
cusps have become subequal with the main middle cusp. The coronoid,
known in Triconodon and Phascolotherium, is very broad, the condyle
sessile and confluent with the inflected angular border. Aside from the
progressive development of the anterior and posterior cusps in the molars
the chief differences between the genera lie in the dental formulas:

Amphilestes: 1.1, C.I, P-., M.5 (Goodrich).
Triconodon: I?1, C.J, P.4, M.4o, (Osborn).
Phascolotherium: I.4, C.,, P., M.g (Osborn, Goodrich).

So far as the published evidence goes the ordinal association at least of
Amphilestes, Phascolotherium, Triconodon and Priacodon seems to be war-
ranted.

To judge from figures and descriptions Menacodon Marsh is also a related
genus. Its dental formula is I.?, C.,, PRg, M.4 (Osborn). Its premolars
resemble those of Priacodon (?Triconodon) in certain significant details;
the internal basal cingulum is present and the central cusp of the molars is
larger and higher than the anterior cusps. But these are now somewhat
internal to the main central cusps so that in the last molar the three cusps
are arranged in a triangle with sharp pricking points, the whole resembling
the molar type seen in Spalacotherium tricuspidens Owen. The ramus in
Menacodon is slender (more so than in Amphilestes) and the angle seems to
have been inflected. Spalacotherium as described by Owen and by Osborn,
resembles Triconodon in the canines and incisors and Amphilestes in the
premolars. In the lower molars the paraconid and metaconid are internal
to the protoconid and spring outward much as in Menacodon. The basal
cingulum is very broad and shelf-like. The angle was inflected, the condyle
confluent with the angle, and the coronoid rose very abruptly but was not
so broad as in Tinodon. The lower molars of Spalacotherium agree with
those of other Triconodonts and contrast with those of Trituberculates in
many points as shown below:
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Molar characters seen in Spalaco-
therium and the remaining Triconodonta.

Metaconid postero-internal springing
obliquely inward and backward from
internal base of the protocone.

Paraconid and metaconid sub-equal;
tips on same level.
A strong internal cingulum rising

into a centro-internal prominence.
No talonid on the cheek teeth.

Characters believed to be universal in
the Trituberculata.

Metaconid centro-internal directly in-
ternal to protoconid and usually con-
nected with it by a prominent transverse
ridge.

Paraconid smaller than metaconid;
tip on level lower than that of metaconid.

Internal cingulum absent (or possibly
grown up into paraconid and metaconid).

Talonid on molars seemingly always
present, at least on inner side.

Accordingly there seems to be considerable evidence in favor of Osborn's
view (1888, p. 230) that Spalacotherium belongs with the Triconodonta
and not with the Trituberculata.

Peralestes probably not a member of the Triconodonta.

The next important question is: What are the affinities of the upper teeth
called Peralestes? Were they "probably associated with lower molars of
the type seen in Spalacotherium" (Osborn, 1907, p. 25, fig. 11), or was
Peralestes "obviously related to Peraspalax" (Osborn, 1888, p. 206) ?

m ~ ~ ~ °en

6 A p ',d I Btat-p'mle-fos.

Fig. 9. Cheek teeth of Peralestes longirostris.
A. Upper teeth after Osborn; lower teeth hypothetically reconstructed, showing talonid

for the reception of the high protocone and anterior fossa for the reception of the metacone
(compare Didelphis). The tip of the protoconid is hidden. External view, much enlarged.

B. Internal view of a lower molar hypothetically reconstructed, showing high protoconid,
asymmetrical arrangement of trigonid, low talonid. The protoconid as represented may be too
high. In A the talonid may be too large.

A careful study of the descriptions and figures of the Peralestes teeth
seems to enable one to interpret and harmonize the apparent differences
in the drawings given by Owen (1871, pl. i) and Osborn (1888, pl. viii,
fig. 8; 1907, p. 26, fig. 12 ').

1 The diagram of the Peralestes molar on page 43 of the work cited does not agree with
Osborn's detailed drawings and descriptions and represents the Peralestes tooth as almost typi-
cally tritubercular.
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The Molar Teeth of Peralestes.

As shown in oblique upper side view (Osborn, 1907, p. 26; this work,
Fig. 9, A) the molar of Peralestes may conveniently be conceived as a modi-
fication of the Didelphis molar type. It is much narrower transversely,
the protocone is very high and curved externally, and the large metacone
occupies the postero-external slope of the protocone. The metastyle shear
is not so sharp as in Didelphis and there are no small external cingular cusps.
The anterior edge of the protocone in the type has been worn by a lower
tooth (Osborn).

The resemblance to a reversed Spalacotherium type (Osborn) consists
chiefly in the fact that the protocone is flanked by two smaller cusps which
are in turn guarded by a heavy basal cingulum. But these resemblances
are not sufficient to indicate that the Spalacotherium molars fitted into the
Peralestes molars. The distorted triangular contour of the Peralestes upper
teeth and the asymmetrical interspaces would seem ill adapted to receive
the symmetrical triangular contours of the Spalacotherium lower teeth.
From a study of the relations of the known upper teeth of Peralestes and a
comparison with those of its nearest analogue Didelphis, we should be led
to expect the following characters in the Peralestes lower molars, which are
represented in the accompanying hypothetical reconstruction (Fig. 9A):

(1) An asymmetrical arrangement of the cusps of the trigonid.
(2) Protoconid very high, recurved posteriorly.
(3) Protoconid in horizontal section wedge-shaped, the protoconid-

paraconid shear running obliquely forward and downward, the protoconid-
metaconid shear directly inward.

(4) The very large metacone in Peralestes is even further internal than
in Didelphis and must therefore have fitted into the space immediately in
front of the trigonid and behind the talonid of the preceding molar. The
metacone may have been received into a distinct fossa on the antero-external
base of the protoconid, as in Didelphis and Didelphops.

(5) Talonid very low, for reception of high protocone above, concave
superiorly.

If this interpretation be at all correct then the lower molars of Peralestes
were obviously very different from those of Spalacotherium and the removal
of Peralestes from the order Triconodonta seems advisable.

Where then are the allies of Peralestes to be sought?
Some of the characters predicated above of the lower teeth of Peralestes

are realized in Peramus tenuirostris (Osborn, 1907, p. 27, fig. 16), e. g., the
oblique protoconid-paraconid shear, and low upwardly-curved talonid.
But Peralestes cannot belong directly with Peramus on account of the differ-
ent number of molars. Leptocladus dubius (Osborn, 1907, pp. 28-29) agrees
with our hypothetical lower dentition in its recurved protocones and six
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molars but the protoconid-paraconid shear is not oblique. Peraspalax,
which Osborn originally suggested might go with Peralestes (1888, p. 206)
has the desired oblique protoconid-paraconid shear but the molar heels
appear to be too small.

The foregoing considerations seem to indicate that Peralestes is related
to Peramus, Leptocladus and Peraspalax and is not a member of the Tri-
conodonta but of the Trituberculata as defined by Osborn (1907, pp. 22-23).

To return to the question as to the probable characters of the upper
teeth of Spalacotherium, in view of the symmetrical relations of the upper
and lower cusps in Triconodon, and of the mechanical conditions implied
in Spalacotherium, it seems quite probable that the upper teeth of the latter
genus (and of Menacodon as well) consisted of a symmetrical triad of sharp
cusps and that the upper and lower teeth in opposition nearly fulfilled the
characters of "reversed cutting triangles" (Osborn).

Relations of the Trituberculata to the Triconodonta.

After the exclusion of Peralestes we have to enquire in what manner are
the Triconodonts related to the Trituberculates?

The dental formula of Amphilestes, I.4, C.I, P.4, M.7 (Osborn), is like
that of typical Trituberculates. As far back as the Upper Triassic this
formula was closely approximated by that of the Cynodont Diademodon
mastacus (P.1, M.B, Broom, 1905.4) so that it may well be a primitive
character inherited by Triconodonts and Trituberculates. Another char-
acter foreshadowed in Diademodon and seen in both Triconodonts and
Trituberculates is the sharp differentiation of the premolars from the molars.
In both orders also Pi to p4 increase rapidly in size, p4 being a high-pointed
tooth much higher than mi.

These characters scarcely seem sufficient to point to anything more than
the remote common origin of the orders as here accepted:

The Triconodonta retain some very ancient characters besides those
mentioned above under the dentition. The angle of the lower border of the
jaw is inflected as in recent Marsupials. In Triconodon also the fourth
deciduous premolars alone was replaced by a successor (Osborn). The
coronoid is very broad, the condyle sessile (Fig. 6, no. 7). The latter looks
backward rather than upward and implies a glenoid-squamosal region ex-
tending down below the level of the teeth as in Cynodonts. The groove on
the inner side of the jaw for the Meckelian cartilage (Bensley) is pronounced.



The Triconodonta, the Trituberculata.

Conclusions. The Triconodonta and their bearing on the origin of the mam-
malian molar.

(1) The order Triconodonta, after the exclusion of Peralestes, is prob-
ably a natural group, allied to the Marsupials and ordinally distinct from the
Trituberculata (as here understood), but inheriting in common with that
group several characters (e. g., dental formula, distinction between premolars
and molars, p4 higher than mi) that may run back even to the Cynodont
reptiles.

(2) Nothing is known unfavorable to Osborn's hypothesis that the
triconodont molar type was derived from the Protodont type.

(3) The hypothesis of the origin of the triangular pattern of the molars
by rotation of the cusps is supported by such evidence as there is only when
strictly limited to the Triconodonta.

(4) The upper teeth of Peralestes (p. 174) belong more probably to the
Trituberculata, and their presumed connection with the lower molar teeth of
Spalacotherium is discredited (p. 175); hence the only cited evidence of
morphological-and genetic transition from the triconodont to the tritubercular
type seems to fail at the critical point.

THE TRITUBERCULATA (PANTOTHERIA IN PART).

The order Trituberculata as defined by Osborn (1907, pp. 22-24) in-
cludes the families Amphitheriidee, and Amblotheriidae (Stylacodontidee),
Paurodontidae and doubtfully the Dicrocynodontidse. To this assemblage
Peralestes should probably be added (p. 174). Amphitherium and Amphi-
tylus both come from the Stonesfield Slate (Middle Jurassic), the other
genera date from the Upper Jurassic (or possibly Lower Cretaceous) i. e.,
from the Purbeck of England and Morrison of Wyoming. Most of the
genera are founded on lower jaws with teeth; upper teeth are known only
in Dicrocynodon, Kurtodon, Dryolestes and Peralestes.

Generalized characters retained amrong Trituberculates.

The order is of especial interest because it appears to be remotely related
on the one hand to the Metatherian order Triconodonta and on the other
hand to the common stem of the more generalized Placental orders Insec-
tivora and Creodonta. The Trituberculata present so many analogies in
the dentition to the Insectivora that certain families were at first named
Insectivora Primitiva by Osborn (188$, p. 247); but without further evi-
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dence from other parts of the skeleton such resemblances. in dentition can
not be trusted as sufficient evidence of close affinity (p. 108).

Different members of the order inherit certain characters from very
remote possibly unknown prototherian or even Cynodont ancestors, as
follows:

(1) The sharp differentiation of premolars from molars (compare the
Cynodont Diademodon mastacus 'Broom, 1905.4, pl. x). Marsh gave the
character "premolars and molars imperfectly differentiated" as diagnostic
of the order Pantotheria but Osborn found (1888, p. 257, footnote) that
the premolars and molars were well differentiated in all the specimens
examined by him.

-(2) Pm4, a large pointed tooth projecting much above the level,of m1.
This character seems to be quite' typical.

(3) Dental formula typically I.4, C.I, P.1, M.g ,. -.This formula may
have given rise by reduction to those of both Marsupials and Placentals.
It was already approximated 'in Cynodont reptiles (cf. I. , GCj P + M?
in ilurosuchus (Broom, 1906.2, pl. x) and I.-, C.-, P.1, M.7 in Diademodon
(Broom, 1905.4, pl. x).

(4) Canine often bifanged, more or less premolariform.
(5) Incisors chiefly lateral in position, chin very long and slender,

opposite rami weakly attached at the symphysis.
(6) Coronoid sometimes very broad, e. g., Amp7iitherium, but occa-

sionally narrower, e. g., Amblotherium.
(7) Condyle, although often higher than in Triconodonts, still near

the level of the cheek teeth and looking more backward than upward. This
implies a descending glenoid region and together with the long mandible
also implies that the basifacial axis was not bent downward.

(8) Corono condylar sinus not deep.
(9) Angle often a small apophysis but more advanced than in Dia-

demodon. Angle sometimes partly inflected (Amphitherium prevostii).
(10) "Cerebral hemispheres smooth" Marsh.' Cerebrum probably

confined chiefly to the parietal segment; basioccipital segment probably
very short; rhinencephalon probably large.

(11) The foregoing characters taken in connection with the tuberculo-
sectorial lower molars, indicate a type of skull in the more generalized forms
(Amphitherium) which would resemble that of the smallest Didelphids
(Marmosa puilla, Peramys) in many characters.

To these characters, inherited from very remote ancestors, it is probable
that we should add two others hitherto taken to be a sign of specialization,
namely:

1 This character is said to be indicated in one of Marsh's specimens (Osborn, 1888, p. 257).
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(1) Upper molars (in Dryolestes) very wide transversely,. short antero-
posteriorly and not really triangular.

(2) Lower molars. (except in Dicrocynodon) short antero-posteriorly
as compared with those of higher mammals, with an asymmetrical trigonid
and an incipient protolophid.

Importance of Amphitherium.

Its primitive characters. The most generalized member of the order and
one which probably possessed all the characters' listed above is the famous
genus Amphitherium, whiph so.far as its mandibular and dental characters
indicate might, represent the common stock of, the later Polyprotodont
Marsupials, and Placental Insectivores and Creodonts.

Two great facts about Amphitherium are first, that it is a very primitive
Middle Jurassic mammal in which the tuberculo-sectorial type of lower
molar is seen, in a generalized condition and secondly that from the general
similarity of its lower molars to those of Didelphis and many other mammals
with tuberculosectorial. lower molars we can infer with great probability
that the upper molars will also be found to be of a generalized "tritubercular"
type. Amphitherium, then, occupies a most important. plafe-in mammalian
phylogeny in general, and in the Theory of Trituberculy in particular.

Lower teeth of Amphitherium not derived from the Triconodont type.
The cheek teeth of Amphitherium prevostii Blainville as described very
carefully by Goodrich (1894, pp. 414-415), offer so good a comparison with
those of Didelphis that .Cuvier described the jaw of Amphitherium as "celle
d'un petit carnassier dont les macheliDres resemblent beaucoup A celles des
Sarigues, mais.il y a dix dents en s6rie, nombre que ne montre aucun car-
nassier connu" (quoted by Goodrich, 1. c., p. 410). They are more primitive
than those of Didelphis in several respects:

(1) The number of true molars is greater (as six is to four) and the
individual teeth are relatively smaller; there appear also to be five premolars
(Goodrich, Osborn).

(2) The protoconids are higher, and the. para-, meta- and entoconids
lower, the talonids much smaller; the latter fact implies a high protocone
(pp. 175, 180).

Amphitheriurm agrees with Didelphi8, with the other Trituberculates and
with primitive mammals generally in the fact that the trigonid is not sym-
metrical, the metaconid being almost directly internal to the protoconid.
This important fact seems to have been neglected hitherto in the develop-
ment of the theory of Trituberculy (p. 187). The paraconid, metaconid and
entoconid are. also in the same antero-posterior line and when compared

179



Bulletin American Museum of Natural History. [Vol. XXVII,

with the conditions in Paraspalax and Paurodon (Osborn, 1907, p. 29) give
the appearance of having been an upgrowth of an internal basal cingulum,
which is otherwise not patently represented. None of these peculiar features
are foreshadowed in any degree in Spalacotherium (p. 174) in which the
cutting trigon is symmetrical, the thorn-like paraconid and metaconid diverge
outward and upward and are not continuous with the strong internal basal
cingulum, and in which there is no suggestion of a heel. Consequently
there seems little evidence for the view (see also Peralestes, p. 174) that the
tuberculo-sectorial molar type (as represented in Amphitherium) has been
derived from the generalized triconodont type by way of the Spalacotherium
type. On the contrary some evidence will be presented (p. 185) that the
tuberculo-sectorial type has been evolved in an entirely different manner.

Probable characters of the upper molars. The next inquiry is to what
extent the characters of the unknown upper molars

pia me Mts of Amphitherium may be inferred from the charac-
ters of the known lower molars. The views de-

i~. veloped below are illustrated by the accompanying
ps.- hypothetical reconstruction of an upper molar of

Amphitherium (Fig. 10).
fi%-ml. From the greater number of lower teeth and

their relatively short anteroposterior diameters it
Pr|g|p is practically certain that the upper teeth, as com-

\ -- ing re. pared with those of Didelphis, were relatively
S--Izng. shorter antero-posteriorly and broader trans-

Fig. 10. Hypothetical re- versely, and in so far approached the Dryolestes
constructon hhan upper pety (Fig. 12, B). The talonid as in Dryolestes ismolar of Amphitherium pre- pe(igy2
vo8tii. Greatly enlarged. much lower than in Didelphis. and this very likely

implies that its complement, the protocone, was
relatively high. It might be thought that a low talonid would rather imply
a small shelf-like internal cusp, or "protocone," as it does in the premolars
of Tertiary mammals but this was not the case in Dryolestes and other
Jurassic genera (cf. Fig. 12, B). The protocone of Didelphis acts not only
as a pestle to the mortar-like talonid but also as a check which (together with
the metacone) prevents the protoconid from piercing the roof of the mouth.
If, in Amphitherium the low talonid had been opposed by a very low proto-
cone in the upper molar the two molars could not have come in contact,
because the protoconid was high. In Amphitherium the protocone must
have been higher than in Didelphis and about as high as in Dryolestes.

The interspaces between successive protocones in Amphitherium were
doubtless occupied when the jaws were closed by the paraconid and meta-
conid of the lower molars. These cusps did not oppose anything in the
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upper teeth but as in all primitive tuberculosectorial dentitions served
chiefly to pierce and hold the small living prey.

The posterior borders of the upper molars were probably more directly
transverse and less oblique than in Didelphi8; because the short talonid
would not leave room for an oblique posterior shear; consequently the
metastyle shear in the upper molars must have been less prominent than in
Didelphis. Unfortunately it is not certain that the antero-external face of
the trigonid lacked the deep fossa for the metacone (Bensley's "anterior
cingulum") which is so characteristic of Didelphis and its allies; but at any
rate it seems reasonable to infer that the metacone in Amphitherium was not
set so far internally as it is in Didelphis and was not greatly enlarged and
sharply V-shaped on its internal'surface. From the inferred anteroposterior
shortness of the upper molar, and from the general resemblance of the
lower molar of Amphitherium to the lower molar of Dryolestes it also seems
reasonable to infer that, as in the upper molar of Dryolestes, the metacone
was smaller than the paracone and like it rounded rather than V-shaped.
As to the character of the outer or overhanging part of the upper molars,
the lower molars afford no direct inference; but the conditions in Peralestes,
Dryolestes and Didelphops indicate the presence of a parastyle, a metastyle
and perhaps of an external cingulum indented at its mid-point.

Summing up these inferential characters of the upper molars of Amphi-
therium we get a very primitive tritubercular molar of the same general type
as that in Dryolestes, as figured by Osborn (1907, p. 27, fig. 14) and by
Gidley (1906, pl. v, fig. 2 1): namely a slightly asymmetrical triangle, shorter
on its anterior leg and very broad transversely; antero-posterior diameter
perhaps somewhat greater than in Dryolestes, a high protocone, a large
paracone directly external to the protocone, a smaller metacone, a parastyle,
an external cingulum indented at its middle point, and perhaps a small
metastyle (Fig. 10). Whether the paracone and metacone were crescentic
externally we have no means of knowing, but the rounded character of these
cusps in related genera does not favor the assumption.

ORIGIN OF THE TRITUBERCULAR MOLAR TYPE.

The existence of Jurassic Therians with very generalized tuberculo-
sectorial lower, and tritubercular upper, molars raises the problem of the
mode or modes in which this highly effective molar type has been derived.

It has been argued above that the " Cusp-rotation" theory, while possibly
valid for the Triconodonta (p. 177), remains entirely unproven for the Tri-

1 Gidley's figure is also given in Osborn, 1907, p. 218, No. 2.
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tuberculata. It is not necessary to rehearse any of the opposing arguments
which have been discussed in Osborn's 'Evolution of the Mammalian
Molar Teeth' (pp. 7, 8, 33, 227); but it nevertheless seems advisable to
develop here some new criticisms against various old views, to endeavor to
reconcile conflicting evidence and to strive for a new synthetic view of the
evolution of' the molar teeth in the Theria.

The "Premolar" Analogy Theory.

One great line of argument against the theory of Trituberculy is known
as the "Premolar Analogy Theory" (Osborn, 1907, pp. 215-X219).

The transformation 'of the premolars into molariform types among the
Tertiary mammals has been described by Scott (1892, pp. 405-444)'. Huxley,
and later Wortman (1902, pp. 93-98, 1903, pp. 365-368), concluded that
the premolars indicate in their transformation the precise steps by which the
molars had attained the tritubercular type.

Wortman (1902, p. 94) figures two genera of Eocene Creodonts, bissacus
and Mesonyx, the first being perhaps a collateral ancestor of 'the other, in
whichlithere is every appearance of a progressive transformation of the
molars after the samne manner as the premolars. He concludes (1. c., p. 97)
that it is "so inherently improbable that in the matter of cusp development
the premolars have had one history and the molars' another, that the evidence
would require to be of the most direct and positive kind even to place sich a
proposition on the ground of reasonable probability."

Several considerations however appear, to indicate that this argument
should not be accepted without reservation. First, "inherent improbabili-
ties" have at times become demonstrated facts 'in science. The principle
of convergent and parallel evolution between entire organisms is ndw so well
known that the "'inherent improbability" of convergence or parallelism
between closely related structures, such as' premolars -and molars 'may not be
taken for granted.

Secondly, the sharp differentiation of premolars from molars is usual if
not universal not only in Basal Eocene and Jurassic Therians (Osborn,
1904, p. 322) but was present in some forms as far back as the Upper Triassic
(Diademodon, Dromatherium, Microconodon). In the most pripaitive
Pplyprotodont Marsupials and in the Jurassic Trituberculata pt, being
simple conical teeth, are wholly unlike m. i. In the Basal and Lower Eocene
Creodonts, Insectivores, "Primates" (Indrodon), Ganodonts, Condylarths,
Amblypods, etc., p4 is at first a bicuspid tooth and later becomes more
molariform.

Thirdly while the molarization of the premolars is well established, the
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presumed evolution of the true molars from a premolariform type must have
taken place during the Mesozoic, -since the early stages of the process are
never obser.ved, in the Tertiary. But no Cretaceous or Jurassic forms
have been discovered in which the upper molars show the one. essential
feature of the presumed premolariform mode of complication, namely:
"protocone." represented by a small basal ledge springing from the internal
side of the itooth. Owing to the scarcity of the upper teeth of Mesozoic
mammals this of course is not conclusive; but certainly in the only Jurassic
Trituberculates in which the upper teeth are known, namely Peralestes,
Kiirtodon and Dryolestes, the supposed protocone is the largest cusp on
the crown. This argument has already been advanced in outline by Osborn
(1904, pp. 321-323) but he omitted a very important link, namely a demon-
stration; that the.high internal cusp in those genera was truly homologous
with. the protocone of "normal" trituber.cular types.

This link has been partly supplied.in the preceding -discussion (pp.' 174,
180) of the teeth of Peralestes and Amphitherium, in which it is shown that
the internal cusp probably fitted into. the talonid and therefore functioned
like the protocone of Creodonts and all other typically tritubercular mammals
Gidley (1906,' p. 96, quoted in Osborn, 1907; p. 220) has supplied evidence
for the same view in the case of Dryolestes. Being, however, an adherent
of the "premolar analogy theory" Mr. Gidley sees in the protocone merely
a greatly hypertrophied "heel." In Dryoleastes he says "the specialization
has apparently been centralized in the development of the high, narrow,
heel-like cusp, and its supporting fang 'on the inner side of the molar." He
applies also the same idea to DicrocynQdon. The outer parts. of the crown
of both Dryolestes and Dicrocynodon he regards. as homologous with the three
cones and two fangs of Triconodon; but of the inner portion of the crown of
Dicrocynodon (l. c. fig. 207). he says "on the internal- side a large secondary
cusp has been developed .differing widely in character from that of Dryolestes.
This cusp is a laterally; compressed cone supported by- tbo rudimentary
fangs and is joined,to the outer portion of the tooth by.a high, wedge-shaped
ridge."' .

Now this large internal cusp in Dicrocynodon presumably fitted into the
basin-like talonid of the lower molar and therefore functioned. like a normal
protocone and like the protocone of Dryolestes. Why, therefore, should the
great difference in the shape of the protocone in the two genera and the
division of the, supporting' fang in Dicrocynodon imply that the protocone
itself is a neomorph?
A most valuable part of Mr..:Gidley's paper is that he has emphasized

the fact that the protocone of the upper tooth always fits into the talonid of
the lower (cf. Fig. 13). Because the talonid of the premnolars of many
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Tertiary families is at first -small, like the internal shelf-like "deuterocone"
of the upper premolars, and because the two develop together pari passu so
that the deuterocone finally develops into a cusp resembling the protocone
of the molars, Gidley seems to conclude that the same is true of the mbolars
of Jurassic mammals.

According to this a very low and small talonid ought to imply a small
protocone; but as shown below in the Jurassic Trituberculates a high pointed
protocone of the type seen in Dryolestes was probably received into a low
small talonid; and instead of the protocone being a "heel" evoked as in
the premolars by the preexistence of the talonid, the reverse has probably
been the case. The peculiar recurved protoconid and small concave talonid
of Peramus and Leptocladus (Osborn, 1907, p. 28, fig. 18), on this hypothesis
imply the existence of a high protocone. The high large protocone of
Peralestes was (it has been argued above, p. 174) received into a low talonid,
while the small talonid of Amphitherium (p. 180) seems to require a large
protocone. In short, the theory that the protocone is of more recent origin
than the paracone and has been called into existence as a "heel," pari passu
with the development of the talonid below is not favored by the present
interpretation of the evidence furnished by the Jurassic Trituberculata.

The Theory of Trituberculy correct in its basal postulate, the originally re-
versed relations of trigon and trigonid.

The well known plasticity of the dentition in mammals and the frequency
of convergent evolution raises an a priori presumption that the tritubercular
type has arisen more than once in mammalian history; and it is indeed
possible that the so called protocone is not always strictly homologous
throughout the mammalia; while even among Jurassic mammals the more
or less triangular upper molars of Peralestes and Dryolestes may have attained
their observed features by two different roads of development. But this
does not imply that the celebrated theory of trituberculy has been entirely
disproven by its numerous critics. Stripped of all non-essentials and inter-
preted in a new manner the fundamental thesis of the Theory of Trituberculy
may still be correct: namely, that the trigon above and the trigonid below are
morphologically reversed structures, and that all the accessory parts are the
offspring of a main "protocone," the tip of which lies on the inner side of the
upper, and on the outer side of the lower, molars. The writer therefore
ventures to put forth into the already crowded field still another hypothesis,
which may at least help to make clear some mechanical principles that will
be of some assistance later on in this work.
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Mechanics of molar evolution in the Jurassic.

The molars of Peralestes (Fig. 9, p. 174) seem not to have been derived
from the Spalacotherium or Triconodont type with symmetrical trigon.
The upper molars of the, remote ancestors of the Trituberculata as repre-
sented by both Dryolestes and Peralestes may on the contrary be conceived
as follows (Fig. 11): The molars were small and many in number (more
than six). The transverse diameter of each
crown was relatively great, the crown was
much narrower on the inner side, and hence
roughly cuneiform in cross section; the
narrower internal side culminated in a high
rounded tip, the protocone. Each tooth was
supported on two large roots, an internal
and an external one. The teeth were well
spaced.

The lower molars alternated with the
upper but were much smaller, they were
also slightly compressed in cross section at
the base and were supported on a com-
pressed root which had already become
constricted in the middle. Each roughly
pyramidal protoconid was sub-triangular in
cross section, the rounded apex of the
triangle being external. When the jaws
engaged with each other the protoconid of
each lower molar fitted into the space
immediately in front of the protocone of the
corresponding upper molar. The tip of the
protoconid was slightly external (buccal) to
the tip of the protocone (Fig. 11) but
internal (lingual) to the broad external base
of the protocone, the site of the future para-
style and external cingulum.

Here are all the essential conditions for
a future tritubercular dentition, without

B

A tal.- en.@A
Fig. 11. Hypothetical recon-

struction of the upper and lower
molars in the ancestors of the Tri-
tuberculata.

A. Internal view showing para-
conid (pa.d) metaconid, (me.d) ento-
conid (en.d) growing up from the
internal cingulum; protoconid (pr.d)
pyramidal, talonid (tal.d) receiving
tip of large protocone (pr.) of upper
molars. Right side.

B. Projection of upper on lower
molars. Protoconids and metal-
ophids fitting between protocones;
paracone (pa) centro-external, inci-
pient.

any migration of cusps, and with the upper and lower main cusps located
in exactly the same positions with respect to the inner and outer sides of the
tooth and to each other which they occupy in typical tritubercular types.

The talonid on the lower molar was initiated through the circumstance
that each lower molar, being pulled from behind, upward and forward,

1851910.]



Bulletin American Museum of Natural History. [Vol. XXVII,

was struck on the posterior basal side by the protocone of the corresponding
upper molar (Fig. 11).' The anterior external face of the protoconid sheared
past the posterior side of the upper tooth, and since both protocone and
protoconid were wedge-shaped, the relation of reversed cutting triangles,
which is so indirectly effected under the Tritubercular theory, may have been
established at a very early period in the evolution of the tritubercular denti-
tion.

How on this hypothesis did the trigonid arise? Possibly in response to
the lateral movement of the posterior .part of. the lower jaw (p. 119) a heavy
basal cingulum appeared on the outer side of the upper, on the inner side of
the lower, molars. This cingulum in the lower molars rose into an anterior
prominence, the future paraconid, a median- prominence, the metaconid,
and a postero-internal prominence, the entoconid.2 Trhe small paraconid
and metaconid were lingual to the line of the upper.protocones. and did not
oppose any cusps, but merely aided in holding the food in place for the
piercing-crushing action of the protocone and protoconid. We now have a
lower molar only a little simpler than that of Paurodon, as figured by Gidley
(1906, pl. v, fig. 5), or of Peraspalax as figured by,Osborn (1888, fig. 10, No.
9)..

The paracone and''metacone sprang up in situ on the, anterior and .poste-
rior external' slopes, respectively, of. the protocone. In Peralestes the meta-
cone, being relatively very far internal, may have assisted in holding the
food for the protoconid of the succeeding lower molar,which was immediately
posterior and internal to it.

Thus the trigon above and -the trigonid below,, although. having the
reversed relations postulated in the Theory of Trituberculy, have probably
not arisen in accordance with that theory:. the paraconid and metaconid
below may be upgrowths of the internaltcingulumn, the paracone and meta-
cone, above may have grown up. from the slopes of.the protocone, in situ,
and well within the line of the parastyle and external.c.ingulum.

The conditions. in Dryolestes are foreshadowed to some extent in the
Upper Triassic Diademodon (Fig. 12, A) in the following respects:.

(1) In lViademodcn the small lower molars fit. between the, upper molars,
the anterior half of the lower molar engaging the posterior half of the pre-
ceding upper molar, the posterior half.of the lower molar, engaging the
anterior half of the corresponding upper molar, after the manner. of a talonid
(Broomj,1905.4)..

1 This hypothesis does not assume that acquired" characters are transmissible but simply
that changes have often originated as if in response to mechanical stimuli and requiremnents.

2 The latter cuSp in the writer's opinion .is older. than the hypoconid, which later, grew up
externally to, the tip of the protocone (in the closed position of the jaws) and fitted into the
central basin of the trigon of the upper molar (cf. Fig. 12, D).
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(2) The upper molars in Diademodon present an internal border rising
to a middle point, suggestive of the protocone.

(3) The lower molars of Diademodon have a transverse ridge analogous
to a protolophid, and if the external tip of this ridge were produced dorsally
it would, in mastication, occupy precisely the relations of a protoconid in a
tritubercular molar.

(4) The well defined protolophid mentioned above is a ridge running
directly inward from the protoconid to the site of the metaconid. These
cusps are connected by an incomplete ridge in. typical tuberculo-sectorial
molars (Fig. 12, B, C.).

It is not suggested that the Diademodon molars fulfill all the conditions
of the ancestral tritubercular type, which was probably derived from a form
in which the protocone and protoconid were both produced into a high point.
The comparison with Diademodon is made merely in order to show that
when attention is directed less exclusively to the origin of cusps Iand more to
contours- of molar crowUM and to actual mechanical relations of upper and
lower teeth, it becomes unnecessary to resort to the.hypothesis of the"migra-
tion of cusps, in order to account for the spatial relat'ions of' the parts of the
tritubercular molar; because these relations may have become established
long before the appearance of any cusps except the protocone and pro-
toconid, and may even antedate the acquisition of the diagnostic mammalian
characters.

- The molar pattern of Protodonts and Triconodonts dQes not constitute a
valid objection to this view, i. e., it' is not necessary to sup'pose .that. all the
pre-tritubercular molar types that ever existed are represented.in the known
Protodonts, Triconodonts and Multittiberculates; because.even as far back
as the Cynodonts a wide adaptive radiation of molar types had already taken
place.

The protolophid of Dryolestes (Fig. 12, B) appears to be.an important
structure which has been neglected by the Theory of Trituberculy in the
earlier, stages of molar evolution. This was formed first by. the.upgrowth
of the metaconid from the basal cingulum, at a point directly internal to
the protoconid and secondly by the 'junction of 'this metaconid .with a
descending ridge of the protoconid. As the protoconid became more per-
fectly wedge-shaped in cross section, its posterior edge, running into the
small metaconid below, became sharper and sheared past the anterior' edge
of the upper molar. As the paracone grew up, the front view of the upper
tooth would present a concavity, facing downward, between the paracone
and the protocone. Similarly, the. back view of the lower trigonid would
present a concavity, facing upward, between the protoconid and the meta-
conid. The anterior part of the paracone and the metacone, together with
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the basal edge of the tooth would thus form an imperfect protoloph, across
which sheared the incipient protolophid of the lower molar. This proto-
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D. Telmatherium, Middle Eocene Ungulate.
Upper molars very wide anteroposteriorly, lower
molars long anteroposteriorly. Protocone fitting into
basin of talonid, hypocone into basin of trigonid,
paraconid vestigial; space between upper molars
limited to inner side.

C. Trii8odon, Basal Eocene Carnivore. Upper
molars widening anteroposteriorly, metacone equal to
paracone; lower molars lengthening anteroposteriorly
by development of the talonid, which receives the
broad protocone.

B. Dryolestes, Upper Jurassaic (upper molars
after Gidley, lower molars after Osborn). Upper
molars wide itransversely; lower molars small, short
anteroposteriorly, fitting between upper molars. (The
latter as drawn may be spread apart too much on the
inner side). Talonid incipient, paracone centro-
external, metacone small.

A. Diademodon, Triassic Cynodont (upper molars
after Seeley, lower molars after Broom). Upper molars
wide transversely, lower molars small, short antero-
posteriorly, fitting between upper molars. prd,
protoconid.

A
Fig. 12. Projection of upper on lower molars, illustrating the " Wedge Theory."

lophid was not yet established in Amphitherium but was well developed
in Dryolestes, and became very important in many later types.

The protoloph above was further improved by the posterior limb of the
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V-shaped metaconule. This cusp was at first developed to fit into the space
between the antero-external border of the talonid of the corresponding
lower molar and the anterior proto-paraconid edge of the trigonid of the
following lower molar (Fig. 12, C). It would also help to press the food
against the hypoconid when that cusp appeared.

Mechanics of tritubercular evolution in the Cretaceous and Basal Eocene.

The Jurassic Dryolestes represented a stage in which the upper molars
were more than twice as many (8) as in the higher mammals (3) but corre-
spondingly narrow, especially on the inner side. Amphitherium was some-
what more progressive both in the reduction of the number to six and
probably in the somewhat greater antero-posterior diameter of the individual
teeth (Fig. 12). The chief advance in the dentition of Cretaceous and Basal
Eocene mammals was the reduction in number and concomitant increase in
antero-posterior diameter of the upper teeth and the consequent development
of a more open triangle and of the cusps on the posterior half of the tooth.
This also required a lengthening in the lower molars, especially of the talonid
(Fig. 12).

With increasing size and power of the individual teeth the jaw and muscu-
lar attachments became larger and the opposite rami became more strongly
connected at the symphysis. We may assume that the outer side of the upper
molars widened faster, especially the metastyle, the external cingular cusps
greatly developed, while the para- and metacones in some phyla became
crescentic. The protocone is also crescentic in all the earliest tritubercular
types, so that the bunodont, or purely circular cusps, formerly assumed to
be the starting point in many orders, may be secondary (Gregory,jin Osborn,
1907, p. 173, foot-note).

This stage of evolution is represented in Pediomys Marsh (figured by
Gidley, 1906, pl. v, fig. 6), by Didelphops Marsh and by other Upper Creta-
ceous mammals figured by Osborn (1907, p. 96, fig. 47).

Origin ofthe hypocone.-The upper molar in widening (phylogenetically),
widened faster at the base than at the summit of the crown, consequently
a line of fracture took place near the base of the crown, and an internal basal
cingulum, resulted, which was analogous to the older external basal cingulum.
The development of the hypocone from this structure has been shown in
many families by Oshborn. The antero-external edge of the trigonid, namely
the protoconid-paraconid ridge, 'sheared past the posterior edge of the pre-
ceding upper molar. Consequently upon the appearance of the posterior
internal basal cingulum of the upper molar the anterior edge of the trigonid
now began to overlap this posterior cingulum, a stage illustrated in the Basal
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Eocene Oxyclaenidae. The trigonid itself had formerly merely filled the
interspace between successive protocones but its basin now began to be
occupied by the postero-internal cingulum, or hypocone. The subsequent
disappearance of the always low paraconid, which interfered with the
development of the hypocone has also been noted by Osborn. lBut a cardinal
fact which has not hitherto been sufficiently emphasized is that the hypocone
is an accessory crusher, fitting into the basin of the trigonid of the succeeding
lower molar, just as the protocone fits into the talonid of the corresponding
lower molar (cf. Gregory,- in Osborn, 1907, p. 61, foot-note; cf. Figs.. 12, 13
below).- Inasmuch as the protocone and hypocone had a very different
origin, the subsequent similarity of the two' cusps furnishes an excellent case
of convergent evolution among cusps, and this case helps us to understand
how premolars and molars may sometimes 'attain a perfect similarity of
pattern and yet consist partly of non-homologous components.

In the later mammals the protocone became depressed as, the talonid
grew up, while the trigonid became depressed as its pestle, the hypocone,
developed; so that finally the anterior and posterior moieties of the lower
tooth attained practically the same level.

Broadening of the talonid and origin of the hypoconid. The talonid was
at first merely a narrow posterior spur, rising internally into the entoconid.
This condition is retained in the Jurassic Trituberculates and in the Eocene
and modern Zalambdodont Insectivores., The protocone at first fitted into
the space external to the talonid. As the talonid widened transversely a
small cusp, the hypoconid, grew up, fitting behind 'and external to the pro-
tocone, further wideting of the talonid caused the protocone to be received
into the basin of the talonid internal to the hypoconid, and at the same time
the hypoconid was received into the central valley of the trigon above (Fig.
12, 13).

In order to summarize the foregoing observations on the spatial relations
of the parts of the upper and lower molars in a generalized tritubercular
stage, the following table is inserted:

Functions and spatial relations of the parts of the upper and lower molars
in a generalized tritubercular dentition (cf. Figs. 1, 12, 13).

I. Overhanging cusps (serving either as points of insertion or as fulcra).
Upper molars: Parastyle, external cingulum, metastyle, external face of

paracone and metacone.
Lower molars: Paraconid, metaconid (at first; filling space between

successive protocones).
Entoconid, internal to protocone of corresponding

upper molar.
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Hypoconulid, posterior to hypocone of corresponding
upper molar.

II. Interlocking cusps.
Upper molars: Protocone, fitting into talonid basin of corresponding

lower molar.
Hypocone, fitting into trigonid basin of following lower

molar.
Paracone (inner side), fitting into mid-valley of corre-

sponding lower molar.
Metacone (inner side), fitting into anterior valley of fol-

lowing lower molar (= interspace between talonid
of corresponding and trigonid of following molar).

Protoconule, fitting into inner valley between proto-
conid and hypoconid of corresponding lower molar.

Metaconule (inner face) fitting into valley between
talonid of corresponding and trigonid of succeeding
lower molars.

Lower molars: Protoconid, fitting into valley, or space between meta-
cone of preceding and paracone of corresponding
upper molars.

Hypoconid, fitting into mid-valley of trigon of corre-
sponding upper molar.

Conelusions in regard to Trituberculy.

From the imperfect evidence at hand the following conclusions appear
to be indicated:

(1) The multituberculate molar type is much older than the trituber-
cular type (p. 167). The supposed analogies with basin-shaped molars of
tritubercular derivation are not at all convincing, partly because none of
the alleged instances show much more than a verbal resemblance to the true
multituberculate type (p. 168). The multituberculate molar may conceiva-
bly be derived from a type more or less analogous with the Triconodont type.

(2) While the Triconodonta may be related to the Trituberculata,
the assumed evidence of derivation of the tritubercular from a generalized
Triconodont molar seems invalid (p. 174), partly because Peralestes probably
has no near relationship with Spalacotherium (p. 176)..

(3) The lower molars of Amphitherium are among the most generalized
tuberculo-sectorial types known (p. 179) and a detailed study of them affords
grounds for inferring certain very primitive characters in the upper molars
(p. 180).
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Fig. 13. Internal view of the cheek teeth (right side) in various mammals, showing that
the protocone fits into the valley of the talonid of the corresponding lower molar, while the
hypocone fits into the valley of the trigonid of the next succeeding lower molar. The para-
and metaconid fit into the space between the upper teeth. No. 1. Centetes, No. 2, Didelphis,
No. 3, Erinaceus, No. 4, Telmatherium cultrideus, an Eocene Titanothere. Prepared under the
writer's direction for Professor Osborn's 'Evolution of the Mammalian Molar Teeth.'

p.= protocone, h.= hypocone, m.= metaconid, t.= talonid.
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Summary of the "Wedge Theory."

(4) The 'evolution of the premolars in Tertiary mammals may offer
an unsafe guide to the history of the molars in the early Jurassic, (p. 182),
and the theory (Wortman, Gidley) that the protocone is a "heel" develop-
ing pari passu with the talonid fails to explain the conditions in several
Jurassic Trituberculates with a high protocone and very small talonid (p.
184).

(5) The foregoing considerations lead to a new theory of the origin of
the tritubercular molar which may be designated as the "Wedge Theory."
Its basal inferences are as follows: (a) The protocone in Jurassic Trituber-
culates is not a neomorph, developed as in the premolars of Tertiary mam-
mals (contrast Gidley, Wortman) but represents the "summit of the reptilian
crown" (Osborn); but this crown was not the "simple cone" conceived by
Cope and Osborn: (b) In the stage preceding the tritubercular stage,
before the acquisition of any secondary cusps the upper and lower molars
were not similar (contrast the Theory of Trituberculy) but quite dissimilar
in form, the upper molars being very wide transversely and somewhat larger
than the lower molars, which were short antero-posteriorly (Fig. 11). (c)
The relation of reversed wedges obtaining between the upper and lower
molars is not a secondary but a primary condition antedating the appearance
of the para- and metacones (contrast Trituberculy). (d) As regards the
Jurassic Trituberculates the secondary cusps arose approximately in the
locations in which they are observed without any marked rotation, or migra-
tion of cusps (contrast Trituberculy). (e) The paraconid metaconid and
talonid arose from the basal cingulum; the paracone arose from the outer
part of the crown, the-metacone budded off from the paracone; the parastyle,
metastvle and metaconule arose very early.

(6) The Wedge Theory further differs from the Theory of Trituberculy
in the following particulars:

(a) It looks backward to unknown Cynodontia with transverselv
widened upper molars, rather than to the Protodonta and Triconodonta, for
an explanation of the peculiar spatial relations of the parts of the upper and
lower molars.

(b) It centers attention as much upon the changes in the contour of
the crown as upon the development of cusps.

(c) It devotes almost as much attention to interspaces, depressions and
valleys as it does to cusps.

(d) It regards the principles of "change of function" and of "morpho-
logical correlation of parts" as of prime importance.

(e) While recognizing what may be called the individuality and self-
initiative character of cusps, the present hypothesis nevertheless subordinates
the parts to the whole much more fully than does the Theory of Trituberculy.
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It regards a cusp primarily as an organic member of a whole crown, and
secondarily as an independent unit of structure.

(f) Each cusp develops, it is true, its own individual shape, but this
does not disprove its correlation, in the strictest Cuvierian sense, with other
cusps or parts of the same organism. Cusps often serve in pairs or in series,
as fulcra, across which resistent material is broken (e. g., Palcosyops), and
in this instance a cusp may be correlated in form and position with a cusp
or with a depression on an adjacent molar as well as on an opposing molar.
In many dentitions, breaking, triturating and cutting are accomplished
through so complex a system of levers that sometimes hardly any two cusps
on a crown may have the same work to do, and the cusps assume different
shapes, as in upper molars of Meniscotherium.

Trhere may well be a principle of orthogenesis and of independent evolu-
tion operating "in every part of every organ" (Osborn), but it is obvious
that this tendency can be expressed only in so far as the very complex
mechanically adaptive conditions will permit; since in any organism every
part is more or less intimately environmental to every other part.

ADDITIONAL NOTES ON THE TRITUBERCULATA.

Peralestes. Evidence is given below (p. 174) to show that Peralestes
does not belong with Spalacotherium and is a member not of the Tricono-
donta but probably of the Trituberculata (p. 176). However, the upper
molars designated under the term Peralestes differ considerably from any of
the upper molars known in the Trituberculata, namely those of Dicrocyno-
don, Kurtodon and Dryolestes. They also differ in several characters from
the hypothetical upper molars which have been inferred (p. 180), from a study
of the lower teeth, to have pertained to Amphitherium. Peralestes may how-
ever be allied to Peramus, Leptocladus and Peraspalax. These are known
from lower teeth, which agree in several characters with the hypothetical
type inferred (p. 174) for the lower teeth of Peralestes.

In brief it seems probable that the family Peralestidee Osborn (1888,
p. 247) is a member of the Trituberculata, and is a valid family, although
later merged by Osborn (1888.2., p. 301) in the Triconodontidae.

Kurtodon. In this genus, the type of the Kurtodontidae of Osborn
(1888, p. 234), the upper molars (see Osborn, 1907, p. 26, Fig. 13) are
extremely wide and in the single known specimen well worn; but they seem
to represent an exaggerated form of the Dryolestes type with which they
agree in the possession of a parastyle, a centro-external paracone, a high
pointed protocone and a slight internal cingulum. The worn molars as
figured show a transverse ridge running out from the protocone analogous
to the similarly placed ridge in Diademodon brachytiara and their excessive
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width also recalls the conditions in that reptile, and strengthens the inference
(p. 193) that in the ancestors of the Trituberculata the upper molars were
very wide transversely. The molars also are analogous to those of Microgale
among Insectivores. From the characters of the molars and of the high
piercing canines it seems likely that there may have been a transverse
grinding action of the posterior part of the mandible as in Sesamodon (p. 119)
the Marsupials and the Zalambdodont Insectivores.

Dicrocynodon. Mr. Gidley has drawn attention to the fact (1906, p. 100)
that the outer cusps and cingulum of the Dicrocynodon molar are comparable
with those of Dryolestes and indirectly with those of Triconodon, but he
regards the large internal cusp as a secondary heel, "differing widely in
character from that of Dryolestes."

The fact that it is supported by two rudimentary fangs would not disprove
its homology with the single cusp in Dryolestes. The transverse ridge seen
in Diademodon brachytiara, which is present in Kurtodon (p. 194) and reduced
in Dryolestes, is highly developed in Dicrocynodon. The interspace back
of this ridge shows that the protoconid was large while the talonid was also
very large. In short, so far as the evidence goes, the Dicrocynodon molar
might be derived as readily from the hypothetical type figured on page 185
as from the Triconodont type.

Paurodon. The type specimen (see Osborn, 1907, p. 29, Fig. 26) should
be reexamined in order to make sure that the tooth interpreted by Marsh as
a canine is not a broken p,. If it is a canine the reduction in the number of
post-canine teeth to 7, taken in connection with the number of incisors,
canines and premolars in related genera, would show that the typical dental
formula of the Placentals, 34 appeared in some instances as far back at
least as the Upper Jurassic or Lower Cretaceous.

SUMMARY OF THE POSSIBLE RELATIONS OF THE TRITUBERCULATA TO THE
HIGHER MAMMALIA.

Amphitherium so far as indicated by the lower jaw and teeth seems to
have been the most generalized member of the order. Its dental formula
(p. 179) might -give rise by reduction to that of either the Polyprotodont
Marsupials or the Placentals. The lower incisors and canines (if resembling
those of related genera), the simple premolars and the lower molars realize
the required ancestral conditions for the Polyprotodonts, Creodonts and
Insectivores. The probable characters of the upper molars, in so far as
they can be inferred from a careful study of the lower molars and from the
upper molars of related genera, point in the same direction. The angle of
the lower jaw was partly inflected in Amphitherium prevostii but not in
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A. (Amphitylus) oweni. The coronoid was broad as in the Polyprotodont
Marsupials.

The Amblotheriid.e, Stylacodontidae, Kurtodontidae and Dicrocyno-
dontidse, formerly brought together by Osborn as the suborder Insectivora
Primitiva (1888, p. 247) but later grouped by him (in Zittel's Palheontologie)
with the Amphitheriidae as the order Trituberculata, present so many
analogies in the dentition and mandible to the Insectivora that if experience
had not taught us to distrust the dentition as a guide to interordinal affinities,
no hesitation would be felt in placing all these families except the Dicrocyno-
dontidae in the Placental order Insectivora. Some of the features occurring
among both the Trituberculata and the Insectivora include the following:

(1) Incisor series prolonged backward on the side of the mandible.
(2) Canine either erect, recurved, or more or less premolariform, with

two roots.
(3) Cheek teeth with prong-like, more or less recurved cusps.
(4) Lower molars short antero-posteriorly, with very small low talonid

and high trigonid.
(5) Upper molars very broad transversely, narrow antero-posteriorly

(Kurtodon, Dryolestes. Compare Microgale, Ericulus).
(6) Condyle sometimes set low, near level of cheek teeth.
(7) Coronoid varying from broadly triangular (cf. Centetes) to delicate,

recurved (cf. Tupaia).
(8) Two mental foramina (Leptocladus), beneath P2 and mi, respectively.
In case the affiniity of the Trituberculata to the Insectivora should ever

be proven certain characters may be discovered that would warrant placing
the Trituberculata in the Monodelphia (Placentalia). But in view of the
characters shared by Amphitherium with certain Triconodonts and Poly-
protodonts on the one hand and with the "Insectivora Primitiva" on the
other it does not seem advisable at present to separate the Triconodonta and
Trituberculata by placing the former in the Marsupialia, the latter in the
Monodelphia; accordingly, in the classification adopted below (p. 464)
the Trituberculata are placed in the infraclass Metatheria, the earliest
representatives of which are usually regarded as ancestral to both, Marsu-
pials and Placentals.

On account of the very limited material it is difficult to find any characters
for diagnostic purposes that apply to all members of the Trituberculata.

The group is separated from the Polyprotodont Marsupials by the
retention of four premolars (five ? in Amphitherium) and usually by the higher
number of molars and incompletely inflected angle. From the Placentals
the group is separated frequently by the higher number of incisors (a) and
molars (usually 6-8, but in Paurodon 3 ?).
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I. OUTLINE TAxONOMIC HISTORY OF THE MARSUPIALIA.

South American and Mexican opossums were described by early Spanish
travelers (Seba, Hernandez and others) under a number of names recorded
by Gesner ("Semivulpa"), Ray (1693) and Linnaeus (1758). "The
Possum," "Opasum," "Possowne" (said to be an Indian word) were names
used by the early Virginians. In 1640 the Dutch traveller Marggrav, as
quoted by Ray (1693), gave a detailed description of the " Carigueija brasil-
iensibus" (whence the French "Sarigue), especially dwelling upon the extra-
uterine mode of development in the pouch, or "marsupium" (Ray), which
was mistaken for the uterus. Later it was recognized that the opossum had
also a true uterus, whence Linn6's name "Didelphis," or double-wombed.
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1762. Brisson refers the animals later called phalangers to Didelphis,
under the name D. orientalis.

1765. Buffon calls attention to the syndactylous condition of the second
and third digits of the hind foot, and calls the animal Phalanger "parce
qu'il a les phalanges singuliDrement conform6es....." (Palmer 1904, p.
528). Buffon being a monomial writer, the generic name technically dates
from Storr, 1780 (p. 49).

1771. Captain Cook's voyage results in the discovery of Australian
Marsupials (p. 38).

1777. Erxleben regards the Kangaroo as a gigantic relative of the
Jerboa and names it Jaculus giganteus (Palmer, 1904, p. 355).

1780. Storr separates Phalanger from Didelphis and frees the group,
which he names " Plantares," from its former association with Sorex, Talpa,
etc. (p. 49).

The progress in recognizing the different genera is indicated in the
following five dates (from Palmer, 1904):

1790. Macropus Shaw.
1791. Petaurus Shaw.
1794. Gigantomnys Link = Macropus.
1795. Kangurus Cuvier and Geoffroy = Macropus.
1795. Phalangista Cuvier and Geoffroy.
The next important systematic event was:
1795. Dasyurus added to the Didelphis group by Geoffroy and Cuvier,

who adopt Vicq d'Azyr's term "P6dimanes" for the group and place it
between "les Carnivores " and "les Rongeurs." These authors recognized
the essential characters of the group, but the deceptive analogies of the teeth
(one of the leading criteria) led Cuvier in his classification of 1800 to place
"Kangurus" at the head of the Rodentia, but next to Phalangista the last
of the "Pedimanes," which, in turn were placed next to the "Carnivores"
in the superordinal assemblage "Les Carnassiers." The supposed inter-
mediate position of the Marsupials between plantigrade "Carnivores"
and "Rongeurs" was accepted also by Dum6ril and others (see p. 68).

New genera continued to be added as follows (Palmer):
1796. Dasyurus Geoffroy.
1799. Coescoes Lac6pMde.
1803. Phascolomis Geoffroy.
1804. Potorous Desmarest.
1804. Perameles 1. Geoffroy.
1811. Halmaturus Illiger.
1811. Hypsiprymnus Illiger.
1816. Phascolarctos de Blainville.
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1816. De Blainville joins the Marsupials and Monotremes in the sub-
class "Didelphes" divided into two grand divisions "Normaux" (Marsu-
pials) and "Anomaux" (Monotremes). The resemblances in the teeth
and body-form to various Monodelphians are accordingly recognized as
being secondary (see pp. 76, 82). The "Didelphes Normaux" are subdi-
vided into two divisions, "Carnassiers" and "Rongeurs," corresponding in
a general way to the Polyprotodontia and Diprotodontia. In his classifica-
tion of 1834 de Blainville clearly anticipates the generalizations implied in
the terms " Diadactyla" and " Syndactyla."

1817. Cuvier (p. 79) abandons the term "P6dimanes" for "Marsu-
piaux," and removes Kanguru to that group (see p. 79); in so doing he
implicitly confesses that foot structure in this case is of less taxonomic im-
portance than reproductive characters.

1836. Gervais in modifying de Blainville's classification (above),
divides the Marsupials ("Didelphes") into two groups: (1) "les Eleuthero-
dactyles," including "les P6dimanes" ("Sarigue, Chironecte"), and "les
Phascologales" ("Dasyure, Phascologale, Thylacine"); (2) "les Syndacty-
les," including the syndactylous forms (i. e., Bandicoots, Phalangers,
Kangaroos, etc.).

1863. The first known South American Diprotodont (later called Cano-
lestes obscurus) is described by Tomes from imperfect material under the
name Hyracodon fuliginosus; its Marsupial affinities, however, are not
recognized (vide infra, "1895, Thomas").

1866. Owen, as a result of his important studies of Diprotodon, Thyla-
coleo, and Nototherium, proposes the terms 'diprotodont' and 'polyproto-
dont,' as characteristic of the two sections; but this grouping had been
anticipated by de Blainville.

1880. Huxley suggests the derivation of all the Marsupials from forms
with a prehensile pes (p. 200).

1882. Moreno applies the name Paleothentes aratce to certain fragmen-
tary remains which were afterward (1887) referred by Ameghino to his genus
Epanorthus (Palmer, 1904, p. 505).

1889. Ameghino describes a number of fossil South American Dipro-
todonts and proposes the family "Epanorthidae," (= Paleothentidie).

1896-1899. Hatcher collects in Patagonia numerous specimens of
fossil Polyprotodonts and Diprotodonts (see 1905, Sinclair, below).

1896-1900. Hill's studies of the relations of the embryonic membranes

Linne's term " Didelphis " referred (as stated above) to the possession of an external
"womb" (i. e., pouch), in addition to the true uterus; but de Blainville's term (" les Didel-
phes"), while etymologically the same, referred to the possession of two distinct true uteri.
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of Marsupials show that certain Marsupials possess a true allantoic placenta
in addition to the larger yolk sack placenta, a fact tending to bring the
Marsupials much nearer to the Placentals.

1895. Oldfield Thomas describes Ccnolestes obscurus as a "still existing
survivor of the Epanorthidae of Ameghino, and the representative of a new
family of recent Marsupials," and recognizes the identity of the new material
with the "Hyracodon" of Tomes (preoccupied by Hyracodon Leidy).

1899. Dollo demonstrates the adaptive radiation in the feet and argues
that the ancestors of the Marsupials were arboreal animals.

1903. Bensley reviews the Australian Marsupials with reference to the
adaptive radiation of both feet and teeth, fully supporting Dollo's hypothesis
and showing further that the Didelphida, are structurally prototypal to all
the remaining families.

1903. Ameghino figures the lower jaws and dentition of a number of
fossil Patagonian Diprotodonts. Of these several genera (Propolymastodon
Polydolops, etc.), resemble the Multituberculate family Polymastodontidee
in certain characters (p. 212).

1905. Sinclair (Mem. Princeton Univ. Exped. to Patagonia), mono-
graphs the Marsupialia of the Santa Cruz Beds, using the material collected
by Hatcher. He demonstrates that the carnivorous forms were related to the
Tasmanian Wolf and fall within the family Thylacynidse, that the Diproto-
dont families Epanorthidae, Garzonidae, etc. of Ameghino were all closely
related to the existing COnolestes and that Microbiotherium was closely allied
to the smaller species of South American opossums.

1909. Gidley describes the skull of the Multituberculate genus Ptilodus,
demonstrates the characters of the upper dentition in the Plagiaulacidse,
and shows that the Multituberculates are structurally Diprotodont Marsu-
pials.

II. THE POLYPROTODONTIA.

The Theories of Dollo and Bensley.

That the ancestors of the Marsupials possessed a grasping type of pes
and were therefore fitted for arboreal habits. was the conclusion of Huxley
(1880) and Dollo (1899). Bensley (1901, 1903) developed this idea by apply-
ing to the problem of the Marsupials those principles of dental evolution
which had already been worked out in the study of Tertiary Placentals.
Among Bensley's chief conclusions were the following:

(1) The modern Polyprotodonts and Diprotodonts are closely related
in structure and were probably derived from a single type.

200



The Polyprotodontia.

(2) The foot-structure and many other characters of this prototype are
realized in the existing Didelphidae, especially the smaller species of Mar-
mosa. The prototypal dentition is represented in the Oligocene Didel-
phid Peratherium fugax.

(3) Starting from this type the divergent lines of adaptation were
traced: as regards diet from insectiv'orous to carnivorous, omnivorous and
herbivorous types, and as regards modes of locomotion from arboreal to
terrestrial, fossorial, saltatorial and cursorial types. Bensley's conclusions
rest partly on the assumption that the tritubercular molar was prototypal
in the Marsupialia as well as in the Placentalia. His studies of the evolution
of the feet tended to confirm this assumption.

A tabular summary of the morphogenetic and functional relations of
the Polyprotodont families (Fig. 14), based largely upon Bensley's observs.-
tions is given below:

Adaptive Radiation of the Polyprotodontia.

DIDELPHOIDEA Opossums, Dasyures, Thylacynes, etc.
DIDELPHIIDLE.

Marmosa group.
Arboreal.'

Size small, primitively mouse-like.
Tail primitively prehensile, scaly (non-prehensile, hairy in Per-
amys). Pes 5-toed, digit I opposable, digits radiating.
Pes eleutherodactylous 2 (Peramys, secondarily terrestrial) to

incipiently syndactylous' (occasionally in Marmosa).
Plantar pads separate, transversely striate.
Gait plantigrade, primitively scansorial.

Insectivorous.
Polyprotodont (I 4).
Molars simple, tritubercular; metacone enlarged, cusps pointed.
? Peratherium, Marnosa, Peramys, Microbiotherium, Dromiciops,

Caluromys (Philander).
Didelphis group.

Arboreal to terrestrial,
Size larger.
Pes eleutherodactylous (digits separate, II = III). Other limb-

characters much as in preceding group.
Insectivorous-omnivorous-carnivorous.

Polyprotodont.
Molars tritubercular but stouter, somewhat less piercing, with

long posterior blade.

1 The words in italics refer to special habitat and diet. Under these headings are listed the
principal characters relating to locomotion and dentition.

2 L e., with all the digits remaining separate.
3 I. e., with digits II and III conjoined.
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Tbylacynida
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Marmosa group

Didelphis group

Chironectes

Fig. 14. Morphogenetic relations of the families of the Polyprotodontia and Diprotodontia.
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Metachirus, Didelphis.
Chironectes (Water Opossum).

Terrestrial-aquatic.
Pes with webbed digits, manus with external tubercle on carpus.
Tail flattened.

Piscivorous.
Teeth as in Didelphis.

DASYURIDJE (derived from primitive Didelphiidae).
Chiefly terrestrial (primitively arboreal).

Size increasing, from mouse-like (Phascologale) to badger-like
(Sarcophilus).

Tail non-prehensile, hairy.
Pes: hallux progressively reduced to zero.
Pes eleutherodactylous: digits parallel, II = III = IV.
Tarsus progressively elongating (Phascologale to Antechinomys);

or first elongating (Dasyurus), then broadening (Sarco-
philus).

Tarsus with plantar pads fusing or modified.
Gait plantigrade-cursorial (Phascologale), to digitigrade-saltatorial

(Antechinomys).
Insectivorous to carnivorous.

Polyprotodont: I 5, median incisors becoming enlarged in insec-
tivorous forms; posterior premolar variable.

Molars varying from tritubercular with sharp piercing cusps in
insectivorous forms (Phascologale), to sectorial in the carniv-
orous Sarcophilus.

MYRMnCOBIIDAX (Derived from primitive Dasyuridae).
Terrestrial.

Hallux reduced, slight'traces of former syndactyly.
Insectivorous (ant-eating).

Polyprotodont. Dentition degenerating in adaptation to ant-
eating habits.

Molars irregularly cuspidate, of tritubercular derivation, number
secondarily rising to -5 (Bensley).

Tongue elongate protrusile (Myrmecobius).
THYLACYNIDME. Tasmanian Wolf and Tertiary "Sparassodonts" of Patagonia.

(Derived from very primitive unknown Dasyuridae).
Terrestrial.

Size increasing, from opossum-like (Amphiproviverra) to coyote-
like (Borhywrna).

Hallux reduced or wanting.
Eleutherodactylous.
Semiplantigrade, cursorial.

Carnivorous, predaceous.
Polyprotodont (I 433).
Molars varying from tritubercular-sectorial to advanced sectorial

type.
Amphiproviverra, Cladosictis, Prothylacinus, Thylacynus, Bor-

hyaena.
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PERAMELOIDEA.
"PROPERAMELIDM " Bensley (hypothetical).

(Derived from primitive Didelphiida).
Arboreal to terrestrial.

Pes narrow, with beginnings of syndactyly; hallux, opposable but
small, digit IV bigger than II, II = III.

Insectivorous.
Polyprotodont.
Molars tritubercular, bunodont.

PERAMELIDAM.
(Derived from Properamelidae).

Terrestrial, semifossorial, cursorial.
Size and form rabbit-like.
Tail non-prehensile, hairy.
Pes narrow, elongating, finally macropodiform, hallux reduced,

finally to zero.
Pes syndactylous, digits II 'and III becoming vestigial, IV increas-

ing.
Plantar pads in pes becoming reduced.
Digits in manus becoming reduced, either after the mesaxonic

(Perameles) or paraxonic fashion (Choeropus).
Fossorial, ungues deeply cleft.
Gait cursorial, subplantigrade to extreme digitigrade.

Insectivorous-omnivorous (vegetarian).
Polyprotodont, I 3
Molars tri- to quadritubercular, bunodont to hypsodont, metacone

(as in Artiodactyls) finally replacing hypocone (Thylacomys).
Peragale, Perameles, Charopus.

NOTORYCTOIDEA.
"PRONOTORYCTIDS" hypothetical).

(Derived from Properamelidap: Bensley, Dollo).
Terrestrial, fossorial.

Pes broad, with incipient syndactyly, hallux opposable.
Insectivorous.

Polyprotodont.
Molars tritubercular, paracone and metacone appressed.
Talonid of lower molars reduced (correlated with shortened skull).

NOTORYCrIDAS.
(Derived from " Pronotoryetids").

Terrestrial, fossorial.
Pes very broad, with vestigial syndactyly.
Form Chrysochloris-like.

Insectivorous-vermivorous.
Polyprotodont I 433 P 2

Upper molars somewhat resembling those of Chrysochloris: para-
cone and metacone fused into a single high piercing cusp,
protocone (plus hypocone ?) low. Talonid of lower molars
absent.

Notoryctes.
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The question as to the phylogenetic validity of this series is raised by the
scarcity of palheontological evidence and by the general fact that supposedly
evolutionary series drawn from existing faunas have often proved erroneous.
The following brief review of the more important fossil Polyprotodonts
seems to lend further support to Dr. Bensley's conclusions.

Fo&vil Polyprotodontia.

In the Santa Cruz (Miocene) deposits of Patagonia are found 'certain
minute Polyprotodonts (Microbiotherium Ameghino) which are comparable
in size to some of the smaller South American opossums. In Sinclair's
descripti'on (1901, pp. 408-415) of Microbiotherium he shows that although
"placed by Ameghino in a separate family, the Microbiotheridae, this genus
possesses so many important characters in common with the Didelphidte
that the propriety of its reference to the latter family seems beyond question."
The chief peculiarity of Microbiotherium is the elongation of the premaxil-
laries and the'extreme ,posterior position of the canine. These features
may indicate partly insectivorous habits. The dental formula is the same
as in Didelphis. The upper molars are tritubercular, with 'rounded para-
cone and metacone and Sinclair observers that they resemble closely the
molars of some of the subspecies of Caluromy8 (the "Philander" opossum).
The external cingulum and metastyle spur is more reduced than in the
living opossums and the molars may thus represent an early stage in the
development of the bunodont omnivorous molar. The lower molars of one
species retain the antero-external cingulum seen in Didelphis. The palatal
vacuities are 'very large. The skeleton is of Didelphid type with certain
Dasyurine peculiarities (Sinclair).

In the Oligocene of North America and Europe occurs another minute
Polyprotodont genus Peratherium Aymard described by Cope (1884, p. 789).
This also has the dental formula of Didelphis (at least in D. fugax, fide Cope).
The upper molars are tritubercular with V-shaped para- and metacones, the
metacone slightly enlarged, and there is a pronounced external cingulum.
The protocone is well developed and pointed. The nasals spread widely
posteriorly. Peratherium is also reported from the Upper. Eocene of Eng-
land and France. In Peratherium ("Didelphy8") aymardi Filhol,l a small
species in which the lower jaw is less than half as'large as in D. vnirginiana,
the lower premolars are less elongate and the space between the canine and
m1 is shorter than in Didelphi8 (i. e., primitive characters). The coronoid
is broadly triangular, the broad' a'ngle is very prominent in external view.
The mental foramina are below pi'and m1, about as in Didelphis.

1 Ann. Sc. Geol., tome 8, 1877, p. 251, fig. 387.
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In the Upper Cretaceous of North America occur isolated molars and
jaw fragments, apparently representing small species of Didelphoids, which
have received the names Didelphops and Pediomys Marsh (figured in Osborn,
1907, p. 9G). Didelphops is distinguished by the hypertrophy of the external
elements of the crown, especially the parastyle (?) and metastyle (?). Cer-
tain specimens of the Didelphops molars are narrow transversely with a deep
median indentation of the external cingulum and high crescentic protocone
- all very primitive features. The palate is fenestrated (Wortman, 1901,
p. 337). The angle of the jaw is sharply inflected.

The most primitive true Polyprotodont known is the genus Proteodi-
delphys Ameghino (cf. 1906, p. 288), known from a minute lower jaw from
the "Proteodidelphys Beds" (upper part of the Chubut formation). This
fossil is stated by Ameghino (1906, p. 508) to come from below the Notosty-
lops beds, and from below the level on which carnivorous Dinosaurs were
found. It may therefore be of Upper Cretaceous or of Basal Eocene age.
It agrees with Didelphis in its dental formula but is distinguished by many
very primitive characters and may represent a distinct family. As figured
by Ameghino, the condyle is very low, near the level of the cheek teeth;
the angle is incompletely inflected, apparently not much more than in
Amphitheri'um. The two dental foramina are located as in Didelphis.
The antemolar portion of the jaw is short, the chin heavy. The broad-
topped incisors are of the cutting and "cupped," or posteriorly cingulate,
type. The canirne is straight and erect, with two fangs; the anterior pre-
molars are short antero-posteriorly, but are bifanged; the ultimate premolar
is more molariform than in Didelphis, having a prominent internal cingulum
and a small paraconid and talonid. The molars have a short talonid with
two cusps, a hypo- and an entoconid. Ameghino (1903, p. 161) notes
certain resemblances to the Upper Jurassic Paurodon. While Proteodi-
delphys is much more advanced than Paurodon, yet in the totality of its
characters it seems to carry the Polyprotodont type a step backward toward
the generalized Jurassic Trituberculate type. The cupped incisors may be
either primitive or secondary, but it is interesting to note that incisors,
canines, premolars and molars are somewhat less sharply differentiated in
Proteodidelphys than in later forms.

Thus the paleontological record indicates a considerable antiquity for
the Didelphid type, but so far does not reveal any of the annectant forms
leading to the higher families (except possibly the Caenolestidae, p. 209).

No Tertiary Dasyuridee are known but the smaller insectivorous forms
make a rather close approach to the Didelphid type and the family is dis-
tinguished chiefly by the loss of certain primitive characters retained in the
Didelphiidee (cf. Bensley, 1903, pp. 90-99, 163-169).
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The Tasmanian Wolf (Thylacynus) is represented in the Santa Cruz
formation of Patagonia by a series of genera which were set apart as an
order, the "Sparassodonta" by Ameghino but which have been proven by
Sinclair (1904, pp. 333-408) to belong to the family Thylacinidee. The
family shows a remarkable series of resemblances in general proportions and
dental characters to some of the Creodonts among Placentals.

In Borhywena, the largest and most specialized genus, the incisors are
reduced to i, the upper molars have long metastyle blades and reduced
protocones. In the lower molars the metaconid is absent, the talonid is very
small, and the large compressed proto- and paraconids form a compressed
blade. The enamel departs from the normal Marsupial type with enamel
tubules entering the dentine and resembles the Carnivore type (Tomes,
1906).

The zygomata arch widely and there is a high sagittal crest; the brain
case is narrow, especially back of the orbits, and the face is very broad and
heavy in top view. All these features are paralleled in the Mesonychid
and Oxyclenid Creodonts (pp. 300-302). According to Ameghino and
Lydekker (1900) Borhywna differs conspicuously from other Marsupials in
the replacement of the canine as well as of the ultimate premolar, while in
the related genera Prothylacynus and Amphiproviverra the canine, the ulti-
mate and the penultimate premolars are all replaced. According to Sinclair
this may mean merely that these Miocene Polyprotodonts had not advanced
so far as the modern forms in the suppression of the permanent, and reten-
tion of the milk, dentition.

Among the true Marsupial characters retained by Borhywena are the
following, recorded by Sinclair: the nasals spread posteriorly excluding the
maxillaries from contact with the frontals, the angle of the jaw is sharply
inflected, the atlantal intercentrum is not fused with the base of the neural
arch, the transverse processes of the seventh as well as of the second to sixth
cervicals are perforated by the vertebral artery, the ectocuneiform is displaced
beneath the cuboid as in Thylacynus.

Amphiproviverra, the smallest and least specialized member of the
family retains a large opposable hallux. The cranial foramina and skull
structure are much as in Dasyurus. The peculiar family characters in the
dentition, namely the absence of the metaconid, the reduced metacone and
the vestigial external styloid cusps, are already established. The family
Thylacinidae is thus seen to be a specialized cursorial offshoot either of very
primitive Dasyuridae or more directly from the Didelphiidae.

The Patagonian Thylacynes are further discussed below (pp. 302, 303).

1910.] 207



Bulletin American Museum of Natural History. [Vol. XXVII,

Myrmecobius, the Peramelida, Notoryctes.

After a very careful examination of a large series of specimens Bensley
concluded (1903, pp. 99-107) that Myrmecobius is more probably an aber-
rant Dasyurid rather than a direct descendant of the Jurassic Trituberculata,
and that the high number of molars and their irregularly cuspidate character
were a result of degenerative processes accompanying the adoption of ant-
eating habits.

The systematic position of the Polyprotodont Peramelide has been a
matter of some doubt. The pes being strongly syndactylous and like that
of the Macropodidee, the Peramelidse have sometimes been placed with the
Diprotodonts under the term " Syndactyla," in contrast with the remaining
Polyprotodonts which are called " Diadactyla " and (earlier) " les itfleuthero-
dactyles" (cf. Gervais, 1836). But Thomas (1895) observed that although
Cenolestes is evidently a;Diprotodont, yet it is non-syndactylous; and on
the other hand, among the Polyprotodonts the pes of the Didelphid Marinosa
puilla is incipiently syndactylous, while that of the allied Peramys brevi-
caudata is quite eleutherodactylous (Bensley, 1903). Hence, in the case
of the Peramelid8e, Thomas concluded that the syndactyly was of less
taxonomic and phylogenetic value than the polyprotodonty. On the other
hand, in its mode of placentation Perameles is nearer to the Diprotodont
Phascolarctos than to the typical Polyprotodonts (cf. Hill, 1898). With
regard to these and several other characters the Peramelidse are thus more
or less intermediate between the two suborders and tend to support the
theory that the Diprotodonts have been derived from very early Polypro-
todonts.

The cheek teeth of the Peramelidae are derivable much more readily
from the Didelphid than from the Diprotodont type. The high crowned
molars present a peculiar modification of the tritubercular type. In Pera-
meles obesula the molars parallel those of the Insectivore Myogale (Gregory,
in Osborn, 1907, p. 113). In Thylacomys the main cusps are rounded and
the enlarged metacone is displaced inwards and occupies the position of a
hypocone (Bensley, 1903). In their placental arrangements the Peramelidee
seem to have departed from the common type less than have any other
Marsupials, since the allantoic placenta, though reduced in size, is still
functional, whereas in Dasyurus, Macropus, etc., it is vestigial and replaced
by the yolk-sack placenta (Hill). Quite possibly however the allantoic
placenta of Perameles may be merely a progressive character in which the
Peramelidae parallel the Placentals (Bensley, 1903, p. 85). The pouch opens
backward as in Polyprotodonts.

The Notoryetidae or Marsupial Moles are another Polyprotodont family
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about whose affinities some doubt has been expressed. Being very highly
specialized for a mode of life like that of the Cape Golden Moles (Chryso-
chloridae), Notoryctes parallels that family in so many ways that Cope (1892)
was inclined to believe that real genetic affinity between the two groups
was indicated. Even the peculiar narrow triangular form of the- molars
in Chrysochloris has its parallel in Notoryctes (Bensley, 1903, pp. 117-123).
But it is shown below (p. 255) that Chrysochloris is a true Insectivore while
Notoryctes is a true Marsupial in the proximal expansion of the nasals, in
the possession of vestigial epipubic bones, of a pouch opening backward,
and in many other characters (Stirling, 1891).

The pes of Notoryctes has the appearance of retaining the last vestiges
of former syndactyly (Dollo, 1899; Bensley, 1903, p. 172, fig. 6 C.). It
seems likely that the nearer affinity of Notoryctes is with the Australian
Polyprotodonts, especially the Peramelidae, (Dollo, Bensley) rather than
with the Didelphiidae.

III. THE CAENOLESTOIDEA, OR PAUCITUBERCULATA. (EPANORTHID4E,
ABDERITIThE, GARZONIIDME, CAENOLESTIDXE, ETC.)

Santa Cruz and recent COnolestoids.

From the Santa Cruz Formation (? Miocene) of Patagonia Ameghino
has described, under many generic names, a group of small Diprotodont
marsupials that is represented in the existing fauna of Bolivia and Ecuador
by the very rare and important form, COnolestes obscurus Thomas (1895).
This rat-like animal exhibits the Diprotodont dentition in an interesting
and rather primitive stage (Fig. 15). The hypertrophy of the median pair
of lower incisors, the reduction of the remaining incisors and canines, and
the lateral and extended position of the upper and lower incisor series are
all conditions which are closely paralleled in different lines of marsupial and
placental insectivores; as remarked by Bensley, these characters indicate
that the Cenolestidee and all the higher Diprotodonts have been derived
from small insectivorous forms. The first and second upper molars of
Cwnolestes are subquadrate with four low rounded cusps, but the third
molar is triangular and has the appearance of being tritubercular. In
Palwothentes (Epanorthus) intermedius of the Santa Cruz Beds (Sinclair,
1901, pl. lxiii, Fig. 7) the first upper true molar is usually quadrate, while
the second to fourth are triangular; in P. minutus even ml is roughly tri-
angular and the remaining molars are clearly a bunodont, omnivorous
modification of the tritubercular type; this in turn may have been derived
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Fig. 15. Skull and lower jaw of Cwnolestes obscurus Thomas. Am. Mus. Nat. Hist. No.
10,559. Enlarged slightly more than three diameters. After Miss Dederer.

A. Side view. a. o. v, Antorbital vacuity; ang, angle; As, alisphenoid; As.bl, alisphenoid
bulla; c, condyle; cor.pr, coronoid process; Exo, exoccipital; f.l.a, sphenorbital foramen;
I. r, foramen rotundum; f.v.f, venous foramen in frontal; Fr, frontal; L, lachrymal; I.d,
lachrymal duct; m.f, mental foramen; Ma, malar; Ms, mastoid; Mx, maxilla; Na, nasal;
08, orbitosphenoid; p.gl.f, post-glenoid foramen; p.1.j, postero-lateral palatal foramen;
Pa, parietal; Pmx, premaxilla; pt. p, pterygoid process of palatine; s.sq.f, subsquamosal fora-
men; So, supra-occipital; Sq, squamosal; st.m.f, stylomastoid foramen; Ty, tympanic; V2,
infra-orbital foramen. The * indicates the glenoid facet.

B. Basal view. As.bI, alisphenoid bulla; a.pl.vac, anterior palatine vacuity; Bo, basi-
occipital; Bs, basisphenoid; c.f, condylar foramina; car.can, carotid canal; carj, carotid fora-
men; eust.f, Eustachian opening; Exo, exoccipital; f. ov, foramen ovale; fi.p, foramen lacerum
posterius; Ma, malar; Ms, mastoid; Mx, maxilla: Per, periotic (pars petrosa); p.gl.f, post-
glenoid foramen; PI, palatine; p.f, postero-lateral palatal foramen; pl.r, palatal ridge; p.pl.
vac, posterior palatine vacuity; Ps, presphenoid; Pt, pterygoid; pt.p, pterygoid process of
palatine; Pmx, premaxilla; s.sq.f, subsquamosal foramen; st.m.f, stylomastoid foramen; tr.can,
transverse canal; Ty, tympanic.
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from the type represented in Microbiotherium tortor (Sinclair, 1901, pl. lxii),
which, as in the Ca£nolestoids, has a large rounded metaconule in the
position of a hypocone. The lower molars of the Ceenolestoids are a modi-
fication of the tuberculo-sectorial type, the trigonid and talonid being very
clearly defined. In the presumably most primitive genus Halmarhiphus
the normal cusps of the tuberculo-sectorial crown are very clearly defined
(Sinclair, 1. c., p. 420). All the molars in CGenolestes and Halmarhiphus
have a prominent antero-external cingulum as in Didelphis. Halmarhiphus
and Ccnolestes occasionally retain the antemolar dental formula of Didelphis
(Sinclair).

The fourth upper premolar and first lower molar among the Caenolestoids
vary greatly in character. In the less specialized genera COnolestes, Hal-
marhiphus, and Garzonia they are simple in form; in the larger form Abde-
rites the first lower molar has a high piercing-sectorial blade, fluted anteriorly
and analogous to that in the Plagiaulacidwe. Sinclair has adduced evidence
(1. c., pp. 417-418) to show that this sectorial molar has been derived from
the tuberculo-sectorial type of Halmarhiphus.

Accordingly there is seen to be considerable though not positive evidence
that the Cwenolestoids have been derived from the Didelphoid type, and this
is strengthened by the similarities pointed out by Miss Dederer (1909)
between the skull of CGenolestes and, those of the smaller Dasyuridwe. On
the other hand, in certain characters of the dentition they are prototypal to
the Diprotodont type and especially the smaller phalangers.

The pes, however, as stated above, is entirely eleutherodactylous and
shows no trace of the syndactyly so characteristic of the Diprotodontia.
This may be an adaptation to terrestrial and cursorial habits as in the
smaller Dasyures; but the detailed characters of the skull show no striking
Diprotodont characters and the writer is inclined to regard COnolestes and
its allies as an independent suborder, an offshoot of primitive Polyprotodonts,
which has paralleled the Diprotodonts in certain characters of the dentition.

The so called " Multituberculates" of Patagonia. Are they not highly modi-
fied Ccenolestoids7

The most serious theoretical difficulty in the derivation of the Cwenolestoid
dentition from the tritubercular and tuberculo-sectorial type lies in the fact
that, according to Ameghino's figures (1903, pp. 31-192), the forerunners
of the Cwenolestoidea in the far older Notostylops Beds (? Basal Eocene),
have molar teeth which are of the multituberculate rather than of the
tuberculo-sectorial type. It may be well then to inquire whether the genera
Polydolops, Pliodolops, etc., are related to the Caenolestoids, or, as Ameghino
believes, to the Multituberculates.
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There can scarcely be much doubt that the lower jaw designated as
Parabderites bicrispatus by Ameghino (1. c., Fig. 74), from the Colpodon
Beds, pertains to a Caenolestoid. Now the jaw and teeth of Parabderites
are extremely like those of Archcodolops from the Notostylops Beds (Ame-
ghino, 1. c., Fig. 75) and these offer a close comparison with the Polydolops
teeth, which in turn lead readily and unmistakably into all the other "-dolops"
genera of the Notostylops Beds. None of these genera show any clear
evidence of derivation from tritubercular and tuberculo-sectorial types, but
on the contrary certain of them (Propolymastodon, Pliodolops) approximate
the Multituberculate type, as represented in Ptilodus and Polymastodon,
in the following characters:

(1) The angle in Propolymastodon. is strongly inflected. This, how-
ever, would be true of almost any Marsupial. (2) The second incisors
(Ameghino) are much enlarged and subscalpriform, with the enamel con-
fined to the anterior edge; they are followed by a diastema.; the remaining
incisors and canines having apparently disappeared. (3) The last pre-
molar is a high pointed tooth, grooved anteriorly, larger than in Polymastodon,
but smaller than in Meniscoessus. (4) The molars are elongate-oval in
crown view, presenting two rows of tubercles on the inner and outer edges
respectively, and separated by a deep median longitudinal valley. (5)
Ps in Polydolops is reduced to a small peg at the base of the enlarged p1,
very much as in Meni8coessus.

To offset these resemblances we have chiefly the following differences,
which are all such as might separate more advanced from more primitive
forms.

The North American Polymastodonts have advanced beyond Propoly-
mastodon: (a) in the loss of mi3; (b) in the strictly rectangular outline of the
base of the cusps in Polymastodon and in the crescentic shape of the cusps
in Menisco8ssus (c) in the presence of a third external row of cusps in the
upper molars, whereas in Polydolops there are only two rows. In Plio-
dolops, it is true, there are three rows but the cusps are very irregularly
arranged and of polygonal outline at the base, whereas in the Multituber-
culates they are arranged in very straight antero-posterior rows and are
sharply rectangular at the base.

There are, however, certain objections against taking these resemblances
and differences at their face value, as Dr. Ameghino does, and concluding
from them that the Polymastodontid*e are derived from the Promysopidae
(Promysops and Propolymatodon):

(1) Conclusions as to the genetic relations of orders, when based on
dental remains alone, should always be accepted with caution (pp. 107, 108).

(2) Marsupials in general and especially South American families of
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many orders seem to abound in examples of homoplastic and convergent
resemblances to animals of other orders. The resemblances between
Propolymrastodon and Polymastodon are perhaps not much closer than the
resemblances of Borhywna to Oxywena, of Nesodon and Astrapotherium to
Metamynodon and Cadurcotherium, of Thoatherium to Mesohippus, of
Protypotherium and Archawohyrax to Hyrax, etc.; and yet in each of the
cases named the resemblances are very probably due either to convergence
or to homoplasy. Among the Caenolestoid relatives of Propolymastodon
one genus, Orthodolops (Ameghino, 1. c., p. 131) somewhat resembles Sciurus
in both upper and lower teeth, while Cephalomys, a Patagonian rodent, has
a deciduous p4 suggesting that of the Multituberculate Ptilodus (Ameghino
1. c., p. 98); and yet Orthodolops can hardly be regarded as a relative of
Sciurus, nor Cephalomys of Ptilodus.

(3) The extreme plasticity of the cheek teeth in the Multituberculata,
Caenolestoidea and Diprotodontia is well illustrated in the great range in
form of the ultimate upper premolars and first lower molar. In Garzonia
and COnolestes ml is simple, in Abderites it is highly grooved, while in Pro-
polymastodon it is intermediate. In Bettongia it is the posterior premolar
which is highly grooved, while in the more advanced Macropus the same
tooth is simple. In Ptilodus the anterior cheek tooth is highly grooved, in
the related Polymastodon it is reduced and simple.

(4) Assuming that the early Tertiary Propolymastodon is related to the
Cwenolestoids and also structurally ancestral to the Upper Cretaceous and
Basal Eocene Polymastodontidw, how are we to account for the ancestry
of the Upper Triassic Multituberculates Tritylodon, Triglyphus and Micro-
lestes ? Is the order Multituberculata diphyletic ? If so, where is the break
in the fairly close morphological sequence represented in the genera Micro-
lestes, Plagiaulax, Ptilodus, Meniscoessuw and Polymastodon?

(5) The reduction of the lower lateral incisors, canines and anterior
premolars in CTnolestoids does not favor the hypothesis that the tuberculo-
sectorial dentition of the Polyprotodont Microbiotherium might be derived
ultimately from the "multituberculate" type of Propolymastodon; because
the Caenolestoid antemolar dentition, even if it had appeared early enough
to give rise to that of the Triassic Multituberculates, could hardly have given
rise to the antemolar dentition of Amphitherium and the Polyprotodonts.

In brief, the evidence for inferring that Propolymastodon and its allies
are not Multituberculates but highly modified Cwnolestoids is: (1) that they
seem to be connected with the Canolestoids by a series of structurally inter-
mediate forms; (2) that Propolymastodon and its allies differ from the
true Multituberculates in certain important particulars; (3) that in view of
the great plasticity of the cheek teeth in the Multituberculates and Diproto-
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donts the general resemblances between Propolymastodon and Polymastodon
are possibly convergent; (4) that in fact the resemblances between South
American and other groups are in many cases the result of convergence, and
not indicative of close affinity; (5) that if Polymastodon is assumed to be a
Multituberculate we are led into seemingly contradictory hypotheses of the
derivation and relationships of Multituberculates, Csenolestoids and true
Diprotodonts.

