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PREFACE. 

| In 1904 Professor Henry Fairfield Osborn requested his assistant, the 
_ present writer, to prepare a brief outline of the history of the ordinal classi- 

fication of the mammals for use in the Columbia University course on the 
_ Evolution of the Mammalia. The preliminary sketch having raised so 
_ many interesting problems relating to important principles, Professor 
_ Osborn suggested the continuation of the work and very generously assumed 
_ the chief expense of the investigation. Part II, dealing with the genetic 

relations of the mammalian orders, was begun in 1907 and has been carried 
on through the generosity of Professor Osborn and of Charles Gregory, 

_ Esq., to whom the author’s cordial acknowledgments are hereby tendered. 
Part I of the present work is offered not as an exhaustive history of the 

subject but as a series of stages in the history of the ordinal classification of 
the mammals, 7. ¢., as an outline with sufficient details to make clear the 

_ more important steps. 
Fk The main interest of the writer has been centered, however, not so much 

_ upon the history as upon the actual problem of ordinal classification, which 
_ involves the theme discussed in Part II, namely, the evolution and genetic 

interrelations of the mammalian orders. This problem in its manifold 
__aspects has long engaged the attention of the writer, especially in connection 
_ with his duties as assistant and lecturer in the above mentioned university 
- course on recent and fossil mammals conducted by Professor Osborn. It 

- also continually recurs at the American Museum of Natural History, where 
during the last decade the writer has had the privilege of working in the 

_ midst of a wonderful collection of fossil vertebrates and of assisting the 
_ curator, Professor Osborn, in the monographic revision of the Titanotheres, 

_ in the work on the ‘Evolution of the Mammalian Molar Teeth’ and in many 
_ minor studies. ‘The preparation, for the Osborn Library of Vertebrate 
_ Paleontology in the same Museum, of a subject-index including some thou- 
sands of titles bearing on phylogeny, led into the literature of the subject; 

_ while many stimulating discussions with Dr. W. D. Matthew, as well as 
_ frequent reference to his numerous paleontological contributions, have 
4 placed the writer under the most lasting obligation. Observations relating 

4 to the present work were also made in various other museums, especially 
the British Museum (Natural History), the Field Museum of Natural History, 

_ and the United States National Museum, where the officials extended every 
| courtesy. 

Realizing that phylogenetic speculation has often been rendered nuga- 
_ tory by faulty reasoning even more than by insufficient material, the writer, 

3 
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at the suggestion of Professor F. J. E. Woodbridge of Columbia University, 
devoted attention to a study of Descartes and to the principles of the induc- 
tive process, and also had the pleasure of acquiring from Professor Wood- 
bridge’s lectures a certain point of view regarding the nature of evolution . 
which has been of much service in the following studies. The author’s ideas 
about ordinal classification were developed partly as a by-product of studies 
in ichthyology under his honored friend and instructor Professor Bashford 
Dean, who for many years past has most heartily aided him in manifold 
ways. ‘The resulting arrangement of the Teleostomous fishes,! which was 
developed from the widely divergent systems of the leading authorities, 
led to a general conception of the history, methods and limitations of or- 
dinal and superordinal classification which has been applied to some ex- 
tent in the present work. 

To Professor Max Weber’s epoch-making work ‘Die Siiugetiere’ (1904) 
reference is constantly made in the following pages; and to that work more 
than any other will be due a synthetic view of the Mammalia, in which the 
data of systematic mammalogy, of comparative anatomy, and embryology 
shall ultimately be integrated with the data of paleontology, to the great 
advantage of each of these now more or less independent lines of study. 

The long series of publications by Professor Osborn naturally enters 
very frequently into the consideration of the problems touched upon below. 
The fruitful ideas of general and local adaptive radiation, of parallel, diver- 
gent, and convergent evolution, of homology, homoplasy, and rectigradations, 
of polyphyletie evolution, ete., which have gained widespread acceptance, 
have been of constant service to the writer, and the same is true of that 
author’s work on Tertiary mammal horizons, on the evolution of the teeth, 
on the foot structure of Ungulates, and on the phylogeny of the titanotheres, 
rhinoceroses, horses, amblypods, ete. 

It is also pleasant to acknowledge indebtedness to several other friends 
for favors extended during the preparation of this work: to Dr. T. S. Palmer, 
author of the ‘Index Generum Mammalium,’ for reading the first rough 
draught of Part I and offering many very helpful criticisms and suggestions; 
to Dr. Theodore Gill for assistance in finding certain works and for his nu- 
merous published contributions to the history of zodlogy; to Charles Gregory, 
Esq., for the gift of the valuable work of Perrault (1731) described on pages 
39, 40; to Mr. C. Forster Cooper, M. A., of ‘Trinity College, Cambridge, 
for very kindly reading the manuscript of Part IT with great care and making 
many helpful criticisms; finally to Dr. J. A. Allen, the honored editor of 
the Bulletin and Memoirs of the American Museum of Natural History. 

1Ann, N. Y, Acad, Sel,, XVII, 1907, pp. 437-508, 
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I. ‘THe Prescrentiric Perron. 

Synopsis. 

During this period knowledge of animals was incidental or solely of the 
practical order, they being regarded from the following viewpoints: 

As objects of the chase (cf. much of Paleolithic art and of primitive art 
generally), or 

As flocks and herds or beasts of burden or guardians of property or pets 
(cf., much art and literature of all nations). 

In connection with religion: 
a. In fetishism and totemism. 
b. In zoétheism (ef. certain paleolithic and neolithic art, much 

Assyrian and Egyptian art, Egyptian interest in and care of animals, 
mummification, ete.). 
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c. In haruspication and other divinatory and sacrificial practices. 
d. As clean or unclean according to the Levitical law (infra). 

In connection with the healing art. 
As material for the Roman circus and its modern descendants (¢/. Pliny’s 

accounts). 

As forming a part of the products of newly discovered countries. 

TWO EXAMPLES OF EARLY CLASSIFICATIONS. 

From the point of view of classification the most important step taken 
in the prescientific period is the listing and arrangement of the names of ani- 
mals in a systematic manner. Examples are: (1) the classification of mam- 
mals under the category of technical cleanness or uncleanness given in 
Leviticus, XI (see below); (2) the “classification” of animals given in 
certain cuneiform inscriptions from the library of Asshurbanapal (see 
below). 

A, Levitical Classification of Animals (Leviticus, XI). 

“1, And the Lord spake unto Moses and to Aaron, saying unto them, 

“2, Speak unto the children of Israel, saying, These are the beasts which ” 
shall eat among all the beasts that are on the earth. 

“3. Whatsoever parteth the hoof, and is cloven footed, and cheweth the waa 

among the beasts, that shall ye eat. 
“4, Nevertheless these shall ye not eat, of them that chew the cud, or of them 

that divide the hoof: as the camel, because he cheweth the cud, but divideth not 

the hoof; he is unclean unto you. 

“5. And the coney, because he cheweth the cud, but divideth not the hoof; 

he is unclean unto you. 
“6. And the hare, because he cheweth the cud, but divideth not the hoof; he is 

unclean unto you. 

**7, And the swine, though he divideth the hoof, and be cloven footed, yet he 
cheweth not the cud; hes unclean to you. .... 

“9. These shall ye eat, of all that are in the waters: whatsoever hath fins and 

scales in the waters, in the seas, and in the rivers, them shall ye eat. 

“10. And all that have not fins and scales in the seas, and in the rivers, of all 
that move in the waters, and of any living thing which is in the waters, they shall 
bean abomination unto you. .... 

“13. And these are they which ye shall have in abomination among the fowls; 
they shall not be eaten, they are an abomination; the eagle, and the ossifrage, and 
the ospray. 

“14. And the vulture, and the kite after his kind; 

“15. Every raven after his kind; 

“16. And the owl, and the night hawk, and the cuckow, and the hawk after his 
kind, 

“17. And the little owl, and the cormorant, and the great owl, 
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“18. And the swan, and the pelican, and the gier-eagle, 

“19. And the stork, the heron after her kind, and the lapwing, and the bat. 

“20. All fowls [? flying creatures] that creep, going upon all four, shall be an 
abomination unto you. 

“21. Yet these ye may eat, of every flying creeping thing that goeth upon all 
four, which have legs above their feet, to leap withal upon the earth; 

“22. Even these of them ye may eat; the locust after his kind, and the bald 

locust after his kind, and the beetle after his kind, and the grasshopper after his kind. 
“23. But all other flying creeping things, which have four feet, shall be an abomi- 

nation unto you. .... 

“27. And whatsoever goeth upon his paws, among all manner of beasts that go 
on all four, those are unclean unto you. .... 

“29. These also shall be unclean unto you among the creeping things that creep 
upon the earth; the weasel, and the mouse, and the tortoise after his kind, 

“30. And the ferret, and the chameleon, and the lizard, and the snail, and the 
mole. .... 

“46. This is the law of the beasts, and of the fowl, and of every living creature 
that moveth in the waters, and of every creature that creepeth upon the earth; 

“47. To make a difference between the unclean and the clean, and between the 
beast that may be eaten and the beast that may not be eaten.” 

B. Assyrian Natural History. 

Joachim Menant, ‘Découvertes assyriennes. La _ Bibliothéque du 
Palais de Ninive,’ Paris 1880. Quoted in Henry Smith Williams, ‘The 

Historian’s History of the World,’ Vol. I, 1904, pp. 567-568. 

“The exact sciences were cultivated in Assyria from the earliest times; nor had 

natural sciences been neglected. Zoology, botany and mineralogy are largely repre- 

sented in the library of Nineveh, and as all these tablets contain a Sumerian as well 
as the equivalent Assyrian text, we are justified in believing that the Ninevites, in 
this respect, still followed the traditions of their predecessors. ~ 

“We find lists of animals arranged in a certain order which indicates an attempt 

at classification; thus the dog, lion and wolf are in the same category, whilst the ox, 

sheep and goat form another. In the enumeration of the different animals, there is. 

a very evident design of establishing genera and families, and of distinguishing 

species. Thus we have a family comprising the great Carnivora; the dog, lion and 
wolf; then we have different species in the dog family, such as the dog itself, the 

domestic dog, the coursing dog, the small dog, the dog of Elam, ete. The scientific 
side of this classification is revealed by an easily recognized circumstance; thus one 

finds after the common name a special nomenclature, which belongs to a scientific 
classification with which the Assyrians seem to have been familiar. 

“Among the birds similar attempts at classification are evident. Birds of rapid 

flight, sea birds, or marsh birds are differentiated. Insects form a very numerous 
class; we see an entire family whose species are differentiated according as they 
attack plants, animals, clothing, or wood. Vegetables seem to be classified according 

to their usefulness, or the service that industry can make of them, One tablet enum- 
erates the uses to which wood can be put, according to its adaptability, for the timber 

work of palaces, the construction of vessels, the making of carts, implements of 

Ee 
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husbandry, or even furniture. Minerals occupy a long series in these tablets. They 
are classed according to their qualities, gold and silver forming a division apart; 

precious stones form still another, but there is nothing to indicate on what basis a 

classification would be established.” 

Thus all the materials for a Ninevite ‘Systema Natura?’ existed before 
the time of Asshurbanapal (circa 668 B. C.). 

Il. THe Graco-scHo.astic PERIOD. 

Synopsis. 

Knowledge recognized for its own sake. 
Development of the methods and terminology of philosophy and logic. 
Cosmical speculations. 
Development of the idea of causation. 

1. The Aristotelian Epoch. 

Compilation of zodlogical lore. 
First hand observations. 
Preliminary analysis of the “ parts of animals.” 
Application of terms afterward used in taxonomy. 
Attention directed to feet and teeth, as affording inane ie characters in 

the study of mammals. 
Recognition of the need of names to denominate natural groups. 

The history of the classification of animals may be said to begin with 
Aristotle (B. C. 384-322), who summarized all that had been observed by 
the Greeks and added thereto many new observations of his own. 

Aristotle, being the fountain head of the scholastic philosophy and much 
‘ admired as an observer by the ancients, was acclaimed also by some of the 
moderns (e. g., Maccleay) as not only a great naturalist but also a great 
systematist, far in advance of his own age and even, in some respects, of 

Linneeus. 
These claims were critically examined by Whewell (1837, Vol. III, pp. 

344-352) and by Gill (1873, pp. 458-463) who showed that they were 
greatly exaggerated. 
* First as to Aristotle’s general status as a naturalist. ‘‘Careful and - 
repeated perusal of Aristotle’s biological treatises,” says Gill (op. cit., pp. 
462, 463), “have, in fact, failed to convey to the writer any impression save 

that he was a tolerably good observer and compiler, and surpassed ordinary 
men, perhaps, in ability to embody in words the results of his observations 
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of various disconnected facts. ‘There is, however, no coérdination of the 

facts observed, no valuation, and no subordination which would entitle his 

observations to be considered as a body of scientific facts or doctrines. The 
materials for science exist indeed, but in a very crude and imperfect condi- 
tion.” He distinguished homology from analogy in the abstract, but fre- 
quently confused them in the concrete. He also adopted current erroneous 
views, such for example as that all animals except the elephant differ from 
man in the contrary flexures of the limbs, that the lion has no vertebree but 
only one bone in the neck (Gill, op. cit., p. 461). 

As to his supposed preéminence as a systematist Gill concludes (op. cit., 
p- 461) that he had very little appreciation of groups. ‘It requires no 
penetrating acumen,” says Gill, “to recognize man, the monkeys, the bats, 
the typical ruminants and the typical ceteceans as distinct forms existent 
in nature. But such are fair examples of the groups, for the appreciation 
of which Aristotle has been so highly lauded,— groups which from their 
very nature in their integrity first appeal to the senses, and which only minute 
analysis enables the observer subsequently to differentiate into ultimate 
constituents.” And again (op. cit., p. 462): “In fine, there is, so far as I 
can perceive, not the slightest evidence of any recognition of what is now 
understood by classification in any of the extant treatises of Aristotle on 
animals, and the systems framed to embody his generalizations have been 
constructed from isolated sentences wrested from their context and simply 
reflect the framer’s notions or his ideas as to what Aristotle might have 
supposed.” 

Whewell also concludes (op. cit., pp. 346, 348, 350) that Aristotle was quite 
unconscious of the classification that has been ascribed to him, the very idea 
of which did not develop until many centuries later. But that Aristotle 
did recognize some natural groups and felt the lack of generic names to 
denominate others is shown in the following passage from Aristotle’s work 
‘On Animals’ quoted among others by Whewell (op. cit., p. 351): 

““Of the class of viviparous quadrupeds, there are many genera,’ but 
these again are without names, except specific names, such as man, lion, 

stag, horse, dog, and the like. Yet there is a genus of animals that have 
manes, as the horse, the ass, the oreus, the ginnus, the innus, and the animal 

which in Syria is called heminus (mule)....Wherefore,’ he adds, that is, 

because we do not possess recognised gengra and generic names of this kind, 
‘we must take the species separately and study the nature of each’” (Bk: 
I, chap. vii). 

“These passages,’’ Whewell continues, “afford us sufficient ground for 

1 Tévn, 



1910.] Relations of Aristotle to Ray and Linneus. 11 

placing Aristotle at the head of those naturalists to whom the first views of 
the necessity of a zoological system are due” (op. cit., p. 352). And again 
(p. 350): ‘Aristotle does show, as far as could be done at his time, a percep- 
tion of the need of groups, and of names of groups, in the study of the animal 
kingdom; and thus may justly be held up as the great figure in the Prelude 
to the Formation of Systems which took place in the more ced scientific 
times.” Aristotle also perceived the principle of adaptation (see Osborn, 
1894, p. 45) and his idea of a graded series of beings from” polyp to man 
doubtless contained the germ of the theory of evolution (Osborn, op. cit., 
p- 44). 