The most reasonable provisional conclusions from these very puzzling
facts seem to be the following:

(1) Propolymastodon is a "pseudo-Multituberculate" offshoot of the
Caenolestoids. The latter (p.'211), seem to be derived from the Polyproto-
donts, or at least from Mesozoic forerunners of the same.

(2) Propolymastodon and the series of Caenolestoids serves to illustrate
in what manner the true Multituberculate lower molar might have been
derived from a tuberculo-sectorial lower molar and vice versa: but they do not
by any means prove that either type was derived from the other (see p. 168).

(3) The known forerunners of the Caenolestoidea in the Notostylops
Beds represented an early specialized offshoot and are not structurally
ancestral to the later Caenolestoids.

At the same time the contrary hypothesis should not be forgotten, namely:
(1) That the Notostylops Beds genera Polydolops, Propolymastodon,

etc., are survivors of a group of Triassic Diprotodonts which gave rise to
the Multituberculates on the one hand and to the CQenolestoids and Austra-
lian Diprotodonts on the other.

(2) That the,resemblances of both the Diprotodonts and Ceenolestoids
to the Polyprotodonts are due partly to convergence and partly to inheritance'
of primitive characters from a remote Triassic Marsupial stock.

A clearer knowledge of the genetic relations of these Patagonian forms
is of the utmost importance in the study of Marsupial phylogeny. The wide
difference between the theoretical relations of the Csenolestoids to other
Marsupials and the imperfect indications of the geological record are revealed
in the tables on pages 228, 229.

Wynyardia bassiana Spencer.

This species (Spencer, 1900), which is from the Eocene (or Oligocene)
of Table Cape Tasmania, is another form that helps to bridge over the
structural gap between the Polyprotodontia and the Diprotodontia. The
skull (which unfortunately lacks the dentition) approaches that of the
Dasyuridae in many features of the cranium proper and zygoma, but the
premaxillaries are stated to approximate in form to those of Trichosurus
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and to indicate a fair-sized incisor dentition. The lower jaw shows a deep
transverse groove on the alveolar border which may indicate the presence of
an enlarged grooved premolar or molar (Spencer, 1. c., p. 784). A somewhat
similar deep alveolar groove occurs below the enlarged grooved p4 in the
Patagonian Caenolestoid Garzonia minima (cf. Ameghino, 1903, p. 157,
fig. 81). The glenoid region of the squamosal suggests the Diprotodont
type and the same is true of certain features of the femur, tibia and pelvis.
A closer comparison of Wynyardia with the Caenolestoids seems desirable.

IV. THE AUSTRALIAN DIPROTODONTS.

The probable course of adaptive and morphological divergence in the
dentition and foot-structure of the Diprotodontia have been very fully
worked out by Bensley (1903); his chief results may be summarized and
combined with the observations of others in the following table and in Fig.
14 (p. 202):

Adaptive Radiation of the Diprotodontia.

HYPSIPRYMNOIDEA (PHALANGEROIDEA).
PHALANGERIDAE.

PHALANGERINxE Bensley. (True Phalangers.)
Arboreal.

Size, from mouse-like (Dromicia) to opossum-like (Trichosurus).
Tail prehensile, partly scaly (Dromicia), to bushy (Trichosurus).
Pes: hallux fully opposable.
Syndactyly in pes marked, digit IV large to very large (Dactylo-

psila).
Tarsus with plantar pads primitively separate and transversely

striate (Acrobates).
Gait plantigrade, climbing; Acrobates and Petaurus with flying

membranes.
Insectivorous to omnivorous, to vegetarian.

Diprotodont, I. 1, (:.
Molars quadrituberculate, cusps bunoid, no external styles or

intermediate conules.
Acrobates, Distoechurus, Dromicia, Gymnobelideus, Petaurus, Dac-

tylopsila, Phalanger, Trichosurus.
TARSIPEDIN,E Bensley.

Arboreal.
Size small.
Tail prehensile.
Pes rather long, with opposable hallux, hallux nailless.
Syndactyly in pes extreme, D. IV greatly enlarged.

Mellivorous-insectivorous.
Diprotodont.



Bulletin American Museum of Natural History. [Vol. XXVII,

Molars degenerate, greatly reduced, haplodont, variable in number.
Tongue elongate, protrusile.
Tarsipes.

PHASCOLARCrINA, (Crescent-toothed Phalangers and Koala).
Arboreal.

Size and habits variable. Pseudochirus phalanger-like, Petau-
roides, large Flying Phalanger, Phascolarctos (Koala) Sloth-
like.

Tip of tail naked (Pseudochirus, Petauroides) or tail absent
(Phascolarctos).

Pes with fully opposable hallux.
Pes strongly syndactylous.

Herbivorous.
Diprotodont.
Molars with strongly crescentic cusps.

MACROPODIDYE.
Terrestrial.

Size variable. The Rat Kangaroos are rabbit-like, the Giant
Kangaroos (Palorchestes) of the Pleistocene, had a skull as
big as that of a horse.

Tail non-prehensile, used as a secondary support.
Pes becoming elongate, hallux reduced (Hypsiprymnodon),

usually wanting.
Pes strongly syndactylous, digits II and III becoming vestigial,

digit IV greatly enlarged.
Plantar pads reduced (Hypsiprymnodon) to wanting (Macropus).
Gait hopping; smallest forms partly fossorial.

Herbivorous (food: roots, grass), grazing.
Diprotodont. Incisors sharp and cutting, lower incisors with

scissors-like effect (i. e., with slight transverse motion).
Molars bilophodont; brachyodont to hypsodont; posterior upper

and lower premolars enlarged, grooved (Potoroine, Bet-
tongiinae) or reduced (Macropodinae).

PHASCOLOMYIDME.
Terrestrial-fossorial.

Size beaver-like.
Tail reduced.
Pes broad, with large claws, hallux reduced.
Of syndactylous derivation but digits II and III secondarily en-

larged.
Plantar pads degenerate.
Gait plantigrade, shuffling.

Herbivorous.
Diprotodont. I+, Incisors much enlarged, rodent-like, but

motion of jaw vertical.
Molars strongly bilobate, hypsodont, curved.
Phascolomys, tPhascolonus.
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DIPROTODONTMDAE.
Terrestrial.

Size very large, about that of a small Megatherium, but with
enormous head.

Pes with very large tarsus and reduced digits, turning inward,
the outer elements much enlarged (Stirling and Zietz).

Digits II and III subequal and showing traces of syndactyly.
Herbivorous.

Diprotodont, with enlarged procumbent I +; i2, i3 small.
Molars completely bilophodont.
tNototherium, tDiprotodon.

THYLACOLEONTIDME.
Terrestrial ?

Size that of a small lion.
Carnivorous ? (Broom, 1898).

Diprotodont, with enlarged compressed, piercing-cutting median
incisors.

Ps, greatly enlarged, shearing; molars much reduced, tubercular.
t Thylacoleo.

V. SUMMARY OF THE ARGUMENTS IN FAVOR OF RETAINING THE DIVISIONS
POLYPROTODONTIA" AND "DIPROTODONTIA" RATHER THAN

"DIADACTYLA" AND " SYNDACTYLA."

(1) The nearer affinities of the syndactylous Peramelidae are apparently
with the Polyprotodontia rather than with the Diprotodontia.

(2) The Cienolestidee, perhaps more nearly allied to the Diprotodontia,
are non-syndactylous (p. 211).

(3) One species of the Polyprotodont Marmosa, the most primitive
living genus of Marsupials, shows a marked tendency toward syndactyly
(Bensley, 1903, pl. vii, Fig. 7).

(4) "Polyprotodontia" and "Diprotodontia" may be defined from
several characters but "Diadactyla" and "Syndactyla" from but one char-
acter.

VI. PRIMITIVE MAMMALIAN CHARACTERS OF THE MARSUPIAL SKULL.

Comparison of the skulls of Marmosa and Didelphis.

Additional reasons for believing that the smaller Didelphidee are

structurally prototypal to the remaining Marsupials are found in the general

t Extinct.
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characters of the skull. The following comparison of a smaller insectivo-
rous Didelphid (Marmosa simonsi) with a larger more specialized, more
carnivorous form (Didelphis virginianus) will serve to illustrate how many
differences may result merely from an increase in size and a change from
insectivorous to semi-carnivorous habits.

The skull of Marmosa (Fig. 16) agrees with those of the more primitive
Placental Insectivora (e. g., Microgale, Ictops) in its minute size, broadly
triangular contour as seen in top view, rather short face, pointed muzzle,
relatively large rounded brain case without sagittal or occipital crests,
incisors row anteroposterior rather than transverse, canines small, premolars
pointed, upper molars sharp-cusped, triangular, and lower molars tuberculo-
sectorial.

It is reasonably certain that these characters, especially the relatively
large rounded brain case, are directly dependent upon minute size and
insectivorous habits. In these features Marmbsa contrasts strongly with
Didelphis, the skull of which in its carnivorous adaptations, resembles that
of the Creodonts. In Marmosa both the face and mid-cranial region are
short, in Didelphis they are both elongate. In Marmosa the glenoid facets
of the squamosals on either side appear relatively further forward; in Didel-
phis, by the elongation of the parts anterior to them, they are left near the
back of the skull, while the basisphenoid for similar reasons appears very
short. In Marmosa the lachrymal is proportionately short, the internal
proximal processes of the nasals are more pronounced and the visible portion
of the proximal end of the nasals is not so wide. In correlation with the
shorter mid-cranial region the constriction back of the orbits is much less
pronounced (than in Didelphis), and the orbits also are less removed from
the temporal fossse. In the occiput, in consequence of the feeble develop-
ment of the crests the mastoid exposure is relatively broader than in Didel-
phis and appears more in the side view. The paroccipital processes, as in
the skulls of small Insectivores, are barely indicated.

These adaptive divergences do not conceal an agreement in all the funda-
mental marsupial and primitive mammalian characters of the external
aspect of the skull, as follows: The basisphenoid in both genera is grooved
and pierced by the entocarotid artery (see below, p. 223), while immediately
in front of this lies the "transverse canal" (p. 223). The basioccipital is
grooved or pierced on its external border, next to the petrosal, by the posterior
carotid foramen (p. 223). The optic foramen is not separated from the
sphenorbital (for. lac. ant.) i. e., the nerve does not pierce the orbitosphenoid;
the foramen rotundum forms a tubular opening immediately; behind the
sphenorbital. The sphenopalatine (internal orbital) foramen, the stylo-
mastoid, postmastoid and other foramina described below (p. 224) all exhibit
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Fig. 16. Skull of Marmosa simonsi. A, side view, with lower jaw. B, palatal view.
U. S. Nat. Mus. No. 121155. f2.

f.pl.a, anterior palatine foramina.
fen. pal, palatal vacuities.
f.pal.p.e., postero-external palatine foramen.
f.l.a., foramen lacerum anterius (sphenorbi-

tal fissure).
f.r., foramen rotundum.
can.tr., transverse canal.
f.car., entocarotid foramen.
f.eu8., Eusta;chian opening.

ty. As., bullate portion (tympanic process) of
alisphenoid.

gl. As., glenoid portion of alisphenoid.
f. m. po., posterior mental foramen.
f.p.z. post zygomatic foramen.
ft. car. post., ?posterior carotid foramen.
f. st. m., stylomastoid foramen.
f. p. m., postmastoid foramen.
f.c., condylar foramina.

Other abbreviations as in preceding figures.

1910.] 219



Bulletin American Museum of Natural History. [Vol. XXVII,

fundamental similarities in Marmosa and Didelphis. These two types further
agree in the dental formula, general form and arrangement of the teeth and
in the inflected angle of the mandible. The orbitosphenoid is very small
and lies above and in front of the sphenorbital fissures which are confluent
in the middle line; the vertical plate of the palatine is large, the alisphenoid
is large and extends on to the glenoid surface of the squamosal. Internally
to the post-glenoid process the alisphenoid sends back an inflated expansion
the "alisphenoid bulla." This is seen in a primitive stage in the genera
under consideration, where it merely embraces the anterior part of the
membranous tympanum. The malar in both genera is very large and has
a prominent postorbital apophysis which may possibly be a remnant of the
postorbital bar in the Cynodonts (p. 120). The malar extends back to the
glenoid fossa and has an articular surface which limits the lateral vibration
of the mandibular condyle (p. 119). The zygomatic process of the squamosal
is relatively short and is received anteriorly between the long inferior, and
short superior, fork of the malar. The squamosal sends back a ridge which
runs from the dorsal edge of the zygoma, above the external auditory arch
to the lambdoidal crest. This ridge is analogous to a similar one in Cyno-
gnathus (p. 121). In Marmosa it is but feebly indicated. The orbital portion
of the lachrymals is large but the facial portion in Marmosa is very limited;
the lachrymal foramen is marginal. The pterygoids are reduced to thin
scales of bone and in this respect Marmosa and Didelphis both appear to
have become more specialized than Thylacynus (Fig. 1, A). The palatal
fenestrce are prominent in both genera. Parker (1886, p. 270) found that in
the developing skull the palatal plates of the maxillary and palatine bones
in Marsupials generally were at first not fenestrated but became so by the
gradual absorption of their substance in certain areas. This conspires with
other evidence to indicate that the fenestration of the palate in Marsupials
and Insectivores is a secondary character. The posterior part of the palate
in both Marrnosa and Didelphis terminates in a prominent transverse
palatal ridge, which is pierced at its opposite external corners by a prominent
foramen, which is possibly for the posterior palatine nerve (a branch of V2).

The internal view of the skull of Didelphis also reveals many primitive
mammalian characters. The cerebral chamber is longer than high, the
olfactory fossa is large and long; the long axis of the brain case makes only
a very gentle angle with the nasal cavity. Beginning at the posterior end
of the skull we observe the following structures: The paired condylar fora-
men, piercing the exoccipital; the foramen lacerum posterius (f. jugulare),
lying between the basioccipital and the periotic; the internal auditory meatus
(for the facial and auditory nerves) piercing the petrous; and above it the
circular floccular fossa. Running through the occipital wall of the supra-
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occipital and basioccipital are sections of the transverse venous sinus. In
front of the periotic lies the internal opening of the foramen ovale (V3).
In the floor of the basisphenoid we see the pituitary fossa, without anterior
or posterior clinoid processes, and immediately external to it is the carotid
foramen. External to this, in turn, lies a longitudinal groove for the Gas-
serian ganglion (of the trigeminus) terminating anteriorly in the foramen
rotundum (V2), which tunnels through the alisphenoid. Anteriorly to the
foramen rotundum and pituitary fossa is the sphenorbital frsure (for. lac.
ant., for nerves II, III, IV, V1, VI); above and in front of this is the small
mesially placed orbitosphenoid, which in Didelphis is hollow and invaded
anteriorly by the posterior ethmoturbinals. Between the antero-lateral
border of the orbitosphenoid, the frontal, and the cribriform plate is the
ethmoid foramen (for the internal nasal nerve, a branch of V1).

A noteworthy feature of the internal view of the skull of Didelphis is that
on account of the imbricating relations of the edges of several bones the
external boundaries are widely removed from the internal boundaries. Thus
the parietals broadly overlap the frontals exteriorly so as to confine the latter
to the olfactory region; but interiorly the frontals extend well backward so
as to cover the anterior and antero-superior portions of the cerebrum. The
alisphenoid which has a very extensive external distribution is limited
internally to a moderate anteroposterior wing. The squamosals, which are
so large in the external view of the Marsupial skull, in Didelphis are almost
excluded from the brain cavity, and represented only by a narrow strip in
front of the petrosal. The alisphenoids are fused with the basisphenoids
even in young skulls.

As regards the ethmoturbinal complex Didelphis is seen to have a large
well-ossified mesethmoid, which is continuous posteriorly with the median
wall of the orbitosphenoid and ends anteriorly in a subvertical edge. The
mesethmoid is supported inferiorly in the dorsal channel of the slender quill-
like vomer. The ethmoturbinal scrolls are limited to the middle and pos-
terior portions of the nasal cavity, the anterior part of which is occupied by
the well developed maxilloturbinals.

Primitive Mammalian Characters of the Marsupial chondrocrantium.

An analysis of Parker's researches (1886) on the development of the
skull in Marsupials, Edentates and Insectivores, yields the following list of
characters, which indicates that the Marsupial chondrocranium, in its under-
lying features, represents a lower plane of mammalian evolution than does
that of primitive Placentals.

(1) Boat-shaped chondrocranium with orbitosphenoid wing flush with
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the alisphenoid (Parker, 1. c., p. 271). In the Placentals, in consequence of
the early development of the large lateral masses of the cerebrum, the wall
of the chondrocranium is "ruptured" (1. c., p. 8) and the ala temporalis
(alisphenoid) appears as a projecting wing of cartilage.

(2) Cartilaginous nostrils subterminal and giving off tongue-shaped
cartilages which cooperate with the "antero-lateral vomers" (prevomers) to
protect Jacobson's organs.

(3) Whole nasal labyrinth small especially in the young, "not more
than half as large as in an average Placental Mammal" (1. c., p. 271); but
nasal labyrinth much more complex than in any reptile (1. c., p. 8). Cribri-
form plates suberect, flattish (1. c., p. 272).

(4) Meatus externus protected by a more or less segmented tube of
cartilage, which is continuous with the concha auris (1. c., p. 270). (Indi-
cates that the cartilages of the ear conch are neomorphs in the mammals,
and not necessarily derived from the hyoid arch (cf. p. 125)).

(5) Presphenoid (1. c., p. 271) developing as an independent cartilage.
(In Placentals it generally appears as a ventral union of the orbitosphenoids.)

(6) Optic nerve (1. c.) not piercing the cartilaginous orbitosphenoid,
but, from its first appearance, issuing through the sphenoidal fissure, as in
reptiles. (Contrast most Placentals.)

(7) Internal carotid piercing basisphenoid (cf. Monotremata; p. 150).
(In Placentals it generally enters through the foramen lacerum medium,
pp. 430, 431).

(8) Clinoid processes and concavity for the pituitary body but little
developed (cf. Solenodon, p. 253).

The arrangement of the cranial foramina in Marsupials.

Strong evidence for the common origin of the Polyprotodont and Diproto-
dont divisions of the Marsupialia lies not only in the structure of the feet
(pp. 201, 217) but more especially in the common plan of arrangement of
the cranial foramina and of the parts relating to audition, in such adaptively
diverse forms as Marmosa, Didelphis, Phascologale, Dasyurus, Thylacynus,
Perameles, of the Polyprotodontia; Ccenolestes, Phalangista, Phascolarctos,
Hypsiprymnus, Macropus and Phascolomys of the Diprotodontia. Repre-
sentatives of all these genera have been examined by the writer, with the
cooperation of several fellow studerLts especially Dr. C. S. Mead.

The majority of the foramina mentioned above as occurring in the
Didelphids are equally characteristic of other Marsupials. The optic
foramen (as is well known) is not independent but is confluent with the
foramen lacerum anterius (sphenorbitale), which also transmits nerves
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III, IV, VI and the frontal branch of the trigeminus (V1). The opposite
anterior lacerate foramina are confluent so that a bristle may be passed
through the skull at this point.

The foramen rotundum (for the maxillary branch of the trigeminus, V2)
is generally a very prominent tubular opening directed forward at some little
distance behind the foramen lacerum anterius. In- the interior of the skull
it is continuous with a longitudinal groove or fossa for the Gasserian ganglion
(V1-3), on either side of the sella turcica and external to the carotid foramen.

Transverse canal.- There is frequently a prominent foramen or canal
which tunnels the floor of the basisphenoid transversely, and may be desig-
nated as the "transverse canal." In the opossum, according to Wortman,
(1902, p. 440) its office is the "transmission of a vein, a branch of which
gains access to the cranial cavity through a small foramen in the floor of the
pituitary fossa." This canal strongly suggests the "canalis transversus"
of Simplicidentate rodents, which likewise, according to Tullberg, transmits
a vein (Weber, 1904, p. 474). To judge from Sinclair's description (1901)
of the skull of Borhycwna, the transverse canal appears to be absent in some
at least of the fossil carnivorous Marsupials of Patagonia, but it is present in
the Diprotodonts examined as well as in Didelphis.

No true alisphenoid canal perforates the alisphenoid bone, but in the
opossum a slight groove just in front of the transverse canal may mark the
forward course of the ectocaroted, or maxillary branch of the carotid artery.

Posterior to the transverse canal and occupying approximately the posi-
tion of the foramen ovale in the dog lies the entocarotid canal which per-
forates the basisphenoid, entering forwards. This has long been known as
a constant feature of the Marsupial skull; but Wincza (1898, quoted by van
Kampen, 1905, p. 383) reports that in Acrobates pygmaus the carotid
enters the skull in the same manner as in most Placentals, i. e., through the
foramen lacerum medium.

Lying between the petrosal and the basioccipital is a foramen which may
provisionally be termed the posterior carotid foramen, which probably trans-
mits a posterior branch of the entocarotid. It is present in all the Polyproto-
donts examined, but was not recognized in the Diprotodonts.

Perforating the posterior part of the alisphenoid near the alisphenoid
bulla and looking either forward or outward and downward toward the inner
side of the mandible is the foramen ovale, for the mandibular branch of the
trigeminus (V3).

The Eustachian canal lies between the tympanic expansion of the ali-
sphenoid and the petrosal. It is frequently lodged in a groove on the internal
side of the tympanic portion of the alisphenoid, issuing from the tympanic
cavity, and running forward and inward.
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Postglenoid. This venous foramen, which is only exceptionally absent
in mammals occurs also in the Marsupials.

Postzygomatic. This small venous foramen, first described by Cope
(1880), is associated with the postglenoid, and like it contributes to the
system which comprises the transverse occipital sinus, the mastoid, post-
parietal, the jugular (for. lac. post.) and other foramina. It opens below or
within the lip of the postglenoid foramen and runs forward. As observed
by Cope (1880, p. 454) it is characteristic of the Marsupialia and distin-
guishes the carnivorous Marsupials from their Placental analogues.

Subsquamosal (Cope). This is another tributary to the transverse canal.
In the Polyprotodonts it is located in the external portion of the roof of
the auricular meatus, behind and abQve the postglenoid + post zygomatic
opening, and below the squamosal ridge which connects the zygoma with
the lambdoidal crest. In the Diprotodonts through the failure of the post-
zygomatic ridge the subsquamosal sometimes becomes identical with the
post squamosal (Cope).

Postsquamosal (Cope). This is another part of the venous system of the
transverse sinus. It is a lateral foramen in the postero-superior part of the
squamosal in front of the lambdoidal crest and above and behind the sub-
squamosal foramen. It is often reduced or absent.

Mastoid foramen. On the occipital surface of the mastoid bone at or
near its supero-external corner. A part of the same venous system. Fre-
quently, but not always present in Marsupials and primitive Placentals.

Jugular foramen ("For. lac. post.," "for. vagi"). The final member of
the venous system under consideration. Also transmits nerves IX, X,
XI. In Didelphis and Thylacynus it lies immediately postero-externally
to the posterior carotid foramen, posterior to the petrosal and internal to the
base of the paroccipital process (Fig. 1, A, f. 1. p.).

Stylomastoid foramen and canal. At the postero-external angle of the
petrosal is the stylomastoid foramen, which transmits the facial- or seventh
nerve, after its passage through the petrosal (p. 430). The stylomastoid
foramen is constant in mammals, but by the growth of the surrounding parts
it is often covered up or difficult to locate. In Didelphis it is exposed in
front of the internal base of the mastoid. In Thylacynus it lies at the bot-
tom of a canal formed by the tympanic, the mastoid and the paroccipital.
In Diprotodonts the canal appears to issue on the postero-external border of
the skull between the tympanic and the mastoid. The stylohyoid bone is
attached to the petrosal in or near the stylomastoid canal, often postero-
internally to it.

Condylar foramen. Located immediately in front of the occipital condyle
and transmitting the twelfth or hypoglossal nerve.
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Accessory condylar foramen. An accessory or second condylar foramen,
in front of the main one, seems to be characteristic of both Polyprotodonts
and Diprotodonts. Its supposed presence in Creodonts is mentioned below
(p. 302).

VII. TAxONOMIC HISTORY OF THE DIVISIONS PROTOTHERIA, METATHERIA
AND EUTHERIA.'

1816. De Blainville groups the Monotremes and Marsupials as "Di-
delphes" in contrast with the "Monodelphes" or Placentals (p. 77).

1834. De Blainville takes the step he had suggested in 1816 and raises
the "Ornithodelphia" (Monotremes) to a rank cobrdinate with that of
"Didelphia" and "Monodelphia." (p. 82).

1837. Bonaparte uses these two main divisions (see p. 84) under the
terms "Ovovivipara" (Marsupials and Monotremes) and "Placentalia."

1866. Haeckel, recognizing that the Marsupials and Placentals have
been derived from a common stem (later called "Prodidelphia") in his
phylogenetic diagrams correctly represents the relations of the three groups.

1872. Gill uses the term "Eutheria" to include both the Marsupials
and Placentals (pp. 92, 230).

1880. Huxley restricts the term "Eutheria" to the ancestors of the
Placentals and invents the term Metatheria for the remote ancestors of Mar-
supials plus Placentals. The terms "Prototheria," "Metatheria" and
"Eutheria" were used by Huxley chiefly as denoting successive stages of
development.

VIII. SUMMARY OF THE GENETIC RELATIONS OF THE MARSUPIALS.

It is generally believed that the earliest inammals had a shoulder girdle
of the Monotreme type and were probably oviparous, and reasons have been
adduced above (p. 161) for inferring that they were also semifossorial in
habits. From this early Prototherian type the Monotremes have departed
very widely in many of their skull-characters (p. 156). The primitive
Marsupial skull on the whole approaches the Cynodont skull much more
nearly than does that of the Monotremes, especially in the general conforma-
tion of the lateral aspect, in certain characters of the malar and squamosal
(p. 207), in the proximal spreading of the nasals (p. 120), in the long sagittal
crest, narrow brain case and relations of the pterygoids (p. 120). But in

1 The references to this historical summary appear under Part I (see list of references).
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the early mammals the skull had already advanced far beyond that of the
Cynodonts in the backward prolongation of the hard palate, in the reduction
of the quadrate and articulare and possibly in the transformation of these
bones into the incus and malleus respectively (p. 140).

After the branching off of the Monotremes the Marsupio-Placental
remnant still retained certain reptilian features in the skull, but owing to
the assumption of semi-arboreal habits it lost the Monotreme characters of
the shoulder girdle, clear traces of which (Broom) are still retained in
embryo Diprotodonts (p. 157). Improved climbing powers resulted from
the atrophy of the episternum and procoracoid, the reduction of the coracoid,
the pulling outward of the glenoid away from the middle line and the de-
velopment of the prespinous fossae and its muscles.

At this point the divergence into Marsupials and Placentals may have
begun. The forerunners of the Marsupials, we may imagine, went on im-
proving the arboreal characters, finally acquiring the rudiments of syndactyly
in the pes, which, from its occurrence (Bensley) in Marmosa pusilla (p. 217),
may be suspected to be a primary character in the Polyprotodontia as well
as in the Diprotodontia (p. 215). The Pro-Placentals however avoided this
particular feature of arboreal specialization, as well as the lengthening of
the fourth digit of the pes, merely retaining a partly divergent pollex and
hallux. The change from oviparity to viviparity was meanwhile proceeding
in the manner outlined above (p. 148). The pro-Marsupials laid stress on
the extra-uterine, or marsupial adaptations, so that the young, through the
retention and emphasis of certain embryonic features, such as the intra-
narial epiglottis, acquired larval characters. Peculiar relations between the
maternal teat and the mouth of the offspring, joined to the desirability of
precocious independence in gaining food, may have conditioned the early
specialization of the last upper and lower milk molar and the suppression
(except in certain Sparassodonts, p. 207) of the anterior milk molars (Leche,
quoted by Weber, 1904, p. 341). The Pro Placentals on the contrary,
laying stress on the intra-uterine adaptations, as well as on the improvement
of lactation, lengthened the period during which the young are dependent
on the mother, with the result that a more leisurely and full development
of both milk and permanent dentitions followed.

The Marsupials also acquired certain peculiar specializations which
were avoided both by Monotremes and by Placentals. The allantois, which,
as in Perameles, may have begun to unite with the uterine wall was crowded
out by the yolk sack, which also assumed this function.

The hard palate, which possibly was prolonged backward at a very early
period began secondarily to acquire fenestree, orto enlarge its fenestrae, through
the absorption of tissue (p. 220). The pterygoid fossa of the mandible
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became greatly pronounced: possibly in proportion as the ancient pterygoid
muscles shifted their attachment from the dwindling pterygoids to the
uprising pterygoid wings of the alisphenoid. The "alisphenoid bulla,"
at first a mere depression in the hinder border of the glenoid region, for the
reception of the anterior wall of the membranous tympanic cavity, grew
backward, finally embracing the tympanic annulus and bridging over the
petrosal to unite with the paroccipital process and mastoid.

Within the order Marsupialia the genetic relations of the suborders
Multituberculata, Diprotodontia, Carnolestoidea Polyprotodontia appear to
be somewhat as follows: The Prototherian ancestors of the Monotreme-
Marsupial-Placental stem (p. 229) probably had incisors canines, premolars
and molars. Perhaps as far back as the Upper Triassic this type, by
denrtal reduction gave rise to the Multituberculata which paralleled the true
Diprotodonts and retained certain primitive features in common with them
but were nevertheless not ancestral to them (p. 170).

The remaining stock, preserving their heritage of four kinds of teeth,
gave rise at different times to the Diprotodonts, Ceenolestoids and existing
Polyprotodonts.

There can be little doubt that these three suborders are intimately related
to each other, as shown by the fundamental agreement in the foramina
(p. 222), in the general architecture of the skull (p. 221) and in the foot-
structure (p. 201). This inference is supported by the existence of several
groups (PeramelidaT (p. 208), Caenolestoids (p. 209), Wynyardia (p. 214))
which combin.e structural features otherwise peculiar either to the Polypro-
todontia or to the Diprotodontia. Moreover, with regard to every detail of
the dentition, cranial foramina, alisphenoid bulla, lower jaw, etc. all well-
founded analogies sustain the inference that, morphologically, the Kangaroos
have been derived from primitive Didelphids and not vice-versa.

On the other hand in several features the Diprotodonts appear to be
more primitive than the Didelphids. It is only among the Diprotodontia,
for example, that we find a structure which appears to be homologous, and
is certainly structurally identical with, the pecten of the eye in Apteryx
(Johnson, 1901).

Again the malleus- of Diprotodonts approaches the Monotreme type,
in the length and breadth of the anterior (Folian) process and in the union
of the latter with the tympanic (Dobson, 1879); while the stapes is often
columelliform; and there is some evidence to show that these are very
primitive mammalian characters (p. 151); whereas in the Polyprotodont
Didelphis the stapes and malleus approximate to the Placental type (Doran,
1879, pl. lxiv, fig. 15). The Diprotodonts, moreover, exhibit the tendency
for the persistence of both azygous veins to a greater degree than do the
Polyprotodonts (Beddard, 1907, p. 219).
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From the foregoing it appears probable that the Diprotodontia have
retained certain primitive mammalian characters, which have been lost in
the Polyprotodontia, while on the other hand the Didelphids have remained
primitive in the dentition, skull, and foot-structure. The problem of the
genetic relations of the Diprotodontia and the Polyprotodontia is compli-
cated to a certain extent by the existence of the Csenolestoids; but the opinion
may be expressed that probably the resemblances of certain Ctenolestoids to
the Multituberculates (p. 214) is an instance of convergence between related
suborders, and that the same is true, but to a less extent, of the resemblances
of other Caenolestoids to the Diprotodont phalangers.

The foregoing views of the relations of the suborders of Marsupials to
each other and to the stem of the Placentals are expressed in the accompany-
ing tables (p. 229).

The consideration of the more detailed evidence of the common origin
of the Marsupials and Placentals may be deferred until after the review of the
Insectivores and Creodonts (p. 307).

XI. DIAGNOSES OF THE DIVISIONS PROTOTHERIA, DIDELPHIA,
MONODELPHIA.

SUBCLASS PROTOTHERIA. Reptilian angular bone absent (at least in propria
forma). Oviparous; no secondary teats. Shoulder girdle and humerus much as
in the mammal-like reptiles: prespinous fossa of the scapula absent or rudi-
mentary, lower part of the anterior border of the scapula corresponding to the
spina scapulae and acromion of higher mammals; large coracoids and pro-
coracoids overlapping in the mid-ventral line; large T-shaped interclavicle;
glenoid facet for humerus very near the sternum. Habits primarily semitos-
sorial. Epipubic bones present. No corpus callosum.

SUBCLASS THERIA I Parker and Haswell.
(= Eutheria Gill, 1872, non Huxley.)

Viviparous, with teats; coracoid and procoracoid reduced, not touching
sternum; interclavicle absent or vestigial; glenoid facet for humerus
widely separated from sternum; prespinous fossa present (much re-
duced in Cetacea). Habits primarily semi-arboreal.

1. Infraclass Didelphia de Blainville.
Epipubic bones; no corpus callosum (Elliot Smith, 1894); angle inflected

(save in Tarsipes); typically with only the posterior milk molar
replaced by a successor; p2 absent; molars typically A.

1 It is unfortunate that the term " Eutheria " has come to stand for two very distinct con-
cepts: first, for Marsupialia + Placentalia (Gill, Osborn, Beddard); secondly, for the Placen-
talia alone (Huxley). Although Gill's usage of the term has the priority (p. 92), it will probably
be impossible at this late date to eradicate Huxley's usage of the term, which is very widely
disseminated through the literature. Rather than contribute to this regrettable confusion,
and recognizing that the law of priority has not generally been applied rigidly in the case of
larger taxonomic groups, the writer has employed the term "Theria," as used by Parker and
Haswell, as the equivalent of " Eutheria " Gill.
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2. Infraclass Monodelphia de Blainville (Placentalia Bonaparte, Eutheria
Huxley).
No epipubic bones; a corpus callosum; angle typically not inflected;

all the antemolar teeth typically represented by both milk and perma-
nent teeth; pa typically present; molars typically .

CHAPTER V. GENETIC RELATIONS OF THE INSECTIVORA
AND TILLODONTIA.
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OUTLINE HISTORY OF THE CLASSIFICATION.

1693. Ray groups the hedgehog, armadillo, mole, shrew, tamandua, bat
and sloth in the "quadrupeda pede multifido vivipara, rostro productiore
anomala: ac primo dentata."
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1758. Linnaeus places Erinaceus, Talpa and Sorex, together with Sus,
Dasypu and Didelphis in the Order "Bestiae."

1779. Blumenbach puts the genera Sorex, Talpa, Didephis among the
"Glires Murina."

1780. Storr puts Vespertilio, Sorex, Talpa and Erinaceus with certain
arctoid plantigrade carnivores in a "sectio" of the comprehensive order
"Primates."

1792. Vicq d'Azyr distributes the Insectivores in the orders "Taupens
ou Taupes," "Soriciens" and "Carnivores."

1795. Geoffroy and Cuvier put the Insectivores and Arctoid Carnivores
in the "ordre Plantigrades."

1800. Cuvier joins the Insectivores with Ursus, Taxus, Nasua, Pro-
cyon, Potos [Cercoleptes], Ichneumon in the group " Plantigrades," between
the "Cheiroptbres" and the "Carnivores" in the comprehensive order Car-
nassiers."

1817. Cuvier excludes the plantigrade Carnivora and renames the
groups "les Insectivores," including as major divisions "les Herissons"
(Erinaceus), "les Musaraignes" (Myogale, Soricidie, Scalops and Chry-
sochloris), "les Tenrecs" (Centetes) and "les Taupes" (Talpa).

1834. De Blainville unites the Insectivora more intimately with the
Chiroptera as a division "clavicules," of the "Carnassiers" contrasted with
the Carnivora as "non-clavicules"; this makes easier the total separation
from the Carnivora.

1839. De Blainville, in his 'Ost6ographie' restricts the term "Car-
nassiers" to the Carnivora, but retains a nominal connection between the
two groups as "Secundat&s."

1837, 1840. Bonaparte totally divorces the Insectivores from the Car-
nivora, placing the former in the "Ineducabilia" in company with Bruta,
Chiroptera and Glires.

1855. Wagner, in his supplementary volume (1855) to Schreber's
'Saugethiere,' reviews the order and adds to it the genus Galeopithecus
"previously associated with the lemurs or bats or isolated as the type of a
distinct order" (Gill). His classification was based on adaptive resem-
blances.

1864.1 Wilhelm Peters (quoted by Gill) in the last of a series of four
contributions, extending from 1846 to 1864, divides the Insectivores into
two great groups, which after the exclusion of Gdleopithecus were afterward
named "Menotyphla" and "Lipotyphla" by Haeckel.

A. Intestine with a large coecum:
"Galeopitheci," "Tupayae," "Macroscelides."

1 The classifications of Peters, Haeckel and Gill are taken from Gill's excellent 'Synopsis
of Insectivorous Mammals' (1874).
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B. Intestine simple, without ccecum:
"Centetin2e" (Centetes, Solenodon, Ericulus, Echinogale).
"Erinacei" (Erinaceus, Gymnura).
"Talpina" (Myogale, Urotrichus, and other Talpids, Chry-

sochloris).
"Sorices" (Sorex).

1866. Haeckel places the Insectivora as the third order of the Discopla-
centalia, dividing the group as follows: "Subordo I. Menotyphla"...
Insectenfresser mit Blinddarm" including " 1. Familia Cladobatida s.
Scandentia," Cladobates, Tupaja; "2. Familia Macroscelidia, s. Salientia,"
Macroscelides, Rhynchocyon. "Subordo II. Lipotyphla.... Insecten-
fresser ohne Blinddarm ". . . " 1. Familia Soricida," Sorex, Crossopus,
Crocidura; " 2. Familia Talpida," Talpa, Condylura, Chrysochloris;
"3. Familia Erinaceidea," Erinaceus, Gymnura; "4. Familia Centetida,"
Centetes, Solenodon.

1867-1871]. Mivart contributes to the 'Journal of Anatomy and Physiol-
ogy' for 1867 and 1868 a series of important "Notes on the osteology of the
Insectivora." This was supplemented in an article on Hemicentetes in the
'Proceedings of the Zoological Society,' 1871. His revised classification
(1871) was as follows:

Galeopithecidae: Galeopithecus.
Macroscelididae: Macroscelides, Petrodromus, Rhynchocyon.
Tupaiidoe; Tupaia, Ptilocercus, Hylomys [now included under Erina-

ceide].
Erinaceidae; Gymnura, Erinaceus.
Centetidoe: Centetes, Hemicentetes, Ericulus, Echinops, Solenodon.
Potamogalidee; Potamogale.
Chrysochloridee; Chrysochloris, Chalcochloris.
Talpidae.

Subfamily 1. Talpina: Scalops, Scapanus, Condylura, Talpa.
Subfamily 2. Myogalina: Urotrichus, Myogale.

Soricidae: Sorex.
Mivart calls attention (1868, pp. 138-140) to the confusing homologies

of the different cusps of the molars in the Centetidae and other families, and
suggests that the main internal cusp in the upper molar of the Centetidae
represents the "two external principal cusps of a quadricuspid molar"
(1871, p. 72).

1872. Gill, in his 'Arrangement of the Families of Mammals' (1872)
adopts the following classification:

2331910.]
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Suborder Dermoptera.
Galeopithecidae.

Suborder Insectivora Vera.
Superfamily Soricoidea.
Fam. Talpidae.

Subfam. Talpinae.
Subfam. Myogalinie.

Fam. Soricidae.
Superfam. Erinaceoidea.
Fam. Erinaceidee.

Subfam. Erinaceinae.
Subfam. Gymnurinae.

Superfam. Centetoidea.
Fam. Centetidae.

Subfam. Centetinae.
Subfam. Solenodontinae.

Fam. Potamogalidae.
Superfam. Chrysochloridoidea.
Fam. Chrysochlorididse.

Superfam. Macroscelidoidea.
Fam. Macroscelididae.

Subfam. Rhynchocyoninae.
Subfam. Macroscelidinae.

Fam. Tupayidae.
Insectivora incertoe sedis.

Leptictidae < Leptictis Leidy.

This classification was not only the best up to that time but in the opinion
of the writer was better than almost any that came after it. Nor has it been
rendered obsolete by later discoveries or changes in method.

Gill's ideas as to the degrees of kinship between the various groups were
expressed diagrammatically thus:

- Talpidae
Soricidae

Erinaceidae
Centetid,e
Potamogalidse

Chrysochloridae
Macroscelidse
Tupayidae



Taxonomic History of the Insectivora.

This expresses very nearly the conception of relationships held by the
writer.

1874-75. Gill, in his 'Synopsis of Insectivorous Mammals' gives a full
review of the literature, taxonomy and osteology of the group. In the
classification adopted the suborders "Dermoptera seu Pterophora" (Gray)
and "Bestihe seu Insectivora Vera" are recognized. In the diagram repre-
senting the supposed degrees of relationships the Bestie are divided into two
sections, corresponding to the later terms Zalambdodonta and Dilambdo-
donta Gill, the first subdividing into the Centetoid and Chrysochloroid
families, the second into the Tupaioid, Erinaceoid, and Soricoid families.

1876-1884. Cope associates the Insectivora with various groups,
especially the Creodonta, Mesodonta and Tillodonta, as suborders of the
order Bunotheria, a generalized Placental group.

1880. Huxley emphasizes the "central position" of the Insectivora,
among the higher Mammalia, regarding them as giving the ancestral char-
acters of practically all the other orders.

1882 (1883). Dobson, in his monograph on the Insectivora, Part I,
adopts Gill's classification with the addition of a new family (Solenodontidae)
and two subfamilies (Oryzorictinae and Geogalinae). He gives a very
thorough and fully illustrated account of the osteology, myology, visceral
anatomy, urinary and generative organs of the principal families, except the
Tupaioidea and Dermoptera.

1885. Gill, in the Standard Natural History, Vol. V, p. 136, adopts the
terms "Zalambdodonta" and "Dilambdodonta," constituted as above.

1888. Osborn, "while admitting the risk of systematic determination
upon the basis of such analogies" (i. e., of the dentition), holds that "we
cannot deny there is far more ground at present for placing the Stylacodon-
tidae [a Jurassic family] in or near the line of the Insectivora than in any other
order." He accordingly names this group the " Insectivora primitiva,"
i. e., as a suborder of the Insectivora (1888, p. 261).

1903. Wortman removes the Eocene Hyopsodontidae from the Primates
and places it in the Insectivora.

1905. Matthew describes the important Eocene genus Pantolestes
Cope (p. 305).

1907. Leche contributes to his work 'Zur Entwickelungsgeschichte
des Zahnsystems der Saugetiere,' an important monograph on the phylogeny
of the Centetidae, Solenodontidae and Chrysochloridae.

1909. Matthew, in his monograph on the Bridger Eocene Carnivora
and Insectivora, favors Huxley's view that "the Insectivora represent more
nearly than any other order the central stock from which the various groups
of placental mammals have descended". He shows that the Hyopsodontidae
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are structurally allied to the Insectivora on the one hand and to the Mioclae-
nidoe and other primitive Placentals on the other.

THE ZALAMBDODONTA.

(Centetoidea Gill+Chrysochloroidea Gill.)

The various families of Zalambdodonts, which are now so diverse in
structure, have been dispersed from their primal mode of life (which may
have been arboreal), into the same terrestrial, fossorial and semiaquatic
habits which have offered a secure refuge to many other lowly vertebrate
groups. According to Matthew, who has discovered Chrysochloroids and
Centetoids in the Oligocene of North America (cf. pp. 258, 259) the mem-
bers of these groups have been driven southward from an original Holarctic
center of distribution into such outlying faunal areas as Madagascar, West
Africa, South Africa, the West Indies and Miocene Patagonia.

THE CENTETIDAX.

The Centetida, once established in the great island of Madagascar,
deployed into a number of well marked lines of adaptation, which have been
described by Peters, Mivart (1867-68, 1871), Dobson (1883), Forsyth
Major (1897), Leche (1907) and others. Centetes parallels Didelphis and
the Creodonts in its enlarged canines, long skull, broad scapula, etc.; Eri-
culus parallels Erinaceus in several features of the dentition as well as in its
spiny covering; Hemicentetes has evolved sectorial molars with long meta-
style blades; Oryzoryctes has acquired marked fossorial characters; Lim-
nogale resembles the aquatic shrews; finally, Potarnogale represents an
otter-like adaptation to rapid swimming. Fortunately, as in the case of the
Marsupials, some of the more primitive members of this radiation have
survived to the present time, and from the various species of Microgale
Leche has been able to learn much of the morphological history of the group.

Are the molars of the Centetidw " pseudotritubercular" ?

The molars of Centetes were formerly supposed to represent the tri-
tubercular dentition in a very simple form, but the researches of Mivart
(1867-68), Forsyth Major (1897), and M. F. Woodward (1896) have been
interpreted by Gidley (1906, p. 93) as indicating that the molars of Centetes
are, in fact, "pseudotritubercular," that their high pointed V represents the
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Microgale more Primitive than Potamogale.

paracone of normal tritubercular molars, that their true protocone is the
vestigial internal basal ledge, and that they have been derived from a type
of molar represented in Potamogale.

The important monograph of Leche (1907) brings much new evidence
from an entirely different source to bear upon this still very difficult problem
and seems to favor the contrary view that the Potamogale molar is, after all,
the derived or pseudotritubercular type, and that the main internal cusp in
the Centetes molar is homologous with the protocone rather than with the
paracone or para+ metacone of normal tritubercular teeth (Fig. 17). Leche's
work (1907) shows that the problem of the origin and cusp-homologies of the
Centetoid molars cannot be solved through the consideration of dental
characters alone, but only by careful study of various parts of the organism
throughout the series, with the view of discovering the general trend of
evolution of the forms in question.

According to Leche's view, the most primitive member of the Centetidee
is the minute shrew-like form Microgale pusilla. The genus Microgale
includes some ten species, all of small size, of which some are more adapted
for digging, others, with elongate hind limbs and tail, for hopping. In
M. longicaudata the tail is very primitive in that it is covered with slightly
imbricating scales arranged in whorls between which short hairs project
(Dobson). In Centetes the tail is lost. In Microgale and its allies the hairy
covering retains its primitive undifferentiated form, whereas in Ericulus and
Centetes it develops defensive spines. Through the larger intermediate
forms M. cowani and M. dobsoni, Microgale foreshadows the obviously more
specialized Oryzoryctes, Limnogale, etc. The adult Microgale retains a form
of skull displayed by the embryo Centetes, and the nasals remain separate
even in old animals, whereas they very early coalesce in Centetes. The
fourth digit in the pes is the longest (cf. Marsupials). The so called epister-
num, the monotreme-like nature of which was noted above, is preserved,
whereas it is much reduced in,Centetes. The number of dorso-lumbar
vertebrae (usually 21-22) is nearer the primitive number, 19 or 20, than it is
in Centetes (23-24). The milk dentition persists into the fully adult state
as in the Oligocene Leptictidee (p. 260) and certain other Insectivores.

The female generative organs are as in Centetes, but in the male the testes
have begun their descent and lie in the pelvis (Dobson, 1883, p. 86). This
is one of the few characters in which Microgale has progressed further than
Centetes. Microgale longicaudata and dobsoni retain a free os centrale carpi,
but in M. cowani the scaphoid, lunar and centrale coalesce. The tibia
and fibula have also fused distally, whereas they remain free in Centetes.

Leche (1907, p. 41) holds that Microgale is equally primitive in its denti-
tion (cf. our Fig. 18, B). In the smaller species the upper incisors, canines
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and premolars are less differentiated from each other than in the higher
types, even the incisors showing an incipient division of the root and a
pronounced posterior cingulum cusp. It may however be remarked that
these characters of the incisors and canines might perhaps better be regarded

ps PIa mes>?Pa. PS.?PapfiS,~~~ntsps ~~,aI2me
Is~~~~~~~ms

1 2 3 cItng 4pgg))

t~~~~~~~~t

pmPrs pa. sets a. msS mts s stsK~~~~P~~~~ I~' bs in

P~r ~y- j yP6 7 tt 8 e e9

Fig. 17. Homology of the molar cusps in the Lipotyphlous Insectivora.
No. 1, Dryolestes sp. after Gidley; cingulum after Osborn. No. 2, Microgale dobsoni, original.

No. 3, Solenodon paradoxus, original. No. 4, Potamogale velox, original. No. 5, Potamogale
velox, posterior milk molar, after Leche. No. 6, Ictops thomsoni, after Matthew. No. 7, Ictops
acutidens, after Matthew. No. 8, Gymnura sp., after Osborn. No. 9, Proscalops miocacnus
from photomicrograph (Matthew).

In the Zalambdodonts (nos. 2-5) the para- and metacones appear to be reduced, the external
cingulum gives rise to irregular cusps (p8. mt8); the high internal cusp according to this
view is homologous with the protocone of Dryolestes (no. 1). The basal cingulum in Microgale
(No. 2) and Potamogale (nos. 4, 5) grows out into a " pseudoprotocone."

In the Erinaceoids (nos. 6-8) the simplest molar type (Ictops thomsoni, no. 6) agrees in
essentials with DrYolestes. The tooth is narrow anteroposteriorly, the paracone centro-external,
the metacone small. The basal cingulum however (hy) is better developed and confined to the
postero-internal border. In Ictops acutidens (no. 7) the tooth is broader anteroposteriorly, the
metacone and hypocone better developed. In Gymnura (no. 8) and Erinaceus the antero-
posterior broadening becomes very pronounced and the prominent hypocone completes the
quadrate contour of the crown.

In the Soricoids (e. g., Proscalops, no. 9) the homologies are less clear but the low internal
cusp appears to be a pseudoprotocone + protocone.

as secondary. In Centetes the canines are sharply differentiated from the
incisors, the incisors are small and the skeleton presents many analogies to
the flesh-eating Creodonts. The upper molars in Microgale differ from
those in Centetes chiefly in the somewhat better devefopment of the internal
basal ridge and in the antero-posterior narrowness of the whole tooth, which
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is suggestive of the Jurassic Dryolestes. In the lower molars (mi, m2)
the talonid is very small, placed on a very low level and lacks a hypoconid.
In m3 the talonid is better developed. The lower jaw and lower molars
show significant resemblances to those of Apternodus medicevus Matthew
(cf. p. 259).

In Solenodon, which in most other characters also is more specialized
than Microgale, the internal basal ledge in the molars is more pronounced
(Fig. 17, no. 3). In Potamogale the internal basal ledge assumes the form of
a low V-shaped cusp, while, in correlation with the antero-posterior broaden-
ing of the crown (see p. 189 above), the main or outer V is more open and
tends to bud off an incipient posterior V (Fig. 17, no.. 4). These features are
more strongly expressed in the milk dentition (Fig. 17, no. 5), a fact of
doubtful significance.

The low internal cusp in the Potamogale molar (Fig. 12, B) corresponds
in function and position to the protocone of normal tritubercular teeth
because as shown by examination of a specimen in the National Museum
(No. 124327) it clearly fits into the basin of the talonid, which in the
Potamogale molars is much more developed than in any Centetid.

And yet in spite of this correspondence in function with a protocone it
seems probable that this internal basal cusp in Potamogale is not homologous
with the protocone of Ictops and of normal tritubercular teeth, but with
the basal internal cingulum, which is seen in various stages of development in
Tupaia, Ptilocercus, all the Zalambdodonts, Leptictids, Erinaceids, Myo-
gale, Proscalops (Fig. 17, no. 9) and the modernized shrews and moles. And
although the high internal V in Microgale did not fit directly into the basin
of the talonid like a normal protocone, this appears to be because there is
properly speaking no basin of the talonid for it to fit into; this is owing to
the lack of a hypoconid, which in fully developed tritubercular teeth fits
outside the protocone, which, in turn, is thus received into the valley between
the entoconid and the hypoconid.

If then the basal internal cusp of the Potamogale molar be homologous
with an upgrowth of the basal internal cingulum, while the main V-shaped
cusp be homologous with the protocone of Ictops we have a general analogy
with the fourth premolar of such a Creodont as Chriacus. According to
this view the para- and metacones of Potamogale are represented not by
the main V and its incipient posterior offshoot but by the reduced external
cusps which may have been derived by reduction from the paracone and
metacone of such a form as Ictops thomsoni (Fig. 17, no. 6).

Potamogale a specialized Centetid. The validity of the conclusion that
the basal internal cusp of the Potamogale molar is a cingulum upgrowth,
not homologous with the true protocone of other mammals, depends largely
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upon the proof that this West African genus is truly an aquatic offshoot of a
Microgale-like form and thus not the type of a very distinct family but merely
an outlying member of the Madagascan Centetidae.

In support of this view Leche (1907, pp. 127-129) has adduced consider-
able evidence. In the first place the diet of Potamogale is, for an Insectivore,
aberrant and peculiar, since it subsists upon fish, for the capture of which
its whole organization is aberrantly modified. In its antemolar dentition
Potanogale parallel Cynogale benneti, a Viverrid of similar aquatic piscivo-
rous habits (Leche). But this peculiar antemolar dentition of Potamogale
is linked morphologically to that of the very primitive Microgale by way of the
intermediate conditions in Limnogale. Secondly, Potamogale is connected
with Microgale by the profile and ventral contour of the skull, by the arrange-
ment of the pterygoids, by the form of the glenoid fossa, by the fused nasals,
etc. (Leche, 1907, p. 128), and to this list may be added the resemblances in
the auditory region and the close agreement in the position of the principal
foramina.

The peculiar syndactyly of the second and third digits in the pes of
Potamogale (suggestive of the Marsupial syndactyly) is shown by its late
appearance in the embryo to be a relatively recent acquirement (Leche).
Potamogale is likewise more highly specialized than the remaining Centetidae
in the following characters: (1) large size, as compared with Microgale;
(2) peculiar newt-like swimming habits; (3) total loss of clavicles and highly
modified manubrium sterni: (4) loss of entepicondylar foramen (very un-
usual in lipotyphlous Insectivora); (5) loss of gall bladder; (6) descent of
the testes into a true "cremaster sack"; (6) change from insectivorous to
piscivorous habits. In view of these marks of high specialization and at
the same time of derivation from a Microgale-like form it now seems con-
trary to the balance of evidence to accept the view, as the writer formerly
did (in Osborn, 1907, p. 225) that the tritubercular molar type of Potamogale
was prototypal to the molar types of the remaining Zalambdodonts.

THE SOLENODONTIDAE.

Solenodon was considered by Dobson (1882, p. 87) to be the type of a
family "distinct from Centetidai but, nevertheless, associated with it and
Potamogalidie in the same group or superfamily Centetoidea" (see also
1. c., p. 96). Dobson laid stress (p. 87) on the analogies in the skull between
Solenodon and the Talpoid genus Myogale, but Leche (1907, p. 145) thinks
that "Dobson hat den Unterschied zwischen Solenodon und Centetidae
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Osteology of Solenodon.

bedeutend iiberschatzt," and "Dass keine naheren geneologischen Bezie-
hungen zu den Talpidee bestehen.... darf wohl als ausgemacht gelten."
Leche shows (pp. 144-145) that Solenodon is allied to the Centetidas by the
possession of a number of characters, including the following: (1) fibula
articulating solely with the astragalus; (2) fibula free from tibia; (3)
several peculiarities in the musculature; (4) the characters of the denti-
tion- which may readily be derived from those in Microgale of the Cente-
tidae. The molars have the internal basal ledge produced into two small
cusps.

As will be shown below the specializations of Solenodon include no feature
that is inconsistent with derivation from a Zalambdodont ancestor. Thus
the peculiar groove on I2 is feebly represented in Microgale, Potamogale,
Chrysochloris and Scalops (Leche). The analogies with Myogale in the
skull are of very superficial character (see below, page 242) and relate chiefly
to the interorbital constriction, the transversely expanded mandibular
condyle, the enlargement of the anterior upper incisors and the round topped
premolars.

Notes on 'the Comparative Osteology of Solenodon paradoxus.

The osteology, of Solenodon cubanus and of the rarer S. paradoxus has
been described by various authors, including Brandt, Peters, Mivart (1878,
p. 123), Dobson (1883), Leche (1907), and Allen (1908). Through the
courtesy of Dr. J. A. Allen the writer is enabled to supplement these de-
scriptions and to review the evidence bearing on the relationship of the
Solenodontidte to the Centetidee, and, more remotely, to the early Tertiary
Leptictidee. The observations on these problems may, it is hoped, contrib-
ute to the general question of the relationship of the Insectivora to the
Marsupials and Placentals (p. 299). The officials of the United States
National Museum have courteously loaned a skeleton of Microgale dobsoni
and a skull of Potamogale velox which are also referred to in the following
notes.

The material at hand includes three skeletons, one of a young individual
(Amer. Mus. No. 28272) which shows well the sutures and limits of the
bones. The skull of an adult female (No. 28271) has been sectioned in the
median line and affords valuable morphological details.

The dentition and mode of dental replacement, having been so fully
described by Leche (1907) and Allen (1909), call only for the remark that
they reveal no special Marsupial resemblances but are, on the contrary, very
typically Placental, and, more particularly, Zalambdodont, in character.
The question of the homology of the molar cusps is referred to below (p. 290).
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Skull.- The general proportions of the young skull are much less dolicho-
cephalic than in the adult and in so far approach the mesaticephalic propor-
tions of the embryonic Centetes (Parker,' 1886, pl. 32). The basifacial and
basicranial axes make only a very slight angle with each other.

The nasals in the young skull (Amer. Mus. No. 28272) are still suturally
distinct in the mid line, as in the- embryo Centetes, but in the adults the
opposite nasals have completely coalesced, although the position of the
suture is indicated by a groove. The frontals in the young skull send
forward two large V-shaped extensions which are broader than those in the
young Centetes. In the adult Solenodons these Vs are completely coalesced
with the nasals, but the anterior limits of the temporal muscles make it appear
falsely as if the naso-frontal sutures were above the orbits and as if the nasals
broadened proximally after the Marsupial fashion.

In the top view the skull, even of the old individuals, differs fronm that
of Solenodon cubanus in the feebleness of the interorbital constriction, the
middle portion of the skull being almost cylindrical as in the other Zalambo-
donts. The interorbital constriction in S. cubanus is one of the features
emphasized by Dobson (1883, p. 87) as serving to separate the Solenodonti-
doe from the other Zalambdodonts, but it is seen to be due on the one hand to
the broadening of the brain case and on the other to the primitive breadth
of the frontal region above the large olfactory scrolls of the ethmoids; and
is accordingly merely a primitive mammaliati character and a very insuffi-
cient indication of near affinities with Myogale.

The young Solenodon skull possesses a pair of good sized interparietal
bones (Fig. 18, A2, Ip.) separated by a median but slightly asymmetrical
suture, and partly overlaid by the parietals.

The interparietal appears in Marsupials, Rodents, Orycteropus and mnany
other orders (Weber, 1904, p. 50) and usually fuses with one or another of the
adjacent bones. In many forms it arises from paired ossific centres so that
the young Solenodon is very primitive in this respect. A large, apparent]l
unpaired, interparietal appears in the foetal and young Erinaceus, Centetes,
Hemicentete.s and IMicrogale (cf. Parker, 1886, pll. 33-35).

-The lachrymal in Solenodon, as in Erinaceus, is a small narrow bone
placed well up on the side of the face and pointing obliquely upward and
backward as in Centetes, but it is smaller than in that genus (contrast the
large lachrymal of Marsupials). As in Centetes and Hemicentetes the
lachrymal foramen is marginal and is b)ounded antero-inferiorlv bv the malar
ridge of the maxillary. The maxillary extends well up on the inner side

1 Statements in regard to the young and embryonic Erinaceus, Talpa, Sorex, Centetes,
Hemicentetes, Microgale, Rhynchocyon, in the following description are based on Parker's figures
(1886, pll. 20-36).
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Fig. 18. Cranial morphology of Solenodon paradoxus and Microgale dobsoni; A1 Skull of
Solenodon paradoxus, juv. Am. Mus. No. 28272, side view. X . A2. Ditto, inferior view,
same scale. A3. Second right upper molar of same. X 2. B. Skull of Microgale dobsoni.
U. S. Nat. Mus. No. 49673, inferior view. X I.
di', di2, 4d3, dc, dp2, dp3, dp4, deciduous teeth,
il, i2, etc. permanent teeth.
Pmx., premaxillary.
Mx., maxillary.
p.z. Mx., zygomatic process of maxillary.
PI., palatine.
Pt., pterygoid.
Vo., vomer.
Ps., presphenoid.
Os., orbitosphenoid.
As., alisphenoid.
Bs., basisphenoid.
Sq., squamosal.
p.gl.Sq., post-glenoid process of squamosal.
p.ty. Sq., post-tympanici
Bo., basioccipital.
P., petrosal.
Ty., tympanic.
ms.P., mastoid portion of periotic.
Na., nasal.
Fr., frontal.
Pa., parietal.

Ip., interparietal.
So., supraoccipital.
f.p.a., anterior palatine foramen.
f.pl.p.e., postero-external palatine foramen.
f.s.p., spheno-palatine foramen.
f.eth., ethmoid foramen.
f.sup.d;h., supra-ethmoid foramen.
f.Mp., optic foramen. (The optic nerve in Mi-

crogale is stated to pass out through the
f.l.a.)

f.s.op., suboptic foramina.
f.l.a. + fr., foramen lacerum anterius plus

foramen rotundum.
can.as., alisphenoid canal.
f.eus., Eustachian opening.
f. ov., foramen ovale.
f.p.gl., post-glenoid foramen.
f.p.2., post-zygomatic foramen.
f. st. m., stylomastoid foramen.
f. p.m., postmastoid foramen.
f.c., condylar foramen.
f. sq. pa., squamoso-parietal foramina.
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of the orbit, completely excluding the small vertical plate of the palatine
from the orbit. This seems to be a general Insectivore character, so far as
indicated by Parker's figures (contrast Carnivora and Marsupials).

The region of the lachrymal, antorbital bridge and zygomatic process
of the maxillary is in general similar to that in Centetes and the same is true
of the orbito-temporal fossa. The malar is lacking, as in other Zalambdo-
donts and Sorex.

The glenoid fossa of the squamosal is large and, in the young skull,
looks obliquely outward and forward, as in other Zalambdodonts; ivhereas
in the adult its long axis is somewhat more directly transverse. The post-
glenoid (entoglenoid) process of the squamosal as in other Zalambdodonts
lies on the inner rather than on the outer posterior border of the glenoid fossa.
Internally the postglenoid process is connected with a lateral crest of the
alisphenoid (Fig. 18), which may be a remnant of the glenoid extension of
the alisphenoid seen in Marsupials, and which is strongly developed in
Ictops. The post-tympanie process of the squamosal is separated by a
distinct meatal arch from the glenoid fossa whereas in the adult Centetes
the two are conjoined. In Microgale (Fig. 18, B) the post- tympanic process
is widely separated from the glenoid fossa, as in Ictops.

The hard palate in the adult, as in other Insectivores ends in a transverse
ridge more or less similar to that in Didelphis, Erinaceus and Creodonts.
But in the young Solenodon the post palatine ridge is only faintly indicated.
In the young skull the palatal plates of the maxillary do not come together
completely at the posterior end in the mid line and in the adult skulls there
is a small fenestra at this point. This was also noted by Mivart (1868, p.
124) in S. cubanus. Otherwise there are no palatal fenestrae (contrast Erina-
ceus).

The vomer is large in the young skull and is flanked on either side by a
large subhorizontal wing, which, as in Thylacynus appears to be continuous
anteriorly with a lateral scroll of the ethmoid. In the young Solenodon,
through the shallowness of the orbital plate of the palatine, a portion of this
vomerine wing is left exposed on the side wall of the skull (Fig. 18, A2, ?Vo).
In Centetes the orbital plate of the palatine appears to be represented by a
small wing, which is pierced by the sphenopalatine foramen, and which
covers this vomerine exposure.

The existence of true pterygoids (Fig. 18 pt.) in Solenodon can scarcely
be affirmed from the material at hand, but in the foetal Centetes Parker so
names the vertical pterygoidal flanges, which, as in other Insectivores are
said by him to have a cartilaginous core. The pterygoids and pterygoid
flanges of the palatines in Solenodon form on each side a single long ridge,
as in other Zalambdodonts, and also as in Ictops, the pterygoid fossee not
being developed (contrast Erinaceus).



The Skull of Solenodon paradoxus.

Trhe orbitosphenoid is of the Placental tvpe, that is it is pierced by the
optic foramen and is not depressed dorsoventrally in such a manner that the
opposite sphenorbital fissures are confluent below it (contrast Marsupials).
In the sagittal section of the skull the anterior portion of the orbitosphenoid
is seen to be invaded, as it is in Didelphis (p. 221), by the backward prolon-
gation of the ethmoidal chamber.

The alisphenoids form the lateral wings of the basisphenoid and in the
young skull, as also in the embryonic Centetes, are not suturally separate
from that bone. The temporal wing of -the alisphenoid is relatively much
smaller than in Didelphis, and, as in typical Placentals, it is pierced by the
alisphenoid canal and is excluded from the glenoid fossa. A descending
flange forms the backward continuation of the pterygoidal ridge and an
external inferior branch runs outward to meet the postglenoid crest of the
squamosal. This branch is not curved posteriorly for the tympanic cham-
ber (contrast Centetes).

The basisphenoid contrasts with that of Erinaceus, Centetes and Micro-
gale in lacking the descending lateral wing, which in those genera embraces
the tympanic cavity. On the dorsal or cerebral surface of the basisphenoid
(as shown in a sagittal section) the pituitary depression is absent and, as in
Marsupials and Erinaceus, there are no anterior and posterior clinoid proc-
esses. In Centetes however a small posterior clinoid process is present.

Between the basi- and pre-sphenoids in the median line, in the young
Solenodon (Fig. 18, A), is a small hole which appears to be homologous
with a similarly placed foramen in Centetes; in the latter genus this foramen
lodges a ventral apophysis of the vestigial chorda dorsalis (Leche, 1907, p.
68). Parker (1886, pl. 19, figs. 1-4) figures a similar foramen in Erinaceus
but called it a "pituitary hole," although one of his specimens (fig. 3) seems
to have retained a considerable piece of the notochord. Mead (1909, figs. 2,
5) shows that in the Pig also the vestigial notochord communicates with the
pharynx. The ventral surface of the pre- and basisphenoids is flat as in
Microgale, whereas in Centetes, Ericulus and Erinaceus there is a large round
pit in the median line surrounding the foramen for the chorda.

The basioccipital, as in Centetes, Microgale, certain Creodonts and Mar-
supials is very short. This bone bears a pair of accessory.occipital condyles
and the latter together with the exoccipital condyles are much like those in
Centetes. Paroccipital processes of the exoccipital are lacking in the young
skull (contrast other Zalambdodonts) but are indicated as a pair of small
knobs in the old female. They are also lacking in the skull of Solenodon
cubanus figured by Leche (1907, p. 72).

The auditory prominence of the petrosal is larger than in Centetes. It is
ovoid, with the inner side closely appressed to the basioccipital whereas in
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Centetes it is separated from the basioccipital by the backward extensionl of
the tympanic flange of the basisphenoid. On its inferior surface it also bears
a depression which is apparently caused in ontogeny by the pressure of the
tympanic chamber, as shown by comparison with Microgale (Fig. 18, B).
In all these details the petrosal of Solenodon resembles that of Ictops. The
petrosal of Solenodon paradoxus sends out a small postero-external wing
(Fig. 18, A2, pr. ty. pet.), which in the adult articulates with the postero-inter-
nal border of the tympanic. A similar process was observed by Brandt in
S. cubanus (van Kampen, 1905, p. 425) and is also represented in Micro-
gale (Fig. 13, B). There seems strong evidence for homologizing this tym-
panic wing of the petrosal in Centetoids with the entotympanic of Marsupials
and Menotyphla (van Kampen, 1905, p. 452).

The mastoid portion of the periotic is relatively large in the young Soleno-
don, and is broadly continuous with the petrous. It faces obliquely outward
and backward and is well seen in the side view as in Microgale (Fig. 18),
and Potamogale, whereas in Ictops and Centetes it faces backward rather
than outward, and is seen best in the occipital view. On its iniferior surface
the mastoid has a deep circular pit or notch (Fig. 18, A2,f. st. in.), which may
have served for the attachment of the stylomastoid bone. A similar pit
occurs in Centetes and Erinaceus. The ring shaped tympanic is relatively
large and broad. Anteriorly it rests against the postglenoid process of the
squamosal (contrast Centetes). It is oblique rather than horizontal or vertical
in position.

Nerve foramina. The foramina are best demonstrated from an internal
view of the skull in sagittal section. In the olfactory foramina, piercing the
cribriform plate nothing remarkable was noted. The ethmoid foramen, for
the recurrent, ethmoid branch of the ophthalmic division (V1) of the trige-
minus, as in Didelphis and Placentals, is located just behind and externally
to the inferior part of the cribriform plate. This foramen issues externally as
in Fig. 18, A2 (f. eth.). Behind and much below and internal to the ethmoid
foramen and also internal to the large sphenorbital fissure is the miinute
optic foramen, piercing the orbitosphenoid as in typical Placentals and
agreeing in its small size with that of Centetes, and Potamogale. The fora-
men lacerum auterius (f. sphenorbitale, nerves III, IV, V1, VI) is very large
and circular. Some distance behind it, and perforating the base of the
alisphenoid, is a smiall foramen which at first sight looks like the foramen
rotundum. But this foramen faces backward, and therefore cannot trans-
mit the superior maxillary branch (V2) of the trigeminus. Moreover it
issues externally in the posterior opening of the alisphenoid canal and must
therefore have transmitted a branch of the external carotid artery. The
inference is. that the foramen rotundum in Solenodon, as in Centetes and other
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Cranial Foramina in Solenodon paradoxus.

Insectivores, is not distinct but is confluent with the foramen lacerum
anterius. The foramen ovale (V3) is large and circular as in Centetes. It
perforates the alisphenoid at a point just internal to the glenoid fossa of the
squamosal. The internal auditory meatus (VIII), facial canal (VII),
foramnen lacerum posterius (IX, X, XI) and the condylar foramen (XII),
as well as the sphenopalatine (V2) post palatine canal (V2) and the stylo-
mastoid (VII) foramina are all located about as in Centetes. The condylar
foramen (XII) in one of the adults is double, as is not seldom the case in
Marsupials, Insectivores and Rodents (cf. p. 329).

Foramina for the carotids. The alisphenoid canal (Fig. 18, A2, can, as.)
for the ectocarotid artery is located as in Centetes and Ictops. As remarked
above (p. 246) an internal branch of this artery may have pierced the base
of the cranium internally to the foramen ovale. The entocarotid probably
entered the tympanic cavity in or near the deep circular notch between the
petrosal and the mastoid (Fig. 18, A2, for. st. in.). In Erinaceus according
to Winge and other authorities (quoted by van Kampen, 1905, pp. 383, 429-
430), the entocarotid after entering the tympanic chamber from the rear
divides into two main branches: (1) an internal branch, the true entocarotid,
which perforates the basisphenoid at the anterointernal corner of the tym-
panic chamber, immediately back of the alisphenoid; (2) an external branch,
the stapedial artery, which pierces the stapes. This again subdivides into
two branches: (a) ramus inferior (arteria maxillaris interna), running for-
ward in a groove in the roof of the tympanic chamber, leaving the latter
through a notch in the tympanic wing of the alisphenoid; (b) ramus superior
(arteria meningea media), entering the cranial cavity through the foramen
spinosum, "gelegen vorn im Tegmen tympani in der lateral Wand der
Facialisrinne" (van Kampen, 1905, p. 430). In the sectioned skull of
Solenodon the difference from Erinaceus in this region is so considerable that
I cannot positively identify the course of any branch of the entocarotid.
An oblique canal which tunnels the basisphenoid, entering near the antero-
internal angle of the petrosal and in the mid line joining its fellow of the
opposite side, at first sight suggests the true entocarotid canal of Erinaceus
and Centetes; but the fact that it does not open into the cranial cavity but
continues across the basisphenoid, suggests rather the venous transverse
canal, which is similarly located in Marsupials and Rodents. In the young
skull the large open foramen lacerurnt edium recalls the somewhat similar
aperture in Ictops, and suggests that the true entocarotid may have entered
through this aperture, as it does in typical Placentals. But in one of the
adult skulls the roof of the tympanum is preserved and seems to cover this
aperture completely. In Centetes the foramen lacerum medium is obliterated
by the hypertrophy of the tympanic wings of the ali- and basisphenoids.
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Venous foramina. The skull of even the adult Solenodon paradoxus is
remarkable for the great number of small venous foramina which pierce it
in many regions and which make the task of identifying the normal Insecti-
vore foramina very difficult. Immediately above the small ethmoid foramen
(Fig. 18, A2, f. eth.) is a foramen (double in the young skull) which may be
termed the supra-ethmoid and which leads dorsad, between the inner and
outer tables of the frontal. This foramen was not recognized in Centetes
or Erinaceus. Back of it and just in front of the anterodorsal process of the
alisphenoid, is a pit into which open two canals: the lower one, which may
be designated as the supra-optic (f. sup. op.) runs downward and backward
and joins the suboptic described below; the dorsal foramen ("sin. can.")
is the anterior opening of what Parker calls the "sinus canal" of Microgale,
this runs backward along the side of the skull, and sends off branches to the
post-parietal and post-glenoid foramina and to the transverse occipital sinus.
It is present in Microgale and Erinaceus. The suboptic foramen is located
just below the optic foramen; its canal runs downward and backward to the
transverse sinus in the presphenoid. It has a similar position and course in
Erinacem (Mivart, 1867, p. 283), but appears to be absent in Centetes
(Mivart, 1868, p, 299).

The post-parietal (f. p. pa.), post-squamosal foramina (Fig. 18, A') as well
as the post-glenoid, the sub-squamosal (f. sb. sq.) and post-matoid all form
part of the same system, which is more or less completely developed in Mar-
supials (cf. p. 224), and to a varying degree in the lower Placentals.
Postero-externally to the condylar foramen is another member of the
series, the venous condylar foramen, which appears to be homologous with
that in Marsupials. As in Thylacynus this venous foramen in Solenodon
leads into a canal which issues in the occipital aspect immediately above
the condyle. In Solenodon another branch runs upward and issues on the
inside of the skull above and behind the petrosal.

The cervical vertebrce agree in general characters with those of Erinaceus
and Centetes. As in many primitive forms, the centra are broad and de-
pressed. The transverse processes of C. 1-6 are pierced by the vertebral
artery but not that of C. 7 (a typical Placental character). The para-
pophysis of C. 6 is larger than that of the others, as in so many other mam-
mals. There are twenty dorso-lumbar vertebre? (16 + 4). and two true sacrals,
followed by two caudo-sacrals. In the adult these four vertebraT, with their
neural spines, coalesce. Dobson gives the vertebral formula for Solenodon
cubanus as C. 7, D. 15, L. 4, S. 5, "coccygeal" 2, caudals 21. The more
proximal caudal vertebre are very large and the tail itself, as in Orycteropus
and many other archaic mammals, is very stout near the root. The caudal
chevrons are paired. Below and between the six caudals, the sacrals and
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Solenodon paradoxus: Fore-arm and Manus.

five presacral vertebrae appear disc-like, apparently osseous "intercentra."
In the other vertebrte these appear to be represented by the interarticular
discs. The lumbars, as in other fossorial mammals, lack forwardly directed
parapophyses.

The scapula in the young specimen is relatively much narrower tharn in
the adult, a primitive Insectivore character. In the aduLlt it is much broader
than in Erinaceuw, with the postero-superior angle produced. The coracoid
is a good sized, inwardly curved process apparently continuous with the
glenoid epiphysis. The acromion, as in so many primitive types, is bifid,
the anterior fork being tipped by a separate epiphysis. The spine of the
scapula is quite deep, another primitive character.' The posterior border
of the scapula in the adult is reflected outward and this makes it easy to
understand how, by a further development of this tendency, the subscapu-
laris muscle might gain partial attachment on the external side of the scapula
(cf. Edentata).

The humerus is of primitive fossorial type (Fig. 27, no. 15, p. 437), broad
distally, with very stout entocondyle and an entepicondylar foramen; the
supinator crest extends half way up on the back of the shaft, the capitellum
is globular, and the internal trochlea is occupied in the front portion by the
radius (p. 433). There is no supratrochlear foramen (contrast Erinaceus).
The large deltoid crest is of the flattened type, forming a long narrow tri-
angle, as in Edentates and Sorex. The bicipital groove is pronounced; the
head is a narrow oval, with the long axis at right angles to the plane of the
distal end of the humerus.

The heavy radius and ulna are strongly curved longitudinally, as in
Ictops and Erinaceus, but the shafts (in the adult) are much compressed, as
in Edentates. The'radius is very broad distally. The long curved olecranon
is transversely expanded at the proximal end, as in many other semi-
fossorial animals.

Manus. The proximal row of carpals (Fig. 19, A1) are flattened. The
radial sesamoid ("prepollex") is present, as in other Zalambdodonts and
Rodents. The8scaphoid is prolonged posteriorly, broadly overlaps the large
trapezoid, and touches the proximal end of metacarpal I. The centrale is
large and flattened and lies wholly between the flattened trapezium and the
scaphoid. The lunar is much wider than high and rests upon both magnum
and unciform; in the back view the lunar-unciform connection is broader
(Fig. 19, A2). This lunar-unciform contact, which is very probably a
primitive character for many higher orders (p. 452), may in some cases have
been broadened by the increase in size of the distal end of the radius and the
reduction of the ulna; for in Microgale where the ulna is relatively larger,
the lunar barely touches the unciform. The cuneiform is narrow (contrast

1910.] 249



250 Bulletin American Museum of Natural History. [Vol. XXVII,

Creodonts) and nearly flat superiorly. The pisiform is small. The mag-
num is high and narrow, with parallel sides. The utnciform is likewise high
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Fig. 19. Morphology of the manus and pes in Solenodon and Microgale.
Al. Solenodon paradoxus, Am. Mus. No. 28271. Left manus anterior view. Slightly en-

larged. A2. Ditto posterior view of carpus. Natural size. Shows lunar resting on both
magnum and unciform as in many other primitive mammals (p. 446).

Bl. Right pes of same. X 1.
B2. Back view of left astragalus of same. X i.
C'. Microgale dobsoni U. S. Nat. Mus. No. 49673. Right pes. X 3.
C2. Front view of right astragalus of same. X r.
C3. Ditto, back view.

R., radius.
U., ulna.
Sc., scaphoid.
Ce., centrale.
Lu., lunar.
Cu., cuneiform.
P.px., "prepollex."
Tz., trapezium.
Td., trapezoid.
Mg., magnum.
Un., unciform.
I, II, III, IV, V, metacarpals.
x, process for attachment of tarso-metatarsal

ligament.

T., tibia.
Fb., fibula.
Cal., calcaneum.
As., astragalus.
P.hx., "prehallux."
N., navicular.
C'., C2., C3., ento-, meso- and ectocuneiform.
Cb., cuboid..
I, II, III, IV, V, metatarsals.
(ec.), ectal facet.
(sus.), sustentacular facet.
(nav.), navicular facet.
(cb.), cuboid facet.

and unusually narrow. The digits are stout, moderately long and not
spreading. The thumb is'not divergent. The metacarpals overlap each
other on the external side from digit II to digit IV (a primitive mami-



Solenodon paradoxus: Pelvis and Hind Limb.

malian character). Metacarpal III is slightly longer than metacarpal IV.
The distal ends of the metacarpals and phalanges are transversely cylin-
drical. On the inferior surface there are very slight if any keels. The
paired metacarpal sesamoids are large, the ungues are large and compressed,
not fissured at the tips.

The foregoing characters of the manus of Solenodon suggest that the
very large claws are used for scraping and tearing and not for grasping,
and this is. confirmed by Mr. Verrill's notes (1907) on the living animal.
The manus of Solenodon accordingly appears to be modified away from
what the writer conceives as the primitive Placental type (p. 446) in a number
of characters: especially in the flattening of all the carpal facets, in the
relatively small size of the trapezoid, width and flattening of the magnum
superiorly, width of the lunar, relatively small size of the trapezoid, slight
reduction and non-divergence of digit I. Much more primitive characters
are retained in the manus of Ericulus nigrescens as figured by Mivart (1871,
pl. v., fig. 4). In this Zalambdodont the digits are short and divergent, the
thumb and trapezoid are large, all the carpal facets are more oblique, the
magnum is smaller and narrows superiorly, the lunar is deeper and much
narrower.

The pelvis of the young Solenodon paradoxus is much like that of Micro-
gale, as figured by Leche (1907, p. 81). The ilium is a rounded bar, faintly
trihedral. The pelvis of an adult female (Amer. Mus. No. 28271) differs
markedly from one of the same species, figured by Leche (1907, p. 82) in the
-ventral view: instead of the long symphysis pubis being present, the opposite
ossa innominata are widely separated in the dried skeleton and the symphy-
seal region of the pubis ends in a point, as in Erinaceus. The pelvis, in its
broader features, compares well with that of Erinaceus. The os cotylare,
if present, is indistinguishable from the acetabular epiphysis.

The femur is short and somewhat flattened; the head and broad lesser
trochanter are bent upon, and the great trochanter is continuous with,
the shaft, as in Erinaceus, but the third trochanter is more distinct. The
condyles are broad and the patellar trochlea gently concave.

The tibia and fibula, though still unfused, are closely conjoined in the
distal third, and the upper end of the tibia curves outward from the fibula,
the whole arrangement suggesting an incipient fusion of the two bones (this
fusion is realized in Microgale). The proximal end of the tibia is broad
and flat, the intercondylar or median ridge being low, as in certain other
plantigrade types (e. g., Mephitis). The fibula expands proximally and in
Microgale this expansion is large and suggests the Marsupial type.

The pes (Fig. 19, B', B2) is longer and narrower than the manus. The
astragalus is wholly different from the Didelphid type in its long slender
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neck, very broad, anteroposteriorly shallow, convex head and sharply grooved
trochlea, which has sharp high keels and vertical internal and external malle-
olar faces. The inner and outer keels are subequal. On the back suirface
the ectal facet is sharply triangtular. Superiorly it is well separated from the
dorsal continuation of the trochlea. The sustentacular facet is a large oval,
located nearer to the internal than to the external border of the neck. Below
the decurved ectal facet is a pit which occurs in Erinaceus and may possibly
represent the vestiges of an astragalar foramen. This foramen is also repre-
sented in certain plantigrade Mustelidoe such as Mephitis, in which the
astragalus is somewhat similar to the Solenodon type. In general, however,
the astragalus in Solenodon. contrasts with the Mephitis type in that both the
trochlea and the head are shallower than in the latter, and the ectal facet is
triangular instead of (fuadrangular. The astragalus of Microgale (Fig. 19,
C2, C3) like that of Solenodon has a broad trochlea, slender neck, transversely
convex head, triangular ectal facet and oval sustentacular; but the trochlear
keels are much less sharp and the inner keel is small and low, so that the
trochlea as a whole appears to make a sharper angle with the neck. In
Ericulus to judge from Mivart's figure (1871, pl. v, fig. 5) the disparity be-
tween the inner and outer crests of the trochlea is even more pronounced,
the inner one being very small. In Centetes also the inner crest is much
smaller than the outer and the whole trochlea is large, and gently concave.
The neck is very oblique. In Erinaceus the relative size of the trochlea
becomes greater, but the inner and outer crests are parallel. In this form
as in ASolenodon the ectal facet is well separated from the dorsal prolongation
of the trochlea.

The cuboiu touches the astragalus. In Miicrogale it is separated from the
astragalus, possibly because the navicular in this form is deeper. The cal-
caneumr, as in other plantigrade types, has a short tuber and a flat spreading
antero-inferior end. A large process (Fig. 19, x), on the inferior outer angle
of the astragalus, perhaps serving for the attachment of the tarso metatarsal
ligament, occurs in Solenodon, Centetes, Ericulus, Microgale, and is indicated
in Erinaceus. The calcaneum bears no facet for the fibula, which as in
Centetidae articulates solely with the external malleolar surface of the
astragalus.

Internal to the elongate entocuneiform (a primitive mammalian character)
is a long pre-hallucal sesamoid which articulates proximally with the internal
angle of the head of the astragalus. The mesocuneiform is short and quad-
rate, the ectocuneiform longer, the cuboid large and over twice as long as
it is broad. The cuboid overlaps the ectocuneiform. The evenly developed
digits call for no special note save that distally digits II, III and IV appear
subequal, III being slightly the longest, a frequent Insectivore character.
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Osteology of Solenodon: Summary.

In the proportions of the digits and of the cuneiforms the pes of Solenodon
is suggestive of that of the common rat.

Phyletic Interpretation of the Osteological Characters of Solenodon paradoxus.

Primitive Marsupio-Placental Characters. General architecture of skull
and skeleton. Basifacial and basicranial axis nearlyv continuous; olfactory
chamber relati'vely large, cerebral chamber relatively small. Interparietal
paired; orbitosphenoid invaded anteriorly by ethmoid chamber; pituitary
depression slight, without posterior clinoid process; basioccipital very short.
Alisphenoids with prominent palatine flanges. Posterior border of palate
ridged. General arrangement of ethmoids and maxillo-turbinals. Tym-
panic ring-shaped, oblique rather than vertical. Arrangement of following
nerve foramina: olfactory, internal auditory meatus, facial canal, fenestra
ovalis, foramen lacerum anterius and posterius, sphenopalatine, post-palatine
stylomastoid, and condylar foramina (the last occasionally double). Venous
foramina: transverse canal in basisphenoid (cf. Didelphis), ? sinus canal
in temporal region, post-parietal, post-squamosal, post-glenoid, post-mastoid
foramina. Upper molars derived from the tritubercular type, lower molars
with trigonid and small talonid.

Tail stout at proximal end, with large chevrons. Scapula with bifid
acromion, high spine and large coracoid; a stout clavicle; Humerus with
stout crests, entepicondylar foramen and globular capitellum. Manus with
five clawed digits, separate ventrale, large trapezoid and a "praepollex."
Ilium rod-shaped. Femur with third trochanter. Pes with five well
clawed digits, enitocuneiform very long, mesocuneiform short, a "preehallux";
manus and pes fully plantigrade.

Points of special resemblance to Marsupials: Vomer with large lateral
posterior wings, joining ethmoid scroll. Large venous condylar foramina.
A remnant of the tympanic wing of the alisphenoid. Posterior mental
foramen beneath m1.

Primitive Placental Characters. Dental formula derived by slight reduc-
tion from ; deciduous dentition well developed. Orbitosphenoid
pierced by optic foramen and not depressed dorsoventrally in such a way
that the opposite sphenorbital fissures are confluent beneath it (contrast
Marsupials); alisphenoid relatively small and not entering the glenoid
fossa. Optic foramen separate from forameri lacerum anterius.

Seventh cervical vertebra not pierced by vertebral artery; dorso-lumbars
20.

Many other characters listed under the next heading may perhaps belong
also under the present heading.
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Primitive Insectivore characters. General configuration of young skull,
especially the long tubular snout; opposite alveolar borders of premaxillaries
parallel. I 1 enlarged (the extreme enlargement is secondary). Canine2
bifanged (possibly independently acquired). Premolars conical, pl absent;
fourth upper and lower premolar submolariform. Molars with high pointed
cusps; enlarged internal cusp of upper molars homologous with protocone of
Ictops and Dr.yolestes, (cf. Fig. 17, no. 3), basal internal cusps derived from the
cingulum; lower molars with very small talonid, lacking hypoconid; pro-
tocone of upper molars received into cingulum fossa or space back of pro-
toconid (all as in Jurassic Trituberculates and, presumably primitive).
No post orbital process, orbit broadly continuous with temporal fossa.
Palate well ossified, fenestrae slight or absent (cf. Ictops, vacuities in Erina-
ceus secondary). No ectopterygoid fossee, the pterygoid wings of the pala-
tines and alisphenoids forming a single straight ridge on either side; true
pterygoids probably represented by cartilages. Tympanic branch of ali-
sphenoid joining post-glenoid crest of squamosal; post-tympanic process
separated from glenoid fossa.

Auditory prominence of petrosal ovoid, closely appressed to basioccipital,
with depression on inferior surface (all as in Ictops). Basioccipital con-
tributing largely to the occipital condyles. Mastoid exposure large. Hole
between basi- and pre- sphenoids in the mid line probably an apophysis of
the vestigial "hypobasal notochord." Foramen rotundum confluent with
sphenorbital fissure. Prominent "sinus canal"; suboptic foramen leading
to presphenoid sinus.

Osseous intercentra below posterior dorsals and lumbars. Humerus
of young with slight vestige of supratrochlear foramen (entirely lost in adult).
Radius and ulna curved longitudinally. Ilium rod shaped. Pelvis with
general resemblances to that of Eriniaceus (however, Leche's specimens of
S. paradoxus has a long symphysis pubis).

Tibia and fibula with tendency to fuse distally. Digits II, III, IV, of
both manus and pes, subequal, digit III being slightly longer especially in
the pes; distal, metapodial joints transversely cylindrical, keels slight or
absent; ungues compressed not fissured at the tips (secondarily fissured in
Talpidae). Astragalus with tibial notch near to internal trochlear crest, the
latter prominent; external and internal malleolar facets subvertical, neck
somewhat oblique, head transversely flattened, ectal facet triangular, sus-
tentacular facet an elongate oval set near the internal posterior border.
Calcaneum with short tuber, large sustentaculum, spreading antero-inferior
base; a prominent antero-external process.

Primitive Zalambdodont characters. Upper molars remaining V-shaped,
with basal pseudoprotocone and hypocone; para- and metacones reduced,
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The Chrysochlorid&e.

situated on external border, parastyla prominent, a median external notch.
Lower molars retaining high trigonid, low talonid and postero-external
cingulum-fossa for the reception of the protocone; no hypoconid. Dental
formula: 4j Posterior mental foramina below ml (below the last pre-
molar in Hyopsodontidae, Leptictidee Erinaceidae, Tupaiidae; cf. Matthew,
1909, p. 126).

Skull subeylindrical. Nasals fused proximally (in adult); malar absent,
long low sagittal crest, broad occiput. Mastoid facing obliquely outward
rather than backward (cf. Microgale, Potamogale; contrast however Lep-
tictide, Erinaceidae). Infraorbital canal short and wide; lachrymal foramen
external, optic foramen very small, foramen lacerum anterius large, foramen
rotundum united with for. lac. anterius. Lower border of mastoid with a
circular pit near which opens the stylomastoid foramen, and probably
entocarotid foramen. Glenoid fossa of squamosal facing obliquely outward
and partly backward; postglenoid process located initernally and well
separated from post-tympanic process. Fibula not touching calcaneum.

Solenodont characters. I3 much enlarged, i2 with deep internal groove.
Pseudoprotocone and hypocone forming small distinct cusps. A-prenasal
ossicle. Skull retaining a slight interorbital constriction. No tympanic
wings on basisphenoid (possibly secondary). Petrosal with a small tympanic
process. A "supra-ethmoid" and a "supra-optic" venous foramen. Car-
pus specialized in enlarged magnum, and flattened lunar. Astragalus with
sharp internal trochlear keel and long neck.

The general bearing of the preceding analyses is discussed below (p. 267).

THE CHRYSOCHLORIDE.

The very thorough researches of Mivart (1867, 1868), Dobson (1887)
Leche (1907) and others have demonstrated that the Cape Golden Moles
are a very highly specialized but early offshoot of the Zalambdodont stem.

Far less indubitable however appears Leche's conclusion (1907, pp.
141-142) that certain characters (e. g., structure of the zygomatic arch,
dental replacement in old animals, relations of the rectus abdominis muscle,
etc.) indicate that the Chrysochloridae are the lowest type among all existing
Eutheria, and that, although highly aberrant and degenerate in many
characters they occupy a more primitive, lower position.than does any other
group of Insectivores and actually approach the Monotremes and reptiles!

Chrysochloris resembles the Marsupial Mole Notoryctes in so many
characters that Cope (1892) inferred an immediate genetic connection be-
tween the two genera and regarded Notoryctes as a transitional form
connecting the Insectivores with the Marsupials. Leche shows that the
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resemblance extends in far more diverse directions than might have been
expected, including such characters common to both groups as the following:
(1) Iridescence of the hair; (2) presence of a nasal shield; (3) general
configuration of the skull; (4) presence of a "third lower arm bone" (an
ossification in the tendon of the flexor digitorum profundus muscle- only
the distal end ossified in Notoryctes); (5) peculiar specialization of the
claws (different digits, however, are concerned in the two cases); (6) great
reduction of the thyroid ("obturator") foramen; (7) insertion of the latis-
simus dorsi muscle; (8) form of the brain (extraordinarily similar).

To this list of convergent characters may be added, somewhat doubt-
fully: (9) similarity in the dentition, especially in the molars. This character
Leche omits because "ein gemeinsamer Charakter sehr alten Datums sein
kann, und nicht der Konvergenz seine Entstehung zu verdanken braucht."
While very true as a general proposition, this dictum is very possibly not
applicable here. Bensley (1903, p. 120), accepting the view that in Chryso-
chloris the main internal cusp is equivalent to the combined para- and meta-
cone of Talpa, suggests that in Notoryctes also the main internal cusp is
homologous with the combined para- and metacone of Didelphids. There
are however reasons for doubting (pp. 238, 290) this assumed cusp homology
even in Chrysochloris. But at any rate, in view of the probability that Noto-
ryctes is a highly specialized offshoot of the Polyprotodont stock, it seems
likely that the total lack of a talonid in the lower molars of Notoryctes is a
secondary condition and that the spacing of both upper and lower molars is
an indication that formerly the anteroposterior diameters of both upper and
lower molars were greater than at present, and that therefore the resemblances
between the molars of Chrysochloris and those of Notoryctes are in part due
to convergent or parallel modifications from somewhat simiilar beginnings.

(10) A further resemblance lies in the fact that in Notoryctes the num-
ber of incisors are reduced to i while the total number of teeth is the same
as in Chrysochloris (Leche, 1907, p. 58).

Several additional resemblances between Notoryctes and Chrysochloris
appear in the skeleton, e. g., humerus with entocondyle greatly produced;
olecranon very long and hook-like. Leche regards this as the most complete
case of convergence known among the higher animals.

The following observations may now be added in order to reinforce
Leche's conclusion that there is at most only a very remote (subclass) genetic
connection between Notoryctes and Chrysochloris:

(1) The skull of Chrysochloris presents only a superficial analogy with
that of Notoryctes: In Notoryctes the malar is rather stout and appears
to be of the normal Polyprotodont type; in Chrysochloris the malar is lack-
ing and the zygomatic arch is composed chiefly of the zygomatic process of
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the maxillary (Leche). Instead of the condition of the zygomatic arch
being an indication of affinity to the Monotremes, as held by Leche (p. 141) it
may rather be due to the derivation of Chrysochloris from some Zalambdo-
dont which had already lost the malar, but which later evolved a new
zygomatic arch out of the zygomatic process of the maxillary, which grew
backward until it touched the zygomatic process of the squamosal. Here
then would lie a deep seated difference from the Notoryctes skull.

In Notoryctes the cranial sutures tend to remain open (Stirling, 1891)
as in Marsupials, but in Chrysochloris as in Inseetivora they are obliterated
even in the very young skull.

The conditions in the auditory region in Notoryetes and Chrysochloris
are radically different. A comparison of specimens of Chrysochloris aurea
and Notoryctes typhlops in the American Museum shows that in Notoryotes
the conditions are directly comparable with those in the smaller Dasyurids
such as Antechinomys and Phascocologale, i. e., there is a very large "ali-
sphenoid bulla," which conjoins posteriorly with an expansion of the petrosal,
the entotympanic (p. 246), while the true tympanic takes no part in bound-
ing the tympanic cavity, but lies in the postero-external border of the
alisphenoid bulla (cf. also van Kampen, 1905, p. 404). In Chrysochloris
on the contrary the conditions in this region are rightly described by Leche
(1907, p. 73) as "ein Differenzierungsprodukt des Verhaltens bei Centetidae
und zwar zunachst der urspriinglich$ten Formen dieser Familie, der Oryzoric-
tinse." As in Microgale (Fig. 13, B), the tympanic processes of the ali- and
basisphenoid form a rim which in Chrysochloris is semicircular and em-
braces the periphery of the expanded hemispherical tympanic. No better
example could be cited, of the importance of the auditory region in the study
of ordinal relationships, and of "palkeotelic" characters of this kind as com-
pared with "caenotelic" or adaptive resemblances.

The proximal ends of the nasals of Notoryctes spread widely, as in Marsu-
pials. In Chrysochloris, owing to the absence of sutures it cannot be affirmed
positively that the nasals do not spread proximally, but in the top view of the
skull the nasal region compares so closely with that in the Centetoidea that
there seems little reason to doubt that the nasals ended proximally in a
median V and likewise very early coalesced. The Chrysochloris skull also
shows the tubular form of the fronto-parietal regiorn which is so characteristic
of the Centetoids.

The jaw of Notoryctes has a typically inflected angle, a sharp external
mnasseteric ridge, and a pterygoid fossa, as in Marsupials, whereas the char-
acters of the Chrysochloris jaw may readily be derived from those of the
Microgale type.

(2) Many of the similarities in the skeleton are associated with differ-
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ences which are equally striking and more significant of the wide genetic
separation in the two forms. For example, in the humerus of both forms
the entocondylar process is greatly produced. But this is only an exaggera-
tion of a feature that is common among fossorial mammals, (e. g., Orycter-
opus, Dasypus, Spalax) and is associated with very striking differences in
the other parts of the bone (e. g., in the deltoid and supinator crests, greater
and lesser tuberosities). The long, hook-like olecranon of the ulna is equally
a fossorial character which is realized to a less extent in Spalax and Dasypus.
The scapula of Notoryctes is of the broad fossorial type, with a second or
posterior spine analogous to that in Edentates, while the scapula in Chryso-
chloris is of the Sorex type with high spine, narrow blade and broad bifid
acromion. The pelvis of Notoryctes approaches that of Chrysochloris in the
great reduction of the thyroid fenestra, yet it retains strong evidence of
derivation from the Marsupial type, especially in its vestigial marsupial
bones (Stirling, 1891, p. 178), while the pelvis of Chrysochloris, presents
no feature inconsistent with derivation from the Microgale type. The pes of
Notoryctes and Chrysochloris are very unlike, the pes of the former showing
some traces of the Marsupial syndactyly (Winge, Dollo; Bensley, 1903 p.
172) while the pes of Chrysochloris conforms to the Insectivore type.

These resemblances and differences have been cited at some length,
partly in illustration of the principles discussed on pages 107, 111, 463.

The occurrence of Chrysochlorids in the Oligocene of North America
has been recorded by Matthew (1906) who referred to that family the fol-
lowing forms: Xenotherium unicum Douglass (1906), based on a skull
without teeth; Apternodus8mediwvus Matthew (1903.1) based on a fragment
of a lower jaw with several molar teeth, Micropternodus borealis Matthew
(1903.1) an imperfect lower jaw; Arctoryctes terrenus Matthew (Lower
Miocene) based on a humerus with marked Chrysochlorid characteristics.
The skull of Xenotherium (cf. Douglass, 1906, p1. xxi) resembles that of
Chrysochloris aurea (cf., Dobson, 1883, pl. xi) not only in general appearance
but especially in many significant details: such as the hemispherical form of
the bullee, the form of the snout, zygomatie arch, peculiar lateral occipital
crest on the squamosal, etc. The only important difference is in the char-
acter of the cheek-teeth alveoli, which in Xenotherium are circular, in Chry-
sochloris triangular. On the other hand Xenotherium parallels the Miocene
Talpid Proscalops (cf. p. 265) in its brachyicephalic proportions and in several
of the characters noted above, but the molars must have been very different.

In regard to Apternodus, Matthew now (1909) describes it as having
"Molars as in Centetes, premolars reduced to three." The possibility that
the genus may be a member of the Centetoidea is also indicated by the follow-
ing observations:



Apternodus, Micropternodus, Necrolestes.

The type lower jaw of Apternodus medicevus, so far as known, presents
many resemblances to the jaw of Microgale dobsoni: e. g., peculiar shape of
angle, ridge on inner side of angle, sharp ridge above and in front of dental
foramen, position of condyle, molars with high pointed protoconid, very
small talonid, no hypoconid. The differences are mostly such as separate
more primitive from more advanced forms. In Apternodus the protoconids
are not so tall and not directed backward, the protoconid-paraconid shear is
less pronounced, not so sharply turned forward, the metaconid is less re-

duced, the external cingulum is prominent, while in Microgale it is much
reduced.

Micropternodus (cf. Matthew, 1909, pl. li) is also very likely a primitive
member of the Centetidae. The talonid is less reduced than in Apternodus
These two genera seem to throw but little light on the question whether the
small size of the talonid in Zalambdodonts is a primary or a secondary
character.

THE NECROLESTIDJE.

The genus Necrolestes Ameghino from the Santa Cruz Beds (Lower
Miocene) is the Patagonian analogue of the Cape Golden Moles. After a
very thorough examination of the dentition skull, vertebrae and limbs Pro-
fessor Scott (1903-5) showed that the resemblances between the two genera
are very numerous and close and that "the differences are, for the most
part, such as usually occur between the earlier and later members of a phylum
or of two allied phyla. .... It is not suggested that Necrolestes is to be re-
garded as the ancestor of any of the existing Chrysochloridw, for it is itself
specialized in a different, though moderate way. WVhat does seem probable
is that Necrolestes is an offshoot from some early members of the family
which was at the same time the ancestor of Chrysochloris" (op. cit., pp. 379-
380). Professor Scott also compared Necrolestes with Notoryctes and
showed that in every detail the former approximated to the Placental Insecti-
vore type, the latter to the Marsupial type, and that the resemblances be-
tween the two genera were entirely convergent.

Necrolestes is less differentiated than Chrysochloris in the dentition, in the
retention of a faint postorbital constriction, stouter zygomata, more moderate
squamosal swelling on side of head, more normal carpals, etc. It has a long
bony rostrum which suggests the cartilaginous rostrum of the Shrew (cf.
Parker, 1885-6, pl. 31) and of the Centetidae. This bony rostrum may also
be represented among living forms by the prenasal ossicle of Solenodon.
Necrolestes is more specialized than Chrysochloris chiefly in the characters
of the femur. The series of seven cheek teeth (including the canine) de-
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creases from the front backward and converges slightlv toward the mesial
line, features which are emphasized in Xenotherium.

THE ERINACEOIDEA.

THE LEPTICTIDIU, ERINACEIDIE, DIMYLIDiE.

The most primitive representatives of this group are the Eocene and
Oligocene Leptictidae. They have already lost one upper and one lower
incisor, except Ictops acutidens, which retains three small lower incisors
(Matthew, 1903, p. 207, fig. 5); but in the form of the cheek teeth they are
much more primitive than the Erinaceidee and some of them retain the minute
pmi, which are lost in most Insectivores. The molars in Palaictops and
Ictops suggest those of the Jurassic Dryolestes in their antero-posterior
narrowness, and sometimes (e. g., in the very small Ictops thomsoni Matthew,
1903.1) also in the large size and centro-external position of the paracone.
But in the larger species Ictops major (Douglass, 1906, pl. xxii) the molars
are much broader antero-posteriorly and the para- and metacones are sub-
equal. In all Leptictids p4 are molariform. The lower molars are tuberculo-
sectorial with reduced paraconids and large hypoconids. In crown view the
inner and outer cusps are rather widelv separated. The replacement of
the teeth takes place only after the animal has attained full adult dimensions
(Matthew, 1909, p. 534). This delayed replacement is also characteristic.
of certain Zalambdodonts and may be a primitive Insectivore character.

In Proterix Matthew (1903.2), a primitive member of the Erinaceidae
which shows clear evidence of derivation from the Leptictidse, the molars
are broader antero-posteriorly and the hypocone is well developed. The
molars are in fact described as definitely Erinaceid, only the last molar re-
maining tritubercular, as it does in Hylomys, Neurogymnutrus, and Galerix.

In the living Erinaceidee the antero-posterior br-oadening of the molars
is still more emphasized and they are more bunodont and omnivorous in
type than in the earlier forms. At the same time the fourth upper premolar
has acquired a sectorial postero-internal blade, paralleling that in the modern
Carnivora.

The skull of Ictops (figured by Douglass, 1906, pl. xxii) offers some inter-
esting points both of resemblance and contrast to that of its modern relatives
Gymnura and Erinaceus and shows how much change may have taken place
since the Oligocene, even in very primitive forms. In profile the skull
slopes anteriorly into a long slender muzzle, much as in the primitive Cente-
toid Microgale, and contrasts with the relati'vely straight profile and heavy
muzzle of Gymnura and Erinaceus. The mid-cranial region is not elongate
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The Skull of Ictops.

as it is in the Centetoids, and the skull is gently constricted back of the
orbits. The smooth cerebral hemispheres (as shown by the natural cast of
the brain) were confined almost wholly to the parietal segment, only the large
olfactory lobes occupying the frontal segment (as in primitive mammals
generally). The opposite temporal crests were considerably separated and
not pronounced. The zygomata were slender, but heavier than in the
Erinaceidaw, not inclined sharply downward and forward as they are in
Erinaceus. There was a depression in the maxillary at the anterior root of
the zygoma. This is not represented in Erinaceus. The orbito-temporal
fossa was ovoid as in Menotyphla, less extended antero-posteriorly than in
the Centetidae.

In palatal aspect the skull rather suggests that of Microgale but is rela-
tively broader. The palate, as in Gymnura, was not fenestrated and the
posterior border did not, as it does in Erinaceus, terminate in a prominent
transverse ridge but was rounded (cf. Solenodon). Hence two of the so-
called Marsupial characters of Erinaceus were absent in its Oligocene fore-
runner. There is, however, a postero-external palatal foramen as in
Marsupials, Creodonts and Menotyphla. The basicranial region differs
considerably in details but not in fundamental characters from the same
region in E,rinaceus and Gymnura. The pterygoidal ridges of the palatine
and alisphenoid are single on each side, as in Centetidte so that there are
no ectopterygoid fossae. The tymnpanic flange of the basisphenoid appears to
be lacking and the large ovoid petrosal is closely appressed to the side of
the basioccipital (cf. Solenodon). This (if the drawing of Ictops montanus
be correctly interpreted) is perhaps surprising, because the Miocene Caylux-
otheriurn (Neurogymnurus) (cf. Filhol, 1884, pl. i), which is generally re-
garded as an Erinaceid and therefore as a relative of the Leptictidae, already
had the tvmpanic wing of the basisphenoid highly developed. The
"tymrpanic" process of the alisphenoid in Ictops, as in the Zalambdodonts,
is continuous with the postglenoid ridge of the squamosal. In Erinaceus
the alisphenoid portion of this ridge is present and is notched inferiorly for
a branch of the entocarotid (p. 247), but the squamosal portion of the post-
glenoid ridge is atrophied. Ictops further agrees with the Zalambdodonts
or rather with Solenodon in the fact that the post-glenoid and post-tympanic
processes are well separate (widely so in Ictops), whereas in Erinaceus these
two are represented by the single "post-glenoid" process, which is located
behind the post-glenoid foramen; the post-glenoid-process in Zalambdodonts
lies nearer the inner border, in Ictops on the outer border, of the glenoid
fossa. The large tymrpanic fossa of Ictops is accordingly bounded anteriorly
by the combined alisphenoid-post-glenoid ridge. Externally it is bounded
by a long ridge of the squamosal corresponding to the external auditory
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meatus and connecting the post-glenoid and post-tympanic processes. Thus
as seen from above the tympanic fossa of Ictops montanus is very broad and
square externally, whereas in Erinaceus, through the coalescence of the post-
glenoid and post-tympanic process, the tympanic fossa is triangular. The
mastoid exposure in Ictops faces backward, in Erinaceus backward and out-
ward. In this one point Erinaceus agrees better with the Zalambdodonts
than does Ictops. The large round pit in the under surface of the basi-
sphenoid of Erinaceus is not represented in Ictops. Occipital condyles are
represented in one specimen (Douglass, 1. c., pl. xxii, fig. 1) as extending
entirely across the basioccipital. The paroccipital processes appear to have
been absent (cf. Microgale). The occiptut was broad and nearly flat. The
angle of the mandible was gently inturned, as in certain species of Erinaceus.

In the skeleton Douglass's figures show that the curved shaft of the ulna
was stout, the olecranon short, the femur had a well developed third tro-
chanter, the fibula was already fused with the tibia; the astragalus had a
well-grooved narrow trochlea and the anterointernal end of the astragalus
was produced into a broad prominence, which is not however prolonged
into a distinct process (contrast Mircogale); the tuber of the calcaneum was
stout and not long, betokening a plantigrade foot. All these are characters
which might be expected in an ancestor of Erinaceus.

In conclusion, Ictops was apparently much more primitive than Erinaceus:
in the very small size of some of its species, in the long slender muzzle, small
subcaniniform upper canines, procumbent lower incisors, very primitive
narrow tritubercular upper molars, slender mandible, horizontal well
developed malar, unfenestrated palate, unexcavated basisphenoid, large
post-glenoid ridge, separate post-glenoid and post-tympanic processes. In'
practically all these characters Ictops makes some approach backward to-
ward the stem of the Zalambdodonta.

The foregoing review of the chief characters of Ictops, the most primitive
of the LeptictidTa, confirms the lowly position of that family and its ancestral
relation to the Erinaceidae. Ictops also possessed a number of the characters
assumed below (p. 272) for the ancestors of the Tupaiid. and other Meno-
typhlous Insectivora, but how far these indications are valid is at present
impossible to say.

The Leptictid skeleton and skull, so far as known, do not show any fos-
sorial adaptations (unless the fusion of the tibia and fibula be so interpreted)
and some of the smaller species may have been arboreal.

Of the recent Erinaceidae Gymnura and the nearly allied Hylomys
are more primitive than Erinaceus in the following characters:

1 Excellent figures of the skeleton of Hylomys peguensis are given by Anderson (1874, pl.
lxiv).

262



Gymnura, Neurogymnurus; the Soricoidea.

(1) Smaller size. (2) Longer muzzle, which makes some approach
to that of Ictops in form. (3) 1 , p4 (reduced to iR, ps in Erinaceus).
(4) Molars retaining clearer traces of trituberculy than in Erinaceuts.
(5) Tail present .(reduced in Erinaceus). (6) Partly climbing habits and
arboreal adaptations. Under side of tail rough (Blanford), stiff spines on
feet to aid in climbing (Dobson, 1883). (7) Humerus retaining entepicon-
dylar foramen. (8) Scaphoid and lunar separate in young, united in old
individuals (Dobson, 1883, p. 21). (9) Pollex constant (tending to reduc-
tion in some species of Erinaceus). (10) Third trochanter in femur re-
tained in reduced condition. (Still more reduced in Erinaceus).

The genetic relations of the Erinacoidea are discussed below (p. 266).
"Cayluxotherium," (Neurogymnurus), an Erinaceid from the Upper

Eocene or Oligocene (Phosphorites) in France has palatal vacuities and
very large stout tympanic wings of the basisphenoid (cf. p. 261).

The Dimylidee are noticed below (p. 267).

THE SORICOIDEA.

THE SORICIDX AND TALPIDX.

The Talpidae and Soricidae have very probably diverged from a commnon
stem, the typical Talpidae having acquired high fossorial specializations in
the limbs while the Soricidae have developed a very peculiar and highly
modified antemolar dentition. The Talpide alone have preserved the
malar bones, although in a greatly reduced condition, while the Soricidae
have retained very primitive limbs, and frequently a cloaca (Dobson).
The tympanic in the Soricidae remains horizontal and ring shaped and the
arrangement of the three branches of the entocarotid approximates that in
Erinaceus (van Kampen, 1905, pp. 434-435).

The connection of the Talpidpe and Soricidle is indicated by the survival
in the ancient fauna of Thibet and China of certain primitive Talpids, not-
ably Uropsilus soricipes (figured by Milne Edwards, 1868-74, pl. xl, xla;
described also by Dobson, 1883, p. 145). This interesting genus in the
general characters of the skull and body resembles Urotrichus of the Myo-
galinae (vide infra) but in its fore feet and tail it resembles the Shrews (Dob-
son). The humerus, while foreshadowing that of the Moles in its strong
muscular attachments, is still of the normal Soricoid type (Dobson, p.
164). The manus, pes and shrew-like tail are scaly (Dobson).

The semiaquatic Desmans (Myogale moschata and M. pyrenaica) together
with the fossorial genera Urotrichus and Neiurotrichus form a very primitive
subfamily of Talpoids, of which Myogale parallels the Zalambdodont genus
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Solenodont in the chisel-like enlargement of the anterior incisors and in certain
features of the skull (p. 242). But a comparison of the base, and top views
of the cranium of Myogale with that of the Talpidae (Dobson, 1883, pl. xx)
leaves little doubt as to the Talpoid affinities of this group. This impression
is confirmed by the characters of the scapula (Dobson, 1. c., pl. xv) and
humerus, in which, however, the Talpoid peculiarities are still in an un-
emphasized condition.

The dental characters of the Myogalinaw are clearly represented in the
Miocene Talpoid Proscalops Matthew (1905.2, 1909, pl. li; cf. Fig. 17, no. 9,
above).

The tyinpanic region in Myogale is of especial interest because it eluci-
dates the structure of this region in the Talpoidea and furnishes a strong bond
of affinity between the Soricoid, the Erinaceoid and the Centetoid super-
families (vide infra). The tympanic wing of the basisphenoid is greatly
expanded and forms with the broad ring-shaped tympanic a large com-
posite btilla which on the anterointernal end extends to the mesopterygoid
fossa and almost meets its fellow of the opposite side. Anteriorly the tym-
panic ring is partly embraced by the well developed tympanic branch of the
alisphenoid; posteriorly the petrosal also contributes a tyrmpanic branch to
the bulla (cf. Solenodon, p. 246) and van Kampen suggests (1905, p. 452)
that this branch is homologous with the entotympanic of Menotyphla and
Marsupials. The large entocarotid foramen deeply notches this branch
of the petrosal. The Eustachian foramen is seen near the anterior end of
the bulla, at the junction of the tympanic wings of the ali- and basisphenoids
with the true tympanic annulus. Immediately external to the foramen
ovale is a foramen, which seems comparable with the foramen for the inferior
branch of the stapedial artery in Erinacetus (p. 247).

The affinities of the Soricoidea are discussed below (p. 265).

GENETIC INTERRELATIONS OF THE LIPOTYPHLOUS INSECTIVORES (SUMMARY).

The preceding observations afford strong evidence for the inference that
the Lipotyphlous Insectivores form a natural group divisible into the four
well separated superfamilies which were recognized by Gill in 1872, viz:
the Centetoidea (including the Centetidae Potamogalidae and Solenodontidae),
the Chrysochloroidea (including the Necrolestidae and Chrysochloridae),
the Erinaceoidea (including the Leptictidae Erinaceidae, Dimylidae) and the
Soricoidea (including the Soricidae, Myogalidee and Talpidee). The Chryso-
chloroidea are probably a specialized offshoot of the Centetoidea and the
two superfamilies form a natural group, the Zalambdodonta of Gill (1885),
which, however, scarcely ranks as a suborder, unless the Lipotyphla as a
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whole are to be regarded as an order. Whether the Lipotyphla should be
so regarded depends upon the question (p. 285) whether the Tupaioidea and
Maacroscelidoidea have been derived from forms which might come within
the definition of the Lipotyphla.

Soricoidea. The 'T'alpidae seem to be linked ancestrally with the Sorici-
daw through the primitive genera Myogale, Urotrichus and Uropsilus the
first of which approaches the typical Talpidae, while the last is Shrew-like
in alnmost everything except its dentition.

Remote affinity of the Soricoidea with the Eriniaceoidea is revealed in
the characters of the larynx, lungs, vascular sy,stem, liver and especially
in the urinary and generative organs (Dobson, pp. 157-159). Trhe condition
of the tympanic region in the Soricidae is more primitive than in the Erina-
ceidue, since the tympanic bone remains ring-shaped and neither the basi-
nor the alisphenoid send down tympanic processes. The arrangement of
the three branches of the entocarotid conforms in general to the primitive
Lipotyphlous plan (van Kampen, 1905, p. 435). The so called inltercentra,
which are doubtfully to be homologized with the intercentra of reptiles,
(Weber, 1904, p. 86) are found below the lumbar vertebrae in Talpa and in a
reduced condition in Erinaceus, and are'also well marked in Myoale (Dob-
son, p. 147).

Affinities between the Soricoidea and the Centetoidea are suggested by
Leche (1907, p. 121), who cites in this connection: the general form of the
skull (cf. Sorex and Microgale), the strong postglenoid process, the loss of
the malar in the Soricidae, the form of the hinder part of the palate, the
presence of a cloaca (in many Soricidae), and the occurrence of an accessory
erectile gland in the penis. According to Leche's suggestion the molars in
Talpidee and Soricidae may be similar in their mode of formation to those in
the Centetidae, that is, the internal depressed ledge is possibly a "pseudo-
protocone" (p. 238). In Proscalops Matthew (1909, pl. li) the basal cingu-
lurm pseudoprotocone is doubtfully distinct from the true protocone (Fig. 17,
no. 9). In Myogale the pseudcoprotocone has increased in size and is barely
distinct' from the protocone. In typical Soricidae and Talpidae the two cusps
are no longer distinguishable. Leche says also that Microgale with respect
to its antemolar dentition furnishes a morphological stage in the evolution
of the peculiar antemolar dentition of the Soricidee.

Additional evidence of affinities *with both the Erinaceoidea and the
Centetoidea is furnished by the numerous resemblances in the arrangement
of the foramina: e. g., in Sorex the "sinus canal" on the side of the skull is
very prominent (Parker, 1885-6, pl. 31), the foramen rotundum is con-
fluent with the foramen lacerum anterius; the entocarotid foramina are
described above, one branch perforating the basisphenoid as in Marsupials,

I 910.] 265



266 Bulletin American Museum of Natural History. [Vol. XXVII,

Erinaceus and Centetes. In the Soricoidea also the cartilaginous snout in
the embryo is prolonged far beyond the premaxillaries (cf. the cartilaginous
snout of the embryo Centetes, the prenasal ossicle of Solenodon and the bony
rostrum of Necrolestes). Finally the Soricoidea resemble the Erinaceidee
and the Centitidae in the possession of a common type of malleus: one with
"a wide lamina and a processus gracilis [Folii] united to the tympanic ring
after the fashion of the Marsupials" (Doran, 1879, p. 444).

Winge has suggested (cf. van Kampen, 1905, p. 452) "dass die Uberlein-
stimmung zwischen Talpidce und Chrysochloridc nicht bloss durch Anpas-.
sung zu erklaren ist.... sondern wohl wirklich auf Verwandtschaft beruht"
(van Kampen). But the numerous resemblances cited above, as well as
certain generalized Centetoid features of Necrolestes, seem only to warrant
the inference that the stem form of the Soricoidea (which was doubtless not
yet Mole-like in its limbs) is related to the stem of the Centetoidea on the
one hand and to the stem of the Erinaceoidea on the other.

Erinaceoidea. The Erinaceidae, through the more primitive genera
Gymnura, Hylomys and the Oligocene Proterix, seem to be linked securely
to the very primitive Eocene and Oligocene Leptictidae. Of these the less
specialized forms of the genus Ictops are more primitive than the typical
Erinaceidae in many characters especially the following: the skull as a whole
is mesaticephalic whereas in Erinaceus it is brachycephalic with the muzzle
broad and short; the zygomatic arches are well developed, the post-glenoid
and post-tympanic processes are separate, the palate is not fenestrated; the
pterygoidal ridges are single (i. e., there are no ectopterygoid fossae), the
tympanic wings of the basisphenoid if present are but moderatelv developed;

v

and the "tympanic" or postglenoid ridge of the alisphenoid is well developed
(cf. Microgale).

The dentition also is very primitive: the canines remain subcaniniform,
pi are retained, the upper molars (in Ictops) are of a simple tritubercular
type with a low hypocone and narrow anteroposteriorly; the milk dentition
persists until the animal has attained adult stature.

The common origin of the Erinaceoidea and the Centetoidea is indicated
especially by the following characters: In both families the malleus is of the
same type, namely with the processus gracilis very broad and perforated by
the chorda tympani nerve (Doran, 1879, p. 444), while the incus and stapes
in the two families are also closely similar (Doran, 1. c., p. 440, pl. 62, figs.
11-14). The base of the cranium in Centetes and Erinaceus presents very
numerous resemblances recorded above (pp. 244, 245), especially the median
pit, the median foramen for the chorda, the strong development of the
tympanic wing of the basisphenoid, the course of the three branches of the
entocarotid artery and the arrangement of most of the foramina. Leche lays
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stress upon the similarity in brain structure (1907, p. 121), while Dobson
(1883) calls attention to important agreements in the musculature. Certain
of these similarities may well have been developed independently in the two
groups, but taken collectively they leave no doubt of a community of origin.
The Miocene Dimylidae of Schlosser, known chiefly from the dentition,
appear to be a specialized offshoot of the Erinaceid stem (cf. Zittel 1891-93,
p. 568).

Chrysochloroidea. This superfamily (pp. 255, 259) is shown to be ain off-
shoot of the stem of the Centetoidea by the peculiar characters of the dentition,
the general architecture of the skull, shape of the pelvis, etc. This infereilce is
reinforced by the evidence furnished by the tympanic region, the peculiarities
of which are readily derived from the conditions preserved in Microgale
(Leche). These further tend to disprove the suggestion of any near affinity
with the Talpidae: for, in the Chrysochloridae the true tympanic bone be-
comes hemispherical and is encircled at its base by a continuous horizontal
ring, formed from tympanic branches of the petrosal, basi- and alisphenoids;
and, although in the Talpidae the same elements contribute to the complex
bulla, and thereby reveal the subordinal relationship of the two families,
yet here the proportions of the several elements are very different, the basi-
sphenoid wing being very large, while the true tympanic remains as a broad
subvertical zone with a large meatus. The malleus and incus of Chryso-
chloris are extremely specialized and peculiar and throw no light upon its
relationships (Doran, 1879, p. 438, pl. 62, figs. 9-10). The stapes however
is of the widely open stirrup type which is common among Insectivora.

The Patagonian Miocene genus Necrolestes (p. 259) suggests as the com-
mon stem form of the Chrysochloridee and Necrolestidae a brachycephalic
but long snouted Zalambdodont. As all known Zalambdodonts except
these two families are markedly dolichocephalic it is evident that the gap
between the Chrysochloroidea and the Centetoidea has not yet been bridged
over by palaeontological discovery.

Oentetoidea. Perhaps the dominant feature of the CentetidTe is the
progressive lengthening of the skull especially of the middle and facial parts.
Correlated with this and perhaps also with the large size of the olfactory
lobes of the brain, is the loss of the postorbital constriction and the resulting
cylindrical shape of the anterior part of the brain case. The--malars are
absent, the nasals coalesce very earlv, the sagittal crest is very long and low,
the posterior mental foramen lies beneath mi. Pi are lost; the upper molars
consist of a high internal V-shaped cusp, reduced external cusps and a small
"pseudoprotocone" and hypocone. The lower molars have a very small
talonid without a distinct hypoconid. The dorsolumbar vertebree (21-24)
are more numerous than in the Erinaceoidea (20).
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Since the common origin of the Centetoidea and Erinaceoidea seems well
assured from the evidence cited on page 266, we must believe that most of the
special Centetid characters above enumerated, except possibly the V-shaped
protocone of the upper molars, the lack of a hypoconid, and the position of the
posterior mental foramen, have been acquired by the Centetidee after they
became separated from the forerunners of the Erinaceoidea.

The date of this separation can at present only be deternmined within
very wide limits. It was certainly not later than the Lower Eocene, for in
the Eocene and Oligocene the family Leptictidoe had already become Erina-
ceoid in many characters, while by the time of the Lower Oligocene the
Zalambdodonts had differentiated into Chrysochlorids (p. 258) and Centetids
(Apternodus, p. 259), the Solenodontidae also possibly being represented by
Micropternodus (p. 259).

As to the lower limit for the (date of separation there is still less to guide
us. If the Potamogale upper molar be more primitive than the Microgale
molar then the morphological gap between the Microgale and presumably
the Apternodus molar on the one hand and the Ictops molar on the other is
very profound and the separate phylogenetic lines representing the Lep-
tictidee and the Centetidae would have to be prolonged back very far before
they would run together. If on the contrary (as seems on the whole more
probable) the Microgale molar is the primitive Centetid type, then the
principal difference between it and the more primitive Ictops molar lies in
the reduction of the paracone and sometimes its fusion with the parastyle.
In that case the lower limit for the separation of the Erinaceoids and Cente-
toids might perhaps be the Basal Eocene or Upper Cretaceous.

Solenodontidw. The analysis of the characters of Solenodon paradoxus
given on pages 253-255 fully supports the view that this family belongs in the
Zalambdodonta and has only a subordinal relationship with Myogale, which
resembles it in several homoplastic characters in the skull and incisors.

In several characters (e. g., retention of postorbital constriction, a sub-
optic canal communicating with the presphenoid sinus, absence of tympanic
wing on basisphenoid, form and relations of petrosal) Solenodon resembles
either Ictops or the Erinaceidae rather than the Centetidae, and the resulting
suggestion is that the Solenodontidae have been derived, not from any early
Madagascan Centetids but from some more generalized Holarctic Zalamb-
dodonts, such as Micropternodus of the American Oligocene (p. 259).

TiaE MENOTYPHLA.

'rhe group including the families Tupaiidae and Macroscelididae appear
to be very widely removed from the other Insectivora, so far, in fact, that it
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The Menotyphla.

is probable they should be set apart as an entirely distinct order, Menotyphla
Haeckel, as indicated in 1884 by Leche (1884-1885).

No monograph of the same scope as those of Dobson and Leche on the
lipotyphlous Insectivores has been devoted to the Menotyphla. Preserved
specimens and skeletons are rare, at least in American museums, and no
figures of the skull and skeleton appear in the leading modern text-books
on mammals. Excellent figures of the skeletons and skulls of different
meribers of the group are, however, given in de Blainville's 'Osteographie,'
and by Peters (1852) and Mivart (1868).

Parker (1885-86, p. 247), Elliot Smith (1902) and Broom (1902) have
recognized Marsupial affinities in the Macroscelididse but writers in general
seem to ignore the importance of the Menotyphla as a group in the study
of the genetic relations of the mammalian orders. No other living Placental
suborder shows resemblances and possibly affinities to so many widely dif-
ferent orders as do the Tupaiidee. In the skull and dentition, as will be
shown, the different forms present certain resemblances to the Leptictidae,
to Galeopithecus, to the Chiroptera and to the Lemurs; while in the brain
of Macroscelides and in the tympanic region of Tupaia and Ptilocercus we
find a remarkable combination of Marsupial and Placental features (vide
infra).

The following review of the genetically more significant characters of
the Menotyphla is based partly on the skeletal material in the National
Museum (which the writer has had the privilege of examining through the
courtesy of Drs. True and Lyon), partly on the figures of the skeleton given
by de Blainville and Peters (1852), and partly on the writings of Mivart
(1868), Weber (1904), van Kampen' (1905) and others.

THE TUPAIIDR.

Habits. The very squirrel-like appearance and habits of the Oriental
Tree Shrew (Tupaia) are described by Gill (1885, p. 14). The Tupaias con-
trast sharply with the lipotyphlous Insectivores in their thoroughly arboreal
and diurnal habits, lively disposition and great agility, as well as in their
mixed diet of fruit and insects. They occasionally sit up on their haunches
and hold their food between the fore legs. They sleep in rudely constructed
lairs in the highest branches of the trees. In adaptation to arboreal habits
the manus and pes are provided with strong claws, slightly divergent pollex
and hallux and well developed palmar and plantar pads (Fig. 20).

Ptilocercus lowii Gray (1848, pl. ii), the Pen-tailed Tree Shrew of Sarawak
and Borneo, is likewise atboreal and is very phalanger-like, especially in its
tail, which as in Distachurus, ends in a vane of stiff hairs on either side.
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Hairs. In Ptilocercus as in Macroscelides the hairs on the tail are grouped
in threes behind the scales (Weber, 1904, p. 363) a very primitive mamma-
lian character (see p. 146), while in Ptilocercus the proximal part of the tail
is scaly (Beddard, 1902).

Cwcum. Peters observed that Macroscelides and its allies, unlike other
Insectivores have a ceecum and Haeckel therefore applied the name "Meno-ptL}~~~~~~~i,id.~~~~~d.

p --thn.--~

Fig. 20. A., Palmar surface of the manus, B., plantar surface of the pes of Tupaia sp.
Arboreal adaptations shown in the divergent pollex and hallux, strong claws and arrange-

ment of palmar and plantar pads. X +.
idl., i.d., id8, i.d4., interdigital pads.
then., thenar pad.
hy.thn., hypothenar pad.
prx.in., internal proximal pad.
prx.e., external proximal pad.

typhla" to the group including the Tupaiidee and Macroscelididae. But
Flower, Beddard and Chapman, (1904) state that at least in Tupaia tana
the cecum is wanting, although a minute csecum is retained in T. belangeri
(Beddard, 1902, p. 511).

Sublingua. The sublingua of Tupaia is stated to be like that of the
Lemuroid Chiromys (Garrod, quoted by Beddard, 1902).
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Characters of Tupaia and Ptilocercus.

Testes. The Tupaiidae stand higher than any other Insectivores in the
permanent descent of the testes into a hairy scrotum, as opposed to a tempo-
rary descent into a "cremaster sack." But the conditions are more primi-
tive than in typical Placentals: first, because the opposite, testes are not
appressed to each other but each remains enclosed in its own cremaster sack
in the scrotum; secondly, because the testes do not continue their descent
beyond the penis but remain anterior to it and thus parallel the conditions
in Macropus (cf. Weber, 1904, p. 271, fig. 226).

Uterus. In Tupaia, as in Gymnura, the median corpus uteri may be-
come so short that the right and left uteri are almost entirely separate
(Weber), but they never open separately into the vagina and the conditions
are thus much less primitive than in Orycteropus and many Rodents.

Dentition. Tupaia (Fig. 22, B) and Ptilocercus (Fig. 21) lack only i3
and pi of the complete Placental formula. IF is subvertical (in Ptilocercus
it is also enlarged) and pointed and its posterior side co6perates with the pro-
cumbent i, i2 in seizing the food. This condition could apparently give rise
to the diprotodont modification observed in the Mixodectidae and certain
lemuroids. 12 (?) in Tupaia is simple, in Ptilocercus it is a relatively large
premolariform tooth with a small posterior basal cusp. It opposes the
milnute i3 and the compressed sub-premolariform lower canine. 13 appears
to be represented in Ptilocercus by a minute alveolus. The upper canine in
Tupaia is small conic, not recurved. In Ptilocercus it is like the adjacent
premolar (p2) and has two roots. The lower canine in both genera is quite
small, and works in front of p2, pl apparently being absent.

Thus with regard to the front teeth Ptilocercus and Tupaia agree in
family characters. The former however approaches the conditions seen in
the primitive Zalambdodont Microgale much more closely than does Tupaia;
but it seems quite possible that these resemblances are homoplastic.

P2, pa are much more reduced in Ptilocercus than in Tupaia and in this
reduction the former genus parallels the Shrews, Myogale and other Insecti-
vores with enlarged anterior incisors. Pi and mn in Tupaia have higher
more pointed cusps than in Ptilocercus, in which omnivorous adaptations
are indicated in the more bunodont crown and stouter hypocone; and this
fact, taken in connection with the enlarged anterior incisors and stouter
malars of Ptilocercus suggest greater powers of mastication and perhaps a
larger proportion of fruits and seeds in the diet. The upper molars of Ptilo-
cercus (Fig. 21) have in certain respects departed less from the primitive
type exhibited in Ictops than have those of Tupaia: for in Tupaia the para-
and metastyles are very prominent and the mesostyle (in correlation with the
enlargement of the hypoconid) is very large and exhibits a tendency to
divide in two (cf. Galeopithecus) whereas in Ptilocercus the mesostyle is
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absent. In the latter genus the metastyle is enlarged, oblique; the hypo-
cone oblique, broadly ledge-like and continuous with an internal cingulum
(absent in Tupaia); reduced metaconules are present and the molars as a
whole are of the general type seen in the Middle Eocene (Bridger) Nycti-
therium nitidum (cf. Matthew, 1909, pl. 1, fig. 6). Resemblances to certain
of the Bridger Insectivores is especially clear also in the lower dentition,
which compares well with that of Entomolestes grangeri (cf. Matthew, 1909,
pl. 1, fig. 2) in many significant details.

In brief the dentition of Ptilocercus has departed from the primitive
Insectivore type represented in Ictops in so far as it reveals a slight emphasis
of the tendencies toward diprotodonty, toward reduction of the premolars and
toward the omnivorous modification of the molars; but on the whole it is
a rather primitive Placental dentition. The dentition of Tupaia has avoided
these tendencies and has retained more completely the triangular form of the
upper molars; but on the other hand it has emphasized the insectivorous
features, such as enlarged styles, sharply pointed cusps, etc., and has
acquired a large and more or less divided mesostyle.

Skull (Figs. 21, 22). In many characters the skull of the Tupaiidae differs
widely from that ofany Lipotyphlous Insectivore and approaches the lemuroid
type. The braincase is large and rounded, the skull-top broadly convex
between the orbits, the large orbits enclosed posteriorly by processes from
the frontal and malar; the skull as a whole is mesati- to brachycephalic,
contrasting strongly with the Zalambdodont type, and further lemuroid
resemblances are shown in the tympanic region (see below), in the partial
bending down of the face upon the basicranial axis, in the presence of a
malar foramen etc.

So far as concerns only general characters and proportions, there seems
little to refute the suggestion that the ancestral Tupaiid had a skull resem-
bling that of Ictops in respect to the following characters: muzzle moder-
ately elongate, postorbital constriction gentle, breadth between orbits
considerable, brain case rounded, temporal crests well separated, anterior
part of zygoma stout, posterior part slender; small postglenoid well sepa-
rated from post-tympanic process, ectopterygoid fossee absent or incipient.

As compared with this hypothetical norm or ancestral type Ptilocercus
seems more primitive than Tupaia in the following characters: smaller
braincase and orbits, narrower interorbital region, somewhat stouter zygo-
mata, less reduced postglenoid process, greater space between the post-
glenoid and posttympanic, no secondary septa in the bulla, smaller bulla,
partly exposed petrosal, better defined tympanic wing of alisphenoid, optic
foramen well separated from foramen lacerum anterius; no supraorbital
foramen. In the skull figured by Mivart (1867, p. 303) the postorbital
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The Skulls of Tupaia and Ptilocercus.

processes of the frontal and malar have not yet met and this region also is
.accordingly less specialized than in Tupaia.

fos.ectPt PPc j

cafta7ty-As -

Xa t'~~~~~~~~~~~~~~~~~~~~~~~a

f 'Ab-P~---Ag

en.tV..enotympaxii;Tv., ecotympanic

fl~~~~~~~~~~~i/

- .Ms.

ptils. tyAs. fst

11'g. 21. Skull and lower ja'w of Ptilocercus lowii Gray. U. S. Nat. Mus. No. 112611.'
X.~ Al, palatal view, A2, side view. Abbreviations as in Fig. 18, p. 243.

en.ty., entotympanic; Ty., ectotympanic.

Amid all these differences the skulls of Tupaia and Ptilocercus reveal
their family relationship not only in the details cited above (p. 272) but espe-
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cially in their close agreement in the characters of the base of the skull.
In both genera the palate is thinly ossified and in Tupaia this thinness
causes small irregular vacuities in the hinder part. The true pterygoids
end in small backwardly directed processes, which are widely separated
from the low, triangular pterygoid processes of the alisphenoid; these are
tunneled at the base by the small alisphenoid canal, and the two wings
together form on each side a peculiarly short and wide ectopterygoid fossa
(Fig. 21). The functional bulla in both genera is formed from the greatly
expanded entotympanic, the true tvmpanic remaining as a delicate ring
inside the entrance of the bulla. The tympanic wing of the basisphenoid
is slight or absent; the tympanic process of the alisphenoid in Tupaia is
much reduced, but in Ptilocercus (Fig. 21, ty. As.) it retains more of the
concavity on its posterior side which is so characteristic of primitive marsu-
pials.

Thus in the constitution and arrangement of the auditory region the
Tupaiidee, as observed by all authorities, differ radically from the other
Insectivores and approach the non-Malagasy Lemurs (Weber, 1904, pp.
366, 745). If, as van Kampen suggests (1905, p. 452) the entotympanic
represents merely the expanded and secondarily independent tympanic wing
of the petrosal, which is seen in many Marsupials and Insectivores, then the
difference in the bulla of the Menotyphla and those of the Lipotyphla be-
comes a difference of degree rather than of kind. At any rate the difference
as it now stands is a great one and implies a relatively long period of separa-
tion between the Menotyphla and Lipotyphla, an inference which is rein-
forced by much testimony from other parts of the organism.

Differences from the lipotyphlous Insectivores are also evident in the
arrangement of the foramina. In Tupaia the optic foramen is so large that
only a spicule of bone remains between it and the sphenorbital fissure. In
Ptilocercus however it is smaller and well separated from the latter. The
foramen rotundum in Tupaia is entirely distinct from the sphenorbital
fissure and lies below and behind it, whereas in lipotyphlous Insectivores as
well as in Ptilocercus the foramen rotundum is confluent with that fissure.
The identification of 'the foramen in question in Tupaia as the rotundum
is strengthened by the fact that it is continuous internally with a groove
which has the position of the Gasseriarn fossa (for nerve V2). The foramen
ovale is almost hidden beneath the expanded bulla.

As in other Insectivores and primitive Placentals an alisphenoid canal
pierces the base of the pterygoid flange of the alisphenoid (cf. Ptilocercus,
Fig. 21, c. al.) and there is a prominent sinus canal on the side of the brain
case, opening anteriorly in a supraorbital foramen.

Lower jaw. The slender lower jaw of Tupaia is not distinguished by

274



Tupaiidae: Skull, Ossicula auditus, Vertebrae.

any marked specializations, and parallels that of Myrmecobius. The coro-
noid is delicate, the angle hook-like and slightly inturned, and the condyle
transverse but not much extended. The jaws figured by Anderson (Yunnan
Expedition, pl. vii) vary considerably in the different species, and this
variability is likewise shown in the position of the mental foramina which
are usually below p3 and p4, but sometimes below c and P2.

In Ptilocerus, in correlation with greater powers of mastication and the
diprotodont modification of the incisors the lower jaw is shorter and stouter
especially anteriorly, and the coronoid process and the fossa for the temporal
muscles are larger and better developed (Fig. 21).

Ossicula auditus. According to Doran (1879, p. 442) the malleus of
Tupaia, "in being neckless and devoid of lamina.... much resembles that
of some of the lower Primates, especially Midas or Hapale, or certain Lemurs,
the shallow articular facets being a Ceboid feature. The incus has a high
and narrow body and in general characters is "very like the same in many
Monkeys and Lemurs." The stapedial crura are straight (they are curved
in Lipotyphla). The stapes is pierced by a bony canal (as in Lipotyphla).

The vertebral formula, as determined from a skeleton of Tupaia sp. in the
National Museum is C. 7, D. 13, L. 6, S. 3, Cd. 26; as determined from de
Blainville's figures of Glisorex (Tupaia) ferrugineus it is C. 7, D 13, L 7,
S 2, Cd. 23. Mivart, however (1867, p. 294), states that there are only 5 or 6
lumbars, so that the dorsolumbars appear to vary (DL 18-20). This
formula compares with that of primitive forms in other groups as follows':

Dorso-lumbars Sacrals
(average) (average)

Monotremata 19-20 (cf. p. 153) 3-4
Marsupialia 19 (13 + 6) 2-3
Creodonta 20 (13 + 7) 3
Carnivora 20 (13 + 7) 3
Lemuroidea 19-20 (12-13 + 6-7) 3
Tupaia 19-20 (13 + 6-7) 3
Gymnura 20 (15 + 5) 3
Microgale 22 (16 + 6) 2
Solenodon 19-20 (15-16 + 4) 2
Sorex 20 (14 + 6) 4
Galeopithecus 18-19 (13-14 + 7-5) 4-5
Rodentia 19 (12-13 + 7-6) 3-4
Ardiodactyla 19-20 (13 + 6 frequent) 4--5

In its vertebral formula Tupaia is thus evidently very primitive, more so
than most other Insectivores.

In correlation with the non-fossorial, climbing habits, the sacrum is

' The table is based upon data given in Bronn's ' Thierreich ' (pp. 240-252) and by Leche
( 1907, p. 77.)
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10Skeleton of Tupaia.

attached to the ilium by means of only one much enlarged transverse process.
The lumbar vertebra, have forwardly directed parapophyses, this indicating
fairly well developed leaping muscles which are lacking in the fossorial
Insectivores.

As the majority of the remaining characters of the skeleton are given
below (p. 279) under the heading "primitive mammalian characters," only
a few additional points need be noted here.

The ilium has lost the primitive rod-like shape, which is preserved in
Microgale, and has a narrow spatulate concave surface for the gluteal muscles.
There is a prominent pectineal process on the neck of the ilium, as in Mono-
tremes, Marsupials, Orycteropus, etc.

The pubo-ischiadic symphysis in all the Menotyphla is relatively long,
much longer than is usually the case in the Lipotyphla.

The limbs are much longer and the elbows and knees better exserted from
the body than in the Lipotyphla; the humerus and femur are of approxi-
mately equal length with the forearm and lower leg respectively, whereas
in the Lipotyphla they are shorter.

The slender humerus has an entepicondylar foramen, a long low deltoid
crest and a small supinator crest, all as in many other primitive mammals.

The femur retains a well developed third trochanter. The patella
trochlea is not deeply grooved (cf. the flat trochlea of Marsupials and Soleno-
don).

The fibula is complete and separate. Proximally it expands consider-
ably (cf. Microgale) but not as much as in Marsupials.

The hand and foot are rather long and slender. The palmar and plantar
surfaces (Fig. 20) exhibit generalized arboreal characters., The ungues
are compressed. The pollex and hallux of Tupaia diverge slightly, but Ptilo-
cercus is represented by Gray (1848) with a spreading hand and a divergent
pollex and hallux.

The carpus resembles that of Ericulus in the following details: the scapho-
lunar is broad and shallow (in Ericulus, however, the scaphoid and lunar are
merely appressed to each other), the relatively large flattened centrale rests
upon the trapezoid and articulates with the side of the magnum; the lunar
rests chiefly on the centrale and partly on the unciform, but in front view
appears as in Lemur, to be excluded from contact with the magnum by the
centrale. Resemblances to the carpus of Sorex are seen in the flattening
and horizontality of the transverse facets. Resemblances to Galeopithecus
and certain lemuroid types are the compression of the small sized magnum
and its close appression to the unciform. In brief the carpus, like the rest
of the anatomy serves to emphasize the position of Tupaia as a morphologi-
cally annectant form between the true Insectivores and the lemuroids.
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The astragalus of Tupaia is of especial interest because on the whole,
it resembles the Primate types and contrasts with those of all the Lipotyphla
in important details. As in the lemurs the trochlea is narrow above (proxi-
mally) and broader below, the inner or tibial crest less prominent than the
outer or fibular crest and the trochlear concavity very slight; the trochlea
also extends postero-dorsally above the ectal or calcaneal facet. The malleo-
lar facets are subvertical and that on the tibial side extends antero- inferiorly
below the trochlea. The head (navicular facet) is very ovoid and extends
well up on the antero-external corner. In the back view also the resemblances
to the lemuroids are numerous. The ectal facet is obliquely extended and
the rather long sustentacular facet is broadly continuous below with'the
navicular facet; whereas in the Lipotyphla the ectal facet is usually subtrian-
gular and the oval sustentacular is separated from the navicular facet. The
calcaneum as in other plantigrade and arboreal mammals has a very short
tuber.

Dissection of an alcoholic specimen of Tupaia sp. shows that the lemuroid
characters of the tarsus may be related to arboreal habits, e. g. the strong
internal and external malleoli, with their vertical facets on the astragalus,
evidently serve to prevent lateral dislocation and to limit the motion of the
astragalus upon the tibia to the fore and aft plane; the'dorsal continuation
of the trochlea'permits extreme extension of the foot upon the tibia, the long
oblique neck and oval head may permit the sole to be turned inward as in
climbing, the short tuber calcis enables the foot to be extended very suddenly
and is thus of advantage in leaping.

Adaptive Contrasts between Tupaia and Solenodon.

The foregoing descriptions of Solenodon (pp. 253-255) and Tupaia (pp.
272-278) offer some instructive contrasts when considered in connection with
the diverse habits of the two forms. In Solenodon all the skeletal adaptations,
such as the very powerful limbs, plantigrade feet, heavy claws, arched back
and very stout tail, indicate a slow-moving type analogous to Orycteropus.
In Tupaia the skull and skeleton express with equal clearness the animal's
arboreal habits, quick senses and great agility. It is very probable that the
arboreal type of skeleton represented in Tupaia is on the whole more primi-
tive (except as to the large brain case, and other features) than the terrestrial,
semifossorial type represented by Solenodon; partly because the latter is
distinguished by certain specializations, such as the loss of divergence of the
pollex and hallux, the development of very strong trochlear ridges on the
astragalus, the incipient coalescence of the tibia and fibula, the loss of
lumbar parapophyses etc.
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The Tupaiidae.

Phyletic Interpretation of the more Important Characters of the Tupaiidao.

Primitive Marsupio-Placental Characters. ? Arboreal habits and adap-
tations (p. 226); ? diet including insects and fruits; hairs on tail in
groups of three (Ptilocercus); pt not molariform; upper molars tritubercular,
lower molars tuberculo-sectorial; arrangement of the majority of the cranial
foramina except the optic and carotid foramina and the alisphenoid canal;
lachrymal foramen marginal or external; tympanic ring-shaped; seven
cervical vertebrae, parapophyses on lumbars, sacrum attached to pelvis by
one enlarged transverse process; vertebrae, ribs, sternum, scapula, clavicle,
pelvis and limb bones all normal; tail long, back arched; an entipicondylar
foramen; a third trochanter; pelvis with normal pubic symphysis; tibia
or fibula not united, borne on astragalus alone; manus and pes plantigrade,
digits V-V, claws compressed, pollex and hallux divergent; carpus normal,
with free centrale; tarsus normal.

Special resemblances to Marsupials. Phalanger-like appearance of
Ptilocercus; scrotum in Tupaia remaining prepenial; slight palatal vacui-
ties (Tupaia); alisphenoid forming a small tympanic process; an ento-
tympanic, possibly derived from the tympanic process of the petrosal of
Marsupials (van Kampen); a venous posterior condylar foramen (Ptilo-
cercus).

Primitive Placental Characters (cf. also, "Marsupio-Placental" characters
above). Dental formula derived by reduction from -4-; ml; milk dentition
well developed (Weber, 1904, p. 370); p3 not molariform; an alisphenoid
canal; optic well separated from foramen lacerum anterius (Ptilocercus
only).

Insectivore characters. Insectivorous habits; elongate snout, elongate
premaxillaries; reduced canines; incipient diprotodonty; pi absent (a
frequent, but not invariable, Insectivore specialization); p2 more or less
reduced; molars in Tupaia with sharp pointed cusps and enlarged styles;
resemblances to Ictops in the skull of the ancestral Tupaiid; foramen rotun-
dum confluent with for. lac. anterius (Ptilocercus); "sinus canal" and
supraorbital foramen prominent; stapes pierced by a bony stapedial canal;
digits II, III, IV subequal in both manus and pes, digit III being slightly
the longest; centrale carpi large; scaphoid uniting with lunar; uterus bi-
cornis.

Lemuroid characters. Arboreal habits, ability to sit up and hold the food
between the hands; omnivorous modification of the molars (Ptilocercus)
brain and brain case large, cerebrum invading the frontal segment, face
bending down upon cranium; skull wide between orbits, a postorbital bar,
large orbits; supraorbital (Tupaia) and malar foramina; ectopterygoid
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foss,e suggesting lemuroid condition; bulla chiefly from entotympanic;
malleus and incus approximating to the lemuroid and ceboid types (Doran),
stapes with straight crura; lemuroid resemblances in the lower jaw, espe-
cially of Ptilocercus; hands and feet rather long, provided with lemuroid
palmar pads; certain features of the carpus (p. 277); characters of the
astragalus; a lemuroid sublingua; testes descending into a hairy scrotum;
placenta discoidal, deciduate.

Menotyphlous characters: Ceecum present, at least in some species (often
reduced or absent); bulla formed chiefly from the enlarged entotympanic;
parapophyses on lumbar vertebrae well developed; puboischiadic symphysis
long; limbs longer than in Lipotyphla and well exserted from the body;
astragalar trochlear extending dorsad above ectal facet; sustentacular
facet of astragalus elongate and broadly continuous with navicular facet
(may not hold in Macroscelididae).

Tupaiid characters (contrast Macroscelididae): Arboreal habits and
adaptations; skull broad between orbits; orbits large, limited posteriorly
by a postorbital bar formed from the frontals and malars; peculiar ectoptery-
goid fossee; dental formula 3I; I enlarged, ce small; p2-3 reduced; upper
molars triangular, tritubercular; diet including fruits and insects; ilium
spatulate; testes descending into a hairy prepenial scrotum.

THE MACROSCELIDIDR.

The leading authorities on the general anatomy of this group are Peters
(1852, Taf. xix-xxiv) and Mivart (1867, pp. 295-298). Parker (1885-86,
pl. 36), figures the feetal skull of Rhynchocyon. De Blainville (1838-1864,
Insectivores, pll. iii, v) figures the skull and skeleton of Macroscelides.

Brain. The brain of Macroscelides is of extraordinary interest. The
base of the brain, according to Elliot Smith (1902) presents an assemblage
of characters found equally in Insectivora, Polyprotodont Marsupials and
Dasypodidae. In the cerebrum the anterior commissure is smaller than in
Marsupials; "above it is a typically metatheroid commissure of crescentic
shape such as occurs in Perameles, Notoryctes, Didelphys and Myrme-
cobiu.i." The hippocampal formation extends forward on to the upper
surface of this (anterior) commissure just as happens also in the Metatheria.
But a typical Eutherian character is the "undoubted corpus callosum'
which is "exceedingly large and thin, and exhibits a state of affairs which is
almost unknown beyond the limits of the Primates." "Both in shape, size
and position [high up near the dorsal margin of the hemisphere] this ....
is as unlike the primitive generalized condition of the corpus callosum, such
as is found in Erinaceus, as it is possible to imagine."
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The Macroscelidida.

Jacobson's organ. In all the peculiarities of its Jacobson's organ, Macro-
scelides, according to Broom (1902, p. 227), resembles the Marsupials
rather than the Placentals, and Broom believeq that it is " a very near relative
of the Marsupials, with probably very little affinity with the more typical
Insectivores."

Testes. In the Macroscelididae (as in Centetes) the testes retain perma-
nently their primitive position near the kidneys. There is no* trace of an
inguinal ligament nor any other structural feature which might indicate a
former descent of the testes and a secondary return (as in Cetacea) to the
earlier condition (Weber, 1904, p. 270).

Dentition. The incisors show the insectivorous modification, il and i2
being slightly enlarged. The tips of the crowns of the lower incisors are
more or less trilobed, a peculiarity which is emphasized in the three-pronged
incisor tips in Rhynchocyon, which are thus structurally prototypal to the
comb-like incisors of Galeopithecus. The canine is two-rooted and pre-
molariform, i. e., with two roots and two cusps.

Dental formula. Mivart (1867, p. 296) gave the dental formula of
Macroscelides as _3.t3 -(4). but Thomas (1890, p. 445) showed, from the rela-
tions of the milk and permanent dentitions that the first pair of molariform
teeth in both jaws are really p4, and that the revised formula is 3.142orl. Ac-
cordingly Macroscelides is one of the few Insectivores that retain pi, and the
supposed occasional m4 (Mivart, 1867, p. 298) is really m3.

The cheek teeth are quadritubercular, subhypsodont and without cingula,
and are thus analogous to those of Perameles. This type of hypsodont
molar is rather frequent in fossorial and semifossorial animals and may be
adapted to withstand the detrital action of the earth which is mixed with the
food (Bensley). The molar cusps are rounded, and the upper molar crowns
are practically bilophodont.

Skull.' The skull is entirely unlike that of any lipotyphlous Insectivore
but is allied to that of Tupaia by the structure of the bulla. The tympanic
forms a tubular auditory meatus which fits internally into the inflated ento-
tympanic. The basisphenoid and the petrosal also take some part in limit-
ing the tympanic cavity but not to the same degree as in lipotyphlous Insecti-
vores (van Kampen, 1905, p. 444). The alisphenoid is inflated, immediately
in front of the bulla, and Parker (1885-86, p; 275 and pl. 36) found that in
Rhynchocyon the alisphenoid developedJarge tympanic wings, which in the
embryo were "well marked hollow shells" (cf. Marsupials). The region of

1 The following description of the skull applies chiefly to the highly specialized Macro-
scelides. The skull of Rhynchocyon (Peters, 1852, taf. xxii) approaches that of Tupaia in its
broad convex forehead, distinct postorbital processes on malar and frontal, broad palate, ham-
ular process on pterygoid, etc. A general resemblance to the skull of Galeopithecus is also evident
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the mastoid, squamosal and exoccipital is also swollen and cancellous,
recalling similar conditions in the Rodent family Heteromyidee and in
Phascologale among Marsupials. The brain case is large and rounded but
narrow between the orbits (contrast Tupaia). The orbital fossa is very
large but the postorbital processes are absent (Macroscelides) or small (Petro-
dromus). The malar extends back to the glenoid,- as in Tupaia certain
Rodents and Marsupials. The malar has a large anterior surface for the
insertion of the anterior part of the masseter (cf. Tupaia). The glenoid
fossa is extended anteroposteriorly more than in Tupaia and much as in
primitive Rodents. The palatal vacuities are very extensive antero-poste-
riorly. This "Marsupial" feature is reinforced by the prominent raised
posterior rim of the palate and by the palatal foramen at the postero-external
angle of the palate. (A similar-foramen appears in Ictops and other Lipo-
typhla and in certain Creodonts.) A large interparietal is figured by Parker
in Rhynchocyon (op. cit., pl. 36), and this genus appears to agree further with
lipotyphlous Insectivores in having a median perforation in the basisphenoid
(probably for the vestigial notochord) and cartilaginous pterygoids. The
vomer is stated by Parker (op. cit., p. 275) to have the postero-lateral wings
"as large as in average Marsupials" (cf., Solenodon, p. 253).

Ossicula auditus. According to Doran (1879, pp. 440-442, 444, pl. 62,
figs. 15, 16) the malleus in the Macroscelididae is of very peculiar type. In
the Lipotyphla the processus gracilis (Folii) is curved so as to fit accurately
to the tympanic ring, as in Marsupials, but in Macroscelides and Rhyn-
chocyon the processus gracilis forms a thin straight bar which fits into the
Glaserian fissure; the extremely constricted neck and the narrow lamina
are also characteristic. The malleus of Petrodromus departs less widely
from the Sorex type. The incus of Petrodromus tends toward that of Tupaia.
The stapes in the Macroscelididee has straight crura as in Tupaia (contrast
the curved crura of Lipotyphla); the stapes is perforated by a bony canal
for the stapedial artery, as in Lipotyphla.

Cranial foramina, etc. As described by Mivart (1867, p. 296) the optic
foramen is large and very slightly separated from the sphenoidal fissure.
In Rhynchocyon Parker (1885-86, p. 275) found that the optic was entirely
confluent with the foramen lacerum anterius. A suboptic foramen, analo-
gous to that in the Erinaceoidea and Centetidea is also present. The
foramen rotundum, as in most Insectivores, is confluent with the foramen
lacerum anterius. The alisphenoid canal is absent (contrast Tupaiidae)
and there is also no supraorbital foramen. The lachrymal foramen "opens
well within the orbit" (contrast Tupaiidee). Mivart also states that there
is a "small carotid foramen near the margin of the auditory bulla (imme-
diately opposite the middle of the occipital condyle)." The mental foramen
"opens beneath the antepenultimate molar" (cf. Tupaiidae).

282



The Macroscelididae.

Skeleton.- The Macroscelididae are terrestrial, saltatorial and more or
less fossorial in habit and structure, paralleling the Peramelidee. These
habits are reflected in the following modifications in the skeleton of
Macroscelides: (1) forearm long and slender, with fused radius and ulna;
(2) pes elongate; (3) femur short; (4) fibula reduced and fused with the
tibia; (5) ilium erect; (6) pubic symphysis short; (7) lumbar and sacral
spines large; (8) back arched; (9) neck short; (10) head held sharply in-
clined to the neck. In the pes the astragalus has a deep trochlea with a
prominent projecting internal rim. The digits are very elongate but com-
pare in essentials with those of Tupaia. In Rhynchocyon and Petrodromus
the hallux is wanting. In Rhyncocyon (cf. Peters 1852, Taf. xxiii) the
skeleton is in many features intermediate between those of Tupaia and
Macroscelides.

The vertebral formula, as determined from de Blainville's figure of
Macroscelides rozetii is C 7, D. 13, L 7, S. 3, Cd. 26. Mivart states (1867,
p. 298) that both Peters and de Blainville assigned 7 lumbar vertebrae to
this genus, but also that in a certain specimen of M. intufi there are but 19
dorsolumbars. Accordingly Macroscelides may be regarded as having 19
to 20 dorsolumbars, whereas Tupaia has 18 to 20 (Mivart, op. cit., p. 294).
In Rhynchocyon cirnei the formula is: C.7, D.13, L.8, S.3, Cd. 28 (cf. Peters
1. c., Taf. xxiii) i. e., DL. 21.

The carpus of Rhynchocyon is noticed below (p. 445).

Phyletic interpretation of the more important characters of the Macroscelididw.

Primitive Marsupio-Placental Characters. Testes remaining abdominal;
brain and Jacobson's organ very primitive in certain features.

Special resemblances to the Marsupials: brain with a "typically meta-
theroid commissure" etc.; Jacobson's organ of Marsupial type; malar
extending back to glenoid fossa; large palatal vacuities; alisphenoid
scarcely overlapping the orbitosphenoid (Parker); optic foramen more or
less confluent with for. lac. anterius; a concave tympanic process of the
alisphenoid (Rhynchocyon); vomer with large postero-lateral wings.

Primitive Placental characters: a corpus callosum; placenta discoidal
deciduate (Broom, 1902, p. 227); dentition derived from 3 by the loss
of one or more molars; manus pentadactyl (Petrodromus only); carpus with
free centrale.

Primitive Insectivore characters. A long cartilaginous snout; pre-
maxillaries elongate, canines more or less premolariform; pi molariform;
a large interparietal; a median (chordal) perforation in the basisphenoid
(Rhynchocyon); pterygoids terminating in small cartilages; stapes perforated
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by a bony stapedial canal; foramen rotundum confluent with forameii
lacerum anterius, a suboptic foramen (Rhynchocyon); mental foramen open-
ing beneath p,.

Primnitive Menotyphlous characters. Bulla formed chiefly from the
entotympanic, tympanic ring-shaped (here tubular); postorbital processes
(Rhyncocyon); malar with enlarged area for the insertion of an anterior slip
of the masseter; malar extending back to glenoid (cf. Tupaia); brain case
large and Tounded, broad between orbits (Rhyncocyon); astragalus a modi-
fied form of the Tupaia type; vertebral formula differing from that of
Tupaia only in the presence of one or two additional lumbar vertebrae;
parapophyses well developed on lumbars.

Macroscelid characters. Corpus callosum approximating the Primate
type; loWer incisors with denticulate tips (Rhyncocyon); dental formula
3.142or_; cheek teeth quadritubercular, bilophodont, hypsodont; malleus
with constricted neck and narrow lamina, processus gracilis a straight bar
fitting into Glaserian fissure; lachrymal foramen internal; no alisphenoid
canal; saltatorial and fossorial modifications of skeleton.

Genetic relations of the Menotyphla.

The Tupaiidoe and Macroscelididee have been shown to resemble each
other in many significant details, especially in the mode of formation of the
bulla, in the general characters of the auditory ossicles, in the vertebral
formula, etc. and the conclusion indicated is that the two families are more
nearly related to each other than either is to any other known family of
mammals. The structural gap ,between Tupaia and Macroscelides is, in
fact, largely bridged over by Rhynchocyon cirnei.

These agreements are accompanied by a very wide divergence in habits
between Tupaia and Macroscelides, which has gone far to obscure the
underlying resemblances beneath a great number of adaptive differences in
the skull, dentition and skeleton. The pronounced Marsupial characters
in the brain and Jacobson's organ in Macroscelides may not however be
considered as widening the gap between the two families until it is shown
that neither Tupaia nor Ptilocercus retain any trace of those characters.

Not improbably the stem form of the Menotyphla may be conceived as a
Cretaceous Insectivore of arboreal habits, with the general appearance
of Ptilocercus but with the Marsupial characters in the brain and Jacobson's
organ which have been recorded in Macroscelides. Of the front teeth i
were probably slightly enlarged, the tritubercular molars may perhaps have
been intermediate in character between those of Ictops and of Ptilocercus,
and thus they would also approximate to those of such basal Eocene forms
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as Indrodon and Olbodotes. This ancestral Menotyphlan family also very
probably resembled the ancestral Lipotyphlan in the dental formula (3 l413),
well developed milk dentition and general characters of the skull and skele-
ton. The postorbital processes were slight, the brain case smaller, the
tympanic process of the 'petrosal (destined to expand 'into the entotym-
panic) might have been scarcely larger than it is in Solenodon. The arrange-
ment of the foramina also may have approximated to' the primitive Lipo-
typhlous condition, i. e., with separate optic foramen, rotundum confluent
with for. lac. anterius, entocarotid entering tympanic chamber from the rear
and giving -rise to three' branches, "sinus canal" prominent; stapes widely
open. In the skeleton digits II, III, IV were subequal, digit III' being
slightly the longest; a large centrale carpi, entepicondylar foramen, third
trochanter, and many other primitive mammalian characters which are
ascribed below to the more remote common ancestors of both Menotyphla
and Lipotyphla.

The Tertiary History of the Menotyphla.

The Tertiary'history of the Menotyphla is unknown, unless, indeed the
Middle Eocene (Bridger) Insectivore Entomolestes grangeri (Matthew, 1909)
shall prove to be a member of the Tupaiidee. It was formerly thought that
Galerix Pomel, from the Miocene of Europe, was related to Macroscelides
but Leche has shown that it is a'typical Gymnurine and therefore an Erina-
ceid (Weber, 1904, p. 382). A comparison of the skull of the Oligocene
Leptictid Ictops with those of Tupaia and the Macroscelididee does not lead
to any decisive results. Ictops seems much more primitive than the modern
forms in the basicranial region and in the dentition; but, as' the fibula had
already become fused with the tibia and the astragalus seems to have had a
well grooved trochlea,1 this genus cannot be directly ancestral to the Tupai-
idae, and it seems probable, from the greatness of the morphological'gap
between the Tupaiidae and the Lipotyphla, that the two suborders must have
diverged at a very early date, possibly much before 'the Lower Eocene.

The relations of the Menotyphala with the Primates are discussed below
(pp. 321-322).

1 (cf. Douglass, 1906, pl. xxii.).
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"MARSUPIAL" CHARACTERS IN THE INSECTIVORA.

In the preceding pages we have noted a great many important characters
(especially in the general architecture of the skull and in the arrangement of
manv of the cranial foramina) which are common on the one hand to all
Marsupials and on the other to primitive Placentals of widely different orders
(pp. 218, 253, 279), so that there is very strong evidence of the former
existence of an ancestral Marsupio-Placental stock. The so-called Marsupial
characters of Insectivores have been regarded as a direct heritage from this
Marsupio-Placental stock, but in view of the widespread tendency for deriv-
atives of a common stock to acquire similar characters after they have become
separated from it and from each other, it seems not impossible that certain
"Marsupial" characters of various Insectivores may have been acquired
independently within the limits of the several modern families.

Such so called "Marsupial" characters are often variable in the different
species and sometimes appear to be related to particular adaptive or cae-
notelic requirements. Under this category may be mentioned the following:
(1) Palatal vacuities: apparently secondary in the Erinaceoidea (p. 261)

and Zalambdodonta (p. 254). Absent in Ptilocercus, barely indi-
cated in Tupaia, very large in Macroscelides.

(2) Pronounced post palatal transverse crest: apparently secondary in Erina-
ceoidea (p. 261) and possibly also in Zalambdodonta; absent in Tul-
paia, moderate in Ptilocercus and Macroscelides.

(3) Tympanic wing of alisphenoid.1 Only in Ptilocercus and the embryo
Rhynchocyon does it at all approach the characteristic Marsupial
condition and form a concave shell; in the Lipotypla it primitively
forms merely a straight ridge separating the tympanic fossa from the
glenoid region.

(4) Optic foramen not separated from the sphenorbital fissure. Confluent
with it in Microgale, Sorex, certain Talpidae, Macroscelides, Rhyncho-
cyon. Intermediate conditions in certain TalpidaT (Dobson), Tupaia.
Well. separated in Erinaceoidea, most Zalambdodonts, Ptilocercus.

(5) Branch of entocarotid perforating basisphenoid: in Erinaceus (at least
occasionally), Centetes (but cf. also Vespertilionidae, Orycteropus,
Herpestinae; van Kampen, 1905, p. 383). Enters through foramen
lacerum medium in- Sorex (van Kampen, 1905, p. 435).

(6) A fourth upper molar: occurring exceptionally in Centetes (cf. Otocyon).
(7) Vomer with large postero-lateral wings: Solenodon, Rhynchocyon.
(8) Malar extending back to glenoid fossa: Macroscelides (probably second-

ary).

1 See also p. 329.
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(9) Angle of lower jaw inturned: moderate in Ictops, slight in most
species of Erinaceus, pronounced in E. deserti, E. algirus (Dobson,
1882-83, p. 37). Never approaching the characteristic Marsupial
shape.

(10) Posterior mental foramen beneath i1m: Zalambdodonts, Pantolestes,
Myogale.

(11) Nineteen dorso-lumbar vertebr,: Tupaia varies however from 18 to
20; Macroscelides, 19-20; Rhynchocyon, 21.

Some of the foregoing characters may well have been acquired inde-
pendently in the different phyla and all of them indeed never occur in the
same form, but as a whole they are reinforced by the remarkably detailed
"Marsupial" features in the brain and Jacobson's organ of Macroscelides.
The conclusion is: that in addition to the large number of primitive Marsu-
pio-Placental characters which Insectivores share with other lowly Placentals
there is also a considerable number of special "Marsupial" resemblances,
some of which may also be of primary and not secondary derivation, and
which, taken as a whole, indicate that the order Insectivora is structurally
nearer to the Marsupio-Placental stem than is any other existing Placental
order.

SPECULATIONS ON THE ORIGIN OF THE ORDER INSECTIVORA.

So little is known about early Tertiary Insectivores (except the Leptic-
tidae and certain other groups) that speculations on the origin and history
of the group must be based largely upon existing structures and conditions,
and consequently the difficulty of distinguishing palaeotelic from caenotelic
or adaptive conditions confronts us at every turn. But after considering
numerous contrary hypotheses the writer tentatively adopts the following
as being on the whole the most likely phylogenetic interpretation of the facts
and analyses which have been assembled in the preceding pages.

According to this hypothesis the characters of the family of mammals
which gave rise to the modern order Insectivora may be conceived as follows:

(1) Time of appearance pre-Tertiary. The occurrence of well differ-
entiated Zalambdodonts and Erinaceoids in the LoWer Oligocene, and of
Leptictids, Soricoids, Mixodectids, Pantolestids and possibly Tupaiids
(p. 285) in the Eocene, joined to the frequency of "Marsupial" characters
in modern Insectivores, the wide interval between the Lipotyphla and Meno-
typhla, and the generalized Placental characters of the order as a whole,
all indicate a relatively great antiquity for the stem form, as compared with
other Placental orders, some of which probably ran back into the Upper
Cretaceous.
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(2) Hqbits semi-arboreal, insectivorous-omnivorous. Of the existing
Lipotyphla none are arboreal and the majority are terrestrial, partly or
wholly fossorial, and.often partly 'aquatic, and only one genus Gymnura
retains any distinct arboreal adaptations (p. 263), although the spreading hand
and foot of Ericulu-s may also be an arboreal heritage. Nevertheless the
least specialized genera of the existing Lipotyphla, namely Microgale and
Gymnura (Hylanys) are also those whose skeleton presents the fewest
differences from that of the arboreal Tupaiidse; and in the Oligocene Ictops
(p. 262) the skeleton, so far.as known, appears less specialized in a terrestrial,
semi-fossorial direction. than does that of its modern descendants the Erina-
ceidae. Of the existing Menotyphla. the skeleton, of the arboreal Tupaiidte
also appears far more generalized, especially in the limbs and backbone,
.than. does that of the terrestrial, saltatorial Macroscelididie.

There is also considerable indirect evidence for ascribing to the stem
Insectivores semi-arboreal insectivorous-omnivorous habits. Such habits
seem the best fitted, to give rise by adaptive radiation to all others.' The
habit of. running along the branches, of jumping from branch to branch,
.favors an even development of all the muscles of the limbs, hands and feet
and puts a premium on a high average development of mental faculties;
whereas aquatic, fossorial, cursorial, saltatorial and volant habits. all imply
limitation of movement of the limbs in particular directions, and the hyper-
trophy of certain parts at the expense of others, with resultant one-sided
specialization of the nervous system. This is fully illustrated in the various
types of terrestrial, fossorial and aquatic Insectivores, which are all highly
specialized in these particular directions; whereas' the trunk and limbs of
the arboreal Tupaiidie are distinguished not only by the almost entire lack
of hypertrophy of one part over another but also by the retention of very
numerous characters (such as a free centrale carpi, a third trochanter,
entepicondyla'r foramen, pentadactyly, etc., etc.),'which, on any theory, are
admitted to be primitive mammalian characters.

The semi-arboreal habit also favors the retention of small size and it' is
obvious that the opposite condition, increasing size and weight, means
larger muscles and greater need for the development of special processes on
the bones; this tends, as it were, to upset the balance of form-determining
forces and to start new or peculiar lines of specialization.

The chief articles of food available to small 'semi-arboreal animals are
nestlings, eggs, insects and fruits, and this mixed fare would prevent any one

1 Palwontological evidence for the arboreal habit of the stem Placentals has been adduced
by Matthew (1904).
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10Characters of the Stem Insectivores.

part of the digestive tract from becoming overspecialized.' Nor does the
mixed fare require very powerful masticatory muscles, the development of
which frequently occasions profound changes in the skull and dentition of
carnivorous and herbivorous mammals.

(3) Size small, perhaps no bigger than that of Hylomys or Microgale.
The larger Centetidee (p. 236) are probably less primitive than the minute
Microgale, while one of the larger of the living Insectivores Potamogale is
also highly specialized (p. 240). The larger Erinaceinte may also lead back
through the small Gymnura and Hylomys to a very small Leptictid such as
Ictops thomsoni.

There is also considerable indirect evidence that very small size is an
ancestral character in many groups of mammals: e. g., (a) The most
ancient forms reputed to be mammals (Dromatherium, etc.) are of extremely
small size; (b) The Jurassic Trituberculates (p. 177) are all of very small
size and certainly primitive in other respects also. (c) Among Marsupials
the smallest forms, Proteodidelphys (p. 206), Peratherium (p. 205), Marmosa,
Phascologale (p. 203), etc. are also believed to be the most primitive in other
respects. (d) Among Tertiary Ungulates and Carnivores the various
lines have been demonstrated, in every case known, to lead back to relatively
small forms.

(4) Snout tubular more or less elongate, probably with a stout cartila-
ginous skeleton. This character is shown in nearly all existing Insectivores
in various degrees of development. It seems to be correlated with the
insectivorous diet and to be a development of the less emphasized projecting
type of muzzle which is preserved in Didelphis. In the Insectivores it is
also accompanied by the following character.

(5) Premaxillaries more or less elongate, upper incisors arranged in an
anteroposterior series. This very early became a distinctive character of
the Insectivores and in its fully developed stage serves to distinguish them
from the ancestral Primates and still more from the ancestral Creodonts.
This condition was very likely derived from the intermediate condition
preserved in Didelphis, Eocene Lemuroids and Pantolestids, in which the
opposite incisor series are neither transverse (as in Carnivores) nor antero-
posterior in position, but converge more or less obliquely toward the middle
line. Ii may have been slightly enlarged and i2 procumbent.

(6) Canines small, single rooted. It might at first be thought that the
more or less double -rooted, premolariform canine which is realized in
Microgale and which recalls the double rooted canine of certain Jurassic

1 Chalmers Mitchell (1905) regards the extreme simplicity of the digestive tract in' the
exclusively insect and worm eating forms as a secondary specialization. Only the Menotyphla
retain a more normal mammalian development of the different parts, including the cacum.
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Trituberculates is the primitive type. But even in the latter group single
rooted caniniform canines also occurred (cf. Amblotherium) and the small
double rooted canine in modern Insectivores may be associated with an
exclusively insectivorous diet., In Hyopsodus, Ictops, Ericulus, Centetes
and Tupaia the canine is simple. If however the double rooted canine
shall prove to be an ancestral Insectivore character, then it will serve to
distinguish that order from the ancestral Polyprotodonts, Creodonts, Pri-
mates and Basal Eocene Prot-ungulates, which probably had normal,
small caniniform canines.

(7) Premolars 4, simple, p4 not molariform. Pt are molariform in Ictops,
the Zalambdodonta and Macroscelides. In the Erinaceidae and Tupaiidee
p4 iS subsectorial.

(8) Upper molars simple, tritubercular, much as in Ictops, i. e., narrow
anteroposteriorly with high V-shaped protocone, small para- and metacones,
small para- and metastyles and metaconule, slight external and internal cin-
gulum, the latter possibly with an incipient hypocone. This type appears to
be the most primitive in the .order; for, on the one hand it points back to the
type represented by the Jurassic Trituberculate Dryolestes, on the other hand
it approaches the general type seen in the Eocene Pantolestids, Oxyclanids,
Mixodectids, and "prot-ungulates." This primitive molar pattern may
have given rise to the modern types in the following ways (cf. Fig. 17, p. 238):

(a) The Zalambdodont molar (Fig. 17, 2-5) may have been derived by
the fusion of the paracone and parastyle, reduction of metacone, emphasis
of para- and metastyle, and of the internal cingulum, including the pseudo-
protocone and the hypocone (p. 238).

(b) The Erinaceid type (Fig. 17, 6-8) has been derived by the antero-
posterior broadening of the molar and emphasis of the hypocone (p. 260).

(c) The Soricoid type (Fig. 17, 9) as represented by Proscalops may
have been derived by the development of the pseudoprotocone and its
fusion with the protocone and by the great emphasis of the para-, meso-,
and metastyles, which connect with the para- and metacones so as to form
the two external Vs.

(d) The Ptilocercus type (Fig. 21, p. 273) may have been derived by the
slight emphasis of the metastyle, anteroposterior broadening of the crown
and oblique development of the hypocone.

(e) The Tupaia type (Fig. 22B) was formed by the great development
of the para-, meso- and metastyles so as to produce two external Vs, and the
division of the mesostyle in correlation with the enlargement of the- hypo-
conid. The hypocone remained very small.

(f) The Macroscelides type may have been formed after the manner
of the bilophodont m2 of Erinaceus. Here the protocone unites with the
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protoconule, the two together forming the protoloph, which connects exter-
nally with the paracone. Similarly the enlarged hypocone unites with the
metaconule, which joins the metacone, all forming the metaloph.

(9) Lower molars tuberculosectorial, with high trigonid and low talonid.
From the widespread occurrence of a well developed talonid in Eocene mam-
mals of many orders, and in all Insectivores except the Zalambdodonts, it
seems likely that the extremely reduced condition of the talonid and absence
of a distinct hypoconid in that group is partly secondary, and perhaps corre-
lated with the development of a sectorial rather than crushing function.
If this be true the general resemblance of the lower molars of Zalambdodonts
to those of certain Jurassic Trituberculates is secondary.

(10) Dental formula . This primitive Placental formula is realized
among the existing families only in the Gymnurinse, Myogalinie, Talpinie.

(11) Milk dentition well developed, not replaced until the animal attains
adult size. This is regarded by Leche as a very primitive mammalian char-
acter and possibly may have characterized the ancestral Insectivore (p. 260).

(12) Cerebrum small, smooth; cerebellum not covered.
(13) Olfactory parts large or moderately developed. Possibly the ex-

treme macrosmatism of the Zalambdodonts may be a secondary Insectiv-
orous adaptation. The large size of the olfactory bulbs in those forms
probably conditions in part the peculiar cylindrical development of the skull
(p. 267).

(14) Brain case small, rounded, temporal crests more or less parallel
(cf. Ictops, Microgale, Ptilocercus); later uniting into a long low sagittal
crest (Zalambdodonts, Pantolestes).

(15) General architecture of skull much as in Ictops (p. 261). There is
considerable evidence (p. 262) that Ictops has retained many primitive condi-
tions especially in the base of the cranium and that the ancestral Insectivore
was not distinguished either by ectopterygoid fossie, large tympanic flanges
on the basisphenoid or united post-glenoid and post-tympanic processes.
The malars were probably rather slender.