The true relation of Aristotle as a zoélogist to Ray and Linnzeus is ex- 
hibited in the following well-known citations by Whewell (op. cit., p. 347) 
from ‘The Parts of Animals.’ 

“Some animals are viviparous, some oviparous, some vermiparous. 
The viviparous are such as man, and the horse, and all those animals which 
have hair; and of the aquatic animals, the whale kind as the dolphin and 
cartilaginous fishes ' (Book I, Chap. v). 

Of quadrupeds which have blood and are viviparous, some are (as to 
their extremities), many-cloven, as the hands and feet of man. For some 

are many-toed, as the lion, the dog, the panther; some are bifid, and have 
hoofs instead of nails, as the sheep, the goat, the elephant, the hippopotamus; 

and some have undivided feet, as the solid-hoofed animals, the horse and ass. 

The swine kind share both characters ? (Book II, Chap. vii). 
Ray, Klein and later writers undoubtedly had this passage in mind when 

they used the descriptive terms “multifido,” “‘bifido,” ‘‘solidungula,” 
“ungulata,” ‘“unguiculata,” “fissipedes.”’ Here, also, attention is directed 
to the feet as exhibiting characteristic differences. 

In another passage Aristotle says: 
‘Animals have also great differences in the teeth, both when compared 

with each other and with man. For all quadrupeds which have blood and 
are viviparous, have teeth, And in the first place, some are ambidental,’ 

(having teeth in both jaws;) and some are not so, wanting the front teeth 
in the upper jaw. Some have neither front teeth nor horns, as the camel; 
some have tusks,* as the boar, some have not. Some have serrated ° teeth 

as the lion, the panther, the dog; some have the teeth unvaried,° as the horse 

and the ox; for the animals which vary their cutting teeth have all serrated 

1 In reference to the viviparity of certain sharks. 

2 An allusion to the ‘‘mule footed” swine monstrosities in which the median digits are 

fused, and terminate in a solid composite hoof. 

3 Anodovra 4 XavdwSovra 
5 KapxapoSovra 6 ’AverdAAakra 
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teeth. No animal has both tusks and horns; nor has any animal with 
serrated teeth either of those weapons. The greater part have the front 
teeth cutting, and those within broad” (Book I, Chap. ii). 

This passage evidently directed the attention of later writers to the 
importance of the teeth as a means of distinguishing and hence of classi- 
fying mammals, and we-shall see that Wotton, Ray and, later, Linneus, 
Brisson and &: were quick to avail themselves of the suggestion. 

2. The Scholastic Epoch. 

Development of the instruments of thought: e. g., Neolatin, logic, the 
concept of genus and species, dichotomous analysis. 

Reasoning largely deductive. 
Compounding of myth and facts. 
Compounding of science and metaphysics. 
Reliance on authority and tradition, finally becoming extreme. 

From the time of Aristotle and his classical successors until the rise of 
scholasticism in the eleventh century, Europe was too much preoccupied 
with world-wide displacements and readjustments of peoples and of institu- 
tions to pay particular attention to natural science; and even the Scholastic 
Epoch in the history of philosophy and science was chiefly occupied with the 
further development and systematization of the great body of religious and 
metaphysical doctrines. 

So far as natural history is concerned, it is perhaps rather a further 
interregnum than an epoch, rather an era or lapse of uneventful time than 
a time of the slow ascension of some great illuminative idea. ‘The anthro- 
pocentric idea dominated in natural history as the geocentric idea domi- 
nated in astronomy; hence a knowledge of the real or supposed properties 
of animals and particularly of plants was chiefly cultivated in connection 
with alchemy, magic and materia medica. 

The medieval imagination, full of mysticism, eager for the uncanny 
and fantastic and teeming with images of ubiquitous devils, flourished on 
the marvelous tales of a “Sir John Maundeville,” and peopled the earth 
with the monsters which so long survived and ramped in the 'Terree Incognitee 
of world maps. In the schools, citations from authorities were accepted 
in lieu of proof, and the simple zodlogy of Aristotle and the scriptures was 
deeply covered by the accretions of learned exegesis. 

Scholasticism reached its prime as early as the thirteenth century, in the 
system of the illustrious St. Thomas Aquinas, the ‘‘princeps scholasticorum.”’ 
Afterward, while the renaissance movement was discovering new worlds in 
all directions, scholasticism in general (but with some brilliant exceptions) 
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_ rapidly reached the “phylogerontic stage” of its evolution, and produced all 
_ sorts of bizarre specializations in terminology and in dialectics. 

It has been said of the scholastic philosophy that it ‘‘ vigorously exercised 
the understanding without bringing it to any conclusions.” However this 
may be, it cannot be doubted that the very excesses of scholasticism stim- 
ulated the reactive return to experience, which gave rise incidentally to 
biological science. The schoolmen furthermore perpetuated and aroused 
interest in Aristotle’s analyses, and gave currency to many methods of 
analysis and description. Among these we may cite, first, the dichotomous 
method of division, which is a forerunner of modern classifications; secondly, 

the logical concepts of genus and species. Especially noteworthy was the 
expansion of classical Latin into a highly specialized language of philosophy 
and science. 

Ill. THe Mopern Periop. 

Synopsis. 

Curiosity about nature, followed by direct appeal to nature. Rapidly 
widening fields of discovery. Subordination of speculation to dis- 
covery. 

Reasoning becoming inductive, and inductive-deductive. 
Separation of science and metaphysics. 
Gradual recognition of the universality of natural law. 
Gradual separation of myth from fact. 
Rise of the idea of the natural classification of animals. 
Search for the causes of differences and resemblances between animals. 
Rise of the idea of evolution. 

Comparison of all the following epochs (Renaissance, Raian, Linnean, 

pre-Cuvierian, Cuvierian and Darwinian) leads to the conclusion that from 

the point of view of the history of mammalogy they form a natural group, 
here called the Modern Period, which is as sharply distinguished from the 
preceding Greeco-scholastic, as that is from the Prescientific Period. 

1. The Renaissance Epoch. 

Revolt against authority and direct appeal to nature initiated (e. g., in 
human anatomy by Vesalius). 

Rapid spread of exploration and discovery. 
Collection of natural history specimens. 
Development of botany: 
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(a) Compilations by the earlier herbalists; 

(b) Formation of herbaria and private horticultural gardens; 
(c) Idea of classifying plants into groups and sub-groups after analogy 

with the brigades of an army. Ceesalpinus. 
Compilation of natural history lore. 
Beginning of the separation of-myth from fact. Gesner, Aldrovandus. 

CONRAD GESNER, 1551-1558. 

Biological science, and especially zodlogy, did not respond fully to the 
impulse of the renaissance movement until literature, politics, astronomy 

and geographical discovery had made the most signal advances. Hence 
in Conrad Gesner’s ‘Historia Animalium’ (1551-1558) the myths of the 
middle ages still linger, although a beginning is made in endeavoring to 
separate truth from error, while the systematic work of future generations 

is initiated in extensive illustrated descriptions of animals. Gesner (1516- 
1565) had so far broken away from the scholastic spirit that he did not fail 
to observe for himself, but he was essentially a compiler and was true to 
scholastic traditions in relying too much on authority. Of Gesner’s learning 
and ability the late Professor W. K. Brooks (1895, pp. 49-59) conceived a high 
opinion. Brooks says that in the preparation of the ‘Historia Animalium’ 
Gesner ‘‘read nearly two hundred and fifty authors,” and that his literary 
learning was almost unparalleled, that he tried successfully to make his 
work a complete library of all that had been observed and written about 
animals up to that time, and that his enormous mass of material was very 
judiciously selected. Many of his illustrations were grotesque, but those of 
the more familiar animals were of high merit. He recognized the classes of 
viviparous quadrupeds, oviparous quadrupeds, birds, aquatic animals, 
serpents and insects. He did not attempt a natural division of the viviparous 
quadrupeds. 

Gesner was thus a describer and compiler rather than a taxonomist; 
nevertheless in the field of botany he was one of the first to group species into 
genera (Whewell) and his ‘Historia Animalium,’ with the similar work of 

Aldrovandus, furnished the raw material for later naturalists. 

WoTToN, 1552. 

‘De Differentiis Animalium,’ Paris. 

Of this author’s work, which has not been accessible to the present writer, 
Dr. E. Ray Lankester (1890, pp. 313-315) speaks as follows: 

“The real dawn of Zoology after the legendary period of the Middle Ages 
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_ is connected with the name of an Englishman, Wotton, born at Oxford in 
_ 1492; who practised as a physician in London and died in 1555. . . . In many 
_ respects Wotton was simply an exponent of Aristotle,....It was Wotton’s 
_ merit that he rejected the legendary and fantastic accretions [of the Middle 
_ Ages], and returned to Aristotle and the observation of nature. ...Wotton 

divides the viviparous quadrupeds into the many-toed, double hoofed, and 
single-hoofed. By the introduction of a method of classification which was 
due to the superficial Pliny,— viz. one depending, not on structure, but on 
the medium inhabited by an animal, whether earth, air, or water,— Wotton 

is led to associate Fishes and Whales as aquatic animals. But this is only a 
momentary lapse, for he broadly distinguishes the two kinds.” 

CSALPINUS, 1583. 

In considering the early history of the classification of mammals one 
would gain a very imperfect idea of the true sequence of thought if he were 
to leave out of account entirely the influence of the progress of other branches 
of zoélogy and indeed of natural philosophy. Whewell in his ‘History of 
the Inductive Sciences’ has demonstrated the general interdependence and 
the progressive advance and mutual aid rendered by these various sciences, 
especially the development of the idea of classification, which first attained 
modern form in the science of botany, in the works of Gesner and Ceesalpinus 
of Arezzo. But an important preliminary step was the casting off of the 
shackles of scholasticism, of the age-long habit of appealing to books, not 
nature, and this had been taken, for botany, by several botanists of the early 
sixteenth century. After this, Whewell continues (1837, pp. 277-279): 
“The perception that there is some connexion among the species of plants, 
was the first essential step; the detection of different marks and characters 
which should give, on the one hand, limited groups, and on the other com- 
prehensive divisions, were other highly important parts of this advance. 
To point out every successive movement in this progress would be a task of 
extreme difficulty, but we may note, as the most prominent portions of it, 
the establishment of the groups which immediately include species, that is 
the formation of genera; and the invention of a method which should dis- 
tribute into consistent and distinct divisions the whole vegetable kingdom, 
that is the construction of a system.’ Whewell also says that although it is 
difficult to state “‘to what botanist is due the establishment of genera; yet 
we may justly assign the greater part of the merit of this invention, as is 
usually done, to Conrad Gesner of Zurich.” 

The first construction of a system in Botany, says Whewell (op. cit., Vol. 
III, p. 280), is due wholly to Andreas Cesalpinus of Arezzo, ‘one of the 
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most philosophical men of his time, profoundly skilled in the Aristotelian lore 
which was then esteemed, yet gifted with courage and sagacity which enabled 
him to weigh the value of the Peripatetic doctrines, to reject what seemed 
error, and to look onwards to a better philosophy. ...His book, entitled 
‘De Plantis, libri xvi appeared at Florence in 1583.....After speaking of 
the splendid multiplicity of the productions of nature, the confusion which 
had hitherto prevailed among writers on plants, the growing treasures of the 
botanical world; he adds, ‘In this immense multitude of plants, I see that 

want which is most felt in any other unordered crowd: if such an assemblage 
be not arranged into brigades like an army, all must be tumult and fluctua- 
tion.’” His classification was founded upon the number, the position and 
the figure of the reproductive parts of plants. He divided plants into ten 
great classes, which were again subdivided. ‘To these assemblages he gave 
monomial names in substantive form. 

A reason for this precocious development of the classification of plants 
may lie in the very multiplicity of kinds and in the existence of large herbaria 
and horticultural gardens which would assist the eager student to recognize 
related series. In contrast with this is the delayed progress of the classifi- 
cation of the mammals, due to the comparative fewness of known forms and 

the greater complexity of organization. 
Cesalpinus thus anticipates Linneeus in the construction of a system 

and in the use of monomial names instead of descriptive phrases for the 
“natural” orders. 

2. The Raian Epoch. 

Ray the father of modern systematic zodlogy. 
Recognition of the warm-blooded, viviparous, hairy quadrupeds, as a class 

very distinct from the cold-blooded, oviparous and scaly quadrupeds. 
Recognition of the Cetacea, as aquatic relatives of the viviparous quad- 

rupeds. 
Summary and analysis of characters of mammals, especially those de- 

scribed by Marggrav, Seba, and other’ travelers in America. 

Brief descriptions of genera and species. —~ 
Adoption of the traditional criteria of ordinal classification of the mammals, 

i. e., characters of the extremities (whether hoofed or clawed, divided 

or undivided), number of the digits, number of the front teeth, 
Adoption of many systematic phrases and names used by later authors. 
Use of the descriptive phrase, as well as of monomial names. 
Dichotomous classification of mammals, 
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RAY, 1693. RAE ee 

\ Synopsis Methodica Animalium Quadrupedum et Serpentini Generis.’ 

; be Tn: John Ray (1627-1705) the country and century of Sir Isaac Newton 
_ produced another natural philosopher of the highest rank. 

Nearly ninety years after the appearance of Ray’s ‘Synopsis’ his country- 
-man and successor Thomas Pennant, author of the ‘History of Quadrupeds’ 
(1781), speaks appreciatively of Ray as follows: ‘....living at a period 
Bihen the study of Natural History was but a este to dawn in these 
_ Kingdoms, and when our contracted Commerce deprived him of many 
_ lights we now enjoy, he was obliged to content himself with giving descrip- 
_ tions of the few Animals brought over here and collecting the rest of his 
materials from other Writers. Yet so correct was his genius that we view 
a systematic arrangement arise even from the Chaos of Aldrovandi and 

| Gesner. Under his hand the indigested matter of those able and copious 
Writers assumes a new form, and the whole is made clear and perspicuous”’ 

_ (op. cit., pp. i-ii). 
_ ‘This indeed was one of Ray’s chief services to mammalogy, that out of a 
“Chaos of indigested material” he brought a reasonable systematic arrange- 
ment, a real basis for the taxonomic work of the succeeding century. 
: These admirable results, which we shall examine in detail below, were 

t not attained until after long previous training in other fields of taxonomy. 
In this case, as in so many others among early naturalists, we see the felici- 
tous application to zodlogy of the training gained in systematic botany. 
For in 1670 appeared the ‘Catalogus Plantarum Anglie,’ in 1682 the 
_‘Methodus Plantarum Nova,’ in 1686-1704 the ‘Historia Plantarum,’ while 

in the meanwhile, in coéperation with his friend Francis Willughby, Ray 
published the ‘Ornithologia’ (1676) and the ‘Historia Piscium’ (1686). 

‘In all these works the species is recognized as the practical unit of taxon- 
omy and in the ‘Historia Piscium’ for example, not less than 420 species 

- (according to Giinther) are carefully and concisely described. 
____Ray’s conception of “species” however does not appear to be entirely 
2 identical with the modern usage. He often used words merely as the 
_ equivalent of the middle English ‘“‘spece,” which survives in our word 
_ “spice,” and meant “kind”: it was also equivalent to the logical ‘species ” 
(cf. the Greek eos) of the schoolmen, and is exemplified in the “Historia 
_ Piscium” in such phrases as “clarias niloticus Belonii mustele fluviatilis 
_ species,” “bagre piscis barbati ac aculeati species.” Ray also used the 
_ term “species” in a quite Linnean manner, as in the names Ovis laticauda, 
Ovis strepsiceros and Ovis domestica. In form, at least, this foreshadows 
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the binomial system of nomenclature and the recognition of the species in 
general as a supposedly objective reality and the unit of classification. 
The form of Ray’s specific definitions seems, however, to imply that the 
term “species” in Ray’s mind was often more a “differentia,” or specific 
adjective modifying the generic concept than a fully developed substantive 
name, and Ray evidently did not realize the convenience of applying the 
binomial method of nomenclature universally. 