(16) "Marsupial" characters in the skull probably fewer than in later
Insectivores. Very possibly the palate was not fenestrated, the optic nerve
may have pierced the orbitosphenoid (p. 246), one branch of the entocarotid
may have entered through the foramen lacerum medium (p. 247), instead of
piercing the basisphenoid.

(17) Venous foramina much as in Solenodon (p. 248). Possibly includ-
ing a prominent "sinus canal" on the side of the head, a "transverse canal"
tunneling the basisphenoid, and a suboptic foramen e. g., Solenodon, Erina-
ceus, Macroscelides.

(18) Alisphenoid canal present or in course of development.
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(19) Entocarotid entering tymrpanic chamber froin the rear and giving
rise to three branches (p. 247).

(20) Auditory ossicles in process of acquiring the Insectivore character-
istus. Stapes becoming widely open, pierced by the large stapedial branch
of the entocarotid; malleus with a distinct head, wide lamina, long processus
gracilis, the latter fitted to the ring shaped tympanic.

(21) Slcull retaining a large number of primitive Marsupio-Placental
characters in addition to numbers 6-19 mentioned above. The preceding
studies of the skull of the Marsupials (p. 217), of Solenodon (pp. 242, 253)
and of Tupaia (p. 279) reveals a very large number of underlying characters
in common, especially in the arrangement of the majority of the cranial for-
amina, structure of the ethmoid, vomer, relations of the pterygoid, alisphe-
noid, short basioccipital, etc.

(22) General characters of the skeleton much as in Tupaia, especiallyr
the vertebral formula and characters of the shoulder girdle, humerus, femur,
pelvis. In the ancestral Lipotyphla the carpus and tarsus probably fore-
shadowed those of Ericulus (p. 251) and thus approximated the primitive
Creodont type; but in the ancestral Menotyphla the carpus and tarsus sug-
gested those of Tupaia and thus remotely foreshadowed the Primate type.
In both manus and pes digits II, III, IV were subequal, digit III being
slightly the longest; the pollex and hallux were slightly divergent; the claws
were compressed and well developed.

(23) Testes remaining abdominal (cf. Centetes, Macroscelides).
(24) Uterus bicornis or duplex.

As thus conceived the family of ancestral Insectivores would be ordinally
related to the contemporary ancestors of the Creodonts. It would be dis-
tinguished from them chiefly by smaller size and less robust structure, more
elongate snout and premaxillaries, smaller canines, smaller and more sharply
cusped molars, and perhaps by habits which were more arboreal, less preda-
tory and more insectivorous frugivorous.

THE 1TILIODONTIA.

It is customary to place the Tillodontia in the neighborhood of the Ro-
dentia and to regard the order as ancestral to the latter; but an examination
of the skull and skeletal remains of Tillotherium Marsh (1875) and of its
ally Esthonyx as described by Wortman (1896), shows that apart from the
pair of enlarged rootless incisors and the concomitant reduction of the other
incisors and canines, there is not a single decisively Rodent character in the
whole skull and skeleton. As scalpriform incisors have been evolved quite
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independently in several different orders, Weber (1904, p. 514) seems quite
justified in concluding that the supposed connection with the Rodentia is
very problematical.

The evidence for the view that the Tillodontia are not related to the
Rodentia is as follows:

(1) The dentition, except the incisors, is wholly unlike that of any
knowvn Rodent. -The most primitive dentition in the group is that of
Esthonyx, in which the tritubercular molars (figured by Osborn, 1907, p.
151) are of a peculiar type, which is entirely unlike that of the oldest Eocene
Rodents of the family Ischyromyidae (cf. p. 327.)

(2) The skull as figured by Marsh (1875) shows many significant
differences from the Rodent type. In Tillotherium, the mandibular condyle
and its glenoid facet are transversely instead of antero-posteriorly elongate,
the post-glenoid process of the squamosal is well developed, so that the
motion of the jaw in gnawing must have been largely vertical. Trhe basi-
cranial region is very unlike that of the oldest known Rodents, the Eocene
Ischyromyidae and is rather of the Creodont type. The bulla instead of
being large and inflated as in all Rodents appears to have been uninflated.
There is no suggestion of the peculiar Rodent foramina (p. 329), nor does
the angle of the jaw foreshadow any of the various Rodent peculiarities.
The large facial exposure of the lachrymal is another Creodont character
which tends to separate Tillotherium from the Rodents.

On the other hand the Tillodontia retain many primitive features besides
those mentioned above, pointing to derivation from the Insectivore-Creodont
stock, as follows:

(1) The most primitive member of the group is Esthonyx burmeisteri
from the Lower Eocene (Wasatch), as shown by Wortman (1896). Trhis
species retains a dental formula of I.2, C.' P.-, M.,, which is an immediate
derivative of the primitive Insectivore-Creodont formula; andl the material
proves that the pair of incisors which is destined to become scalpriform
and rootless is i". A progressive hypertrophy of the anterior lower incisors
seems frequently to be a result of insectivorous diet (Bensley, 1903, p. 124;
cf. Ca?nolestes, Distachurus, Erinaceus, Solenodon, Chiromys, etc.) and the
molars of Esthonyx might also readily have been derived from the sup-
posedly insectivorous-carnivorous type of the Oxyclaenidae.

(2) Tillotherium, even though highly modified in certain respects, also
resembles the Insectivore-Creodont type in the following characters of the
skull: muzzle very heavy, long narrow mid-cranium, low sagittal crest,
small brain case, rather slender zygomata, large orbit broadly continuous
with temporal fossa, lachrymal foramen marginal, facial exposure of lachry-
mal considerable, two anterior dental foramina; characters of the base of
the cranium of Creodont type.
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(3) In the skeleton the manus and pes are pentadactyl, unguiculate,
probably plantigrade (Marsh), there is a free centrale carpi (Esthonyx),
the humerus has an entepicondylar foramen, the femur a third trochanter,
the tibia and fibula are distinct, and the astragalus is slightly grooved above.

CHAPTER VI. GENETIC RELATIONS OF THE CARNIVORA
(CREODONTA, FISSIPEDIA, PINNIPEDIA).
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I. THE CREODONTA AND FISSIPEDIA.

OUTLINE HISTORY OF THE ORDINAL CLASSIFICATION.

1. THE CREODONTA.

Incomplete remains of representatives of this order were referred by
Cuvier and de Blainville to " les Carnivores," and de Blainville regarded his
Arctocyon primwevus (1841) as a member of his 'Subursi,' a group including
not only the forms now called Procyonidae but also Arctictis, Mydaus and
Meles. Zittel (1892, p. 580) states that the discovery of good material of
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Taxonomic History of the Creodonta.

Hywnodon (1838) and Pterodon (1839) inaugurated a controversy which
has continued to the present time. Laizer and Parieu, Laurillard, Pomel,
Aymard and Gaudry regarded Hywnodon and its allies as related to the,
carnivorous Marsupials; de Blainville, Gervais, Pictet, Owen, Lydekker
and Filhol emphasized their resemblances to the Placentals. Finally
Filhol proved that Hyenodon had three deciduous molars and lacked
epipubic bones.

Cope in 1876 proposed the order "Bunotheria" to embrace various
suborders of Eocene and later Unguiculates, including the "Creodonta."
Into the latter suborder he put the "Insectivora with tritubercular superior
molars" ("Talpidse, Chrysochloridae, Esthonychidae, Centetidwe (= Leptic-
tidae olim")) and the extinct carnivorous families "Oxyaenidae, Miacidte,
Amblyetonide, Mesonychidee." The term "Creodonta" was restricted to
its generally accepted meaning by Schlosser (1886). Huxley (1880) sug-
gested that Hywnodon and Pterodon might be an "extreme development of
that type of the Insectivora which is at present represented by Centetes."
He also believed that the ancestors of the modern carnivores were "penta-
dactyle, plantigrade, claviculate and had brains with relatively small cerebral
hemispheres and large, completely exposed, cerebella," that they had the
dentition and jaw angle of Otocyon and were provided with epipubes. "Ac-
cording- to our present system of classification, such a mammal would be
grouped among the Insectivora, or as a transitional form between them and
the Didelphia."

The discovery by Ameghino (1887) of Borhycena and other fossil Pata-
gonian "Sparassodonts," which resembled the carnivorous Marsupials on
the one hand and the 'Creodonts on the other, caused the revival of the old
view that after all the Creodonta had been derived directly from Mesozoic
carnivorous Marsupials (Ameghino, Lydekker). The affinities of the
"Sparassodonts" are discussed below (p. 303).

Wortman (1901) after transferring the Viverravidae from the Creodonta
to the " Carnassidentia" (true Fissipede Carnivores) took the view that " the
Creodonta and Carnassidentia probably arose side by side from the Mesozoic
Marsupials...." and he referred the origin of the Creodonta to some such
type as the Upper Cretaceous genus Didelphops Marsh.

Matthew (1906) replied to this that "if we set aside superficial and
adaptive characters, and rest principally upon deep-seated resemblances
such as are found in the characters of the base of the skull, the dental and
dorsolumbar formule, etc., we find every known creodont very much nearer
to the modern Carnivora than to the modern marsupials." This problem is
discussed below (p. 298).

The family and superfamily classification of the Creodonts has been
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developed especially by Cope (1876), Scott (1892), Schlosser (1886), Zittel
(1893), Osborn (Columbia Univ. lectures), Wortman (1901-2) and Matthew
(1901, 1906, 1909).

The progress of discovery is indicated by the following brief list (com-
piled chiefly from Palmer's 'Index Generum Mammalium') of the more
important and best known genera of Creodonts.

1838. HyenodonLaizer &Parieu. Hy.Tnodontid.T. OligoceneFrance.
1839. Pterodon Blainville. Hywenodontidwe. Oligocene France.
1841. Arctocyon Blainville. Arctocyonidae. Basal Eocene France.
1842. Palonictis Blainville. Paleonictidae. Lower Eocene France.
1862. Proviverra Rutimeyer. Hywenodontidee. Lower Eocene France.
1870. Patriofelis Leidy. Oxyaenidse. Middle Eocene, Wyoming.
1871. Sinopa Leidy. Hywenodontidwe. Middle Eocene, Wyoming.
1872. Stypolophus Cope (= Sinopa). Hyaenodontidae. Middle Eo,

cene, Wyoming.
1872. Mesonyx Cope. Mesonychidae. Middle Eocene, Wyoming.
1872. Viverravus Marsh. Miacidwe. Middle Eocene, Wyoming.
1872. Uintacyon Leidy. Miacidae. Middle Eocene, Wyoming.
1872. Limnocyon Marsh. Oxywenidwe. Middle Eocene, Wyoming.
1872. Miacis Cope. Miacidwe. Middle Eocene, Wyoming.
1874. Oxywna Cope. Oxysenidae. Lower Eocene, New Mexico.
1874. Pachyena Cope. Mesonychidse. Lower Eocene, New Mexico.
1875. Didymictis Cope. Miacidae. Middle Eocene, Wyoming.
1876. Dromocyon Marsh. Mesonychidae. Middle Eocene, Wyoming.
1881. Deltatherium Cope. Oxyclwenidwe. Basal Eocene, New Mexico.
1881. Dissacus Cope. Mesonychidae. Basal Eocene, New Mexico.
1883. Chriacus Cope. Oxyclhenidwe. Basal Eocene, Wyoming.
1884. Oxyclwnus Cope. Oxychlenidwe. Basal Eocene, New Mexico.
Other American genera were later described by Scott, Osborn and Earl,

Wortman, Matthew. European representatives, chiefly of the Oxyclenidw
and Hyeenodontidae, have been described by Filhol, Schlosser, Dep6ret
and others. Representatives of the HyaenodontidT from the Fayfim of
Egypt have been described recently by Andrews (1903-6) and Osborn (1909).

2. THE FISSIPEDIA.

1693. Ray divides the narrow clawed unguiculates into two- groups:
(1) those with several incisors in each jaw [i. e., the Carnivores], (2) those
"with one pair larger, of which kind all are plant eaters" [Rodentia]. Ray's
list of the former throws light on the origin of numerous technical. and
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popular names. With some omissions and abbreviations it is given below,
with the native and English names used by Ray. The first group [carni-
vores] he subdivided as follows:

Majora, rostro
Brevi, capite rotundiore, Felinum genus ["Leo," "Tigris," "Par-

dalis" "Lynx," " Catus Pardus," "Felis domestica seu Catus,"
"Ursus"].

Productiore, Caninum Genus. Under this heading are included
among others: Lupus, Wolf and Jackal; CANIS [10 species
listed]; VULPES, 'AX(m7; Animal ZIBETHICUM-.... the Civet
Cat; CoATI.... Rattoon s. Rackoon; COATI MONDI....; YZ-
QUIEPATL seu Vulpecula [Skunk], Carigueya, the Possum;
TAXUS sive Meles, the Badger, Brock or Gray; LUTRA, the
Otter; PHOCA seu Vitulus marinus.... the Sea-Calf or Soile;
EQUUS MARINUS Hippopotamus falso dictus, Anglis Mors h
Russis mutato nomine, Belgis Walrus, Danis Rosmarus, the
Morse or Sea-Horse; MANATI, seu Vacca marina, the Sea
Cow.

Under the same heading but set apart as belonging to "Genus Mustelinum
vermineumve" were listed many of the Mustelidae and Viverridae as follows:
Mustela vulgaris, the Weasell or Weesel; VIVERRA Indica; MUNGO [?Mun-
goose]; Mustela candida s. Animal ERMINEUM, the Ermine or Stoat; Mus-
tela 8lvestris.... The Ferret, nonnullis Furo....; Putorius, the Polecat
or Fitchet, MARTES alliis Foyna, A Martin or Martlet; Mustela ZIBELLINA
the Sable; GENETTA; ICHNEUMON.

This is a tolerably good classification of the Carnivora and left com-
paratively little for Linnaeus to do except in the matter of applying binomial
names.

1748. Linnaeus (2d ed. Syst. Nat.) includes under "Ferse" the genera
Ursus, Felis, Mustela, Lutra, Canis, Phoga, [Phoca], Meles, Erinaceus,
Dasypus, Talpa, and Vespertilio.

1758. Linnaeus (10th ed.) excludes from Feree all but Phoca, Canis,
Felis, Viverra, Mustela, Ursus.

1766. Linnaeus (12th ed.) includes under Ferae the genera Phoca,
Canis, Felis, Viverra, Mustela, Ursus, Didelphis, Talpa, Sorex, Erinaceus.

1797. Blumenbach's classification in 1797 was as follows: Ordo
Digitata. (a) Digitata Glires. (b) Digitata Ferae. (c) Digitata Bruta.
Under the "Digitata Ferae" were included certain Insectivores, Didelphis,
the Kangaroo, and Viverra, Mustela, Ursus, Canis, Felis.

1795. Geoffroy and Cuvier break up the Linnaean orders, distributing
the true Carnivores in the orders " Vermiformes " (Mephitis, Mustela,
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Lutra), "Carnivores" (Civetta, Hycena, Canis, Felis), and "Amphibies"
(Phoca, Rosmarus, Manatus, Trichechus).

1800. Cuvier apparently follows Blumenbach, placing Ursus, Taxus,
Nasua, Procyon, Potos [Cercoleptes], and Ichneumon [Herpestes] under "les
Ours" next to various Insectivora as a division of "Les Plantigrades"
in the order "Carnassiers." Phoca and Trichechus (Walrus) alone consti-
tute "les Amphibies" among the "mammif&res A pieds en nageoire."

1817. Cuvier includes under "les Carnivores," the four divisions:
"les Plantigrades" [Arctoids], "les Digitigrades" [typical carnivores], "les
Amphibies" ("Phoques," "Morses"), "les Marsupiaux."

1834. De Blainville segregates all the Carnivora in a grand division
"non-clavicules" of the " ordre Carnassiers," the other grand division " clavi-
cul6s" including the "Cheiropteri," "Orycteri" (Taupes, etc.), "Insec-
tivori."

1837. In Bonaparte's classification the Carnivora are widely separated
from the Insectivora. The former are placed in the great group "Educa-
bilia," the latter in the "Ineducabilia." He revives the Linneean term
Ferae for the Fissipedes, setting the Pinnipedes apart in the next order, for
which he uses Illiger's term Pinnipedia.

1839. De Blainville restricts the term "Carnassiers" to include the
Carnivora, the association with the Insectivora (now called "Insectivores")
being rather of a superordinal nature (Secundates).

1866. Haeckel puts the order "Carnaria ", including the Carnivora
and Pinnipedia, in the legion " Deciduata ".

1872. Huxley also includes both Insectivora and Carnivora in the " De-
ciduata" and especially in 1880 adduces evidence to show that the Carnivores,
in common with several other higher orders, may have been derived from
early representatives of the Insectivora.

The family and superfamily classification of the Fissipedia were developed
especially by Flower, Mivart, Cope, Winge, and more recently by Weber.

Among the best known of the earlier described genera of fossil Fissipedes
are the following: Potamotherium Geoffroy, 1833, an ancestral otter; Mach-
airodus Kaup, 1833; Amphicyon Lartet, 1836; Pseudalurus Gervais, 1848-
52; Cynodictis Bravard & Pomel, 1850; Daphwnus Leidy, 1853; Dinictis
Leidy, 1854.

ARE THE CREODONTS DERIVED DIRECTLY FROM CARNIVOROUS MARSUPIALS?

The old theory of the derivation of the Placental Carnivora from the
Carnivorous Marsupials has recently been discussed by Dr. J. L. Wortman
(1901-1902) whose views may be gathered from the following passages:
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"It would appear from the present trend of evidence that we shall be
compelled eventually to return to the old idea of a direct Marsupial ancestry
of all the Monodelphian orders" (p. 335). This does not mean that "the
living Marsupials are those ancestors " since they have a number of " modern-
ized features" among which are cited the mode of replacement of the teeth,
the increased number of incisors in Polyprotodonts, and the inflected
mandibular angle.

Dr. Wortman holds that the "Mesozoic representatives of the carnivo-
rous Marsupials are not far removed from the hypothetical forms, to which it
seems to me, the present evidence points with no doubtful signs, as the
ancestors of the Carnivora" (1. c., p. 335). By "Mesozoic representatives
of the carnivorous Marsupials" he seems to refer to Cretaceous Didelphoid
forms, since he states (pp. 336-337) that "just what the Cretaceous Marsu-
pials, when more fully known, will show with respect to these characters
[namely, the relations of the milk and permanent dentitions, the inflected
angle of the jaw, etc.] cannot now be predicted; but we do know that such
a type as Didelphops Marsh, in its dentition and palate, resembles the living
carnivorous Marsupials, and it is to some such type in particular that I would
refer the origin of the Creodonta." In another passage (1901, p. 282) he
states: "Present evidence points to the fact that the two groups [Creodonta
and Carnassidentia] probably arose side by side from the Mesozoic Marsupials

.." And again (1902, p. 143) he says: "That they [the Creodonta] were
derivatives or offshoots of any preexisting groups of Placentals or Eutherians
is exceedingly unlikely...." "On the contrary, all the facts point very
strongly to their origin, along with Carnassidentia, from Implacental or
Marsupial Metatherians. It is likewise conceivable that from this same
general substratum the other Eutherian orders arose" (p. 144).

In brief, Dr. Wortman seems to hold that the Creodonta, Carnassidentia
[Carnivora Fissipedia + Palaeonictidae + Viverravidae], Insectivora and
perhaps other orders have been derived independently from carnivorous
implacental Metatheria of the Mesozoic era, typified in palate and dentition
by the Cretaceous Didelphops. The opposite conclusion, which is defended
in the present chapter, embodies the following propositions:

(1) That Lower Eocene Creodonts, and Carnassidents were closely
related to each other by virtue of derivation from Mesozoic Insectivorous
Placentals.

(2) That the immediately ancestral family of these primitive placentals
was not fully carnivorous but insectivorous-carnivorous; not implacental
but more probably with both allantoic and yolk-sack placentae; not Creta-
ceous Marsupials with four molars and three premolars on each side and
with large palatal vacuities, but possibly Cretaceous Insectivores, allied on
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the one hand to Pantolestes (p. 305) and on the other to the ancestral Lipo-
typhla, with a dental formula of 3.14. simple premolars, simple trituber-
cular upper and tuberculosectorial lower molars and rather small canines;
skeleton retaining generalized arboreal characters; tympanic region with
little or no "alisphenoid bulla."

(3) That the resemblances between Creodonts and carnivorous Marsu-
pials are due: first, to the inheritance of primitive characters from a very
remote, perhaps Jurassic, Marsupio-Placental stock; secondly, and perhaps
chiefly, to the independent development in the two groups of similar adapta-
tions to predatory carnivorous habits.

Dr. Wortman cites some nineteen characters (1902, p. 336) which he
regards as- "primitive features of the Marsupial Carnivores." These he
thinks strengthens the hypothesis of the derivation of the Creodonts from
Mesozoic Implacental Metatheria.

Many of these characters are directly correlated with flesh-eating, pre-
daceous -habits: for example, the carnivorous dentition, the high sagittal
and lambdoidal crests, the stout zygomata, the large downwardly-projecting
paroccipitals, and the hatchet-shaped spine of the axis. These characters
as a class do not necessarily indicate close kinship between flesh-eating
Marsupials and flesh-eating placentals any more than the resemblances
between the Wombat and the Beaver indicate close kinship between Diproto-
donts and Rodents. Nor would the lack of such adaptive characters in
common in two given groups indicate a wide genetic separation, as is shown
by comparison of the smaller insectivorous Dasyures with the Creodont-like
Sarcophilus of the same family. Another character in the list, namely the
fusion of the scaphoid and centrale, seems an unsafe criterion of close genetic
kinship, since the same coalescence has probably occurred also in the
Edentates (Fig. 23, p. 393), Perissodactyls (p. 394), Artiodactyls (Fig. 26,
p. 405) and other groups..

The remaining points of resemblance listed by Dr. Wortman appear to
the writer to be for the most part primitive Marsupio-Placental characters,
which are preserved to a greater- or less extent in the Insectivora and other
orders beside the carnivorous Marsupials and Creodonts. Under this
category may be included the following:

No. 3. "The large lachrymal spreading out upon the face." In the
more primitive members of the Dasyuridae and Didelphiidae this feature
is much less emphasized.

Matthew (1906, p. 210) has shown that the facial expansion of the lachry-
mal appears to be correlated with the position of the orbits with respect to
the cheek teeth. In the modern Carnivores the orbits are further forward
and the facial expansion of the lachrymal is reduced.
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No. 9. The "large size' of the lumbar vertebree as compared with the
dorsals, and their tendency in some forms (Opossums) to develop the double
tongue and groove articulations." Possibly correlated originally with
arboreal habits. Large lumbars preserved in many primitive Unguiculates.

No. 10. The "large deltoid crest and characteristically broad distal
end of the humerus." This character was probably established in the very
remote ancestors of the mammals (see p. 119). It is preserved to a greater
or less extent in several orders (p. 437).

No. 12. The "subequal size of ulna and radius" (i. e., of shaft). Un-
doubtedly another very ancient character, preserved in several orders.

No. 13. The "large size of the lesser trochanter of the femur." A
primitive mammalian character. Very pronounced in Cynodonts (p. 118),
Monotremes (p. 154), Triconodonts (?)'; progressively reduced in Marsu-
pials, Creodonts, Fissipeds. Lower trochanter relatively large in Viverravus
protenus (Matthew, 1901, p. 11) i. e., in a representative of the Carnassi-
dentia.

No. 14. The 'large size of the fibula and its extensive articulation with
the proximal surface of the astragalus instead of upon its outside. " Another
primitive mammalian character, antedating the development of a vertical
external malleolar facet on the astragalus.

No. 15. The "very primitive form of the astragalus." The astragali
of all Creodonts appear to be much more advanced than those of the primi-
tive Didelphiidae; and the more generalized Creodont types represented in
Arctocyon, Oxywna, Sinopa, approach the most primitive Fissiped types
in many respects (p. 456).

No. 16. The "small size of the brain." -A primitive mammalian
character which is not confined to Marsupials and Creodonts but is also
retained in the primitive " Carnassident " Viverravus protenus (p. 310).

No. 17. The; "dorso-lumbar vertebral formula of 19.." No doubt this
number of dorso-lumbar vertebre is a very primitive one (p. 275), since it
occurs more or less frequently among Monotremes, Marsupials, Rodents,
Edentates, Insectivores and Artiodactyls. But it is not especially char-
acteristic of Creodonts, since it is 20 (according to Matthew, 1906, p. 231)
in Sinopa, Oxyw-na, Hywnodon and probably in Patriofelis, i. e., exactly as
in the Fissipedia. The Mesonychide (represented by Dromocyon) are
therefore the only Creodonts retaining the Marsupial number (19) of dorso-
lumbars.

No. 18. The "posterior spreading of the nasals so as to exclude con-
tact between frontals and maxillary in front." A very ancient character

I This character is well shown in a cast of a small femur from the Stonesfield Slate which
is doubtfully referred to Triconodon.
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already well established in the Triassic Cynodont Galesaurus, and preserved
not only in Marsupials and certain Creodonts but also in the early Artio-
dactyls (Achwnodon) and in the Edentates.

In brief, the preceding list of resemblances between Marsupials, Creo-
donts and Carnassidents seems to fall roughly into two classes: (1) homo-
plastic resemblances and (2) primitive characters inherited by the groups in
question from very remote, perhaps Upper Jurassic or earlier, ancestors.
To this list of primitive characters might be added two others recorded
elsewhere by Dr. Wortman namely the small pelvic opening (p. 307) and the
Didelphid-like sternum of Dromocyon. (For the latter point see Matthew,
1906, p. 221.)

On the other hand, deep seated differences between Marsupial and
Placental Carnivores are not lacking. In cases like the one under considera-
tion no character or single set of characters can be relied upon invariably as
infallible guides to remote genetic connections. But in general the arrange-
ment of the cranial foramina (which Dr. Wortman especially has elucidated
in the Creodonta) and the underlying architecture of the skull seem more
likely to retain very ancient features than characters which are more directly
related to a particular life habit.

From Wortman's very careful and full description of the skull of Dro-
mocyon (1901, pp. 292-295) it is seen that even in the Mesonychidae, the
Creodont family which shows the most numerous resemblances to the car-
nivorous Marsupials, the arrangement of the cranial foramina is distinctly
of the Placental Carnivore rather than of the Marsupial type. That is,
they possess an alisphenoid canal for the ectocarotid, the basisphenoid- is
not perforated for the entocarotid artery as it is in the Marsupials, and the
"optic foramina are distinct from each other and occupy the usual position
in the carnivorous skull, just in advance of the sphenoidal fissure" (1. c.,
p. 294), whereas in Marsupials there are no true optic foramina and the
optic nerves issue through the opposite sphenoidal fissures (f. 1. a) which
coalesce mesially.

In regard to the accessory "condyloid" canal in Marsupials Matthew
(1906, p. 214) has cited evidence unfavorable to its supposed homology with
the similarly named but somewhat differently placed foramen, in the Creo-
donta and Carnassidentia.

The glenoid region of the squamosal of Dromocyon strongly suggests that
of Thylacynus, but the malar in Creodonts never enters the glenoid fossa, as
it does invariably in Marsupials. Nor is there any indication that the
alisphenoid participated in the articular surface of the glenoid, a very promi-
nent feature in all Polyprotodont Marsupials, and one showing clearly in the
Santa Cruz "Sparassodonts." There is never an "alisphenoid bulla"
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(tympanic process of the alisphenoid) in Creodonts, but on the contrary only
a true tympanic bulla, which in Dromocyon is inflated and has a tubular
meatus. The basi-occipital in the carnivorous Marsupials is short and wide,
whereag in placenfal carnivores it is progressively long. (It is, however,
relatively short in certain specimens of Mesonyx.) As to the inflected
angle of the jaw, Wortman admits (1901, p. 336) that this is probably second-
ary in the Mesonychidee, since according to Matthew (1901, p. 34) the angle
is less inflected in the Basal Eocene Dissacus and becomes progressively
more inflected as we pass from this to the Upper Eocene Mesonyx uintensis
"where it is almost like that of a Marsupial." The accessory posterior
palatine foramina have the appearance of nutritive foramina, such as occur
in Hywena, and do not appear to be h1omologous with the posterior palatal
vacuities of Marsupials. The thickened round posterior border of the palate
differs from the high transverse ridge with projecting angles which is so
characteristic of carnivorous Marsupials and many Insectivores. However,
Thylacynus approximates in this respect the Creodont type. In the Insecti-
vores this character seems to be secondary (p. 286). The Creodonts appear
to lack the foramen on the postero-external angles of the palatal ridge which
is very characteristic in Marsupials and many Insectivores, but which again
is reduced or wanting in Thylacynus.

The remaining Creodonts and Carnassidents, according to Wortman's
descriptions, are much more advanced toward the normal Placental Car-
nivore type and do not show so many resemblances to the Marsupials.

Supposed relations of the Creodonts to the "Sparassodonta" (Borhyawnince).

If the Creodonts and especially the Mesonychidwe were derived from
Cretaceous carnivorous Marsupials they might be expected to show some
special paleotelic resemblances, to the carnivorous Marsupials (Borhypeninee)
of the Patagonian Miocene, described above (p. 207). But a careful com-
parison of the two groups, as figured by Wortman (op. cit.) and Sinclair
(1901) respectively, fails to reveal any resemblances which may not be
interpreted either as due to similar life-habits or to the retention of very
ancient Marsupio-Placental characters.

On the contrary, there are many differences which may not lightly be set
aside as due to differences in life-habits and which appear to point to very
ancient separation between the "Sparassodonts" and the Creodonts. A
number of these characters have been recorded above (p. 207) but two more
may now be added: first, in the manus of Creodonts and other primitive
Placental orders the lunar is large and the magnum is typically small, whereas
in all the carnivorous Marsupials, including even Thylacynus and the cur-
sorial Santa Cruz forms the reverse is the case. Secondly, leaving out of
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account the peculiar displacement of the ectocuneiform beneath the cuboid
in the pes of the Thylacinidae, the astragalus of these and of all known Mar-
supials is much lower in development (p. 454) than it is in the Basal Eocene
Creodonts, and quite unlike that of the very family, the Mesonychidee, which
is supposed by Dr. Wortman to lie nearest to the Marsupials.

Dr. Wortman's view that in the structure of the feet the Arctocyonidae.
stand "much nearer to the carnivorous Marsupials .... than to any Carnas-
sident" (op. cit.) evidently refers to general resemblances only, because the
carpus and tarsus are radically different in the two groups (cf. p. 310).
The tendency to opposibility of both pollex and hallux, which is responsible
for much of the resemblance between Clenodon and the carnivorous Mar-
supials, is probably merely one of the indications of arboreal ancestry in the
central Placentals as well as in Marsupials (pp. 200, 288).

In fine, the case for a direct independent derivation of the Creodonts
and higher carnivores from Mesozoic carnivorous Marsupials of the type
of Didelphops seems hardly to have been substantiated.

GENETIC RELATIONS OF THE CREODONTA TO THE INSECTIVORA.

As shown above Huxley, Cope and many others believed that the Creo-
donta were derived from or were closely related to, the Insectivora; but
Dr. Wortman has recently challenged this view (1901, p. 335) in the follow-
ing words: "There appears to be a sort of vague belief that the Carnivora
have arisen from the Insectivora, and one frequently hears the expression
'Insectivore-creodont ancestors.' Now, as a matter of fact, the Insectivora,
as we at present know them, are not more primitive than a large majority
of the Creodonts; but on the contrary, with very few exceptions, all the
living Insectivores are considerably specialized, and even those that do exhibit
a more or less generalized structure are far removed from the typical ideal
ancestor of the Carnivores. Nor do the few known fossil Insectivores help
us much towards such a belief, for in all of them, so far as we know, the pecu-
liar conformation of the anterior part of the skull is almost as strongly marked
as it is in their living representatives. The very general enlargement of the
premaxillae and modification of the incisors, with the reduction or disappear-
ance of the canine, constitute one of the striking osteological peculiarities
by means of which they may nearly always be distinguished from any known
Creodont or Carnassident."

The ancestral Insectivores were more primitive than the ancestral Creodonts.

That the Insectivora as an order are more primitive than any other recent
Placental order is a conclusion for which strong evidence has been cited
above (pp. 287-292). On the other hand the majority of the living In-
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sectivores may be conceded to be, on the whole, more aberrantly specialized
than the majority of Eocene Creodonts. Admitting the partly secondary
character of the elongation of the premaxillaries in typical Insectivores, we
still have left the more important question: which is more primitive, the
prototypal Insectivore family as reconstructed above (p. 287) or the rela-
tively primitive Creodont type, such as Sinopa? To put the question in
another way, were the Insectivores derived from terrestrial forms with short
premaxillaries, transversely arranged incisors and large canines, or were
the Creodonts derived from small semiarboreal insectivorous forms analo-
gous to Marmosa, i. e., with slightly elongate premaxillaries, opposite in-
cisors arranged in converging series, rather small canines.

The Insectivora as an order possess two characters which have been
shown by cumulative evidence to distinguish the ancestors of many other
groups such as the Marsupials (p. 289), Rodents (p. 331), Ungulates, Pri-
mates (p. 321) and others, namely small size and insectivorous-omnivorous
habits.

The Creodonta themselves seem to run back into snall, probably insec-
tivorous-carnivorous forms. Certainly the very large forms Harpagolestes,
Pterodon and Patriofelis, representing three of the leading families, are far
more specialized in their dentition (figured e. g., by Osborn, 1907, pp. 131-
135) than their small relatives Dissacus, Sinopa and Oxycena in which the
traces of former trituberculy are much clearer. These in turn are all-more
highly specialized than the small Basal Eocene members of the Oxyclcenidee.
The latter family includes forms (Tricentes, Chriacus) the molars of which
approach the Insectivore type illustrated in Leptictis and Pantolestes so that
their position in the Creodonts is somewhat doubtful (Matthew). The
very small Lower Eocene Paleosinopa, which strongly resembles Didel-
phodus, a primitive member of the Hyeenodontidce, is related to Pantolestes,
a true Insectivore (Matthew). The latter, although an undoubted Insecti-
vore, approaches the Creodonts in its large size, heavy muzzle, long con-
stricted postorbital region, Dissacus-like molars,'etc. (Matthew, 1909). In
Paleosinopa and Pantolestes the canines are larger than in most Insectivores
but the incisors are arranged more antero-posteriorly than transversely
and the premaxillary is slightly elongate.

The earlier Creodonts also retain a more or less divergent pollex and
hallux which, as remarked by Matthew (1904, p. 813-814), is strong evi-
dence of arboreal origin. The oldest Creodont skull known, that of Triiso-
don heilprinianus Cope (figured by Matthew, 1901, pp. 30-31) resembles
that of the lowest Insectivora in the possession of a long cylindrical mid-
cranial region and very small brain case.

On their part the Insectivora are allied to the Carnivora by many prim-
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itive characters, such as the dental formula, pentadactyly, the general
characters of the carpus and tarsus. Some other Placental orders retain
more or less of these primitive characters, but they are separated from the
Creodonts and Insectivores by well marked specializations, such as the
reduction of the dental formula or the hypertrophy of particular parts.

The Lipotyphlous Insectivora also occasionally foreshadow the Carniv-
ora in their more or less imperfect adaptations to carnivorous habits.
Under this head may be mentioned first the development of a semi-carnassial
fourth upper premolar in Erinaceus and secondly the many carnivorous
features of Centetes, such as the long canines, the broad mandibular coronoid,
the broad blade of the scapula, the long skull resembling that of Hyanodon.

Additional resemblances between Insectivores and Carnivores. In his
description of the skull of Limnocyon, a Middle Eocene member of the
Oxywnidoe, Dr. Wortman (1902, pp. 202-203) says: "'.... the position of
the pbsterior lacerated foramen is posterior and external to the periotic, as
in the Insectivora, and not postero-lateral, as in the Carnassidentia; the en-
tocarotid enters the tympanic chamber and divides in a manner similar to
that of the modern Insectivora, the main branch grooving the outer lateral
aspect of the periotic, in front of, and below the fenestra ovalis, the other
passing between the crura of the stapes and thence into the brain case....

The Creodonta seem to be characterized usually by the presence of an
alisphenoid canal, which occurs frequently in the Insectivora but never in
the Carnivorous Marsupials and where this is absent (as in Sinopa agilis)
the forward course of the ectocarotid is marked by a slight groove in the
alisphenoid (Wortman, 1902, p. 440). A similar variability of the alisphen-
oid canal is observed in Erinaceus. In this form there is also a transverse
venous canal leading into the antrum of the basisphenoid (Wortman, 1. c.)
and this is a point of similarity not only to the opossum but also to Solenodon
(antea, p. 243). The optic foramen is always separate from the foramen
lacerum anterius, as it is in the most primitive Lipotyphlous Insectivores.

Characters separating the Creodonta from the Insectivora. The known
Creodonta differ from the known Lipotyphlous Insectivora in the following
characters:

(1) Apart from the Oxyclaenide, which may possibly be Insectivores
(Matthew), the Creodonts all exhibit advanced carnivorous adaptations in
the dentition and skull. The gap between the two orders is partly bridged
over by Pantolestes and Palceosinopa, Eocene Insectivores with many
Creodont features in the skull (Matthew, 1909).

(2) The Creodonts are more progressive than the Lipotyphlous Insecti-
vores in several features of the skeleton: (a) The scapula so far as known
has a very broad prespinous fossa and relatively shallower blade- a car-
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nivorous adaptation. (b) The pelvis always has a stout puboischiadic
symphysis. In Dromocyon however the pelvic outlet as figured by Wortman
(1. c., 1901, p. 425) is very small, but not as small as it is in Lipotyphlous
Insectivores. (c) The limbs are longer or at least not so much bent and
generally better fitted for cursorial habits; the feet are digitigrade rather
than plantigrade. (d) In the manus and pes of Creodonts the subequality
and symmetrical arrangement of digits II, III and IV, which is characteristic
of the Insectivora (p. 254), is less marked. In Drornocyon, as figured by
Wortman (Nov. 1901, p. 382 and Dec. 1901, pl. vii), digits III and IV of
both manus and pes are very distinctively paired and so also are digits II and
V. In Sinopa, as figured by Matthew, 1906, pp. 224, 228), this condition
is much less pronounced and some slight approach is made to the Insectivore
condition; the Insectivore resemblance is more marked in Patriofelis, as
figured by Osborn (1900, p. 269). In the Creodonta Inadaptiva the ungual
phalanges are cleft, whereas in most Insectivora (except Talpidae, Chrysoch-
loridae) they are uncleft, as in the Creodonta Adaptiva (p. 308).

Conclusions. All such differences however seem to be due to the diverg-
ent habits of the Insectivora and Creodonta and to the necessity of com-
paring P,ocene Creodonts with recent Insectivores, and do not in themselves
imply a very ancient separation between them. But in view of the presence
of fairly large Creodonts in the Basal Eocene it is probable that the separation
of the Creodonts and Insectivores must long antedate the beginning of the
Tertiary.

In fine the Mesozoic ancestors of the Carnivora were probably small,
semiarboreal, insectivorous and partly carnivorous Placentals, with a dental
formula of 3, a well developed milk dentition, small tritubercular upper
molars, simple premolars, small simple canines, incisors of opposite sides
arranged in a convergent rather than transverse series. The muzzle was
broad and heavy, the skull constricted back of the orbits, the brain case very
small, probably surmounted by a long low sagittal crest, the zygomata not
large, the optic foramen independent, and an alisphenoid canal present.
The skeleton retai-ned many primarily arboreal adaptations. These hypothe-
tical forms thus approached the ancestral Insectivores (p. 254) but very early
began to emphasize the flesh-eating, raptorial habits and structures, to in-
crease in size and to spend more time on the ground. As thus conceived
they would resemble the contemporaneous Polyprotodont Marsupials in
many characters but they may have been distinguished from them by the
following characters among others:

(1) Entocarotid entering through foramen lacerum medium, an ali-
sphenoid canal, a distinct optic foramen.
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(2) Orbitosphenoid not compressed dorsoventrally in the Marsupial
fashion (p. 245).

(3) Palate not strongly fenestrated.
(4) Tympanic process of alisphenoid, if present, not forming a hollow

shell for the tympanic cavity.
(5) Angle of lower jaw not sharply inflected.
(6) Epipubic bones reduced or absent.
(7) Astragalus with neck well developed.
(8) Dental formula 3}]j; milk dentition not reduced.

GENETIC RELATIONS BETWEEN CREODONTA AND FISSIPEDIA.

Constitution of the Creodonta. The suborder Creodonta includes several
diverse groups of chiefly Eocene Carnivora which have been divided by
Schlosser and by Matthew (1901, pp. 1-38) into three groups. The first
of these, the CREODONTA PRIMITIVA, including only the Basal Eocene Oxy-
clhenidie with more or less simple tritubercular molars, may possibly be Insec-
tivores (Matthew). The second group, the CREODONTA ADAPTIVA, included
the Arctocyonidae, Miacidae ("Viverravidae") and Palaeonictidie. In the
first two families the ungues were compressed and the fourth upper premolar
and first lower molar were not modified into carnassials. The third family,
the Palaeonictidee, was removed from this group to the Fissipedia by Wort-
man because p4 and ml show an early stage in the carnassial modification.'
The third group was called CARNIVORA INADAPTIVA 2 in reference to the
fact that they were definitely excluded from ancestry of the Fissipedia be-
cause the specialized carnassial, when present, was developed behind p4.
The ungual phalanges are flattened and fissured. The first family is the
Mesonychidae, an early Eocene cursorial side branch which parallels the
Artiodactyls in its foot structure. In this family p4 remained simple, the
upper molars were bluntly cusped, tritubercular, the lower molars com-
pressed and trenchant. The second and third families (Oxyvenid.e and
Hyienodontidme) seem to be more nearly related to each other than either are
to the Mesonychidae. These parallel the Felidae and Canidee or the Hy.eni-
doe respectively in general proportions, and develop their carnassials from
the teeth behind m1 namely, from the true molars.

The Miacidae as connecting the two suborders. The question of the

1 Matthew also has recently (1909) removed Palsonictis from the "Adaptiva," which as
thus restricted he calls the "Eucreodi."

2 Matthew now distributes the Creodonta Inadaptiva under two sections: the "Acreodi,"
including only the Mesonychide, and the " Pseudocreodi " (forms with false carnassials), includ-
ing the Oxyenida1 (Oxycena Patriofelis Palkeonictis etc.) and the Hyeenodontide.
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derivation of the Carnivora Fissipedia largely depends upon one's concep-
tion of the nature and limits of that group, which, as shown by the labors
of Cope, Marsh, Scott, Osborn, Wortman, Matthew, and several European
palzeontologists, is certainly an offshoot of the stock that gave rise to the
higher Creodonts.

The dentition of the typical Fissipeds such as the civet, the dog, the cat,
and the marten, represents a high stage of evolution of the tritubercular
type. In the Jurassic Trrituberculates the small antero-posteriorly narrow
upper molars were as many as six or eight in number on each side, and the
premolars were compressed and conical. In the most primitive carnivorous
.Marsupials, which probably represent the Cretaceous stage, the molars are
reduced to four but the premolars are still simple; in the Basal Eocene
Oxyclcenidae, which are very primitive Placentals, perhaps Insectivores or
ancestral Creodonts, the tritubercular molars are reduced to three in num-
ber and the fourth premolar has become bicuspid. In the Eocene Creodont
families Aretocyonidae and Mesonychidie, the center of gravity, so to speak,
of the dentition still lies in the large crushing upper molars; in the Hyaeno-
dontidae the molars become compressed and shear-like. But in the Oxyien-
idae the center of the dentition is shifted forward by the loss of the posterior.
upper molar, and the shearing function in the upper jaw is predominant on
the postero-internal extension of the first molar.

In the Basal Eocene Didymietis (Viverravus) haydenianus Cope (1884,
pl. xxiiie, figs. 12, 13) a specialized forerunner of the Miacidae (Viverravidae),
the center of the dentition is shifted still further forward, since the shearing
function is concentrated on the postero-internal blade of p4 and on the antero-
internal blade of mi, while the post-carnassial teeth are much reduced, only
the small m2 remaining. Finally, in the Felidoe, the center of dentition
reaches its anterior limit, since p4 alone is carnassial and of large size, m3
and m2 are absent and m' is reduced to a vestige.

In Cope's original definition (Palhontological Bulletin, No. 20, 1876, pp.
1-4; Tertiary Vertebrata, p. 251) Didymictis, and consequently by implica-
tion the family it represents, were included in the Creodonta. The char-
acters used to define the group also clearly include Didymictis.

However, the character of the carnassials in Didymictis and the Miacidae
so sharply separates them from the AretocyonidTe, Mesonychidae, Oxyienidoe
and HyTenodontidwe and allies them with the Fissipedia that Wortman
(1901, plp. 337-338) has grouped the Miacide ("Viverravidae") with the
Fissipede Carnivora under the subordinal term "Carnassidentia." It is
also shown by Matthew in his recent memoir on the Bridger Carnivora
(1909, p. 353) that the Miacidie include several divergent lines of specialization
some of which seem to be directly ancestral to the modern Carnivore families.
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But the transference of the Miacidae to the Fissipedia is demurred to by
Matthew upon three grounds. First because the Miacidee, as stated above
were included by implication in the original definition of the Creodonts;
secondly, because they are separated from their descendants among the
Fissipedia and allied to the Creodonta by the possession of many primitive
characters (e. g., the scaphoid, lunar and centrale, although closely appressed,
have not yet fused into a single bone); thirdly, because of the existence of
certain forms recently described by Matthew which tend to ally the Miacidae
with the Arctocyonidae.

Apart from this new evidence, there seems to be other reasons also (Mat-
thew, 1901, p. 7) for placing the Arctocyonidae in the Creodonta Adaptiva
(Eucreodi) in company with the Miacidae: (a) The manus of Clcenodon, a
Basal Eocene Arctocyonid (Matthew, 1901, fig. 6, p. 7) foreshadows the
Fissipede type in the fusion of the centrale with the scaphoid and the close
appression of the scaphoid and lunar, the three bones, conjointly having the
appearance of a scapho-lunar-centrale, rather resembling those of the
Miacid Oodectes, as figured by Wortman (1901, p. 154); and contrasting
with the same bones in the other Creodonts. (b) The divergent hallux and
pollex is a primitive character retained partly in the Fissipede Cercoleptes
(Matthew). (c) The claws also are narrow and compressed, as in Miacidee,
and contrast with the fissured claws of the Mesonychidae, Oxyaenidae, and
Hyeenodontidce (Matthew).

The Basal Eocene Arctocyon certainly differs from the typical Miacidae
in its extremely small brain case, a feature which also distinguishes the
Fissipedia from the earlier Creodonta. But this hardly disproves a close
alliance between the Arctocyonide -and Miacidce. There is cumulative
evidence that the progressive improvement in the brain of Tertiary phyla,
if it could be followed backward into the Basal Eocene and Cretaceous,
would lead in every instance into a very lowly type of brain, encased in a nar-
row brain case. The evidence given in the preceding chapter tends to show
that certain lowly brained Mesozoic Insectivora gave rise to the large brained
Menotyphla (p. 272) and to many other Placental orders. The brain case
of Arctocyon is of course very small, but it is hardly if at all smaller in the
Lower Eocene Miacid Viverravus protenus (cf. Matthew, 1901, p. 9, fig. 1).

It seems in short to be largely a matter of definitions whether the Miacidae
shall be included in the Creodonta or in the Fissipedia.

Additional evience of close relationship between the two suborders.

Additional evidence that the Creodonta and Fissipedia are closely related
is furnished by the agreement in the general arrangement of the cranial
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foramina and architecture of the skull in the two groups. The entocarotid
artery in Sinopa agilis, a primitive member of the Hyaenodontidee, must
have entered the brain case through the foramen-lacerum medius (Wortman,
1901, p. 440) as in the Fissipedia. In his description of Sinopa grangeri,
Matthew (1906, pp. 208, 213) has noted several features which suggest the
Oligocene Canids Cynodictis and Daphmnus: especially in the tympanic
region (1. c., p. 214), in the post glenoid region (p. 215), in the long basicranial
region and in the occiput. Apart from the aberrant Hy.Tnodont features,
the differences which separate the skull of Sinopa from that of Fissipedia are
primitive features, such as the slight posterior spreading of the nasals, the
interorbital constriction, small brain case, small backwardly directed paroc-
cipital processes (an Insectivore character), and an accessory condylar fora-
men (see p. 218), the remains of which seem to persist in Daphwenus (1. c., p.
214).

The derivation of the Miacidae and, through them, of the Fissipedia
from unknown Insectivore-Creodont ancestors is also indicated in the fol-
lowing characters of the Lower Eocene Viverravus protenus (figured by
Matthew, 1901, p. 9): persistence of the astragalar foramen, heavy muzzle,
marked interorbital constriction, weak zygomata, long low sagittal crest
(cf. Pantolestes). The skull also is very large'in proportion to the skeleton;
the tail large (presumably long); neck longer than in most modern Carniv-
ora; limbs rather short with lairge joints and heavy muscular attachments;
feet small, spreading; scaphoid and lunar separate; fibula large; humerus
with prominent long deltoid crest, broad distal extremity and entepicondylar
foramen (Matthew).

Conclusion. The derivation of the Fissipedia from the Creodonta by
way of the Miacidae has been well established by Wortman and Matthew
and new evidence has been adduced by the latter author for the relationship
of the Miacidte and Arctocyonidae. The phalanges in the Arctocyonid-
Miacid-Fissipede group are always primitively compressed while in the
Mesonychid-Oxyaenid-Hyeenodont group, so far as known, they are always
depressed and distally fissured (Matthew). It remains to show that in
spite of this difference both groups may have been derived from the Oxy-
cl.Tnidae.

(1) The two types of ungual phalanges may sometimes occur in the
same suborder, for Erinaceus has compressed, Talpa has deeply fissured
ungues.

(2) The two groups are not very widely separated in the Basal Eocene
so far as the skull and dental structures are known. For example, the skull
of Triisodon heilprinianus (Matthew, 1901, pp. 30-31, figs. 10-12), an early
Mesonychid, retains many primitive characters in common with Arctocyon;
nor has it assumed any very marked Mesonychid features in the dentition.
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(3) The dentition of the Oxyclaenidae (represented by Tricentes, Chria-
cus, etc.) is structurally more or less prototypal to that of both groups. The
Mesonychid type may be derived from it by way of Triisodon. The Oxyaenid
and Hyienodont dentitions, however, even in their most primitive known
stages have already advanced far beyond it. The Arctocyonid and Miacid
dentitions, while divergently specialized, present no features incapable of
derivation from the Oxyclaenid type.

The derivation of these various lines of Creodonts and ancestral Fissi-
pedes will not be settled until more intermediate stages, as well as the skull
structure of the Oxyclhenids, shall be discovered; however the Oxyclhenid
dentition is intermediate in character between the various Carnivorous
dentitions on the one hand and the simple Insectivore type represented in
Ictops and Pantolestes on the other. If the Oxycloenidae should be proved
to be allied to the ancestral Lipotyphla and thus to fall within the definition
of the order Insectivora, it will follow that the various lines of Creodonts and
the ancestral stem of the Fissipedia have been derived independently from
an "Insectivore-Creodont" stock of possibly Upper Cretaceous age.

II. THE PINNIPEDIA.

Outline history of .the ordinal classification.

1693. Ray includes "Phoca" and the walrus (" Morse") with the other
Carnivora in the "Quadrupeda vivipara unguiculata, multifida, carnivora
majora capite longiore."

1735-1766. Linnaeus includes Phoca in the order Ferae.
1780. Storr assigns the seals to the Phalanx Pinnipedia, one of his three

primary divisions of the Mammalia.
1779-1797. Blumenbach proposes the order Palmata to include (A)

Palmata Glires, (B) Palmata Ferae (Phoca, Lutra), (C) Palmata Bruta.
1795. Geoffroy and Cuvier apparently follow Blumenbach in placing

Phoca and Rosmarus with Manatus, Trichechus (the Dugong) in " les Amphi-
bies," an old group which had been very properly broken up by Linnaeus.

1800. Cuvier restricts "les Amphibies" to include only "les Phoques"
and "les Morses," and places the order next to "les Cetaces" in a grand-
division "A pieds en nagoire" of the Mammalia.

1811. Illiger uses Storr's term Pinnipedia both as an order and as a
"familia."

1816. De Blainville groups "Les Phoques," "les Taupes," and "les
Cheiropt&res" as a grand division "anomaux" of the ordre "Carnassiers."

1817. Cuvier removes "les Amphibies" from the vicinity of the Cetacea,
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reducing them to the rank of a division of "les Carnivores" which consti-
tuted in turn one of the divisions of " les Carnassiers."

1834. De Blainville breaks up this unnatural assemblage and joins
the seals with the other Carnivora, placing the "Pinnigradi ou Phoques"
("auxquels on est conduit par les Chiens et les Proteles") as a division
" anomaux" coordinate with the division " normaux" ("Plantigradi" and
"Digitigradi"), both divisions being embraced in "les non-clavicul6s"
[= Fissipedia and Pinnipedia] of the group " Carnassiers."

1840. Bonaparte separates entirely the FeraT from the Insectivora and
gives the " Pinnipedia" equal rank with Feroe.

1872. Gill, following other authors (e. g., Haeckel 1866), divides Ferie
into two suborders, Fissipedia and Pinnipedia.

1897. Wortman tries to derive the Pinnipeds from the Creodont genus
Patriofelis.

1905. Weber supports the view that seals are related to the arctoid
Carnivores, adducing many resemblances in the soft parts (cf. p. 314, below).

1909. Matthew shows that the Eocene Insectivore Pantolestes fore-
shadows the Walruses in many characters, some of which may imply a
certain degree of affinity.

Supposed Derivation of the Pinnipedia from the Creodonta.

The Middle Eocene Creodont Patriofelis shows certain characters in the
feet and limbs which Dr. Wortman (1894, pp. 129-164) interpreted as
aquatic adaptations. In addition to this the Pinnipedia (or at least the
more primitive ones) retain many other characters; such as an alisphenoid
canal, a vestigial astragalar foramen (in Zalophus) a large astragalo-cuboid
contact, etc., which are also seen in Patriofelis. Dr. Wortman therefore
conjectured (1. c., p. 162) that the supposedly amphibious Patriofelis "took
to the open sea and finally came to feed upon fish exclusively." This caused
the degeneration of the powerful dentition into the simple teeth of the Pinni-
pedia. In 1900 Professor Osbom (1. c., pp. 269-270), after restudying
the material, concluded that Oxywna and Patriofelis were powerful terres-
trial or partly arboreal animals analogous to the cats in habits of feeding,
and that their many resemblances to the Pinnipedia were due to derivation
from common Insectivore-Creodont ancestors. In 1902, Dr. Wortman
(1. c.) replied at some length to this conclusion and adhered to his original
opinion. Matthew (1909, pp. 429-432) now adduces strong evidence to
show that the limbs of Patriofelis were adapted neither for aquatic nor for
arboreal life, and that the animal was a large, heavy-bodied, slow moving
type, with rectigrade limbs.



314 Bulletin American Museum of Natural History. [Vol. XXVII,

But whether Patriofelis was partly aquatic or not may after all throw
but little light on the origin of the Seals, because Patriofelis and Oxyrena
possess several characters which seem to debar them from near relationship
with that group.

The Pinnipedia possess a large, wholly consolidated scapho-lunar-cen-
trale like that in the Fissipedia, whereas in the Oxyaenidae these bones are
entirely separate. If the amphibious ancestors of the Pinnipeds had had
these elements separate it seems that aquatic adaptation would have in-
creased the separation and flexibility of the carpals as it has in the Cetacea.
It must be confessed, however, that. the consolidation of the scaphoid,
lunar and centrale in the Sirenia weakens the force of this argument; The
Oxyaenidae and the Pinnipedia differ radically in the dentition; in the former
the molars are larger than the premolars, whereas in the Pinnipedia the
premolars are relatively large and the molars are reduced or absent. In the
Oxyaenidee the molars were of a peculiarly specialized sectorial character and
if the Pinnipedia had been derived from that family it is likely that some-
where in the group some traces of these characters would be found. In no
Pinniped do the cheek teeth retain the slightest resemblance to those of the
Oxyaenidee but the pattern of the postcanine lower teeth of Phoca gichigensis
Allen (1902) might readily be derived from those of the curious Amphicyonine
Canid Cynarctus saxatilis Matthew (1902, p. 281, fig. 1). The degenerate
and varied molars of the Pinnipedia range from a secondarily triconodont
to a secondarily haplodont condition (cf. Osborn, 1907, p. 144, fig. 103).
That a haplodont crown can be very quickly evolved out of a tritubercular
crown is Indicated by the peg-like teeth of Proteles, whose nearest relatives
are the tritubercular Viverridae.

Genetic Relations with the Fissipedia.

The derivation of the Pinnipedia from arctoid Fissiped Carnivora has
been supported by Weber, (1907, p. 551), who has shown that in spite of
markedly divergent habits, the Seals retain a number of very significant
characters in common with the Bears. The maxilloturbinals are greatly
enlarged and scroll-like and exclude the ethmoturbinals from the anterior
nares as in the " Hypomyeteri " (Bears, Dogs, Mustelines); the long intestine
lacks a duodeno-jejunal flexure and lies in a simple mesentery, the kidneys
and liver are divided into a number of separate lobules; in the male Cowper's
glands are wanting and there is a large os penis. As in other Fissipedes,
the placenta is deciduous and zonary, the uterus bicornuate, the brain has
fol -centic gyri which bend around the Sylvian fissure. The bulla in

nerai appearance resembles the Arctoid rather than the UEluroid type,
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although van Kampen has shown (1905, pp. 537, 542, 545) that in both the
Phocidae and the Otariidae the bulla is a composite one, formed from the
entotympanic and the true tympanic (annulus tympanicus) as in the
IEluroidea.

This evidence tends to separate the Pinnipedia from genetic relations
with the Creodonta and to ally them with the Arctoid Fissipeds, possibly
as Weber suggests, with the Amphicyonine Canids. At the same time it
must be admitted that this hypothesis has not yet satisfactorily accounted
for several peculiar features cited by Wortman as common to the Pinnipedia
and the Oxysenid Creodonta, especially the presence of a subungual foramen,.
the exceptionally large size of the trapezium, the large astragalo-cuboid
contact, the oblique cubo-calcaneal facet, etc. If the Pinnipedia are to be
derived from Arctoid Fissipeds it must be from genera retaining or fore-
shadowing all the characters listed by Wortman on pages 159-160 of the
article cited.

CHAPTER VII. GENETIC RELATIONS OF THE DERMOP-
TERA, CHIROPTERA AND PRIMATES.
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I. THE DERMOPTERA.

Historical Notes.

According to Gervais (1836) Bontius, a naturalist-voyager of the six-
teenth century, observed the animal now generally called Galeopithecus
volans at Batavia and elsewhere and described it as "Vespertilio admira-
bilis." Seba called it Felis volans ternatea (in allusion to the locality,
Ternate, one of the Moluccas).
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1758. Linnaeus includes it with the lemurs under the name "Lemur
volans."

1780. Pallas translates Petiver's "Chats-Singes" into "Galeopithecus"
and regards it as intermediate between Lemurs and Bats.

1800. Cuvier removes the "Gal6opitheques" to the group "Cheirop-
t&res" of the "ordre Carnassiers," placing them at the end of the
Cheiropteres and next to "les Plantigrades" (Insectivores, etc.).

1811. Illiger applies the terin "Dermoptera" as a "familia," co6rdi-
nate with "Cheiroptera" in the "ordo" "Volitantia."

1816. De Blainville associates "les GalMopithEques" with "les Tardi-
grades" (Bradypus) in a grand division ("anomaux") of the "ordre Quad-
rumanes."

1864. Peters, following Wagner, unites Galeopithecus with the Insec-
tivora, a view accepted by Huxley (1872) and most English authors.

1872. Gill adopts Illiger's term "Dermoptera," regarding the group
as a suborder of the Insectivora.

1885. Leche monographs the genus and argues for its removal to a
separate order, "Galeopithecidae."

1902. H. C. Chapman regards Galeopithecus as a modified descendant
of the ancestors of the Chiroptera, remotely related to the Lemuroidea and
Insectivora. This view was also adopted by Weber (1904).

1906. Miller (op. cit., p. 41) regards the group as constituting a family
of the Chiroptera.

Genetic Relations of Galeopithecus.

The derivation of Galeopithecus from Insectivores resembling the Tupa-
iidae (a view supported by Leche in his monograph of 1885) is rendered
probable by many facts cited by Leche, including the following: the brain
case in Galeopithecus is larger than in any Insectivores except the Meno-
typhla (p. 272). The orbits are large, the well defined supra orbital border
is pierced by a foramen; the olfactory fossa, are large, the occipital plane is
vertical; the lachrymal has both a facial and an orbital portion and the
lachrymal canal is within the orbit. The resemblances in the skull to
Rhynchocyon have already been noted (p. 281).

The stapes and incus of Galeopithecus, according to Doran (1879), more
resemble those of the Macroscelididae and Tupaiidae than of the shrews,
moles and hedgehogs and in one or two characters are strikingly like the
Primate type. The malleus is very generalized and shows diverse resem-
blances to the Primates and the Macroscelidida, (1879, p. 443). The comb-
like incisors of Galeopithecus are foreshadowed by the denticulate incisors
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in Rhynchocyon. The peculiar cuspidate upper molars bear traces of deri-
vation from the triangular types seen in Tupaia and Ptilocercus. The pelvis
is intermediate in character between that of Insectivora and that of Bats.
A rudimentary sublingua (fully developed in Tupaia and Lemurs) is present
and the digestive tract resembles that of the typical Menotyphla in the pos-
session of a caecum.

Notwithstanding these and similar resemblances the numerous differ-
ences from the Menotyphla in the male and female reproductive organs and
throughout the organismi (cf. Weber, 1904, p. 410) show that the Dermoptera
must have separated from that group at a very early date.

Leche (1886) expressed the opinion that in the young Galeopithecuts the
auditory bulla corresponds in structure with that in the Menotyphla, Chirop-
tera and Prosimihe; but van Kampen (1905, p. 446) showed that the swollen
bulla and tubular meatus are both formed from the annulus tympanicus;
whereas in the Menotyphla the bulla is composite, the inner part being
formed from the enlarged entotympanic. As in the Insectivora the ali-
sphenoid takes part in the limitation of the tympanic cavity anteriorly, but
there is no stapedial artery and the entocarotid canal terminates anteriorly
in the forainen lacerum medium ("anterius," van Kampen, op. cit., p. 464).

Galeopithecus way also be related remotely to the Lemurs (Chapman)
with which it agrees in superficial skull characters, in the possession of a sub-
lingua and of a caecum divided into pockets, in the structure of all the female
genitalia except the uterus, which has retained the primitive double condi-
tion. The external generative organs closely resemble those of Lemurs, the
clitoris being concealed by a circular fold of integument as in Chiromys
(Chapman). There are also several important points of agreement in the
musculature. The skeleton presents some analogies to that of Indris (cf.
de Blainville, 'Ost6ographie').

The relationship of the Dermoptera with the Fruit Bats is indicated by
many characters noted by Leche. Among the most noteworthy of these is
the fact that the patagium of Galeopithecus (which extends between the long
fingers as well as completely surrounding the body) is supplied by the same
muscles and nerves as in the Chiroptera. While asleep Galeopithecus hangs
head downward, suspended by its hind claws like a Bat. It also resembles
the Fruit Bats in the low position of the mandibular condyle, and in maniy
characters of the shoulder girdle, episternum, musculature, stomach, uterus,
placenta, and mammae.
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II. THE CE[IROPTERA.

Historical Notes.

Early naturalists generally regarded bats as birds with "ailes-de-peau"
which brought forth living young (Gervais, 1835). During the renaissance
the ancient view was still held, even by Aldrovandus, who minutely described
them (Gervais).

1693. Ray places the bats in the "anomalous" division of the ungui-
culates, along with the sloth. He says that except with regard to their
wings and mode of flight they do not agree with birds any more than does
the winged lizard, but are essentially viviparous quadrupeds. The bats are
treated under the heading " Quadrupeda multifida rostro breviore anomala,
& primo volatica seu Vespertiliones." The Sloths are described under the
next section, "Secundo gressile, tardipes. Ai sive Ignavus" [Bradypus tri-
dactylus].

1735. Linnaeus in the first edition of the 'Systema' places the Bats after
the carnivores. Later he placed them with the "Anthropomorpha" (later
= Primates). He regarded them as intermediate between the Lemurs and
Bradypus and named them "Vespertilio."

1779. Blumenbach proposes the name "Chiroptera" for the group.
1792. Vicq d'Azyr groups the Bats in the ordre "ailepieds" (cf. the

classic Latin epithet "ali-pes," wing-footed, applied to Mercury).
Through the labors of Daubenton and Geoffroy, Fred. Cuvier, Leach,

and others, many new kinds and.divisions were recognized, so that by 1820
Desmarest enumerated ninety-five species.

1800. Cuvier groups "les Cheiropteres" with Galeopithecus and places
them next to "les Plantigrades" in the order " Carnassiers."

1816. De Blainville intimately unites them with "les Taupes" (Tal-
pidae) and "les Phoques" (Pinnipeds) as a main division "anomaux" of
the order Carnassiers. Galeopithecus he places with the Primates.

1834. De Blainville removes the Pinnipedia from this group.
1839. De Blainville places the "Cheiropteri" with the "Oryeteri" and

the "Insectivori" in a grand division "Clavicul6s" of the Carnassiers.
By all subsequent authors the bats were restored to their ordinal inde-

pendence.
1872. Gill divides the order into the "Animalivora" and "Frugivora."
1880. Huxley emphasizes their relationship to the Insectivora.
1875. Dobson divides the order into the suborders "Megacheiroptera"

and "Microcheiroptera."
1904. Weber gives an excellent review of the morphology and classifi-

cation; in the latter he combines Winge's results with those of earlier authors.
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1907. Gerrit S. Miller in his 'The Families and Genera of Bats'
reviews the history of the classification and the morphology of the order,
defines the families and genera and gives extensive keys and synonymy.
He recognizes "at least 173 genera and 36 families."

Genetic Relations.

The group was very highly specialized as far back as the Eocene and the-
paleontological evidence as to its origin is therefore of a negative character,
as in the case of the Rodents, Edentates and all other groups which probably
acquired many of their ordinal characters before the known Tertiary record
began. Nevertheless there can be little doubt that the Chiroptera are an
offshoot of late Mesozoic or early Tertiary arboreal Insectivores, which must
have resembled Galeopithecus in many characters. This is indicated in the
assemblage of characters given by Weber (1904, pp. 382-396), especially
the following: Brain macrosmatic, smooth or sparsely furrowed, cerebellum
uncovered; testes descending periodically into a subcutaneous cremaster
sack; penis pendulus (cf. Primates) often with an os penis (cf. Insectivores);
uterus duplex, bicornis or simplex: placenta discoidal, deciduate, with large
allantoic chorion and vestigial yolk sack; dentition diphyodont, dental
forinula a derivative by reduction of ; teeth primitively tritubercular-
tuberculo-sectorial 1; digits primitively pentadactyl, carpus with embryonic
centrale, tympanic ring-shaped, often connected with the osseus bulla.
The ossicula auditus according to Doran (1879) much resemble those of the
Soricidse and allied Insectivora, particularly in the malleus, which approaches
also the Marsupial type.

The Microchiroptera are more specialized than the Megachiroptera and
the latter in turn are remotely allied to Galeopithecus (see p. 317) which thus
serves to connect the Chiroptera with the Lemuroidea and Menotyphlous
Insectivora.

III. THE PRIMATES.

Outline History of the Classification.

1693. Ray divides the "Unguiculata pede multifido, digitis aliquodque
separatis" into: (1) those with flat nails, IIXaTvowvXa & Av9pw7ro/Aop0a,

1 Oldfield Thomas has adduced evidence that even the peculiar molars of the Fruit Bats
hav,e been derived from a cuspidate tritubercular-tuberculo-sectorial type (1888, pp. 474-
475). This conclusion is supported by Miller (op. cit., 1907, pp. 44-45), who states that in the
PhyllostomidB there is " a complete series of stages connecting the normal form of the teeth with
one nearly resembling that of the Megachiroptera."
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Simiie," and (2) those with narrower claws (i. e., the remaining unguiculate
forms).

1735. Linnaeus in the first edition of the 'Systema Naturie' includes
under the order "Anthropomorpha" the genera Homo, Simia, Bradypus.

1758. Linnaeus includes in the order "Primates" the genera Homo,
Simia, Lemur (including the Lemuroids and Galeopithecus), Vespertilio.

1780. Storr includes in his comprehensive group "Primates" the fol-
lowing sections.

"Sectio I, Palmares." Homo.
"Sectio II, Palmoplantares." Simia, Prosimia, Procebus, Tarsius, Lemur.
"Sectio III, Plantares." Didelphis, Phalanger.
1779-1797. Blumenbach, "the father of anthropology," assigns man

to a separate order "Bimanus," applying Boddaeirt's term "Quadrumana"
to the remaining Primates.

1792. Vicq d'Azyr classifies the apes, monkeys and lemurs under "les
Pedimanes."

1800. Cuvier separates "les Quadrumanes" from "les Bimanes" and
divides "les Quadrumanes" into "Singes" [Anthropoids] and "Makis"
[Lemuroids].

1811. Illiger substitutes the names "Erecta" for "les Bimanes" and
"Pollicata" for "les Quadrumanes."

1816. De Blainville classifies "les Quadrumanes" as follows:
"Normaux: (1) Singes: du continent ancien, les Singes;

du continent nouveau, les Sapajous.
(2) Makis: les Makis, les Loris, l'Aye-Aye."

De Blainville thus correctly allocated the Aye-Aye and justly separated
Old World from New World anthropoids. A second grand division "ano-
maux" includes Galeopithecus and the Sloths.

1834. De Blainville clearly anticipates Owen's division "Catarrhin'e"
and "Platyrrhinae," in the division of the Anthropoids into those with "na-
rines rapproches" ("Pitheci ") and those with " narines 6loign6es" ("Neo-
pitheci "); the Lemurs are now called " Pseudopitheci."

1842. Geoffroy rejects the views of Cuvier and Blumenbach as to the
ordinal distinctions of the Bimana (Homo) and supports the Linnaean view
that mankind belongs zoologically with the Primates.

1858. Darwin's 'Origin of Species,' and later the 'Descent of Man'
initiates a vast literature dealing with the relations and classification of the
family Homnidae.

1866. Owen, developing Bonaparte's cerebral system of classification,
separates the " Bimana" as a subclass of mammals under the term "Archen-
cephala."
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The Primates.

The subsequent history of the classification of the Primates is too extensive
to be followed here. Notwithstanding the labors of Mivart, Forsyth Major,
Gaudry, Filhol, Grandidier, Schlosser, Branco, Selenka, Hubrecht, Cope,
Osborn, Wortman, and others, the exact relations of the Tertiary and Recent
families is still more or less unsettled and calls for a general review of the
main lines of evidence.

At least one great result, the derivation of Man from some as yet undis-
covered Tertiary Primate may be considered to be as well established as
any of the great postulates of geology. It rests upon evidence which has
been gathered from every possible source and tested by a long line of de-
fenders and critics. To the palheontologist who has acquired by experience
some ability to distinguish between the effects of convergent evolution and
the marks of ancestral kinship there can be no doubt whatever about the
meaning of the resemblances obtaining throughout the entire organism
between Man and the Catarhine Primates. The resemblances are such as
generally denote ancestral kinship, the differences are such as denote adap-
tive divergence from a common type.

Genetic relations of the Primates.

The separation of the Prosimie and SimiaT may well date back to the
Lower Eocene, but that the two groups were at that time closely related
seems to be well established: first, by the very numerous and deep seated
characters still retained in common by the two orders (see Weber, 1904,
p. 741); secondly, by the existence of such generalized forms as the Middle
Eocene Notharctidwe; thirdly, by the annectant character of Tarsius, which,
while still a " Lemur of lemurs " is related in the other direction to the
Anthropoidea (Elliot Smith, 1903); fourthly by the agreement in funidamental
brain characters between the Lemurs and Anthropoids (Elliot Smith, op. cit.).

The derivation of the order from large-brained arboreal Insectivores
resembling in many ways Tupaia and Ptilocercus is indicated by the follow-
ing considerations:

(1) The dental formulae of the Primates are all derivatives of 3;.1
(2) The molars were primitively tritubercular above and tuberculo-

sectorial below, perhaps resembling those of the modern Ptilocercus in many
characters.

(3) The upper fourth premolars were bicuspid, the lower premolars
high and pointed. The diet was probably insectivorous-frugivorous.

(4) The course of the entocarotid in Lemuridae and Chiromyidee cor-
responds with that in the Tupaiidoe (van Kampen, 1905, p. 680).

(5) Many Primate characters of the skull are foreshadowed in Tupaia
and Ptilocercus (pp. 273, 274).
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(6) The bulla tympani in the Lemuridae is formed from the inflation
of the entotympanic, exactly as in Tupaia and Ptilocercus, the tympanic re-
maining as a bony ring (van Kampen, 1905, p. 677).

(7) The ethmoturbinal complex, according to Paulli, is closely connected
with the Insectivore type (Weber, 1904, p. 745). As in that group, there are
four endoturbinals and five olfactory scrolls.

(8) The malleus of Tupaia, according to Doran (1879, pp. 441-442),
"differs from that of any other insectivorous mammal.... and much re-
sembles that of some of the lower Primates, especially Midas or Hapale
and certain Lemurs....

(9) The shortening of the face in some of the earliest Primates is fore-
shadowed in Ptilocercus (Fig. 21, p. 273), while the more elongate face in
Notharctus and Adapis is foreshadowed in Tupaia.

(10) The manus and pes of the lemuroids represent a development of
characters suggested in the Menotyphlous Insectivores. The opposibility
of the pollex and hallux is foreshadowed in Ptilocercus, the carpal callosities
in Tupaia (p. 270); the subequality and symmetrical arrangement of
digits II, III, and IV (digit III being the longest) are foreshadowed in all
Insectivores, and the same is true of the free centrale carpi, and the lunar-
unciform contact. The peculiar Primate astragalus is distinctly suggested
in Tupaia, while the very small size of the mnesocuneiform is also an Insecti-
vore heritage. The bicornuate uterus, entepicondylar foramen, and third
trochanter are primitive Placental characters.

In order to emphasize the hypothesis that the orders Menotyphla, Derm-
optera, Chiroptera and Primates have had a common origin, possibly froin
some Upper Cretaceous family resembling in many characters the TupaiidTe,
these four orders may be embraced in a single superorder, which may be
named Archenta"l in allusion to the fact that Linnaeus included in the
Primates the genera Homo, Simia, Lemur (including the Lemuroids and the
"Flying Lemur"), Vespertilio.

I MApXwv chief, cf. German Herrenthiere.
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The Rodentia.
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I. THE RODENTIA.

Outline History of the Ordinal Classification.

The characters of the dentition of the group are so striking and the
representatives of the order form so many passages from one type to another
that the modern conception of the group was reached much more rapidly
than was the case in other orders.

1693. Ray describes under the "Quadrupeda vivipara pede multifido
herbivora binis prelongis dentibus -anterioribus in utraque maxilla, seu
Leporinum Genus" the following animals (1. c., p. 204)

"Lepus, Aay(os....The Hare"; "Cuniculus, za&cv'rvl, A Rabbit or
Cony"; "Cuniculus Brasiliensis Tapeti dictus" [= Lepus brasiliensis];
"Cuniculus Brasiliensis Aperea dictus" [= Cavia aperea]; "Hystrix, the
Porcupine"; "Cuanda Brasiliensibus Maregr Tlaquatzin spinosum Her-
nand." [?Cwndou (= Synetheres) prehensilis]; "Castor sive Fiber, The
Beaver"; "Sciurius vulgaris," "Sciurus virginianus cinereus major, the great
grey Virginia Squirrel"; "Sciurus Zeylanicus pilis in dorso nigricantibus
Rukkaia dictus" [Sciurus macrourus]; "Sciurus Americanus volans, the fly-
ing squirrel" [Sciuropterus volucella]; " Sciurug Getulus Caii apud Gesherum
The Barbary Squirrel" [Xerus getulus]; then follows some fifteen species
under the term "Mus," including, beside the true rats and mice, the "mus
aquaticus sive Rattus aquaticus" [Fiber zibethicus], "Mus aquaticus exo-
ticus. The Muscovy or Musk Rat," [ ? Crocidura myosura]; "Mus Avellan-
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arum major, Sorex Plinii, Gesn. 'l'he Greater Dormouse or Sleeper"
[Myoxus glis]; "Mus Avellanarum minor, Angl. The Dormouse or Sleeper "
[Muscardinus avellanarius]; "Mus Noricus vel Citillus Gesn." [Spermo-
philus citillus]; "Cricetus Gesn." [Cricetus cicetus]; "Mus alpinus Plin.
Marmosa Italis [Arctomys monax]"; "Mus seu Cuniculus Americanus
& Guineensis Porcelli pilis & Voce, Cavia cobaya Brasiliensibus dictus,
Maregr. The Guiny Pig [Cavia cobaya]"; "Mus Sylvestris Americanus
Cuniculi magnitudine Porcelli pilis & voce. Aguti vel Acuti Brasiliensibus
dictus. Marcgr." [Dasyprocta aguti]; "Mus Brasiliensi magnus, Porcelli
pilis and voce, Paca dictus. Marcgr." [Caelogenys paca]; "Mus Norwagicus
vulgo Leming Wormii" [Lemmus lemmus]; "Glis Gesneri & aliorum, Rell
vel Rellmus. Helvetiis"; Mus indicus arboreus Striatus [ ?].

1735. Linnaeus in the first edition of the 'Systema Naturae' establishes
the order "Glires" to include the genera Hystrix, Sciurus, Castor, Mits,
Lepus, Sorex.

1748. Linnaeus, 6th edition, also includes Didelphis.
1758. Linnaeus mistakenly adds Rhinoceros, removes Sorex, Didelphis.
1766. Linnaeus removes Rhinoceros, adds, "Noctilio americanus."
1778. Pallas divides the Linnaean genera of rodents and carefully de-

scribes the anatomy.
1779. Blumenbach puts the Rodents into the Order "Digitata" as a

division (A) coordinate with (B) the Carnivorous and (C) the edentate " Fissi-
peda."

1780. Storr uses the term "Rosores" for the group.
1792. Vicq d'Azyr uses the term " Rodentia."
1795. Geoffroy and Cuvier include the Kangaroo in the group.
1800. Cuvier also includes the Aye-Aye, which was thought to connect

the order with the Primates.
1811. Illiger calls the order "Prensiculantia" and divides it into eight

"familiae," removing the extraneous genera Daubentonia [Chiromys], Halma-
turus.

1817. Cuvier excludes the Kangaroo but retains the Aye-Aye, divides
the order into "clavicul6s " and " non-clavicules."

1816. De Blainville removes the Aye-Aye to the Primates (following
Illiger); he divides the order into "Grimpeurs" [Sciuromorphs], "Fouis-
siers" [Myomorphs], " Coureurs " [Lagomorphs], " Marcheurs " [Hystrico-
morphs].

1834. De Blainville more clearly anticipates the divisions of Brandt.
1842. Waterhouse divides the order Rodentia into three suborders,

based on characters of the jugal, of the infraorbital foramen and of the lower
jaw, namely "Murina," "Hystricina," "Leporina."
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1849. Gervais sets apart the Lagomorphs as a suborder, under Illiger's
term "Duplicidentata."

1851-1855. Brandt proposes his four subordinal divisions " Lago-
morpha," "Sciuromorpha," "Myomorpha," "Hystricomorpha."

1899. Tullberg monographs the entire group. He divides the Simpli-
cidentata into two great series "Sciurognathi" and "Hystricognathi." The
former divides into the "Myomorphi" and "Sciuromorphi" the latter into
the "Bathyergomorphi" and "Hystricomorphi." The Myomorphi again
include the "Ctenodactyloidei," "Anomaluroidei" (Pedetidae + Anomaluri-
dae), "Myoidei." The Sciuromorphi include the "Geomyoidei," "Castor-
oidei," "Sciuroidei."

Naturalness of the Order.

Before taking up the problem of the general relations of this order it is
necessary to inquire whether the two suborders, Duplicidentata and Simpli-
cidentata, which are separated by many important characters and between
which no fossil linking forms have been discovered, are in truth related or
whether the numerous resemblances that tend to connect them may not be
due largely to convergent evolution.

Mr. Gidley has suggested (1906, p. 99) that the oldest known type of
Duplicidentate molars, that of the Oligocene Palaokagus, might have been
derived from the Mesozoic triconodont type by the intervention of a hypo-
thetical intermediate stage. This hypothesis seems, however, to rest on very
scanty evidence. The Triconodonts, if their inflected ankle proves anything,
are Marsupials (Metatherians) allied remotely to the Polyprotodonts; but
it would be difficult to point to any definitely Marsupial characters in the
Duplicidentates except perhaps the perforation of the transverse process of
the seventh cervical vertebra by the vertebral artery; while very typical
Placental characters abound. Dr. Forsyth Major, although an opponent
of the theory of trituberculy, shows (1899, pp. 433-520) that the upper molars
of certain Miocene Duplicidentates retain clear evidence of derivation from
a sharply triangular type which is wholly unlike the Triconodont type;
and that the deep groove which finally sinks in and divides the Leporid
molars into distinct anterior and posterior halves is a secondary character,
initiated perhaps by the hypertrophy of the postero-internal ridge or hypocone
(see also Osborn, 1907, p. 149).

The Duplicidentata (Weber, 1904, p. 493) possess many deep seated
characters in common with the Simplicidentata, such as: a typically com-
plete uterus duplex, a discoidal deciduate placenta, a small allanto-.chorion,
a large cup-shaped invaginate yolk sack in which the embryo lies, nineteen
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dorso-lumbars (D 12, L 7), and four endoturbinals with five scrolls. These
are, it is true, mostly primitive mammalian characters but they are not found
in this combination elsewhere and taken in connection with other characters,
are very significant. A comparison of the crania of Lepus and Ochotona,
representing the Duplicentata, with those of Capromys, and Pedetes, repre-
senting the Simplicidentata,.reveals an ordinal agreement in the arrangement
of the cranial foramina, and in the characters of the petrosal, bulla, mastoid,
interparietal, condyles, palate, jugal, orbital and temporal fossaw (see below
p. 329).

Origin of the Rodentia.

Assumiilg then that the Duplicidentata and Simplicidentata are correctly
associated in the same order, which of the superfamily or subordinal groups
mrnay be regarded as the most primitive, and in what respects does it approach
toward other orders ?

The known Lagomorpha (Duplicidentata), as stated above, have retained
very primitive characters in the reproductive system (Weber, 1904, pp. 485-
486) but the skull and skeleton have become highly specialized.

The Hystricomorph series seems to be the least promising group in which
to look for primitive mammalian characters, in view of the presence of such
highly specialized characters as the greatly expanded antorbital fenestra,
the narrow palate, complexly folded hypsodont cheek teeth, and perfected
rasp-like action of the jaw in mastication. The known Tertiary Hystrico-
morphs exhibit the same characters.

The Anomaluroidea (Pedetidae, Anomaluridae) mingle certain characters
of the Sciuromorphs, Myomorphs and Hystricomorphs with others of their
own but they do not appear to assist in the problem in hand. The Myo-
morpha are all obviously more specialized than the more primitive Sciuro-
morpha in the characters of the skull.

Primitive characters of the Eocene genus Paramys.- The Sciuromorpha
(including in this group both the typical forms and the Aplodontiidae, Geomy-
idle, Heteromyidee, etc.) embrace many forms with hypsodont complex
cheek teeth and highly specialized skulls; but among the Sciuridae occur
also some relatively primitive forms with bunodont cheek teeth; and among
the presumable ancestors of this division we find in the Lower to Upper
Eocene genus Paramys, of the family Ischyromyidae, the most primitive
of all known Rodents. As figured by Cope (1884, pl. xxiva, figs. 1-14,
"Plesiarctomys" delicatissimus) and by Scott and Osborn (1889, pl. xi,
Paramys sciuroides), this genus differs from later Sciuromorphs notably in
the following primitive characters: the postorbital processes are slight or
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1Paramys; the Rodent Dentition.

absent and the skull is markedly constricted back of the orbits; the antero-
external slip of the masseter muscle evidently had not yet excavated an
oblique antorbital depression for its reception, and Dr. Matthew informs the
writer that apparently the external slip of the masseter was limited anteriorly,
as it is in Aplodontia and the Hystricomorpha (primitive characters), and
on account of the downward direction of the small infraorbital foramen
it appears unlikely that the internal slip of the masseter had invaded that
foramen.

The rest of the skeleton of Paramys differs in no important respect (so
far as figured by Cope) from the generalized Sciuromorph type. It has
the characteristic ilium and limb bones. Its astragalus is also of the Rodent
type: with wide trochlea, sharp keels, no astragalar foramen, a short broad
neck, and a wide convex head, which is flattened antero-posteriorly and
twisted on the neck so that its long axis points obliquely backward and
inward. Other generalized characters, observed in American Museum
material of Paramys by Dr. Matthew, include the very long and large tail,
entepicondylar foramen in humerus, third trochanter on femur, toes 5-5,
separate scaphoid, lunar and centrale, separate radius and ulna, tibia and
fibula.

Cheek teeth of Paramys.- The molars are roundly triangular in form,
consisting of a blunt inner cusp from which two diverging ridges pass to
the para- and metacones; the anterior cingulum is either not prominent
(P. delicatissimus, Cope, 1884, pl. xxiv a, fig. la), or more prominent and
connected with the parastyle; but this anterior crest, which became pro-
nounced even in the Oligocene Prosciurus vetustus Matthew (1903, p. 213)
was not so high and prominent in Paramys as it is in Arctomys. The crown
of the lower molars is divided into two parts, the anterior corresponding to
the trigonid, the posterior to the talonid. The antero-internal cusp is ele-
vated; it is possibly the metaconid; the talonid is broadly basined, with well
developed hypo- and entoconids.

"Trituberculy " vs. the " Premolar Analogy" Theory in the Rodentia.-
The dentition of Pararntys thus seems to approach the tritubercular-tuber-
culosectorial type; but Dr. Wortman (1903, pp. 217-218), in criticising the
theory of trituberculy, takes the view that the principal cusp in the lower
molar of Paramrys is not antero-external like the "protoconid" of normal
molars, but antero-internal, as it is in the premolar (p4), which is assuming
the molar form. As Dr. Wortman believes that molars have generally
passed through the stages later revealed in the premolars, he infers that
since the true "protoconid" in the lower premolars of Paramys is evidently
on the inner side, it is so also in the molars.

This conclusion, if true, tends to remove the Rodentia very far from the
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typical Placental orders. But Dr. Wortman's argument seems to be weak-
ened to some extent by the following considerations:

(1) While the premolars in certain groups (e. g., Zalambdodonts) ap-
pear to furnish reliable indications of the early history of the molar cusps,
in other groups (e. g., Ungulates) they appear not to do so.

(2) Paramys has already departed from the typical Placentals rather
widely in the skull structure; and in its lower teeth the primitive trigonid may
have been modified in the manner described below.

(3) Dr. Wortman takes the view that the true protoconid in the lower
molar of Paramys is on the internal side. A frequently reliable criterion
of the homology of cusps is not position but function with reference to the
parts of the opposing teeth. The main internal cusp of the upper molars
^of Paramys is certainly analogous with the protocone of most mammals
because in life (as shown by comparison with Aretomyys and Didelphis) it
fitted into the basin of the talonid of the lower molars. In the lower molars
the functional protoconid is the reduced antero-external cusp of the lower
molars; because, like normal protoconids, it fitted into the space behind the
metacone of an upper molar and in front of the paracone of the next upper
molar. This space in the more advanced forms was gradually filled by the
rising parastyle-cingulum ridge, while the tip of the protoconid was lowered.
The high antero-internal cusp of the lower molars, which Dr. Wortman
regards as the original tip of the crown, is probably not the true protoconid
but either the paraconid, the metaconid or the paraconid + metaconid;
because, like these cusps in normal trituberculate mammals, it fitted into
the internal space between two upper molars. The raising of the parastyle,
lowering of the protoconid and decided elevation of the antero-internal lower
cusp in the modern Sciurid' are seen to be mechanically correlated phe-
nomena (see below).

(4) The mechanical reason for the peculiar obliquity and atypical de-
velopment of the Sciurid lower molar is the obliquely lateral vibration of the
mandible in mastication. True propalinal (antero-posterior) motion is
only possible in gnawing with the incisors, when the molar crowns are not
in contact. Anteroposterior motion during mastication would be precluded
by the irregular wearing surface of the crown. Even in Rodents (except
Caviidie) in which the wearing surface of the complexly folded crown is
perfectly plane, the movement of the mandible in mastication (so far as can
be judged from the skull and jaw alone), seems to be' obliquely lateral
rather than strictly antero-posterior.