The culmination of Ray’s studies on animals was the ‘Synopsis Metho- 
dica Animalium Quadrupedum et Serpentini Generis’, published in 1693, 

a brief work as the word “ Synopsis” implies, but one of the great land- 
marks in the history of Vertebrate Zodlogy. 

The scope of this work may be indicated by reprinting the ‘Animalium 
Tabula generalis’ (op. cit., p. 53) and the ‘Animalium Viviparorum Quad- 
rupedum Tabula’ (op. cit., pp. 60-61). 

Animalium Tabula generalis. 

Animalia sunt vel 

( Sanguinea, éaque vel 
 Pulmone respirantia, corde ventriculis predito, 
' Duobus 

Vivipara 

Aquatica; Cetaceum genus 
Terrestria, Quadrupedia, vel ut Manati etiam complectamur, pilosa. Ani- 

malia hujus generis amphibia terrestribus annumeramus. 

Ovipara Aves. 

| Unico, Quadrupedia vivipara ["] & Serpentes. 
| Branchiis respirantia, Pisces sanguinei preter Cetaceos omnes. 

| Exanguia. 

Animalium Viviparorum Quadrupedum Tabula. 

Animalia Vivipara pilosa seu Quadrupeda sunt, vel 

[ Ungulata, edque vel 
‘ MovexnAa, i. e. Solidipeda, Equus, Asinus, Zebra. 

AcxnAa, i. e. Bisulca seu unguld bifidA, quae vel 

( Ruminantia, Mypvxatovra, cornibus 
1, Bovinum. 

4 4 ¢ Perpetuis, quorum tria sunt genera {2 Ovinum. 
3. Caprinum. 

Deciduis, Cervinum genus. 

| Non ruminantia, Genus Porcinum. 
| Terpdxnra seu Quadrisulea, Rhinoceros,{Hippopotamus ete. 

Ungquiculata, que pede sunt vel 
Bifido, duobus duntaxat unguibus donato, Camelinum genus. 

 seahaaa roku i6r, que vel sunt 

compare op, cil., page 51, where the reptiles are described thus: ‘Cor unico ventriculo instruc- 
tum habent Quadrupedia Ovipara & Serpentinum genus,” 
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Digitis indivisis, sibi invicem coherentibus & communi cute tectis, eorum 
tantiim extremis in margine pedis extantibus, & unguibus obtusis munitis; 

Elephas. 
Digitis aliquodque separatis & 4 se invicem divisis, que vel 

TIAarvavuxa & "AvOpwropopha, Simic. 
Unguibus angustioribus, Dentibus primoribus seu incisoribus in utraque max- 

illa, vel 
Pluribus, Hee autem omnia vel carnivora & rapacia sunt, vel saltem in- 

| sectivora, aut victu promiscuo ex Insectis & Vegetabilibus. 
Majora, rostro 

: | Brevi, capite rotundiore Felinum genus. 
| Prodtetiore, Genus Caninum. 

Minora, corpore longo gracili, cruribus brevibus, Verminewm genus, seu 
Mustelinum. 

Binis insignioribus, cujus generis species omnes phytivore sunt, Leporinum 

genus. 

E Quadrupedibus viviparis pede multifido anomala sunt Echinus terrestris, 
 Tatou sive Armadillo, Talpa, Mus araneus, Tamandua, Vespertilio & Ai sive Ignavus 

Priora quinque rostro productiore cum genera Canino aut vermineo conveniunt, 

dentium forma & dispostione ab iisdem differunt; imd Tamandua dentibus omnino 
i . . 

caret. Posteriora duo rostro sunt breviore. 

As regards both methods and results these tables deserve careful con- 
sideration. 

As regards methods, we note first Ray’s debt to the Greeks and the 
‘schoolmen, especially in the use of the dichotomous method of analysis. — 
The essence of dichotomy (‘‘A is B or not B”) is antithesis, which is espe- 

ially noticeable in Ray’s work. ‘The obvious advantage of such dichoto- 
mous tables as these is that they bring out both resemblances and differences 
with equal clearness. If judiciously constructed they display to any desired 

extent the characters of natural groups. When read vertically they are 
iagnostic, analytical, exclusive; read horizontally or rather obliquely 

from right to left they are synthetic, inclusive, bracketing groups within 
groups; read the other way, 7. e. obliquely from left to right they fully de- 
scribe and define each final subdivision. ‘They are at once tables of classi- 
fication, descriptions, diagnoses, and keys. In so far as Greek and scholastic 
_ logic emphasized this principle and made use of the ‘Tree of Porphory’ 
_ (as the dichotomous tables were called) it may be said to have prepared the 
_ Way for Ray’s analyses and thus indirectly for all the zodlogical classifications 
which came afterward. 
As regards both form and matter Ray was indebted to Aristotle and 
especially to Wotton (see above, p. 15). Ray developed Wotton’s observa- 

tions and followed his hints as to the diagnostic value of both teeth and feet. 

He also used some of Aristotle’s terms in his tabular analysis, e. g., ‘“‘mono- 
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chela” and “‘dichela.” Ray’s terms are noteworthy because they present 
various stages in the evolution of systematic names. First we find long 
descriptive phrases such as “‘animalia vivipara pilosa quadrupeda ungulata” ; 
secondly shorter phrases, e. g., ‘‘digitis indivisis,” “‘pede multifido,” “capite 
rotundiore”; thirdly, single adjectives, “‘ungulata,” “solidipeda,” “‘rumi- 
nantia,” ‘“‘bisulea,” —‘‘anthropomorpha,” etc.; fourthly, true nouns; 
“Simie,” ‘“‘Cetaceum genus.” ‘The lack of true nouns to denominate 
natural groups had already been noted by Aristotle (p. 11), and Ray and 
even later writers seem to distinguish between adjectives used in a denomi- 
native or representative sense (e. g., ““Ruminantia”’) and true generic 

substantive names (‘‘Simiz’’). Many of these adjectives, e. g. “ungulata,”’ 
“unguiculata,” ‘“‘solidipeda,” “‘bisulca,” ‘‘ruminantia,” “non-ruminantia,” 

“anthropomorpha,” “‘simiz,’’ “‘carnivora,’ “‘insectivora,”’ ‘‘verminei” 

and ‘‘cetacei” were used by later authors as true group names. 
From the foregoing consideration of Ray’s methods and nomenclature 

we turn to a consideration of the subject matter of the two tables given above. 
In his discussion of the former Ray makes many pregnant observations 

(op. cit., p. 54) of which the following (which are here translated) are espe- 

cially noteworthy: ‘This division of animals seems to me perhaps the most 
exact of all, and most in accordance with nature. On the other hand, that 

common division is to be rejected [which divides animals] into: 1. Quad- 
rupeds (or as I prefer it Terrestrial creatures, whereunder I include also the 

’ Snakes, which differ from the Lizards and many other oviparous quadrupeds 
in nothing except the lack of feet); 2. Birds. 3. Fishes; 4. Insects. 

This division errs in that it reduces viviparous and oviparous quadrupeds 
to the same genus; which differ in essential and generic attributes [‘‘notes”] 
while the oviparous quadrupeds agree with the snakes. 

“The division of animals according to the locus into Terrestrial, Aquatic, 

and Amphibious, may sometimes be of use, but it answers little to the nature 

of things and is in many ways bad; because: 1. It separates things which 
agree in kind. For example it separates the Whales (called Fishes), and 
what is worse, the Amphibious animals from the viviparous Quadrupeds; 

it even separates the aquatic from the terrestrial Insects, contrary to reason 
and to the opinion of all natural philosophers [‘‘Physicorum”’]. 2. It joins 
things which differ in kind. For (to pass over some) certain amphibious 

animals are viviparous and hairy, as the Beaver, the Otter, the Seal; others 
oviparous, as the Water-Newt and the Frog. And in that very kind [ovip- 
arous amphibia] we have the Lizards of which some are aquatic and 
amphibious (such as Crocodiles and Salamanders), others terrestrial ({true] 

Lizards),” 

In rejecting the locus or medium as a prime criterion of classification 



Analysis of Ray’s division of warm-blooded Animals. 21 

Ray was more modern in spirit than Klein, Brisson, Blumenbach, Boddaert, 

Storr and other writers of the succeeding century, and fully anticipated 
‘Linneeus. ; 

Among the many excellent features of this tabular analysis of the verte- 
brates we note the following: 
¥ (1). The higher vertebrates are contrasted with the fishes as breathing 
_ by lungs instead of by gills. 
| (2). The whales are’ classed with the viviparous animals and expressly 
'_ removed from the fishes. ‘They are, however, set off in a grand division 
over against all the remaining mammals. In the ‘Synopsis Methodica 
Piscium’ (posthumous, 1713) the Cetacea are “arranged among fishes... . 
but on this point Ray wrote expressly to Rivinus to explain that he classed 

| them thus only in accordance with common usage” (Cuvier and Thouars, 

quoted in Lankester, 1846, p. 106). 
(3.) As remarked by Gill, the terrestrial or quadruped mammals are 

bracketed with the aquatic as “ Vivipara” and contrasted with the ‘‘ Ovipara” 
- or “Aves.” “The Vivipara are exactly coéxtensive with Mammalia, but 
| the word vivipara was used as an adjective and not as a noun. Linneus 
| did not catch up with this concept till 1758 when he advanced beyond it by 

recognizing the group as a class and giving it an apt name.” (Gill, 1902, 
pp. 434-438.) 
_ (4). The double ventricle is noted as characteristic of both Vivipara 
[Mammals] and Ovipara [Birds]. ‘The single ventricle of the heart is noted 
as characterizing the groups now called Amphibia and Reptilia. 

~ (5.) In order to associate the Manati and other amphibious mammals 
_ with their terrestrial congeners the term ‘Hairy Animals” is employed as 
more comprehensive than “Quadrupeda.” 

In all these features Ray anticipates Linneeus (ef. pp. 27, 28). 
When we pass from this division of the vertebrates in general to the 
classification of the Hairy Quadrupeds (pp. 18, 19) we find the analysis no 

less discriminating, and it is small wonder that various modifications of. 
 Ray’s system continued in vogue several decades after the appearance of 
 Linné’s more brilliant but seemingly less reasonable system. 
___ As regards the results achieved by this analysis it is surprising to note the 
~ number of natural or quasi-natural groups that were distinguished. Among 
these are the ‘‘ Ungulata monochela solidipeda” including the Horse, the Ass 

and the Zebra; the “ungulata dichela,” including most of the animals now 
called Artiodactyla; the ‘“Unguiculata pede multifido, digitis aliquodque 
separatis, platyonycha et anthropomorpha,” namely the Simie. But 
_ unnatural groups and allocations are not wanting, for example the “ungulata 
_tetrachela,” including the Rhinoceros, Hippopotamus, Brazilian tapir, 
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capybara and musk deer, which foreshadows similar unnatural assemblages 
such as “ Jumenta,” “ Bellu,” “‘ Pachydermes”’ etc., of later authors. Other 

mistakes were the inclusion of the camel and the elephant among the ungui- 
culates, the bracketing of rodents and carnivores, etc. Among the viviparous 
quadrupeds with unguiculate multifid feet were a residue described as 
“anomala”’ which could not be made to fit into the dichotomous scheme. 
These anomalous forms, including certain Insectivores, the Bats and Eden- 

tates, were also the stumbling block of the naturalists of the succeeding 
century, and were variously distributed among their “ Bestiz,” “Bruta,” 
““Anomalopes,”’ ete. 

As to the criteria of classification, taking the position in the system of the 
Cats and Dogs as an example we have the following arranged in the order 
of their importance: (1) number of feet (quadrupeda); (2) hoofed or clawed; 

(3) bifid or multefid; (4) with digits unseparated or separated; (5) flat clawed 

or narrow clawed and with incisors in each jaw; (6) incisors several, habits 

carnivorous, insectivorous or omnivorous, or incisors paired, phytophagus; 
(7) larger or smaller forms; (8) head rounder (Cats) or longer (Dogs). 

From this we see that the characters of the feet were regarded as much 
more important and convenient than those of the teeth, which only appear 
sixth in the list. 

The ‘“‘good” and “‘bad” features of the classification (from the modern 
viewpoint) alike arise from the consistent and rigid application of a single 
set of characters, namely those of the feet, throughout the class. This is an 
inherent defect of the dichotomous method, that it must be consistent and 

logical, whereas in the narrow sense, nature is neither. ‘The associations 

and disassociations of the dichotomous method must sometimes be artificial, 

because it commits the classifier in advance to the selection and arrangement 
of characters in the order of their importance and universality; it encourages 
the deductive rather than the inductive method of classification. At the 
same time an artificial classification is a far better augury of progress than 
none at all and we shall see later naturalists improving and developing 
Ray’s system with important results. 

In brief, although following the pioneer Wotton, (p. 15) Ray may justly 
be regarded as the founder of modern zoédlogy. He was the great figure of 
the seventeenth century, as Linnzeus was of the eighteenth and Cuvier of 
the early nineteenth. More logical and analytical, while perhaps less original 
and synthetic in his genius than Linneus, he indeed ‘made a pathway in 
the zoological field which Linné was glad to follow, and to some extent he 
anticipated the brightest thoughts of the great Swede.” (Gill.) 
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8. The Linnean Epoch. 

Synopsis. 

Continuation and development of Ray’s work. 
Application to zoblogy of the principles gained in botany. 
Binomial nomenclature. 
Recognition of mamme as a class character. 
Invention of term ‘ Mammalia” to include both the hairy quadrupeds and 

the Cetacea. 
Recognition of man’s zoblogical kinship with the Primates. 
Search for a natural classification. 
Attempted recognition of affinities beneath external differences. 
Selection of “ physiological” characters as prime criteria of classification. 

LINNZUS. 

Early editions of the ‘Systema Nature’ (1735-1748). 

The bold originality of Carl von Linné becomes apparent in comparing 
his work with that of preceding and of following authors. Even in the 
first edition (1735) of the ‘Systema Nature’ the classification of the hairy 

quadrupeds (p. 102) is already essentially “Linneean,” and it is far less arti- 
ficial than many that came after it, and even than his own final classification 
in the tenth and twelfth editions of the same work. 

The principal work dealing with the mammals from which he may have 
drawn suggestions as to methods was that of Ray. The subject matter of 
the classification was largely drawn from preceding authors, including 
Gesner, Aldrovandus, Johnston, Ray, the new world travelers Seba, Marg- 

grav, Catesby, and many travelers in the old world. 
From such sources he drew most of his generic names, but as regards his 

ordinal names the majority seem to be original. ‘They are never descriptive 
phrases as in Ray’s works but always nouns. The terms “Fera, “Glires,”’ 
“ Jumenta,” “Pecora,” “‘Agriee,” “Bestiz,” and “Bruta,” meaning literally 

“wild beasts,”’ ‘‘dormice,” “beasts of burden,” “‘ beasts of the field,” “‘ beasts,” 
and “brutes,” illustrate Linné’s frequent choice of names as arbitrary 
“handles for ideas” rather than for their special descriptive applicability. 
The dichotomous method of classification, with its difficult and often arti- 

ficial subordination of groups within groups, is not attempted by Linnzeus, 
but the orders are listed in a linear series. The character of these assem- 
blages indicates that even at this early period he was in the habit of first 
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‘sensing’ a natural group and then finding the characters to define it after- — 

ward. 

The arrangement of the orders is also significant. The ‘ Anthropo- 
morpha” (Homo, Simia, Bradypus) come first, and the name emphasizes 
the significant fact that Homo appears in the same order with his lowly 
relatives (see below). “As in Ray’s classification the Anthropomorphs are 
followed by the flesh-eating, insectivorous, and gnawing animals. - The — 

| 
latter, including the forms designated by Ray as pertaining to the hare 
kind (“Leporinum genus”), are correctly assembled under the order Glires. 

The ungulate orders bring up the rear, instead of heading the list as they — 
do in Ray. They include two orders: “Jumenta” (Equus, Hippopotamus, 
Elephas, Sus) and “Pecora” (Camelus, Moschus, Cervus, Capra, Ovis, Bos). 
The order Jumenta thus corresponds to the “Multungula” of Blumenbach 
(1779), the “Bellu” of Storr (1780) and the “Pachydermes” of Cuvier 

(1800); the order “ Pecora” includes the Ruminant Artiodactyls. The Camel - 
is rightly allocated instead of being reckoned among the unguiculate orders. 

In the sixth edition of the ‘Systema’ (1748) (the third original edition), 
the mammals are defined as “‘Quadrupedia, corpus pilosum, pedes quatuor, 
femine vivipare, lactiferee.’”’ ‘The possession of mamme is thus implied 
but the word ‘‘Mammalia” is not yet coined. 

The order “‘Anthropomorpha” is defined by the “ Dentes incisores IV, 
supra et infra, mammee pectorales.” Ray had used the number of incisor 
teeth to define several groups of unguiculates. The order “Agrize,” in- 
cluding Myrmecophaga and Manis, is defined by the “‘Dentes nulli, lingua 
longissima, cylindrica.’ The order “‘Fere”’ still includes not only the true 
carnivorous animals but also the assemblage later called Bestize (except Sus) 
and Vespertilio. 

The detailed discussion of Linné’s principles is more appropriately given. 
in connection with his later classification, page 27 et seq. 

His classification of 1735 is given below on page 102. 

KLEIN, 1751. 

Jacobus Theodorus Klein, ‘Quadrupedum dispositio brevisque Historia 
Naturalis.’ Svo. Lipsiz. 

This treatise appeared later than the earlier editions of the: ‘Systema 
Nature’ but it antedated the tenth edition of that work and is essentially 
pre-Linnean in character. Klein’s classification is in fact a development of 
that of Ray, better in some respects, retrogressive in others, as follows: 

(1) By avoiding the dichotomous method of subdivision Klein, like 
Linnieus, escapes some of its artificial restrictions and produces a simpler 
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classification, based as to its main subdivisions solely on foot structure, 

_ especially the number of toes. 
(2) For ordinal designations, Klein avoids descriptive phrases, such as 

“Digitis aliquodque separatis,” in favor of the monomial terms ‘Mono- 
~ chela,” ‘Dichela,” etc., in substantive form. 

_. (8) The Quadrupeds are divided into two “orders” “‘Ungulata” and 
_“Digitata,” or Unguiculata. The Digitata include two grand divisions, the 
_“Pilosa” (i. e. the unguiculated mammals) and the four-footed reptiles 

| and amphibians, a very retrogressive grouping, especially in view of Ray’s 
clear analysis. 

(4) Both the “orders” “Ungulata” and “Digitata” are divided into 
_“familize,” a term implying some sort of supposed natural kinship between 
the comprised forms. 

(5) Ray’s ‘“Ungulata”’ is improved by the addition of the ‘‘ Pentachela” 
_ (Elephas) but the Camel is still left among the digitated quadrupeds. 

(6) The genera pertaining to the orders now known as Rodentia, 

_Insectivora, Carnivora and Primates are still grouped together as in Ray’s 
| scheme, the embracing “familia” being named “ Pentadactyla.” 

. (7) The sloth and tamandua, which had been left by Ray among the 
_ “quadrupeda vivipara pede multifido anomala,” are now comprised in the 

_ “familia Tridactyla,” which is closely followed by the ‘familia Tetradactyla,” 
_ containing the armadillo and Cavia. ‘Thus the Edentates were very early 
_ separated from other mammals and brought near together, either in one 

group or in adjacent orders. 
(8) In segregating the amphibious mammals (representing five modern 

orders) into a single group “Anomalopes,” or web-footed animals, Klein 
anticipates many later authors, including Storr, Blumenbach and even 

Cuvier, and to some extent follows the erroneous example of Pliny, Aldro- 

_ vandus, Wotton and other early writers who regarded the locus or habitat 
as a.prime criterion of classification, but whose error had been so well ex- 

posed by Ray (see p. 20). 
(9) Klein also treated the whales (in his ‘Historia Piscium Naturalis 

_ promovende missus secundus de Piscibus per pulmonibus spirantibus ad 
_ iustum numerum et ordinum redigendis....,’ 1741) as a distinct division 
_ of the fishes, “Pisces per pulmonibus spirantibus.” 

(10) ‘The principal criteria of classification for the “‘familiz’”’ were the 
_ number of digits; but the nature of the integument was regarded as impor- 
_ tant not only in the minor divisions, as shown in the terms “loricatus,” 

_ “hirsutus,” “‘leevis,” “dorso aculeato,” “‘cauda’ pilosa,” “cauda tereti,” 

__ and “Acanthion,” and even in the grand divisions “‘Pilosa” and “ Depilata.”’ 

So 

a Sy ee x 
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Quadrupedum dispositio.' 

Ungulatorum sunt familiz quinque; Monochela, Dichela [quotes Aristotle’s 
“‘Auxnda’’], Trichela, Tetrachela, Pentachela. __ 

Digitatorum vel Unguiculatorum pariter quinque: Didactyla, Tridactyla, Tetra- 

dactyla, Pentadactyla, Anomalopes. 

Ordo I. Ungulata. 
Fam. I. Monochelon. 

Equus, Asinus. 

Fam. II. Dichelon. 
Taurus. 

Domesticus, Ferus. 

Aries. 

Ovis. 

Tragus. 
Hircus, Ibex, Rupricapra, Gazella, Moschus, Sylvestris Grimmi, 

Bezoarticus, Tragelaphus, Traguli Guineensis, Giraffa. 
Cervus. 

Nobilis, Rangifer, Capreolus, Alee, Dama recent. 

Porcus. 

Vulgaris domest., Ferus, Moschiferus, Babiroussa, Guineensis. 
Fam. III. Trichelon. 

_ Rhinoceros. 

Fam. IV. Tetrachelon. 
Hippopotamus. 

Fam. V. Pentachelon. 
Elephas. 

Tabula Synoptica Digitatorum. 

[A] Pilosa vel quadantenus (sive sint mere coriacea, s. cataphracta), Omnia vivi- 

para, {woroKa, 
Fam. I. Didactylon. 

Camelus Silenus. 
Fam. II. Tridactylon, constanter in anterioribus. 

Ignavus, Tamandua. 

Fam. III. Tetradactylon constanter in anterioribus. 

Tatu (loricatus). 

Cavia (hirsuta). 
Levis. 
Dorso aculeato. 

Fam. IV. Pentadactylon constanter in anticus. 
Lepus. Lupus, 

Sorex. Vulpes. 

Cauda pilosa. Coati. 
Sciurus, Felis. 

Glis. Catus, 

* In the original classification the subordination of the different groups is indicated by 

means of brackets, The same meaning is here conveyed by “ indenting,”’ 
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Cauda tereti. Lynx. 
Mus. Pardus. 

Talpa. Tigris. 

Vespertilio. Leo. 

Mustela. Ursus. 

Acanthion. Gulo. 
Erinaceus. Satyri. 

Hystrix. Simia. 

Canis. Cebus. 
{[Fam. V.] Anomalopes (pentadactylon) pedibus quibuscumque anserinis. 

Lutra. Phoca. 
Castor. Manati. 

| Rosmarus. 

|B.]]Depilata” (sive tecta sive nuda nequaquam pilosa; omnia ovipara sive woroka. 
Testudinata. Nuda. 

Cataphracta. [Lizards]. 
[Crocodilus.] f [“ Batrachus.”’} 

LINNZvS, 1758, 1766. 

‘Systema Nature,’ Editio decima, editio duodecima. 

The progress of science during Linné’s lifetime (1707-1778) is indicated 
by the fact that twelve editions of the ‘Systema’ appeared between 1735 
and 1766, the book growing in the meantime from a mere brochure of twelve 
pages to a work of 2400 pages. (Allen, 1908, p. 13.) The whole animal 

_ kingdom as then known is listed in an orderly, systematic manner, with 
much philosophical analysis, clear, workable diagnoses, and a vast amount 

of usually correct detail. 
Among Linné’s lasting contributions to science we may notice first his 

reform of botanical and zoélogical nomenclature. ‘This included: (1) the 
definition of species by short descriptive phrases; (2) the adoption of single 
conventional names (often the Latin equivalent of the popular or trivial 

. names), which were at first placed in the margins alongside the specific 
_ phrases. ‘These were introduced very tentatively at first but in the ‘Species 

Plantarum,’ 1753, and ‘Museum Adolphi Friderici,’ 1754, finally supplanted 
the more cumbersome descriptive phrases or differentia. ‘Thus arose the 
modern binomial system of nomenclature. 

Certain authors previous to Linneus, notably Jacob 'Testut in 1635 (Un- 
derwood, 1907, p. 501) and John Ray, had used names that were binomial 

in form (e. g., Ovis strepsiceros Ray, see above, p. 17) but the system never 

came into general use until after its development by Linneeus. 
A second and most enduring claim of Linnzeus upon the grateful mem- 

ory of posterity arises from his recognition of the fundamental importance 
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of the mamme as a class character and from his felicitous coinage of the 
word ‘‘mammalia” ! as a class name for the forms characterized by Ray as 
‘viviparous hairy animals.” ‘Thus the terrestrial hairy quadrupeds and the 
Cetaceans were for the first time united under a single class name. This — 
had already been foreshadowed by Ray and by Bernard de Jussieu (fide 
I. Geoffroy, 1826, p. 66). Nevertheless, the recognition of affinity under- 
lying obvious external differences was one of the points in which Linné often 
anced) and the sprgecat instance was one of several in which he traversed 
‘“eommon sense” and tradition to good effect. 

As Dr. Gill (1907, p. 491) has recently expressed it, “Popular prejudice 
was long universal and is still largely against the idea involved. Sacred 
writ and classical poetry were against it. It seemed quite unnatural to 
separate aquatic whales from the fishes which they resembled so much in 
form and associate them with terrestrial hairy quadrupeds. How difficult 
it was to accustom one’s self to the idea is hard for the naturalist of the present 
day to appreciate. Linnzeus himself was not reconciled to the idea till 1758, 
although Ray had more than hinted at it more than three score years before. 
At least, however, in no uncertain terms he promulgated it. It was a triumph 
of science over popular impressions; of anatomical consideration over 
superficial views.” 

The definition of the term “Mammalia” shows that Linneeus had a fairly 

good conception of the essential features of the class. In concise phrase 
he states or clearly implies (1758) that mammals have a heart with two 
auricles and two ventricles, with hot red blood; that the lungs breathe 
rhythmically; that the jaws are slung as in other vertebrates, but “covered,” 
7. e., with flesh, as opposed to the “naked” jaws of birds; that the penis is 
intromittent; that the females are viviparous, and secrete and give milk; 

that the means of perception are the tongue, nose, eyes, ears and the sense 
of touch; that the integument is provided with hairs, which are sparse in 

tropical and still fewer in aquatic mammals; that the body is supported on 
four feet, save in the aquatic forms, in which the hind limbs are said to be 

coalesced into a tail (the only erroneous idea in the whole definition). 
It had evidently long been well known that the anatomy of mammals 

was similar in plan if not in detail to that of man; and we find Descartes, 

for example, in his ‘Discourse on Method’ (Part V., 1637) advising those 
who wished to understand his theory of the action of the lungs and circula- 
tory system, ‘to take the trouble of getting dissected in their presence the 

' According to Gill (1902, p, 434) the name “Mammalia” was made in ciakaaban with well 

known Latin words like “animal,” capital,” “feminal” and “tribunal,” and the form was prob- 
ably suggested by animal (‘that which breathes”); hence ‘‘mammal,"’ that which possesses 

breasts, 
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heart of some large animal possessed of lungs, for this is throughout suffi- 
ciently like the human (heart]” (ital. mihz). 
It was known also that of all animals the monkey tribe are most nearly 

_ like man both externally and internally, so that they were called ‘‘ Anthro- 
-pomorpha” by Ray and by Linneus (1735). Now in 1738 Linnzus made 
a visit in Paris where Perrault’s work (see p. 39), in which the anatomy of 

_ several monkeys was clearly set forth, had appeared in 1731; and where the 
- scientific atmosphere was favorable to radical ideas. Later, also, Linnzeus 
| may have known the work of Daubenton in Buffon’s ‘Histoire Naturelle.” 
Finally, from his botanical studies he was doubtless familiar with many 
eases where characters which are merely apparent in certain genera are 
_ strongly emphasized in related genera, and where the structural difference 
_ was often far greater than that between man and the apes. 

Various lines of knowledge, e. g., human anatomy, mammalian anatomy 
and taxonomy, were thus joined in Linné’s receptive mind with the principles 
gained in botany, and produced there the remarkably fertile idea of man’s 

- true place in the animal kingdom (cj. p. 24 above). 
At any rate Linneeus did not hesitate to follow the logical consequences 

_ of these facts, namely, that in a strictly zodlogical classification man would 
_ be grouped not only in the class Mammalia, but even in the same ordinal 
_ division with the monkeys. Accordingly in the first edition of the ‘Systema,’ 

1735, mankind is listed under the ‘Anthropomorpha” and in the tenth 
_ edition the latter name is replaced by ‘Primates,’ and the genera Homo, 
 Simia, Lemur, Vespertilio are grouped under that order. ‘The Primates were 

_ thus regarded as the chiefs of the graded hierarchy of terrestrial beings, and 
consequently, as in nearly all subsequent schemes down to the Darwinian 

_ epoch, head the classified legions of creatures. ‘This placing of mankind 
under the order Primates was surely another instance of Linné’s genius in 
 surmising the true affinities of puzzling animals. It led the way to the 

_ modern generalization that man is knit by ties of blood kinship to the 
_ Primates, and more remotely to the whole organic world. 

Linné’s Classification of 1758' and 1766. 

if (Arranged here in tabular form.) 
_ MAMMALIA (1758). 

Uneuicuata (1766). 

Primates. Homo, Simia, Lemur, Vespertilio. 

Bruta. Elephas, Trichechus, Bradypus, Myrmecophaga, Manis. 

Fere. Phoca, Canis, Felis, Viverra, Mustela, Ursus. 
Bestiz. Sus, Dasypus, Erinaceus, Talpa, Sorex, Didelphis. 
Glires. Rhinoceros, Hystrix, Lepus, Castor, Mus, Sciurus. 

1 “Systema Nature,’ editio decima. 
2 ‘Systema Nature ’ editio duodecima, 
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Uneunata (1766). 
Pecora. Camelus, Moschus, Cervus, Capra, Ovis, Bos. - 
Bellue. Equus, Hippopotamus. 

Motica (1766). 

Cete. Monodon, Balzna, Physeter, Delphinus. 

Judged by later standards this classification is on the whole less natural, 
although more elaborate, than Linné’s earlier classification of 1735 (¢/. p. 
24). It contains only three entirely natural groups, ‘Feree,’ ‘Pecora’ and 
‘Cete,’ each of the remaining orders including one or more improperly 
allocated genera. As shown in the following table it is really an attempt to 
express relationship between distinct orders (as they are now accepted), 
an attempt that was certainly premature in Linné’s time, since even now 
when the content of mammalogy is a hundred times greater, the interordinal 
connections are still either wholly unsettled or at best more a matter of 
probability than of demonstrated certainty. More in detail the relation 
of the Linneean orders to those now recognized is as follows: 

Linnean Orders. Modern Orders. 

Primates=Primates + Dermoptera + Chiroptera. 

Bruta =Proboscidea + Sirenia + Xenarthra (in part) + Pholidota. 

Bestiz =Suilline Artiodactyla (in part) + Xenarthra (in part) + Insectivora 
+ Polyprotodont Marsupialia (in part). 