The molar pattern of Paramys, which all authorities regard as the most
primitive pattern among Rodents, accordingly seems to offer no insuperable
obstacle to the view that the Rodents have been derived from mammals
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The Rodent Skull.

with a normal tritubercular dentition; but nevertheless it may indicate a
very ancient separation from the Insectivores; and even although Dr. Wort-
man's evidence be wholly insufficient, his conclusion that the trituberculy
of Rodents is partly secondary must be admitted as a possibility not yet
disproven.

General morphology of the Rodent skull.- The evolution of the scalpri-
form incisors and of the jaw action described above (p. 328) has doubtless
conditioned: first, the development of the elongate mandibular condyles
and glenoid sockets, and secondly, the readjustment and modification of
nearly all the bones of the skull; so that among known Rodents relatively
few points of resemblance to the typical Placentals are left.

The cranial foramina (examined by the writer in Lepus, Ochotona,
Sciurus, Arctomys, Mus, Hystrix, Cavia) conform in general to the normal
Placental type. The orbito-sphenoid is pierced by a large optic foramen;
the lachrymal, infraorbital, sphenopalatine, ethmoid, anterior and posterior
palatine foramina, the foramen lacerum anterius, foramen rotundum,
foramen ovale, eustachian opening, foramen lacerum posterius, condylar,
post-glenoid, stylomastoid, and mastoid foramina are all present. The
alisphenoid canal (occasionally absent) is apparently not the large tunnel
leading forward to the foramen lacerum anterius but a small canal external
to it. The foramen ovale is also prominent, except in Lagomorphs and
Hystricomorphs, where it appears to be confluent with the foramen lacerum
medius. The basisphenoid is perforated by a transverse canal, which, as in
Didelphis and certain Insectivores (p. 291) is stated by Tullberg (Weber,
1904, p. 474) to transmit a vein. The entocarotid and its stapedial branch
are variously developed (van Kampen, 1905, p. 566). When the former is
well developed it often runs through a canal or groove lying between the
bulla and the petrosal and enters the cranium through the foramen lacerum
posterius. In Lepus it pierces the bulla. The condylar foramen, as in
certain Insectivores, is double or even triple (some specimens of Arctomys),
perhaps in correlation with the primitively composite nature of the hypo-
glossus nerve (C. S. Mead). The presphenoid is sometimes bounded on
either side by loingitudinal vacuities. The elongate anterior palatine fora-
mina are often confluent inferiorly. Tymrpanic region. The lateral margins
of the basisphenoid are often raised and more or less excavated on each side
for the very large inflated tympanic bulla; this fact tends to indicate that in
the case of Microgale and other Insectivores the functional participation of
the ali- and basisphenoid in the bulla is no indication of relationship to the
Marsupials but a result of the pressure exerted by the expanding bulla upon
the borders of the adjacent bones. The infraorbital foramen is invaded in
the higher Rodents by an internal anterior slip of the masseter muscle and
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expanded into a finally enormous fenestra. The apparent ectopterygoid
fossc, according to Weber (1904, p. 474), in most instances are formed
by the spreading of the pterygoids, which often end in backwardly projecting
hamular processes. But in the young Lepus these fossae seem to be normal
and comparable with those in Erinaceus, Hyrax, etc., i. e., bounded
internally by the pterygoids and externally by the pterygoid wings of the
alisphenoid. They lodge the large ectopterygoid muscles, which sometimes
(e. g., Hystrix), as in Erinaceus algirus, etc. (p. 287) cause the angle to be
sharply inflected.

Relationship ofRodents to Insectivores.- The Rodents appear to approach
somewhat more closely toward the Insectivores than toward any other of
the typical Placental orders. They are more primitive than the Insectivora
in the possession of a completely double uterus, of a uniformly large yolk
sack, and sometimnes of an accessory yolk sack placenta (Lee, 1908, p. 918),
and of the dorso-lumbar vertebral formula of D 13 + L 6 = 19, which only
rises to 23 and 25 in very specialized types; whereas in Insectivora only
Tupaia, Solenodon and the Talpidae retain the lower number, while in all
the others it varies from 20 to 24. On the other hand, in the conditions of
the testes the Rodents are somewhat more advanced than the most primitive
Insectivores; because the testes do not retain their primitive position but
descend at least partially and to a varying extent, in some cases even into a
scrotum.

The ethmoid complex, according to Paulli (quoted by Weber, 1904, p. 474)
closely resembles the Insectivore type, i. e., there are four endoturbinals
with five scrolls, and a very large naso-turbinal. The ossicula auditus are
extremely variable in form in different families. The malleus in the Myo-
inorpha has a broad lamina and an orbicular apophysis as in Shrews and
Bats (Doran, 1879, pp. 410, 418). The Jacobsoni's organ of Rodents is of
a very peculiar type (Broom, 1898). In the more primitive forms the manus
and pes, as in Insectivora is characterised by the subequality and symmetrical
arrangement of digits IJ, III and IV, digit'III being somewhat the longest.
The carpuis frequently retains a free centrale and primitively a well definied
lunar-unciform contact. Fusions of the scaphoid and lunar, of the tibia
atnd fibula, occur in both Rodents and Insectivores. The radial, ulnar and
tibial sesamoids, which occur also among the Insectivora, are developed to a
high degree in various Rodents, sometimes simulating the digits in becom-
ing jointed and provided with a claw-like structure. The names "prnepollex,"
"postminimus," and "praehallux" have been applied to these structures,
but Weber (1904, p. 476) regards them not as true digits but as pure sesa-
moids. At any rate they seem to be very ancient structures since they are
foreshadowed in the manus of the. Permian Theriodesmus (p. 440). The
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Rodent astragalus, as represented by that of Paramys (described above, p.
.327), differs in details from the Insectivore types seen in Solenodon, Centetes,
Erinaceus, Talpa, and Tupaia, especially in its very broad trochlea; but on
the whole it agrees much better with the Insectivore than with the Creodont
types. The Rodent astragalus (Fig. 30, p. 454) also resembles the Tubuli-
dentate and Xenarthrous types (especially those of the Santa Cruz Edentates)
in many respects. The average humerus and femur of Rodents appear to be
less primitive in details than those of the lowest Insectivora, especially with
regard to the frequent reduction of the entepicondylar foramen and third
trochanter. Perhaps the most noteworthy feature of th'e vertebrw is that in
Lepus, Cavia and others the transverse process of the seventh cervical is
pierced as it is in Marsupials. The pseudo-sacral vertebrw in Rodents often
have large transverse processes which tend to unite with the ischium.

There are prettv clear indications (especially in the Duplicidentata)
that the dental formula of Rodents has been derived by reduction from ,
and that the dental replacement was formerly normal (Weber, 1904, p. 480).
The evidence for the derivation of the Rodent cheek teeth from the trituber-
cular-tuberculosectorial type has been cited above (p. 327).

Hypothetical Reconstruction of the ancestral Rodents.- 'he ancestral
Rodents probably exhibited the following characters: mandibular condyle
narrow; post-glenoid process very small (as in Tupaia), or even absent (as
in Macroscelides); premaxillaries elongate, anterior upper incisors (Il)
somewhat enlarged (cf. Solenodon), lower incisors (I?2) procumbent (cf.
Tupaia); canines and anterior premolars reduced; cheek teeth adapted for
frugivorous-omnivorous diet. These conditions are all realized in the
Basal Eocene Mixodectidae, which Osborn and Matthew were formerly
inclined to regard as ancestral Rodents ("Proglires" Osborn, 1902, pp.
203-213); but the upper molars in this family contain no suggestion what-
ever of the peculiar features seen in the Lower Eocene Paramys; the lower
molars likewise were normally tuberculo-sectorial, without the hypertrophy
and internal displacement of the antero-internal cusp, or the reduction of the
protoconid and asymmetry of the talonid, which are characteristic of the most
primitive Rodents; so that in spite of the resemblances in the astragalus
it seems more likely that the Mixodectidae are not ancestral Rodents but
aberrant Insectivores (Matthew, 1909).

The ancestral Rodents may also have been adapted for semi-arboreal life,
since, so far as the evidence goes, they were not distinguished by strongly
marked fossorial, aquatic, or cursorial adaptations; they were probably
claviculate, well clawed, pentadactyl, with well developed pollex and hallux,
with small body and long tail, free tibia and fibula, unreduced lumbar para-
pophyses; the foregoing characters together with the assumed frugivorous-
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omnivorous modification of the cheek teeth are consistent with arboreal
habits, which are retained in some of the less specialized representatives of.
the modern groups, e. g., Sciurus, Myoxus, Anomalurus, Octodon, Hystrix.

As regards the soft anatomy the stem Rodents may be conceived. to have
retained many primitive Mammalian characters in common with the Mar-
supials, Edentates and Insectivores, and some of these characters were trans-
mitted to various modern genera. The right and left uteri were entirely
distinct and a reduced cloaca may have been present (cf. Castor); the yolk
sack was large (in certain modern forms it even forms a small true placenta;
(vide supra); the brain was of low type, macrosmatic and with small,
smooth cerebra; traces of scales may have persisted, especially on the tail;
the eye also was probably of low type, for according to Lindsay Johnson
ophthalmoscopic examination of many modern Rodents reveals the following
among other primitive mammalian characters: crystalline lens appearing
as if formed of concentric circles; fundus usually of reddish-gray type; an
aster of radiating fibres present; choroid vessels often visible; small but
distinct pecten retained in Dasyprocta and others (cf. Marsupials).

Conclusion. The known Lower Eocene Rodents had already acquired
the ordinal characters in the skull and dentition, and the Lower Oligocene
Lagomorphs were almost as well differentiated from the contemporary
Sciuromorphs as are the modern Hares from the Squirrels; so that the two
suborders could hardly have run together before the Basal Eocene; while
the point of union of the Rodent stem with any other mammalian order may
lie well back in the Cretaceous.
The early hypertrophy of the incisors and the consequent modifications

of the skull and jaws marked but did not obliterate many primitive Placental
characters, and it seems not improbable that the stem forms of the Rodentia
were Mesozoic Placentals, allied to 'the ancestors of the modern Insectivora
and possibly to the contemporary ancestors of one or more of the Paratherian
or Edentate orders.

II. THE EDENTATE ORDERS.

Outline History of the ordinal Classification.

1693. Ray groups "Echinus terrestris Tatou sive Armadillo, Talpa,
Musaraneus, Tamandua, Vespertilio, & Ai sive Ignavus" [Bradypus] in a
division "Anomala" of the "Unguiculata."

1758. Linnaeus includes in the order "Bruta" the genera Elephas,
Trichechus [Manatus], Bradypus, Myrmecophaga, Manis.

1771. rfhos. Pennant includes the following forms under "Digitated
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Quadrupeds": "4. Without cutting teeth, Sloth and armadillo." "5.
Without teeth; Manis, Ant Eater."

1778. Pallas describes the "Aard Vark" under the name Myrmeco-
phaga africanum.

1779-1797. Blumenbach puts the edentates ("Bruta") in the order
"Digitata" as a group (C) coordinate with (B) the "Digitata Ferie" and (A)
the " Digitata Glires."

1792. Vicq d'Azyr applies the term "Edentati" to the "Paresseux,"
"Tatous," " Fourmiliers," " Pangolins."

1795. Geoffroy and Cuvier remove Bradypus to the order "Tardigrades."
1800. Cuvier includes Echidna in " les Rdent6s," brackets Megatherium

and Bradyppus (" les Paresseux") as the sole occupants of "les Tardigrades."
1817. Cuvier divides "les Edent6s" into "les Tardigrades (Paresseux,

Megatherium)"; "ltdent6s ordinaires (Tatous, Oryet6ropes, Fourmiliers,
Pangolins)"; "Monotremes (Echidn6s, Ornithorinques)."

1811. Illiger adds Prochilus (Melursus) to the Tardigrada, groups
Dasypus, Orycteropus and Manis as "Effodientia," and removes Echidna
and Ornithorhynchus to a separate order "Reptantia."

1816. De Blainville associates Bradypu with Galeopithecus and removes
the Tardigrades to a subordinal group "anomaUtx" of "les Quadrumanes"
at the same time associating " les tdent6s" (as a suborder "normaux") with
"les C6tac6s" (as a suborder "anomaux") under the "ordre 1:dent6s."

1839. De Blainville, after long discussion, provisionally leaves Bradypus
in "les Primat6s," but treats the other Edentates as a grand division "Mal-
dentes " of "les Monodelphes," contrasting with all the other Monodelphians
("Bien dentes"); this foreshadows Thomas's "Paratheria."

1842. Owen reunites Bradypus with Edentates, dividing the order Bruta
thus:

Tribus Phyllophaga: "Fainilia" Tardigrada, Bradypus, Cholwepus;
Familia Gravigrada, Megalonyx, Megatherium, Mylodon, Scelidotherium,
CGlodon, Sphenodon.

Tribus Loricata: Armadillos [and Glyptodonts ?].
Tribus Edentata: Anteaters (Myrmecophaga, Orycteropus, Pangolins).
1855. P. Gervais proposes to elevate the Edentates to the rank of a sub-

class (Weber, 1904, p. 412).
1872. Huxley divides the Edentata or Bruta into the Phytophaga or

vegetable feeders, and the Entomophaga or insect feeders as follows:
Phytophagal: Tardigrada, Gravigrada;
Entomophagal: Mutica (Myrmecophagus and Cyclothurus), Squamata

1 Phytophaga " used by Wagner, " Entomophaga " used by Tschudi, both in Wiegmann's
Archiv. Naturgesch. Bd. II, 1844 (communicated by Dr. T. S. Palmer).
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(Manis), Tubulidenta (Orycteropus), Loricata (Dasypodidae, Glyptodonti-
doe).

1883. Flower shows that the Megatheriidee are intermediate between
the Bradypodidie and the Myrmecophagidte and proposes the following
classification:
Order Edentata:

Suborder Pilosa (Bradypodidee, Megatheriidae, Myrmecophagidie).
Suborder Loricata (Dasypodidoe).
Suborder Squamata (Manidoe).
Suborder Tubulidentata (Oryeteropodidie).
1884. Gill characterises the American Edentates as having Xenarthral

vertebrte in contrast with the Orycteropods and Manis which are Nomar-
thral.

1887. Oldfield Thomas shows that in regard to the relations of the milk
and permanent dentitions the Edentata are different from all other Placentals,
and hence he proposes to set them apart as a group " Paratheria," coordinate
with the Eutheria of Huxley.

1891. Weber monographs the genus Manis and proposes to give ordinal
rank to the groups Squamata (Manidae), Tubulidentata (Orycteropodidoe)
and Xenarthra [American Edentates].

1903-1905. Scott monographs the Edentata of the Santa Cruz formation
(Miocene) of Patagonia.

1904. Weber substitutes the term " Pholidota" for Squanmata (pre-
occupied) and gives ordinal rank to each of the great groups.

THE TUBULIDENTATA.

Primitive characters.- As described by Weber (1904, pp. 414-419),
the South African Aard Vark (Orycteropus capensis) is in many respects a
primitive Placental. The uterus is completely double (as in Rodents);
the testes lie in a cremaster sack which is still in open communication with
the body cavity; the brain is of a very low type with large olfactory parts and
small nearly smooth cerebra which leave the cerebellum quite uncovered;
the tail is very large at the base, i. e., imperfectly differentiated from the
body. The arrangement of the muscles, according to Windle and Parsons
(1899), is very generalized. The skull and skeleton' likewise retain many
primitive characters. The dentition 2 retains some evidence that the formula
was forinerly p6, mI; a milk dentition also was once functional and the

1 Notes based chiefly on a skeleton in the U. S. National Museum and partly on Cuvier's
excellent figures in the Ossemensfossiles (tome 5, partie premiere, pl. xii).

2 Fide Broom.
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milk teeth were brachyodont with two roots (cf. Thomas, 1890).1 The
premaxillaries are widely separated from the frontals; the nasals spread
proximally; the lachrymal is large, sprea(ling on the face; the lachrymal
foramen is external; the orbital and temporal fossce are very near together
and broadly continuous (cf. Manis, Tupaia, Rodents); the orbito-sphenoid
is pierced by the optic foramen and the stapes by the stapedial artery (Weber,
1904, p. 416);* an alisphenoid canal is present; the tympanic is ring-shaped,
but there is no bony entotympanic (contrast Xenarthra, Van Karnpen, 1905,
p. 467); a tympanohyal is present (absent in other Edentates - Parker,
quoted by Weber, 1904, p. 415); the malleus has a broad lamina and a stout
processus gracilis (folianus) as in Sorex and Marsupials; in other features it
approaches that of Priodon (Doran, 1879, pl. 64, fig. 14); the bicrural stapes,
as in many primitive mammals, is pierced by the stapedial branch of the ento-
carotid (Hyrtl, quoted by van Kampen, 1905, p. 467); the interparietal is
prominent; the mastoid is well exposed posteriorly; the occipital condyles
are confluent across the basioccipital. The vertebral zygapophyses are nor-
mnal, the transverse process of the seventh cervical vertebra is pierced by
the 'vertebral artery (cf. Marsupials and certain Rodents); the dorso-lum-
bars number 21 (D 13, L 8); only the first sacral vertebra has the transverse
process broadly expanded for the support of the ilium; the latter has a big
pectineal process and a prominent postero-superior extension (which Broom,
1905.4, homologises with the posterior angle of the ilium in Theriodonts).
The scapula has a large coracoid process and bifid acromion, the clavicle is
well developed. The humerus retains an entepicondylar foramen and
prominent crests; the radius and ulna are capable of more or less pronation
and supination; the ulna has a stout shaft, the femrur retains a stout third
trochanter. The feet are semiplantigrade, the pes is pentadactyl. The
astragalus diverges distally from the calcaneum; it is pierced by a large
foramen and has a well grooved trochlea; the relations of its ectal, sus-
tentacular and navicular facets are much as in Phenacodus, but the head is
globular instead of flattened. The entocuneiformn is long as it is in many
Insectivores and Rodents.

Specialized characters. These underlying primitive characters are com-
bined with specializations characteristic of the order. The milk dentition is
vestigial (cf. Broom, 1909, and Thomas, 1890). No trace of incisors re-
nain in the adult. The antemolar teeth drop out in old animals; they
are much less specialized than the three molars, which are hypsodont and

1 Broom in a recent paper (1909) gives the dental formula for the milk and permanent
? 3.4.5.6. 1.2.3.

1 23 __1 __3_45_6dentitions as follows: I. l23 1 p 1.2.3.4 5.6. M.1.2.3.4.5.6.'
2.3.4.5.6. 1.2.3
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covered with cement but are without enamel, and composed of irregular
usually hexagonal prisms of dentine; each prism in cross section shows a
central pulp cavity and radiating dentinal canals. In correlation with the
excessively large rhinencephalon, the number of ethmoid scrolls rises to
eleven (the highest among mammals), of which the posterior five extend
beneath the olfactory bulbs, much as in Echidna and are thus vertical
in position (Weber, 1904, p. 416, fig. 313). This condition is probably
secondary, however, in-both forms, because the primitive position of -the
cribriform plate (as shown in Ornithorhynchus, Marsupials, Rodents, In-
sectivores, etc.) is anterior and not partly inferior to the rhinencephalon.
The nasoturbinal and first four endoturbinals in Orycteropus are normal
and resemble those in Insectivora. The carpus is very abnormal in the wide
separation of the lunar from the unciform leaving a lacuna between them.
There is no free centrale; in the U. S. National Museum specimen anld in the
individual figured by Cuvier the scaphoid appears to be fused with the lunar,
but Weber states (p. 415) that the scaphoid and lunar are separated; the
unciform is very small., The pollex is lacking; there is a tendency toward
didactyly in both manus and pes. In the manus the phalanges of digits II
and III are symmetrically modified with reference to the median line and
superficially suggest those of camels; the unguals too are more or less came-
loid in type, being high and compressed. In the pes the unguals are more
depressed; the distal keels of the metacarpals extend on to the front face.

Comparison with other groups.

Orycteropus contrasts with the Xenarthra and Pholidota in many char-
acters, i. e., in the possession of a distinct interparietal, in the characters of
the brain, the uterus, placenta, testes and teats. The astragalus, however,
agrees better with the Xenarthrous type than with any other (cf. Ameghino,
1906, p. 18), and the skull and skeleton, especially the scapula and limb
bones, show some marked adaptive resemblances to those of Priodon.
The musculature, according to Windle and Parsons (1899), presents "two
features not found elsewhere than in the Edentata." Dr. Matthew has sug-
gested to the writer that the Tubulidentata may possibly have been derived
from the Ganodonta, because the Stylinodontidee show some interesting
analogies to Orycteropus in the general appearance of the cheek teeth, and
phalanges.

No striking resemblances to the Rodents are evident, except the great
length of the entocuneiform, which is merely a primitive mammalian char-
acter.

The hypothesis that the Tubulidentata are remotely related to the
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lower Ungulata has been supported by Elliot Smith, Lonnberg and Weber.
Elliot Smith (1898, p. 277) concludes that in its brain characters Oryeteropus
" is distinctly comparable with a primitive Ungulate type" from which it
differs only in the high development of the olfactory parts. The astragalus
also, both with regard to its facets and to its general conformation, rather
resembles the astragalus of the more primitive Notoungulata. (Cf. Ame-
ghino, 1906.)

L6nnberg (1906) controverts Owen's opinion that each cheek tooth is a
complex of separate denticles analogous to that in certain Selachians, and
also dissents from Weber's opinion (1904, p. 417) that it formerly had
elaborate enamel folds. He believes that the ancestral Tubulidentate had
low-crowned, simple-rooted cheek teeth, with reduced enamel. The pulp
originally had short, irregularly branched canals, which entered the dentine,
a condition preserved in part in the small, less specialized anterior teeth;
the crown of the tooth soon wore off but the roots lengthened and gave rise to
the bicolumnar molars of Orycteropus; while, with increasing hypsodonty,
the branching pulp-tubules became parallel. If this theory be true the cheek
teeth offer no obstacle to the hypothesis that the Tubulidentata are derived
from the Condylarthra (L6nnberg). However, about the only direct points
of resemblances to that group are the dorso-lumbar number of 21 and the
characters of the astragalus. At any rate, the prevailing resemblances of
Orycteropus as regards the brain, dentition and astragalus seem to be with
the Protungulates rather than with the Insectivores and Creodonts; although
distant relationship both with the Ganodonta and Xenarthra is also possible.

THE PHOLIDOTA (MANIDT).

The anatomy and development of Manis, as well as its systematic and
phyletic isolation have been thoroughly discussed by Weber (1894) in his
monograph on that animal and in his 'Die Saugetiere' (pp. 420-429).

Manis differs from Orycteropus in the development of true scales,1 in the
convoluted brain, in the peculiar characters of the digestive tract, in the
bicornuate uterus, in the relations of the testicle, which lies outside of
the inguinal canal, and in the very large yolk sack and diffuse placenta; while
the skull and skeleton offer equally distinctive details.

The Pholidota are distinguished from the Xenarthra by many characters
of the reproductive organs and placentation. In the skull the strong general
resemblances to Myrmecophaga are interpreted by Weber (1904, p. 422)
as convergent adaptations to ant-eating habits and are accompanied by deep
seated differences: e. g., the lachrymal is reduced and not pierced by the

1 See footnote 1, page 146.
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lachrymal foramen, the pterygoid does not share in the backward prolonga-
tion of the palate; while the vertebral column differs from that of most
Xenarthra (except the Middle Eocene Metacheiromys, Osborn, 1904) in the
lack of accessory zygapophyses in the dorso-lumbar region. The entotym-
panic when present is greatly reduced, whereas in Xenarthra it is well de-
veloped (van Kampen, 1905, p. 470).

On the other hand the Pholidota resemble the Xenarthra in the lack of
an interparietal, in the high number (7) of ethmoidal scrolls, in the columnar
stapes (Doran, 1879) (cf. the barely separated stapedial crura in Bradypodi-
doe and Tolypeutes) in the lack of a sinus hypotympanicus and in the large
size of the sinus epitympanicus (van Kampen, 1905, p. 473), while the mus-
culature of Manis, according to Windle and Parsons (1899), shows many
peculiarities not seen elsewhere except in the Xenarthra. The scales seem to
involve the same histological elements as do the vestigial scales on the tail
of the Myrmecophagidae (cf. Weber, 1904, p. 433, fig. 330, and p. 420, fig. 316).
The third digit of the manus, especially the claw, is much enlarged, as it is
in the Myrmecophagidae and likewise forces the animal in walking to rest
on the outer border of the foot and on the dorsal surface of the flexed outer
fingers.

Points of resemblance with several other groups are shown by the embry-
onic manus and pes figured by Weber (1904, p. 424). The marked func-
tional tridactyly in the manus, digit III being the largest, suggests Insecti-
vores or Hyrax; the strictly serial carpus with its rectangular elements is
also a point of resemblance to Hyrax. The union of the scaphoid and
lunar suggests the Monotremes, certain Rodents and Insectivores; the prom-
inence of the "praTpollex" suggests Monotremes, embryonic Didelphis,
Insectivores and Rodents. The centrale is not present, at least as a separate
element. The proximal end of the fifth digit is spreading and nearly in
contact with the ulna. In the embryonic pes, the lower end of the astraga-
lus has an extensive contact with the cuboid (cf. Amblypoda); the three
cuneiforms are subequal instead of the middle one being the smallest as in
normal mammals. The "praehallux" is present; functional tridactyly is
evident but not so pronounced as in the manus. In both manus and pes
the digits are spreading, the pollex and hallux rather divergent; the ungual
phalanges of digits II-V in the adult are deeply cleft, as they are in Perameles,
Talpa, and Chrysochloris (Weber); in the embryo they are split half way
down to the base and the opposite halves spread outward at right angles to
each other.

To these various and ambiguous points of resemblance to other groups
Manis adds many peculiarities of its own: first, in regard to the loss of parts
(e. g., total loss of teeth, jugal, interparietal, clavicle, centrale carpi, third
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trochanter); second, in regard to the unique modification of parts (e. g.,
xiphisternum, stomach, extreme development of scales, extreme length of
tail). Finally there are primitive Placental characters: e. g., large olfactory
organs, large cerebellum, moderately small cerebrum, very large yolk
sack, primitive conditions of the testes and accessory glands and of the
female reproductive organs and independent optic foramen (cf. Weber,
1904, pp. 425-429). The dorso-lumbars either retain the primitive number
of 19 (D 14, L 5) or rise to as many as 22.

The possibility of relationship with the Xenarthra is indicated by the
characters cited above, especially by the presence of a reduced entotympanic;
but Manis may equally well, so far as other evidence goes, be a highly modi-
fied survivor of unknown Mesozoic Placentals. A South American origin
for the group has been suggested by Ameghino (1906, p. 377), who figures
an astragalus described under the name "Argyromanis patagonica," which
shows a resemblance to the astragalus of Manis; but such evidence is often
insufficient to establish relationship.

THE XENARTHRA.

In 1696 John Rkay, finding that certain mammals would not fit into his
dichotomous scheme, collectively characterized the Armadillo, Tamandua
Sloth and others as "Quadrupeda vivipara unguiculata anomala"; and it
must be confessed that after more than two centuries of research the Eden-
tates are still "anomala" both to the systematist and phylogenist. It has
indeed been shown that the Aard-Varks and Pangolins are ordinally separate
from each other and from the American Edentates, and as regards the latter
it has further been shown that the Sloths, Ground Sloths and Antbears are
relatively nearly related and form a natural suborder, the Pilosa of Flower or
Anicanodonta of Ameghino, coordinate with the suborder Loricata of Flower
or Hicanodonta of Ameghino, including the Armadillos and Glyptodonts;
but no structurally intermediate forms between these two suborders have
been discovered even in the lowest Tertiary deposits of Patagonia, and in
spite of an extensive knowledge of the numerous recent and fossil forms, the
relationship of the whole order, both to the other "Edentates" and to the
typical Placentals, remains very largely a matter of speculation.

Cuvier and many later writers, perhaps on account of the fossorial adapta-
tions common to Monotremes and Edentates, treated the two groups as if
they were more or less closely related. W. K. Parker (1885-86) compared
the columnar, imperforate stapes of the Sloths with that of the Monotremes,
and both Parker and Ameghino, noting especially the relatively large size
of the coracoid in the Ground Sloths, attempted to derive the shoulder-
girdle of Edentates directly from the Monotreme type. Gervais proposed to
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assign to the Edentate series the rank of a subclass; 'l'homas (1887), im-
pressed by the anomalous modifications of the dentition, suggested that the
Edentate orders might be collectively designated as " Paratheria," in contrast
with the Metatheria and Eutheria. Elliot Smith (1898), from his compre-
hensive studies on the brain of Edentates concludes that they are remotelv
related to the Carnivores, perhaps by descent from early Creodonts.

The general drift of these opinions is that the Edentates are the highly
aberrant descendants of some very lowly and ancient mammalian stock.
And certainly the modern Edentates retain many characters of low aspect.
In addition to the columella-like stapes of the Sloths and Tolypeutes and the
relatively large coracoid of the Ground Sloths may be mentioned the follow-
ing, gleaned from Weber (1904) and other authorities. A septomaxillary
presumably homologous with the element of the same name in certain
reptiles, has been recorded (Broom, 1906.1) in Dasypus. The brain is ma-
crosmatic and frequently of low type (Elliot Smith); the cochlea auris makes
only two to two and a half turns; the testes usually remain abdominal;
the penis is often on a low stage and in Sloths is even of an embryonic type;
the vagina sometimes shows traces of former longitudinal division, although
the opposite uteri are completely united; the yolk sack is large; two venae
cavee persist; indications of the former presence of scales are not lacking
(Weber, 1904, pp. 432-433); the tail is sometimes very thick at the base, as
is often the case in archaic mammals. Under ophthalmoscopic examina-
tion, the eye, according to Lindsay Johnson (1901), reveals certain features
in common with Monotremes, Marsupials and Rodents: e. g., the fundus is
of uniform color with hardly perceptible stippling, the lens appears as if
com)osed of concentric circles.

Comparison of the Xenarthra with other Orders.

The Xenarthra agree with typical Placentals in the general features of
their development (Parker, 1885-'86). The structural resemblances of the
Xenarthra to the Tubulidentata and the Pholidota have already been dis-
cussed. The question of their relationship with the Ganodonta (-Tvenio-
donta) is still open. According to Wortman (1897), these Basal to Upper
Eocene forms tend to connect the Xenarthra with the Creodonta, but Pro-
fessor Scott (1903-05) is inclined to regard the resemblances between the
Ganodonta and Xenarthra as due to convergence; because the Patagonian
Miocene forms, which might be expected to approach the Ganodonta, in
reality show less resemblance to them than do the modern Edentates. Dr.
Ameghino also, whose knowledge of the fossil Xenarthra is very extensive,
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does not accept the Ganodonta as ancestral Xenarthra (1905.2, pp. 230-
235).

In case the Xenarthra have been derived from Placentals having a dental
formula of (and the retention of a milk dentition in Tatusia and of
front teeth in the Santa Cruz armadillo Peltephilus rather strengthen this
supposition), the most primitive Ganodont genera Onychodectes and Con-
oryctes would serve to illustrate the probable characters of the ancestral
Xenarthra. These genera resemble the Creodonts and prim-fitive Insecti-
vores in having a long low sagittal crest, a small brain case, a narrow post-
orbital region and heavy face, and teeth of four kinds. The upper molars
are ovate-triangular, the lower molars of tuberculo-sectorial derivation. In
case the Ganodonta should prove to have been ancestral to the Xenarthra
the ultimate derivation of the latter from forms with simple tritubercular
upper and tuberculo-sectorial lower molars would be almost demonstrated
(cf. Osborn, 1907, 154-6). But even if the Ganodonta be not ancestral,
any evidence tending to show that the Xenarthra at one time had a dental for-
mula of 3143 would tend also to indicate that their upper molars were once
tritubercular; because many other groups in which the formula is derived
from have also passed through the tritubercular stage.

Resemblances to the Insectivora are usually obscured by marked differ-
ence in habits, but Peltephilus suggests the primitive Insectivore type in its
projecting muzzle, overhanging upper incisors, and low mandibular condyle,
while certain of the primitive mammalian characters of the Xenarthra are
preserved also among the Insectivora (e. g., low brain, traces of scales).
In possessing a well developed entotympanic (van Kampen, 1905, p. 498)
the Xenarthra recall the Menotyphla and Carnivora.

Resemblances to the Rodentia also appears to be due largely to the
retention of primitive Placental characters. The astragalus of certain
Miocene Armadillos (Scott, 1905, pll. xiv) strongly suggests the Rodent
type.

Conclusion. The balance of evidence appears to indicate that the
existing Xenarthra, like the Tubulidentata, the Pholidota and perhaps the
Rodentia, are the highly modified descendants of some Mesozoic Placentals,
which branched off before the differentiation of Insectivores, Creodonts and
Protungulates.
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I. OUTLINE HISTORY OF THE ORDINAL CLASSIFICATION.

The systematic history of the term "Ungulata" and its correlative,
"Unguiculata," may be said to begin in 1696 when Ray employed these
terms in his dichotomous table of the hairy viviparous quadrupeds (cf. p. 18
above). Linnaeus emended the terms in 1766 by transferring Camelus and
Elephas from the Unguiculata, where Ray had placed them, to the Ungui-
lata. At the same time he erected the cobrdinate division "Mutica" to
include the Cetaceans. With more or less varying content "Unguiculata,"
and "Ungulata" were used by many subsequent authors (e. g., Storr,
Blumenbach, Owen, Cope) down to the present time.

It was early realized that "Unguiculata," covering Monotremes Marsu-
pials and unguiculate Placentals (including the Primates) was in its original
signification an unnatural assemblage, and by many authors (e. g., Blumen-
bach, Illiger, de Blainville) it was not used in a systematic sense. In
modern times it has been tacitly recognized by many that even after the
restriction of the term to include only the unguiculated Placentals it is still
only a partly natural residuum, since it embraces such widely removed
orders as the Edentates, Bats, Carnivores, etc. The following 'studies tend
to the conclusion that the term "Ungulata" likewise includes a group of
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orders of rather diverse origin, and more particularly that the so called
"Ungulata Vera," embracing the Artiodactyla and Perissodactyla is almost
as unnatural an assemblage as "the Pachydermes" of Cuvier, and that in
brief many of the resemblances between. the Artiodactyla and Perissodactyla
are due to convergent evolution.

The more important classifications of the Ungulate orders are summarized
below.

1693. Ray (p. 18), adopts the following division (here condensed):

Ungulata.
I. Solidipeda. [Equus.]

II. Bisulca.
1. Ruminantia. a. Bos, Ovis, Capra.

b. Cervus.
2.. Non-ruminantia. Sus.

III. Quadrisulca.
Rhinoceros, Hippopotamus, etc.

Unguiculata.
1. Bifido, Camelus
2. Multifido.

a. Digitis indivisis. Elephas.
b, c, etc. [typical unguiculates].

3. Anomala. Echinus terrestris, Tatou sive Armadillo, Talpa, Mus ara-
neus, Tamandua, Vespertilio, Ai sive Ignavus [Bradypus].

Noteworthy features of the preceding are: (1) the classification in
accordance with the number of digits, implied in the terms Bisulca, Quad-
risulca; (2) the correct association of Sus with the other Artiodactyls; (3)
the clear separation of the solid-horned (Cervus) from the hollow-horned
Ruminants; (4) the correct division into ruminant and non-ruminant forms.

In general this classification was far better than many later ones.
1735. Linnaeus groups all non-ruminant ungulates under the order

"Jumenta" (Equus, Hippopotamus, Elephas, Sus). The ruminants were
included under the order "Pecora."

1758. Linnaeus (p. 29).
Ordo Bruta. Elephas, Trichechus, Bradypus, Myrmecophaga,

Manis.
Bestihe. Sus, Dasypus, Erinaceus, Talpa, Sorex, Didelphis.
Glires. Rhinoceros, Hystrix [etc., other Rodents].
Pecora. Camelus, Moschus, Cervus, Capra, Ovis, Bos.
Belluae. Equus, Hippopotamus.

Thus Linn6's arrangement of the Ungulata was much better in the first
edition than in the tenth.

3431910.]



Bulletin American Museum of Natural History. [Vol. XXVII,

1766. Linnaeus.
Ordo II. Bruta. Elephas, Bradypus, Myrmecophaga, Manis,

Dasypus.
" V. Pecora. [vide supra.]
" VI. Belluee. Equus, Hippopotamus, Sus, Rhinoceros.

1771. Thomas Pennant (see p. 51 above).
Hoofed Quadrupeds.

1. Whole hoofed. Horse.
2. Cloven hoofed. Ox, sheep, goat, giraffe, antelope, deer,
musk, camel, hog, rhinoceros, hippopotame, tapir, elephant.

1780. Storr (p. 50 above).
Cohors II. Mamalium, Pedatorum, Ungulatorum.
Ordo I. Jumenta. Equus.
Ordo II. Pecora. Camelus, Giraffa, Aries, Antilope, Taurus

Cervus, Moschus.
Ordo III. Belluae. Sus, Hydrochoerus, Rhinoceros, Elephas

Hippopotamus.
The " Bellua " of Storr thus includes the same assemblage as the "Pachy-

dermes" of Cuvier.
1779. Blumenbach (p. 46, above) distributes the ungulates in the

orders Solidungula, Bisulca, Belluse.
1792. Vicq d'Azyr (p. 55 above) dividing the mammalia into 15 "pri-

mordial groups," distributes the ungulates as follows:

9. Chevaux d'eau. Hippopotamus.
10. Elephans.
11. Tapiriens.
12. Porcini.
13. Ruminans.
14. Solip6des.

1795. Geoffroy and Cuvier (p. 58 above).

Ordre X. Pachydermes. Elephantus, Rhinoceros, Hippopotamus. Tapir,
Sus.

Ruminans. [The Ruminants.]
Solip6des. Equus.

This seems to be the first use of the term "Pachydermes," which, as
noted above, is practically synonymous with Storr's usage of "Belluse."

1800. Cuvier (p. 66 above). In this classification the number of digits
is again emphasized as a basis of classification.
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Mammiferes a Sabots. I
Les Pachydermes. Plus de deux doigts, plus de deux sabots. hl&

phans, Tapirs, Cochons, Hippopotame, Daman, Rhinoceros.
Les Ruminans. Deux doigts, deux sabots. Chameaux, Chevrotains,

Cerfs, Giraffe, Antilopes, Chevres (Capra), Brevis, Boeufs.
Les Solipedes. Un seul doigt, un seul sabot. Cheval.

1811. Illiger (p. 70 above).

Multungula.
Familia Lamnunguia.

" Proboscidea.
" Nasicornia.
" Obesa.
" Nasuta.
" Setigera.

Solidungula.
Bisulca.

Familia Tylopoda.
" Devexa.
" Cavicornia.

Hyrax and a Marmot.
Elephas.
Rhinoceros.
Hippopotamus.
Tapirus.
Sus.

Camelus, Auchenia.
Camelopardalis, Capreoli, Cervus, Moschus.
Antilope, Capra, Bos.

1816. De Blainville (p. 78 above).

V. Degr6 ou Ordre Gravigrades. bT6phans.
VI. Degr6 ou Ordre Ongulogrades.

Normaux.
doigts

impairs.
Pachydermes,
Solipedes

pairs.
Non-Ruminans 6u Brutes,
Ruminans.

Anomaux.
pour nager.

Les Lamantius.

The Gravigrades were placed after " les Rongeurs" (" Celerigrades").
Here for the first time Equus is closely associated with the other Perisso-

dactyls ("Pachydermes"), and the number of digits adopted as the chief
criteria (cf. Cuvier's classification of 1800). See also de Blainville's later
classification given below (1834).

1817. Cuvier.

Pachydermes.
(1) Proboscidiens. Elephans, Mastodontes.
(2) Pachydermes ordinaires. Hippopotames, Cochons, Anoplothe-

rium, Rhinoceros, Daman [Hyrax], Palaeotherium, Tapirs.
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(3) Solip6des. Chevaux.
Ruminans.

(a) Sans cornes. Chameaux, Chevrotains.
(b) Avec cornes. Cerfs, Giraffes, Antilopes, Ch6vres [Goats], Moutons,

Boeufs.

In this classification there is a closer association of the various ungulate
groups than in the classification of 1800.

The anatomical relationships of the horses with the tapirs and Palae-
otheres is recognized.

1821. Gray, J. E.'

Ungulata.
Ord. Tardigrada [Sloths.]

Oligodontae. Dasypus, Orycteropus.
Edentulae. Myrmecophaga, Manis, Tamandua, Cyclopes.
Proboscidiae. [Proboscideans.]
Tesserachenae. Hippopotamidle, Suidae.
Trichenia. Rhinoceridae, Hyracidae, Tapiridae.
Monochaena. Equus.
Hydrophora. Camelidae.
Ruminatia.

Gray regarded the Edentates as allied to the Ungulates.
1830. Wagler. 2

Order Scrofae. [Suina, Elephas, Rhinoceros].
Hyraces, Hyrax.
Cameli [Tylopoda and Giraffe].
Equi.

(Hyraces given ordinal rank.)
1834. De Blainville (cf. p. 83).

V. Gravigrades.
Normaux terrestres. Proboscidei. Elephans.
Anomaux pour nager. Sirenei. Lamantins.

VI. Ongulogrades.
A doigts

impairs
3 doigts. Pachydermes.
1 doigt. Solipedes. Cheval.

pairs
4 doigts. Brute. Cochon, etc.
2 doigts. Ruminantia.

1 Medical Repository, 1821, p. 304.
2 Naturl. System. Amphibien, 1830, quoted by Gray.
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In his 'Osteographie' de Blainville intimates that future palaeontological
discoveries will more completely bridge over the gaps between these sub-
divisions of "les Ongulogrades."

1840-45. Owen ('Odontography').

Ungulata
1. Isodactyle, as Ox, Hog, Peccary, and Hippopotamus.
2. Anisodactyle, as Horse, Tapir, Rhinoceros.
3. Proboscidians.

De Blainville's terms "a doigts pairs" and "A doigts impairs" are here
rendered into " Isodactyle" and " Anisodactyle." De Blainville's arrange-
ment is improved by the closer association of the Horse with the Tapir and
Rhinoceros.

1847. Owen.'

Ungulata
Artiodactyla.

1. Ruminantia.
2. Non-ruminantia.

Perissodactyla.
Proboscidia.

Here the groups formerly characterized as Isodactyle and Anisodactyle
are given the ordinal names "Artiodactyla," "Perissodactyla."

1855. Wagner.2

Ruminantia.
I. Fam. Cervina Moschus, Cervus, Camelopardalis.

II. " Cavicornia. [Sheep,Goats, Antelopes, Oxen.]
III. " Tylopoda. [Camels.]

Solidungula. Equus.
Pachydermata. Hippopotamus, Sus, etc., Tapirus, Hyrax, Rhinoceros,

Elephas.

This classification differed but little from that of Cuvier in 1800 and was
thus about half a century behind the times. Illiger's terms "Cavicornia,"
"Tylopoda " are used.

1858. Owen establishes the order Toxodontia.
1866. Haeckel places the "ordo Ungulata" (Perissodactyla, Artio-

dactyla) together with the "ordo Cetacea" (including Sirenians and ceta-
ceans) as a second sublegion of the legion "Indeciduata," the first sublegion
comprising the Edentates. Hyrax, Toxodonts, Dinotherium' and the

1 Quar. Jour. Geol. Soc., pt. IV for 1847.
2 In Schreber's 'Saugethiere.'
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elephant constitute so many suborders of the order "Chelophora," which
forms the first sublegion "Zonaplacentalia," of the legion "Deciduata."'
It will be noted that the main criteria of classification are the modes of
placentation.

1868. Owen.'

Ungulata.
Order Artiodactyla.

Suborder Ruminantia. Family names listed: Bovidae, Moschi-
dae (including Tragulus, Moschus),
Cervidae, Camelidae.

Suborder Omnivora. Merycopotamus, Dichodon, Xiphodon,
Anoplotherium, Microtherium, Entelo-
don, Hippopotamus, etc., Suidae.

Order Perissodactyla. Coryphodon, Pliolophus, Hyracotherium, Lo-
phiodon, Palaeotherium, Paloplothe-
rium, Macrauchenia, Elasmotherium,
Rhinoceros, etc., Hyrax, Anchitherium,
Hipparion, Equidae, Tapirus, Toxodon,
Nesodon.

This classification is actually inferior to that of de Blainville of thirty-
four years earlier date (1834).

1864 to 1872. Huxley.2

Ungulata.
Order Perissodactyla.

Families Equida, Rhinocerotidae, Tapiride, Palwotheridie, Mac-
rauchenidae.

Order Artiodactyla.
Non-Ruminantia. Families Suide, Hippopotamidae, Anoplo-

theridae.
Ruminantia Divisions Tragulidm, Cotylophora (Cervidm, Bovi-

dae, Giraffide, Antilocapridae), Camelidae.
Order Toxodontia.

Proboscidea.
Hyracoidea.

Note: (1) the close association of the families listed under "Cotylophora"
and the emphasis upon placental characters implied in this term. (2) The
separation of the orders Hyracoidea Huxley, Toxodontia Owen. Huxley
(1872, p. 292) doubted the naturalness of the group Ungulata, saying that
"it may be open to question whether the group thus named represents a
single order, or more than one."

I Zoo]. Index to his Comp. Anat., Vol. III, pp. 839 et seq.).
2 Medical Times and Gazette, 1864.
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1872. Gill.

Order Ungulata.
Suborder Artiodactyla.

Superfamily Chalicotheroidea (Artiodactyli ? Incertwe sedis).
Pecora.

Superfamily Cameloidea. Fam. Camelidae.
Superfamily Giraffoidea. Fam. Giraffidoe.
Superfamily Booidea. Fam. Saigiidoe, Bovid2a (Subfam. BovinEe,

Ovibovine, Antilopinae, Caprinae, Ovinae), Fam. Antilocap-
ride, Cervidae (subfam. Cervinwe, Cervulinae, Moschinae).

Superfamily Traguloidea. Fam. Tragulidae.
Superfamily ? Sivatheroidea. Fam. Sivatheriidte.
Superfamily ? Helladotheroidea. Fam. Helladotheriidae.
Superfamily Oreodontoidea. Fam. Oreodontidae. (Subfam. Ore-

odontins, Agriochcerine.)
Superfamily Anoplotheroidea. Fam. Anoplotheriidoe, Dicho-

bunidse (Caenotheriut, Dichobune, Xiphodon).
Omnivora.

Superfamily Merycopotamoidea. Fam. Merycopotamidse, Hippo-
potamide (Subfam. Hippopotamine, Chceropsinae).

Superfamily Setifera. Fam. Phacochoerid£e, Suida, Dicotylidae.
Superfamily Anthracotheroidea. Fam. Anthracotheriidae (Sub-

fam. Hyoptaminae, Anthracotheriinae).
Extinct Omnivora ? Incertwe sedis. Choeropotamus, Palaeochce-

rus, Cheeromorus, Entelodon, Heterohyus, Acotherulum,
Chcerotherium = Tetraconodon.

Suborder Perissodactyla.
Superfamily Anchippodontoidea. Fam. Anchippodontidae (An-

chippodus = Trogosus).
Superfamily Solidungula. Fam. Equidae (Equus, Asinus (Asinus

sensu strictu, Hippotigris)). Anchitheriidae (Anchitherium,
Hypohippus, Parahippus, Anchippus).

Superfamily Pliolophoidea. Fam. PliolophidEe (Hyracotherium).
Superfamily Rhinocerotoidea. Fam. Rhinocerotidae [African and

Asiatic rhinoceroses separated generically (following Gray).]
Macraucheniidse, Palawotheriidae (Paleotherium, Paloplothe-
rium, etc.).

Superfamily Lophiodontoidea. Fam. Tapiridae (Elasmognathus,
Tapirus, Rhinochcerus). Lophiodontidae (Lophiodon, Cory-
phodon, Listriodon, Pachynolophus, Lophiotherium, Tapi-
rulus Anchilopus).

Perissodactyli Incertwe sedis. Fam. Elasmotheriidae.
Ungulata ? Incertwe sedis Stereognathus Owen.

Order Toxodontia.
Fam. Nesodontidae, Toxodontidae.

Order Hyracoidea. Fam. Hyracidwe.
Order Proboscidea. Fam. Elephantidwe (Subfam. Elephantinre, Masto-

dontinre) Dinotheriidae.
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This very elaborate classification (which is founded in part on the
systems of Cuvier, Owen and Huxley) presents the following noteworthy
features:

(1) It is based on the principle that analysis should precede synthesis
and therefore sets apart many groups which later researches have joined
together.

(2) It raises certain previously accepted genera to subfamily ranik,
certain subfamilies to families and families to superfamilies. In this manner
it magnifies the taxonomic value of observed resemblances and differences
and thus invites renewed analysis and synthesis.

(3) It is based on the "totality of characters drawn from all parts of the
organism" and therefore avoids the errors of those systems which are
founded upon single characters or upon a correlated series of characters;
but on the other hand it is inferior to that of Huxley in many points.

(4) It recognizes more fully the great complexity and extent of the prob-
lems of mammalian taxonomy.

(5) It attempts to make classification express consistently correspond-
ing degrees of homological resemblances and differences.

(6) By the use of the superfamily division it facilitates the expression
of affinity and separation between families.

1891. Flower and Lydekker.

Order Ungulata.
Ungulata Vera.

Suborder Artiodactyla.
Suina. Fam. Hippopotamidae, Suidae, Dicotylidae, "Extinct

Transitional Artiodactyls"r (Chceropotamide, Anthraco-
theriide, Cotylopidae [Oreodontidae], Anoplotheriidae,
Caenotheriidae, Dichodontidae).

Tylopoda. Fam. Camelidae.
Tragulina. Fam. Tragulidae.
Pecora. Fam. Cervidie (Subf. Moschinie, Cervinae (Plesio-

metacarpalia. Cervulus, Elaphodus, Cervus; Tele-
metacarpalia. Rangifer, Alces, Cervalces, Capreolus,
Hydropotes, Cariacus, Pudua.) Fam. Giraffidae, Antilo-
capridae, Bovidae.

Suborder Perissodactyla. Fam. Tapiridae, Lophiodontide, Palae-
otheriidae, Equidae, Rhinocerotidai, Lambdotheriida,
Chalicotheriidae, Titanotheriidie, Macraucheniidae, Prote-
rotheriidae.

Subungulata.
Suborder Hyracoidea. Fam. Hyracidae.
Suborder Proboscidea. Fam. Elephantidae, Dinotheriidae.
Suborder Amblypoda (not divided into families).
Suborder Condylarthra.
Suborder Toxodontia.
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This classification was on the whole not only the best up to that date but
also far more natural than several later ones. With some emendations it
has been very widely accepted. It is evidently founded on practical know-
ledge and discriminating judgment. It erred chiefly in including the
Macraucheniidae and Proterotheriidae in the suborder Perissodactyla.

1891, 1898. Cope.

Order Ancylopoda (under Unguiculata). Fam. Chalicotheriidae.
Ungulata.

Order Taxeopoda.
Suborder. Condylarthra. Fam. Periptychidae, Phenacodontidae,

Meniscotheriidtu.
Litopterna. Fam. Proterotheriida, MacraucheniidoT,

Astrapotheriide.
Hyracoidea. Hyracidae.
Daubentonioidea. Fam. Chiromyidae, (Mixodectidee

[1898]).
Quadrumana. Fam. Mixodectidaw [1891], Adapidae,

Anaptomorphidae, Tarsiidae, Lemuridae, Hapalidae,
Cebidae, Cercopithecidae.

Anthropomorpha. Fam. Simiidie, Homiinidae.
Order Toxodontia. (Typotheria [1898]): Fam. Atryptheriidae, Inter-

atheriidae, Protoxodontidie, Nesotheriidse, Xoto-
dontidoe, Toxodontidae.

Order Proboscidea. Fam. Dinotheriidie, Elephantide.
Order Amblypoda.

Suborder Taligrada. Fam. Pantolambdidie.
Pantodonta. Fam. Coryphodontidae.
Dinocerata. Fam. Uintatheriidae.

Order Diplarthra.
Suborder Perissodactyla. Fam. Lophiodontidae, Triplopidae, Cam-

nopidae, Hyracodontidae, Rhinoceridae, Tapiridae,
Lambdotheriidae, Menodontidie [Brontotheriidie],
Paleotheriidie, Equidae.

Suborder Artiodactyla. Fam. Pantolestidae [Trigonolestidae], Eu-
rytheriidie, Anoplotheriidae, Dichobunidie, Caino-
theriidae, Anthracotheriidie, Xiphodontidae, Suide,
Hippopotamidae, Merycopotamidae, Dichodontidoe,
Oreodontidae, Po6brotheriidai, Protolabididae, Ca-
melidae, Eschatiidae, Tragulide. Moschida, Bovidae,
Cervidie.

Cope's classification appears to be in a considerable degree unnatural
and founded upon supposed principles of the evolution of the carpus and
tarsus which subsequent research has largely discredited (p. 452).

The order Ancylopoda, instead of being independently derived from an
unguiculate stock, as maintained by Cope, is almost certainly a division of
the Perissodactyla (see p. 400).
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The order Taxeopoda seems to be a very artificial assemblage, held
together chiefly by a more or less negative character of the carpus and tarsus.
To judge from the arrangement of its "suborders," the Chiromyidve are no
more nearly related to the Lemuridae than they are to the Hyracoidea.

The distribution of the families of Primates seems very bad. The
Primates are unjustifiably grouped with the Condylarths and Litopterns.
The Litopterns are widely separated from their relatives, the Toxodonts.
The order Diplarthra is shown below to be an unnatural group (see pp. 385,
400). The division of the Artiodactyla is confused and open to criticism in
many respects.

Several classifications of the Ungulates as a whole appeared between that
of Cope and that of Weber in 1904. The classification embodying the most
novel features was that of Ameghino in 1905, 'Recherches de Morphologie
Phylogen6tique sur les Molaires superieures des Ongul6s' (1904, pp. 511-
526). Many of Dr. Ameghino's families are founded upon very imperfect
material especially teeth not associated with skulls or limbs. One of the
negative results of modern studies is that such material in many instances
serves rather to raise new, than to settle old, questions of relationship. Even
in groups in which the entire skeleton and soft anatomy is fully known
(e. g., Tubulidentata, Pholidota, Hyracoidea, Sirenia) it is sometimes very
difficult to settle positively the precise relationships with other orders; while
in many cases surprising similarities in the dentition (e. g., between Notoryctes
and Chrysochloris), do not prove ordinal kinship (cf. p. 108 above). For
these and similar reasons phylogenetic conclusions and classifications which
are based either upon superficial similarity in molar patterns or upon equally
adaptive features of the skull and limbs are apt to lack certainty and per-
manence.

The labors of Marsh, Cope, Osborn, Scott, Schlosser, Wortman, Dep6ret,
Stehlin and others upon different groups of Ungulates, in so far as they have
affected the general classification, are reflected in the following scheme
given by Weber (1904).

1904. Weber.

Ungulata [term used in a superordinal sense].
Diplarthra.

I. Ordn. Perissodactyla.'
Titanotheroidea. Palaeosyopidae, Titanotheriidae.
Hippoidea. Equidae, Palaeotheriidae.
Tapiroidea. Tapiridae, Lophiodontidae.
Rhinocerotoidea. Hyracodontidae, Amynodontids,

Rhinocerotidae.

I Classification after Osborn, 1898.
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Taxonomic History of the Ungulata.

II. Ordn. Artiodactyla.
A. Nonruminantia.

1. Unterordn. Suoidea. Hippopotamidae, Suidae,
Elotheriidae.

B. Ruminantia.
2. Unterordn. Tylopoda. Camelidae, Oreodontidae,

Homacodontidae.
3. Unterordn. Pecora. Cervidae, Bovidae, Giraffidae.
4. Unterordn. Traguloidea. Tragulidae.
5. Unterordn. Dichobunoidea. Anoplotheriidae, Dich-

obunidae (Subfam. Xiphodontinae, Caenotheriinae).
6. Unterordn. Anthracotheroidea.. Anthracotherii-

dae.
III. Ordn. Condylarthra. Phenacodontidae, Meniscotheriidae,

Mioclaenidae.
IV. Ordn. Ancylopoda. Chalicotheriidae, ? Homalodonto-

theriidae.
V. Ordn. Litopterna. Proterotheriidae, Macrauchenidae, ?

Astrapotheriidae.
VI. Ordn. Amblypoda.

1. Subordn. Taligrada (Cope) Osborn. Periptychidae,
Pantolambdidae.

2. Subordn. Pantodonta Cope. Coryphodontidae.
3. Subordn. Dinocerata Marsh.

VII. Ordn. Toxodontia. Typotheriidae, Toxodontidae, Proty-
potheriidae, Hegetotheriidae.

VIII. Ordn. Hyracoidea.
IX. Ordn. Proboscidea. Dinotheriidae, Elephantidae.

This classification is wisely conservative- in spirit but is probably sus-
ceptible of improvement in the following details:

(1) The group Diplarthra is very likely unnatural, even in a super-
ordinal sense (p. 400).

(2) The Ancylopoda' are probably closely related to the Perissodactyla
and not related to Homalodontotherium (pp. 397, 399).

(3) Trhe Anthracotheroidea are probably related more nearly to the
Suina than to.the Ruminantia.

(4) The Litopterna are probably related superordinally to the Toxo-
dontia (p. 378).

The classification adopted in the present work is given on pages 464-466.
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II. THE CONDYLARTHRA.

Phenacodus and Euprotogonia.

The famous Phenacodus primevus of the Lower Eocene was described
and figured by Cope (1884, pp. 435-463, pll. lvii b et seq.) and by Osborn
(1898, pp. 159-164, pl. xii). It was at first regarded as the "five-toed
atavus" of the Perissodactyls and especially as ancestral to Hyracotheriurm
and the Equidae; but Matthew (1897, pp. 309-310) and Osborn (1898, pp.
163-164) showed that Phenacodus and even its more generalized Basal
Eocene ancestor Euprotogonia were only indirectly related to the ancestors
of the Perissodactyla and were in fact a cursorial hoofed offshoot of a com-
mon Condylarth-Creodont stock.

The derivation of Phenacodus and Euprotogonia from the ancestors of the
Insectivore-Creodont group is indicated by many primitive characters, as
follows:

(1) The dental formula 3:, is especially characteristic of the
Insectivore-Creodont stock and its descendants.

(2) The upper molars are derived from the tritubercular type by the
addition of the hypocone, the lower by the reduction of the paraconid. In
Euprotogonia the derivation of the molars (figured by Osborn, 1907, p. 169)
from a tritubercular type analogous to that of the supposed Insectivore
Hyopsodus laticuneus (Osborn, 1. c., p. 149) is very obvious. In the Basal
Eocene genus Protogonodon Scott, the hypocone is only incipient and the
molars are tritubercular (see Osborn, 1. c., p. 169, fig. 148).

(3) The skull in Phenacodus and Euprotogonia resembles the primitive
Creodont type in its heavy muzzle, small brain case, long low sagittal crest
and rather slender zygomata. An alisphenoid canal, into which, as in the
dog, the foramen rotundum opened, was present. Derivation from Insec-
tivorous ancestors may also be indicated by the rather short erect canines,
elongate premaxillaries and slightly procumbent lower incisors (P. wortmani).

(4) The brain (Cope, 1884, pl. lvii b) was of a very low type, with large
olfactory lobes, and small smooth cerebra which probably left the corpora
quadrigemina and cerebellum uncovered.

(5) The skeleton, which has been figured by Cope (1884) and Osborn
(1898) also retains many archaic Insectivore-Creodont features, such as th(
long tail, arched back, hatchet-shaped spine of axis, entepicondylar foramen,
large shaft of the ulna, third trochanter on the femur, pentadactyl manus
and pes, etc. There were 20-21 dorso-lumbar vertebrae (Osborn), i. e.,
very near the characteristic Creodont number of 20. The "serial" arrange-
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ment of the carpal bones is no longer thought to be primitive (see below and
p. 446).

The small Euprotogonia puercensis (Cope), the Basal Eocene (Torrejon)
forerunner of Phenacodus, was described by Matthew (1897, pp. 305-310)
and by Osborn (1898, pp. 163-164). It approached nearer to the Insecti-
vore-Creodont type in many characters, including the following:

(1) In the dentition the molar pattern is less removed from the tri-
tubercular type than is the case in Pheracodus (vide supra).

(2) Euprotogonia was only about half the size of Phenacodus primcvus,
i. e., about nine inches high at the withers.

(3) In the carpus the magnum and trapezoid are small and the lunar
retains a little of its primitive contact with the unciform (Matthew, 1897,
p. 320, infra, p. 446).

(4) The astragalus retains a distinct astragalar foramen (lost in Phena-
codus) and shows a decided approach to the Creodont astragalus, e. g., as
represented by Sinopa.

(5) The hind foot was probably semiplantigrade (Matthew).
(6) The ungual phalanges are narrower than in Phenacodus, "inter-

mediate between claws and hoofs" (Osborn).
The more precise derivation of the Euprotogonia-Phenacodus line is

unknown.
Meniscotherium.

Pre&umably specialized characters.- This Lower Eocene genus (figured
in Cope's 'Tertiary Vertebrata,' plates xxv f and g) appears to be an isolated
form widely removed from Phenacodu.s by the possession of many specializa-
tions. Its buno-lopho-selenodont upper molars (figured by Osborn, 1907,
p. 184, fig. 183) are remarkably elaborate in pattern for a Lower Eocene
Holarctic Ungulate. The main external cusps and the large protoconule
are crescentic, the metaconule obliquely lophoid and confluent with the
large hypocone, the para- and mesostyles well developed. The fourth
upper premolar and the third molar are like ml and m2 except that they
lack the postero-internal cusp. The fourth lower premolar is molari-
form and the metaconid on the lower molars is reduplicate. The third
lower molar lacks the third lobe. The incisors and canines are reduced
in size. The skull is brachycephalic, and very broad across the orbits,
which are large. The brain case is relatively wider than in Phenacodus.
The long flattened femur has the large third trochanter well down on the
shaft and continuous with a ridge running down to the external condyle,
i. e., much as in Pantolambda. The calcaneum is large and has a long
tuber calcis; the small, wry-necked astragalus is figured as being without
an astragalar foramen.

The Condylarthra. 3551910.]
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Along with these peculiar specializations some primitive features also
survive: The dental formula is 3i(?)i4; the nasals spread somewhat
posteriorly (fide Cope's figure), there is a long low sagittal crest and the
orbit is broadly continuous with the temporal fossa; the tibia also is long
and slender, distally acuminate, the head flares widely on the fibular side.
The tibia seems to represent an exaggeration of the type seen in the Creodont
Sinopa (cf. Matthew, 1906, p. 227, fig. 19). Resemnblances to the Creo-
donta are seen in the large lumbar vertebree, the long slender humerus with
a very large sub-globular head, a supratrochlear and an entepicondylar
foramen, a long deltoid crest and a large great tuberosity. The astragalus
approximates the Sinopa type; the carpus retains a free centrale and a
lunar-unciform contact (p. 447).

In short, Meniscotherium, appears to be an advanced, early derivative of
the Insectivore-Creodont-Condylarth stock, allied remotely to the Phena-
codontidae. It resembles the short footed orders Hyracoidea, Proboscidea
and others in the length of its humerus and femur, in the small size of the
lunar-unciform facet and consequent tendency for the carpus to become
serial, and in its relatively short metacarpals. Its cheek teeth, however,
have too complex a pattern to be prototypal to those of any later order. It
parallels Hyrax in some inconclusive features (p. 362) but it distinctly re-
sembles some of the extinct South American ungulates (e. g., Trigonostylops)
in the characters of the astragalus and calcaneumn (cf. p. 384).

III. GENETIC RELATIONS OF THE CONDYLARTHRA, TALIGRADA, AND
AMBLYPODA.

The Eocene order Amblypoda as defined by Cope (1884, pp. 600-601,
514-517) included the suborders Taligrada Cope (Pantolambdidae), Panto-
donta Cope (Coryphodontidae) and Dinocerata Marsh (Uintatheriidae).
Osborn (1898, pp. 169-218), who elucidated the evolution of the order and
gave evidence of its derivation from the Creodont stock, revised the classifi-
cation of the Taligrada and Pantodonta and added to the former the famnily
Periptychidae Cope (cf. Osborn and Earle, 1895, pp. 52-64) which Cope had
placed in the Condylarthra. Matthew (1897, pp. 294-299) revised the
Periptychidee but regards them as properly falling under the definition of
the order Condylarthra.

The morphological relatiorns of these two orders may be indicated briefly
as follows. (The Mioclaenidae (Osborn and Earle, 1. c., pp. 48-52), which
are doubtfully referred to this group are not discussed.)
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The Condylarthra and Taligra(la.

Order CONDYLARTHRA Cope.

Family PHENACODONTIDTE. Examples: Basal Eocene Eutprotogonia,
Lower Eocene Phenacodus. Progressively cursorial, manus and pes beconm-
ing tridactyl by reduction of digits I and V; lunar-unciform contact de-
creasing (Matthew), carpals flattening and carpus becoming serial; centrale
not free (Phenacodus), magnum large. Humerus with moderate entocon-
dyle and entepicondylar foramen. Scapula rounded superiorly, coracoid
process small. Astragalus with well developed trochlear keels; not touch-
ing cuboid; foramen early reduced or wanting. First and second upper
molars quadrate, i. e., with well developed hypocone; cusps bunoid. P4
triangular, with tritocone. M3 with small hypoconulid.

Family MENISCOTHERIID.E. Lower Eocene, Meniscotherium. Ambu-
latory; tridactyly less pronounced. Lunar-unciform contact not large,
carpals flattening (sub-serial), centrale free. Humerus with moderate
entocondyle and entepicondylar foramen. Coracoid process small. Astra-
galus not touching cuboid, trochlear groove slight, neck slender; astragalar
foramen variable. M', m2 quadrate, with well developed hypo-, para- and
metacones and large protoconule, all crescentic; metaconule confluent with
hypocone. P4 triangular, with tritocone; protocone, tritocone and proto-
conule crescentic. M3 without hypoconulid; metaconids on m1-m3 re-
duplicate.

Order TALIGRADA (Cope).

Family PERIPTYCHID2E.' Basal Eocene (e. g., Anisonchus, Haklo-
conus, Conacodon, Periptychus). Ambulatory; pes (Periptychus) fully
pentadactyl (digits I and V hardly if at all reduced); manus not known.
Humerus with very stout entocondyle and large entepicondylar foramen
(Periptychus). Scapula pointed superiorly; coracoid process large. As-
tragalus broadly touching cuboid, trochlea very broad and convex, with
broad neck; or trochlea broad with low keels (Hemithlwus kowalevskianus
cf. Matthew, 1897, p. 297), large astragalar foramen. Ml, m2 triangular; an
anterior and a posterior basal cingulum sometimes rising into distinct cusps;
main cusps conic. P4 bicuspid, tritocone wanting. M3 with or without
hypoconulid.

Family PANTOLAMBDIDTE. Basal Eocene (Torrejon) Pantolambda. Am-
bulatory; digits rather short, I and V not reduced; lunar-unciform contact
broad, centrale separate, magnum small. Humerus with stout entocondyle
and entepicondylar foramen. Scapula pointed superiorly; coracoid process

1 Regarded by Matthew as Condylarthra.
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large (?). Astragalus broadly touching cuboid, trochlea broad, with low
keels; an astragalar foramen. Ml, m2 triangular (without hypocone), with
small anterior and posterior cingula; para- and metacone strongly V-shaped,
inesostyle very prominent. Pi bicuspid, external cusp V-shaped, tritocone
wanting. M3 without third lobe. Size not large, skull hornless, with sagit-
tal crest.

Order AMBLYPODA Cope.

Family CORYPHODONTIThE. Lower Eocene (chiefly Coryphodon).
Ambulatory; all digits very short, II-IV very broad, phalanges very short;
lunar-unciform contact retained; unciform spreading upon digit III,
pushing magnum over on digit II. Humerus with entocondyle relatively
reduced'and without entepicondylar foramen. Scapula pointed superiorly
but postspinous fossa produced backward. Astragalus very broad, troch-
lear surface extending down on front of neck, astragalus spreading over on
cuboid; astragalar foramen wanting or greatly reduced. M1, m2 sub-triang-
ular, a prominent protoloph formed of the protocone and parastyle, para-
cone small, conic, metacone V-shaped. M3 without hypoconulid. Size
large, skull hornless (incipient frontal tuberosities in Coryphodon wortmani,
fide Osborn). Sagittal crest widening into a flat vertex. Canines elongate.

Family UINTATHERIIDME. Middle Eocene (e. g., Uintatherium, Loxolo-
phodon). Ambulatory; limb characters of the Coryphodontidae all further
developed. Upper molars with strong protoloph (formed as in Cory-
phodontidse) and metaloph (probably representing a displaced paracone,
mesostyle and metacone -fide Osborn, 1907, p. 167). M3 without hypo-
conulid. Size very large, skull top finally with three pairs of bony pro-
tuberances on nasals, frontals and occiput respectively. Upper canines
sabre-like.

The preceding brief analysis is sufficient to indicate that the Pantolamb-
didee, Coryphodontidae and Uintatheriidee form an ascending series and that
the Periptychidae are connected on the one hand with this series at its base
and on the other hand with the Condylarth families Phenacodontidae and
Meniscotheriidae. Osborn, who favors the phylogenetic, or vertical, system
of classification, observing that Periptychus resembles the Amblypoda
rather than the Condylarthra in the possession of an astragalo-cuboid con-
tact and of "strictly trigonal molars" (1. c., p. 181) added the family to the
Taligrada and placed the latter with the Amblypoda as already stated.

More in detail, apparent reasons for this phylogenetic grouping may be
stated as follows:

CONDYLARTHRA (including only the Phenacodontidae and Meniscothe-
riidoe).
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10The Amblypoda.

Feet more slender, tridactyly progressive. Astragalus with slender
neck; trochlea keeled. Lunar-unciform facet becoming reduced, carpals
becoming serial. M', m2 early becoming quadrate, with large hypocone.
Premolars triangular, with tritocone.

AMBLYPODA (Cope) Osborn. (Including the Periptychidae, Pantolamb-
didae, Coryphodontidoe, Uintatheriidte).

Digits becoming stout and short, pentadactyly unreduced. Astragalus
with neck progressively broadening and trochlea flattening; with cuboid
contact.

Lunar-unciform facet broad, carpals becoming displaced toward the
ulnar side (Pantolambda). M', m2 persistently trigonal, protocone remain-
ing central, hypocone small. Premolars bicuspid, without tritocone.

Matthew (1. c., p. 295) having in mind on the one hand the great struc-
tural interval between Periptychus and the highly specialized Amblypods
and on the other the resemblance of the smaller Periptychidae (Anisonchinae)
to the Condylarthra, placed the family in the latter order and showed that
the two orders were so closely connected in the Basal Eocene that the syste-
matic position of the Periptychidae is largely a question of definitions.

The Basal Eocene families of the Condylarthra and "Taligrada" seem
in fact to be not widely removed from each other, and there is evidence that
the broad "horizontal" group of which they were doubtless a small part
had about the same relation to certain of the more highly specialized ungulate
orders that the most primitive Creodonta (including the Miacidee) had to
the later Creodonta, Fissipedia and Pinnipedia. These "protungulates"
retained very many Creodont characters in the skull and skeleton and were
separated from that group chiefly by the greater elaboration of the molar
teeth.

Probably the most primitive members of the series are the smaller Peri-
ptychidae, especially Haploconus lineatus Cope (1884, pl. xxv e, figs. 1-4) the
dentition of which exhibits the following interesting features:

The premaxillaries may have been prolonged as in Insectivores, the
canines are not large. The bicuspid p4 iS larger than the small narrow
tritubercular molars. The internal basal apex of the molars is a prominent
hypocone spur (cf. certain Zalambdodont Insectivores). The chin is
shallow, the lower premolars are narrow, the lower molars lack the paraconid.
The palate is broad and well ossified.

This small species, the teeth of which were no larger than those in Dasy-
urus viverrinus, may have been omnivorous to insectivorous-carnivorous in
diet. It is allied with the much larger Periptychus by way of Conacodon
(cf. Osborn, 1907, p. 165). Osborn and Earle (1895, p. 63) suggested that the
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smaller members of. the family may have been arboreal; and there is con-
siderable evidence (pp. 288, 307) for regarding their arboreal adaptations
(e. g., divergent hallux, astragalo-cuboid contact) as primitive Placental
characters. Other primitive features are: the entepicondylar foramen on
the humerus the third trochanter on the femur, the dental formula of i43;
so that in case the skull and skeleton are more fully made known some of
the smaller Periptychidae may prove to stand almost as near to the general-
ized Placental prototypes as do any known Creodonts, Primates or Insecti-
vores (including Hyopsodus). In this connection it is interesting to note
that Matthew (1909, p. 512) has recently noted many resemblances between
the Eocene Insectivore Hyopsodus and the Mioclmenidme, which latter are
probably of "protungulate" affinities. The astragalus of the Periptychidoe
(cf. p. 454 Ectoconus) approaches the Marsupial type in several characters:
e. g., the slight development of the trochlear ridges, the broad surface for
the internal malleolar region of the tibia, the relations of the sustentacular
facet. In other respects it approaches the Creodont type.

IV. THE HYRACOIDS.

The small modern Hyraces present a 'confusing mixture of characters:
some quite unique among mammals, others primitive, others recalling such
diverse groups as Rodents, the Meniscotheres, Santa Cruz ''Protypotheres."
Embrithopoda, Proboscidea, Horses and Rhinoceroses. Although the
correct phylogeimetic evaluation of these characters is by no means easy,
the following principles may assist to some extent.

(1) It is obvious that some differences between modermi and Eocene
or Miocene forms may be divergent adaptations, and a small number of
distinctive or even primitive characters in common may be of great signi-
ficance in indicating interordinal affinities, which may be obscured by a
large number of more recently acquired specializations. For example, in
"Hyrax" the dental formula (which is a direct derivative of 3.143), the
complete milk dentition, the possession of an alisphenoid canal, the inde-
pendent optic foramen, the retention of interparietals, of a third trochanter
on the femur, a free os centrale carpi, abdominal testes, uterus bicornis,
structure of the endoturbinals, etc., collectively prove that we are dealing
with a primitive Placental and more particularly with an offshoot of the
stock which gave rise to the Insectivores, Creodonts, Condylarths, Peri-
ptychids, etc.; and these few characters outweigh any number of peculiar
specializations which distinguish the Hyracoidea from all other Placentals.

(2) The greater the number of homoplastic resemblances to different
orders the more probable is it that the remote ancestors of the Hyracoidea
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The Hyracoidea.

resembled the remote ancestors of those other orders, at least in its "poten-
tial of evolution."

A very comprehensive description of the chief characters of the Hyra-
coidea is given by Weber (1904, p. 707) so that what follows is merely an
analysis of the more important characters.

A few of the peculiarities of the Hyracoidea which distinguish them from
all other ungulates and point to a long phylogenetic independence are as
follows: The proximal end of the colon gives off a pair of coecal diverticula
which are unknown in other mammals; the arrangement of the cerebral
sulci is peculiar (Weber, 1904, p. 710) and likewise many of the details of
the vascular and reproductive systemns.

The skeletolu too abounds in specialized characters, some of which are
unique. A process from the parietal reinforces the postorbital process of
the frontal; the malar extends backward into the glenoid fossa; The hyoid
arch is " utilike that of any other mammal" (Flower and Lydekker); the
scapula is V-shaped and lacks the acromion; the slender humerus has lost
the entepicondylar foramen; the clavicle is lost; the radius and ulna tend to
ankylose, likewise the tibia with the proximal end of the fibula; the third
trochanter of the femur is reduced; the inner side of the astragalus has a
deep step- like articulation for the tibial malleolus; the dorso-lumbar formula
of D. 20-21 +L 7-9 is much higher than in any other primitive mammal; the
number of sacrals, 5-7, is also very high, while the caudals are reduced to 4-8,
facts suggesting that the sacrum has been pushed backward along the caudal
series.

Resemblances to members of other orders.

The above mentioned mixture of characters in Hyrax is well illustrated
in the characters of the eye as viewed ulder the ophthalmoscope. Accord-
ing to Lindsay Johnson (1901) the fundus oculi of Hyrax retains two
marked and presumably primitive features in common with Rodents and
Marsupials: viz., it presents an aster-like radiation of nerve fibres and the
pale reddish brown fundus shows traces of choroid vessels. On the other
hand it shows a general resemblance to the fundi both of the Elephants and
of the Perissodactyls, since it has a large round disc, a uniform field with
bacillary markings and small radiating retinal vessels. Finally the fundus
of Hyrax resembles that of the Artiodactyls in the development of a pro-
jection from the iris, the umbraculum, which is highly contractile and serves
to screen the iris from strong light. Similarly also in regard to the arrange-
ment of the azygos veins Beddard (1907, p. 219) speaks as follows: "....
the position and number of these veins in Hyrax are of particular interest.
In this 'subungulate,' admittedly primitive, and standing nearer to the
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base of the Ungulate series than any other living form, except the Elephant,
there is as it were a hesitation to adopt definitely the form of the azygos
veins to be seen in either Artiodactyle or Perissodactyle."

The Hyraces resemble the Rodentia chiefly in the purely adaptive char-
acter of the enlarged incisors and diastema and in the above noted characters
of the fundus oculi. They resemble the Amblypoda and Proboscidea in the
width of the vertebral centra, arched back, high number of dorsals, flattened
ilium (which might give rise to the spreading type), long humerus and femur,
stout ulna, partial crossing of the radius and ulna, short digits and flattened
carpals. They further resemble the Proboscidea in certain characters of the
fundus oculi, in the zonary placenta, in the flat nail-like characters of the
hoofs, in the small lachrymal, in the extension of the malar to the glenoid
fossa, in the lack (cf. Insectivores) of posterior clinoid processes in the pitui-
tary fossa (Flower), and finally in the reduction of the floccular fossa of the
petrosal (Flower). Special resemblances to Maeritherium are noted below
(p. 368).

These resemblances are consistent with the hypothesis that the Hyra-
coidea and Proboscidea, together with certain other groups (p. 110) have
been derived from unknown basal members of the Condylarth-Amblypod
stem.

Resemblances to different Perissodactyla are numerous. The Perisso-
dactyl features of the fundus oculi have been noted above. The ossicula
auditus suggest those of the horse (Doran, 1879), and so also the Eustachian
tube, especially the peculiar diverticulum from it (Weber, 1904, p. 711).
The mastoid portion of the periotic is reduced and the molar pattern, which
is buno-lopho-selenodont, has a Perissodactyl-like facies, especially in
Megalohyrax minor (Andrews, 1906, pl. vii, fig. 1) in which the true molars
suggest those of Paleosyops. The premolars also tend to become like the
molars, but differ in details from those of any known Condylarth or Perisso-
dactyl. The lower molars of Megalohyrax (Andrews, op. cit., pll. vi, vii)
have a reduplicate metaconid, as in Meniscotherium, Eohippus, Lamb-
dotherium, etc., and the hypoconulid is small. The digits are reduced to
four in the manus (a reduced hallux sometimes persists) and three in the pes,
as in Lower Eocene Perissodactyls. All the foregoing characters as well as
the arrangement of the chief cranial foramina, seem consistent with remote
relationships with the Perissodactyla.

Resemblances to Meniscotherium (p. 355) are seen in the general form of
the skull, large orbits, breadth across the orbits, long humerus and femur
and largely serial carpus (p. 447). The centrale is likewise still separate,
the proximal row of carpals relatively small and the trapezoid large. The
magnum in Hyrax, however, is very broad and quadrate. The metacarpals
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do not overlap any more than they do in Meniscotherium. The reduction
of the digits to 4-3 is already suggested in Meniscotherium. The astragalus,
as in Condylarths, usually lacks the cuboid facet (at least in Procavia capen-
is8), the cuboid lying below the level of the head of the astragalus, but in Den-
drohyrax arboreu.s an astragalo cuboid contact occurs (Osborn, 1889, pp.
537-538). The step-like articulation for the internal malleolar extension of
the tibia on the astragalus, already noted, may have been initiated from con-
ditions similar to those in Meniscotheriumr in which the tibia articulated
chiefly with the internal side of the astragalus. The peculiar conditions in
Hyrax are possibly connected with its plantigrade habits and with the de-
velopment of adhesive plantar pads for running up smooth steep surfaces
(Dobson, 1876). On the whole, however, the resemblances to Meniscothe-
rium do not appear to be of the same phylogenetic value as the resemblances
to the Proboscidea (p. 362).

The Hyraces resemble Protypotherium of the Patagonian Miocene in
the general form of the skull, short premaxillaries excluded from contact
with the frontals, backward prolongation of the malars, broad frontals
which strongly resemble those of the Eocene Saghatherium (see Andrews,
1906, pl. vii, fig. 5), high position of the squamosal root of the zygoma,
cancellous dilation of the squamoso-periotic, tubular upwardly directed
auricular meatus, shape of the posterior border of the palate and of the
ectopterygoid fossee, carotid canal united with foramen lacerum posterius [not
true of Hegetotherium and Pachyrukho8 (Sinclair)], canine more or less pre-
molariform. The mandible also deepens posteriorly and was drawn from
behind upward, slightly forward and sharply inward.

These resemblances, which do not obtain to so great a degree between
Hyrax and other Santa Cruz Typotheres are all regarded as secondary by
Sinclair (1908), who points out that they are associated with important
differences in the skull, in the pattern of the molars and in the carpus and
tarsus (see p. 376). Nevertheless the resemblances between Hyrax and
Protypotheriumr are so extraordinary that one can scarcely help feeling that
they may after all outweigh the well marked differences above cited.

That Dr. Andrews is right in referring to the order Hyracoidea the Eocene
Egyptian genera Megalohyrax and Saghatherium appears to be indicated by
the following facts:

(1) In Pliohyrax (Osborn, 1898), Megalohyrax, Saghatherium, the
canines are premolariform, the premolars very advanced in type, the molars
agree in essentials with those of Hyrax as figured by Osborn (1907, p. 185);
the posterior crescent of the lower molars touches the anterior crescent at a
point just external to the posterior metaconid spur (metastylid). In all
three genera the inner upper incisor (i') is enlarged pointed, triangular in
section, as in Hyrax.
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(2) In both groups, according to Granger (quoted by Sinclair, 1908,
p. 77), the base of the coronoid process shows a peculiar perforation which is
a separated portion of the dental canal.

The idea that the Eocene Hyracoids may be related to the Artiodactyls,
which might be suggested by the general similarity of the upper and lower
molar teeth of Megalohyrax to those of Ancodus gorringei (cf. Andrews, op.
cit., pl. xviii, figs. 1-3), seems to be negatived by the differences in the pre-
molars, which in Megalohyrax are much more molariform than in any
Artiodactyl.

In conclusion, out of all the divergent resemblances cited above, the
writer is inclined to regard those indicating remote affinity with the Probos-
cidea as having the most weight, and this too in spite of the great differences
in the dentition (cf. p. 107). This conclusion appears to be strengthened
by the evidence for common ancestry of the Hyracoidea and Embrithopoda,
the latter in turn showing many underlying features (p. 366) with the Pro-
boscidea and Amblypoda. Finally the existence of so many " cross-
resemblances" between the Proboscidea and the Perissodactyla by way of
Hyrax seein more consistent with the hypothesis that all these now very
divergent orders have been derived from a common protungulate stock,
than with the hypothesis that all the resemblances are due to convergent
evolution.

V. THE EMBRITHOPODA (BARYPODA).

In discussing the affinities of Arsinoitheriurn, the gigantic Eocene pachy-
derm of the Fay1im, Dr. Andrews (1906, p. 63) says: "Comparison with the
Hyracoidea is very difficult on account of the small size of the modern
representatives of the group and our' complete ignorance of the skeleton of
the large extinct forms. In the early Hyracoidea there is a tendency for the
anterior teeth (incisors, canine, and premolars) to form a continuous series,
the anterior pair of incisors being more or less enlarged and separated from
one another in the middle line by a short interval, as in Arsinoitherium.
The molars are brachyodont, but their pattern is such that if there were an
increase in height accompanied by an increasing infolding of the outer wall,
they might give rise to a type of tooth very similar to the molars of Arsinoi-
therium, as was explained above. Since, however, these early brachyodont
Hyraces are contemporaries of Arsinoitheriurn, it is not suggested that they
are closely related; but the circumstance that they both seem to have origi-
nated in the same region lends some probability to the belief that they may
have had a common ancestry in the late Secondary or earliest Tertiary
period." Dr. Andrews also refers the, Embrithopoda, along with the
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Proboscidea, Hyracoidea and Amblypoda to the Subungulate section of the
Ungulata and expresses the opinion that most of the similarities in the
skeleton between Arsinoitherium and Elephas and the Amblypoda are
probably parallel modifications due to great size and weight in the two
groups.

The following observations based on a comparison of Dr. Andrew's
excellent figures with specimens of Hyrax seem to lend additional support
to his conclusions:

(1) The upper premolars of Arsinoitherium are derivable (in accord-
ance with the analogy furnished by th-e Rhinoceroses). from the type repre-
sented in Megalohyrax. The little worn upper premolar of Arsinoitherium
(1 c., pl. v, fig. 2) differs from the corresponding premolar of Megalohyrax
(1. c., pl. vi, fig. 2) chiefly in the hypsodonty and flattening of the ectoloph,
development of the parastyle, anterior cingulum and postero-internal
cingulum cusp (tetartocone). In both types the metaconule is absent and
there is a prominent median valley just posterior to the protoloph. In fact
it may confidently be stated that in respect to the unworn premolars Arsinoi-
therium offers a closer comparison with Megalohyrax than with any known
Amblypod, Condylarth, Perissodactyl or other ungulate.

(2) The lower cheek teeth of Arsinoitherium likewise appear to be
hypsodont modifications of the type seen in Megalohyrax. The fourth
lower premolar (1. c., pl. iv, fig. 3) retains evidence of the reduplicate meta-
conid (metastylid) which is so conspicuous an element in Meniscotherium
and Hyrax (but which appears also among the Perissodactyla). The un-
worn lower molars, however (1. c., pl. iv,, fig. 1) suggest those of the Ambly-
pod Coryphodon. The third lower molar lacks the third lobe (hypoconulid)
as in Meniscotherium, Hyrax and other forms. In general, the dentition of
Arsinoitherium differs from the contemporary Hyracoids chiefly in the
kind of features which in other cases distinguish highly specialized from
primitive forms.

(3) The architecture of the young skull of Arsinoitherium (1. c., pl. iii)
differs from that of the Dinocerata (Marsh, 1884, pl. ii) in several characters,
apart from the more obviously adaptive differences; e. g., the lachrymal in
Arsinoitherium is practically vestigial and apparently without a canal;
in Dinoceras it is very large and spreading and is pierced by the large lachry-
mal foramen.

In underlying features Arsinoitherium exhibits a much closer resemblance
with Hyrax. The premaxillaries, lachrymals, nasals and frontals have'
essentially similar relations and differ chiefly in proportions; the malar
extends back to the anterior edge of the glenoid fossa; the dorsal ridge of the
zygoma is continued above the auricular meatus, (op. cit., pl. iii, figs. 1, 2)
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the mastoid is not exposed externally in Arsinoitherium and is barely so in
Hyrax. In Arsinoitherium the post-glenoid and post-tympanic form a
tubular meatus which might readily be derived from the conditions in Hyrax.
In both genera there is an alisphenoid canal and the condyles are widely
separated.

Arsinoitherium, resembles the contemporary Proboscidea in the following
features:

(1) The premaxillaries are excluded by the nasals from contact with the
frontals.

(2) The lachrymals are widely separated from the nasals by the
frontals.

(3) The post-tympanic and post-glenoid processes tend to bridge over
the auditory meatus.

(4) The paroccipital process is closely appressed to the post-tympanic.
(5) There is no condylar foramen.
(6) An alisphenoid canal is present.
(7) The fore arm and manus parallel those of Elephas closely in many

details and leave little doubt that both have been derived from forms having
a serial type of carpus, with a tendency toward reduction of the radius and
enlargement of the ulna, and with a correlated tendency toward reduction
of the scaphoid and broadening of the cuneiform.

Arsinoitherium resembles the Dinocerata chiefly in the ectal spreading
of the astragalus over the cuboid and under the fibula, and in the conse-
quent reduction of the calcaneum. This very likely indicates that in the
remote and small ancestors of Arsinoitherium the astragalus had a consider-
able cuboid facet and that the foot as a whole was not very different from
that of Pantolambda.

In short Arsinoitherium appears to be related to the Hyracoidea on the
one hand and to the Proboscidea on the other, and more remotely to the
stem forms of the Amblypoda, i. e., to the Pantolambdidae or Periptychidae.

VI. THEE PROBOSCIDEA.

The derivation of the later Proboscidea from forms resembling Palwo-
mastodon of the Lower Oligocene of the Faydm, Egypt, has been demon-
strated by Andrews (1903, 1906) and calls for no comment in this work;
but the position of Moeritherium (also from the FayAm- Upper Eocene and
Lower Oligocene) with reference to the later Proboscidea and Sirenia may be
discussed briefly. The following analysis of the characters of Mwritherium,
is based on Dr. Andrews's excellent figures and descriptions (1906) of the
type and referred species.
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I. Evidence for relationship uwith the stem of the Proboscidea:
(1) I enlarged as in Paloomastodon (I1 enlarged in Sirenia) (cf. Eosiren,

Eotherium). Mandibular symphysis approaching the Proboscidean rather
than the Sirenian type.

(2) Cheek teeth of Proboscidean rather than Sirenian appearance (cf.
special resemblances to Paleomastodon in Moeritherium lyonsi.

(3) Partial closure of the external auditory canal in palatal view by a

backward prolongation of the postglenoid, which in Eotherium is widely
open. The meatus in side view appears as a circular opening situated above
the level of the zygoma, as in Paleomastodon.

(4) Confluence of condylar foramen with the foramen lacerum posterius
(Condylar foramen distinct in Eotherium).

(5) Malar extending very far backward: viz., back of glenoid (contrast
Eotherium, Andrews, op. cit., figure on p. 205).

(6) Large fossa for an anterior slip of the masseter, below the orbit
(as in Palornastodon).

(7) In occipital view squamosal very large (larger than in Eotherium;
cf. Palwomastodon).

(8) A small tubercle on the lachrymal (Andrews, p. 103). The latter
however differs from that of Palwomastodon in having no lachrymal foramen.

II. Evidence for relationship between Mweritherium and the Stem of the
Sirenia.

(1) In palatal view general similarity between Moritherium and Eo-
therium very striking.

(2) Extreme anterior position of orbits (noted by Andrews and by
Osborn).

(3) "Upper posterior angle of the squamosal [in Eotherium] shut off
from contact with the supraoccipital by a narrow posterior prolongation of
the parietal which is wedged in between the two bones as in Meeritherium"
(Andrews, op. cit., p. 205).

(4) General similarity in the occipital view between Mweritherium
and Eotherium.

(5) Certain resemblances in pelvis (noted by Andrews) between Mweri-
therium and Eotherium.

(6) Scapula of Mweritherium (op. cit., pl. xi, fig. 5) resembling the
Sirenian type in the backward sweep of the superior part of the blade.

(7) Strong resemblances between Mw-ritherium and Eotherium shown
in the brain casts (Andrews).

III. Characters in which Mowritherium differs from the Proboscidea.
(1) All those mentioned above under II.
(2) Long tubular mideranial region, as in primitive Insectivores,

Creodonts, Pantolambda, etc. Primitive.
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(3) Diploe of the skull not markedly inflated. Primitive.
(4) Narrow supraorbital region. Primitive.
(5) Naso-premaxillary and palatal regions very different in Ma?ri-

therium and Paliwomastodon.
(6) Neck longer in Moeritherium; atlas with peg-like odontoid (An-

drews). Primitive.
(7) Dorso lumbars (Andrews) at least 23 (D. 19, L. 4, S 4), i. e. more or

less intermediate in number between Proboscidea (D. 19-20, L. 4-5, S 4)
and Sirenia (D. 17-19, L 2-5).

(8) Referred humerus (op. cit., pl. xi) somewhat more primitive than
that of Palkomastodon in smaller supinator crest and larger internal condyle
(cf. Taligrada).

(9) Referred femur lacking third trochanter (retained, low down on
shaft, in Palceomastodon).

Conclusion in regard to Mceritherium. The genus represents a very
primitive offshoot from the Proboscideo-Sirenian stock. Its dentition and
certain other characters indicate a nearer alliance with the Proboscidea than
with the Sirenia, but it is far more primitive than any other known repre-
sentative of either order.

Points of similarity to the Hyraces also are not lacking, especially the
detailed relations of the premaxillaries, maxillaries, nasals and frontals, the
areas for the insertion of the masseter muscle, the backward extension of the
malar, reduction of the mastoid, general shape of the lower jaw, shape of
the ilium and other characters.

Genetic Relations of the Proboscidea.

Assuming that M&eritherium is a relatively primitive offshoot of the
Proboscidea, allied also to the Sirenia, and perhaps more remotely to the
Hyracoidea what light does it seem to throw on the derivation of these orders ?

There can be no question of the derivation of Mwritherium from typical
Placentals with a dental formula of :114.3. a normal milk dentition (retained
in Maeritherium, cf. Andrews, p. 111), and normal cranial foramina. The
premolars could not have been molariform and p4 was probably bicuspid
(cf. -Moeritherium). The premolars seem to suggest the quadrate contour
of the premolars of Megalohyrax. The upper molars were derived from a
quadritubercular, incipiently bilophodont type in which the proto- and
metaconules were ridged transversely.

The pentadactyl manus may have resembled that of Hyrax in a general
way and also in certain detailed relations of the carpals (p. 448). The pes
was probably not dissimilar to that of Pantolambda (p. 358). With the
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Barytherium; the South American " Ungulates."

phyletic increase in body size the humerus early lost the entepicondylar
foramen and reduced the entocondyle; the femur originally may have had
the third trochanter nearly half way down the shaft (Palceomastodon, cf.
Pantolambda) but in the Moeritherium line the third trochanter was lost.

The family of perhaps Basal Eocene protungulate mammals having the
above-mentioned combination of characters would be hard to classify under
any known order and would probably be rather remotely related in various
degrees to the Meniscotheres, Phenacodonts, Mioclaenids, Periptychids,
and Pantolambdids.

VII. THE BARYTHERIA (INCERTIE SEDIS).

The remains of Barytherium grave Andrews (1906, pl. xvii, figs. 4-9)
from the Qasr-el Sagha (Upper Eocene) beds of the Faycim, Egypt, are too
incomplete to afford decisive evidence as to the relationships of the order
Barytheria of Andrews with other orders. The molars are bilophodont and
in the worn dentition of the type, p 34 also may have been bilophodont
(cf. Mwritherium). The coronoid process of the mandible is very broad,
anteroposteriorly rectangular at top and extended forward externally to m3
(cf. Mceritherium). The anterior incisors are much enlarged and procum-
bent, and the scapula, also as in Mweritherium, has a large coracoid process.
The humerus however is rather analogous with that of Dinoceras, though
differing in the great development of the internal crest (Andrews). The
radius also resembled the Dinoceratoid type in its general form and in the
proportions of the scaphoid and lunar facets (Andrews). So far as it goes
the material tends to confirm the hypothesis that the Proboscidea, Ambly-
poda and certain other orders have had a common origin. Ameghino's
suggestion that Barytherium is related to Pyrotherium, has been disputed
with cogent evidence by Gaudry (1909, pp. 27, 28).

VIII. THE EXTINCT SOUTH AMERICAN GROUPS HOMALODOTHERIA,
ASTRAPOTHERIA, TOXODONTIA, TYPOTHERIA, LITOPTERNA.

Recent Classifications.

1891-1893. Zittel.
[Order] Ungulata.

[Suborder] Tloxodontia. Fam. Homalodontotheridae, Astrapo-
theridae Nesodontidae, Toxodontidae.

[Suborder] Typotheria. Fam. Protypotheridae, Trypotheridae.
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[Suborderi Perissodactyla. Fam. Equidae, Proterotheridae, Ma-
crauchenidae, Tapiridae, Rhinoceridae, Titanotheridae, Chalico-
theridae.

1893. Lydekker.
Order Ungulata.

Suborder Toxodontia. Fam. Pachyrucidee, Typotheriidae, Toxo-
dontidae.

Suborder Astrapotheria [subord. nov.] Fam. Homalodontotheriidae,
Fam. Astrapotheriidae.

Suborder Litopterna. Fam. Proterotheriidae, Fam. Macrauche-
niidae.

"....phylogenetically the Toxodonts may apparently be regarded as related
to the Perissodactyla, but as retaining certain features now common to the
Artiodactyla which have probably been inherited from common Condylarth-
rous ancestors. The structure of the carpus precludes the inclusion of the
group in the Subungulata, among which it has been placed [by Flower and
Lydekker] and indicates that the Toxodonts must occupy a position of equal
rank with the Artiodactyla and Perissodactyla....." (p. 3).

As regards the Litopterna the author states (p. 56) that the group "ap-
pears to hold a somewhat intermediate position between the Astrapotheria
and the Perissodactyla, although the peculiar character of the cervical
vertebree indicate that it cannot in any way be regarded as ancestral to the
latter suborder."
1903. Roth.
[Order Ungulata.]

[Suborder] "Notoungulata (los g6neros Toxodon, Nesodon y Typothe-
rium). los tipos del grupo Notoungulata muestran una particularidad
en la construcci6n de los huesos temporales que no existe en ningfin otro
suborden de los Ungulados." The author here refers to the peculiar con-
struction of the temporal region in the above mentioned group and speaks
of it as "un caracter tipico y constante, como lo es, por ejemplo, el angulo
mandibular invertido en los Marsupiales.... " Consequently the author
meant to exclude from this group the Astrapotheres and Litopterns, which
are said to lack this character.
1904. Scott.

Notoungulata.
I. Toxodontia.

1. Toxodonta.
2. Typotheria.
3. Homalodotheria.
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II. Litoptema [misprint for Litopterna].
III. ? Astrapotheria.
The author states that although the Litopterna and Astrapotheria lack

the peculiar structure of the periotic region referred to by Roth, yet on the
other hand "all of the orders, including at least the Litoptema [Litopterna],
have certain constant characteristics, such as the extensive articulation
between the fibula and calcaneum, the convex distal end of the astragalus,
which does not rest upon the enboid, and some peculiarities in the form of
the teeth. The limb and foot bones of the Astrapothina [Astrapotheria]
are not yet known, and their systematic position is, therefore, still a matter
of conjecture. There is a striking similarity between the dentition of these
animals and that of the northern genera, Cadureotherium [Cadurcotherium]
and Metamynodon, but the form of the skull is so radically different as to
make it probable that the resemblance in dentition is analogical only.

"It seems likely, therefore, that Roth's term, 'Notoungulata' may
properly be extended to include all of the Santa Cruz hoofed animals, and
that all of the groups which agree in the structure of the periotic region,
already alluded to, should be regarded as sub-orders of the Toxodontia.
This conception is shown in the following provisional table [given above] ....
"While these South American ungulates are singularly different from those
of the Northern Hemisphere, it does not seem at all likely that they origi-
nated altogether independently of the latter. Ameghino has described a
number of genera from pre-Patagonian formations which, though incom-
pletely known, appear to be referable to the Condylarthra, the parent stock
of the northern Ungulates. Very probably an early Eocene or late Mesozoic
migration brought the Condylarthra into South America, and there, in
almost complete isolation, they gradually gave rise to the various peculiar
orders and suborders of the Notoungulata. The possibility of such migra-
tion is shown by the discovery of an armadillo in the Middle Eocene of
North America" (op. cit., p. 590).
1904. Ameghino. In the "Liste des Figures distribuees par Ordres et

par Familles" (p. 511) the following arrangement is adopted:
Ord. Protungulata. Fam. Caroloameghinidae [?Polyprotodont Marsu-

pials].
Ord. Lemuroidea. Fam. Archaeopithecidae, Notopithecidae, Henricosbor-

nidae, Adapidae, Microchoeridae.
Ord. Simioidea. Fam. Homunculidae, Cebidae, Cercopithecidae, Simiidae.
Ord. Hyracoidea. Faim. Acoelodidae, Archaeohyracidae, Adiantidae.
Ord. Typotheria. Fam. Protypotheriidae, Hegetotheriidae.
Ord. Toxodontia. Fam. Nesodontidae, Toxodontidae.
Ord. Hippoidea. Fam. Notohippidae, Equidae.
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Ord. Condylarthra. Fam. Phenacodontidae [Didolodus, Notoprotogonia,
Lambdaconus, etc.], Periptychidae [Argyrolambda, Josepholeidya, etc.],
Pantolambdidae [Ricardolydekkeria, Guilielmofloweria, etc.]

Ord. Perissodactyla. Faim. Hyracotheiiidae [Hyracotheriuin, Ectocion,
Proectocion, etc.], Palaeotheriidae [Palaeotherium, Paloplotherium,
Victorlemoineia, Anchitherium, Parahippus, Hypohippus, etc.], Pro-
terotheriidae [Proterotherium, Thoatherium, Diadiaphorus etc.], Ma-
crauchenidae [Theosodon, Scalabrinitheriuin, Macrauchenia etc.],
Rhinoceridae, Tapiridae.

Ord. Artiodactyla. Fam. Suidae, Camelidae, Cervidae, Bovidae.
Ord. Proboscidea. Fam. Carolozittelidae, Pyrotheriidae.
Ord. Amblypoda. Fam. Pantostylopidae [Pantostylops, Hemistylops etc.]

Trigonostylopidae [Trigonostylops etc.], Albertogaudryidae [Alberto-
gaudrya etc.] Coryphodontidae [Coryphodon], Astrapotheriidae [Astra-
potherium, Astrapothericulus, Astraponotus, etc.], Uintatheriidae
[Uintatherium].

Ord. Ancylopoda. Fam. Isotemnidae [Isotemnus, Pleurostylodon etc.],
Leontiniidae [Leontinia, Colpodon etc.], Homalodontotheriidae [Hom-
alodotherium, Asmodeus etc.].

Ord. Tillodonta. Fam. Notostylopidae [Notostylops etc.], Tillotheriidae
[Tillotherium], Exthonychidae [Exthonyx].

It is only gradually coming to be realized that parallel and convergent
evolution have been largely influential in bringing about resemblances in the
dentition and skeleton between the extinct South American hoofed mammals
and those of the northern world. As shown in the classification quoted
above Ameghino refers the Archaeohyracidae to the Hyracoidea, the Noto-
hippidaie to the "Hippoidea," the Proterotheriidae and Macrauchenidee to
the Perissodactyla, the Astrapotheriidae to the Amblypoda etc. But the
investigations of Lydekker, Roth, Gaudry (1906-1909), Scott, Sinclair
and others have made it appear very probable: first that the extinct South
American hoofed mammals belonged to peculiar southern groups which
followed their own lines of evolution independently of the mammals of the
rest of the world; secondly that in becoming adapted to a herbivorous diet
they often "paralleled" the northern ungulates in many characters; thirdly
that such adaptive characters are never associated in exactly the same com-
binations in northern and southern groups.

The memoirs by Professor Scott and Dr. Sinclair, now in progress, on
the material collected by Hatcher in the Santa Cruz (?Miocene) beds, may
be expected to deal definitively with many of the systematic and genetic
problems of the South American ungulates; but meanwhile, for the purposes
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Patagonian Condylarths (?) and Periptychids (?).

of the present work, it seems advisable to attempt a preliminary brief review
of the available evidence of their relationships with each other and with
other orders. Among the sources of evidence on this subject examined by
the writer may be mentioned: first a series of excellent casts representing
many Santa Cruz and pre-Santa Cruz ungulates, which has been presented
to the American Museum by the Museo Nacional de Buenos Aires through
the courtesy of Dr. Fl. Ameghino; secondly the figures given especially by
Ameghino, Lydekker, Roth, Scott and Sinclair; thirdly the observations
and conclusions of these authors.

South American Condylarths (?) and Taligrada ( ?).

Resemblances between the dentition of different forms of unknown
ordinal affinities are frequently apt to be misleading, as elsewhere noted
(p. 108); but they are not always misleading and in the case of Didolodus
and certain other genera (e. g., Giulielmofloweria, Ricardolydekkeria) from
the Notostylops Beds, described by Ameghino (1904), the resemblances to
the Condylarths and Taligrada of the northern hemisphere extend to certain
details which seem to indicate affinity; and this indication is strengthened
by considerable indirect evidence: e. g., (1) the several plans of limb struc-
ture in the Toxodonts, Typotheres and Litopterns seem derivable (pp. 377,
379) from the conditions seen in the Condylarthra; (2) the skull of the
primitive Litopterns suggests that of Meniscotherium; (3) the astragalus
and calcaneum of Trigonostylops (Gaudry, 1906.1, fig. 48, p. 28) is of the
Meniscothere type; (4) the astragalus and calcaneum of all the extinct
South; American ungulates seem to be modifications either of the typical
Condylarth or of the Taligrade types.

The simple, sexitubercular bunodont upper molars of the ?Basal Eocene
Didolodus and its allies may at first appear to bear little relation to the
comnplex hypsodont molar patterns of the Santa Cruz ungulates, etc.; but
an examination of the casts and figures already referred to shows that there
are several morphological if not genetic intermediates between the two
extremes, and that, as noted in detail below (pp. 376, 379), the molar patterns
of Litopterns, Homalodotheres, Astrapotheres, Toxodonts and Typotheres
may be analysed with some degree of confidence in accordance with the
nomenclature of trituberculy (cf. Osborn, 1907, pp. 189-190). And it may
be well to state in this connection that the writer does not give assent to the
theory of trituberculy in certain of its implications; but nevertheless, after
returning to test certain basal assumptions he feels convinced that all the
extinct South American ungulate groups have been derived from forms in
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which the upper molars still retained clear traces of the trigonal pattern,
while the lower molars retained equally clear traces of the tubercuIo-sectorial
pattern.

Relations of the Homalodotheres and Astrapotheres.

As shown above Lydekker grouped "Homalodontotherium" and Astra-
potherium in a single suborder and in support of this procedure there seems
to be considerable evidence: e. g., (1) Ameghino has figured a number of
genera (e. g., Albertogaudrya, Astraponotus, Astrapothericulus) in which
the upper molar pattern appears to connect the Homalodotheres with the
Astrapotheres. (2) The hypsodont lower molars of Albertogaudrya have
the trigonid short and the talonid long anteroposteriorly, and they suggest a
common origin of the Homalodothere and Astrapothere types. (3) The
upper molars of the Homalodotheres, Astrapotheres, Toxodonts and Typo-
theres are all broadly of the Rhinocerotic type, i. e., with flattened ectoloph
and large protoloph, no mesostyle, a crista. They also have a strongly de-
veloped protostyle and hypostyle. (4) The astragalus referred by. Ame-
ghino to Albertogaudrya is of the flattened type, which Gaudry (1906.1, p.
19) assigns also, on other grounds to Astrapotherium.

Against the association of Astrapotheres and Homalodotheres in a
single suborder the following objections might be raised: (1) Astrapotherium,
is said to lack the dilated condition of t-he squamoso-periotic region; but even
if it be shown that in Homalodotherium this region is slightly dilated, this
will not prove that the two. groups are very widely separated; and, partly
on account of the variability of such inflation between different families in
Marsupials and Rodents, the writer suspects that Dr. Roth has overesti-
mated its significance in the South American ungulates. (2) In Astra-
potherium the limbs are thought by Gaudry (1906. 1, p. 19) to have been
rectigrade, whereas in Homalotherium, as figured by Ameghino -(1898, p.
175), the feet end in large fissured ungues and were probably semi-planti-
grade. But such differences, in the case of the Marsupials (compare
Diprotodon and Phalangista) and of the Perissodactyls and Ancylopoda,
are not inconsistent with ordinal relationships.

The astragalus of Albertogaudrya resembles the Amblypod type in so far
as it has suffered a shortening of the neck, which has ended in the virtual
disappearance of the latter and the bringing of the navicular facet below the
tibial facet or trochlea; but this is probably an indication, not of ordinal
affinity with the Amblypoda, but simply of the assumption of the rectigrade
pose of the limbs, which in Pyrotherium, according to Gaudry (1909) like-
wise has resulted in the astragalus assuming the general type seen in the
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Amblypods and Proboscideans. The astragalus of Albertogaudrya may
thus have been derived as above described, from the type retained in the
Miocene Homalodotherium, which in turn seems to be derived from the
Condylarth, or in respect to its dorsal portion from the Periptychid, type.

The Homalodotheres probably represent a very old branch of the
South American ungulate group, as suggested by the following considerations:
(1) The oldest Patagonian forma-tions (?Basal Eocene) yield certain
genera, which are in some respects already highly specialized, but which,
as argued above, probably belong to this group. (2) The Miocene (?)
Homalodotherium retains the complete Placental formula in the dentition,
and five digits in the manus and pes, at a time when most of the allied groups
had undergone various reductions in the number of the teeth and feet.

The ungues of Homr&alodotherium (cf. Ameghino, 1898, figures on p.
175 et seq.) are large, compressed and clawlike, recalling those of the Ancylo-
poda, and also tending, as in that group to coalesce, with the second row of
phalanges. Apparently upon these grounds Ameghino (1898) refers Homa-
lodotherium to the Ancylopoda; but evidence is adduced below (p. 399)
to show that the resemblances in question probably indicate convergent
evolution; and certainly in the palatal aspect the skull of Homalodothe-
rium segoviw, as figured by Ameghino (1898, p. 173, 1906, p. 317, fig. 134)
differs in very important details from the skulls of the Ancylopod genera
Chalicotherium and Moropus.

The Notostylopidw.

The genus Notostylops of Ameghino gives its name to the oldest mammal-
bearing horizon of the Patagonian series. Ameghino (1906) places this
formation in the Middle Cretaceous but other eminent palseontologists
(e. g., Gaudry, 1908) are inclined to regard it as not older than Basal Eocene.
As figured by Ameghino (1906, p. 346) NotostylQps,is seen to be specialized
in respect to its enlarged median incisors (il), reduced i2, i3 and canine, and
molariform p3, p4. The upper molars are becoming hypsodont; they have
a flat ectoloph, a median valley, a more or less central protocone continuous
with the protoconule, and a hypocone continuous with the metaconule; both
conules in the slightly worn tooth connect with the ectoloph. These details
are more clearly shown in certain less specialized molars of the same general
type from the same beds (e. g., Acolodus Ameghino, 1906, p. 311). They
have evidently been derived from a trigonal type possibly resembling in a
general way that of the smaller Periptychida.

The pterygoid, glenoid and squamosal regions recall those of Hyrax and
Protypotherium, the bulle were much inflated. On the ground of very
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superficial resemblances in the dentition Ameghino places the Nothstylopidel
near the Esthonychidw, in the or(ler Tillo(lontia; but it appears much more
likelv that they are connected more or less closely with the Albertogaudryid,e
or Homalodotheriide.

rrhe genera Henricosbornia, Trigonostylops and Leontinia, wl"hich are the
types of as many families, are referred by Ameghino to differenit orders:
the first (1904, p. 51.1) to the Lemuroi(lea, the second (1904, p. 523) to the
Amblypoda and the third (1904, p. 525) to the Ancylopodla; but there
seems to be some reason for suspecting that all are inore or less nearly relate(d
to the common stem of the Homalodotheres and Astrapotheres.

The Typotheres and "Protypotheres."

The Santa Cruz forerunners (Interatheriidwe, Hegetotheriidwe) of the
Pampaean Typotheres have been monographed recently by Sinclair (Menm.
Princeton Expedition to Patagonia, Vol. VI, Pt. I, 1909), whose main
results were published in 1908 (op. cit.). T'he frequently assuiled relation-
ship with the Rodents is shown by Sinclair (1908, pp. 75-76) to rest on
probably convergenit resemblances in the skull anld dentition and to be
associate(l with inany deep seate(I (lifferemiees. Sinclair also shows that the
families in (uestion differ radically from the Hyracoidea especially in the
(letails of the carpus and astragalus, and it may be assumned provisionally
that the points of resemblance to Hyrax are the result of parallel evolution,
like the reseinblances of Litopterns anid rToxodorits to hippoids and rhino-
cerotoids; but at the same time it seems likely that in both cases the resem-
blances were conditioned by the fact that Hyracoi(ds, Perissodactyls and
South American ungulates were all alike derived from one order of protungu-
lates (cf. Ipl) 410-411).

In the preliminary report Dr. Sinclair does not discuss further the rela-
tionships of the forms in question, but presents the data for the following
observations andl conclusions:

(1) Protypotherium, Interatherium andl Hegetotherium, preserve the
complete Placental dental formula of 3.1.4.3.

(2) The pattern of the unworn upper molar of Protypotherium Sinclair
(op. cit., ). 73) is seen to be a hypsodont, antero-posteriorly elongate modi-
fication, of a simpler pattern, e. g., such a one as is represented roughly in
soine of the older (Notostylops Beds) genera figured by Ameghino (e. g.,
Acwlodus oppositus, 1906, p. 311). T'he protocone is connected with the
parastyle, the protoconule with the "crista," which as in the Rhinoceroses
(cf. Hyraohyus) is merely the constricted inner face of the paracone; the
hypocone, metaconule and mnetacone form the "postero-internal crescent,"
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while the hypostyle forms the "posterior pillar." The Aewlodus molar has
in turn the familiar elements which appear in their simplest expression in
Hyracotheriumn and Ectocion. This fact, with others, indicates that all the
elemnents of the complex hypsodont molars of Typotheres and 'l'oxodonts
may be homologized with those of the Eocene Perissodactyls and Condy-
larths.

(3) In the unworn lower molars of Protypotherium (Sinclair, op. cit.,
p. 74) the anterior limb of the posterior crescent lies externally to the pos-
terior (metastylid) extension of the anterior crescent, as it does in Ilyrax.
In both cases the lower molar pattern while differing in proportion is funda-
mentally identical with the Meniscotherium type.

(4) The manus of Protypotherium, as figured by Sinclair (op. cit.,
p. 71) is already specialized in the loss of the pollex, reduction of digit V
and enlargement of digit II. It is, however, functionally tridactyl. The
carpus differs from that of Meniscotherium in that the centrale is no longer
free but is probably represented in the internal process of the scaphoid; the
lunar has a broad contact with the unciform so that the cuneiform is widely
separated from the magnum; the latter is small and polygonal in front view
(it is large and quadrate in Hyrax and Condylarths). 'l'he emphasis of
the interlocking features (p. 449) in the carpus may be connected with the
hypertrophy of the second digit. The carpus as a whole is not high as it is
in early Perissodactyls, but low and broad and in so far agrees with that of
Meniscotherium. The ungual phalanges are dorsally compressed bitt ex-
pand somewhat on the plantar surface, much less so however than illMenis-
cotherium.

(5) The tarsus of Protypotherium (Sinclair, op. cit., p. 70) is paraxonic,
probably in correlation with cursorial habits; while that of the saltatorial
Hegetotherium (op. cit., p. 72) was markedly mesaxonic (Sinclair; compare
the mesaxonic pes of the saltatorial Dasyprocta). In both families, however,
the astragalus is weakly attached to the calcaneum, the neck diverging and
the head widely separated by the navicular from contact with the cuboid.
The latter feature is also seen in the Litopterns and may be an inheritance
from the Condylarth conditions. The trochlea is narrow and very large
in proportion to the neck. -Tl'he fibula articulates with the calcaneum, as it
does also in Litopterns. The navicular has a decided postero-internal
prominence, analogous to that in many Rodents and Marsupials.

Concluusions. The evidence available from Sinclair's contributions
permits us to infer with considerable probability some of the leading char-
acters of the common ancestors of the Toxodonts, Typotheres, Interatheres
and Hegetotheres. These were primitive Placentals with a complete dental
formula, a clavicle, third trochanter, entepicondylar foramen and penta-
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dactyl manus and pes. The general proportions of the skull were about as
in Meniscotherium, i. e., with face of medium length, large orbits, broad
interorbital region and deep lower jaw. The palate probably terminated
posteriorly in a pair of processes analogous to those in Hyrax. The tym-
panic very early became inflated and prolonged -into a tubular meatus;
the squamoso-periotic region also became inflated. The upper molars,
at first brachyodont, with six cusps, and with prominent anterior and pos-
terior cingula, became hypsodont and compressed; the premolars tended to
become molariform; the anterior incisors became hypsodont, the lateral
incisors and canines either became like the adjacent teeth or tended to dis-
appear. The mandible originally had a moderately deep angle (cf. Menis-
cotherium) a feature emphasized with the increasing hypsodonty of the teeth,
and procumbency of the incisors. To this factor may be ascribed: (1) the
progressive increase of the antorbital slip of the masseter (cf. Hyrax), (2) the
deepening and backward projection of the malar, (3) the broadening of the
palate.

The cervical vertebrae had flattened articular faces on the centra. The
dorsolumbar vertebral formula (20 in Toxodon) originally approached the
Condylarth type (15 + 5) but secondarily rose to 15 + 7 (Interatherium)
and 15 + 8 (Pachyrukhos). The tail was long and heavy (cf. Protypo-
therium, Interatheriurn) and the true sacrals were three in number. The
carpus early lost the free centrale (which may have fused with the scaphoid)
and widened the lunar-unciform contact (p. 449). The tarsus in general
resembled the Condylarth type but very early developed the fibulo-calcaneal
contact and lost the astragalar foramen. Such a family of mammals would
fall under the Condylarthra as here understood (p. 383), but would proba-
bly be separated from Meniscotherium by the non crescentic character of the
protoconule, from Phenacodus and Euprotogania by the more advanced con-
dition of the molars.

The Litopterna.

Some of the smaller Litopterna such as Diadiaphorus and Proterotheriurn
resemble the three-toed and one-toed horses not only in the general form of
the skull and molar teeth but also in the predominance of the middle digit
(III) and reduction or disappearance of the lateral digits. But in spite of
these resemblances it seems highly probable that the Litopterns are only
very remotely related to the Perissodactyls, for the following reasons: (1)
the cervical vertebra, in retaining flat terminal faces resemble the Typo-
there-Toxodont rather than the Perissodactyl type (Lydekker, 1893, p. 57);
(2) in the detailed relations of the carpals and tarsals (pp. 449, 379) the Litop-
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terns disagree radically with the Perissodactyls; (3) the premolars are
simpler than in the contemporary hippoids and the molars retain clearer
indications of derivation from the trigonal type.

The Litopterns appear to be separated subordinally from the Toxodont-
Typothere group: (1) by the detailed characters of the carpals and tarsals;
(2) by the characters of the molars, which are of hippoid rather than
rhinocerotoid type and have a prominent mesostyle; (3) by the lack of
inflation in the squamoso-periotic region.

More in detail, the evidence for the preeeding conclusions in regard to
the relationships of the Litopterna is as follows: (1) Dentition. In the most
primitive dentition, that of Proterotherium sp. (figured by Osborn, 1907,
p. 189) the molars have the fanmiliar elements of the Hyracotherium ilolar,
but differ from those of Eocene Perissodactyls in significant details, espe-
cially the lack of union of the proto- and metaconules with the ectoloph. The
protocone also is centro-internal, as in the PeriptychidaT. The Miocene
Litopterns were thus less progressive in molar evolution' than the Lower
Eocene Hippoids. (2) Feet. The feet of the Litopterns, as figured by' Ame-
ghino (1898, pp. 162, 165) parallel those of the Equidee in the reduction
of the digits, first to three and then to one; but' ordinal relationship with the
Perissodactyla is excluded by'the following detailed characters of the carpus
and tarsus: In the tridactyl manus of Theosodon (op. cit., p. 162) the carpus
is serial, but of a peculiar type, inasmuch as the cuneiform touches the
magnumi, the lunar being thus separated from the unciform; all the bones
are relatively wide and flat. In the tarsus the astragalus is widely separated
from the small cuboid and the calcaneum has a large ridge for the fibula,
both of which characters are seen also in the Typotheres. In the mono-
dactyl Thoatherium (op. cit., p. 165) one of the typical Litoptern "pseudo-
horses," all the peculiarities of the carpus and tarsus of Theosodon are
emphasized. The lunar is now widely separated from the unciform, while
in the tarsus the navicular is widely separated from the cuboid, which is
greatly reduced in size; the fibular facet on the calcaneum is pronounced.
In all these features the " pseudo-horses " contrast with the Equidee. Thus
the characters of the carpus and tarsus in no case appear to indicate direct
relationship with the Perissodactyla, and they are without doubt of higher
phylogenetic significance (p. 110) than resemblances either in the number
of digits and axis of symmetry or in the dentition.

The preceding conclusions might be criticised on the ground that while
the "serial" tarsus and carpus of the Litopterns is held to disprove rela-
tionship with the Perissodactyls, the interlocking carpus of the early Typo-
theres is yet held to be consistent with derivation from the serial Condylarths.
But this apparent inconsistency seems to be necessitated by the evidence.
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The interlocking narrow carpus of the Perissodactyls, as we know them, is a
very constant character (p. 393), while there is some reason to suppose that
in the Condylarths the differentiation of the serial and interlocking types
was at first almost nil, and long remained inconstant. It is of course under-
stood that when the Typotheres, Litopterns, etc., are hypothetically derived
from the Condvlarthra it is ineant only that the supposed common ancestors
of the South American series would probably resemble Euprotogonia in
some respects, Meniscotherium in others, and would thus fall within the
order Condylarthra.

The Pyrotherial (Inceritw Sedis).

Pyrotherium is not the least puzzling of the curious extinct Patagonian
Ungulates. Its upper and lower cheek teeth are of the bilophodont type,
that is, with two straight cross crests, and they are at first sight so much like
those of the Miocene proboscidean Dinotherium of Europe that Dr. Fl.
Ameghino (e. g., 1902, pp. 223-224), the originial describer of Pyrotherium,
has regarded it as an ancestral proboscidean. It has also a single pair of
procumbent lower incisor tusks which grew continuously andl had the enamel
band confined to the anterior surface, as in rodents an(l early proboscideans;
while the manus ascribed to it by Ameghino, but later (leclared by M.
Tournouier to belong to Astrapotherium, certainly resembles in most charac-
ters the proboscidean type.

Fragmentary remains of the genus under consideration are characteristic
of the so-called "Pyrotherium beds" of Chubut and Desea(lo. The age of
these beds is very differently estimated by the leading authorities. Ame-
ghino places them in the uppermost Cretaceous, but the majority of northern
paleontologists, including M. Gaudry, are unwilling to concede that the
Pyrotherium beds are older than the Middle Eocene.

M. Gaudry's inaterial, although by far the most complete so far collected,
still leaves us with a very imperfect knowledlge of the skull and feet; but it
includes specimens in an excellent state of preservation of the following
l)arts: the upper and lower jaws, with the milk and permanent dentitions,
the atlas, axis, a cervical vertebra, a lumbar, a caudal, the lower part of the
scapula, and a part of the ilium, a sternal bone, and fore and hind limbs
complete except for the manus and pes, which are represented only by a
lunar, cuneiform carpi, astragalus and cuboid.

M. Gaudry's observations upon the special characters of Pyrotherium
may be summarized briefly as follows: The dentition differs in important

I The following section is partly quoted from a review by the writer (1909) of the late
Professor Gaudry's memoir on Pyrotherium (1909).
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details from the proboscidean types (including MaUritherium): for instance,
the mode of wear of the cheek teeth is entirely different, the premolars are
different, the miiilk teeth are different, the section of the procumbent lower
tusks shows no suggestion of the peculiar proboscidean "engine turning."
The palate is very narrow, the orbit is placed above the fourth premolar.
The atlas and axis differed widely from the proboscidean type, the atlas
not being pierced by the vertebral artery and having a prominent median
hypapophysis, the odontoid of the axis being very large and short and sup-
ported on the enorrnous anterior border, while the neural tunnel in both
bones is very circurnscribed. The head was probably pointed downward
and M. Gaudry ventures the hypothesis that the beast had the proportions
of a gigantic cavy with bent fore lirnbs, but post- like hind limbs. A cervical
vertebra is flattened, as in Arsinoitherium and the Proboscidea, but the
lumbar vertebr,e differ from the latter type. The most striking contrast with
the Proboscidea lies in the forearm. The scapula has the spine turned
forward instead of backward, the coracoid process is very long and promli-
nent, the glenoid greatly extended. The massive humerus is extremely
broad with very stout ento- and ecto-condylar and deltoid crests, large
tuberosities and an enormous head. The radius and ulna are very stout but
absurdly short. M. Gaudry concludes from a study of the muscular attach-
rnents that the very powerful forearm mnay have been used in digging,. The
lunar aiid pyramidal (cuneiform) resemble those of Elephas, but are nar-
rower. TI'he acetabuluin, as in the elephants, faced downward rather than-
outward. The straight hind liimlb had a long femur held alinost in line wvith
the tibia; the astragalus was greatly flattened and the navicular facet was
directly below the tibial facet, and this indicates that the foot was strictly
rectigrade, i. e., with the digits in line with the tibia. To compensate for the
relative iminobility of the pes the knee joint could double up at a very sharp
angle.

Upon this inaterial M. Gaudry bases the important conclusion that
Pyrotherium is not an ancestral proboscidean, and that all its resemblances
to members of that order result from the assumption of bilophodont cheek
teeth and post-like, rectigrade hind limbs; that these resemblances are
accompanied by more numerous and fundamental differenees, and that, in
brief, Pyrotherium is not closely related to any other of the great "pachy-
derms'" of diffeIrent orders, such as Astrapotheriumn, Dinoceros, Ar^sinoi-
therium, Brontotherium etc., and does not fit into any known order.

Tlhe supposed relationship of Pyrotherium with the Proboscidea being
thus at least temporarily disposed of, it seems not impossible that the inost
likely point of origin lies somewhere near the Homalodotheria, or rather
in the protungulate ancestry of that group. 'l'o judge by analogy with
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many similar cases Pyrotherium has been derived from smaller forms with
tapiroid molars (cf. Carolozittelia Ameghino), and such tapiroid molars in
several other cases (cf. Gregory, in Osborn, 1907, p. 171, footnote) have been
evolved from quadritubercular molars with transversely ridged proto- and
metaconules, i. e., from a type nearly realized in the Patagonian protungu-
late genus Didolodus. The flat Amblypod-like astragalus of Pyrotherium,
is more or less closely paralleled by that of Albertogaudryia, Asmodeus and
several other Patagonian genera which the writer regards (p. 384) as belong-
ing in the suborder Astrapotheria. The peculiar form of the distal end of
the humerus is to some extent suggested in the more normal humerus of
Homalodotherium (cf. Gaudry, 1906.1, p. 36, figs. 23, 24).

The extinct South American Ungulate groups not related to the Rodentia,
Artiodactyla, etc.

The Condylarthra or Condylarthra + Taligrada appear, in short, to be
the only probable known source for the orders in question. Relationship
of the Protypotheres with the Rodents appears to be extremely remote
(Sinclair), notwithstanding the Hare-like adaptations of some of the "Pro-
typotheres" (e. g., Pachyrukhos). Relationship even with the earliest
known Primates appears to be excluded by obvious differences in the skull,
dentition and limbs. While remote relationship with some of the Para-
theria (Edentates) is not definitely contradicted, derivation from that group
appears highly improbable.

Finally, near relationship with the Artiodactyla appears to be negatived
by the following considerations: (1) The earliest known Typotheres
differ radically from the Artiodactyla in the characters and relations of the
astragalus. In the Litopterna the astragalus of the typical forms is, as
stated above, very widely separated from the cuboid; however the astragalus
ascribed to Thoatherium minusculum -by Ameghino (1906, p. 342) has a
narrow facet in the position of the cuboid facet.

Some at least of the Nesodonts, as figured by Gaudry (1906.1, p. 29),
developed a large cuboid facet on the; astragalus, but since this character
appears late among the South American orders, it may be regarded as an
instance of convergent resemblance to the Artiodactyla and Rhinoceroses.
The Typotheres and Litopterns are likewise distinguished by the precocious
molarization of the premolars, :in wide contrast to the very delayed and
imperfect molarization of the premolars in Artiodactyls.

Assuming the' correctness of the view that the extinct South American
hoofed mammals are not directly related to the Perissodactyls, Hyracoids,
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Proboscidea, Amblypoda, etc., and have been derived independently of these
but from the same ancestral order of protungulates, it follows that the num-
erous resemblances in special characters between southern and northern
forms are due to similar adaptations occurring in the divergent descendants
of similar and more closely related ancestors. This confusing mixture of
homological and analogical resemblances deprives of permanent value all
attempted classifications and phylogenetic conclusions which are based
upon isolated points of resemblance between northern and southern groups,
in respect either to the dentition or to the feet.

Summary.

The foregoing views on the interrelationships of the extinct South
American ungulates are summarized in the subjoined table, which is doubt-
less very imperfect, since it deals only with the better known forms; but it
may, perhaps, serve as a trial hypothesis.
I. Order PROTUNGULATA (Condylarthra). Upper molars bunodont,

sexitubercular, with mesostyle. Paracone and metacone rounded
externally. Astragalus and calcaneum, so far as known, approximating
to the Euprotogonia (Phenacodont) type.
1. Quadrangular arrangement, hypocone very prominent, e. g., Di-

dolodus, Notoprotogonia. (?Condylarthra).
2. Triangular arrangement, hypocone and protostyle subequal, e. g.,

Guilielmofloweria, Ricardolydekkeria (?Taligrada, i. e., Peripty-
chidae or Pantolambdidae.)

II. Order NOTOUNGULATA. Upper molars when known more or less
rhinocerotic: i. e., progressively hypsodont, with flattened ectoloph,
a long protoloph, smaller metaloph, a crista, proto- and hypostyles,
no mesostyle. Lower molars with talonid typically much longer than
trigonid. Carpus (when known) alternating (i. e., lunar touching unci-
form). Structure of limbs and feet various.
1. Suborder Homalodotheria. Astragalus (Homalodotherium) re-

taining distinct neck and rounded head, trochlea flattened not
compressed; digits (Homalodotherium) 5-5. Complete Placental
dentition (d') in typical forms. Incisors and canines (when
known) subequal.
?a. Size small; molars brachyodont; protoloph well developed,

metaloph beginning, hypocone prominent, e. g., Henricosbor-
nia. (Referred by Ameghino to the Lemuroidea.)

Mb. Size medium; molars subhypsodont, roundly trigonal, ecto-
loph flat, rather straight, protoloph prominent. Astragalus
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and calcaneum approximating the Meniscotherium type (in
Trigonostylops). e. g., Trigonostylops, Notostylops.

c. Size large; molars subtriangular. Astragalus with trochlea
flattened but wide, head small, convex, neck oblique. Ungues
compressed, fissured. Homalodotherium.

Vd. Molars more quadrangular, partly suggesting those of Astra-
potherium. Leontinia.

?e. Molars approximating the Leontinia type; astragalus and
calcaneum approximating the Nesodont type, Colpodon.

2. Suborder Astrapotheria. Astragalus probably flattened, i. e.,
losing head and neck. Fibular facet on calcaneum probably re-
duced (Gaudry). Limbs rectigrade (Gaudry). Squamoso-
periotic region not inflated; zygomatic arch not extending to top
of occiput. ? Canines enlarged.
?1. Molars moderately hypsodont, suggesting partly the Homalo-

dothere type: e. g., Albertogaudrya.
2. Molars approximating the Astrapotherium type: e. g., Astrapo-

notus.
3. ?Canines tusk-like, molars very hypsodont, premolars small.

Astrapothenurn.
3. Suborder Toxodontia. Astragalus with distinct neck and convex

head, trochlea more or less compressed. Fibular facet on cal-
caneum prominent. Squamoso periotic region inflated. Zygo-
matic arch extending backward to top of occiput. Median incisors
often enlarged as cropping teeth, canines often reduced, never
tusk-like. Premolars well developed. Upper molars curving
more or less inward above and outward below; with strong crista
and large protostyle and hypocone, flanking the centrally placed
protocone.
1. Digits 4-4. Interatheriidee, Hegetotheriidae.

?2. " ?-? Archaeohyracidee.
3. " 5-4. Typotherium.
4. " 3-3. Nesodontidae, Toxodontidae.

III. Order LITOPTERNA (?derived from I). Upper molars more or less
hippoid, i. e. buno-lopho-selenodont, with mesostyle; brachyodont to
hypsodont. Lower molars with subequal trigonid and talonid. Feet
unguligrade. Carpus a modification of the serial type (lunar separated
from unciform by cuneiform-magnum coiltact). Tarsus with distinct
fibulo-calcaneal facet; astragalus becoming hippoid, i. e., with broad
transversely convex head (navicular facet). Digits long, tri- to mono-
dactyl. Squamoso-periotic region not inflated; zygomatic arch not
extending on top of occiput. Fam. Proterotheriidae, Macraucheniidae.
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IV. Order PYROTHERIA. Molars bilophodont, tapiroid to Dinotheroid.
Limbs rectigrade. Astragalus greatly flattened.
1. Molars tapiroid. Carolo.zittelia.
2. " Dinotheroid. Pyrotherium, Propyrotherium.

IX. THE PERISSODACTYLA.

The question of the derivation of the Perissodactyls as an order and of
their relationship to the Condylarthra is still open. Cope saw in Phena-
codus the atavus of practically all the hoofed orders. Osborn holds the
contrary opinion that Phenacodus is a hoofed offshoot of the Creodonta and
a member of the Meseutheria, or small brained Cretaceous-Basal Eocene
orders, and that the Perissodactyls have sprung from some entirely unknown
"Caeneutheria" (p. 457).

Still another view may be adduced: that although neither Phenacodus
nor Euprotogonia were the ancestors of the Perissodactyla yet they resemble
those forms more nearly than do any other known mammals; and that the
Basal Eocene ancestors of the Perissodactyla would, if discovered fall under
the superorder Protungulata as defined above (p. 383).

Supposed relations with the Artiodactyla.

The frequently assumed relationship of the Perissodactyla with the
Artiodactyla is treated in a general way in the section on the Artiodactyls
(p. 400) but it seems desirable to touch here upon a particular phase of the
question, namely, the supposed Artiodactyl characters of the Oligocene
Titanotheres. These characters were noted by Osborn (1893, p. 94 and 1895,
p. 350) as follows: (1) the dorso-lumbar formula of 20 (Osborn); (2) the
four-toed manus, which superficially resembles that of Hippopotamus;
(3) the buno-selenodont molars which, especially in some genera of the
Palseosyopidee resemble those of the Artiodactyl Anoplotherium. To these
may be added: (4) the large size of the cuboidal facet of the astragalus;
and (5) the reduction of the third trochanter of the femur.

Now that the general phylogeny of the Titanotheres has been cleared up
by Osborn in various publications (1896, 1902, 1908) it is plain that the
characters given above, with the exception of the first, have all been acquired
within the Titanothere phylum and therefore constitute no evidence of close
relationship with the Artiodactyls.

(1) The 20 dorso-lumbars may be simply a primitive Placental char-
acter which only the Titanotheres among the Perissodactyls have retained
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Moreover in the Oligocene Titanotheres the number of dorsals, 17, is much
higher than in typical Artiodactyls (12-14), and in the Upper Eocene
Dolichorhinus (Osborn, 1908, p. 612) the number seems to be 15, as in
Phenacodus.

(2) The broad, spreading, four-toed manus is an adaptation to great
weight, as it is also in Hippopotamus. The spreading of the digits and of the
carpals, especially of the magnum, may be traced with considerable proba-
bility within the Titanothere phylum. The detailed characters of the
carpals in the side and back view is very different in Titanotheres and
Artiodactyls.

(3) The large size of the cuboid facet of the astragalus is another prog-
ressive Titanothere character, and is equally an adaptation to weight,
which never attains the development that it does in the Artiodactyls.

(4) The reduction of the third trochanter is likewise progressive, and
it is concomitant with the lengthening of the femur and relative shortening
of the tibia and fibula.

(5) The simple buno-selenodont molars alike in Titanotheres and
Artiodactyls result from the reduction and final disappearance of the proto-
and metaconules. This character is accompanied by radical differences
between the two orders in the premolars, which are often better indicators
of ordinal separation than the molars.

Relatively close relationships of the Lower Eocene Titanotheres to other
Perissodactyls.

The general relationship of the Titanotheres to other Perissodactyl phyla
and the relatively close interrelationship of all the Perissodactyl families
in the Lower Eocene may be made clear in the following remarks on the
Lower Eocene (Wind River) genus Lambdotherium Cope, the systematic
position of which was long in doubt. Osborn and Gregory (in Osborn, 1909,
p. 599) have shown: (1) that this animal (which was about the size of a
coyote), was an early member of the family Titanotheriidoe, (2) that in many
features it is prototypal to the later Titanotheres, with which it is linked
structurally through the genera Eotitanops and Mesatirhinus of Osborn.

As compared with other Eocene Perissodactyls its Titanothere affinities
are revealed in the following characters:

(1) Its skull, judging from the lower jaw, must have been larger and
heavier than that of the earliest representatives of the Tapiridae, Equida-
or Rhinocerotidoe.

(2) The canines were relatively stout (cf. Palheosyopinse).
(3) The upper premolars, especially p4, are of the Mesatirhinus type
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and differ in significant details from those of other contemporary Perisso-
dactyls.

(4) The upper molars, as compared with those of the contemporary
Perissodactyls, approach those of Eotitanops in respect to the strong develop-
ment of the mesostyle, the V-shaped paracone and metacone, and the
separation of the protoconule ridge from the protocone.

(5) The lower premolars and molars are of the Palaeosyopid type, the
molar cusps being arranged in a M, from which they differ only in more
primitive characters; and they also contrast in details with those of the other
Perissodactyls.

(6) The humerus, radius anld ulna, so far as known, agree in essentials
with those of Eotitanops.

(7) The manus is like that of Eotitanops, only still narrower. It differs
from the manus of Eohippus in the relative height of the carpals, prominence
of the hook of the scaphoid, wedge-shaped lunar, broader unciform, relatively
smaller digit III, etc. It differs from the manus of Heptodon, Hyrachyus,
etc., in other details.

Nearly all the known characters in which Lambdotherium differs from the
later Titanotheres serve to ally it with the Lower Eocene forerunners of the
Equidae, Tapiridae and Rhinocerotidee. For example, the incisors are com-
pressed antero-posteriorly, the jaw is constricted back of the canines, and
the premolars and molars approach the Lower Eocene Perissodactyl type in
respect to the relatively large size and incipiently ridged condition of the
proto- and metaconules and in the form of all the remaining cusps. The
forearm and manus, which are the chief remaining parts known, were also
of the Lower Eocene Perissodactyl type, which is clearly distingulishable
from that of contemporary Condylarths and Artiodactyls. From certain
fragments of the skull, and from the known characters of Limnohyops pris-
cus Osborn (1909, p. 601), a primitive Middle Eocene Titanothere, it is
legitimate to infer that Lambdotherium shared with other early Perissodactyls
(e. g., Eohippus, Systemodon, Isectolophus) the following skull characters:
very broad forehead; large face; small cranium with postorbital con-
striction; high narrow occiput with low sagittal crest; nasals pointed, not
reaching to end of premaxillaries.

Principal characters of the stem Perissodactyla.

The phylogeny and natural classification of the various families of
Tertiary and Recent Perissodactyls is better known than is the case in many
other orders; first, because the principal evolution of the group took place
(luring the Tertiary period; secondly, because its center of dispersion lay
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in some unknown region, whence a long series of forms were driven into
the localities in Europe and North America where conditions for preserva-
tion and discovery have been most favorable. The numerous lower Tertiary
forms have been described chiefly by Cuvier, de Blainville, Owen, Leidy,
Cope, Marsh, Osborn and Wortman and form the basis of many important
evolutionary-writings. The evolution of the Tapiridae has been treated by
Wortman (1893) and Hatcher (1896), of the Lophiodontidae by Stehlin
(1903-1906) and Dep6ret (1901) who have also revised the European Eocene
hippoids and Palaeotheres (Dep6ret, 1901) while Wortman (1896) and
Granger (1908) have revised the American Eocene hippoids. The evolution
and phylogeny of the Rhinoceroses (including the Amynodonts and Hyra-
codornts) have been treated in a series of studies by Osborn (e. g., 1898, 1900),
who also has long been engaged in monographic revision of the Titanotheres
and Horses. The interrelations of the families themselves have been treated
principally by Kowalevsky (1873), Schlosser (1886) and Osborn (1898) and
the superfamily classification adopted by the latter author has been widely
accepted (cf. Weber, 1904, pp. 614-615).

All these researches have supplied abundant data for a reconsideration
of the genetic relations of the order as a whole. The published figures and
descriptions show that the Lower Eocene representatives of the Tapirs,
Horses, Palheotheres, Titanotheres, Lophiodonts and Rhinoceroses had not
gone very far in acquiring the special characteristics of their descendants.
At any rate, the differences, for example, between Systemodon, of the Tapi-
ridae, Heptodon of the Lophiodontidae, Lambdotherium of the Titanotheriidas
and Eohippus of the Equidee are relatively small and indicate that the vari-
ous Perissodactyl families could not have been distinguished in the Upper
Cretaceous. If then the chief characters of these unknown stem Perisso-
dactyls may be inferred from those of their Lower Eocene descendants, the
question of the genetic relations of the order will be greatly simplified.

This problem has long engaged the attention of the writer who has had
the pleasure of assisting Professor Osborn in the investigation of the Titano-
theres, and in that connection has studied the authors cited above as well
as the described Perissodactyl material which is on exhibition in the Ameri-
can Museum of Natural History. Special attention has been given to the
genera Eohippus, Palaotherium, Systemodon, Lambdotherium, Eotitanops,
Isectolophus, Trilopus, Hyrachyus, Heptodon and Lophiodon, which are
all primitive in some characters and which are represented by fairly adequate
material. By projecting backward the known trends of evolution in the
different families from the vantage ground furnished by the above mentioned
genera, we can assign certain characters to the unknown stem Perissodactyls
with considerable assurance of probability, as follows:
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Dental formula: 33{ Preserved in most Lower Eocene Perissodactyls.
Taken in connection with the form of the teeth and many other characters
it is a significant indication of derivation from the stock which gave rise
also to the Insectivores, Creodonts and Condylarths.

Canine stout, piercing; incisors in a transverse or partly elongate row:
crowns convex anteriorly, flattened posteriorly. Indicates derivation from
omnivorous Creodont-Condylarths; canines possibly preserved as fighting
weapons.

Premolars similar to the Euprotogonia type, namely: p4 triangular; with
proto-, deutero- and tritocones, protoconule, nietaconule and strong sur-
rounding cingula; p3 simpler, p2 compressed, pl conic.

Upper molars similar to the Eurotogonia type but protoconule and
metaconule becoming lophoid, paracone and metacone rounded (cf. Hyra-
cotherium leporinum).

Lower cheek teeth much as in Euprotogonia but with the paraconid smaller.
The dentition of the stem Perissodactyl thus resembled the Euproto-

gonia type more closely than any other and taken in connection with so
many other characters throughout the skeleton this dental resemblance to
Euprotogonia. is significant of common origin.

Diet. Possibly succulent tender herbage, berries, tubers, etc. Some
vestiges of the former animalivorous habits may have persisted. Even the
modern Peccaries, while relying chiefly on fruits and roots, "are by no means
adverse to varying their diet with carrion, worms, or insects" (Lydekker).'

Brain case intermediate in width between that of Euprotogonia and that
of Eohippus. Because the brain of even the oldest Perissodactyls was
larger than that of the Condylarths, it might be objected that the former
were therefore derived from some entirely unknown relatively large brained
"Caeneutherian" stock (p. 458); but the remarks made above (p. 310) touch-
ing the increase in size in the brain in the Carnivores seem to apply equally
well here. The large brained Perissodactyls are known to run back into
much smaller brained forms in the Lower Eocene and the Basal Eocene
Perissodactyls may reasonabl be inferred to have had still smaller brains,
but for lack of material this cannot be stated positively. Even among the
Condylarths there was considerable variation in the size of the brain, the
brain case of Meniscotherium being relatively broader than that of Phena-
codus. It is not denied that the ancestral Perissodactyl had a larger brain
case and better brain than Euprotogonia. It is merely inferred that there
was a considerable variation in brain characters in the Condylarthra and
that the Perissodactyls sprang from some unknown, possibly Asiatic, larger

1 The New Natural History. Vol. II, p. 443.
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brained form, which in all its dental and skeletal characters would fall under
the Condylarthra as here defined.

Muzzle heavy, forehead very broad. This is a universal character of the
Lower Eocene Perissodactyls and is a direct inheritance from the Condy-
larth condition.

Post-orbital constriction rather marked. Another very primitive (Condy-
larth) and strongly marked character (seen especially in Eohippus). Its
meaning is that the small brain was still largely confined to the parietal
segment and that the anterior portion of the cerebrum, i. e. the frontal lobes,
had not yet broadened and pushed forward against the anterior wall of the
brain case.

Face larger than cranium. Seen in Eohippus, Isectolophus, Hyrachyus
and others (cf. Condylarthra).

Skull moderately dolichocephalic, i. e., about as in Eohippus and Isecto-
lophus (cf. Condylarthra).

Occiput high and narrow. Seen in Eohippus, Heptodon and others.
Occipital crest slender not flaring (cf. Phenacodus wortmani).

Zygomata slender (as in Eohippus) (cf. Phenacodus wortmani). The
very stout zygomata, high sagittal crest and flaring occipital crest in the
Middle Eocene Palkosyops are possibly a secondary result of extreme
brachycephaly and heavy jaws and canines. Zygomatic process of maxil-
lary extending outward below malar.

Orbit bounded by small post-orbital processes both on frontals and
malars.

Proportions and relations of premaxillaries, maxillaries, lachrymals,
nasals and frontals probably much as in Euprotogonia. In the orbital
region, maxillaries overlapping nasals and overlapped by frontals and
lachrymals; in the lateral aspect, a slight anterior narial sinus above max-
illaries. Nasals not reaching forward quite as far as the premaxillaries
(Eohippus, Isectolophus, the most primitive Titanotheres, etc.), cf. Phena-
codus wortmani. Lachrymal with small tubercle, spreading out on the
orbit internally, partly extending on face, duct marginal to internal.

Ascending ramus of mandible and coronoid, large; areas for temporal
and masseter muscles relatively large (cf. Condylarthra).

Cranial foramina conforming strictly to the Condylarth-Creodont plan:
i. e., optic and rotund foramina distinct from the foramen lacerum anterius;
an alisphenoid canal; large foramen ovale piercing alisphenoid at some
little distance back of the alisphenoid canal and just internal to the glenoid
fossa; postglenoid foramen not conspicuous; sphenopalatine foramen nor-
mal; median and posterior lacerate foramina confluent, owing to the small
size of the petrosal and tympanic, which had not coalesced. Osseous au-
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ricular meatus (arch) wide and well defined by large postglenoid and post-
tymrpanic processes of the squamosal; the latter confluent with the down-
ward extension of the mastoid and this in turn with the downwardly directed
paroccipital process of the exoccipital. Mastoid a wedge-like bone showing
on the oblique postero-external corner of the occiput. Post-mastoid fora-
men present.

The preceding skull characters may confidently be assigned to the stem
Perissodactyl and are all inherited from an Insectivore-Creodont-Condylarth
plan.

Vertebrct in essentials similar to those of Phenacodus. Atlas with para-
pophysis pierced by vertebraterial artery. This character is lost in the
Oligocene Titanotheres (Osborn). Axis with peg-shaped odontoid. Pleura-
pophysial flange of sixth cervical vertebra very broad, obliquely placed.
Lumbars with transverse processes directed slightly forward. Sacrals at
first probably of Creodont-Condylarth type, namely, transverse process of
anterior sacral widely expanded and forming the chief support of the pelvis,
those of second and third sacrals rapidly narrowing. Later the second and
third sacrals became broader and shared in the iliac attachment, at the same
time the transverse process of the fourth, fifth and sixth sacrals broadened
but in decreasing degrees, producing the characteristic Perissodactyl type
of sacrum. Dorso-lumbar formula possibly 20 or 21 (15 or 16 + 4-6).
In correlation with the increasing size of the viscera and thorax, the number
of rib-bearing vertebrae increase. The primitive Condylarth number
(19-20) is retained only in the early Titanotheres (Osborn), in the remaining
families the number has increased as follows: Tapirus 18 + 5, Rhinoceros
19 or 20 + 3, Equus 18 + 5 -19 + 6 (Flower, p. 83). Tail very early
becoming lighter than in the Condylarth-Creodont stem.

Scaputla rather high and narrow, round topped, prespinous fossa narrow
at top, anterior border above neck with sharp convexity. This type is readily
derived from the scapula of Phenacodus. It gives rise to various modifica-
tions, in the horses paralleling the Artiodactyl type, in the Titanotheres the
Proboscidean type.

The humerus has progressed beyond that of any known Condylarth
in its cursorial adaptations. Even in the earliest Perissodactyls there was no
entepicondylar foramen and the entocondyle itself was reduced, the supina-
tor crest small, the capitellum for the ;adius transversely extended (more than
in Phenacodus) and the radio-ulna trochlea flatly convex. The head of the
radius was transversely expanded and there was a decreasing power of supi-
nation, the hand becoming more sharply pronated, even when extended
forward.

Pelvis. The ilium, even in the Creodonts, had already lost its primitive
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trihedral character by the outgrowth of its external ridge and the flattened
spatulate character of its postero-superior gluteeal surface. In Phenacodus
this external ridge was already produced into a long sickle-shaped surface.
In the ancestral Perissodactyl the ridge was probably not pointed at the
tip but slightly expanded and flattened while the internal superior border
of the ilium was produced inward and upward above the level of the sacrum.
These two ridges, the internal and the external, caused the ilium in oblique
postero-superior view to be T-shaped, the antero-superior border being
concave. This type of ilium is preserved in the primitive cursorial types
Eohippus and Hyrachyus but is'lost in the very heavy slow moving types.
T'he pubo-ischiadic part of the pelvis was somewhat smaller than in Phena-
codus and much shorter and less stout than in the Mesonychidse and Artio-
dactyla.

Femur. The shaft was slightly flattened and retained a moderate
third trochanter, which was perhaps placed higher up on the shaft than in
Phenacodus.

The manus and pes of the ancestral Perissodactyl had already advanced
beyond the Condylarth stage. In the manus the pollex was much reduced,
in the pes the hallux disappeared very early and the fifth digit was greatly
reduced. The functional digital formula was thus 4-3, as it is in all Lower
Eocene Perissodactyls. The middle digit was the longest, especially in the
pes, the proportions of the several digits were approximately as in Tapirus
but the manus was very likely narrower. The manus in all known Lower
Eocene Perissodactyls was very narrow, with a rather high carpus and there
is good reason to believe that this is an inheritance from unknown small sized
cursorial ancestors. No truly cursorial Creodont or Condylarth known has
a broad manus. The broad manus of later Titanotheres, Palaeotheres,
Lophiodonts, Rhinoceroses, etc., is very probably a progressive adaptation to
increasing weight.

The Perissodactyl character of the feet may be more directly derived
from the Condylarth than from the Creodont condition. In none of the
Creodonts does the tendency to tridactylism become nearly as pronounced
as it does in Phenacodus, where both in manus and pes the digits are sym-
metrically arranged on either side of the third. Phenacodus itself, of course,
is not ancestral to the Perissodactyls and may be more Perissodactyl-like
than its own ancestors; but the development of perissodactylism in both
orders argues a similar type of foot in the ancestors of each, a type of foot
which is not reached in the more remotely ancestral Insectivore-Creodont
stock. The perissodactylism of the Litopterns offers no obstacle to this
reasoning, for they themselves were probably also derived from Condy-
larthra (p. 448).
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The carpus (see also p. 450) of the ancestral Perissodactyl differed sharply
from that of Phenacodus in that it was not altogether serial but partly dis-
placed or interlocking in type: i. e., with the scapho-centrale touching the
small magnum, the lunar resting not only on the magnum but partly on the
unciform (see p. 446). This condition is shown in all the known manus of
Eocene Perissodactyls, representing the earlier types of each family. Form-
erly when Phenacodus itself was
held to be ancestral to the Perisso- Sc. 'L.
dactyls it was easy to believe that Cu.
the so called displaced type of em---TdUncarptis in the early Perissodactyls
was secondary. But evidence was
adduced by Matthew (see p. 446
below) that the serial carpus of
Phenacodus is itself secondary, 1111 IV V
since the manus of Eurotogonia
retains the lunar-unciform contact;
and in the present work it is shown I!'
(pp. 442446) that the lunar-unci- '
form and scapho-centrale-magnum
contacts are characteristic of many
of the lowest pentadactyl unguicu- /
lates and persist into the orders
Creodonta, Amblypoda, Primates,
Artiodactyla, Litopterna, etc.

It is not intended to imply that
the carpus in the ancestral Perisso-
dactyl was of the fully " displaced'"
type (p. 451). In the Lower Eocene 'I
"Lophiodont" Heptodon calciculus Fig. 23. Left manus of a Lower Eocene
(Fig. 23) the lunar-unciform con- Tapiroid (Lophiodont) Heptodon caciculus Cope,

(Amer. Mus. No. 294). Ce., hook of the scaph-tact, while very considerable in oid, formed by the coalesced centrale. In the
front view, is narrower in rear view; back view the lunar is seen to rest almost

equally on the magnum and unciform X I.and in the Rhinoceros line it is easy
to follow the progressive broadening of the scapho-centrale-magnum and
lunar-unciform contacts, through Hyrachyus and COnopus to the widely
displaced type in Rhinoceros.

The magnum of the ancestral Perissodactyl in front view was small and
compressed but in side view was large and shaped like a shoe, the toe point-
ing downward, the sole backward (Fig. 24). The strong flexor carpi
muscles were attached to the sole of this shoe, while the rand or part above
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the heel was keeled for the support of the lunar on one side and of the scapho-
centrale on the other. These characters of the magnum are strongly marked
in all the Lower Eocene Perissodactyls examined and sharply separate the
latter from Phenacodus in which the toe of the magnum is at most represented
by a blunt low process. Most of the later Perissodactyls retain this "toe"
in a more or less modified condition, but in Lophiodon as figured by Deperet
(1903) it is wanting. It is also developed to some extent in the Artiodactyla
(e. g., Oreodon) but is there shaped quite differently.

The unciform was inclined somewhat upward and this condition in-

Fig. 24. Left magnum of two Lower Eocene Perissodactyls, Heptodon calciculus (Cope)
Amer. Mus. No. 294, X I and Eotitanops borealis (Cope) Amer. Mus. No. 296. X 1. The small
end faces anteriorly, the bones are seen from the outer side.

? ex. c. r., tuberosity for ? extensor carpi radialis.
?,f. c. r., " " ? flexor " "
(ce.), facet for hook of the scapho-centrale.
(lu.), lunar.
(unc.), unciform.
(III) metacarpal III.

creased with the broadening of the lunar-unciform contact; the unciform
had a prominent process on its postero-external face.

The lunar was wedge-shaped distally, with an oblique anterior facet for
the magnum. The centrale was very early fused with the scaphoid, forming
the so called "hook of the scaphoid" in Rhinoceroses.

The successive overlap of the metacarpals II-IV on the external proximal
ends was an inheritance from the Insectivore-Creodont stock and due origi-
nally to the fact that the magnum and trapezoid were shallow small bones
which caused their attached metacarpals III and II to appear as if thrust
up into the carpus above the lower level of the unciform and trapezium.
The distal ends of the metacarpals were without keels and were neither
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globular nor flatly-covex but perhaps more or less intermediate in character.
The ungual phalanges were depressed, pointed and slightly fissured distally.

From the preceding notes it appears that even in the stem Perissodactyls
the lunar (since its bluntly wedge-shaped distal end received the thrust of
both unciforin and magnum, and its sides received the thrusts of the scaphoid
and cuneiform), formed the main keystone of the carpus (Fig. 25). The
interlocking carpus of any ungulate
consists, in fact, of a complex series
of keystones which receive the X
weight and impact from the fore.
arm above and the ground below. | /W

The astragalus in the ancestral < K Tz
Perissodactyl differed from that of
Phenacodus in the following char-
acters:

(1) The internal keel of the
trochlea was better developed. (2)
The neck of the astragalus was
more nearly parallel to the cal- V
caneum and did not diverge distally IV
from it. (3) The head or condyle
of the astragalus was transversely
broader and flatter and its distal Fig. 25. Back view of the carpus of an
facet (for the navicular) was warped Eocene Titanothere, Mesatirhinus peter8oni
in two planes, i. e., convex antero- Osborn. The lunar rests almost equally on the'' ~~~~magnum and unciform. X j
posteriorly and very slightly con-
cave transversely, in contrast to the simple ovoid astragalar condyle of
Phenacodus. (4) The cuboid just touched the head of the astragalus
along a very narrow facet on its external angle. In Phenacodus the cuboid
is separated from the astragalus by the navicular, but this may be secondary,
because in Periptychids and some Creodonts the cuboid touches the astraga-
lus. (5) In the back view of the astragalus there was a small "distal facet"
(Osborn, 1889) by which the astragalus gained additional contact with the
calcaneum. This is absent in Phenacodus- apparently by reason of the
lateral divergence of the astragalar head from the calcaneum. (6) The
sustentacular facet, instead of being a broad median oval, was narrow,
and located more on the external border; it formed with the distal facet
a 1. These characters of the astragalus may be seen in any Lower Eocene
Perissodactyl and sharply separate them from all known Condylarths.
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Conclusion.

The ancestral Perissodactyl as thus conceived resembled the more
primitive Condylarths such as Euprotogonia in many features. It had the
same dental formula, the same kind and arrangement of incisors, canines
and premolars, its sexitubercular upper molars were essentially similar in
the relative positions of the cusps to those of Euprotogonia, and differed
only in their somewhat better adaptations to a herbivorous diet. The
architecture of the skull, the arrangement of the cranial foramina and the
dorso-lumbar vertebral formula were about the same as in Phenacodus,
while the peculiarities of its scapula and pelvis (p. 391) are not of a radical
nature. The manus and pes, in spite of the differences noted below, re-
tained clear traces of derivation from a pentadactyl incipiently mesaxonic
type, and in so far are similar to those of Condylarths.

The known Lower Eocene Perissodactyls had, as stated above, a larger
brain than Phenacodus but reasons have been given (p. 389) for regarding
this as a not insuperable objection to the supposed Condylarth affinities of
the stem Perissodactyl.

Most of the differences between the stem Perissodactyl and the known
Phenacodonts may be regarded as more advanced adaptations to cursorial
habits. Under this heading may be cited the changes in the scapula and
ilium, the strengthening of the sacrum and, in the humerus, the total loss
of the entepicondylar foramen, the reduction of the entocondyle, the flat-
tening of the capitellum and widening of the radio-ulnar trochlea, and the
early reduction of the digital formula to 4-3. The differences between
the serial manus of Phenacodus and the interlocking or displaced manus
of Perissodactyls are probably the result of divergent adaptations from a
more central type (p. 451). The complex form and function of the mag-
num in the earliest Perissodactyls demand a much simpler form in their
remote predecessors, and this condition is retained in Euprotogonia. The
difference in the astragalus in the two types, while very radical, is doubtless
also an expression of improved cursorial powers in the Perissodactyls. In
the Condylarths and earliest Amblypods the diverging distal end of the
astragalus (doubtless a Creodont and remotely arboreal inheritance) exposes
the head of the astragalus in the rear view and makes a relatively movable
but unstable joint between the astragalus and calcaneum. By a develop-
ment of the external (calcaneal) side of the neck or by a twisting of the
trochlea, the head of the astragalus was finally brought downward and out-
ward into contact with the distal end of the calcaneum. The "distal facet"
thus established, together with the cuboid facet thus made possible, greatly
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strengthened the connection but limited the mobility, between the astragalus
and the calcaneum. The sustentacular and ectal facets at the same time
formed the peculiar 1-shaped facet described above (p. 395). The narrow-
ing of the sustentacular facet is foreshadowed to some extent in Phenacodus
wortmani. After examining considerable material, the writer ventures to
assert that in the characters of the astragalus the Phenacodont-Condylarthra
approach the Perissodactyl type somewhat more nearly than do the known
Eocene representatives of any other order.

To conclude, the derivation of the Perissodactyl order from the general
Insectivore-Creodont-Condylarth group of Placentals seems fairly well
established. There is no reason to suspect direct derivation from either of
the two lower orders of this group (Insectivora, Carnivora), because a com-
prehensive study of the osteology reveals nothing in support of the hypothesis,
but shows on the contrary that the stem Perissodactyl had already attained
relatively advanced cursorial and herbivorous adaptations which are not
foreshadowed in those orders. On the other hand, genetic derivation from
any well known Condylarths (Phenacodus, Euprotogonia, Meniscotherium)
is almost equally improbable. But with regard to many important dental
and osteological features it is obvious also that Euprotogonia and Phena-
codus bridge over the structural gap between the Perissodactyls and the lower
unguiculate orders, and in brief, that the stem of the Perissodactyls would
very likely fall under the Condylarthra, as re-defined by Matthew (1895).

The Ancylopoda (Chalicotheroidea).

The deeply fissured ungues impressed all earlier writers on the "clawed"
ungulate Chalicotherium of the European Miocene and its allies and led Cope
to disregard the numerous ungulate features in the rest of the skeleton in
favor of the view that Chalicotherium must have been derived from some
primitive unguiculate. He therefore (1889, p. 153) made the Chalicotheri-
idae the type of a distinct order, the Ancylopoda.

Dep6ret (1892) saw its prevailing resemblance to "les Pachydermes";
but the inclusion of Anoplotherium in that group somewhat confused the
issue.

Osborn (1893, pp. 118-133) came to the conclusion that the Ancylopoda
were intermediate between Meniscotherium of the Condylarthra on the one
hand and the Perissodactyls on the other. He later (1898) included the
Chalicotheroidea as an aberrant superfamily of the Perissodactyls. This
view has recently been supported with fresh evidence by Peterson (1907, pp.
733-752) who, in describing the skeleton of Moropus, points out many peculiar
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resemblances to the Horse, to Aceratherium and to Titanotherium.' Among
the chief Perissodactyl resemblances cited by Peterson are the following:
The general similarity of both deciduous and permanent cheek teeth to those
of Titanotherium; the curiously horse-like character of the condylar foramen
and paroccipital process and of many features in the neck vertebrae: the
Perissodactvl facies of the sacrum; the resemblance of the scapula and pelvis
to that of Aceratherium; the possession of four digits in the manus and three
in the pes, the third digit being the longest in both, all as in Eocene Perisso-
dactyls; the general resemblance of the humerus, radius and ulna, femur
and pes to those of Titanotherium. To this evidence may be added the
following considerations:

(1) The dentition of Schizotherium Gervais,2 a European Oligocene
Chalicothere, shows evidence of derivation from an Eocene Perissodactyl
type. The premolars must have passed through a stage illustrated in
Lambdotherium. The molars have been evolved from a buno-lopho-seleno-
dont form not unlike that of the Palteotheres. They must have attained
their definitive form through combined lengthening and compression, the
inner and outer cusps being brought nearer, even more than in the Upper
Eocene Titanothere genus Dolochorhinus, this causing the conniecting cross
crests to be very oblique.

(2) A very suggestive Perissodactyl feature is the funnel shaped fossa
running backward and inward from a point just internal to the postglenoid
pricess to the petrosal region. This curious fossa is very characteristic of
the horses and Titanotheres and is thought by Dr. C. S. Mead to have lodged
the internal extension of the meniscal cartilage.

(3) The foramen ovale is large and situated near the internal confines
of the glenoid surface, as in Titanotheres.

(4) The carpus which is of the "displaced" type, retains as many
primitive features as could be expected in view of the great difference in
function between this heavily clawed digging manus and the normal Peris-
sodactyl type. It might be derived either from the Perissodactyl type
represented in Palceosyops or from the Artiodactyl type represented in
Ancodus but the height of the carpals favors the former view. In correlation
with the hypertrophy of the internal digit (II), the trapezium is unusually
large but its scaphoid surface is still convex as in Perissodactyls and Artio-
dactyls. The internal process of the scaphoid (representing the centrale)
is very broad, as in many Perissodactyls, the lunar has a nearly vertical
magnum facet and an oblique unciform facet as in both Perissodactyls and

I The valuable figures of the skull and skeleton of Moropu8 given by Barbour (1908) point
to the same conclusion.

2 Represented in the American Museum by casts showing the upper and lower cheek teeth

398



The Chalicotheres.

Artiodactyls. The jnagnum of Chalicotheres, although highly modified
in form, is fundamentally similar to that of Palcosyops and its allies. Every
facet in the more primitive type is represented in distorted form in the
Chalicotheres, while the posterior hook or toe of the magnum, a frequent
Perissodactyl feature, is represented by the whole posterior part of the bone
in the Chalicotheres. This comparison of the magnum with that of Pale-
osyops is however not altogether convincing, since the Chalicothere magnum
might have been derived independently from that of Euprotogonia.

(5) As stated above (p. 375) Ameghino associates with the Ancylopoda
the genus Honmalodotherium of the Santa Cruz beds (Miocene) of Pata-
gonia, apparently because the latter has deeply fissured claw-like ungues
and the first and second phalanges tend to coalesce, as in Chalicotheres.
But this is the kind of adaptive resemblances to other groups which the
extinct South American orders so frequently present and it is accompanied
by important differences throughout the skeleton. The second metacarpal
of Moropus and the corresponding ungual phalanx are greatly hypertrophied,
but according to Ameghino's figures, no trace of this peculiar feature is seen
in the five-toed Homalodotherium. The carpus of Moropus is high, as
in Perissodactyls, that of Honalodotherium broad as in Protypotherium
(figured by Sinclair, 1908, p. 71) among the Typotheres. The astragalus of
Homalodotherium as figured by Gaudry (1906.1, p. 28, fig. 47) is widely
different from that of Moropus and the same is true of the humerus (which
retained an entepicondylar foramen. Cf. Gaudry, 1. c., p. 9, fig. 8).

(6) The astragalus of Moropus, while superficially resembling that of
Titanotherium, differs in this important respect, that as noted by Peterson,
it has no contact whatever with the cuboid. As the astragalo cuboid con-
tact is a progressive feature in the Titanotheres and Rhinoceroses, this
joins with other evidence to show that the Chalicotheres probably diverged
from the other Perissodactyls before the astragalo-cuboid contact became
fixed, i. e., probably much before the Middle Eocene.

(7) The Chalicotheres resemble the Lower Eocene Condylarth Men-
iscotherium in a number of characters enumerated by Osborn (1893, pp.
118-133), especially in the form of the top of the skull and the characters
of the dentition. In both groups the molars are buno-lopho-selenodont, the
metaconule ridge is confluent with the hypocone, both lack the third lobe on
M3, both have reduplicate metaconids. However, there are also important
differences: e. g., the proto- and metaconules in Meniscotherium show no
tendency to join the ectoloph as they do in all the Chalicotheres, the proto-
conule in Meniscotherium is V-shaped, not lophoid; the reduplication of the
metaconid is equally characteristic of Lambdotherium and Eohippus; in
fact, the Chalicothere dentition may be derived as well from the Lower
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Eocene Perissodactyl as from the Meniscotheroid type. The third lobe of
m3 is lost, in correlation with the atrophy of the posterior part of 3, in both
groups. The manus of Meniscotherium has no suggestion of the Chali-
cothere type, the carpus being of the incipiently serial type. The astragalus
of Meniscotherium resembles that of the Chalicotheres in the absence of a
cuboid contact, but this was equally true of Phenacodus and probably of the
remote ancestors of the Perissodactyls (p. 396).

Conclusions.

The numerous resemblances of the Chalicotheres to different Perisso-
dactyls in the skull, dentition and skeleton can hardly all be set down as
convergent, though many of them may be homoplastic as that term is used
by Osborn, i. e., independently evolved from a common ancestor. Osborn
and Peterson seem justified in concluding that the Chalicotheres are an
aberrant family of the Perissodactyls. It seems probable that the affinity
is nearer to the Palaeothere-Horse-Titanothere division than to the Tapir-
Lophiodont-.Rhinoceros group and the Chalicotheres may be an offshoot
from some Lower Eocene forms resembling Paloplotherium. The deeply
cleft ungues are of course secondary- an intensification of the slightly
cleft ungues of Lower Eocene Perissodactyls. The resemblances to Homalo-
dotherium are entirely convergent. The resemblances to Meniscotherium
are chiefly primitive characters inherited from Lower Eocene Perissodactyls
which still retained many Condylarth characters (p. 396).

X. THE ARTIODACTYLA.

The Artiodactyla are often grouped with the Perissodactyla under the
term "Ungulata Vera" in contrast to the Hyracoidea, Proboscidea, Ambly-
poda, Toxodontia, etc., which are collectively called "Subungulata." Cope
applied the term "Diplarthra" to the "Ungulata Vera," apparently because
both Artiodactyla and Perissodactyla are distinguished first by the contact
of the astragalus with the cuboid as well as with the navicular, and secondly
by the interlocking character (i. e., the double set of facets) in the carpus.

Aside from the characters of the feet, the Artiodactyla and Perissodactyla
possess very few characters in common and these are of a very inconclusive
nature (e. g., placenta non-deciduate, uterus bicornuate, testes descending
into a scrotum, os penis absent. Flower and Lydekker, 1891, p. 275).

The points of resemblance between the two orders in the limbs are
sometimes very striking. In the most generalized Artiodactyl manus
known, that of the Oligocene Ancodus, as described by Scott (1894), the
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carpus (Fig. 26, A') shows the same elements, arranged in much the same
manner, as in the oldest Perissodactyl. It is alternating in type, the centrale
is fused with the scaphoid, and the lunar has a broad contact with the
unciform; the third digit also is considerably longer than -its fellows. Again
-in the Tertiary Equidae the fore limb resembles that of the Ruminants in
the humerus and in the V-shaped scapula, vestigial ulna shaft and long
cannon bone; and in certain Miocene horses the proportions of the limbs
closely paralleled those of Odocoileus (Gidley, 1903). The so called Artio-
dactyl characters of Titanotherium are discussed below (p. 385), as well as
the general resemblance in the manus between Metamynodon and Hippo-
potamus (p. 109).

Yet in spite of these resemblances the evidence itidicates that the Dip-
lathra or Ungulata Vera is a wholly unnatural group, that the Artiodactyla
and Perissodactyla have been derived from very different sources, and that
the resemblances are either primitive protungulate characters or of an entirely
convergent nature.

The differences between the oldest Eocene Perissodactyls and most
Artiodactyls are very striking. In the earliest Perissodactyls, e. g., Eohippus,
Heptodon, and Eotitanops, the third digit of the manus is markedly longer
than its fellows and digits II and IV tend to be subequal; in the oldest Artio-
dactyl type the third digit is indeed longer than the fourth, but digits It and
V tend to become suibequal. In the pes the difference between the two
orders is still more pronounced. In all known Perissodactyls the pes is
functionally tridactyl and mesaxonic, the middle digit being much the longest;
in the most primitive Artiodactyls the pes is tetradactyl and paraxonic. In
the Lower Eocene Perissodactyls (e. g., Eohippus, Heptodon, Lambdo-
therium, Eotitanops) the cuboid facet of the astragalus is represented by a
very thin limited surface, the navicular facet is gently convex, and the
narrow sustentacular facet lies on the inner posterior border. In the oldest
Artiodactyls the astragalus has a very broad contact with the cuboid, the
navicular facet is sharply convex and the sustentacular facet is broadly
oval and more central in position. These characters were certainly estab-
lished by the Middle Eocene (Bridger).

In the dentition the contrasts are equally marked. Even in the oldest
Perissodactyls the posterior premolars are already relatively large and coin-
plex and rapidly assume the molar pattern; the molars also are quadrangu-
lar, the protocone being at the antero-internal corner of the crown and the
hypocone well developed. The lower molars are already acquiring well
developed proto- and metalophids or two subequal V's. In the Artiodactyla
the premolars are from the first retarded in their development, p4 is at most
bicuspid, p2 iS compressed, the molars are still triangular and tritubercular
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(e. g., Leptochwerus), the lower molars were not far from the tuberculo- sec-
torial type. Even the earliest known selenodont Artiodactyl skulls (from
the Upper Eocene) differ from the Lower Eocene Perissodactyl type in many
details (apart from the dentition) which suggest a wide separation of the
two groups, while the primitive Artiodactyl Achwnodon presents only a very
superficial resemblance in its skull to the Perissodactyl Palweosyops.
A comparison of recent material naturally reveals still wider differences

between the two orders both in the skeleton and in the soft parts (Weber,
1904, pp. 597-690).

In the structural details of the funduis of the eye, the Perissodactyls are
very sharply separated from the Artiodactyls (Johnson, 1901), while as
regards the azygous veins Beddard states (1907, p. 219) that "....the
Perissodactyles have their Qwn plan of azygosus tructure, which happens to
agree with that of some Cervidae, but distinguishes the Suborder from the
Pigs and hollow-horned Ruminants."

The Perissodactyla, it is suggested (p. 396), were probably derived
from some unknown family of Condylarths in which the premolars and
molars resembled those in Euprotogonia, the manus and pes were becoming
mesaxonic, the head of the astragalus had begun to flatten and the susten-
tacular facet to become J shaped. There is little or no evidence that the
Artiodactyla were derived from such a source. From what source then did
they originate ?

Certain conditions of the hypothetical prototype of the Artiodactyla
seem to be realized in the dentition of the Basal Eocene Mioclaenidae (cf.
Osborn, 1907, figs. 147, 148, 152, 157). These have been thought to be
Condylarths and may also be allied to the supposed Insectivore Hyopsodus
(Matthew, 1909, p. 512). Earle (1893, pp. 377-379) has suggested that
Protogonodon may hold the same relationship to the Artiodactyla that
Phenacodus was supposed to hold to the Perissodactyla, but in the absence
of skeletal remains such comparisons are very indecisive and Matthew (1897,
p. 302) has adduced evidence to show that Protogonodon is related to Eu-
protogonia rather than to the Artiodactyla.

Hemithlceus kowalevskianus, a Basal Eocene Periptychid figured by
Osborn (1907, p. 165), in its tritubercular molars and bicuspid premolars
also fulfills nearly all the desired conditions for the Artiodactyl prototype
(except the loss of the paraconid) and further resembles the Artiodactyla
in the early development of a broad contact between the astragalus and the
cuboid (cf. Matthew, 1897, p. 297, fig. 11); but in other features the as-
tragalus is very different from that of the Artiodactyls.

There are also some suggestions of relationship between the Artiodactyla
and early Tertiary Insectivores and Primates. In Poibrothernum, a primi-
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tive Tylopod of the Upper Eocene (figured by Wortman, 1898, p. 111,
fig. 7) the premaxillary is elongate, the small incisors are arranged in a
longitudinal series, the lower incisors are procumbent and the canines are
small and incisiform. The skull also has weak zygomata, an elongate
muzzle, a post-orbital ring, a delicate mandible, etc., all features which are
seen also among the Insectivora. But here the analogy ends for both the
upper molars and the limbs of Poebrotherium are fully Artiodactylous. Even
stronger general resemblances to the Lemuroid-Insectivore type are exhib-
ited in the skull of the small Dichobune leporina as figured by Stehlin (1906,
fig. lxxi). There are also marked analogies in the dentition and skull be-
tween the earliest Artiodactyls and the Upper Eocene Lemuroids. But again
the objection against deriving the Artiodactyls from the Primates is the radi-
cal difference in the character of the tarsus. In the Lower Eocene Artio-
dactyl genus Trigonolestes the astragalus is of the typical Artiodactyl type,
while on the other hand in the Middle Eocene Primate Notharctus (now
known from excellent material in the American Museum) all the limb bones
including the astragalus are of characteristically Primate type and show
no significant resemblances to the Artiodactyla.

These comparisons of Artiodactyls with Insectivores and Primates are
also weakened by the entirely different facies of the skull of Achenodon
robustus a Middle Eocene Suilline 'described by Osborn (1883, pp. 23-35, pl.
vi).

This important skull is full of Creodont resemblances. The stout
incisors are arranged in a transverse series, the canines are very stout and of
the bluntly caniniform long-rooted type; the lower premolars are large
and conical, the upper fourth premolar bicuspid; the zygomata are very
heavy and there is a high sagittal crest, the glenoid facets for the mandibles
are set well back as in the Mesonychids and are equally prominent and
transversely extended; the nasals spread proximally as in Mesonychidae
(Matthew) the lachrymal is large, the postorbital process of the frontal is
stout, the postorbital constriction marked. It is not stated whether the
alisphenoid 'canal is lacking as in recent Artiodactyla, but if so this fact
would not constitute an important objection to the derivation of the Artio-
dactyla from the Creodonta, since in certain Creodonts (p. 306) the alisphen-
oid canal is known to be variable (p. 430). The mandible also is very heavy
but differs from the Mesonychid type in the high position of the condyle and
in the broad angle. The quadritubercular upper molars are a bunodont
modification of the tritubercular type; the lower molars show no characters
that are inconsistent with derivation from a tuberculosectorial type much
like that of Triisodon. These observations are in line with Matthew's
suggestion (1909, p. 485) that the Artiodactyla have been derived from
unknown Creodonts allied to the Mesonychidae.
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A brief review of the limb structure and general skeletal characters of
the Mesonychids may therefore be useful at this point.