Glires =Perissodactyla (in part) + Rodentia. 
Pecora =Artiodactyla minus Sus and Hippopotamus. 

Bellue =Perissodactyla (in part) + Suilline Artiodactyla (in part). 

Cete =Mystacoceti + Odontoceti. 

This classification may indeed be deficient in its objective results, but its 

underlying principles (which will become apparent by a closer examination 
of the Linnean orders and definitions) are of the greatest interest and 
importance in the history of mammalogy. 

Order Primates. Definition: ‘Inferior front teeth IV, parallel, laniary 
teeth solitary [a single pair above and below]. Mamme pectoral, one pair. 
‘The anterior extremities are hands. ‘The arms separated by clavicles, the 
gait usually on all fours (‘incessu tetrapodo volgo’). ‘They climb trees and — 
pluck the fruits thereof.” 

The association of the Bats and the F vine Lemur with this order was 
probably on account of: (1) the single pair of pectoral mammee, (2) the arms 
separated by clavicles, (3) the arboreal frugivorous habits, (4) the position 
of the head on the vertebral column, (5) the hand-like nature of the wings 

in Bats, (6) the lemur-like head of the Fox-Bats. ‘There is something to 
be said in favor of this group (if it be ranked as a superorder) even at the 
present time (ef. p. 416), 
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_ All the characters chosen as diagnostic are such as are intimately related 
‘to sustenance or to the mode of feeding and obtaining food. ‘The first 
character listed in this and succeeding orders (except ‘Cete’) is the number 

of front teeth, and the next is the number of laniariform teeth, whether none, 

' solitary, or several (in reference to the more or less caniniform premolars 
‘of Dasypus, Erinaceus, etc.). These number characters were doubtless 

suggested by analogous cases in botanical systems. ‘They were also used 
by others, especially Brisson. 

The Primates being the “chiefs” of the Mammalia, the number and 

character of the mamme is especially noticed. The presence of clavicles 
in the “Primates” is the only distinctly osteological character used by 

| Linneeus in any ordinal definition. ‘The manner of progression is mentioned 
in connection with limb-structure in this and in most of the remaining orders. 
| Order Bruta.'' Definition: “Front teeth none either above or below. 

Gait more or less awkward (‘incessus ineptior’).” 
| __ Linné’s reasons for including the Elephant and Manatee with the 
Anteater, Sloth and Sealy Anteater are scarcely apparent ‘at first glance. 
' The Manatee and the Elephant it is true are both bulky, thick skinned, 
| dark-colored mammals, with a single pair of mamme, which are pectoral in 
| position; both exhibit tender care of the young, both are peaceful herbivores, 
browsing upon succulent herbage by means of fleshy prolongations of the 
snout; both are ponderous and clumsy in their gait, the elephant on land, 

the manatee in the rivers; both lack front teeth and the lower jaw in the two 
genera presents some striking peculiarities in common. Such “physiolog- 
ical” resemblances were often interpreted as tokens of natural affinity by 
_ Linneus and in this case perhaps led him to anticipate de Blainville in re- 
_ garding the Manatee as an aquatic and “ mutilate”’ relative of the Elephant; 
just as the Whales are aquatic and mutilate relatives of other terrestrial 
- quadrupeds. But what special characters, if any, hold together the Mana- 
tee and the Sloth, except the lack of front teeth, an awkward gait and brows- 
_ ing habits? Again the Great Anteater resembles the Elephant chiefly in 

possessing an elongate snout, stiff and post-like legs, a clumsy gait and 
+ “no front teeth,” while following the same sort of superficial criteria, the 
_ smaller Anteaters (T’amandua) approximate the Sloths chiefly in their 
_ arboreal habits, long claws, awkward gait and “no front teeth.” 
Such reasoning appears to us very naive, and even Linné’s contempo- 

raries, Klein, Brisson, Scopoli, Blumenbach and Storr, as we shall see, 

‘rejected his more unnatural groupings, although adopting almost equally 
‘bad ones themselves. Nevertheless, even in the grotesque assemblage 

a 

1 Lat. brutus, heavy unwieldly, stupid. (Century Dict.) 
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“Bruta,’ Linneeus exhibits certain of his principles which were of far-reaching 
importance in the history of classification. It illustrates his dictum that 
“the genus makes the character, not vice-versa,’ that a series of forms 

may have very few characters which apply throughout, but nevertheless be a 
natural series; an undoubted and most suggestive fact. It illustrates his 
reliance upon “physiological characters,” especially those related to the 
nature of the food and to the mode of securing it. It, foreshadows the idea 
of divergent adaptation and its concealment of natural affinities, and it 
illustrates his habit of searching for those hidden bonds, even below the most 
obvious external differences. . 

Order Fere.‘ Definition: ‘ Front teeth in both jaws: superior VI, all 
acute; laniariform teeth solitary. Claws on the feet acute. Sustenance 

by rapine, upon carcases ravenously snatched.” 
This definition again illustrates Linné’s reliance upon sustenance as an 

ordinal character. “Sustenance by rapine, upon carcases rayenously 
snatched” is evidently felt to be connected with “front teeth in both jaws: 
superior VI, all acute,’ with “laniariform teeth [canines] solitary,” with 

“claws on the feet acute.” This and other passages indicate that Linnzeus 
recognized the principles of adaptation and of the coérdination of parts. 
In including the Seals in this order he displayed a characteristic disregard 
of external form. sg . 

Order Bestia. Definition: “Front teeth of varying number in upper 
and lower jaws. Laniariform teeth always. more than one pair. [In 
reference to the piercing character of the most anterior cheek teeth as well 

as of the canine.] Snout elongate, rooting. Sustenance upon succulent 
roots or worms.” 

This order included the Pig, Armadillo, Hedgehog, Mole, Shrew and 

Opossum. ‘The elongate snout and the character “laniariform teeth always 
more than one pair,’ were seemingly related with the ‘‘sustenance upon 
succulent roots or worms,” and were taken as sufficient hints to the eye 

searching for affinities even between rather unlike animals. 
Order Glires. Definition: “Front teeth, upper and lower, two. Laniari- 

form teeth none. Feet hopping in progression, Sustenance by gnawing 
bark, roots, vegetables ete.” 

It is difficult to understand why Linneeus placed the Rhinoceros in this 
group of Rodents; but it may well be that even this strange procedure was 
due, not to carelessness, but to the fact that the Indian Rhinoceros has a 
single pair of close-set cutting incisors in the upper jaw, which oppose the 
elongate incisor-like appressed canines of the lower jaw, the whole thus 

1 Ferua, wild; feminine form used by analogy with Bestiw? 
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_ showing a superficial approach to the Rodent dentition. If Linnzeus knew 

that Hyrax (which even Cuvier at first took to be a Rodent), has cheek teeth 
‘not unlike those of Rhinoceros indicus he might even have felicitated him- 
self upon his supposed astuteness in placing Rhinoceros with the Rodents. 

i] Order Pecora. Wefinition: “Front teeth inferior, several, superior none. 
- Feet hoofed, cloven. Sustenance by pulling up plants and chewing the cud. 
‘Divisions of the stomach 4: [1] ‘ingluvies’ (the paunch) for macerating and 

ruminating; [2] ‘reticulum’ [the honeycomb bag, or hood] cancellate, for 
| receiving [the food]; [3] ‘omasum’ (the manyplies), many-folded, digestive; 
i _ [4] ‘abomasum’ (the reed) banded, secreting a coagulant for the fat [rennet 

ferment] in order to neutralize the alkali (‘ut minus alcalescant’).” 

The assemblage of ruminant Artiodactyls had long been recognized as 
' anatural group. Linneus gives in some detail, as diagnostic, the characters 
and functions of the compound stomach. 
. Order Belluw.’ Definition: “Front teeth several, obtuse. Gait heavy. 
_ Sustenance by pulling up vegetation.” 
} The horse and the hippopotamus show certain analogical resemblances, 
_ especially in the manner of feeding (a point highly regarded by Linneus) 
and in the general characters of the head and mouth; hence the more essen- 
| tial differences in their limbs was easily discounted by him (especially in 

view of the alliance of Phoca with the Ferse), and so we may imagine that 
the observation that both the horse and hippopotamus also had “dentes 
_ primores plures obtusi,” not only confirmed Linneus in uniting them, but, 
added to the “Incessus gravis” and the ‘Victus extrahendo vegetabilia” 
| gavggonvenient diagnostic characters of the order. 
| Order Cete.2 Definition: ‘Pectoral fins in place of feet, and flat flukes 
instead of a tail. Claws none. ‘Teeth gristly. Nostril usually a pipe in the 
| forehead. Sustenance upon molluscs and fish. Habitation marine.’ 

“These I have judged to be separated from the Fishes and to be allied 
to the mammals, on account of their warm two-chambered heart, their 

i _ breathing by lungs, their hollow ears, [and because] the penis enters the 
_ female, [which] exudes milk from the breasts; and so according to the 
: _ decree of nature, by right and merit.” 7. e., not through any arbitrary 
method of the classifier. 
Ik 4 In other orders foot-structure is mentioned if at all after the number of 

_ front teeth; and even profound difference in the extremities (¢. g., between 

__ Vespertilio and the Primates, between Phoca and the terrestrial Carnivores) 
a . does not avail to separate the animals. But here in the Cetacea “ Pedum 

1 Lat. bellua, properly ‘belua’a beast, particularly alarge beast, Century Dict. 

1] 2n. pl. “kyty uncontr. Kyrea, pl. of KyTos, any sea-monster or large fish, particularly 
- awhale....” Century Dict. 
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loco pinne pectoralis” is the first character listed, and the nature of the 
extremities is thus taken as a prime criterion. This illustrates Linneeus’s 
dictum that a character of slight importance in one order may become 
fundamental in another. 

Summary of Linné’s contributions to the ordinal classification of the mammalia. 

Linné’s debt to Ray is clearly shown in his use of the number of front 
teeth as an important criterion, but he progressed much beyond Ray, Klein 
and Brisson in the variety of characters chosen to define his orders. As we 
have seen, the ordinal characters include: (1) nature of the food and mode 

of obtaining it, generally as the dominating character; (2) the number of 
front teeth and of laniary teeth; (3) the nature of the extremities, whether 

hands (Primates), clawed feet (Fere), hoofs (Pecora) fins (Cete); (4) the 

manner of progression e. g., climbing trees (Primates), ‘“‘more or less awk- 

ward” (Bruta), “ravenously snatching the prey’ (Feree), “hopping” (Glires), 
“heavy” (Bellu); (5) the number and position of the mammee (Primates); 

(6) the presence of clavicles (Primates); (7) the nature of the stomach 

(Pecora); (8) the nature of the teeth (‘‘gristly” in Cete); (9) the nature of 

the nostril (Cete). 
Linnzus must have recognized that the ordinal classification of the 

mammals was a difficult problem. ‘This is shown by the conspicuous changes 
and redistributions which he made between the first and tenth editions of the 
‘Systema,’ and further by the fact that his pupil Erxleben abandoned the 
ordinal divisions entirely and merely listed the genera seriatim. The diffi- 
culty of the problem is in fact indicated by the circumstance that Cuvier, 
with far better material and more extensive knowledge, was constantly 
deceived by ‘“‘adaptive” (or homoplastic) resemblances, while even the late 
Professor Cope, who wrote much on homoplastic and convergent | evolution 
was himself often so deceived. 

Accordingly many of the characters selected for ordinal diagnoses by 
Linnzeus and all other early writers were of the adaptive or ‘ ceenotelic” 
kind (p. 111) which are now known to have been most easily modifiable by 
changes in the environment or in internal conditions. ‘The reason for this 
mistake (from which few naturalists were free even down to our own genera- 
tion) was that Linneeus regarded the mode of sustenance of a group as one of 
its most deep-seated attributes, most surely indicative of more or less hidden 

affinities with other groups. Like Storr, he proceeded from the basis that 
“because modifications had certain evident relations to the economy of the 
animal, they were, therefore, and to the degree of their physiological influ- 
ence, of importance in determining the affinities of those animals.” (Gill, 

— 
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1875, p. v.) Linneus thus attempted to classify animals by what they did 
 (ef., his employment of gait, manner of feeding, etc.), as well as by their 
physical characters. ‘The whole animal with all its attributes, psychic, 
physiological and anatomical should be considered, he thought, in drawing 
up classifications. This was assuredly an ideal, which those of his suc- 
_cessors who founded their classifications on a single character or even on a 
narrow range of characters, would have done well to remember. 

. In fine, Linné’s signal contributions to the classification of mammals 
were as follows: 
’ (1) He summarized existing knowledge of the mammals, transmitting 
and developing the excellent work of Ray and making readily available the 
-~ discoveries in the New World and in the East. 
: (2) He further systematized the study of mammals by giving brief 

specific descriptions. 
(3) He employed the “trivial,” or common name (often invented where 

i necessary) as a convenient substitute and representative of the full specific 

_ “differentia,” placing it after the generic name in the now familiar binomial 
form. 

(4) He consistently applied this binomial nomenclature throughout the 
_ animal kingdom, whereas earlier authors had only occasionally employed 
names that were binomial in form only. 
i 4 (5) ‘The way thereto having been prepared by Ray, Brisson and Bernard 
1 de Jussieu, Linneus finally brought together the Cetaceans and the terres- 
trial hairy quadrupeds within a single class. 
1 (6) He emphasized the possession of mamme and the secretion of milk 
as a peculiarity of that class; and 

(7) invented for it the apt term “Mammalia.” 
(8) He realized that man was structurally a member of that class and 

more particularly allied to the apes and monkeys; and accordingly he 
(9) erected the order “Primates” to comprise man and his lowly 

relatives. 
(10) A notable feature of Linné’s classification of the mammals was the 

_ comparatively large range of characters chosen for the ordinal diagnoses. 
! (11) He used the number and characters of the teeth and feet only in 

; a so far as they were evidently related to other characters and to the economy 

of the animal. 

(12) He regarded sustenance and the adaptations in habit and structure 
g for securing and digesting food as perhaps the most important criterion of 
__ relationship. 
. (13) He clearly recognized the principles of adaptation and of the co- 

___ adaptation of parts. 
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(14) In his capacity as the “lawgiver of natural history” Linneus — 
anticipated Cuvier. In the exactitude and range of his contributions to — 
mammalogy he is not, it is true, to be compared with that copious author, — 

matter of fact,” type. In his “ee whose ideas withal were essentially of the 
suggestive principles of classification Linneeus is rather the prototype of 
Cuvier’s great contemporary de Blainville. These principles were some-_ 

times wrong in themselves and more often wrongly applied, so as to produce 

‘ 
, 

even grotesque results; nevertheless a close study of Linneeus reveals, so to 

speak, the poet and seer: uttering profound principles, e. g., that the “genus 
makes the character and not vice versa”; proclaiming that natural affinities — 

_ may exist even beneath the most striking external differences; thereby 
bringing into clearer view the riddle of natural relationships. 

SCOPOLI, 1777. 

‘Introductio ad Historium Naturalem sistens Genera Lapidum, Plan- 
tarum et Animalium.’ Pragz, S8vo. 

The conservative features of this classification are as follows: 
(1) In segregating the amphibious mammals in a division ‘ Aquatilia” 

Scopoli adheres to the ancient error, which had been so well exposed by Ray 
(cf. p. 20), of using the locus as a prime criterion of classification. . 

(2) His classification is essentially dichotomous with the exception of 
the last division of the Unguiculates which is threefold. 

(3) He designates his groups by adjectives and descriptive phrases 
rather than by proper names. 

(4) He uses hoofs and claws (ef. “ungulata, 

criteria. 
(5) He divides the Unguiculates into two great groups. ‘These, how- 

ever, are of different character than the similarly named groups of Ray. 
(6) He does not accept any of the more unnatural of Linné’s groups 

such as Bruta and Bestie. 
‘The progressive features of his classification are as follows: 
(1) He adopts the term “Mammalia” and recognizes the propriety of 

including the ‘‘Cetacei” in the group but sets them apart in it as a grand 
division, thus following Brisson. 

(2) He places man in the same division with Simia and Lemur, but goes 
beyond Linneeus in the taxonomic value assigned to the mammee, since he 
uses the number of mammee to separate the terrestrial unguiculates into two 
grand divisions. 

(3) He accepts the new idea implied by Linneeus that the number of 
toes is not of fundamental value, 

99 66 unguiculata”) as prime 
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(4) He brings together Myrmecophaga, Manis and Dasypus; whereas 
Linnzus had put Dasypus in the Bestise and joined the other Edentates 
vith the Elephant and Manatee. The only Edentate which Scopoli failed 
» place correctly was Bradypus, which he associated with Vespertilio, 
mur, Simia and Homo. 

Taking it all in all this classification is a pretty good one. It is a con- 
_ servative and intelligent adaptation of the principles of Ray, Klein, Brisson 

and Linneus, avoiding for the most part the more artificial and unnatural 
of their groupings and only falling into one very bad grouping, the Aquatilia. 
It is also the simplest and most easily remembered classification so far met 

with. 

Scopoli’s Classification of 1777. 

Tribus XII. Kleinii, Mammalia. 

Gens I Cetacea. 

Gens II Quadrupedia. 

Div. I Aquatilia. 
Manatus, Pusa [=‘‘Phoca foetida Fabricius’’], Phoca, Rosmarus, 

Lutra, Castor, Hydrochcerus, Hippopotamus. 

Div. II Terrestria. © 
Ordo I Ungulata. 

| * Non-ruminantia. , 
Elephas, Rhinoceros, Tapirus, Sus, Equus. 

** Ruminantia. 
| Camelus, Giraffa, Cervus, Antilope, Capes: Ovis, Bos, Moschus. 

| Ordo II Unguiculata. 
} t * Mammis quatuor et pluribus. 

.. a) Dentibus primoribus binis. 

ia ; Lepus, Cavia, Histrix, Erinaceus, Mus, Sciurus, Sorex. 
b) Dentibus primoribus anticus senis excepta Didelphi. 

_ Talpa, Mustela, Viverra, Felis, Canis, Ursus, Didelphis. 

il a c) Dentibus primoribus nullis. 
ra Mirmecophaga, Manis, Dasypus. 

| a ** Mammis duabus. 
- Bradypus; Vespertilio, Lemur, Simia, Homo. 

ERXLEBEN, 1777. 

‘Systema Regni Animalis....Classis I Mammalia.” Lipsia. 8vo. 

__ Erxleben modestly announces his book as a new edition of the ‘Systema 
ature,’ but he had contributed many new genera and species and had 

compiled an extensive, critical and exact synonymy and _ bibliography of 
names of mammals, covering the period from Aristotle to his own time. 

_ In commenting on the great difficulty of discovering a truly natural ordinal 
classification of the mammals, after listing Linné’s orders, Erxleben abandons 
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all ordinal divisions and simply sets down the genera in series, adopting as 
chief generic characters, the front teeth, nature of the manus, mamme, tail, 

etc. 

Erxleben is thus another advocate of “l’école des faits” (ef. Perrault 
p. 39), rejecting and reacting against imperfect generalizations, evidently 
believing that “‘analysis must precede synthesis,” but also that the time for 
synthesis is not yet ripe. 

About this time Sir Joseph Banks, sailing in his own vessel with Captain 
Cook’s famous expedition round the world (1768-1771), brings back Kan- 
garoos, Wombats, Dasyures and other marsupials from Australia. Pha- 

langers had previously been known from the Dutch East Indies and were at 
first described as ‘‘ Didelphis orientalis’”’ by Brisson in 1762 (Palmer, 1904). 

Kangaroos and Wallabies were at first described as rodents allied to the 
Jerboa (“Jaculus orientalis’’ Erxleben, 1777), while the Wombat and Dasyure 

were assigned to Didelphis by Shaw. ‘Thus the mammals which above all 
others were to illustrate the misleading effects of homoplastic evolution were 
at first not recognized as a distinct group, but were distributed among the 
forms which they paralleled. 

Another naturalist-traveler who may be mentioned here conveniently is 
the famous Russian explorer Pallas, whose ‘Reisen durch verschiedene 
Provincen des russischen Reichs’ were published in 1771-76. He carefully 
described and figured the exterior, the anatomy, and (especially in the case | 
of small mammals) the osteology, of numerous antilopes, bats, rodents, the 
Aard Vark, or “‘Myrmecophaga africanum” [Orycteropus], the “Cavia 
capensis” [Hyraz], the “Aper sthiopicus’” [Phacocherus]. ‘These genera 
(except the Aard Vark) are figured in his ‘Spicilegia Zoélogica’ (1767-1804), 
especially the ‘Nove species Quadrupedum e Glirinum Ordine,’ Erlangee, 
1778. 

4. THE PRE-CUVIERIAN Epocn. 

Synopsis. 

Renewed reaction against speculation and tradition. 'The “‘école des faits.” 
Description and dissection of mammals without any principles of classi- 

fication (e. g., Perrault, Daubenton). 

Foundation of comparative anatomy and osteology (e. g., Daubenton, 
Vieq d’Azyr). 

Gradual recognition of natural groups and development of the Linnean 
classification (e. g., Vieq d’Azyr, Blumenbach),. 

Beginnings of “ philosophical zodlogy.” 
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In order to understand the origin of the classifications of the Cuvierian 
- epoch it is necessary to go back to a date (1731) slightly earlier than that of 
_ the first edition of Linné’s ‘Systema Nature,’ and to follow the rise of two 
- general lines of investigation, namely comparative anatomy and ordinal 

classification, which began in France independently of Linné’s work. 
- Perrault and Daubenton represent successive stages in the development of 
comparative anatomy; Brisson’s and Pennant’s ordinal classifications may 

| be regarded as offshoots of the Raian methods, while the works of Blumen- 
bach, Storr, Vicq d’Azyr and Geoffroy Saint-Hilaire furnish the inter- 

mediate stages which connect the Linnzan with the Cuvierian systems. 
_ Consequently the above-mentioned authors, down to Cuvier, are here 

brought together as a transitional group, and the whole movement leading 
up to Cuvier is called the “pre-Cuvierian epoch.” 

PERRAULT, 1731. 

‘Mémoires pour servir 4 |’Histoire Naturelle des Animaux.’ La Haye, 
2vols., 4to. 

The work edited by Perrault is especially noteworthy because it illustrates 
_ the status and ideals of natural history in France during the reign of Louis 
XV. It records the results of a series of dissections performed upon exotic 

animals from the Jardin du Roi, by a committee of the Royal Academy of 
Sciences. ‘The work is animated by the spirit of the “école des faits” and 

illustrates both the search for absolute certainty and the reaction against 
~ all theory and generalization,— tendencies which were characteristic of the 
science of the period. ‘The authors remind us that natural history had long 

been burdened with error and overgrown with fanciful speculation. They 
had proposed to themselves the task of accumulating a body of anatomical 
3 : facts, each of which was to be attested and authenticated by the whole 
committee. Each detail of their figures likewise was to be attested, after 
having been drawn by one of their own members, by a hand guided by 
H ’ science as well as by art, ‘parce que l’importance en ceci n’est pas tant de 
___ bien réprésenter ce que l’on voit, que de bien voir comme il faut ce que l’on 

veut réprésenter.” And they will not, for example, affirm aught of Bears in 
_ general, ‘‘nous disons seulement qu’un Ours que nous avons dissequé avoit 
la conformation tout-d-fait particuliére.”” They profess to hope that upon 
_ such a foundation of concrete facts some Aristotle of the future may build a 
_ secure philosophy, a veracious Natural History. ‘They do not appear to be 
ia aware that such an Aristotle, in the person of John Ray, had in a sense 

___ already arisen and that another great genius, Linnzeus, was even then arising. 
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They quote “les grands & magnifiques Ouvrages qu’Aristotle, Pline, 
Solin & Elian ont composés”’ chiefly for the purpose of refuting of cor- 
recting the opinions of those worthies; and they replace much classical and 
medieval rubbish by solid fact. 

The plan of the work is very well carried out. ‘The external appearance 
and anatomy of animals pertaining to 51 genera of vertebrates are figured — 
and described. Of these, 21 genera are mammals, distributed among 15 _ 
families and 6 orders, and including various ruminants, carnivores, two 

genera of monkeys, a beaver, porcupine, hedgehog, seal, ete. Judged by 
later standards the figures of the animals are of uneven merit, some bordering — 
on the grotesque, but all,of evident sincerity. The anatomical drawings, 
though very wooden and in spite of the committee’s efforts not always quite 
accurate, are at least diagrammatically clear. Special attention is paid to the 
digestive tract and urinogenital systeni, and in case of the monkeys the 
resemblances to and differences from the human anatomy are clearly ex- 
hibited. . 

This work is important because it is a prelude to the more extensive 
work of Daubenton (in Buffon’s ‘Histoire Naturelle,’) and to comparative 

anatomy of the Cuvierian type. It also furnishes another example of. the 
application of the methods of one subject to the data of another, since it 
applies to the anatomy of the vertebrates the already well developed termi- 
nology of human anatomy. But this work contained no far-reaching ideas 

of a general nature, except the very distrust of premature generalizations. 
Another century was to elapse before comparative anatomy, thus initiated, 
was to be happily joined to classification by de Blainville. 

BUFFON AND DAUBENTON, 1753-1767. 

[History of Quadrupeds]. 

The name of Louis-Jean-Marie Daubenton (1716-1799) has a double 

claim upon the grateful memory of zodlogists. First, so Cuvier tells us in 
his ‘Recueil des Eloges Historiques....’ (tome premiere, 1819, pp. 37- 
80), Daubenton was virtually the founder of the Cabinet of Natural History 

in the Jardin des Plantes. He seems to have been a born ‘museum man,’ 

and to have labored incessantly to establish and develop systematic collec- 
tions of minerals, fruits, woods, shells, ete., and especially to display them to 

the best advantage. He improved the methods of preserving and mounting 
mammals and birds, and Cuvier says that ‘les dépouilles inanimées des 
quadrupédes et des oiseaux reprirent les apparences de la vie, et présentérent 
& l’observateur les moindres détails de leurs caractéres, en méme temps 
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 qu’elles firent I’étonnement des curieux par la variété de leurs formes et 
_Véclat de leur couleurs.” He also made for the Cabinet a large number of 

_ anatomical preparations, many of which were figured in the work mentioned 
below. 
‘ Daubenton’s second great service to mammalogy was his descriptive 
_ work on the quadrupeds, prepared in collaboration with Buffon and published 
_ asa long series of quarto volumes (iv-xv) of the ‘Histoire naturelle’ begin- 
ning in 1753. Daubenton’s methods and ideals were in direct contrast to 
_ those of his brilliant but too speculative colleague Buffon. He was a modest 

follower of the “‘école des faits” and his work forms a natural development 
and continuation of that of Perrault. He rejected the classifications of Ray, 

_ Klein, and Linneus as being artificial and tending to encourage superficial 
knowledge. Cuvier tells us (1819, p. 50) that the ‘Histoire des Quadrupédes’ 

| (as it was called in the second edition of the ‘Histoire Naturelle,’ 1799-1805) 

comprises the description of the general morphology and internal anatomy 
_ of 142 species of quadrupeds, and of the external morphology alone of 26 
species. Eighteen entirely new species were described, while the number of 

_ new observations and illustrations were “innombrables.” Cuvier pro- 
~ nounced the work virtually the foundation of modern comparative anatomy 
and systematic mammalogy. 

Each animal is described more or less as an iidenerslenie unit and the 
_ sequence of forms is without regard to the ordinal classifications which had 

_ * been proposed by other writers. \ As the number of forms described is very 
_ large, this very fact must have emphasized the need of an ordinal classifi- 
cation, and must have prepared the way for the acceptance of the systems 
of Vicq d’Azyr, Geoffroy, Cuvier and others, whose knowledge of mammals 

_ must also have been based to a considerable extent upon Daubenton’s 
_ figures and descriptions. 
. Daubenton refrained as a rule from formal generalizations, and about 

__ the only one he ever permitted himself, namely that all mammiferous quad- 
_ tupeds have seven cervical vertebra, he lived to see overthrown by the 
_ discovery that the Ai, or three toed sloth (Bradypus tridactylus), has, in fact, 

nine (Cuvier, op. cit., p. 52). 

_ BRISSON, 1756, 1762. 

P q ‘Regnum Animale in Classes IX Distributum sive Synopsis Methodica’. 
} 8vo. Lugduni Batavorum. 

_____ The first edition of Brisson’s work appeared in 1756, two years before 
_ the tenth edition of Linné’s ‘Systema Nature.’ The second edition ap- 
_ peared in 1762. ‘The work is essentially pre-Linnean in method and the 
_ classification is a development of certain features of the Raian system. 
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The animal kingdom is divided into nine classes. ‘The classes include: 
the Quadrupeds, with hairy body and four feet; the Cetacea, with naked 
elongate body, fleshy fins and a tail flattened horizontally; the Birds, 
Reptiles, Cartilaginous Fishes, true Fishes, Crustaceans, Insects and Worms. 

The Cetacea are thus definitely removed far from the fishes and follow the 
Quadrupeds which are placed at the head of the list. This step was an 
important one (even although Ray in 1693 had already gone beyond it) and 
shows that Brisson understood the essentially mammiferous affinities of the 
Cetacea. . 

The quadrupeds are divided dichotomously into 18 orders, based pri- 
marily upon the number of the teeth. Brisson selects the kinds of the teeth 
as criteria of classification, giving them higher rank than the feet and thus 
reversing Ray’s procedure. In laying so much stress upon the number and 
position of certain parts he may have been influenced by systematic botany. 

By dividing the quadrupeds into so many coérdinate divisions he escapes 
some of the most unnatural groupings of Linneeus, but nevertheless makes 
some new ones that are not much better (e. g., Elephas with Odobenus, 

Prosimia with Vespertilio, Simia with Pieropus). Buisson did not however, 
recognize any group of amphibious or web-footed mammals. He places 
Phoca in his fifteenth Order next to Hyena, Canis, Mustela, etc. 

In short, Brisson’s classification of the hairy quadrupeds was largely 
artificial and contained no strikingly original suggestions, and his limitation 
of the Linnean genera was the most enduring part of his work. His classi- * 
fication, however, influenced those of certain later French writers, especially 

Lacépéde. 

Brisson’s Classification of 1762. 

Classis I. Quadrupeda. 

Horum character est 
Corpus pilosum, saltem in aliqua sui parte 
Et pedes quatuor. 

Classis II. Cetacea. 
Horum character est 

Corpus nudum, elongatum. 
Pinne carnose: 

Cauda horizontaliter plana. 

Classis III. Aves. 
Classis TV. Reptilia. 
Classis V. Pisces Cartilaginei. 
Classis VI. Pisces proprie dicti. 

Classis VII. Crustacea. 
Classis VIII. Insecta. 

Classis LX, Vermes. 

; Brisson seems to bave been one of the first to emphasize and magnify the importance 

of the teeth in ordinal classification, F, Cuvier (ef, p, 75) developed this idea to the point of 

almost disregarding all other characters (ef. pp, 107, 352), 
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Tabula Synoptica Quadrupedum. 

_ Much as in the first edition: a dichotomous table, here somewhat condensed 
+ a and oe a means of “ indentation.” 

Edentula . : Se eee . Ordo I. Myrmecophaga, Pholido- 

; tus. 

penebue molaribus tantum . Ordo II. Tardigradus, Cataphrac- 
7 tus. 

14 Dentibus molaribus & caninis . ‘ . Ordo ITI. Elephas, Odobeenus. 

__ Dentibus incisoribus, inferiore maxilla mie 
a tum, sex . Ordo IV. Camelus. 

octo. . Ordo V. Giraffa, Hircus, Aries, Bos, 

a Cervus, Tragulus. 