The manus of Dromocyon (Fig. 26, B'), a Middle Eocene Mesonychid,
as figured by Wortman (1902) resembles in many points that of Ancodus, a
primitive Oligocene Anthracothere figured by Scott (1895) (cf. Fig. 26 Al).
The third and fourth digits in Mesonyx are subequal and longer than digits
II and V; proximally the metacarpals overlap each other from digit II to
digit IV. The centrale is appressed to the scaphoid and forms the connec-
tion between the scaphoid and the magnum; the magnum is much smaller
than the lunar and articulates with metacarpals II and III, the centrale, the
lunar and the unciform. The scaphoid and lunar have convex surfaces
for the radius, the lunar is broad and rests subequally on the magnum: and
unciform, the cuneiform is shallow and concave superiorly. The pes (Fig.
26, B2) is paraxonic: digits III and IV are paired and subequal and the same
is true of digits II and V; digit I is represented only by the entocuneiform.
The astragalus has a well keeled trochlea, the navicular facet is transversely
extended and convex antero-posteriorly, and the astragalo-cuboid contact,
although small, is distinct. The sustentacular facet as in Artiodactyls is
broadly oval. The cuboid is high, the tuber of the calcaneum long. Thus
in the pes every prototypal feature of the Artiodactyla is fulfilled. The
analogy also holds in the remaining limb bones. The humerus (Harpago-
lestes) has lost the entepicondylar foramen, the radio-ulnar facet is broad
and very Artiodactyl-like, the deltoid is a high ridge terminating in a promi-
nent great tuberosity, the radius is long and straight and proximally flattened
and the olecranon is compressed and high. In the femur the third trochanter
is reduced and long, the great trochanter is prominent, the distal end is very
deep antero-posteriorly with very large condyles and well defined intercon-
dylar notch and rotular groove. The tibia and fibula suggest the Artiodactyl
type in the downward extension of the internal malleolar ridge, and in the
marked expansion of the distal end of the fibula which is closely appressed
to the tibia; the fibula did not however touch the calcaneum (Wortman).
According to Wortman the dorso-Jumbars numbered 19 (D 12, L 7) in
Dromocyon, as in Artiodactyla (D 12-13, L 6-7). The anterior sacral
vertebra was expanded and alone bore the ilium as in the Artiodactyls and
certain other groups. The pubo-ischiadic region was relatively heavier
than in Perissodactyls and more as in Artiodactyls; the ilium moreover
was expanded as in the Oligocene Artiodactyls.

The foregoing comparisons are by no means made with the object of
showing that the Mesonychidae are ancestral to the Artiodactyla, but, taken
in connection with other evidence (p. 401), they appear to indicate that in
spite of the similarity in the carpus the Artiodactyla are widely removed
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Al Bl
Fig. 26. Comparison of the fore and hind feet of a primitive Artiodactyl (Ancodus) with

those of a cursorial Creodont (Dromocyon).
Al, right manus of "Hyopotamus "(Ancodus) sp. After Scott. X 4.
A2, right pes of Ancodus brachyrhynchus. After Scott. X i.
BE, right manus of Dromocyon. vorax. After Wortman. X T.

'B2, right pes of same. After Wortman. X 4. Abbreviations as in Fig. 19, p. 250.
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from the Perissodactyla; that their ancestry is probably not to be sought in
the known Condylarthra; and that the principal peculiarities of the skull
and dentition and especially of the limbs and feet were already foreshadowed
in the Creodonta, from unknown Basal Eocene members of which they may
possibly have sprung.

Affinity with the Carnivores is also indicated by certain features of recent
Artiodactyls. In the cerebrum the Sylvian fossa is surrounded by 3 con-
centric gyri, the sylvian, suprasylvian and marginal (Weber, 1904, p. 126).
The ossicula auditus are very different from those of the Perissodactyla and
are distinguished by the frequent recurrence of the broadly laminate form
of malleus which prevails among the fissipede Carnivora (Doran, 1879, p.
421).

At the same time the Lemuroid-Insectivore facies of the skull of Dicho-
bune and other Eocene Artiodactyls suggests the possibility that not all
Artiodactyls have been derived from a pro-Creodont source.

XI. THE SIRENIA.

Historical Notes.

A summary of the early history of discovery is given by Gervais (1835,
p. 331).

According to Ray (1693, p. 194) the Manatee was described by the
Spaniards as Manati "quod posterioribus pedibus careat." Ray placed the
Manatee after the Walrus under the "Quadrupeda vivipara unguiculata,
multifido, carnivora majora, capite longiore, seu Caninum genus."

By nearly all the earlier systematists the Sirenia were affiliated with the
Cetacea. De Blainville (1816), the great innovator in classification, boldly
separated them from the Cetacea and placed them with "les monodelphes
Ongulogrades" in a grand division "anomaux" of that order. Later (1834),
relying upon the numerous resemblances between the Proboscideans and
Sirenians he associated these two groups in "les Gravigrades," a group of
superordinal rank.

Later authors simply assigned the Sirenia separate ordinal rank and
gradually gave up the idea of close relationship with the Cetacea.

The most notable of the numerous known fossil Sirenia are: (1) Hali-
therium, from the Oligocene of Europe, described in detail by Kaup in the
first half of the nineteenth century (1838-1855). Kaup (1855, pp. 9, 10)
at first regarded this genus as an ally of Dinotherium, and like de Blainville
pointed out the resemblances between Proboscidea and Sirenia, regarding
the Proboscidea are representing the " Primatentypus " of the Sirenia.
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Halitherium was monographed by Lepsius in 1881. (2) Prorastomus
Owen 1855 from the Eocene of Jamaica, a primitive Sirenian with the
complete Eutherian dental formula. (3) Eotherium Owen (non Leidy)
1875 from the Upper Eocene of Cairo Egypt, described more fully by Abel
(1904) and by Andrews (1906). This genus retained a well developed
pelvis and femur and together with Eosiren Andrews from the neighboring
Fayfim enabled Andrews in 1906 to state new evidence (see below) in
support of the theory that the Sirenia are related to the Proboscidea.

Genetic relations.

The theory of the relationship of the Sirenia and Proboscidea which was
held by de Blainville has been strengthened by the discoveries of Andrews
and Beadnell in the Upper Eocene of Egypt. Several remarkable points
of resemblance in the soft anatomy of recent Elephants and Sirenians are
cited by Dr. Andrews (1906, p. xxi) in the following words:

"(1) pectoral mammm, (2) abdominal testes, (3) .a bifid apex of the heart, (4)
bilophodont molars with a tendency to the formation of an additional lobe from the
posterior part of the cingulum. [5] The peculiar mode of displacement of the teeth
from behind forwards -in some members of both groups may perhaps indicate a
relationship, although in the case of the Sirenia the replacement takes place by means
of a succession of similar molars, while in the Proboscidea the molars remain the
same numerically, but increase greatly in size and number of transverse ridges.
[6] Dr. Chalmers Mitchell has lately shown (Trans. Zool. Soc., Vol. XVII, 1905, pp.
464-7) that the Sirenia and Proboscidea resemble one another in the arrangement of
the intestinal tract and that in neither group is there any trace of the Ungulate
specialization: it is also significant that he states that Hyrax likewise approaches
the Sirenia in this respect. In a former paper (Phil. Trans., Vol. 196B (1903),
p. 116) it was stated that the possession of a non-deciduate zonary placenta was
common to the two groups in question, but it has been pointed out by Messrs.
Assheton and Stevens (Quart. Journ. Micr. Sci., Vol. XLIX, 1905, p. 1) that this is
an error, and that as a matter of fact in the Proboscidea the placenta is deciduate.
At the same time, these writers show that in both groups the placenta, in addition
to the short villi, also possesses a number of larger and longer villi, which deeply
penetrate the maternal tissue and seem to be torn off at parturition. Although these
points of similarity, taken separately, may be of no great value, together they supply
a very strong argument in favor of the close relationship of the two orders."

In his description of Mawritherium and Eosiren Dr. Andrews cites much
further evidence for the unity of origin of the two orders. For example, in
speaking of the brain of Eosiren (1906, p. 202) he says: "The chief interest
of the brain .... lies in its remarkable similarity with that of Mweritherium....
In both animals the hemispheres are divided in a quite similar way by the
pseudosylvian depression and the cerebellum is relatively small. In Merithe-
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rium as might be expected in a land animal, the olfactory lobes are more
developed than in Eosiren.... It is interesting to note further that in the
Middle Eocene forms of both these orders [Proboscidea and Sirenia] the brain
is relatively large for mammals of that early date."

The scapula of Mceritherium (Andrews, op. cit., pl. xi, fig. 5) resembles
that of Eosiren (pl. xx, fig. 3) in the backward prolongation of the top of
the blade, obliquely placed spine and large prespinous fossa (aquatic adap-
tations). In both genera the humeri although of very different proportions
present points of similarity in the form of the distal trochlea and inner con-
dyle; in both the deltoid ridge continues down to a point near the internal
condyle, and both lack the entepicondylar foramen. The pelvis of Eotherium
as noted by Andrews (op. cit., p. 214) is in many respects intermediate in
character between those of the Sirenian Halitherium and the supposed
Proboscidean Mwritherium. The ilium of Mwritherium is not expanded
as in Proboscidea but trihedral, with an ileo pectineal tubercle at its base,
the ischial tuberosity is very broad, the thyroid fenestra relatively small and
the posterior part of the pubic bar slender; these characters, with some
changes in proportion, are also seen in Eotherium; the acetabulum of which
is well developed, proving that in this most primitive Sirenian the hind limb
was still functional. The skull of Eotherium (Andrews, op. cit., p. 205) while
already much modified in the Sirenian direction tends on the whole to con-
firm the view that the Sirenia, Proboscidea and Hyracoidea are divergent
offshoots from a single stock.

Among the characters which the skulls of Eotherium and Ma?ritherium
exhibit in common some may be conceived to have developed more or less
independently, such as: (1) Trhe retraction of the nasals (very early reaching
an extreme in the Sirenia): (2) the enlargement of one pair of incisors (i' in
Eotherium, i2 in Maritherium and the Proboscidea); (3) the prolongation of
the palate and straightness of the tooth row; (4) the development of bilopho-
dont molars; (5) the broadening of the coronoid, the anterior edge of which
is external to the posterior molars. The skulls however show further
resemblances which are less obviously adaptive, e. g., (1) the extremely
forward position of the orbits, a point emphasized by Osborn (2) the
resemblances in the occipital aspect of the skull; the mastoid being entirely
concealed in Maeritherium and nearly so in Eotherium; while the upper
posterior angle of the squamosal in " Eotherium is shut off from contact with
the supra-occipital by a narrow posterior prolongation of the parietal which
is wedged in between the two bones somewhat as in Maritherium," (Andrews,
op. cit., p. 205). (3) The base of the cranium is rather similar in the two
forms. Eotherium, however, retains a condylar foramen, unlike the Pro-
boscidea and Embrithopoda, in which the condylar foramen is generally,
confluent with the foramen lacerum posterius.

408



The Ungulata: Conclusions.

In consideration of the differences in habits between Mceritherium and
Eotherium which are implied by the possession in the former of a well
developed, in the latter of a reduced, femur, it is evident that the possession
of so many characters in common constitute strong evidence of community
of origin; even although some of these characters may have been independ-
ently developed in the two forms. When it is further realized that apart
from Mceritherium there is no known Artiodactyl, Perissodactyl, or represen-
tative of any other order that approaches Eotherium in nearly so many
points, and that even between existing Sirenia -and Proboscidea many
peculiar features not obviously due to any similarity of habits are retained
in common, it then becomes clear that the evidence for relatively close
relationship between the Proboscidea and the Sirenia is very strong. Lydek-
ker (1892) notes that in certain Sirenia the last milk molar is molariform and
shows certain additional resemblances to the last milk molar of certain
bunoselenodont Artiodactyls. But such isolated points of similarity in the
dentition have often proved to be very deceptive when interpretated as indica-
tions of relatively near relationship.

XII. GENERAL CONCLUSIONS.

As shown in the preceding sections the various suborders of hoofed
mammals are connected by a tangled web of resemblances, a web which
early caused the "order" Ungulata to be regarded as a natural group - as
natural as, for example the Primates. It is only rather recently that it
has been suspected that this general stock of resemblances may have been
built up to a considerable extent by the processes of convergent and parallel
evolution. Indeed it seems almost as if certain authors had not yet become
aware of this possibility, for they continue to base classifications and phylo-
genetic conclusions upon adaptive resemblances, in a manner recalling the
methods of Blumenbach and Cuvier.

The present problem in regard to the Ungulates is not whether they
form a wholly natural group, but rather to determine how far convergent
evolution has proceeded, to decide how many different primary stocks have
contributed to this composite "order" and especially to locate the time and
place, when and where these primary stocks became differentiated from
lower Placental orders.

Among the provisional conclusions to which the writer has been led may
be mentioned the following:

(1) The Artiodactyla are widely removed not only from the Peris-
sodactyla but also from all other ungulate groups. They may well be,
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according to certain evidence, an offshoot from ancestors of the Creodont
Mesonychidse (as first suggested by Matthew) but the alternative possibility
of relationship with some Lemuroid-Insectivore group has certain points
in its favor. Perissodactyls occasionally parallel Artiodactyls in some
features, but the Lower Eocene Artiodactyls and- Perissodactyls are widely
separated in many seemingly deep seated characters. Certain resemblances
to Condylarths are simply primitive Placental characters.

(2) All the remaining ungulate suborders may be conceived to trace
their ancestry back to a varied order of Cretaceous Protungulates. These
were primitive Placentals of small size, related to the Creodont-Insectivore
stock but probably falling under the original definition of the Condylarthra.
There are various possible reasons why such forms have not yet been dis-
covered. They may have dwelt in some boreal Holarctic centre as yet
unknown; or they may have inhabited the same lands as did the known
Cretaceous mammals and dinosaurs, but, being forest dwellers and possibly
in part arboreal, they escaped preservation, whereas the known Cretaceous
mammals may have dwelt near the swamps or on the plains.

(3) By Basal Eocene times the Protungulates had spread into North
America, South America, and Europe and had already split up into a num-
ber of well separated families. In North America (Puerco and Torrejon)
we find Phenacodonts, Meniscotheres, Periptychids and Pantolambdids.
In Europe Condylarths (Euprotogonia) and Amblypods (Coryphodon) are
recorded by Dep6ret (1908, p. 111) in the Thanetian stage. In South
America, the Notostylops Beds of Patagonia (which according to all author-
ities are at least not later than Basal Eocene) contain ?Condylarths (e. g.,
Didolodus), ?Periptychids (e. g., Guilielmofloweria) and early specialized
members of the Homalodotheria or related groups.

(4) From different families of this widely distributed Upper Cretaceous-
Basal Eocene protungulate order arose in different continents the various
groups known as Amblypoda, Proboscidea, Hyracoidea, Perissodactyla,
Notoungulata, etc. The Amblypoda may have sprung from North American
Pantolambdids; the Hyraces, Embrithopods, Barytheres and Proboscidea
may trace their origin to a common Lower Eocene African stock which also
gave rise to the Sirenia; the Perissodactyls and Chalicotheres may have
been derived from Holarctic Condylarths allied to the Phenacodontidie;
one of the South American orders (the Litopterna) may have been derived
from South American representatives of the Meniscotheriidae, others (Homa-
lodontheres and Astrapotheres, Toxodonts and Typotheres) from small
protungulates allied to Henricosbornia and the ancestors of the Notostylo-
podiBe; while from related forms with more distinctly bilophodont molars
arose the Pyrotheria.
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(5) The confusing web of cross resemblances, e. g., of Litopterns to
Perissodactyls, of Hyracoids to Protypotheres and Perissodactyls has been
conditioned by the facts: (a) that the several orders have been derived
from related families of protungulates having a similar "potential of evolu-
tion"; (b) that these protungulate families inherited in commqn a great
number of .primitive Placental characters which they distributed in various
combinations to their several lines of descendants; (c) that many of the
characters which have been used to unite very different groups (e. g., the
interlocking carpus of Artiodactyls and Perissodactyls) were at first less
defined and more plastic but later became fixed ordinal characters.

CHAPTER X. GENETIC RELATIONS OF THE CETACEA.

Historical Notes.

A. On the Zeuglodontia.

1670. Agostino Scilla describes and figures a fossil tooth of the animal
later known as Zeuglodon. Scilla's figure is reproduced in de Blainville's
'Ost6ographie' (tom. ii, " Phoca.").

1834. Harlan applies the term "Basilosaurus" to certain fragmentary
vertebrae belonging to the genus now commonly known as Zeuglodon.

1836. Agassiz examines Scilla's fragment and in his 'Poissons fossiles'
refers to it as "une esp&e remarquable du genre Phoca qui differe sensible-
ment de tous nos Phoques vivans." He later calls it Phocodon (Palmer,
1904).

1839. Owen having determined the mammalian nature of "Basilo-
saurus" proposes to substitute the name Zeuglodon.

1840. Grateloup describes certain remains as "Squalodon," supposing
them to be saurian in nature (Palmer). H. von Meyer refers these remains
to the Cetacea.

1840. De Blainville refers Scilla's original fragment to the Pinnipedia
and distinguishes it from Squalodon, since in Scilla's specimen the teeth had
two roots, in Squalodon only one. De Blainville calls it "Phoca inelitensis
antiqua."

1849. J. Muller monographs the group, which he considers Cetacean
in the broad sense, intermediate between the Pinnipedia and the Cetacea
proper, but occupying an order by itself.

1872. Gill applies the term "Zeuglodontia" to a suborder of the order
"Cete."
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1889. D'Arcy Thompson adduces evidence to prove that the Zeuglodonts
are nearly allied to the Pinnipedia, rather than to the Cetacea.

1904. Fraas describes the genera Protocetus and Mesocetus from the
middle Eocene near Cairo, Egypt, both of which are very primitive Zeuglo-
donts and are believed by him to demonstrate the connection of that group
with the Creodonta. He proposes to reduce the rank of the Zeuglodontia,
regarding them as an aquatic section of the Creodoiuta, and denying their
supposed connection with the Cetacea.

1906. Andrews describes the genus Prozeuglodon from the Upper Eocene
of the Fayfim, Egypt, which is intermediate in character between Protocetus
and Zenglodon.

B. Historical notes on the Cetacea in General.

Some idea of the extent of the early literature of Cetology may be had
from the figures given by Dr. J. A. Allen in his remarkable 'Bibliography
of Cetacea and Sirenia' (1881, pp. 399-562). For the period from 1495 to
1758 Allen lists 276 titles of works dealing with this subject, the total number
of titles up to the end of 1840 being one thousand and thirteen.

1692. Sibbald (quoted by Gray, 1850) classifies the whales as follows:
"I. The small Whales with teeth in both jaws, of which he notices

three: [probably the Killer, the Beluga and the Porpoise]. II. The larger
Whales with teeth in the lower jaw: 1, the Sperm Whale and 2, the Black-
fish [Globiocephalus]. And III, the Whalebone Whales of which he de-
scribes three specimens" (Gray). The arrangement he used was the one
followed by Gray in 1850, and Gray's terms "Denticete," "Mysticeti"
possibly refer to Sibbald's characterizations. Sibbald's work "forms the
ground work of all that was known on the larger Cetacea up to the Linneean
time."

1693. Ray recognizes the true nature of the Cetacea ("Pisces cetacei
seu Belluee marinae," "animalia vivipara pilosa") especially in the following
passages (transl.): "For except as to the place in which they live, the external
form of the body, the hairless skin, and the progressive or swimming motion,
they have almost nothing in common with fishes, but in remaining [charac-
ters] agree with the viviparous quadrupeds." And again "The Whales
breathe like quadrupeds with lungs, copulate, bear living young and suckle
them with milk, and agree with them [the quadrupeds] in the structure and
function of almost all the internal organs."

1735. Linnaeus classifies the Cetacea among the fishes.
1758. Linnaeus groups the Cetacea with the hairy quadrupeds under

the class name "Mammalia."
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1754. Brisson makes a separate class of the Cetacea coordinate with the
other Mammalia.

1779. Blumenbach places the order Cetacea at the end of the Mam-
malia, following the aquatic or semiaquatic "Palmata."

1780. Storr gives the Cetacea subclass rank in the "phalanx Pinnata."
1795. Geoffroy and Cuvier group "les Cetac6es" with other aquatic

mammals under the order "Amphibies."
1800. Cuvier excludes the seals from "les C6taces," which now em-

braces only Sirenians and Cetaceans; the two great "familles" forming a
grand division of the mammals ("les mammif&res A pieds en nageoire").

1816. De Blainville suggests that the Cetacea represent an anomalous
modification of the edentate type. He divides the "ordre tdent6s?" into
two groups: "Normaux, Rdent6s" and "Anomaux, Cetaces?".

1817. Cuvier divides "les Cetaces" into two sections, I° "Herbivores"
[Sirenians], 20 "Ordinares" (true Cetaceans). The latter he subdivides
into: 10 those "& petite tate" ("Dauphins, Narvals") and 20 those "&
grosse tgte (" Cachalots, Baleines").

The idea that the Cetacea and Sirenia were allied persisted for a long
time, Owen in 1866 still grouping the two orders in a division "Mutilata"
coordinate with the "Unguiculata."

1826-1866. Gray clears the ground for further work by careful de-
scriptions of actual material and by correctly grouping the genera into
families.

?1849 (or earlier). Eschricht (quoted by Gray), one of the great names
in Cetology, in his Nordischen Walthiere proposes the following interesting
partition of the order:
"1. Sarcophagen: Orca.
2. Teuthophagen: Physeter, Rhynchotocete (Hyperodontina Gray),

Monodon, Beluga, Globioceps.
3. Ichthyophagen: Phocnma, Delphinus, Ogmobalena, [= Balanop-

tera].
4. Pteropodophagen: Leiobaloena Eschricht [= Balcena]."
He further proposes to separate these groups into
I "Zahnwalle," namely, groups 1-3 except Ogmobalaena.
II "Bartenwalle," Balaenoids, including Ogmobaiwna (Balenoptera).
1864. Gray proposes the subordinal terms "Denticete," "Mysticete."
1861-1882. Van Beneden publishes a series of important memoirs on

the fossil Cetaceans of Belgium. He groups the genera Squalodon, Stenodon
and Zeuglodon into an order "les Zeuglodontes" parallel to the Sirenians
and "Cetedontes" as a division of the "Thallasotheriens."

1864-1891. Flower makes many contributions to Cetology. In 1891
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he summarizes the evidence bearing on the origin of the order with negative
results, emphasizing, however, the resemblances to the Ungulata Suina in
the larynx, stomach, liver, reproductive organs, and foetal membranes.

1866. Haeckel groups the "order" Cetacea (including the suborders
"Phycoceta" or Sirenia and" Autoceta (Balaenia) ") with the order Ungulata
(Perissodactyla and Artiodactyla) as a second sublegion "Pycnoderma" of
the "Indecidluata," the first sublegion comprising the Edentata.

1867-1890. Cope contributes a series of papers to Cetology: describing
several genera of fossil Platanisidae from the United States, emphasizing the
primitive characters of that family, describing also several Miocene Balae-
nids which were more primitive than existing forms. He also contributes
to the development of the classification.

1880. Van Beneden and Gervais publish the 'Ost6ographie des C6ta-
c6s vivants et fossiles'.

1893. Lydekker describes the fossil genus Physodon from Patagonia,
a generalized ally of Physeter, with teeth in both jaws; also the fossil genus
Argyrocetus from the Argentine Republic, a primitive Platanistid.

1900. Beddard reviews the natural history and anatomy of the Cetacea
in his 'Book of Whales.'

1901-02. Abel describes many Miocene Platanistids of Europe and con-
tributes much to the knowledge of the phylogeny and evolution of the Ceta-
cea. In 1905 he describes as the "stem form of the Delphinidee" a small
genus, Palwophocena, from the Miocene of Germany.

1902. Beddard adduces new evidence in support of de Blainville's
idea that the Cetacea are related to the Edentata.

1904. Weber's clear review of the Cetacea leaves little doubt as to the
following conclusions: (1) the derivation of the group from quadrupedal
Placental mammals; (2) the unity of origin of the two orders Odontoceti
and Mystacoceti; (3) the probable relationship of the higher orders wvith
the Zeuglodontia.

Genetic relations of the Cetacea.

To those capable of appreciating the force of anatomical evidence and
especially the meaning of vestigial structures, the proof that the Cetacea have
been derived fromn four-footed land-living mammials is cumulative and
wholly convincing. The facts are very clearly presented by Weber (1904,
pp. 580-582) who cites among other evidences: (1) the vestigial "sinus
hairs" analogous to the bristles of a hog; (2) the vestigial skin glands, espe-
cially the conjunctival gland; (3) the vestigial ear muscles pointing to the
former existence of external ears; (4) the presence of the three mammnalian
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The Cetacea: not related to Sirenia.

auditory ossicles and of an internal ear, which all become profoundly modi-
fied for aquatic life; (5) the vestiges of the pelvis and hind limbs; (6) the
indications that the testes were formerly extra-abdominal and have been
withdrawn secondarily into the body cavity in adaptation to aquatic habits;
(7) the significant vestiges of the naso- and ethmoturbinals which indicate
that the reduction of the olfactory organs is only an extreme adaptation to
aquatic life, a process seen in less advanced stages among the Sirenia and
Pinnipedia.

Hardly less clear, as Weber says (1904, p. 581), is the evidence that the
terrestrial quadrupedal forefathers of the Cetacea were true Placentals.

The Cetacea not related to the Sirenia. The nearer affinities of the Cetacea
can best be treated after the claims of the Sirenia and Pinnipedia to this
relationship have been shown to be based upon purely convergent adapta-
tions. It would hardly be necessary to refer at this date to the old idea that
the Cetacea are genetically related to the Sirenia if it had not been defended
by two- such eminent naturalists as Dr. Theodore Gill (1873, pp. 272-273)
and Professor Haeckel (quoted by Beddard, 1902, p. 120). Even if there
were no palaeo-ntological data bearing on the subject, the thorough review
of the morphology of the existing Cetacea and Sirenia given in Weber's
'Siiugetiere' (pp. 552-580, 727-738) offers convincing evidelnce that the
marked resemblances between the two orders are entirely adaptive. Even
aside from the very conspicuous differences in the dentition and digestive
apparatus, the two orders are separated by profound differences in the whole
architecture of the skeleton, especially in the skull, lower jaw, scapula and
fore-limb bones; while equally striking differences (Weber, 1904, p. 739)
obtain in the brain, male organs, teats, etc.

Dr. Gill holds that the detailed relations of the vestiges of the hind limbs
and tail in the two groups are so distinctly similar that they must imply a
relatively near kiinship, because they can scarcely be conceived as being
altogether the result of convergent evolution. But in view of the cumulative
evidence against such a genetic relationship, that is precisely the conception
we are constrained to adopt. The "amphibiotic" ancestors of both Sirenia
and Cetacea doubtless had long and very heavy tails and small hind legs, and
as each group became more thoroughly aquatic the tail increased still more
and the hind limbs grew smaller and sank deeper into the integument. The
caudal "flukes." are in each case purely dermal appendages and bear of
course no homological relation whatever to the somewhat similarly appearing
hind flippers of the most advanced Pinnipedia. And when the palaeonto-
logical record is appealed to it is seen that the Sirenia (p. 407) appear to
approach the Proboscidea, while the Cetacea (as shown below) approach the
Insectivore-Carnivore series.
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Resemblances to the Pinnipedia. Coilvergent evolution is also respon-
sible for the points of resemblance wherein those most advanced Pinnipeds,
the Sea-Elephants (Macrorhinus), approach the Cetacea. Aquatic adap-
tation has proceeded so far in the Sea-Elephants that it is expressed not only
in the general form of the body, flippers, etc., but even in certain Cetoid
features of the base of the cranium,' of the enlarged periotic bones and of
the auditory ossicles (cf. Doran, 1879). But even in regard to these struc-
tures Macrorhinus is clearly only a development of the normal Phocid
type and is separated from the Cetacean type by a host of significant
differences.

Resemblances to the Edentates. The claims of the Edentates to relation-
ship with the Cetacea rest upon characters which are less obviously adaptive
and are therefore entitled to more serious consideration. They were first
advocated by de Blainville (p. 76) and recently by Beddard (1902, p. 120).
The latter author cites the following characters:

"(1) the existence of traces of a hard exoskeleton of which vestiges remain in the
Porpoise; (2) the double articulation of the rib of the Balaenopterids to the sternum,
with which compare the conditions obtaining in the Great Anteater; (3) the con-
crescence of some of the cervical vertebrae; (4) the share which the pterygoids may
take in the formation of the hard palate; (5) the fact that in the Porpoise, at any
rate, as in many Edentates, the vena cava, instead of increasing in size as it ap-
proaches the liver, diminishes."

The Cetacea further resemble the Armadillos in the multiplication and
cylindrical character of the cheek teeth.

These interesting resemblances are rather strengthened by other occa-
sional features, such as the carrying back of the palate in Myrmecophaga, or
the frequent presence of retia mirabilia in both groups, which seem to point
toward potential similarities between the remote ancestors of the two orders;
but these resemblances are not numerous enough to be at all convincing and
are not supported by what is known of the palseontological record, so that
the case for the Edentate affinities of the Cetacea can scarcely be regarded
as anything more than a possible hypothesis.

Relations of the typical Cetacea to the Zeuglodontia. The problem of the
origin of the typical Cetaceans rests largely upon the question whether the
Zeuglodonts are genetically true Cetaceans or whether the resemblances
between Zeuglodon and Squalodon may be regarded as convergent. Dr.
True (1908) has reexamined the question of the relationships of the Cetacea
with the Zeuglodonts and reaches a negative conclusion. He states that
the humerus of Microzeuglodon (a genus which was formerly thought to

1 The skull of Macrorhinus (= Mirounga) is figured in Elliot's 'Mam'mals of Middle America
and the West Indies.'
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The Cetacea: Relations with the Zeuglodonts.

bridge over the gap between the Zeuglodontia and Odontoceti) is decidedly
of the longer, or Zeuglodont type and that therefore the supposed connection
of Zeuglodonts and Odontocetes breaks down at this point. He is inclined
to agree with Gill (1873) that the Cetacea are an extremely ancient branch
of the mammalian stem which cannot be connected with any known group
of land animals. Coming from an eminent cetologist, this conclusion will be
likely to carry great weight, but a quite different interpretation of the facts
seems permissible. It is of course not at all necessary to suppose that any
known Zeuglodont is directly ancestral to Squalod-on and the Odontocetes.
Indeed, the relatively large size and comparatively late appearance of all
known Zeuglodonts raises a strong presumption against that idea; but the
hypothesis that the known Zeuglodonts are rather closely allied to the
ancestors of the Odontocetes and that these ancestors when discovered will
fall under a properly constructed definition of the suborder Zeuglodontia
has much evidence in its favor.

Morphologically the Zeuglodonts realize many conditions which may
confidently be looked for in the ancestors of the Odontocetes. The earliest
Odontocetes must certainly have had an elongate premaxillo-maxillary
rostrum, retracted symmetrical nasals, a skull top sloping anteriorly, strong
post-orbital constriction, prominent post-orbital processes, small orbits
placed very low on the side of the face, slender jugals, a backwardly produced
palate in which the pterygoids shared, inflated petro-tympanic, condyles less
sessile and nearer to the median line, coronoid process of jaw broad not
hooked, condyle of jaw placed below level of cheek teeth, etc. With respect
also to the form of the limb bones, the Zeuglodonts are morphologically
intermediate between the Odontocetes on the one 'hand and normal placental
unguiculated quadrupeds on the other. The Zeuglodont humerus shows,
it is said, a curious mingling of Pinniped with Cetacean characters (Lucas,
1895), but this neither proves that the Zeuglodonts are related to the Pinni-
peds nor casts any just suspicion upon their relationships with the Cetacea,
since the latter is probable on other grounds. A very striking fact is that the
scapula of Zeuglodon is of the Cetoid type (Lucas, 1895) in which the pre-
spinous fossa is rudimentary or absent, the acromion very large and situated
on the anterior border, and the coracoid prominent. Neither in the Pinni-
pedia nor in the Sirenia has adaptation to aquatic habits produced this
peculiar type of scapula, which is common to the Zeuglodonts and to the
Cetaceans.

The brain cast of Zeuglodon, according to Elliot Smith (1903, pp. 322)
reveals no features that are inconsistent with Cetacean affinities, but it
resembles the Cetacean type in two important characters, namely, the great
breadth of the cerebrum, and the 'peculiar elongation of the olfactory pe-
duncles beyond the anterior extremities of the hemispheres.
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The teeth of Squalodon are morphologically intermediate between those
of the Odontocetes and those of the Zeuglodonts. So far as the form of the
teeth is concerned, analogy with the Phocidae would indicate that the cylin-
drical teeth of the Odontocetes are a secondary adaptation to marine pis-
civorous habits. The great variability in the characters of the teeth among
the Odontocetes and among the Pinnipeds indicates that in both groups
rapid evolutionary changes in the dentition have been in progress at a
relatively recent date. In the ancestors of the Odontocetes probably the
form of the teeth may have been rather diverse: some types may have been
derived from the Squalodon type, others more directly from the Protocetus
type.

We may, in short, readily agree with Dr. True that the known Zeuglo-
dontia differ from the known Odontoceti in many characters, notably in
the greater length of the humerus and in the retention of a distinct radio-
ulnar trochlea, but if the Cetacea have been derived from land mammals
these very characters must be looked for in their immediate, less completely
aquatic ancestors. And before the Zeuglodontia as an order are proved to be
morphologically not ancestral to the Cetacea it would be necessary to cite
evidence to show that the Cetacea had been derived from some very different
type of mammals, say for-example the Sirenia.

Assuming then that the Zeuglodontia are offshoots of the ancestral
Cetacean stock, the next question is, from what orders of terrestrial quad-
rupeds are the Zeuglodonts in turn derived? The discovery of the remark-
ably primitive species Protocetus atavus led Professor Fraas (1904) to infer
that the ancestors of Protocetus must have been Creodonts. To this view
Dr. Matthew, in conversation with the writer, at once took exception, on the
ground that the characters of the Protocetus skull might be derived as readily
from the Eocene Insectivore type represented by Pantolestes as from the
Creodont type. Among the facts which tend to support Dr. Matthew's
view the following may be mentioned:

(1) The elongate rostrum of Protocetus is more readily derived from the
Insectivore type, with the incisors arranged in an antero-posterior series,
than from the Creodont type. The elongate rostrum and antero-posterior
arrangement of the incisors are exceedingly characteristic of the Cetacea.
If the latter had been derived from the Creodont type having a transverse
incisor series it is likely that Protocetus would have showed some traces of
this arrangement, and that the end of the snout would have been analogous
to that in the Gavial.

(2) The sharply triangular outline of the skull in palatal view, together
with the relatively weak malar bones is more consistent with derivation from
an Insectivore type than from a Creodont type. The very large attachments
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for the temporal, and weak attachments for the masseter muscles in Zeuglo-
don also favor this view.

(3) No Creodonts are known in which the petrotympanic bulle are
expanded as they are in Protocetus. Trhis however is an aquatic adaptation
seen also in the Pinnipedia, and like the backward prolongation of the
palate (which is a point of resemblance to the Creodont Hyanodon) it may
be of little phylogenetic significance.

(4) The marked post-orbital constriction is no necessary indication of
Creodont affinity. In the Seals and probably in Protocetus this is largely
secondary and due apparently to the reduction of the olfactory parts of the
brain. In the Creodonts themselves it is due not to any actual narrowing
but to the very rapid broadening of the muzzle and zygomata in adaptation
to carnivorous habits. In all three cases it is readily derivable (p. 267) from
the tubular postorbital region represented in the Zalambdodont Microgal3.

(5) It is a very surprising fact that the skull of the little Zalambdodont
genus Hemicentetes presents a superficial analogy to that of the Zeuglodonts
in a number of points, such as the great elongation of the muzzle, the low
anterior position of the orbits, the shape of the lower jaw, etc., and in the
cheek teeth the reduction of the inner part of the crown and the elongation
of the outer part. Together with the marked aquatic modifications of the
limbs in the Eocene Pantolestes, these curious resemblances indicate that the
Insectivora did occasionally develop features which might be thought at
first to be entirely distinctive of the Zeuglodontia.

(6) The true molars of Protocetus present only a superficial resemblance
to those of any Hyienodont. The reduction of the inner side of the molar
crown has been effected independently also in the Pinnipedia and, as stated
above, in Hemicentetes. The relatively small size of the canine and the very
large size of the third premolar also tend to remove Protocetus from the Creo-
donts.

The Cetacea not of Mesozoic origin. Evidence in contradiction of the
view that the Cetacea are an extremely ancient (i. e., Mesozoic) branch of
the Mammalia is furnished by the reproductive organs. The reproductive
organs seem to have been affected relatively little by the process of adapta-
tion for aquatic life which has so profoundly changed the entire skeleton
and the digestive, respiratory and vascular systems. The uterus is two
horned, as in many Monodelphia of high type (e. g., Carnivora, Artiodactyla,
Perissodactyla), the yolk sack is rudimentary (contrast most primitive
Placentals). The penis (in contrast with that of Rodents and Edentates)
is also of high type (Weber, 1909, p. 571).

In the highly convoluted brain (see Weber, 1909, pp. 126, 562) the three
concentric gyri which surround the Sylvian fissure are characteristic of the
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Cetacea, Carnivora and Ungulata. The larynx, according to Flower
(Flower and Lydekker, p. 233) resembles that of Hippopotamus. The
prolongation of the larynx into the posterior nares may be regarded as an
aquatic development of the retrovelar larynx of Insectivores. The marked
aquatic modifications in the petro.tympanic region are, readily derivable
from normal Placental conditions as exemplified in the Carnivora and Ungu-
lata (Boenninghaus, quoted by van Kampen, 1905, p. 653).

Conclusion.

The resemblances of the Cetacea to the Suilline Artiodactyls which was
emphasized by Flower, may possibly be connected with the derivation of the
Artiodactyls from Creodonts (p. 403). Aside from the evidence (p. 416) cited
by Beddard for relationship with the Edentata the prevailing resemblances
of the Cetacea (including the Zeuglodontia) seem to be with the Insectivore-
Creodont group, rather than with the Ungulates, Rodents, and Edentates.
It would not be surprising to find true Odontocetes in the Eocene, since so
many other Placental orders were already differentiated at that time, but no
good evidence of an especially great antiquity of the order or of relationship
with Marsupials or pre-Placentals has been advanced.

The hypothesis that the resemblances between Odontocetes and Mystaco-
cetes are largely of a convergent character (Kukenthal) has been cogently
disputed by Weber (1904, pp. 583-584).

CHAPTER XI. OSTEOLOGICAL MISCELLANIES.

The need of a new osteology of the Mammalia.

In preceding chapters the object has been to review and interpret evi-
dence bearing on the genetic interrelations of the mammalian orders. Osteo-
logical characters of living and fossil mammals have naturally entered largely
in this attempt, but attention has been centered on questions of phylogeny
rather than upon osteology itself as a method of inquiry. The present
chapter is designed to introduce to the student a few of the problems of
modern osteological research, to assist him in tracing the probable history of
certain parts of the skeleton in the more primitive orders, and finally to
express the present need for a new general treatise on the osteology of living
and fossil mammals.

Recorded observations of osteological characters furnish of course the
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raw material for phylogenetic conclusions; but in -the leading existing text
books on vertebrate osteology this raw material seems to have been assimi-
lated and wrought into permanent philosophical results only to a very limited
extent.

To the student of phylogeny the problem of the relative antiquity of
different characters may be said to involve all the other general problems of
palseontology and mammalogy, and especially such questions as the follow-
ing: What is the taxonomic rank or extension of the character in question?
Is it a class character, a subclass, ordinal, superfamily, family, subfamily,
generic, or only a specific character? Does it depend upon age or sex?
How far is it "ceenotelic," i. e., of recent origin and related to particular
habits and habitat? Does it depend upon mere size, or weight, or upon
strength of muscular pull? Or is it a fundamental and universal character
like the foramen magnum, a character which conditions survival in any
group whatever? At what stage of its phyletic development does the char-
acter stand? How far is it correlated with other characters and how far are
other characters correlated with it?

The solution of such questions, so far as it has progressed, naturally
has been largely by means of the "guess-try-guess-Iagain" nethod, but the
point to be noted here is that basal assumptions and postulates should be
re-tested in order to make further advance sure. In the present state of
phylogenetic research the need for new material is no greater than the need
for the reexamination of old material. A new and comprehensive treatise
on the osteology of living and fossil mammals is, in fact, urgently needed.
For although Flower's 'Osteology of the Mammalia' and Reynold's well
arranged text book on the 'Vertebrate Skeleton' have proved continuously
useful, yet these works contain no real clue to the interpretation of the facts
they record, so that the student in attempting to compare one form with
another is lost in the bewildering maze of analogical and homological re-
semblances.

Like the above mentioned works the new osteology also should be pri-
marily an "osteography," abounding in good figures. It would of course
include living and fossil mammals; perhaps two or more representatives of
all the well known families. It would devote much more space to the more
ancient and generalized forms than to the more specialized and usually
better known forms. The forms should be arranged as far as possible in
accordance with the most nearly phylogenetic classification, and while this
feature would cause the work to become "out of date" to the degree that the
phylogenetic, classification of the mammals became modified by the prog-
ress of the science, yet such an arrangement would be the best means of
testing certain theories of relationship and of showing the relative phylogen-
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etic significance of different kinds of characters in different orders. The
work might begin with a series of side views of the skeleton as a whole,
accompanied by a very brief tabulated statement of the mode of progression,
nature of the food, etc., of each animal figured. This would be followed
by side views of the skull, palatal views showing especially the foramina,
which should be carefully identified, top views and back views; longitudinal
sections, details of the skull such as composition of the auditory bulla, form
of the auditory ossicles, etc. A series showing the throat bones would come
next. The vertebral column with the ribs on the further side only would
follow, then a ventral view of the thorax showing the sternum and shoulder
girdle. The fore and hind limbs would be figured as a whole in side view,
the separate parts in front view. Special attention would be paid to both
front and back views of the carpus and tarsus, especially the astragalus.

Doubtless such a work would be far beyond the resources of most in-
vestigators and could only be accomplished adequately by the application
of modern cooperative methods to the science of osteology. But M. Edmond
Hue's 'Mus6e Osteologique' (1908), with its 2187 careful drawings of the
bones of recent and quaternary mammals, indicates what may be accom-
plished in that direction by even a single investigator.

Another requisite for the testing of hypotheses of relationship among
primitive orders is a thorough re-study and careful figures of the osteology
of such very primitive mammals as the insectivorous Dasyurids, various
species of the smaller Didelphids and Phalangers, and of the more primitive
Insectivores such as Microgale, Geogale, Ericulus, Hylomys, Anurosorex,
Uropsilus, Tupaia, Ptilocercus, Rhynchocyon. Among the Viverridee,
Eupleres, Nandinia, Galidictis, Cynogale, might be refigured to advantage.
All these forms have been figured before but what is needed are more figures
of young skulls showing the limits of all the bones and the location of the
principal foramina. Parker's invaluable work on the ;development of the
skull in the Edentates and Insectivores (1885-86) sets an example, in this
respect. The certain identification of the foramina requires in some in-
stances the dissection of representative types.

Since the skeleton is the framework for the muscles, a thorough knowledge
of the former would be possible only to one who understood well the origin,
insertion and action of the muscles. The subject of comparative myology
appears to be still largely in the descriptive stage,' but there is urgent need of
more studies of the kind typified by Gaudry's memoir (1906.1) upon the
attitudes of certain extinct Patagonian ungulates.

In studying the orders of mammals the student should look for "palaeo-
1 The important researches of Messrs. Windle. and Parsons cited below (pp. 478, 504) offer

a decided exception to this statement.
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telic" or so called "morphological" characters in order to strengthen the
theory (cf. pp. 111-112) that such characters preserve evidences of interordi-
nal kinship and separation better than "adaptive" or caenotelic characters.
The auditory ossicles for example, as figured by Doran (1879), show that
animals having approximately the same life-habits and which are outwardly
similar, such as the Wolf and the Thylacine, may yet possess very different
ossicles, which conform in each case to a recognizable ordinal type. In cer-
tain cases, however, the differences in the auditory ossicles between forms
that are nearly related and of similar habits are so pronounced that the
question is raised whether an abnormal range of variation may not some-
times occur in these palseotelic charaeters (p. 423). Many characters of this
class require reexamination. What for example is the phylogenetic or the
adaptive meaning of the fact recorded below that Insectivores contrast both
with the Marsupials and with many Placental orders in the slight extent of
the vertical plate of the palatine ?

Such in brief appears to be some of the problems and requirements of the
study of osteology, if that study be approached not as a descriptive cata-
logue of unmeaning facts but as a vital element of the science of mammalian
evolution.

ATotes on the mammalian skull.

The general characteristics of the skull in Monotremes and Marsupials
has been described above (pp. 155, 217-225). The skull of the ancestral
Placentals doubtless resembled that of the Marsupial Marmosa in all those
characters relating directly to minute size and insectivorous habits, such
as the relatively large brain case, triangular, rather brachycephalic skull,
pointed muzzle, elongate row of incisors, small canines, pointed premolars,
sharp-cusped triangular upper molars, etc. But the ancestral Placental skull
at a very early date became different from the ancestral Marsupial skull in
many characters which have been listed above (pp. 253, 279) as "primitive
Placental characters." From such a minute insectivorous type of skull,
with a diphyodont dentition and a dental formula of '"', the various types
that are characteristic of the most primitive representatives of all the Pla-
cental orders may have been derived, in the manner outlined in preceding
chapters.

A few notes upon some of the principal elements of the skull in the more
primitive mammals may now be given.

Premaxillee. Derived from the pointed type seen in Galesaurus. Sur-
rounding the anterior palatine foramina, which appear to be continuous
with the primitive reptilian choanme. Ascending process originally far
removed from frontals. In Rodents secondarily extending backward and
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upward to meet frontals -perhaps correlated with backward growth of
rootless incisors. Internal horizontal process homologous with the dumb-
bell bone of Ornithorhynchus.

Maxillce. Overlapping premaxillae and nasals; -in contact internally
with vertical plate of palatine; overlapped by palatines, jugals and lachry-
mals, finally gaining broad contact with frontals.

Palatines. Vertical plate pierced or notched by the sphenopalatine
foramen. Vertical plate more or less extensive in Marsupials, Carnivores,
Rodents, Primates, Ungulates and Edentates, reduced in Insectivores.

Palatal vacuities. In the Marsupials may be partly secondary, partly
a result of the primitively imperfect development of the secondary palatal
plates of the maxillaries and palatines. In the Insectivora palatal vacuities
may well be secondary (cf. pp. 220, 286).

Pterygoids. Derived from pterygoids of Cynodonts, possibly in the
manner suggested on page 120. Primitively consisting of thin lamellae,
articulating with basisphenoid and posterior extension of vertical plate of
palatines, and closely appressed to pterygoid wing of alisphenoids. Often
becoming reduced to a thin strip (e. g., Equus).

Pterygoid fossae. Formed by the insinking of the ectopterygoid muscles
which are originally (e. g., Microgale, Arctomys) fastened on top of the com-
bined pterygo-alisphenoid ridge but gradually separate this ridge into its
two components, so that the (ecto) pterygoid fossoe become bounded internally
by the pterygoids (which are sometimes produced into a long hamular proc-
ess), externally by the pterygoid wing of the alispheiioid (e. g., Erinaceus,
Lepus, Canis, Homo).

Nasals. Distal end originally terminal and pointed. Proximal end
spreading widely (e. g., Didelphis, Meniscotherium, Mesonyx) and almost
excluding the maxillary from contact with the frontals. By the upgrowth
of the maxillary the proximal expansion of the nasals becomes overlapped
so that finally only the internal mesial fork of the proximal end remains
exposed to view (e. g., Erinaceus, Canis, Lemur). Sometimes the external
proximal portion of the nasals is overgrown by a forward process of the
frontals (e. g., Ursus).

Lachrymals. Overlapping maxillaries, frontals and vertical plate of
palatines, articulating with malars, usually pierced by lachrymal duct.
Absent in Monotremes. Orbital portion large in Marsupials, with marginal
foramen. Lachrymal becoming extended anteriorly with the prolongation
of the face in Creodonts and certain Ungulates. In Insectivores becoming
reduced, dorsally displaced and overlapped by alveolar portion of maxillary.

Frontals. Originally very small and anteriorly placed (Monotremes),
covering chiefly the ethmoids and rhinencephalon; always forming dorsal

424



Elements of the Mammalian' Skulls.

border of orbit. Spreading forward over nasals and maxillaries, encroach-
ing posteriorly on orbitosphenoids and alisphenoids, becoming expanded
transversely by the forward growth of the cerebrum. (The postorbial con-
striction (see p. 419) is also gradually widened by the growth of the frontal
lobes.) Originally without postorbital processes, which appear to be
related in the Metatheria to the postorbital bar of the Cynodonts, but in the
Eutheria to the necessity for a strong ridge adapted not only for the attach-
ment of the anterior portion of the temporal muscle but also to shield the
nerves and muscles of the orbit from the disturbing action of the temporal
muscle.

Interparietals. The paired interparietals of Solenodon (p. 242) and
the unpaired interparietal of Marsupials, Rodents, Orycteropus, Galeo-
pithecus, Ungulates, etc. (p. 242) may be homologous with the large "parie-
tale mediale" described by Van Bemmelen in Ornithorhynchus; while the
parietals of normal mammals may possibly be homologous with the "parie-
talia lateralia" of the same form. The interparietals may share in the
formation of the tentorial plate (Weber). A large interparietal appears in
Oudenodon (Broom).

Supraoccipital. The supraoccipital, which is a cartilage bone is usually
unpaired, but it is paired in Echidna (Van Bemmelen), and it arises from
paired centers in Tatusia, Erinaceus and the Cetacea (Weber, 1904, p. 49).

Orbitosphenoids. Preformed in cartilage. Very large in Prototheria,
reduced in many Theria. Probably not pierced originally by optic foramen;
overlapped on the internal surface of the brain case by the backward ex-
tension of the ethmoid. Marsupial and Placental types compared above
(p. 245).

Alisphenoids. Preformed in cartilage. Large in Monotremes and
Marsupials, reduced in Placentals. In Marsupials entering the glenoid,
forming part of the bulla and extending well up on the side of the brain case.

Basioccipital. Exceedingly short in Cynodonts. Short in Marsupials
and Insectivores. Progressively lengthening in Creodonts and Carnivores.

Basisphenoid. The pituitary fossa in Marsupials and certain Insecti-
vores has the posterior clinoid process reduced or wanting (p. 245).

Squamosal. Primitively separated from the brain case by a post-temporal
canal (Monotremes, Theriodonts). Glenoid fossa perhaps originally located
about as in Marmosa, assuming a relatively posterior position by the.forward
extension of the mid-cranial region in Didelphi. and Thylacynus (see above,
p. 218); assuming a relatively anterior position by the backward extension
of the base of the cranium in Placental Carnivores, Primates and primitive
Ungulates.

Postglenoid process. In Cynodonts, in certain Mesozoic Marsupials
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and in Peltephilus among Edentates extending below the level of the cheek
teeth; in Marsupials and most Placentals above that level. In Insectivora
the postglenoid process appears to have been originally of small size, and
continuous with the "tympanic" ridge of the alisphenoid which runs in-
ward and joins the pterygoid ridge of the alisphenoid (p. 244); by the reduc-
tion of this ridge and of the process itself (in Macroscelides and Ptilocercus)
the glenoid fossa becomes more or less elongate and makes some approach
toward the conditions seen in Rodents (p. 331). In certain Rodents (e. g.,
Lepus) the glenoid region shifts dorsally until finally (Ochotona) it almost
usurps the position usually held by the postorbital process of the frontals.
On the other hand, by the transverse growth of the postorbital ridge the
familiar conditions in Carnivores and primitive Ungulates is produced.

Post-tympanic process of the squalnosal. Apparently indicated in
Cynodonts (p. 121), well defined in primitive Marsupials. Fused with the
mastoid in Erinaceus (p. 261).

Paroccipital processes. Absent in Cynodonts, absent or feebly developed
in the most primitive insectivorous Marsupials and Placentals; backwardly
produced in Erinaceus and certain Creodonts (e. g., Sinopa agilis); prog-
ressively developing in many Carnivores and Ungulates.

Mastoid portion of periotic. Very large in Monotremes, conspicuous
in Marsupials and primitive Placentals becoming reduced in size in Fissipede
Carnivores and Ungulates. In Hyrax only the upper portion of the mastoid
is exposed. In Arsinoitherium it appears to be covered entirely.

Tymrpanic. The mammalian tympanic, according to Broom, has been
derived from a certain element preserved in the skull of Oudenodon, Dicyno-
don and other mammal-like reptiles (p. 121). The primitive position of the
ring-shaped tympanic was probably oblique to horizontal (cf. Monotremes
p. 151, Microgale p. 246). As shown by the thorough researches of van
Kampen (1905) the tympanic frequently offers characters of importance in
phylogeny, e. g., in the case of the Menotyphlous Insectivores (p. 274),
Dermoptera (p. 317), Chiroptera, Lemuroidea (p. 326), Arctoid and
AEluroid Carnivora.

Auditory Ossicles. The several possible homologies and modes of
derivation of these ossicles are discussed on pages 125-143. Some of the
-phylogenetic results of Doran's important researches on the mammalian
ossicula (1879) have been mentioned above under the various orders. It
seems possible that an extension and thorough restudy of Doran's admirable
work might lead to new evidence regarding certain theories of relationship.
The form of the ossicula should be considered carefully -with reference to
function. ,How do aquatic, fossorial, arboreal and other habits affect the
ossicula? How far are they influenced by the form or condition of the
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surrounding parts ? Until such problems are to some extent understood it
will be difficult to judge for example of the phylogenetic significance of the
imperforate columnar stapes of the'Sloths and of Manis (p. 338). Is this
truly a persistent primitive character? Is it an indication (possibly like the
embryonic characters of the male organ in Sloths) of arrested development?
Or is it a merely secondary loss (as in the Pinnipedia) of the stapedial
perforation? What is the significance of the sudden departures from type
observable in the ossicula of certain genera ?

Ethmoturbinal complex. Paulli's researches (quoted by Weber, 1904)
show that the. characters of the olfactory bones confirm as far as might be
expected the hypotheses of relationship developed in the preceding chapters.
As indicated in the subjoined table, the Insectivora seem to be a central
Placental type and to have transmitted their olfactory characters with little
change to the Chiroptera, Lemuroidea, Rodentia, Carnivora and Hyra-
coidea. In the macrosmatic Echidna, Ungulata and Edentata, in which the
rhinencephalon is very large the numlber of ethmoturbinals has considerably
increased. In Ornithorhynchus, the Anthropoidea and Cetacea, which are.
microsmatic, the number is greatly reduced. The theory of the derivation
of the Pinnipedia from the Arctoid Carnivora is strengthened.

The number and characters of the turbinals in the various orders may be
summarized as follows:

2

2 ~~~~~Remarks.
q.0

z .

Monotremata.
Echidna. 7 7 Parallels Orycteropus in backward extension

of endoturbinal series below cribriform plate,
from which the scrolls project vertically.

Ornithorhynchus 3 4 Fenestrae cribrosae represented by a single
opening. Aquatic adaptation?

Marsupialia. 5 5 Mesethmoid well ossified, ends abruptly in
middle of nasal cavity.

Insectivora. 4 5 Endoturbinals very generalized. Mesethmoid
ends abruptly much as in Marsupialia (at least
in Solenodon, Centetes, Erinaceus). In Centetes
it grows upward between the frontals. (Bed-
dard, 1901).
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Lemuroidea.

Anthropoidea.

Rodentia.
Hystrix.

Carmivora.
AEluroidea.
Canidae.

Remaining
Fissipeds.

Pinnipedia.

Hyracoidea.
Proboscidea.
Perissodactyla.
Equus
Rhinoceros.
Tapirus

Artiodactyla.
Tylopoda,

Pecora.
Suina.

Tubulidentata.

Xenarthra.
(except Sloths.)

Sloths.

Cetacea.
Baloenoptera.

iz

4

4
4

4
4

4

4

4
5

6
6
7

5
5
9

8

8

.0

0-

5

5
6

5.
5

6-7

6

5
7

61
8J

6
8
11

9

7

Remarks.

Closely resembles Insectivore type. In corre-

lation with reduced rhinencephalon: olfactory
scrolls simple, cribriform plate narrow, with few
perforations.
Progressive reduction of turbinals and rhinen-
cephalon (microsmatism).
Closely similar to Insectivora (Paulli).

Primitively very similar to Insectivora (Paulli).
Epimycteri Cope (iEluroidea plus primitive
Arctoidea): maxilloturbinal doubly wound, not
excluding nasoturbinal and second olfactory
scroll from anterior nares. Hypomycteri Cope
(e. g., Urside, Mustelidae): maxilloturbinal
branched and very large, excluding nasoturbinal
etc. from -anterior nares.

Hypomycterous condition carried to an extreme
(p. 314) (Aquatic adaptation for warming
inspired air).
Closely similar to Insectivora (Paulli).

Macrosmatic. Ectoturbinals highly developed
Perissodactyla and Artiodactyla. Ungulata in
parallel Edentata in secondary increase of
number in turbinals.

Highest number among mammals (extreme
macrosmatism).
Nasoturbinal very large, as in Orycteropus.

In Cholwepus mesethmoid well ossified and end-
ing abruptly, much as in Marsupialia.

Extreme reduction, anosmatism.
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The Cranial Forarnina.

Most of the cranial foramina are pretty constant in position throughout
the Theria (except in the Cetacea). But certain foramina that are variable
either in presence or position afford distinctive ordinal characters, so that
many orders and often certain families, may be distinguished by one or
more foraminal characters (cf. Monotremata, p. 150; Marsupialia p. 222;
Insectivora pp. 253, 285, Rodentia, p. 329, Creodonta p. 306, Condylarthra
p. 354, Proboscidea p. 367, "Protypotheres," Primates p. 321, etc.). For the
convenience of the student a brief review of the cranial foramina is given
below: 1

I. Foramina for the cranial nerves.

Fenestrce cribrosw. Nerve I. Lacunae left in the cribriform plate;
rarely (Ornithorhynchus, Tarsius) confluent into one or two openings.

Optic foramen. Nerve II. Apparently this nerve originally issued
through the sphenorbital fissure (foramen lacerum anterius) (cf. Mono-
tremata, Marsupialia, Sorex). It later pierced the orbitosphenoid (most
Placentals).

Sphenorbital foramen (foramen lacerum anterius). Nerves III, IV, V1,
VI, and sometimes II. Constant. Opposite foramina lacera anterius
confluent in Marsupials.

Foramen rotundum. Nerve V,2 Nerve originally issued through
sphenorbital fissure (Monotremes). In Marsupials generally a prominent
opening some distance behind the foramen lacerum anterius. In Placentals
the alisphenoidal partition separating it from the foramen lacerum anterius
is often poorly developed (e. g., Arctomys), this causing more or less con-
fluence with the foramen lacerum anterius. In the Placentals the flange of
the alisphenoid which is external to the foramen rotundum often grows
forward and forms a common arcade into which the rotundum and foramen
lacerum anterius open.

Foramen ovale. Nerve V3. Originally issuing through the foramen
lacerum medius but enclosed by the progressively increasing alisphenoid
(Weber). The foramen ovale always looks toward the inner face of the
mandible, since it gives exit to the mandibular branch of the trigeminus
nerve. In Marsupials it is generally in or near that portion of the alisphenoid
which extends on to the glenoid fossa. In Placentals it is sometimes second-
arily confluent with the foramen lacerum medium (e. g., Rhinoceros, Equus,
many Rodents, Cetacea).

1A very clear treatment of the foramina in the Dog is given in Reynold's 'The Verte-
brate Skeleton,' pp. 399-402. Weber (pp. 47-52) reviews the mammalian foramina in general.
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Infraorbital foramen. Nerve V,. Constant in Theria (? Cetacea).
Foreshadowed in the Cynodont skull (?). Must have been originally dorsal
to the maxillary. ? Prototheria.

Ethmoid foramen, for the entry of the nasal nerve (a branch of V1) and
ethmoid artery. ?Constant in Theria.

Internal orbital (sphenopalatine) foramen. Nerve V2. Constant in
Theria. Always pierces or notches the vertical plate of the palatine.
?Prototheria.

Anterior palatine foramina. Nerve V2. Constant (?Cetacea).
Posterior palatine foramina. Nerve V2 (and blood vessels). Variable

in position, often piercing the palatine, sometimes represented by vacuities
(Marsupialia, certain Insectivores).

Internal auditory meatus (in petrosal). Nerves VII, VIII. Constant.
The facial nerve (VII) passes through the petrosal and leaves the skull by
the stylomastoid foramen.

Stylomastoid foramen (VII). Constant. "Lies between the tympanic
bulla, the paroccipital process and the mastoid portion of the periotic"
(Reynold's, 1. c., p. 400; cf. supra, p. 224).

Foramen lacerum posterius. Nerves IX, X, XI. Constant?
Condylar foramen. Nerve XII. Sometimes double (e. g., Marsupials,

Ursus, Tapirus, Lepus) or even triple (Aretomys, p. 329). Absent (confluent
with for. lac. post.) in Arsinoitherium, Proboscidea.

II. Foramina for blood vessels.

The location of the foramina for the two main branches of the carotid
artery is of great importance.

Alisphenoid canal. For the external carotid. Posterior opening in
front of foramen ovale; tunnels or grooves alisphenoi(d and, running forwards,
sometimes becomes confluent with the foramen rotundum (e. g., Canis) but
sometimes opens separately (Rodents). Absent in Monotremes, Marsupials,
usually present in Insectivores, Creodonts (sometimes absent, p. 306); afford-
ing family distinctions in the Fissipedia; present in Condylarthra, Ambly-
poda, Hyracoidea, Arsinoitheria, Proboscidea, Perissodactyla; absent in
Artiodactyla.

Foramen lacerum medium (Flower,= foramen lacerum anterius Weber).
In the Dog the internal carotid runs forward through an entocarotid canal
lying between the tympanic bulla, the petrosal and the basisphenoid, and
enters the cranium through the foramen lacerum medium. In the Poly-
protodonts (Figs. ], 16) a similar canal (probably for the posterior branch of
the entocarotid) pierces the basioccipital. In Ccenolestes (Fig. 15) this
canal runs forward to the "carotid foramen" of the basisphenoid (see below).
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In the Insectivora there are two main branches of the internal carotid as
described above (p. 247). The course of these branches in the different
families and orders has been carefully described by Winge and others and
is noticed especially by Matthew (1909, p. 350).

"Carotid foramen?' of Marsupials, etc. The internal carotids pierce
the basisphenoid on either side in Monotremes and Marsupials (except
Acrobates, p. 223). This condition may be foreshadowed in the Cyrodontia
(Fig. iB). A similar arrangement is reported in the Cetacea but in view of
the strongly preponderating evidence for Placental affinities this condition
in the Cetacea is very likely secondarv. The internal carotid occasionally
pierces the basisphenoid in certain other Placentals noted by van Kampen
(1905, p. 383: Erinaceus, Centetes, Vespertilionidie, Orycteropus, Herpes-
tinae.)

The posterior palat,ine and infraorbital foramina also serve to transmit
blood vessels. SQ also the suboptic foramina (characteristic of Insectivores
only ?). There are a number of foramina that have some relation to the
transverse sinus and jugular vein which are described above (pp. 224, 248).

The transverse canal (venous) pierces the basisphenoid in Marsupials
and Rodents.

The Vertebr,.

The vertebrae have so far yielded relatively few characters of much inter-
ordinal genetic importance, among which may be cited the following:

(1) Retention of distinct cervical ribs in Cynodonts and Monotremes,
and on the axis of Parameles (p. 152).

(2) Retention of " intercentra" below the lumbars of certain Insectivora
(p. 265) and below the cervicals of the embryonic Bos. The homology of
these elements with the intercentra of reptiles is doubted by Weber (1904,
p. 86).

(3) Frequency of the dorso-lumbar formula of 19-20 (D 13-15, I, 7-5)
among Monotremes, Marsupials and primitive Placentals (p. 275). The
dorso-lumbar formula of Artiodactyls (typically D 13, L 6) contrasts with
the formulae of most Perissodactyls (D 18-20, L 6-3).

(4) Secondary increase in the number of vertebree, e. g., in the cervicals
of Sloths, in the dorso-lumbar region of many Placentals (e. g., Perisso-
dactyls), in the caudal region of Manis and Microgale. In certain instances
(e. g., Galeopithecus) this increase may be due to the shifting of the sacrum.
Bateson (1894, pp. 106-123) has shown that where an abnormal increase or
decrease in the number of vertebrae occurs the vertebrie that find themselves

'That is, if the deep fossa between the alisphenoid and basisphenoid in Cynognathus
(Fig. 1B) really ended in a foramen.
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in new positions take on the functions and appearance of the vertebra, whose
position they have usurped.

(5) The perforation of the transverse process of the seventh cervical
by the vertebral artery in Marsupials. This very rarely (e. g., Lepus)
happens in Placentals.

(6) The large size of the proximal caudal vertebrae and of the root of
the tail in many primitive mammals.

(7) The preservation of lumbar parapophyses in arboreal and cursorial
forms and the loss of them in fossorial forms.

The "preaxial" and " postaxial" borders of mammalian limbs.

-The conception of what constitutes the "preaxial" and "postaxial"
borders of the parts of the limbs, as worked out by Huxley and Flower (1885,
pp. 361-373) appears in certain respects to be artificial and incorrect. It was
founded in part on erroneous notions of the phylogenetic relations of the
Chelonia, "Enaliosauria" and Cetacea to the lower Mammalia. Flower's
diagrams imply that the ancestral mammals had slender limbs resembling
the highly modified type realized in the Primates. His theory starts with the
limbs "extended at right angles to the axis of the trunk" in a horizontal
plane. It assumes that the limbs were "parallel to each other" and more
or less completely homodynamous. Concurrent evidence from many lines
shows that these assumptions are both unnecessary and incorrect. In regard
to the ultimate derivation of the primitive cheiropterygium from the ptery-
gium of unknown Crossopterygians or Proto-Amphibians it is not necessary
at present to make any assumptions. Neither do we know the actual genetic
series which led from Carboniferous Amphibians to early Permian Cotylo-
saurs and thence from late Permian Therocephalians to early Triassic
Cynodonts, Triassic Monotremes and Metatheria and perhaps Jurassic and
Cretaceous Eutheria. But so many collateral offshoots of the direct series,
representing different stages in the evolution of the limbs are known that
the interpretation of "pre-" and "post-axial" above referred to requires
considerable modification.

The subject may be introduced conveniently by a consideration of the
shoulder girdle in primitive Placentals. The shoulder girdle in certain
embryonic and adult Rodents and Insectivores retains in a more or less
reduced condition certain bilaterally paired structures called by Gegenbaur
"preeclavia (cf. Weber, 1904, p. 94), which are doubtfully homologized by
some authors with the procoracoids of Monotremes. In the adult Micro-
gale (p. 237), as recorded by Leche, these structures appear as two large
plates which dorsally overlap the sternum in the middle line. This, joined
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to the evidence of the former large size of the coracoid in Edentates (Weber)
and Rodents (Howes) suggests that the scapula of Placentals may have
passed through a stage retained in the adult Monotreme. This hypothesis
is somewhat strengthened by the great depth of the spina scapulae and the
small size of the prespinous fossa in the most primitive Insectivores; for
according'to the theory mentioned o'n p. 152, the border of the spine in
Placentals and Marsupials is homologous with the anterior (acromial) border
of the scapula in Monotremes, and the prespinous fossa is a neomorph.
Since the Placentals and Marsupials are believed to be related and the
Marsupials stand on a lower plane with respect to many characters, the occur-
rence of a Monotreme stage in the development of the shoulder girdle of
Marsupials (p. 157) strengthens the inference that the Marsupio-Placental
stem also passed through this stage. Finally, this conclusion is supported
by the clear conception of the homologies of the borders and surfaces of the
scapula'in Prototheria and Theria which was worked Dut by means of a
thorough study of the musculature by Wilson and McKay (1893), and by
Broom (1899'). Thus' the Monotremes, in respect to the shoulder girdle as
well as to the reproductive apparatus and functions and many details of the
brain and vascular system are morphologically ancestral to the higher mam-
mals.

From all this it follows that the blade of the scapula in the ancestral Mar-
supio-Placental (p. 226) was not reflected back over the ribs but was held
in a nearly vertical position (Broom); the glenoid facet also inust have been
elongate and the head of the humerus flattened, with the shaft of the hu-
merus runninog backwadd, but perhaps not so sharply outward as it does in
Monot1eemes. This agrees perfectly with the evidence offered by the scap'ula
and humerus of'Cynodonits, which also show other ancestral Marsupial
characters (pp. 119-120).

The humerus of the ancestral mainmal must furthermore have resembled
that of the Cynodonts, i. e., it had very strong crests, a very broad beavy
entocondyle ("entepicondyle" Owen), and a very large entepicondylar
foramen.

The radius was very probably antero-internal to the ulila, i. e., with
reference to the humerus and partly to the anteroposterior axis of the body.
This condition is preserved in Stegocephalia (e. g., Eryops), Cotylosauria
(e. g., Labidosaurus, Pareijaaurus), Pelycosauria (e. g., Naosaurus), Rhyn-
chocephalia (e. g., Sphenodon), Monotremata, and to a very large extent
in all primitive Marsupials and Placentals. The idea that the proximal
end of the ulna originally had a considerable share in the internal anterior
face of the humeral trochlea (Flower) apparently is based on the condi-
tions in Man and other highly specialized mammals. The flattened internal
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part of the humeral trochlea in primitive mammals on its posterior face
receives the intemal process of the ulna. In many forms this internal
process gradually extends forward on to the anterior face of the trochlea,
and in Man causes the radial capitellum to be shifted to the extreme outer
side of the humerus. This conception is directly in contradiction to that of
Flower, who says (1. c., p. 269) that in the "primitive or unmodified condi-
tion" the "radius articulates above with the preaxial (external) side of the
humerus, the ulna with the postaxial (internal) side of the humerus." To
him the primitive relations are "best illustrated in the fore-limb of the
Cetacea" where the radial or preaxial border is "external," the ulnar
postaxial border "internal." But the "Cetoid nature of the promammalia"
(Albrecht) is a thoroughly discredited theory (p. 414), and as stated above,
the evidence from many lower vertebrates shows that the primitive position
of the ulna with respect to the humeral trochlea is wholly behind, and not
side by side with, the radius. In brief, the preaxial border in the mammalian
fore limb includes the following elements which on the theory that the
humerus originally pointed backward and outward (see above) were all
primitively more or less antero-internal with respect to the axes of the body:

Digit I.
Scaphoid.
"Front" face of radius (contrast Flower, fig. 133, p. 364.)

humeral trochlea (contrast Flower, fig. 133, p. 364).
humerus, including the deltoid crest (contrast Flower,

fig. 133, p. 364).
Thus the entocondyle and ectocondyle were neither preaxial nor post-

axial (contrast Flower's diagram, 1. c., p. 364) but in a plane nearly at right
angles to the plane of the radius and ulna.

The "postaxial" (postero-external) border included the following ele-
ments:

Digit V.
Cuneiform.
Ulna.
Anconeal fossa.
"Back" (dorsal) face of humerus (contrast Flower, p. 365, fig. 134 G.).
The "preaxial" border of the scapula was antero-external in position,

and was homologous with the spine and acromion of the scapula in higher
mammals. The " postaxial" border of the scapula was posterior or postero-
internal in position.

The evolution of the fore limb from the Prototherian to the Metatherian
stage may possibly have been conditioned by the assumption of arboreal
habits (cf. p. 226). It involved chiefly the following factors: (1) the back-
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ward rotation of the scapula, (2) the drawing in of the elbows, (3) the move-
ment of the glenoid fossa away from the sternum. This caused the humerus
to assume a more erect position and to face forward rather than inward.

Flower's view (op. cit., p. 269-270) that the permanent pronation of the
inanus in quadrupedal mammals is altogether a "very modified and adaptive
position" appears very improbable. The manus was very likely turned
forward as well as outward to a considerable degree even in Pareiasaurus
(Broom, 1903.4) and certainly is so held in Ornithorhynchus. In fact, the
pose of the manus may have remained relatively fixed as compared with
the rapidly changing pose of the elbow,, humerus and scapula. In the
standing pose of the limb in Monotremes the ulna is largely external to the
radius with respect to the body, but posterior to the radius with respect to
what was later the front of the humerus. When the elbow was drawn
inward the olecranon would become posterior to the radius with respect to
the long axis of the body and would also retain its posterior relation to the
radius with respect to the "front" face of the humerus. But the lower
end of the ulna, being attached to the external part of the carpus in the
relatively fixed pose of the manus, would always remain external to the
radius. This, and not the pronation of the manus, may be the principal
cause of the slight crossing of the long axes of the radius and ulna which is
observed even in very primitive mammals. The extreme crossing of these
bones in Man and the Elephant is a secondary condition.

The Pelvis and Scapula.

Flower also assumed the more or less complete homodynamy and serial
homology of the parts of the scapula and pelvis and of the fore and hind
limbs; his diagrams (op. cit., p. 364) are in fact suggestive of Owen's " arche-
typal" homologies. But even in the Palheozoic Crossopterygian fishes we
do not find any such correspondence. In the Permian Stegocephalia, Cotylo-
sauria, Therapsida and Pelycosauria the scapula and pelvis were radically
different and lend no support to the proposition that in every mammal
"both scapula and ilium may be resolved into rods or bars of three sided
prismatic form" (Flower, p. 369). The primitive form of the scapula has
already been discussed (p. 432). If the mammals are derived from un-
known Cynodonts, then the trihedral ilium of Didelphis must be derived
from the flattened triangular ilium of the Diademodon type by the atrophy
of the posterior angle and hypertrophy of the anterior border (Broom,
1905.4). Remains of this posterior border are preserved in Orycteropus
(Broom). The ilium in very small primitive insectivorous forms ,like
Marmosa, Microgale, and Tupaia is not trihedral but varies from a small

1910.] 435



4Bulletin American Museum of Natural History. [Vol. XXVII,

out-curved rod with a knob at the top (Microgale) to a spatulate form with
rounded upper border (Tupaia).

The humerus.

The series of humeri figured herewith (Fig. 27) brings out many inter-
.esting facts, especially the following: The humerus of Echidna is seen to be a
modified form of that foreshadowed in the Anomodontia, as represented
(Fig. 27, no. 1) by the American Triassic genus Eubrachiosaurus Williston.
Noteworthy features are the very broad entocondyle, the large greater and
lesser tuberosities, the globular capitellum, and relatively weak ec'tocondyle;
the ulna apparently took no part in the front face of the trochlea. The
Marsupial type (Fig. 27, nos. (6-10) is directly derivable from the type seen
in the Cynodont Gomphognathus (cf. p. 119). The Marsupials seem to be
characterized by the prominence of the supinator crest which in many primi-
tive Placentals (e. g., Fig. 27, nos. 11-18) is less developed. The entepi-
condylar foramen has its prinmitive elongate character in several' Marsupials,
Edentates, Periptychus, etc. Very noteworthy is the loss of the entepi-
condylar foramen in Castor, Arctomys, and Erinaceu's, as well as in all but
the most generalized ungulates.

The primitive form of the humeral capitellum appears to be globular.
In the ambulatory and cursorial forms (Fig. 27, nos. 7, 12, 16, 18) it be-
comes transversely cylindrical. The internal part of the trochlea was perhaps
at first not very wide and served only for the radius (cf. p. 433). The hu-
meri of Myrmecophaga and the Sloths are very peculiar (Nos. 3, 5). The very
wide entocondyle and entepicondylar foramen, joined with the globular capi-
tellum, may possibly be primitive features. Analogies with the Mono-
tremes on the one hand and with Castor on the other are evident.

The series furnishes an instructive example of the manner in which
palseotelic and caenotelic features are mingled in the humerus of every type.
When classified in accordance with the supposed habits of the animals the
humeri would be grouped about as follows:

Arboreal. Semi-fossorial. Ambulatory. Cursorial.
{Didelphis (6). JEchidna (2). fArctocyon (11). r Viverravus (12).
Phalanger (10). Eubrachiosauras (1). Solenodon(15). 1Euprotogonia (18).

? Hapalops (5). Myrmecophaga (3). Periptychus (17). Thylacynus(7).
Dasypus (4). J Arctomys (14).
Phascolomys (8). Erinaceus (16).
Castor (13).

The brackets indicate close resemblances.
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Fig. 27. Morphology of the mammalian humerus (p. 436). Scale various.
No. 1. Eubrachiosaurus, an Anomodont from the Upper Trias of Wyoming. After Willis-

ton. No. 5. Halyalops a Santa Cruz Gravigrade. After Scott. Other figures from specimens
in the American Museum,

Abbreviations. cap., head; tb. mj., great tuberosity; tb. mn., lesser tuberosity; cr.dI.,
deltoid ridge; x., tuberosity for the deltoid; cr. su., supinator ridge: ec. c., ectocondyle, or
ectepicondyle; (R)., capitellum (facet for radiuis); (U)., trochlea (facet for ulna); en.c., ento-
condyle, or entepicondyle; fent., entepicondylar foramen.
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The Femur, Tibia and Fibula.

The ancestral femur (p. 118) probably had a flattened expanded proximal
end, with greater 'and lesser trochanters forming a continuous ridge, between
which lay the sessile head. The femur was probably pointed outward, as
in Monotremes (p. 154), the patellar trochlea was flat, the third trochanter
not differentiated from the second trochanter ridge. The tibia was much as
in Monotremes, the fibula ended proximally in a wide expansion (cf. Mono-
tremes, Marsupials, Microgale). The pes was very likely turned partly
outward, the first digit being antero-internal (cf. p. 435).

Evolution of the manus and pes.

The very important researches of Broom (1904.1) on the structure of the
feet in the Permian and Triassic mammal-like reptiles and of Emery (1901)
on the embryonic manus and pes of Echidna and Didelphis, when compared
with the descriptions of the feet of Eocene mammals by Cope, Osborn,
Matthew and others and also with the feet in all the existing unguiculate and
ungulate orders, together furnish a fairly adequate basis for a review of the
evolution of the carpus and tarsus in mammals.

In order to make clear what follows, the valuable figures given by,
Broom and Emery are here brought together and arranged in such a manner
that they all now represent specimens from the same side.

A. The Carpus.

Permian Amphibians and Therapsidans.- The prototypal form of the
mammalian carpus is more or less completely realized (Fig. 28, 2-4) in
the carpus of the Permian Anomodonts Opisthoctenodon and Oudenodon
and the lower Triassic DIomasaurian Galechirus, as figured by Broom. This
type is readily derived in turn from the still more generalized one realized
in the Permian Stegocephalian Eryops (no. 1). The orders to which these
genera belong are certainly much nearer to the ancestral mammals than is
the Water Tortoise (Chelydra serpentina), the manus of which was selected
by Gegenbaur (cf. Flower, 1885, p. 281) as being prototypal to that of
mammals. Perhaps the most noticeable feature of the manus of Eryops is
its more or less fin-like, or paddle-like, character, but it shows practically
no feature in common with the largely hypothetical "cheiropterygium" and
"archipterygium" of Gegenbaur (1895), and it cannot be compared with
the paired fins of any known Devonian Dipnoans or Crossopterygians. It



Manus of Oudenodon, etc.

is, however, analogous in certain respects with the posterior dorsal fin of the
Devonian Crossopterygian Holoptychius leptopterus (cf. Woodward, 1898,
fig. 19, p. 22). The metacarpals' of Eryops are suggestive 'of the radial
cartilages'of' the pectoral fins of PolypterW; its radius and ulna' recall the
pro- and metapterygia of that form; while the mass of carpals might cor-
respond with the mesopterygium. The suggestion is that the proto-
Amphibian or Crossopterygian ancestors of the land living vertebrates had
paddle-like 'fins in 'which the bony elements, arising from the concentration
of the basals and radials, became widely extruded from the body wall. Be
that as it may, the manus of Eryops, as fully shown by Broom, certainly
foreshadows the type seen in the Anomodonts.

The most striking feature of the rnanus of Oudenodon (Fig. 28, no. 2) is the
retention of a more or less paddle-like character. The metacarpals are very
short, much as 'in Eryops, and'all the carpal elements of'that genus are
represented. In comparison with the carpus of mammals, that of Oudenodon
retains two elements which are never found free in mammals, namely, the
second xcentrale (c2) and the fifth distal carpale. The manus of the Endo-
thiodont genus Opisthoctenodon (no. 3) retains the so called "prsepollex"
which seems'to persist in the embryo Didelphis (no. 9) and in certain
Insectivores and Rodents. The importance of this structure has been
emphasized by Bardeleben (1889). Whether it be called a digit or not is of
little moment; its presence in the Permian Anomodonts and in certain
modern orders' is the important point. Moreover, as regards its status as a
digit, there is no' convincing, evidence that it was not present in the Amphi-
bian ancestors of the Anomodonts. The four fingered Branchiosaurus
and the five fingered Keraterpeton probably do not stand very near to the
direct ancestors of the Anomodontia. The praepollex is, however, not known
in Eryops n6r in the Dromasaurian Galechirus, but it is figured in the
Therocephalian (?) Theriodesmus (Fig. 28, no. 5). As observed by Broom
(op. cit.) the manus of Galechirus (no. 4) compares on the one hand with that
of such typical reptiles as Sphenodon and on the other with that of Therio-
desmus. The manus of TheriodesMnus, which is possibly a Therocephalian,
as reconstructed by Bardeleben and Broom (Fig. 28, no. 5), shows a decided
progress toward the mammalian type, when compared with that of Oudeno-
don. The metacarpals are more slender and the oblique arrangement of the
carpus is replaced by a more horizontal arrangement, betokening perhaps a
more advanced pronation of the marius and better running powers. The.
radiale, intermedium, ulnare and pisiform distinctly foreshadow the scaph-
oid, lunar, cuneiform and pisiform'respectively of mammals. rrhe second
centrale is reduced in size, the fifth distal carpale is apparently absent, aiid
the fourth which is enlarged and, like its homologue the unciform of mam-

4391910.]



CARPI

2. O"denodon 3. Optsthoctenodon

R'-"

If IV

4 Gcdecktrus

7 Mscrogomftkodon

P-P
I ff im I v

Therzoclesmns

'rs.

IV

8. Echtdnac
(fit tca)

6. £lwrosuchxss

9. Dideiphys
(fxtal)

TARS I

tmd%

1.Oudenoclon

- F: ;;:

2 Eccidna
Fig. 28.

(440)

tu.ccal

Pt

3 Dtdelphys

1. Eryops



Fig. 28. Carpus and tarsus of Permian genera in comparison with those of the embryonic
Echidna and Didelphis.

Carpi: Nos. 1-6 after Broom, 7 after Seeley (specimen distorted), 8-9 after Emery.
Tarsi: No. 1 after Broom, nos. 2 and 3 after Emery.

Abbreviations: Carpus.

R., radius.
U., ulna.
r., radiale (scaphoid of mammals).
i., intermedium (lunar).
u., ulnare (unciform).
C1, C2 centrale (one or both together homolo-

gous with the centrale of mammals).
p.px., " prepollex."
1, carpale 1 (trapezium).
2, 2 (trapezoid).
3, " 3 (magnum).
4, 4 (unciform).
5. 5 (disappears or fuses with no. 4).
I-V, metacarpals.

Abbreviations: Tarsus.

T, tibia.
F, fibula.
t, tibiale (astragalus).
t.8., tibial sesamoid.
i, intermedium.
f., fibulare (calcaneum).
C', centrale 1 (navicular).
C2, 2.
p.hx., " prehallux."
I, tarsale 1 (entocuneiform).
2, " 2 (mesocuneiform).
3, " 3 (ectocuneiform).
4, 4 (cuboid).
5, " 5.
!-V, metatarsls.
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mals, bears digits IV and V. The trapezium (1) is also much larger than
the trapezoid (2), the second metacarpal is thrust up slightly between meta-
carpal 1 and metacarpal 3 as in primitive mammals (Osborn). The relations
of the radiale, intermedium and centrale 1 precisely foreshadow the coalesced
scapho-lunar-centrale of the embryonic Echidna (Fig. 28, no. 8). Centrale
1 occupies the position which it does in the manus of Eocene Creodonts,
Pantolambda, recent Insectivores, Rodents, etc. By the absorption or dis-
appearance of the minute centrale 2, the lunar (intermedium) would be
brought into contact with the unciform (4) and thus the alternating and
falsely called "disptaced" type 6f carpus is foreshadowed even in the Triassic.

The manus of the Cynodontia (reptiles which as shown above resemble
the carnivorous Marsupials in many characters) is unfortunately not well
known. Broom has figured the lower part of the carpus with the meta-
carpals of XElurosuchus and Seeley (1895, pl. i, fig. 7) figures the imperfect
manus of Microgomphodon (Fig. 7). The "thrust up" position of, digit
II is again noticeable. Otherwise there are no very important differences
from the type represented in the supposed Therocephalian Theriodesmus.
No trace of the "prsehallux" appears.

The above described manus of Permian and Triassic Therapsids might
be expected to confirm or disprove the following ingenious suggestions, the
arguments for which have been summarized by Matthew (1904, pp. 814-
815): first that the trapezoid of mammals, which is unusually large in cer-
tain Eocene Creodonts, may be the serial homologue not of its fellow the
trapezium, but of the metacarpals; secondly that the so called metacarpal of
the first digit is really a modified proximal phalanx. This would explain first,
the occurrence of only two phalanges on the first digit, secondly, the excep-
tional relations of the metacarpal and phalangeal epiphyses of digit I,
thirdly, the anomolous arrangement of the muscles (Matthew). It cannot
be said, however, that distal carpale 1 (the homologue of the trapezium)
in either Eryops, Galechirus, Opisthoctenodon, zElurosuchus, Theriodesmus
or Microgomphodon, any more than in the embryonic Echidna and Didel-
phis, is of such a form as to give definite support to the hypothesis that it is
the homologue of metacarpal II, although in Oudenodon it does suggest
such a comparison. Broom (1906) has explained the anomolous relations
of the epiphyses in digit I on mechanical (adaptive) grounds.

Monotremes.- The manus of the embryonic Echidna (Fig. 28, no. 8), as
figured by Emery shows the following very interesting features:

(1) The distal end of the radius and ulna are now in contact, whereas
in all the Therapsida they are separated. This condition was foreshadowed
to some extent in Oudenodon (Fig. 28, no. 2) in which the radius had begun to
overlap the intermedium and in which (as in Echidna) the ulna was also in
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contact with the intermedium. Digit V in Oudenodon is nearly in contact
with the ulnare (cuneiform); in the embryo Echidna it actually touches it.

(2) The whole manus is spreading and fan-like, suggesting that of
Oudenodon and digits I and V likewise diverge sharply. The divergence
of digit I and the spreading character of the hand in Oudenodon and the
embryo Echidna as well as in the embryos of many higher mammals is
especially' interesting because it shows that the hand of the ancestral mam-
mals had the potentiality of adaptation into either (a) the digging and
swimming type or (b) the climbing and grasping type or (c) the ambulatory
and finally cursorial types.

(3) In other characters the manus of the embryo Echidna is more like
that of Theriodesmus (Fig. 28, no. 5). The scapho-lunar-centrale complex
might be derived from the arrangement of the radiale, intermedium and cen-
trale 1 in that genus; centrale 2 might have coalesced with the unciform (4).
The intermedium (lunar) in Echidna articulates chiefly with the radius, a
mammalian character, wheras in Therapsids it occupies the space between
the radius and ulna.

(4) A radial sesamoid (Fig. 28, no. 8) which occurs also in the embryo
Didelphis and in many higher mammals, is present.

Didelphis.- The manus of the embryonic Didelphis figured by Emery
(Fig. 28, no. 8) is of a somewhat more normal mammalian type, but none
the less is clearly derivable from the type seen in Theriodesmus, which it re-
sembles in the relations of the praehallux (Fig. 28, no. 5) and of the distal
carpalia 1-4. The intermedium (lunar) is now entirely overspread by the
radius and has possibly united with centrale 2. Centrale 1 may have united
with the scaphoid or with the lunar but at any rate it is never free in Marsu-
pials. In the Marsupials also the magnum and unciform are generally larger
than the lunar and cuneiform, whereas in most primitive Placentals the re-
verse is the case.