_ Dentibus incisoribus in utraque maxilla: 
Pedibus solidungulis . Ordo VI. Equus. 
Pedibus bisulcis . : . Ordo VII. = Sus. 

Dentibus incisoribus in wtesiquie instxilla: 
Pedibus terungulatis antice & postice Ordo VIII. Rhinoceros. 

Dentibus incisoribus [ete.] . :: «ye Ondo Ty Hydrocheerus. 
Ordo X. Tapirus. 

Ordo XI. Hippopotamus. 

Pedibus unguiculatis, dentibus incisoribus: 
Duobus supra, totidem infra . Ordo XII. 

Caninis nullis Hystrix, Castor, Lepus, 
Cuniculus, Sciurus, 

. Glis, Mus. 
Caninis presentibus: Musaraneus, Erinaceus. 

Quatuor supra, totidem infra . . Ordo XIII. Simia, Pteropus. 
Quatuor supra, sex infra . Ordo XIV. Prosimia, Vespertilio. 

_ Sex supra, quatuor infra . Ordo XV. —_— Phoca. 

Sex supra, totidem infra . Ordo XVI. Hyzna, Canis, Mustela, 
Meles, Ursus, Felis, Lutra. 

Sex supra, octoinfra. . .. . Ordo XVII. Talpa. 
Decem supra, octo infra. . . . Ordo XVIII. Philander [Didelphis phil- 

ander]. 

a hr ml et ea en eas 

BLUMENBACH, 1779. 

‘Handbuch der Naturgeschechte.’ 

Johann Friederick Blumenbach (1752-1840), the father of anthropology, 
published the first edition of his ‘Handbuch’ in 1779 and 1780. ‘The work 

q rapidly passed through the first four editions in 1782, 1788 and 1791, each 
_ one with additions (Sherborn, 1902, p. xv). Of these the ones examined by 
- the writer are the first (1779), the fourth (1791), the French edition (trans- 

‘ q lation of the German edition of 1797), the tenth English edition of 1825, 

__ and the twelfth (German) of 1830. ‘The first edition, appearing as it did 
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in 1779, is almost exactly intermediate in time between the tenth edition of 
Linné’s ‘Systema Nature’ in 1758 and the classification of Geoffroy and 
Cuvier in 1795. In substance and form also the classification of Blumenbach 
is likewise intermediate, on the one hand embodying many Linnean features 
and on the other distinctly foreshadowing the Cuvierian system. 

The features in which-it recalls the Linnean system are as follows: 
(1) It is not a dichotomous system and therefore avoids the disad- 

vantages of that method (see pp. 22, 47). 

(2) Only monomial names for the orders are used. 
(3) ‘The Linnean terms “ Glires,”’ “‘ Feree,” and “ Belluz’’ are adopted. 
(4) ‘The Cetacea are included among the mammals without being 

given more than ordinal rank. 
(5) Man is included in the scheme, which however differs from the 

Linnzan system in treating the group as a separate order (“‘Inermis,”’ the 
“Bimana”’ of later editions). 

(6) In regard to the sequence of the orders the classification is in general 
harmony with Linné’s arrangement. 

(7) It does not rely on one or two sets of characters but adopts different 
criteria in different orders. 

The classification is even pre-Linnean in grouping together the am- 
phibious web-footed mammals of different orders into a single group called 
‘Palmata,” an ancient term used in ornithology and suggesting its correlate 
“‘Fissipeda” which was used in later editions. 

Another old error which survived in various forms well into the present 
epoch was the assigning of ordinal rank to characters of the integument, as 
in Blumenbach’s order ‘‘Sclerodermata,” Cuvier’s ‘‘Pachydermes,” and 

Klein’s ‘ Depilata.” 
On the other hand Blumenbach’s classification anticipates the Cuvierian 

system in the following features: 
(1) ‘This is apparently the first classification of the mammals to recog- 

nize a group of intermediate rank between the genus and the order, and in 

so far equivalent to the modern family. This group was given the termi- 
nation ‘‘-ina,’’ which thus historically long precedes the patronymic ‘‘-ide” 
of Kirby (ej. p. 102). 

(2) Blumenbach’s classification is distinctly progressive and “‘Cuvier- 
ian” in freeing the group of Bats from its former association with Simia 
and Lemur, and in elevating it to ordinal rank under the new term “Chir- 
optera.”’ ‘This was a decided advance and must have assisted also in the 
disentanglement of Galeopithecus from the Lemurs. 

(3) ‘The Kangaroo, shortly before named Jaculus giganteus by Erxleben, 
is here associated with the rodents, as in Cuvier’s scheme (see p. 59). 

Ss 
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(4) A further correspondence with the early scheme of Cuvier is appar- 
8 ; ent in the idea that there is some sort of natural transition between certain 
adjacent orders, e. g., the Flying Squirrel of the order Glires is placed first, 
in order to bring it next to the Chiroptera; the opossum (Didelphis) of 

the group ‘‘Murina”’ stands next to ‘‘Jaculus” (the Kangaroo) of the 
group “Leporina”; “Viverra,” the last of the “Mustelina,” stands next to 
_ “Ursus” of the order “Fere”; “Sus” of the “Bisulea’’ leads to ‘ Tapir”’ 

_of the “Bellue”’; while the water-loving ‘“‘ Hippopotamus” leads to the am- 
| phibious ‘‘Palmata’’; and of these in turn “ Manatus’’ furnishes the desired 

ee 

Se er 
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j transition to the Cetacea “Letzterer macht von hier den schicklichsten 

_ Uebergang zur letzten Ordnung (Cetacea).”” (Handb. d. Naturg., 12th 

German ed., 1830.) 
Additional features of this classification are: 
(1) The correct placing of “Sus” with the cloven footed mammals 

_(“Bisulea’’), as in Klein’s system. (2) The association of “ Tapir,” 
“Elephas,’ “ Rhinoceros” and “ Hippopotamus” under “‘ Bellue,” equiva- 

lent to Storr’s “Multungula” and Cuvier’s “Pachydermes”’. 
The work is embellished with excellent figures of the skulls of apes, 

. monkeys and lemurs, and must have formed a good introduction to anthro- 
_ pology as well as to natural history. 

In brief, Blumenbach’s classification of 1779 represents a conservative 
~ development of the work of Ray, Klein and Linneus. While it breaks up 
and distributes some of Linné’s more unnatural groups (‘‘ Bruta,” “‘ Bestize”’) 

it does not escape from forming new unnatural ones (“Sclerodermata,” 

“Palmata’’), and it does not get below superficial criteria or enunciate any 

great new principles. Blumenbach’s classification thus furnishes a transi- 
tional stage leading from the Linnean to the Cuvierian system. 

Blumenbach’s Classification of 1779. 

TInermis. Homo. 
Pitheci. _ Simia troglodytes, S. satyrus, S. longimana [Gibbon], 

S. cynomolgus, 8. sylvanus [and other primates in- 

cluding the Lemurs]. 

Bradypoda. Ignavus (Faulthier), Myrmecophaga. 

Sclerodermata, Hystrix, Manis, Tatu. 

Chiroptera. Vespertilio. 

Glires. 
a) Sciurina. Sciurus volans, S. vulgaris, Glis. 
b) Murina. Marmota (alpina, 2 game a lemmus), Mus, 

Sorex, Talpa, etre ; a 
c) Leporina, Jaculus (gigante us], jerboa), Lepus, Rosia 

“(poreellus, aguti, paca). 
d) Mustelina. Mustela, Viverra (including numerous Viverrines and 

Lotor [Procyon]). 

% 
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Ord. VII. Fere. Ursus, Canis, Felis. 
Ord. VIII. Solidungula. Equus. 

Ord. IX. Bisulea. Camelus, Capra, Bos, Cervus (camelopardalis, alces, 
dama, ete.), Moschus, Sus. 

Ord. X. Bellue. Tapir, Elephas, Rhinoceros, Hippopotamus. 

Ord. XT. Palmata. Castor, Lutra, Phoca, Trichecus (rosmarus, manatus). 
Ord. XII. Cetacea. ~~ Monodon, Balzna, Physeter, Delphinus. 

STORR, 1780. 

‘Prodromus Methodi Mammalium’, 1780. 

Gottlieb Conrad Christian Storr’s exceedingly rare work, was brought 
to light in 1874 as a result chiefly of the efforts of Dr. Theodore Gill, who, 

in the ‘Bulletin of the Philosophical Society of Washington’ (Vol. II, 1875-_ 
1880, appendix v., read Oct. 1874) published a summary of the work with 
the tables of classification. 

Storr divided the “Imperium Natur” into successively narrowing 
groups, and was apparently the first mammalogist to employ groups inter- 
mediate between the class and the order. ‘To illustrate his method we may 
show how he placed the genus Felis in the system. 

Imperium Nature 
Regnum Organici 

Republica Animalium 
Agmen Rubrisangvium 

Acies Calidorum 
Classis 1 Mammalium 

Phalanx I Pedatorum 

Cohors I Unguiculatorum 

Ordo I Primates 

Missus II Emanuati 

Sectio II [not named] 

Cetus I Unei 
Genus I Felis. 

In the high degree of differentiation of groups within groups this classifi- 
cation goes far beyond even that of Ray. The only division that corre- 
sponds exactly to one now in use is the class. Some of the orders (e. g., 

‘ Pecora’’) correspond in rank nearly to modern orders; others (‘‘ Primates,” 

Bellu’) are more nearly equivalent in rank, but not content, to super- 
orders. ‘lhe genus frequently corresponds, as in Linneeus, to the modern 
family. 

The classification appears to have been built rather by the following of 
a priori principles than by the judicious aggregation of smaller into larger 
groups as the result of the discovery of more and more elements of simi- 
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larity. In any scheme of this kind the more inclusive groups must always 
be less “‘natural’’ than the less inclusive groups, since the number of char- 
acters that can possibly be predicted of a given group sinks from infinity 
_ in the case of the individual to the few fundamental properties of all reality 
in the case of the “‘imperium nature.’ Even in our own time considerably 
less than ‘‘infinity” is known about each individual and each species, and, 
higher up in the scale, the number of characters which are assigned to all 

_ the Mammalia, for example, will not be above fifty even in that most thor- 

i _ ough work, Weber’s ‘Die Siugetiere’. Hence it is not surprising that Storr’s 
 supergeneric divisions, based as they were in each case upon single characters, 

should be on the whole very unnatural. 
The reliance upon single characters, which is well illustrated in the 

_ system under consideration, and which was avoided by the genuis of Linné, 
was fatal to the naturalness of all earlier and of many later classifications; 

but was a necessary step in the evolution of clearer comprehension and 
better methods. The consistent application of a single character or set 
of characters doubtless gave to a classification an appearance of logic and 

exactitude that must have appealed strongly to scholars trained in classical 
and scholastic methods and in the construction of dichotomous tables. 

In the case of Storr’s classification the single set of characters selected 
as major criteria were those of the extremities, which were given higher 
diagnostic value even than in Ray’s system. And it must be confessed that 
the results so far justified this choice that Storr’s classification of the unguicu- 
late orders is on the whole an improvement upon its predecessors and espe- 
cially far better than that of Brisson (¢/. p. 43), in which foot-structure was 

_ subordinated to the number of incisor teeth. 
In directing attention anew to the clear and convenient results of classifi- 

cation by foot-structure, and especially in the invention of the terms “ Man- 

uati,”’ ‘‘Emanuati,’ “Palmares,” ‘‘Palmoplantares,” and ‘Plantares,”’ 

Storr very probably inspired the terms ‘“Bimanes,’ “Quadrumanes,” 
i _ “Pédimanes,” ‘Plantigrades,” etc., used by Cuvier and his immediate 
___ predecessors, while the work of that school is also strongly suggested both 

in the arrangement of the plantigrade insectivores and carnivores, and in 
the general sequence of the genera of mammals. 

It is not always easy to demonstrate the exact relations of a particular 
author to succeeding, contemporary and antecedent thought. As in the case 
__ of every other body of doctrines each stage in the history of the classification 

of mammals is marked by certain principles which seem to be “‘in the air,” 
as it were, and which in the fertile soil of certain individual minds spring up 

} constantly into combinations of the old and the new. And so it is with 
Storr. From preceding and contemporary writers he drew the subject 
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matter and general principles of his classification. He quotes, for example, 
Marggrav (1684), Catesby (1731), J. D. Meyers (1748), Buffon, Brisson 

(1756 or 1762), Linneeus (1766), Schreber, Pallas (1766), Erxleben (1777), 

Blumenbach (1779), and Liske (1779). From Ray, or perhaps Klein, 

he adopts and improves the group “ Verminei,” and from Linneus he takes 
most of his genera, and the orders “‘Jumenta,” ‘‘Pecora,” “‘ Belluz’”’ and — 

‘“Rosores”’ (Glires Linn.), as well as the name “Primates” and perhaps — 
“Ungulata” and “ Unguiculata,” which were, however, the common property 

of post-Raian naturalists. From Brisson he adopts the genera Prosimia, 
Meles, Hyena, Glis, Cataphractus [Dasypus], Pholidotus [Manis], and 
Giraffa. He follows Linné in admitting Man to the system, but leans 
toward Blumenbach’s idea in giving him the rank of a ‘‘Sectio,” which is, 
however, merely a division of the comprehensive “‘order” Primates. He 
fails to appreciate Linné’s acumen in associating the seals with the terrestrial — 
animals, but in his group ‘‘Pinnipedia” including the seals and Manatus 
he follows rather those numerous authors who in bringing animals together 
were influenced by the nature of the locus, or medium. ; 

The best and most original features of Storr’s system are the following: 
(1) He “greatly improved upon the genera of the ‘Systema Mamma- 

lium’ by their limitation to species naturally and more closely allied” (Gill, 
p. v). In this process he split off from older genera the new genera Procebus, 
Tarsius, Phalanger, Gulo, Mellivora, Nasua, Procyon, Lagomys [Storr non — 

Cuvier], and Pholidotus [Manis]. 

(2) He did not adopt the heterogeneous assemblage “Bruta,” but 
correctly grouped the Edentates under the name of ‘‘ Mutici’’ (from “‘muti- 
cus,’ docked, curtailed), probably in allusion to the imperfect development 
of the teeth. ‘The group was placed next to the ‘‘ Rosores,’’ or rodents, as a 

grand division of the Cohort Unguiculata. His arrangement of the Ungu- 
lates recalls that of Blumenbach. 

(3) He recognized that the Australian mammal described by Brisson 

and Pallas as Didelphis orientalis was generically distinct from the American 
genus and accordingly he erected the new genus Phalanger for its reception, 

Storr’s tables of classification of the mammals are given below. In 
the original (as copied by Gill) the relations of the groups are expressed 
by means of brackets, lines of asterisks and other symbols. Here the same 
relations are expressed by means of “indentation.” 

a 
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Storr’s Classification of 1780. 

Tabula Generalior. 

Regni Organici 
-Reipvblica Animalium 

Agminis Rvbrisangvium: 
Acies Calidorum — 

Classis I Mammalivm. 

Phalanx I Pedatorum. 
Cohors I Unguiculatorum. 

Ordo I_ Primates. 
Ordo II Rosores. 

Ordo III Mutici. 
Cohors II Ungulatorum. 

OrdoI Jumenta. 

Ordo II Pecora. 

Ordo III Belluz. 
Phalanx II Pinnipedum. 

Phalanx III Pinnatorum. 

Tabula Specialior A. 

Missus I Manuati. 

Sectio I [Palmares]. Homo. 

Sectio II [Palmoplantares]. Simia, Prosimia, Proczbus, Tar- 
sius, Lemur [Galeopithecus]. 

Sectio III [Plantares]. Didelphis, Phalanger. 
Missus IT Emanuati. 