The lunar in Didelphis is in broad contact with the unciform, as is the
case in the great majority of the primitive mammalian types. As compared
with the embryonic manus of Echidna, that of Didelphis shows how readily
the grasping-climbing type may be derived from the primitive fan-shaped
paddle-like type.

Ancestral Placentals.- No mammalian manus is known before the
Basal Eocene; consequently the morphological gap between the manus
of the Therapsida and the manus of early Placentals has not yet been bridged
over by discovery. We may feel certain, however, that the pentadactyl
manus of the ancestral Placental must have had a more or less divergent
pollex, a large trapezium, a free centrale, and a relatively small magnum,
because these characters are preserved not only in the Basal Eocene Creo-
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donts, in Pantolambda and in Euprotogonia, but also in all the more primi-
tive existing Insectivores and Rodents. The ancestral Placental probably
had another character of the greatest importance: namely, the lunar in
the front view rested on the centrale, on the magnum and perhaps partly on
the unciform.

The contact between the lunar and unciform may have been established
as far back as the Triassic, as already noted.. In varying degrees it persists
in the majority of the Marsupials, Edentates, Rodents, Insectivores, Creo-
donts, Fissipedes, Tillodonts, Primates, Condylarths (Euprotogonia), Amn-
blypods (Pantolambda), Notoungulata, Perissodactyla, Artiodactyla, Sirenia
and Cet-acea. The principal orders in which the lunar-unciform contact is
greatly reduced or absent are the Tubulidentata, Hyracoidea, Embrithopoda
and Proboscidea and it is very probable that its reduction in these orders is
secondary (see below). The lunar-unciform contact and the existence of a
separate centrale produces the alternating or interlocking arrangement, as
first noted by Matthew (1897, pp. 299, 308). The idea that this interlock-
ing arrangement in the Unguiculates is largely secondary arose from the
unwarranted extension to the carpus of Unguiculates of Cope's famous but
untenable theory of the evolution of the carpus of Ungulates (cf. pp. 449, 451).

The truly primitive nature of the so called displaced carpus of the Creo-
(donts was first pointed out by Matthew (1897, pp. 308-309) who also
advanced the theory (1904, pp. 811-814) that the primitive Placentals had
been derived from pentadactyl forms in which the pollex and hallux were
divergent and more or less grasping in function. The evidence for the
primitive nature of the interlocking carpus in the, various orders of Placentals
may be reviewed briefly.

Insectivora. It has already been shown that the Insectivora as an order
are exceedingly primitive in many ways. The lunar-unciform contact and
a free centrale are preserved in the majority of the forms. Among the
Zalambdodonta, Centete8 and Ericulus show these characters, but in the
otherwise primitive Microgale (figured by Leche, 1907, p. 80) the scaphoid,
lunar and centrale coalesce and the internal inferior angle of the cuneiform
is thrust in between the lunar and the unciform. In Oryzoryctes this tend-
ency is greatly emphasized so that the scapho-lunar-centrale is widely
separated from the unciform. In all these Zalambdodonts the trapezium
is relatively large, as it is in Creodonts, and the pollex is more or less diver-
gent. The carpus of Zalambdodonts is reviewed more in detail above
(pp. 241-251). In the Eocene and Oligocene Leptictidee the manus is not
known. In Erinaceus and Gymnura the lunar-unciform contact is preserved.
In Talpa, perhaps owing to the necessity for a coinpact and strong carpus,
the interlocking features are emphasized in the oblique facets, and the

444



1910.] Carpus of Insectivores, Rodents, Tillodonts, Creodonts.

lunar-unciform contact becomes broad. In Blarina, on the contrary, in
which the manus is very slender the carpals are flatter and the lunar-unci-
form contact slight. In Tupaia, which retains many primitive characters
throughout the skeleton, the centrale remnains free, the lunar-unciform
contact is of moderate size, and the pollex is partly divergent. The scaphoid
however, is fused with the lunar. In the terrestrial Rhynchocyon, as figuredl
by Peters (1852, pl. xxiii, fig. 2), digit I is lacking, the carpals are flattened
and the lunar-unciform contact (at least in front view) is very slight. In
the allied Petrodromus (1. c., pl. xxiii, fig. 6) digit I is reduced, the magnum is
relatively large and separates the lunar from the unciform, but in the back
view (1. c., fig. 6a) the lunar-unciform contact appears to be well developed.

The ancestral Insectivores certainly had a free centrale. If they were
arboreal or semi-arboreal forms with more or less spreading feet as sug-
gested above (p. 288), then they very likely had at least somne contact between
the lunar and the tinciform.

Rodentia. The carpus in forms with spreading digits (e. g., Fiber, Castor)
has oblique carpal facets and a broad lunar-unciform contact. In the
forms with narrow feet of ambulatory type (e. g., Mus, Lepus) the carpals
are broad and flat and the lunar-unciform contact is small. The centrale is
usually free but the scaphoid is often fused with the lunar. In Mus the
front view of the centrale shows it as a very small round bone, but dissection
of the carpus shows that the centrale is really broad and much flattened.

Tillodontia. rl'he details of the carpus of the Lower Eocene Esthonyx
acutidens are very suggestive of the Creodont type. The trapezium is large,
the scaphoid shallow, the centrale occupies the same position as it does in
Creodonts, the magnum is keeled on top, the unciform is high, and the cunei-
form is shallow. The lunar rests about equally on the centrale, magnum
and unciform.

Creodonta. The manus of the Basal Eocene forms is partly known in
Dissacus carnifex (figured by Osborn and Earle, 1895, p. 33) a primitive
member of the Mesonychid&; and in Clarnodon corrugatus (figured by
Matthew, 1901, p. 14), a member of the Arctocyonidme. The manus is also
known in Dromocyon (Fig. 26, p. 405) and Mesonyx, in HIywnodon, Sinopa,
Oxyena, Patriofelis and others. The primitive features of all these forms
may conveniently be summarized in the accompanying generalized scheme
of the Basal Eocene Creodont manus (Fig. 29). The most noteworthy
features are the large trapeziunl and divergent pollex, the large free centrale,
small trapezoid, magnum smaller than lunar, lunar resting almost equally
on centrale, magnum, and unciform. In regard to the digits, D. I is diver-
gent, D. II overlaps III and III overlaps IV. This overlapping was formerly
regarded as an evidence of marked "displacement" but it is much more
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probably merely an emphasis of conditions partly foreshadowed in the
Perinian Theriodesmus.

From this primitive tvpe the carpus of Clenodon (p. 304) may be derived
by the fusion of the centrale and scaphoid, the close appression of the lunar
to the scapho-centrale and the broadening of the lunar-unciform contact; that
of Dromocyon may be derived by the suppression of digit I, the increase in
size in digit II, the broadening of the lunar-unciform contact. It should

not be forgotten that the known
Creodont manus pertained to
animals that were alreamdy sev-
eral times larger than the smiall
insectivorous forms from which

ScJ L Lu;}2s4. A they were probably descended.
ot C/\ U1n. '\ The manus in the primitive Oxy-

IZ. "{-~~' 471 _ cleenidae is unfortunately not
-known; but it appears probable

/IK g \ (\ V that the minute insectivorous an-

FF//I I Im I Iv I cestors of the Creodonts had a
rather slender hand, with flat-tened carpals, a large trapeziumii,

Fig. 29. Generalized scheme of the Basal Eocene free centrale, a small lunar-unci-
Creodont carpus; based on a study of the carpus of form contact, and a slightlv di-
Clkenodon, Trii8odon, Sinopa, Oxynca, etc. Many
features of this type were. foreshadowed in the vergent hallux
manus of Permian Therapsids (p. 434), and accord- Fissipede Carnivores. Mat-
ing to the writer's view it is itself prototypal to the
carpus of all the Placental orders. thew (1909, p. 388) has shown

that the ancestral type of manus
is realized in the Miacidae, in which the scaphoid, lunar and centrale,
although closely appressed, are not yet fused into a single bone. The hand
was primitively of the grasping type and the lunar-unciform contact is always
broad.

Condylarthra. All authorities now agree that the famous Phenacodus
primcvus of Cope is less primitive as regards size and characters of the
dentition than its small Basal Eocene forerunner and presumable. ancestor
Euprotogonia puercensis. As, regards the carpus, Matthew. (1897, pp. 308-
309) has shown that Euprotogonia has an alternating, not serial, carpus, in
which there was a distinct oblique lunar-unciform contact, the magnum had
"a comparatively small upper surface" and was "extended proximally
into a keel separating two nearly equal facets, one for the lunar, the other
supporting the scaphoid, or as may be suspected, a centrale." After showing
that in many characters Euprotogonia was intermediate between the later
Phenacodus and the Basal Eocene Creodonts, Matthew concluded that the
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alternating.carpus of Euprotogonia as well as that of the Basal Eocene
Pantolambda was also an inheritance from the Creodonts and that therefore
the serial carpus of Phenacodus was probably secondary. This important
generalization receives strong additional support from the fact already noted
that the most essential features of the interlocking carpus were foreshadowed
as far back as the Triassic and are still preserved in varying degrees in the
more primitive pentadactyl unguiculates of every order. Matthew's con-
clusion opened the way for a recognition of the possibility that the Perisso-
dactyla and Artiodactyla may have been derived from forms with a carpus
resembling that of the oldest Creodonts, and at the same time it implied that
Phenacodus in respect to its carpus was very far from being the " atavus "
of all the Ungulates. Matthew also concluded that the carpal pattern of
Phenacodus was probably derived from that of Euprotogonia: (1) by the
flattening of all the elements, (2) by the reduction of the centrale and its
fusion with the antero-external angle of the scaphoi'd, (3) by the broaden-
ing and flattening of the magnum; this caused the reduction of the lunar-
unciform facet which however persists in a reduced condition in some
specimens.

Meniscotheriurn. This Lower Eocene Condylarth is relatively highly
specialized in the degree of complication of its cheek teeth, and belonging
as it does to an order in which the carpals showed great variation, it would
not be surprising if its carpus also had undergone considerable modificationi.
As provisionally reconstructed by Matthew, the five toed manus appears to
lack the free centrale, and all the carpals are considerably flattened. The
trapezium is large. The lunar is suggestive of that of Hyrax. The mag-
num is flaftened but is much smaller than in Hyracops socialis, as figured by
Marsh (Matthew doubts the accuracy of this figure). A small lunar-unci-
form contact is retained. In brief, the carpus of Meniscotherium is becom-
ing serial like that of its contemporary Phenacodus, perhaps in adaptation to
exclusively ambulatory, as opposed to grasping, functions (cf. Hyrax).

Taligrada. The carpus of Pantolambda (figured by Osborn, 1898, p.
187), a genus which in many characters is structurally ancestral to the
Amblypoda, is strongly interlocking and directlv derivable from the Creodont
type. As noted by Matthew, the centrale occupies its primitive position
which is also the position of the internal hook of the scaphoid in Perisso-
dactyls, i. e. it articulates with the magnumn, trapezoid, lutnar and scaphoid.
The trapezium is very large (as in Creodonts) and the pollex rather diver-
gent. The lunar-unciform contact is broad. This nmay be partly secondary
and a result of the progressive widening of the unciform which is character-
istic of the order. The manus of Periptychus is not known, but judging from
the close resemblance of its pes to that of Pantolambda, its manus was prob-
ably of the interlocking type.
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Amblypoda. In Coryphodon, as noted by Osborn (1889, p. 539) pari
passu with the increasing weight of the body and with the widening of the
distal end of the ulna, the carpus becomes very broad, the unciform grows
toward the inner side, overspreading the third metacarpal and broadening
the lunar-unciform contact; the magnum also spreads in the same direc-
tion, the lunar widens and causes the reduction of the scapho-centrale-
magnum contact. In Uintatherium these tendencies are carried to an
extreme (cf. p. 358).

Hyracoidea. The carpal facets are more or less horizontal, so that the
proximal row articulates with the distal row by a horizontal and very con-
vex joint. The magnum is relatively large, the lunar partly overspreads
the trapezoid and centrale; the lunar-unciform contact is variable but it is
very evident in the back view at least in the specimens examined by the writer.

Ernbrithopoda. The carpus is very similar to that of Elephas, while the
tarsus resembles the Coryphodon type. This may imply that Arsinoi-
therium has been derived from a short footed form with a carpus resembling
those of MIeniscothenium and Hyrax and a tarsus like that of Pantolambda.

Proboscidea. The evolution of the manus in the Proboscidea has been
traced by Osborn (1889, p.; 564, diagram 8) awnd by Weithofer (1890). In
correlation with the growth of the ulna and the reduction of the radius, the
cuneiform and especially the lunar, become very broad, the lunar over-
spreading the trapezoid and causing the reduction of the scaphoid.

Pyrotheria. As shown by the caSts in the American,Museum of Natural
History, the manus ascribed to Pyrotheriumr is very Proboscidean in general
appearance, and differs from the jianus of Mastodon chiefly in the extension
of the lunar over the unciform. According to Gaudry (1909) however the
reference of this manus to Pyrotheriurm mav be incorrect, and Gaudry
states that Tournouer has suggested that it pertains to Astrapotherium.

In brief, the manus in the Condylarthra, Taligrada, Amblypoda, Hyra-
coidea, Embrithopoda, and Proboscidea is either progressively serial or at
least flattened. All exhibit a tendency for the carpals to change the oblique
into horizontal facets, so that the first row articulates with the second row
by more or less horizontal joints which extend across the carpus on about
the same level. The lunar is always broad and tends to spread inward
over the trapezoid, the scaphoid often loses contact with the magnum and
the scapho-centrale hook is reduced or absent. The lunar-unciform con-
tact usually becomes reduced (except in Taligrada and Amblypoda).

Notoungulata. The carpal types of the Homalodotheria (p. 449);
Typotheria (p. 376), Toxodontia (p. 109), and Litopterna (p. 379) are very
diverse and include extreme interlocking types and peculiar forms of the
serial type, but in no case do they show any features that seem inconsistent
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with the theory that these orders have been derived from different families
of the Condylarthra. The strongly interlocking types represented in
Hornalodotherium and the Typotheres have doubtless been evolved by a
progressive increase in the obliquity of the facets and by the broadening
of the lunar-unciform and scapho-centrale-magnum 'contacts. In the
larger Toxodontia, as in the Perissodactyls, this is associated with a marked
tendency toward mesaxonic tridactyly. In the Litopterns the carpals have
flattened down and the lunar-unciform contact has been disrupted (p. 379).

Artiodactyla. The theory that the Artiodactyla (p. 403) have been de-
rived from relatives of the Mesonychid Creodonts, and the Perissodactyla
(p. 396) from relatives of the stem of the Condylarthra is supported in large
measure by the nature of the resemblances and differences between the
manus of Artiodactyls and that of Perissodactyls. The manus of Artio-
dactyls has been derived from a progressively paraxonic, functionallv
tetradactyl type with interlocking carpus, more or less resembling the manus
of Dromocyon (p. 404);' the manus of Perissodactyls has been derived from a
mesaxonic progressively tridactyl type more or less like that of Euproto-
gonia; but in' this type the carpus, while interlocking, was narrower and
higher than was the case in the Artiodactyla. In both orders digit III was
originally the largest but in the ancestral Artiodactyl'its superiority over digit
IV was less than was the case in the ancestral Perissodactyl. The general
resemblance of the carpus of Ancodus, a primitive number of the Anthraco-
theriidae to that of Dromocyon has already been noted above. Nor can
there be any doubt that the carpus of Ancodus is approximately prototypal
to that of all higher Artiodactyla; for it compares with those of the hippo-
potamus and pig on the one hand, while on the other by further emphasis
of its didactylism it would lead into the carpus of the larger Anthracotheres,
and of the Oreodontidae, Hypertragulidee, Camelidee, Cervidae, Bovidae, etc.
The unity of derivation of all the more modified types of carpus in the Artio-
dactyla and the contrast in important details with all other ordinal types of
carpi, becomes plain from a study of the Tertiary Artiodactyls exhibited
in the American Museum of Natural History and from the figures given by
Kowalevsky (1873), Scott (1895) and others. From all this it is evident
that it is misleading to say as Cope did that the "carpus of Artiodactyls is
of the highly displaced type." In the oldest and indeed in all Artiodactyla
the lunar-unciform contact is broad and the scapho-centrale process or hook
is in contact with the magnum. Very probably the lunar-unciform contact
and the scapho-centrale-magnum contact were narrower in the ancestral
Artiodactyls than they were in later Artiodactyls, but the interlocking
arrangement is no more a true "displacement" in the Artiodactyla than it is
in the Basal Eocene Creodonts or in Euprotogonia or Pantolambda.
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Perissodactyla. According to Cope's original view, the characteristic
arrangement of the carpals in Perissodactyls, in which the scaphoid in front
view rests largely on the magnum, the lunar on the unciform, was derived
from the serial condition of Phenacodus and was produced by the shifting
or displacement of the proximal row upon the distal row. Osborn, in his
study on the 'Evolution of the Ungulate Foot' (1889, pp. 560-569) took the
more correct view that this "displacement" was brought about by meta-
trophic growth in response to certain mechanical requirements, the theory
of which he developed at length. But both Cope and Osborn took the serial
carpus of Phenacodus as the starting point. From what has already been
said, however, it will be clear that this assumption is not in accordance with
the present evidence. A reexamination of the carpus of the known Eocene
Perissodactyla and of the trend of evolution in the various families leads to
the following conclusions:

(1) So far as present evidence indicates, in the ancestral Perissodactyl
the manus was narrow, more like that in Heptodon (Fig. 23), and not broad
like that in Palwosyops. Reasons:

(a) Small light-bodied primitive forms often have a narrow manus,
especially cursorial forms (e. g., cursorial Polyprotodonts, Creodonts, Fissi-
pedes and Rodents (Agutis)).

(b) The manus of known Lower Eocene Perissodactyls, representing
the principal families, are all relatively narrow.

(c) Several families exhibit an apparent progression from narrow footed
cursorial to broad footed slow moving forms.

Compare Lambdotheriumn and Eotitanops with Palaosyops and Titano-
therium.

Compare Heptodon with Lophiodon.
" Paloplotherium " Palaotherium.
" Hyrachyus " Metamynodonz and Teleoceras.

(2) In the ancestral Perissodactyl the middle digit was already in the
ascendant but perhaps to a less degree even than in Heptodon; for

(a) The manus is already mesaxonic in Meniscotherium and Panto-
lambda, and even in the Artiodactyls digit III was -primitively longer than
digit IV (cf. p. 405).

(b) Digit III is somewhat longer than its fellows in the majority of the
Unguiculates.

(3) In the ancestral Perissodactyl the magnum in front view was small.
This is supported by:

(a) The progressive widening of the magnum in Titanotheres, Horses,
Amynodonts, and Lophiodonts.

(b) The small size of the magnum in the Lower Eocene Heptodon,
Lambdotherium, and Eotitanops.
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(c) The small size of the magnum in Euprotogonia, Pantolambda,
Creodonts and many lower Unguiculate orders.

(4) In the ancestral Perissodactyl the lunar in back view rested on
both magnum and unciform (cf. Fig. 25). This condition is preserved in all
Perissodactyls and is a direct inheritance from the unguiculate orders.

(5) In the ancestral Perissodactyl the proximal row of carpals were
vertically deeper than the distal row, for:

(a) This is so in the Lower Eocene forms.
(b) It seems to be a primitive character in Creodonts and other Ungui-

culates.
(6) Even the oldest known Perissodactyls had already attained the

ordinal characters in the astragalus and in the reduced number of digits,
and since the manus had already lost digit I, it is probable that the carpus
also had advanced considerably in the Perissodactyl direction.

(7) If the carpus had advanced considerably in the Perissodactyl
direction, then in the light of the foregoing considerations, in its earlier state
it must have approached the unguiculates in the following characters, in
comparison with those of Heptodon (Fig. 23, p. 393):

(a) Magnum small in front view (about as in Heptodon).
(b) Smaller lunar-unciform contact.
(c) Smaller scapho-centrale-magnum contact.
(d) Larger trapezium and digit I.
(e) Relatively sinaller digit III, with narrower proximal abutment on

the unciform.
(f) Unciform more horizontal.
(g) Carpal facets less oblique.
In other words, -the carpus of the ancestral Perissodactyl was less com-

pletelv interlocking, and somewhat more "serial," than that of Heptodon
which appears to the writer to be on the whole the most primitive Perisso-
dactyl manus so far discovered.'

(8) Fromi this point of view Cope and Osborn were justified in regard-
ing the carpus of later Perissodactyls as "displaced" only in so far as the
scapho-centrale-magnum and lunar-unciform contacts became secondarily
widened, but it is very probably incorrect to state that in the ancestral
Perissodactyl the "scaphoid rested solely on the trapezoid and the lunar on
the magnum."

Ancylopoda. The carpus of Moropus and Chalicotherium is charac-
terized by: (a) the extreme convexity of the proximal facets, (b) the back-
ward extension of the superior and inferior facets on the magnum, so that

1 In Eohippus the scapho-centrale-magnum contact is very broad, the magnum is broad
and digit III is very broad.
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the posterior hook or toe of the magnum becomes part of the articular sur-
face for digit III, (c) -the broad overlapping of the metacarpals, etc. But
all these and other peculiarities present nothing inconsistent with derivation
from the carpus of Lower Eocene Perissodactyls (p. 398).

Sirenia. The carpus in Manatus contains the principal elements, with
the exception of the centrale. The lunar rests mainly on the magnum but
retains the connection with the unciform.

Cetacea. The carpus in Globiocephalus retains elements which are
interpreted by Flower as scaphoid, lunar, cuneiform, trapezium (?), trape-
zoid and unciform. The lunar-unciform connection is retained.

Summary in regard to the carpus: The principal conclusions of the
preceding section are as follows:

(1) The structural prototype of the mammalian carpus is realized in
the Permian and Triassic Therapsida in which the carpus differs from that
of mammals chiefly in retaining two elements (centrale 2, and distal carpale,
5) which afterward disappeared at least as separate elements.

(2) The essential features of the interlocking type, namely the scapho-
centrale-magnum and lunar-unciform contacts are present in many Ungui-
culate orders and are probably a primitive mammalian character.

(3) In Unguiculates the retention of the grasping function, and of a
divergent pollex, favors the development of oblique facets and of a strongly
interlocking carpus (e. g., Didelphis, Talpa, Creodonts, Primates).

(4) The loss of a divergent pollex and the development either of
ambulatory and cursorial habits or of great weight often favors the flattening
of the carpal facets in horizontal planes and the development of the serial
carpus (e. g., certain Insectivores, Rodents, Hyenodon, Hyrax, Proboscidea,
etc.).

(5) The Perissodactyl and Artiodactyl manus have both been derived
from different varieties of the incipiently interlocking type. In both also
the interlocking features became emphasized, the serial features more or
less suppressed.

(6) The observed and inferred modes of evolution of the carpus in
mammals suggests first the complexity of the factors that have contributed to
the results and secondly the apparent inadequacy of explanations which
take into account only natural selection on the one hand and adaptive fitness
on the other. For example, it might be assumed that the rectangular char-
acter of the carpals in the Proboscidea was largely an adaptation to great
weight, but since the carpals are almost equally rectangular in the small-
bodied Hyrax, it is quite possible that in the Proboscidea this condition was
established before great weight had been acquired.

(7) In the different orders different elements of the carpus seem to be
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the. dominant factors and to have as it were, greater growth vigor to crowd
and modify their fellows. As shown by Weithofer (1888) and Osborn, (1889,
p. 539) in the Proboscidea the ulna and the lunar are in the ascendant, the
scaphoid is literally crowded out; in the Amblypoda the unciform and
digit III broaden, in the Hippoids it is digit III and the magnum; in Macrau-
chenia and the Litopterns the cuneiform acquires a broad contact with the
magnum, widely disrupting the former lunar-untciform contact.

Conceivably the active or dominant features may have been "unit char-
acters" or orthogenetic characters which were not divided in crossing, while
the elenments which appear to be passive may have been more subject to
fluctuating variation and to division. The evolution of the carpals furnishes
a good illustration of the very obvious principle that there is a strong analogy
between the evolutionary relations of parts to each other and of parts to
environment.

The Hind foot.

1. The astragalus.

Oudenodon. The pes of Oudenodon figured by Broom (Fig. 28, no. 2)
indicates that the true ''tibiale tarsi" is not the sesamoid so named by
Baur (1885) in Rodents, Galeopithecus, etc., but the astragalus itself, the
intermedium being a greatly reduced element.

The astragalus and calcaneum of Oudenodon are prototypal in form to
those of mammals, because they are very simple in shape and the astragalus
is not differentiated into trochlea, neck and head, nor the calcaneum into
tuber, sustentaculum, etc. The other elements-of the pes are homologous
with those in mammals. Most of the elements of the pes correspond in
position with those in the manus, but the lunar (intermedium) of the manus,
which was destined to increase in size, corresponds with the intermedium
in the pes which was destined to disappear as a separate element; hence in
the mammals the correspondence between the manus and pes is never com-
plete (see below, page 455).

Monotremes. The pes is described on page 154.
Marsupials. The astragalus and calcaneum of the ancestral Marsupials

(as described below) are adapted to a divergent hallux and more or less
arboreal habits. As observed in the smaller Marsupials these bones are
especially interesting because they are morphologically intermediate between
the Therapsid and Monotreme types on the one hand and the Placental types
on the other. For example, in the astragalus of Didelphis (Fig. 30, A) the
trochlea is very broad, with a very indistinct groove while the neck is feeble
and not differentiated from the head, the sustentacular facet is in the middle
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part of the back and not separated from the navicular facet. The navicular
facet, in correlation with the spreading character of the pes extends up on the
inner side of the neck. The tuber of the calcaneum is pointed downward
as well as backward and the foot is entirely plantigrade. In Phascolomys,
representing the Diprotodontia, the ectal, sustentacular and navicular facets
are quite continuous, and the sustentacular is still near the outer border of
the back (Fig. 30, B). Just internal to the ectal-sustentacular facet is a deep
groove;' a similar groove in Ectoconus, Patriofelis, etc., lies between the ectal
and sustentacular facets and terminates in the astragalar foramen. In an

A Dideiphis B. PhasLoloinys C Ectoconus D Patriofeiss E Cccstorozdes

Fig. 30. Morphology of the astragalus in Marsupials etc. From specimens in the American

Museum. S3cale various.

(tb.), tibial facet.

(fb.), fibular"
tib. mall., surface for malleolar portion of tibia.

(ect.), ectal facet.

(su8.), sustentacular facet.

(nay.), navicular"
(cb,.), cuboid "
(ses), facet for tibial sesamoid.

f.astr., astragalar foramen.

astragalus of Ectoconus (Amer. Mus. No. 3036) a Periptychid, wrongly

ascribed by Cope to the Basal Eocene Polymastodon (p. 169), we find a clear

foreshadowing of the Placental type, in so far as regards the better develop-

ment of the trochlear ridges, the separation of the neck from the trochlea,

the angulation of the internal inferior region of the neck, the presence of an

astragalar foramen, the beginning of the separation of the sustentacular and

navicular facets, and the more central position of the sustentacular facet.

The most distinctive features of the primitive Marsupial astragalus thus

appear to be:

1 Possibly lodging a branch of the peroneal artery (Matthew, 1909, p. 451).
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(1) Its oblique position on the side of the calcaneum.
(2) Its very broad trochlea, with poorly defined condylar ridges.
(3) Its short neck, not produced inferiorly, especially at the infero-

internal angle.
(4) The relatively external position of the sustentacular facet and its

continuity with the navicular facet.
(5) The absence of a cuboid facet.
Placentals. There is some doubt as to which is the most primitive type

of astragalus known among Placentals but the type with very broad trochlea,
short neck and convex head 1 seen in the most ancient Rodents, Edentates,
Basal Eocene Periptychids and Homalodotherium appears to be morpho-
logically nearer the Marsupial type than does the relatively long narrow astra-
galus, with narrow trochlea and slender neck seen in the smaller Creodonts,
Condylarths (Euprotogonia) and certain Insectivores (e. g., Microgale,
[Fig. 19, C3, p. 250] Sorex, Tupaia).

Rodents and Edentates. In these orders, as well as in some of the Notoun-
gulata (e. g., Homalodotherium) the astragalus usually has a very wide
low-keeled trochlea a short oblique neck and a very convex or even globular
head, and the ectal and sustentacular facets are more or less parallel, oblique,
and separated by a deep groove which sometimes (e. g., Oryeteropus Homa-
lodotherium) ends in an astragalar foramen.

The cuboid contact is variable but usually absent. The astragalus of
the Eocene Rodent Paramys (p. 327) approaches the Insectivore type.

Insectivores. In the more primitive Lipotyphla (pp. 252, 254) the astra-
galus, as stated above, is primitively long and slender, at least in certain
Zalambdodonta (Fig. 19, p. 250), Erinaceidae and Soricide; but has a wide
trochlea and short neck in Pantolestes (Matthew). The trochlear crests are
developed to a varying extent but the inner is often subequal with the outer
one. A vestige of the astragalar foramen appears to be present in Erinaceus
(p. 252).

Creodonta. In this group the trochlear ridges are variable; in Patrio-
felis the ridges are but faintly expressed, in Hyanodon and the Mesonychidae
they become very pronounced. The astragalar foramen is usually present
but is lost in the Mesonychidae; it appears to have resulted from the bridging
over of a notch in the postero-superior rim of the trochlea, which notch was
probably continuous with the groove between the ectal and the sustentacular
facets (see above, p. 454). An astragalo-cuboid contact appears to be a
primitive character for the Creodonta (as it is also for the Taligrada), since

1 The extension of the antero-dorso-internal part above the trochlear facet appears to be
another primitive character seen especially in Periptychids, early Creodonts and more ancient
Patagonian Ungulates.
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it is present in Clwnodon, the Oxyaenidoe, Sinopa, and the Mesonychidae.
It seems to be correlated with the spreading of the digits and oblique position
of the cuboid.

The partial homodynamy and correspondence between the manus and
pes appears very clearly in Clcenodon, as figured by Matthew (1901, pp.
14-15, figs. 6, 7). The entocuneiform is large and its digit (I) diver-
gent, as is the case with the trapezium of the manus; the mesocuneiform is
small, like the trapezoid, and digit II is "thrust up"; the ectocuneiform
corresponds to the magnum; the oblique cuboid, with its astragalo-cuboid
contact, to the unciform with 'its lunar-unciform contact. The navicular is
analogous with the centrale. But here the strict analogy ends, for the cal-
caneum performs the functions of the cuneiform plus pisiform, while the
astragalus corresponds to both the scaphoid and lunar.

The primitive Creodont astragalus would appear to have been one with a
rather narrow trochlear facet, with low tibial and high fibular-keel, astraga-
lar foramen, head flattened anteroposteriorly but very convex transversely,
neck twisted so that the long axis of the head is directed obliquely back-
ward; an astragalo-cuboid contact. The fibular surface always makes a
sharp angle 'with the trochlea and never a gentle angle with it as it does in
primitive Marsupials. Strong resemblances to the Periptychid type.

Fissipedia. The astragalus may be derived from the type seen in
Clenodon: i. e., with low rounded trochlear keels, rather narrow trochlea,
an astragalar foramen (preserved in certain Mustelidce), and a small astra-
galocuboid contact.

Condylarthra. The astragalus in Euprotogonia is not essentially different
from the Creodont type; it retains the slender neck, the astragalar foramen,
the convex head, and apparently a slight cuboid contact, etc. The name
Condylarthra was given in allusion to the characters of the head of the astra-
galus which distinguish the order from that of the later and more specialized
Ungulate orders but not from many Unguiculate orders nor from early mem-
bers of the Typotheria. The Condylarthra are rather exceptional in the
lack of an astragalo-cuboid contact and it is by no means evident that Cope
was correct in assuming this condition to be primitive.

Taligrada. In the very primitive families Periptychidue and Panto-
lambdidce the cuboid was large and had a broad contact with the astragalus.
It appears to the writer very misleading and unwarranted to speak of this
as the "displaced" condition, or to say, for example, that the "astragalus
is widely displaced upon the cuboid," as is frequently done. On the con-
trary, the very primitive characters of Anisonchus, Periptychus, Panttolambda
and the Creodonts raise a presumption that the astragalo-cuboidal contact
is primitive, at least for those orders. An astragalar foramen was present
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in Anisonchus (Matthew, 1897, p. 297, fig. 11), Periptychus (Osborn, 1898,
p. 181) and Pantolambda (Osborn, 1898, p. 188). The evolution of the pes
in the Amblypoda has been described above (pp. 357-358).

Artiodactyla. The derivation of the Artiodactyl astragalus from the type
seen in the Mesonychid Creodonts was described above (p. 404). This was
from the first a strictly cursorial type, since motion was limited to the fore
and aft plane, not only by the sharp trochlear keels but also by the trans-
verse flattening and antero-posterior convexity of the navicular facet. The
presence of the astragalo-cuboid facet in addition to the navicular facet gave
rise to Cope's term "Diplarthra." By false analogy with the interlocking
carpus, which was again falsely thought to be an entirely secondary arrange-
ment, the doubly unwarranted conclusions were reached that " diplarthrism"
is a wholly secondary acquirement in both Artiodactyls and Perissodactyls,
and further, that it is an indication of close relationship between those two
orders. As it appears to the writer, the Artiodactyls were essentially dip-
larthrous long before they became Artiodactyls, although of course the
astragalo-cuboid facet widened progressively. An essential feature of the
Artiodactyl astragalus is the very large flattened sustentacular facet on the
back, wh-ich is foreshadowed in the Mesonychidae.

Perissodactyla. In this order the astragalo-cuboid contact may at first
have been almost or entirely absent; it was absent or at most exceedingly
narrow in all the Lower Eocene Perissodactyls; it widened progressively,
especially in Rhinoceroses and Titaiiotheres but never became as extensive
as in the Artiodactyls; the navicular facet generally became flatter; the
sustentacular facet formed a reversed L (j), a distal calcaneal facet also
developed (p. 395).

2. The Calcaneum.

In the Monotremes, which are entirely plantigrade, the tuber of the
calcaneum is pointed downward. In the most primitive Polyprotodont
Marsupials and Insectivores, the heel is slightly raised from the ground
and the calcaneum points backward and slightly downward. In the digiti-
grade and unguligrade mammals the tuber is elongate and points backward
and upward.
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CHAPTER XII. CONCLUSIONS.

I. GENETIC RELATIONS OF THE "MESEUTHERIA AND "CAENEUTHERIA."

Cope believed that the Basal Eocene (Puerco and Torrejon) fauna was
directly ancestral to the.Lower Eocene Wasatch fauna and various writers
selected different members of the Taligrada, Condylarthra, Creodonta and
Tillodontia as ancestral respectively to the Artiodactyla, Perissodactyla,
Fissipedia, Pinnipedia, and Rodentia; but Osborn ' in 1894 (pp. 234-237)
advanced the hypothesis that the "" Mesoplacentalia," later called "Mes-
eutheria," typified by the Amblypoda, Condylarthra, Creodonta and Tillo-
dontia, were not ancestral to the " Cenoplacentalia" (Cweneutheria), typified
by the Proboscidea, Diplarthra (Artiodactyla and Perissodactyla), Fissipedia
and Rodentia, but were the dying members of a great Mesozoic Placental
radiation; that the Meseutherian orders became extinct on account of
"their stationary brain development and comparatively defective tooth and
foot structure," while the Cweneutherian radiation, appearing in the Lower
Eocene, began "from some comparatively unspecialized spurs of the dying
Mesoplacental group" and was characterized by a "rapidly progressive
development of the brain, dentition and feet."

In so far as this hypothesis implies that the specialized genera of the
Meseutheria (e. g., Palonictis, Patriofelis, Arctocyon, Periptychus, Phenaco-
dus, Meniscotherium) were not ancestral to the Caeneutherian orders it has
been fully confirmed by all subsequent research by Osborn and others.
But the hypothesis has been extended by its author so that, if the writer
correctly understands Professor Osborn, it now means: (1) that the Caeneu-
therian orders have been derived from some wholly unknown potentially
large brained stock; (2) that no Creodonts were ancestral to the Fissipedia,
no Condylarths to the Perissodactyla, no Amblypods or Condylarths. to the
Hyracoidea, Embrithopoda, Proboscidea or Notoungulata.2

The conclusions which seem to be indicated by the evidence now avail-
able are as follows:

(1) The large brained "Caeneutheria" have been derived from; forms
in which the brain was of the Meseutherian type. Unless the evidence of

' Trans. N. Y. Acad. Sci., Vol. XIII, 1894.
2 Professor Osborn has kindly stated his present view in the following words;
"My point has always been: 1) that the knoun Meseutheria are not an ancestral but a dyiing

out group, 2) that small brained forms elsewhere-with a potential of brain development- gave
rise to the rapidly progressive Ceneutheria. Such forms may come within our definition of
Creodonta but more likely within that of Insectivora."
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comparative anatomy and embryology is at fault all forms with large well
furrowed cerebra and relatively small rhinencephalon must have been
derived from forms with smooth small cerebra, large rhinencephalon and
large fully exposed cerebellum- a type of brain preserved in the more
primitive Insectivores, in the Meseutheria and in the earliest forerunners
of the Carnassident Carnivores (Didymictis protenus; cf. p. 310).

Upon such differences in brain structure Bonaparte divided the Mam-
malia into the Ineducabilia and Educabilia, and Owen placed mankind in a
separate grand division, the "Archencephala."

If these quantitative differences in brain type imply divergence in origin
rather than differences in degree of development, they ought to be ac-
companied by widely divergent non-adaptive characters in various parts
of the organism..

(2) The ancestors of the Fissipedia (Carnassidentia) had all the ordinal
characters of the Creodonta. The Eocene Miacidae (Viverravidee) as
described by Matthew (1909) are prototypal (p. 309) to the Fissipedia in the
dentition and in the characters of the skull, cranial foramina, manus and
pes, etc. If the Miacidae are to be regarded as Creodonts then at least
one Meseutherian group is shown to be prototypal to a Caeneutherian group.
If on the contrary the Miacidae are regarded as Cawneutherians, then it is
shown that among the earliest- Caeneutherians were forms (Didymictis
protenus) which had a brain case no bigger than that of Arctocyon, a typical
Meseutherian. Further, Matthew (1909, pp. 399-400) has shown: first,
that certain Miacidae (Palaarctonyx) closely resembled the Arctocyonidae.
in all the parts known, namely the dentition, humerus and terminal phal-
anges; secondly, that both in the manus and pes the Arctocyonid genus
Ciwnodon, foreshadowed the Miacid-Fissiped group in many significant
details (p. 310).

(3) Unless convergent evolution is again deceiving us, the ancestors
of the Caeneutherian order Perissodactyla seem to have been related to the
ancestors of the Meseutherian Condylarth genus Euprotogonia, because the
latter is approximately prototypal to the Perissodactyls in the' dentition,
carpus and tarsus and all other parts of the skeleton' (p. 396).

(4) The ancestors of the Caeneutherian orders Hyracoidea, Embritho-
poda, Pyrotheria, Proboscidea, and Notoungulata were probably small-
brained Meseutherian protungulates (pp. 369, 382, 410, 411), which were
probably rather nearly related in various ways to each other.

(5) The ancestors of the Cseneutherian order Artiodactyla (p. 404)
may be related to the ancestors of the Meseutherian Creodonta-Mesonychida,
because the latter are approximately prototypal to the former in many
details of the skull, dentition, limbs and feet, carpus and tarsus.
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(6) The Cetacea are certainly typically Ceeneutherian, both in respect
to their extraordinarily progressive brain and their post-Basal-Eocene radia-
tion. But the collateral ancestors of the Cetacea, namely the earliest Zeug-
lodonts, have a low type of. brain (p. 417) and are probably derived from
some Meseutherian Insectivore-Creodont family.

(7) The Anthropoidea are typical Caeneutheria but there can be little
doubt that they have been derived from Eocene Lemuroidea of some kind.
This is indicated not only by the fundamental resemblances between existing
members of the two suborders and the union of certain of their m-iost dis-
tinctive characters (p. 321) in the genus Tarsius, but also by the existence of
Lower Eocene Primates (Notharctidae) which are classed by some authors
as Lemuroids, by others as early Anthropoids. The Lemuroidea were placed
by Osborn (1. c., p. 236) among the Meseutheria. Certain forms (e. g.,
Indrisinoe) have a richly convoluted cerebrum (Weber, 1904, p. 748); the
more primiitive ones have a relatively low brain type: the olfactory parts
of the brain and the ethmoturbinal complex (p. 428) clearly indicate deriva-
tion fromnmacrosmatic animals with a brain of the typical Meseutherian type.
The Lenmuroidea have very probably been derived from progressive Insecti-
vores with relatively large brain, analogous to Tupaia (p. 321).

Hence, whether the Lenmuroidea be regarded as Meseutheria or Cseneu-
theria, it follows that the order Primates has been derived from a Meseuthe-
rian source but not necessarily from any well known Basal Eocene genera.

(8) The Rodentia are not known until the Lower Eocene and are there-
fore classed by Osborn as Ceeneutheria (i. c., 1909, p. 33) but even in the
existing families the brain in the more primitive forms is of very low type,
the hemispheres being small and smooth and not overlapping the cerebellum
(Weber, p. 478), while the rhinencephalon is large; in the characters of the
ethmo-turbinal complex, and in all the characters of the skeleton the Rodentia
retain traces of derivation from some unknown Basal Eocene or Upper
Cretaceous, insectivorous Meseutheria.

(9) The Insectivora (especially the Zalamlbdodonta) are ty)ically
Meseutherian in brain structure and in whatever "incapacity for progressive
evolution" miay be implied in the retention of a large number of extremely
primitive characters in the existing forms. But as noted by Osborn, the
Leptictidae, which are approximately ancestral to the Erinaceidxe, appear to
have come in with the Lower Eocene "Cmeneutheria," while certain Insecti-
vores (Tupaia) have a relatively large brain case. The Insectivore-Creodont
group also appears in fact to be largely prototypal (p. 253) to both the
Meseutherian and Caeneutherian orders.

(10) The Edentates are left "IncertTe Sedis" in the original description
of the Meseutheria and Eutheria. The Edentata-Taeniodonta (Gano-
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donta) were later (1909, p. 33, footnote c) referred to the Meseutheria.
Whether or not the Taeniodonts are structurally ancestral to the Xenarthra,
all the Edentate orders exhibit indications of derivation from some Mesozoic
order (p. 341).

If the foregoing conclusions be correct the more general conclusions in
regard to the status of the conception designated by the terms Meseutheria
and Caeneutheria appear to be as follows:

(1) The idea is valuable in so far as it centers attention upon the fol-
lowing inferences: (a) the existence of a great Mesozoic mammalian radia-
tion, (b) the extinction of the majority of the Mesozoic families, (c) the
retarded development of the brain especially in the Amblypoda and the
lowly character of the brain in all the Meseutheria; (d) the non-derivation
of the Lower Eocene families from the more specialized Basal Eocene
predecessors; (e) the inference that as a whole the Lower Eocene fauna of
Western North America represents a fresh immigration from the north;
while the Basal Eocene fauna in part moved southward, in part lingered on
in competition with the higher invading types, and in part gave rise to other
higher types.

(2) On the other hand it would appear inadvisable to apply the terms
Meseutheria and Ceeneutheria in a systematic sense, for the following
reasons:

(a) The names virtually stand for the inferred relations of two limited
faunas and do not represent systematic groups which can be properly defined.
Neither of the groups are held together by characters drawn from various
parts of the organism and are as originally stated by their author "very
heterogeneous." They are separated (incompletely) chiefly by their position
in time and by an assumed difference "in the capacity for progressive evolu-
tion."

(b) If understood in a systematic sense the two groups Meseutheria and
Caeneutheria appear to overlap each other at many points, both structurally
and phylogenetically.

(c) The division would thus be largely "horizontal" in character,
analogous to Bonaparte's Ineducabilia and Educabilia, only not as well
defined, since the Ineducabilia included all the macrosmatic, small brained
modern groups.

(d) Such a division would obscure the fact that the large brained forms
must have been derived from small brained forms, and that the ancestors
of the Insectivore-Creodont group were also the ancestors of many if not all
of the higher orders.
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II. A CLASSIFICATION AND PROVISIONAL PHYLOGENY OF THE ORDERS
AND SUBORDERS OF MAMMALS.

In the preceding chapters the writer has endeavored to collate and
interpret the work of many authors, to add his quota of new observations
and to develop therefrom a general hypothesis of interordinal relationships.
This is summarized in the present chapter, first in the form of a classifica-
tion of the orders and suborders, secondly in the form of a phylogenetic
tree (Fig. 32, 33). The classification is founded, so far as possible, upon a
consideration of the " totality of characters drawn from various parts of the or-
ganism" (Gill), and thus contrasts, for example, with Cope's classification
of the Ungulates, which was founded upon practically a single character of the
carpus and tarsus. As other principles of classification followed in the pres-
ent work were discussed in the writer's review ' of the phylogeny of the Teleo-
stomous fishes (1907, pp. 440-444), the only matter here requiring discussion
is the use of the superorder.

The orders of mammals have probably been fairly well determined in the
majority of instances. It is not likely, for example, that the Perissodactyla
will ever be split up into several orders, at least if the term "order" is to
retain its historical meaning. Consequently the orders are capable of exact
definition, that is, the ordinal characters apply to all members of the order.
rThe superorder, on the contrary, as here used, stands only for an hypothesis
of common origin; its definition describes the group from which two or
more parallel or divergent orders were derived but whose ancestral characters
are lost in varying degrees in the actual orders. Consequently the super-
order is usually a more elastic and indefinite conception than the order.
The superordinal grouping here proposed may in several cases prove er-
roneous, but the abandonment of the names and the bringing together of
new groups should not cause confusion, whereas the abandonment of any
of the well established ordinal names and groups would be justifiable only
after the discovery of a most convincing accumulation of evidence. The
history of classification warns us against taking superordinal groupings too
seriously. They are bound to expand and divide and recombine to some
extent, because it may be assumed that the paleontological record will always
remain very imperfect and classification must, therefore, remain a com-
promise between the "vertical" and "horizontal" factors, i. e., it must be an
expression of the mingled results of heredity on the one hand and of parallel
and convergent evolution on the other. In view of the more or less hypo-
thetical character of the superordinal groupings here adopted, the writer
therefore does not expect to see all of them gain very wide acceptance, and

1 AnV. N. Y. Acad. Sci., Vol. XVII, pt. ii, no. 3, pp. 437-508.
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some of them may not withstand the destructive- criticism which will be
raised by new discoveries or a more extended analysis.

One advantage of the use of the superorder is that it permits the breaking
up of unnatural sequences. Juxtaposition and sequence are inseparable
features of all classification, but since it is impossible to represent branching
kinship in a linear sequence of names, some authors have gone to the other
extreme and failed to adopt definite rules of sequence. For instance, in a
linear arrangement of the orders the Edentates must come in somewhere,
but wherever we put them they are bound to stand next to some order to
which they are but very remotely related. On the other- hand, if juxtaposi-
tion is to mean nothing, if we are to understand a " Da Capo " sign in front of
every order, we then lose sight of the fact that some orders (e. g., Dermoptera,
Chiroptera) do not run back independently to the beginning but seemi to be
rather closely related.

The classification given below usually passes from the older and more
generalized to the newer and more specialized. It is intended to express
first degrees of homological resemblances, secondly, degrees of kinship, and
thirdly, successive grades of specialization.

A difficult question for the taxonomist is how far morphological differ-
ences are to be neglected in favor of expressing linear derivation, i. e. of
grouping ancestral and derived divisions together. For example, if the
Ancylopoda are to be grouped in the same suborder with the Perissodactyla,
why not unite the Sirenia with the Proboscidea, the Bats with the Insec-
tivora ? The obvious answer is that the systematist has generally given due
weight to the magnitude of the morphological resemblances and differences,
and has tried to express grades of specialization, as in the terms Prototheria,
Metatheria, and Eutheria; although, of course, it is impossible to be thor-
oughly consistent, especiallv in assigning a position to the Edentate orders,
and any classification requires some arbitrary decisions and artificial sun-
derings.

One other general principle here adopted is that truly convergent resem-
blances between members of widely removed orders are accompanied by
fundamental differences which may usually be discovered upon close examn-
ination of adequate material. If, for example, the resemblainces in the
dentition, skull and limbs between the Eocene Miacida- and the Oligocene
Canidae are convergent to the same degree that the resemblances between
Notoryetes and Chrysochloris are convergent, then almost all phylogenetic
speculation from existing material is useless. But as a matter of experi-
ence the kind of characters separating Chrysochloris from Notoryctes are
found to be of a very different nature from the kind of characters (primitive)
separating the Miacidee from the Oligocene Canidae.

Thus a crucial problem raised by the present work is whether convergent
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evolution has been a well nigh universal or only a frequent phenomenon.
In the former then such superordinal groups as the Cetacea may prove to be
unnatural, but in view of the net work of resemblances (p. 420) connecting
the different orders of the superorder with each other, it seems to be only a
conservative application of generally accepted principles to assume that
these resemblances imply derivation from a common source, and that in
general similar adaptations are most likely to arise in the descendants of
similar ancestors.

A Classification of the Orders and Suborders of Mammals.

Class Reptilia.
Order Therapsida Broom.

Suborder Dromosauria Broom.
Suborder Therocephalia Broom.
Suborder Anomodojntia Owen.
Suborder Cynodontia (Owen) Broom.

Class Mammalia Linn.
?Subclass Promammalia Haeckel.

Order Protodonta Osborn.
Subclass Prototheria Gill, Huxley.

Order Monotremata Geoffroy.
Subclass Theria Parker & Haswell (= Eutheria Gill).

I. Infraclass Metatheria Huxley.
Order Triconodonta Osborn.
? Order Trituberculata Osborn (= Pantotheria Marsh, in part).
Order Marsupialia Illiger.

Suborder Allotheria Marsh (Multituberculata Cope).
Suborder Diprotodontia Owen.
Suborder Paucituberculata Ameghino (Caenolestoidea).
Suborder Polyprotodontia Owen.

II. Infraclass Eutheria Huxley (Monodelphia Blainv., Placentalia
auct.).
Superorder Therictoidea.'

Order Insectivora (Gray).
Suborder Lipotyphla Haeckel.

Section . Fam. Pantolestidae.
Section Zalambdodonta Gill. Fam. Cente-

tidee Potamogalidee, Solenodontidae, Nec-
rolestidae, Chrysochloridee.

Section Erinaceomorpha. Faim. Leptictidae,
Erinaceidee, Dimylidae.

0Oijp wild bea.LtiKcs'g weasel" (insectivore), eISi form.
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Section Soricomorpha. Fam. Soricidae,
Talpidee.

Suborder F.am. Hyopsodontidse.
Order Ferae Linn. (1758). Carnivora auct.

Suborder Creodonta Cope.
Suborder Fissipedia (Blumenbach). Carnassi

dentia Wortman (in part).
Suborder Pinnipedia (Storr) Illiger.

Superorder Archonta I

Order Menotyphla Haeckel. Fam. Tupaiidae, Macro-
scelididae.

Incertse Sedis. Fam. Mixodectidae.
Order Dermoptera Illiger. Fam. Galeopithecidae.
Order Chiroptera Blumenbach.

Suborder Frugivora Gill (Megachiroptera Dob-
son).

Suborder Animalivora Gill (Microchiroptera
Dobson).

Order Primates (Linn.).
Suborder Prosimice Milne Edwards

Section Lemures.
Section Tarsii.

Suborder Anthropoidea Mivart.
Section Platyrrhina Owen (ex Blainv.).
Section Catarrhina (Owen) (ex Blainv.). Fam.

Cercopithecidae, Hylobatidae, Simiidwe, Ho-
minidse.

Superorder Rodentia Vicq d'Azyr.
Order Glires Linn.

Suborder Duplicidentata Illiger.
Suborder Simplicidentata Lilljeborg.

? Superorder Edentata Vicq d'Azyr (Paratheria Thomas).
? Order Taeniodonta Cope (Ganodonta Wortman).
? Order Tubulidentata Huxley.
? Order Pholidota Weber.
Order Xenarthra Gill.

Suborder Anicanodonta Aineghino (Pilosa
Flower).

Suborder Hicanodonta Ameghino (Loricata
Flower).

1 See p. 322
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Superorder Paraxonia Marsh.
Order Artiodactyla Owen (ex Blainv.).

Suborder Non-ruminantia (auct.). Fam. Trigo-
nolestidfe, Dichobunidee, Anthracotheriidae,
Hippopotamidae; Acheenodontidee, Entelodon-
tidve; Dicotylidae, Suidae.

Suborder Ruminantia (auct.). Fam. Camelidae,
Oreodontidae, Anoplotheriidae, Hypertragulidse,
Tragulidae, Cervidae, Merycodontidae, Antilo-
capridae, Giraffidae, Bovida~.

Superorder Ungulata (Linn.).
Order Protungulata (auct.).

Suborder Taligrada (Cope) Osb. Fam. Perip-
tychidae, Pantolambdidae.

Suborder Condylarthra (Cope). Fam. Menis-
cotheriidae, Phenacodontidae.

Order Amblypoda Cope. Fam. Coryphodontid8e,
Uintatheriidae.

Order Barytheria Andrews.
Order Sirenia Illiger.
Order Proboscidea Illiger.
Order Hyraces Wagler.
Order Embrithopoda Andrews.
Order Notoungulata (Roth) Scott.

Suborder Homalodotheria (Scott). Fam.
I? Notostylopidee, ?Henricosbornidae, Homalo-
dotheriidve.

Suborder Astrapotheria. Fam. ?Albertogaudry-
idae, f?sotemnidae, Astrapotheriidae.

Suborder Toxodontia Owen. Fam. Nesodonti-
dae, Toxodontidae, Archaeohyracidee, Protypo-
theriidae, Interatheriidae, Typotheriidae.

? Suborder Pyrotheria. Fam. Pyrotheriidae.
Suborder Litopterna (Ameghino). Fam. Pro-

terotheriidae, Macraucheriidee.
Order Mesaxonia (Marsh).

Suborder Perissodactyla Owen.
Suborder Ancylopoda Cope.

Superorder Cetacea Linn.
Order Zeuglodontia Gill (Archaeoceti Zittel).
Order Odontoceti (Gray).
Order Mystacoceti (Gray).
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ACHMENODON, 403.
Adaptive radiation, 88.
Adaptations: arboreal 278, 288, 331;

fossorial, 161, 278; saltatorial, 283.
AElurosuchus, carpus figured, 440.
Albertogaudrya, 374-375.
Aldrovandus, 14, 17, 23.
Allen, J. A., 87.
Alisphenoid, 425; of primitive Placen-

tals, 245.
Alisphenoid canal, see foramina, cranial.
Allotheria Marsh, 165, 464.
Amblypoda Cope, 99, 356-359, 466;

carpus, 448.
Ameghino, 89.
Amphibia, relations to Mammalia, 113.
Amphilestes, 173, 176.
Amphiproviverra, 207.
Amphitherium, 169, 179; relations to

higher mammals, 195.
Anatomy, human, historical influence on
mammalogy, 103.

Ancodus, 400; manus and pes figured,
405.

Ancylopoda Cope, 99, 351, 397.
Andrews, 89.
Anicanodonta Ameghino, 465.
Animalivora Gill, 318, 465.
Annectant forms, search for, 45, 51.
Anomodontia, 117, 464.
Anthropoidea, 465.
Apternodus, 258.
Arboreal habits, in Marsupio-Placental

stem, 226.
Archencephala Owen, 89.
Archaeohyracidae, 384.
Archonta, defined, 322; 465.
Arctocyon, 310; humerus figured, 437.
Arctoidea, 100.
Arctomys, humerus figured, 437.
Aristotle, 9, 103; epoch of, 9.
Arsinoitherium, 364; feet, 110; carpus,

448.

Artiodactyla Owen, 90, 347, 466; charac-
ters, 400-406; astragalus, 456; carpus,
448; genetic relations, 410.

Assyrian classification of animals, 8.
Astragalus, general, 453.

Amblypoda, 358, 360.
Artiodactyla, 401, 457.
Chalicotheres, 399.
Condylarthra, 355, 357, 456.
Creodonta, 455.
Edentates, 455.
Ictops, 262.
Insectivora, 455.
Manis, 339.
Marsupials, 453.
Monotremes, 154.
Oryeteropus, 335.
Oudenodon, 453.
Perissodactyla, 395, 457.
Placental stem, 454-5.
Rodents, 331, 455.
Solenodon, 251.
Taligrada, 456.
Titanotheres, 386.
Tupaiidie, 278.

Astrapotheria Lydekker, 370, 374, 384.
Auditory ossicles, see Ossicula auditus.

BANKS, Sir Joseph, 38.
Barytheria, 99, 369, 466.
Basicranial region, Cynodonts, 122;

Insectivores, 245; Marsupials, 216;
Monotremes, 148.

Basioccipital, 425.
Basisphenoid, 425.
Baur, 88.
Bauria, 120.
Bellu2e, 30-33.
Bestie, 32.
Binomial nomenclature (historical), 17,

27, 35.
Blainville, de, 74, 82. 85. 88, 103.
Blumenbach, 43, 52, 81.
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Boddaert, 52.
Bonaparte, 84.
Borhyana, 207.
Botany, influence on mammalogy, 14,

15, 103.
Brain, value in phylogeny, 76, 112;

characters of, used in classification,
84, 89, 90, 91, 458.

Brain, Artiodactyla, 406.
Camneutheria, 458.
Creodonta, 308.
Fissipedia, 458.
Insectivores, 291.
Macroscelides, 280.
Monotremata, 156, 158.
Perissodactyla, 389.
Primates, 459.
Zeuglodon, 417.

Brisson, 41.
Bruta, 23, 29, 31.
Buffon, 40; work with Daubenton, 41;

general position, 103.
Bunotheria Cope, 98, 99, 295.

CAENEUTHERIA, 458.
Cenolestes, 209; skull figured, 210.
Caenotelic characters, 31, 88, 111.
Cwsalpinus, 15.
Calcaneum, of primitive mammals, 457.
Carnassiers Cuvier, 59, 76.
Carnassidentia Wortman, 309, 465.
Carnivora, 294; supposed relations to

Carnivorous Marsupials, 298; de-
rived from early Insectivora, 96, 305.

Carolozittelia, 385.
Carpals and tarsals, factors determining

shape of, 111.
Carpus: "displaced" type, 444; evolu-

tion of, 88, 438; interlocking type, 452;
phylogenetic significance, 110; serial
type not primitive, 444.

Carpus:
Permian Amphibia and mammal-

like reptiles, 438.
Amblypoda, 448.
Arsinoitherium, 448.
Artiodactyla, 448.
Cetacea, 452.
Chalicotheres, 398, 399.

Carpus (cont'd).
Condylarthra, 446.
Creodonta, 300, 445.
Fissipedia, 446.
Hyracoidea, 448.
Insectivora, 444.
Monotremes, 153, 155, 442.
Notoungulata, etc., 448.
Perissodactyla, 393, 450.
Placentals, Ancestral, 444.
Pyrotheria, 448.
Rodentia, 445.
Sirenia, 452.
Solenodon, 249.
Taligrada, 447.
Tillodontia, 445.

Carpus and tarsus, Cope's views on
evolution of, 88.

Catarrhinwe Owen, 320, 465; division
anticipated by de Blainville, 320.

Cavicornia lliger, 70, 345.
Centetes, carnivorous adaptations, 306;
molar figured, 192.

Centetidae, 236, molars, 236.
Centetoidea, affinities, 267.
Cephalomys, 213.
Cercoleptes, classed with Lemurs, 65,

with Carnivora, 65.
Cetacea, 411, 466; carpus, 452; c. not

fishes, 21; derived from land living Pla-
centals, 414, 415; possibly related to
Edentates, 82; to Carnivora, 92; to
Suina, 96; not of Mesozoic origin, 419.

Cete, Linn6's definition, 33.
Circular system of classification, 52.
Chalicotheroidea, 397.
Chelonia, 114.
Chiroptera Blumenbach, 44, 318, 465;

genetic relations, 319.
Chondrocranium, Monotremes, 149; Mar-

supials, 221.
Chorda tympani, 131.
Chrysochloridae, 255.
Chrysochloroidea, affinities, 267.
Chrysochloris, compared with Notoryetes,

255. 0

Classification, principles of superordi-
nal, 462; phylogenetic value of
various criteria employed in c., 105;
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c. according to the locus or medium:
15 (Wotton), 20 (Ray), 25 (Klein),
36 (Scopoli), 44, 48, 54 (Blumenbach),
60 (Lac6p6de).

Clanodon, carpus, 446; manus and pes,
455.

Colpodon, 384.
Comparative Anatomy, before Cuvier,

63; influence on mammalogy, 103.
Condylarthra Cope, name, 99, 466;

characters, 351, 354, 358-359; astra-
galus, 456; carpus, 446; typical
humerus figured, 437.

Condylarths, South American, 373, 383.
Condyle, mandibular: origin, 136, 138.
Condyles, occipital: Cynodonts, 121.
Convergent evolution, effect on classifi-

cation, 463.
Cope, 98; general influence on mam-

malogy, 87, 89.
Coronoid process in Therapsids and

early Mammals, figured, 137.
Correlation or co-adaptation of parts,

recognized by Linn2us, 35.
Correlation of fossil mammal-bearing

horizons, 87, 106.
Coryphodontidae, 358.
Cotylosauria, 114, 115.
Creodonta Cope, 294, 295, 465; char-

acters of primitive C., 305, 307;
astragalus, 455; do. primitive types
figured, 454; carpus, primitive type
figured, 446; cranial foramina, 306;
ungual phalanges, 311; genetic rela-
tions with Fissipedia, 308; do. with
Insectivores, 304-308; do. with Mar-
supials, 307.

Creodonta Adaptiva, Inadaptiva, Prim-
itiva, 308.

Cuvier, Fr6deric, 75.
Cuvier, Georges, work of 1795, 56; work

of 1798, 59; work of 1800, 63; as
founder of vertebrate palwontology,
67; work of 1817, 78; general status
in mammalogy, 103.

Crusades, the: effect on zoological
science, 103.

Cynarctus, 314.
Cynodontia, 117, 464; morphology of

quadrate and articular of C., 136;

mode of respiration, 159; manus,
442.

Cynognathus, skull and lower jaw fig-
ured, 122, 124, 140; mode of respira-
tion, 159.

DARwIN, 87, 88; influence on mam-
malogy, 103.

Dasypus, humerus figured, 437.
Dasyurida, 203.
Daubenton, 40; influence on mam-

malogy, 103.
Dental formula, "Eutherian," 96.
Dentition, factors determining charac-

ters of, 111; phylogenetic signifi-
cance of d. in interordinal comparisons,
107; recognized as a leading criterion
of classification by Aristotle (11),
Ray (17, 22), Brisson (42), Lac6p6de
(60), G. Cuvier (63), F. Cuvier (75).

Dep6ret, 87, 89.
Dermoptera Illiger, 69, 465; recognized

as a suborder by Gill, 235; genetic
relations, 315.

Diadactyla, 208.
Diadactyla and Syndactyla, 82, 217.
Diadectidae, 114.
Diademodon, 163; dentition, 176, lower
jaw figured, 137, molars, 186, 187,
188; molars figured, 188.

Dichotomous method of classification,
13, 19; defects of, 22.

Dicrocynodon, 183, 195.
Dicynodon, 117.
Didelphes de Blainville, 76, 82.
Didelphiid&e, 201.
Didelphis: cheek teeth figured, 192,

fcetal carpus figured, 440; humerus
figured, 437; skull, 218.

Didelphops, 206, 299.
Didolodus, 373, 383.
Digitata, 25, 26.
Diplarthra Cope, 351.
Diprotodon, 217.
"Diprotodont" Owen, 199.
Diprotodontia, 464.
Docodon, lower jaw figured, 137.
Dromasauria, 464.
Dromatherium, 163; lower jaw figured,

137.
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Dromocyon, 302; comparison with Artio-
dactyla, 404; manus and pes figured,
405.

Dryolestes, 183; molar figured, 188, 238.
Dum6ril, 67.
Duplicidentata Illiger, 70; origin, 325.

EAR, origin of the external, 125; do. in
Marsupials, 222.

Echidna, 144 et seq; feetal carpus fig-
ured, 440; fcetal tarsus figured, 440;
humerus figured, 437.

Etcole des faits, 38, 39, 88; influence on
mammalogy, 103.

Ectoconus, 360; astragalus figured, 454.
Edentata Vicq d' Azyr, 333, 465; astrag-

alus, 455; contrasted with remaining
Monodelphia by de Blainville, 85;
regarded as lowest of the Monodelphia
by Gill, 92; Flower's division of 96;
Weber's do., 99; possible relations
with Cetacea', 416; with Cweneutheria,
460.

Educabilia Bonaparte, 84; term adopted
by Gill, 92.

Effodientia Illiger, 70.
Embrithopoda, 364, 466; carpus, 448.
Endothiodonts, 117.
Entocarotid circulation, 2 7 (Insecti-

vores).
Entoconid, origin, 186.
Entomolestes, 285.
Eosiren, 408.
Eotherium, 367.
Epanorthus, 209.
Epipubic bones: Cynodonts, 119, Mono-

tremes, 157.
Erinaceoidea, affinities, 266.
Erinaceomorpha, 464.
Erinaceus, cheek teeth figured, 192;
humerus figured, 437.

Erxleben, 37.
Eryops, carpus figured, 440, evolution

of carpus, 439.
Esthonyx, 293.
Ethmoturbinal complex, 427, 428; in

Marsupials, 222; Orycteropus, 336;
Primates, 322; Rodents, 330.

Eubrachiosaurus, humerus figured, 437.

Euprotogonia, 354; carpus, 446; hu-
merus figured, 437.

Eutheria, 92, 225, 228; diagnosis, 231.
Evolution, parallel and convergent:

discovery of, partly adumbrated, 74;
effect on classifications, 34 (Linnseus),
52 (Blumenbach), 75, 82 (de Blain-
ville), 88 (Cope), 99 (Weber); effect
on modern views of phylogeny, 105-6;
effect of originally close kinship upon,
109.

Evolution, polyphyletic, 88.
Extracolumella, 131 (Fig. 4), 132, 133.
Eye, fundus of, characters: Edentates,

340; Perissodactyls and Artiodactyls,
402; Rodents, 332.

FAMILIA used by Klein, 25.
Ferae, Linn6's definition of, 32.
Foramina, cranial: 429-431; in Mono-

tremes, 150-151; Marsupials, 217-
223; Insectivores, 246-248, 265, 274,
285; Creodonts, 302, 306-307.

Foot-structure, phylogenetic signifi-
cance, 105, 107.

GALECHIRUS, 116; carpus figured, 440.
Galen, indirect influence on mammalogy,

103.
Galeopithecidae, 315; genetic relations,

316.
Galerix, 285.
Galesaurus, 120.
Ganodonta, 340, 465.
Gaudry, 89.
Gaupp's theory of the ossicula auditus,

135.
Geoffroy, t. Slint Hilaire, 56; influence
on mammalogy, 103.

Gesner, 14; influence on mammalogy,
103.

Gill, work of 1870 and 1872, 91.
Glires, 32 (Linnwus), 465.
Goethe, influence on Philosophical zo6l-

ogy, 72.
Graeco-scholastic period, 9.
Gray, work of 1821, etc., 102.
Greek thought, influence on mam-

malogy, 103.
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Guilielmofloweria, 383.
Gymnura, 262-3; molar, 238.
Gyrencephala Owen, 89.

HAECKEL'S phylogenetic trees, 88.
Hairs, origin of, 145; Monotremes, 157.
Hairy Quadrupeds (Ray), 21.
Hapalops, humerus figured, 437.
Haploconus, 359.
Hay, 89.
Hegetotheriidwe, 384.
Hemicentetes, analogies in skull to

Zeuglodon, 419.
HIemithlseus, 402.
Henricosbornia, 376, 383.
Heptodon, manus and carpus, 451; do.

figured, 452.
Herpestoidea, 100.
Herrmann, 73.
Hicanodonta Ameghino, 465.
Homalodotheria Scott, 370, 466.; genetic

relations,, 374-5; definitions, 369, 383,
384.

Homodynamy between inanus and pes,

456.
Homology and analogy: Aristotle, 10;
Herrmann, 73; Osborn, 88.

Humerus, of primitive mammals, fig-
ured, 437; of Monotremes, 153, 155;
of Perisscidactyls, 391, of Solenodon,
249; in fossorial forms, 258.

Huxley, work of 1872, 92;. application
of evolutionary principles to classifi-
cation, 94; general position in mam-
malogy, 103.

Hylobatidae, 101.
Hyopsodus, 360.
HypQcone,. origin, 189, 190.
Hypoconid, origin, 186.
Hypotheria Huxley, 94, 95.
Hyraces Wagler, 346, 466.
Hyracoidea Huxley, 93; carpus, 448,

genetic relations, 361.
Hyrax, placed in "les Pachydermes"

by'Cuvier, 64, 66.
Hystricomorpha Brandt, 326, 330.

Icyrops, 260; molar figured, 238.
Ilium, evolution of, 435.

Illiger, 67.
Incus, morphology, 130.
Ineducabilia Bonaparte, 84.
Insectivora, 231, 464; recognized as

primitive Placentals, 92, 96; primi-
tive characters, 254, 283, 287-292;
"marsupial characters," 286; origin,
287; carpus, 444; astragalus, 455;
in relation to Cweneutheria, 460.

Insectivora Primitiva Osborn, 171.
Integument, characters of, used in

classification, 44.
Interparietals, 425; of Monotremes, 149,

155; of Placentals, 242.
Interatheriid£e, 384.
Intercentra, 431; of Cynodonts, 118;

of Insectivores, 118, 265.

JACOBSON'S Organ: 'Monotremata, 156;
Macroscelides, 281.

Jaw, lower: lateral movement of con-
dylar portion, 119, 186; j. of Thero-
cephalia, 114; Cynodonts, 119, 135;
j. of Mesozoic Therapsids and Mam-
mals figured, 135; Multituberculates,
169; Tritylodon, 166; Trituberculata,
178.

Johnston, 23.
Jugal (Malar) of Cynodonts 118, 120,

122; of Monotremes, 149, 156; of
Insectivores, 254-5.

KARooMys, lower jaw figured, 137.
Klein, 24.
Kowalevsky, 88, 89.
Kurtodon, 194.

LACLPE'DE, 60.
Lachrymal, 424; of Monotremes, 149,

156.
Lactation, origin of, 146.
Lagomorpha Brandt, 330.
Lamarck, 63, 73, 103.
Lambdotherium, 386-387.
Larynx of Monotremes, 157
Lemures, 465.
Leontinia, 384.-
Leptictidce, 260.
Leviticus, classification given in, 7.

518



1910.]

Linnawan Epoch, 23.
Linnaeus, 23, 27; general place in
mammalogy, 103.

Lipotyphla Haeckel, 233, 464; types of
humer: figured, 437.

Lissencephala Owen, 89.
Litopterna, 378-380; defined, 384.
Loricata Flower, 334.
Lycosuchus, lower jaw figured, 124.
Lydekker, 89.
Lyell, indirect influence on mammalogy,

103.

MACLEAY, 73.
Macraucheniida, 384.
Macropodidae, 216.
Macropus, humerus figured, 437.
Macroscelides, origin of molars, 290;

description of brain, skeleton, etc.,
278-281.

Macroscelididae, 280; phyletic relations,
283.

Major, Fosyth, 89.
Malar, postorbito-malar bar, 118, 120.
Malleus: body of, 130; manubrium,

127, 132; processus longus, 132.-
Mammalia: recognition of, 21, 28;

definition by Linnawus, 28; derivation
of word, 28.

Mammalogy, diagram- illustrating his-
tory- of, 103; analysis of the present
content of,, 104.

Man: origin,. 321; relationship with
Apes, etc., recognized by Linneus,
24, 29.

Manidae, 337.
Manus: evolution of, 438; m. of an-

cestral Placentals, 443.
Marmosa, skull figured, 219; described,

217.
Marsupialia Illiger, 69, 464; Australian
m. discovered, 38, 45; de Blainville's
classification of, 78; evolution of, 197;
primitive types of humerus figured,
437; manus, 443; astragalus, 453-
454; astragalus of primitive types
figured, 454; summary of genetic
relations, 225.

Marsupio-Placental characters, 253, 277.

Mastoid, 426.
Matthew, 87, 88, 89.
Maxilla, 424.
Megacheiroptera Dobson, 318.
Megalohyrax, 362
Meniscal cartilage, in Perissodactyla, 398.
Meniscotheriidae, characters, 357.
Meniscotherium, 355; carpus, 447; re-

semblances to Chalicotheres, 399.
Meniscus, or interarticular disc, 135,

138.
Mentotyphla. Haeckel, 233, 465; char-

acters of, 268-285; genetic relations,
284; Tertiary history, 285.

Mesaxonia Marsh, 466.
Mesonychidae, 300, 306; manus and pes

of Dromocyon, figured, 405.
Meseutheria Osborn, 458.
Metatheria Huxley, taxonomic history,

225.
Miacidse, 308, relations to Caeneutheria,

459.
Microbiotherium, 205.
Microcheiroptera Dobson, 318.
Microconodon, 163; lower jaw figured,

137.
Microgale, 237; molar figured, 238;

carpus figured, 440; pes figured, 250;
skull figured, 243.

Microlestes, 167.
Micropternodus, 258, 259.
Migrations, secular, 87, 104, 106.
Milk, nature of in ancestral mammals,

148.
Milk dentition, of Insectivores, 291.
Mixodectida, 331, 465.
Mceritherium, 366-368; -resemblances to'

Eosiren, 408.
Molars, theories of evolution of: "Pre-
molar Analogy theory," 180, 325;
"Cusp Rotation theory," 175; Tri-
tuberculy, 88, 182; "Wedge The6ry"
191; origin of family types of m. in
Insectivores, 290-291.

Moropus, 397.
Monodelphes de Blainville, 76
Monodelphia, 464; diagnosis, 231.
Monomial group names, 20 (Ray), 25

(Linnaeus)'.
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Monotremes: Geoffroy, 145; raised to
subclass rank (de Blainville), 76, 82;
taxonomic history, 142; characters,
14.5-162, skull and skeleton, 149;
genetic relations, 157; humerus
(Echidna) figured, 437; carpus, 442.

Multituberculata Cope, 165, characters,
166-170; genetic relations, 169.

"Multituberculates," so called of Pata-
gonia, 211.

Myogale, 263.
Myomorpha Brandt, 330.
Myrmecobiidae, 203.
Myrmecobius, 208.
Myrmecophaga, humerus figured, 437.

NARES, posterior, Monotremes, 150, 156.
Nasals, 424.
Natur-Philosophie, 71; influence on

Mammalogy, 74, 103.
Necrolestes, 259.
Nesodon feet, 109.
Nesodontid.T, 384.
Nomenclature, revision of, 87; bi-

nomial n., 17, 27, 35.
Non-ruminantia (Ray) 18, 100, 466.
Notochord, vestiges in Insectivores, 245.
Notoprotogonia, 383.
Notoryetes, 204, 209; skull, 256-257;
homology of molar cusps, 256; com-

parison with Chrysochloris, 256-258.
Notostylops, 375; defined, 384.
Notoungulata Roth, 370, 466; redefined,

383; carpus, 448.

ODONTOCETES, ancestral, 417.
Oken, 72, 73; influence on mammalogy,

103.
Ongulogrades A doigts pairs, etc., 76, 78.
Opisthoctenodon, carpus figured, 440.
Orbitosphenoid, 425; of Marsupials,

221; of Insectivores, 245.
Orders and suborders of mammals,

diagrams of phylogenetic relations of,
468, 469.

Orders of mammals, great geological age

of certain, 106.
Ornithodelphes de Blainville, 82.

Orycteropus, 334; tympanic, 128-9.
Ornithorhynchus Blumenbach, 52, 53,

158.
Ossicles, auditory, see Ossicula auditus.
Ossicula auditus: value in phylogeny,

112; evolution, 123-141; general
remarks on, 426; Broom's theory of
(diagram), 134; figures of o. a. in
foetal mammals, etc.:* Pro-mammal,
126, 139; Macropus, 122; Homo, 126;
Crocodile, 133, 134; Lizard, 131;
Sus, 131; Tatusia, 140; morphology
of o. a. in: Monotremes, 157; In-
sectivora, 275, 282, 292; Orycteropus,
335. See also under other groups,

e. g., Chiroptera, etc.
Osteology, 104, 112, 420.
Oudenodon, 117, carpus, 439; do. fig-

ured, 440; astragalus, 453; tarsus
figured, 440.

Oviparity, in ancestral mammals, 147,
148.

Owen, 89; general influence on mam-
malogy, 103.

PACHYDERMES, 24, 58, 344.
Palmeontology, vertebrate: founded by

Cuvier, 67; introduction of more exact
field and museum methods, 87;
general influence on mammalogy, 103.

Paleotelic characters, 88, 94, 111, 422.
Palatal vacuities, 424, 220, 244.
Palate, hard: Cynodonts, 120; Soleno-

don, 244.
Palatines, 424.
Pallas, 38.
Palmer, 89.
Pantodonta Cope, 99.
Pantolambda, carpus, 447.
Pantolambdidwe, characters, 357.
Pantotheria Marsh, 171.
Parabderites, 212.
Paraconid, origin, 186.
Paramys, 326.
Paratheria Thomas, 334.
Paraxonia, 466.
Pareiasauria, 115.
Paroccipital process, 426.
Pariotichidae, 115.
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Patriofelis, astragalus figured, 454; sup-
posed relations with Pinnipedia, 313.

Paucituberculata Ameghino, 464.
Paurodon, 195.
Pecora, 23, 24, 30; Linn6's definition of,

33.
Pedimanes, 57.
Pediomys, 206.
Pelvis, 435; of Cynodonts, 119; Chryso-

chloris, 258; Monotremes, 154, 155;
Perissodactyls, 391; Solenodon, 251;
Tupaiidae, 75, 277.

Pelycosauria, 115.
Penpant, 50.
Peralestes, 174, 194.
Peramelidse, 96, 204, 208.
Peratherium, 205.
Periods in the history of Mammalogy,

see p. 5.
Periptychidae, characters, 357; astrag-

alus of Ectoconus figured, 454.
Periptychus, humerus figured, 437.
Perissodactyla Owen, 347; characters of
stem P., 387-397; not related to
Artiodactyla, 385; carpus, 450, as-
tragalus, 457.

Perrault, 39; influence on mammalogy,
103.

Persistent primitive types, 107.
Pes, evolution of, 438; p. of Anomo-

donts, 117; Cynodonts, 119; Mono-
tremes, 154, 156; Creodonts, 301,
Solenodon, 251; Perissodactyla, 392.

Phalangeridae, 215.
Phalangista, humerus figured, 437.
Phascolarctos, 216.
Phascolomyidae, 216.
Phascolomys, humerus figured, 437;

astragalus figured, 454.
Phascolotherium, 173; lower jaw fig-

ured, 137.
Phenacodontidae characters, 357.
Phenacodus, 354; carpus, 447.
"Philosophical zo6logists," 68.
Pholidota Weber; 100, 465; characters,

337.
Phylogeny, principles of, 105; criteria

of, 112.
"Physiological " characters, as criteria

of classification, 32, 34.

Pilosa Flower, 334.
Pinnipedia Illiger, 71, 465; taxonomic

history, 312; genetic relations, 314-
315; cetoid characters of, 416.

Placentalia, 464.
Placentals, primitive: characters of,

251; manus of ancestral, p. 443;
division into Meseutheria and C2eneu-
theria, 457.

Placentation used in classification, 91, 93.
Placodontia, 114.
Plagiaulax, 169.
Platyrrhina, 465.
Plesiosauria, 114.
Poebrotherium, 402.
Polydolops, 211.
Polymastodon, 169; skull figured, 170;

comparison with Propolymastodon,
212.

"Polyprotodont" Owen, 199.
Polyprotodontia, 200; arboreal origin,

200; adaptive radiation, 201; dia-
gram of do., 202.

Post-glenoid process, 425.
Post-orbital constriction of skull, 419.
Post-tympanic process, 426.
Potamogale, 237; a specialized Centetid,

239; molar figured, 238; do. dis-
cussed, 239.

Preaxial and postaxial borders of mam-
malian limbs, 432.

Praeclavia, 432.
"Prehallux," 251 (So'enodon).
PrBpollex, 439.
Premaxillae, 423.
"Premolar Analogy Theory," 182, 327.
Prevomers: Monotremes, 150, 155;

Marsupials, 222.
Primates Linnaeus, 29; Linn6's defini-

tion, 30; genetic relations, 319; in
relation to Camneutheria, 460.

Proboscidea Illiger, 70, 345, 366.
Procolophon, 115.
Proglires, 331.
Promammalia, 464.
Propolymastodon, 212, 213.
Proscalops, molars, 238, 290.
Prosimiae Illiger, 70, 101, 465; closely

related to Anthropoidea, 319.
Proterotheriidae, 384.
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Proterotherium, 379.
Protocetus, 418-419.
Protocone, origin, 184, function, 183, in

Jurassic Trituberculates, 183.
Protodonta, 163, 464.
Protogonodon, 402.
Protolophid, origin, 187.
Prototheria, taxonomic history, 225;

diagnosis, 230.
Protypotherium, 376-378.
Pterygoids, 424; of Cynodonts, 118, 120,

121, 159; of Monotremes, 150; of
Insectivores, 244.

Pterygoid fossw, 424; of Rodents, 330.
Ptilocercus, 269; skull, 272; do. fig-

ured, 273; origin of molar pattern, 290.
Ptilodus, 169.
Protungulata, 383 (South American);

465; characters, 359; origin and
distribution, 410; classification, 466.

Pyrotherium, 380-382; carpus, 448.
Pyrotherium Beds, 380.

QUADRATE, fate of the, 135; Gadow's
theory, 128; q. of Cynodonts, 139;
of reptiles in general, 131.

RADIUS, primitive position, 433.
Ray, 17; general place in mammalogy,

103.
Rectigrade limbs: Patriofelis, 313;

Pyrotherium, 381.
Renaissance Epoch, 13; general influ-

ence on mammalogy, 103.
Reproductive system, 76.
Respiration, mode of in Cynodonts, 159.
Rhynchocyon, 279, carpus, 445.
Ricardolydekkeria, 383.
Rodentia Vicq d'Azyr, 324, 465; natur-

alness of the order, 325; origin of
molar pattern, 325; relations to
Insectivora, 330; primitive characters,
331; carpus, 445; relations to Cweneu-
theria, 460.

Rosores Storr, 48.
Ruminantia, 18, 466.
Rutimeyer, 88.

SAINT HILAIRE, see Geoffroy.

Scales in mammals, 145, 146.
Scaloposaurus, 116.
Scapula, evolution of, 433; of Cyno-

donts, 119; Monotremes, 152, 155;
Marsupials, 157.

Schizotherium, 398.
Schlosser, 89.
Scholastic Epoch, 12.
Scholasticism, influence on mammalogy,

103.
Sciuromorpha Brandt, 330.
Scopoli, 36.
Scott, 87, 88.
Septo-maxillary, 150, 155.
Shoulder girdle, see scapula.
Simplicidentata, 465.
Sirenia, 406; genetic relations, 407;

carpus, 452; grouped with "Ongulo-
grades," 78; with Proboscidea, 82.

Skull, elements of mammalian, 423-430;
s. of ancestral Placentals, 423.

Solenodon, molar figured, 238; osteology,
241-255; manus and pes figured, 250;
humerus figured, 437; skeleton con-
trasted with Tupaia, 278.

Soricidae, 263, 265.
Soricomorpha, 465.
Spalacotherium, 173.
Sparassodonta, 203, 207, 295; supposed

relations with Creodonts, 303.
Specific differentia, 18, 27.
Species, as conceived by Ray, 17.
Squamata Flower, 334.
Squamosal, 425.
Stapes, morphology, 130.
Stereognathus, 163.
Storr, 46.
Subungulata Illiger, 70.
Superorder, use of the, 463.
Supraoccipital, 425.
Sustenance, as a criterion of relationship,

32, 35.
Swainson, 73.
Synthetic types, 107.
Synapsid Reptiles, 114.
Syndactyla, 208.

T,ENIODONTA Cope, 99, 341 (Ganodonta),
465.
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Tail of mammals as retaining primitive
characters, 146.

Taligrada Cope, 99, 356, 357, 466;
carpus, 447; astragalus, 456.

Talonid, origin, 190.
Talpidae, 263.
Tarsipes, 215.
Tarsals, factors determining evolution

of, 111.
Tarsii, 465.
Tarsus, phylogenetic significance of, 110;

t. of mammals, see astragalus.
Taxeopoda Cope, 98, 99, 351, 352.
Teeth, characters of, as criteria of

classification, see Dentition.
Telmatherium, cheek teeth figured, 192;
molar pattern figured, 188.

Testes: Tupaiidae, 271; Macroscelididae,
281.

Theosodon, 379; feet, 109.
Therapsida, 116, 464.
Theria, name and diagnosis, 230.
Therictoidea, 464.
Theriodesmus, 116; carpus, 439; do.

figured, 440.
Theriodontia, 117.
Therocephalia, 116, 464.
Thylacoleo, 217.
Thylacynide, 203; Patagonian Thy-

lacynes, see Sparassodonts.
Thylacynus, skull figured, 122; humerus

figured, 437.
Tillodontia Marsh, 100, 292; carpus, 445.
Tillotherium, 292-294.
Titanotherium, feet, 109.
Titanotheres, supposed Artiodactyl

characters, 385.
Toxodontia Owen, 347; defined, 384.
Transitional forms, 45.
Trapezoid, possibly homologous with

metacarpals, 442.
Tribolodon, 163; lower jaw figured, 137.
Triconodon, 173; dentition, 176.
Triconodonta, 170, 172, 464.
Trigonolestes, 403.
Trigonostylops, 376, 384.
Triisodon, 311; molar pattern figured,

188.
Tritubercular molar, origin of, 181, 184.

Trituberculata Osborn, 171, 172, 177;
relations to Insectivores, 196.

Trituberculy, theory of, 89, 184, 191.
Tritylodon, 166.
Trouessart, 87, 89.
Tubulidentata (Huxley), 334, 336, 465.
Tylopoda Illiger, 70.
"Tympanic" of Cynodonts, 121.
TyImpanic annulus, 128.
Tympanic cavity, origin, 125.
Tympanic membrane of Cynodonts, 122,

127, 129.
Tympanic process of alisphenoid, 227.
Tympanic region, 426.

Monotremes, 151, 155.
Notoryctes, 257.
Solenodon, 245-6.
Chrysochloris, 257, 267.
Myogale, 264.
Ictops, 261
Tupaiide, 274.
Creodonts, 302.
Galeopithecus, 317.
Primates, 321, 322.
Rodentia, 329.
Orycteropus, 335.
Perissodactyla, 391.

Tupaia, 269; manus and pes (palmar
view) figured, 270; skeleton figured,
276; genetic relations, 279; teeth
figured, 276; origin of molar type,
290; ossicula auditus, 322; carpus,
445.

Typotheria Zittel, 369, 376, 384.
Tensor tympani muscle, 132.

UINTATHERIIDHE, 358.
Unguiculata: 18 (Ray), 30 (Linnaeus);

recognized as an unnatural assemblage,
351.

Ungulata: 18 (Ray), 30 (Linneus); tax-
onomic history, 342-353; characters
and relations of the different orders,
354-406; genetic relations (summary),
409; group recognized as composite,
409; regarded as a superorder, 466.

"Ungulates," South American, 369.
Unity of type, or organization, theory of,

72, 75.
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Uropsilus, 263.
Uterus, phylogenetic significance of, 111.

VARIABILITY of characters in related
genera, 29.

Vertebrle, 431; secondary increase in
number, 431; cervical: Cynodonts,
118; Monotremes, 152, 155; dorso-
lumbars in primitive mammals, 275.

Vesalius, 13; indirect influence on

mammalogy, 103.
Vicq d'Azyr, 53.
Viverravus (= Didymictis), 309, 311;
humerus figured, 437.

Viviparous quadrupeds, 21.
Vomer, 244.

WAGNER, 86.
Weber, 4, 87, 89; classification by, 99.

"Wedge Theory," of evolution of molars,
193.

Whales, discovery of relationship with
terrestrial quadrupeds: 15 (Wotton),
20, 21 (Ray); 28, 33 (Linnaus).

Wortman, 89.
Wotton, 14.
Wynyardia, 214.

XENARTHRA, 339; genetic relations, 340.
Xenotherium, 258.

ZALAMBDODONTA Gill, 235; characters
and genetic relations, 236-268; primi-
tive characters (Solenodon), 254.

Zeuglodontia Gill: taxonomic history,
411; genetic relations, 416-419.

Zittel, 88.
Zygomatic arch of Cynodonts, 120.
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