Sectio I. [Nocturnij]. Vespertilio, Sorex, Talpa, Eri- 
~ “naceus, Meles, Gulo, Mellivora, 

Ursus, Nasua. 
~ Sectio II 

Coetus I [Olaces]. Procyon, Canis, Hyzena. 
Coetus II [Unei]. Felis. 

Sectio III [Vermineil]. Viverra, Mustela, Lutra. 

Tabula Specialior B. 

Pedatorum 

Unguiculatorum. 

Ordo II Rosores Hystrix, Castor, Mus, Glis, Sciurus, 
‘ Lagomys, Cauia, Procauia, Lepus. . 

Ordo III Mutici Bradypus, Cataphractus, Pholidotus, 
Myrmecophaga. 
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Tabula Specialior C. 
Mammalium 

Pedatorum 
Vngulatorum. 

OrdoI Jumenta Equus. 

Ordo II Pecora Camelus, Giraffa, Aries, Antilope, Taurus, 
Ceruus, Moschus. 

Ordo III Belluze Sus, Hydrocheerus, Rhinoceros, Elephas, 
Hippopotamus. 

[PHALANX II PrnnIpepia.] 

Mammalia 
Pinnipedia. Phoca, Rosmarus, Trichechus, Manatus. 

[PHatanx III Prynarta.] : 

Mammalia 
Pinnata. Delphinus, Diodon, Physeter, Balena. 

PENNANT, 1781. 

‘History of Quadrupeds,’ Vol. I. 4to. London. 

—_ 

Thomas Pennant, to whom Gilbert White addressed some of his most _ 
entertaining letters on the ‘Natural History of Selbourne,’ was the author of 
an excellent work of 566 pages on quadrupeds, containing descriptions of 
over 400 species of mammals and adorned with fifty-two plates of fairly 
good execution. 

In the descriptive part the work was a worthy successor of that of Ray 
and long remained the standard in England. ‘The classification adopted 
is merely an adaptation and simplification of Ray’s system, with some 
modern additions. It is what might be called a “common sense” system, 
very practical and convenient, but bare of new principles, and without 
appreciation of the essential superiority of some of Linné’s best ideas. 

This is shown in the author’s introduction. After discussing the classi- 
fications of Ray, Klein and Brisson, he goes on to speak of Linné’s system 
as follows: 

“There are faults in his arrangement of Mammalia‘ that oblige me to 
separate myself in this one instance from his crowd of votaries. . . .I reject 
his first division, which he call Primates or Chiefs of Creation; because my 
vanity will not suffer me to rank mankind with Apes, Monkeys, Maucaucos 
[Lemurs] and Bats, the companions Linn.xus has alloted us even in his last 
System.” He admits that ‘‘Whales have in many respects the structure of 
land animals; but their want of hair and feet, their fish-like form and their 

1” Or animals which have paps and suckle their young; in which class are comprehended 

not only all the genuine quadrupeds but even the Cetaceous tribe,” 
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constant residence in the water are arguments for separating them from this 
lass and forming them into another, independent of the rest.”’ Like other 
naturalists of the time Pennant recognized the artificiality of Linné’s orders 
“Bruta”’ and “Bestie”’ and correctly removes Noctilio from the Glires. 

Pennant proceeds to discuss his own classification as a development of 
that of Ray with modifications from Klein, and, with the separation of the 

Pinnated and Winged Quadrupeds. ‘‘....the first takes in the Walrus and 
_ the Seals, and (in conformity to preceding Writers) the Manati. But those 

that compose this order are very imperfect: Their limbs serve rather the use 
‘of fins than legs; and their element being for the greatest part water, they 

seem as the links between the quadrupeds and the cetaceous animals. 
“The Bats are winged quadrupeds, and form the next gradation from this 

to the class of Birds; and these two orders are the only additions I can boast 
of adding in this wor 

Here again, as in Riaitsitiach’ s work, we meet the idea of gradations 
leading from one order to another, As these supposed annectant forms 

| were usually merely adaptively similar forms, we might say that the endeavor 
. to find annectant forms was a step leading toward the recognition of parallel 

d convergent evolution. 

Pennant’s Classification of 1781. 

Method. 

_ Div.I.  Hoofed Quadrupeds. 

Div. Il. Digitated Quadrupeds. 
| Div. II. Pinnated Quadrupeds. 

Div. IV. Winged Quadrupeds. 

Sect. I. Whole-hoofed. 
Genus Horse. 

Sect II. Cloven-hoofed. 

Ox, Sheep, Goat, Giraffe, Antelope, Deer, Musk, Camel, Hog, Rhinoc- 

eros, Hippopotame, Tapiir, Elephant. 
Digitated. 

Sect I. Anthropomorphous frugivorous. 

Ape, Maucauco. 
Sect II. With large canine teeth separated from the cutting teeth. Six 

or more cutting teeth in each jaw. Rapacious, carnivorous. 

Dog, Cat, Hyzna, Bear, Badger, Opossum, Weesel, Otter. 
Sect. III. Without canine teeth and with two cutting teeth in each jaw. 

Generally herbivorous or frugivorous. 

Cavy, Hare, Beaver, Porcupine, Marmot, Squirrel, Jerboa, Rat, 

Shrew, Mole, Hedgehog. 
Sect IV. Without cutting teeth. Frugivorous, herbivorous. Sloth, 

Armadillo. 

Sect. V. Without teeth. Insectivorous. 
Manis, Anteater. 



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

Div. III. Pinnated. Piscivorous or herbivorous.'! 

Walrus, Seal, Manati. 
Div. IV. Winged. Insectivorous. : 

Bats. rs 

BODDAERT, 1784. 

‘Elenchus Animalium,’ quoted by I. Geoffroy (1826, pp. 67, 68). 4 

The classification of this Dutch naturalist has not been seen by the writer, 
but according to I. Geoffroy’s account (1826) it seems to have contained little 
that was important so far as regards the major divisions. ‘The Linnean 
orders were nearly all adopted but the Primates and Bruta were united into 
a single order “‘ Unguiculata.” Gervais (1837), says that Boddaért intro- 
duced the term “Quadrumanes,” which was adopted by Cuvier. The 
mammals were divided into terrestrial and aquatic sections. In all these 
respects Boddaért’s classification resembled the contemporary system of 
Blumenbach. 

BLUMENBACH, 1791. 

‘Handbuch der Naturgeschichte.’ Fourth edition. 

While Blumenbach’s earlier classification was evidently a modification 
of the Linnean system, at least in many features, his classification of 1791 
apparently reflects the influence of Storr’s work and very clearly foreshadows 
the classification of Geoffroy and Cuvier. 

The system under consideration is also notable for the number of new 
ordinal terms said to originate with Blumenbach, namely ‘Bimana,” 
“Quadrumana,” ‘Chiroptera” (1779, see p. 44), “‘Fissipeda” (Digitata), 
“Fissipeda Glires,” ‘Fissipeda Fere,”’ ‘‘Fissipeda Edentata” (Brutayg 
**Palmata,” “‘Palmata Glires,” ‘‘Palmata Fere,” ‘‘Palmata Bruta.” 

The two parallel series of “Glires,” ‘Fere,” “ Bruta”’ under the “ Fissi- 

peda” and ‘Palmata” afford. one of the earliest instances where adaptive 
resemblances between mammals of different orders are recognized, even 
though imperfectly, in classification. ‘The aquatic animals are evidently 
thought to be related to each other by virtue of their foot structure which 
is the prime criterion; but nevertheless Castor appears to be conceived as 
the web-footed representative of the digitate Glires, Phoca and Lutra of the’ 
digitate Fer, Ornithorhynchus and Trichechus of the digitate Bruta. 
This arrangement may have suggested the circular system of Macleay, and 
the idea of divergent adaptation so clearly implied by de Blainville. | 

1" Their Element chiefly the Water,” 
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The orders Glires, Feree and Bruta are united under “ Digitata,” a 
“grouping which recalls Klein’s arrangement. 
__ Ornithorhynchus (which was given generic rank by Blumenbach in 1800) 
"now appears for the first time in ordinal classification. 
Les Fissipédes édentés” (Bradypus) are reunited with the other Eden- 
tates as in Storr’s scheme. 

Blumenbach’s Classification, as given in the French translation of the Fifth German 
; Edition of the ‘Handbuch’ (1797). 

Order I. Bimanes. 

II. Quadrumanes. 
Ill. Chiroptéres. 
IV. | Fissipédes (‘‘ou Digités’’). 

A. Les Fissipédes rongeurs [Rodents, except Castor]. 
.B. Les Fissipédes carnassiers (Didelphis, Kangaroo, Viverra, 

Mustela, Ursus, Canis, Felis). 

C. Les Fisspédes édentés (Bradypus, ba ae rae Manis, 

‘ »Tatu). 

V.  Solipédes (Equus). 

VI. Bisulces [cf. Bisulea Ray] (Camelus, Capra, Antilope, Bos, Giraffa, 
Cervus, Moschus). 

VII. Multongulés (Sus, Tapirus, Elephas, Rhinoceros, Hippopotamus). 

VIII. Palmipédes. 
A. Les Palmipédes rongeurs (Castor). 

B. Les Palmipédes Carnassiers (Phoca, Lutra). 

C. Les Palmipédes Edentés (Ornithorhynchus, Trichechus [walrus]). 

IX. Cétacés. 

rims minnnnay sen nL 

VICQ D’AzYR, 1792. 

sSystdnic anatomique des Quadrupédes’ (quoted by Gervais, 1836, 
p. 616). 

_ Vieq d’Azyr’s system distinctly foreshadows that of Cuvier, and he also 
preceded Cuvier in the development of comparative anatomy, “following 
the line of strict anatomical observation and critical comparison, [he] set 

forth the correspondence of plan observable in the limbs of the higher 

vertebrates, and may be considered the founder of the purely scientific 
higher anatomy,” (Huxley, 1894 p. 288). 
_ This classification is the first one entirely in French which we have so 

far discussed (Brisson’s being in French and Latin). Thus, like other 

_ French scientists, Vicq d’Azyr used French instead of Latin and tried to 
_ popularize science by avoiding all appearance of pedantry, by inventing or 
adopting common names wherever possible (e. g., “‘Cheveaux d’eau,” 

_ “Rongeurs,” “Eléphans,” ete.), or by gallicising Latin terms (e. g., ‘Soli- 
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pédes,” “‘Ruminans,” “Porcini,” ‘“Ailepieds”). These names are very 

well chosen and several of them (Rongeurs = Rodentia, Edentés, Carni-— 
vores) were commonly used by later authors. 

The sequence of the orders, with some exceptions and improvements, — 
is like that adopted from Linneeus by Blumenbach, namely, beginning with 
the monkeys and ending with the ungulates. The Cetacea are not dis- | 
cussed and probably, as in Brisson’s work, were regarded as a distinct class. 

About the only other significant resemblance to Blumenbach’s classi- 
fication of 1779 is shown in the circumstance that the bats are allowed ordinal 
rank under the name “‘Ailepieds,” a term suggesting Blumenbach’s “‘Chirop- 
tera.”” More striking is the resemblance to Storr’s system seen in the terms | 
“Pédimanes” [recalling Storr’s ‘‘Manuati,”’ “Palmares,” etc.], “Rongeurs” 
(etymologically related to Storr’s “Rosores’’), ‘‘Empétrés” (a new term but — 
coéxtensive with Storr’s ‘‘Pinnipedia’’). 

According to Isidore Geoffroy (1832) this classification was not orig- 
inal with Vieq d’Azyr but with Daubenton. At any rate Vicq d’Azyr had 
the advantage of Daubenton’s study and dissections of many types of 
mammals. He is therefore impressed rather with the differences than with 
the resemblances between mammalian groups and consequently does not 
attempt the larger groupings given by Storr and Blumenbach. His classi- 
fication deals only with the Quadrupeds, and so man and the Cetaceans are — 
omitted from the list. ‘The remaining mammals are distributed among 14 
orders as against 10 in Blumenbach’s system and 7 in Storr’s. Several 
unnatural assemblages of previous authors are thus broken up (e. g., 
Bestiz, Belluze). In certain cases this tendency even results in separating — 
closely allied forms, e. g., the Moles (‘’Taupens’’) from the Shrews — 
(“Musaraignes”). On the other hand the old group of amphibious ani- — 
mals here called “Empétrés”’ remains undissolved, the Manatees being left — 
in an unnatural alliance with the seals and walruses. ; 

Notwithstanding Vicq d’Azyr’s observations on the unity of type in — 
vertebrate limbs he here follows the école de faits, neither classifying the 
mammals according to any a priori principles, nor troubling about hidden — 
bonds of affinity, as did Linnzeus. Nor did he overemphasize the characters 
of the feet or of the teeth as ordinal criteria, as did Brisson, Cuvier, and many — 

others. And from a practical point of view the net results are an advance — 
upon all preceding classifications. 

Practically every one of the groups recognized, with the exception of the 
Empétrés (which indeed only required to be freed from Manatus to leave 
a natural residuum) correspond with families, suborders or orders now in 
use. And just as Linné’s classification of 1735 was less specialized and in — 
many respects less unnatural than his later one of 1758, so the first classifi- 
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_ cation of the Cuvierian school is both more simple and in certain respects 

_ more natural than Cuvier’s more synthetic but overdeveloped systems of _ 

— 1800 and 1817. 

Vicqd’Azyr’s Classification of 1792. 

1. Pédimanes (Primates, Didelphis, etc.). 
2. Rongeurs [cf. “ Rosores’’ Storr]. 8 

3. Aile-pieds (Chauve souris) [c/. “Chiroptera” pmiaet e 1779]. 

4. Taupens ou Taupes. 

5. Soriciens (Musaraignes). 

6. Edentés [ef. “edentulus” Ray, as an adjective] (Paresseux, Tatous, Four- 
miliers, Pangolins). 

_ 7. Carnivores [cf. ‘“carnivora”’ Ray, as adjective]. 
8. Empétrés [a new term ?] (Phoques, Lamantins, Morses). 
9. Cheveaux d’eau (Hippopotame). 

10. Eléphans. 
11. Tapiriens. 

12. Porcini [cf. ‘‘ Porcinum genus’”’ Ray]. 
13. Ruminans [cf. “ Ruminantia” Ray]. . 
14. Solipédes (Equus). 

5. Tue Epocu or CuvigER AND DE BLAINVILLE. 

Synopsis. 

Enormous expansion of the content of mammalogy: 
Description (e. g., by Geoffroy) of many new genera, including pouched 

and oviparous mammals. 
Rise of vertebrate paleontology (Cuvier). . 
Rise of comparative anatomy and osteology (Cuvier). 
Rise of embryology (Von Baer, Agassiz). 

Development and great diversity of theories of classification. 
Non-inductiye, objective monographic work of école des faits continued. 
Classification by superficial characters (Cuvier, e.g., of the extremities), 

not by totality of characters. 

_ Classification by “deep seated” characters, especially of the skull and 
reproductive system (de Blainville). 

Return to the Linnean search for hidden affinities beneath superficial 
adaptive differences (de Blainville). 

Rise of “‘natur-philosophie,” “‘physiophilosophy,” ‘‘circularian,” “trini- 
tarian,”’ “quinarian,” and similar systems (Oken, Macleay, Swainson). 

Rise of the idea of “unity of organization” (Goethe, Vicq d’Azyr, Geof- 
froy Saint-Hilaire) and of the related “archetypal” theory of the 
vertebrate skeleton (Oken, Owen). 

Rise of evolution theories (Lamarck, Erasmus Darwin). 

Great net gain in classification, especially: 



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

Separation of monotremes, marsupials, placentals (de Blainville). 
Breaking up of many unnatural groups, e. g., “Bruta,” “Bellue,” 

““Pachydermes”’ (de Blainville). 
Recognition of many natural groups, e. g., ““Ongulogrades 4 doigts pairs,” 

“Ongulogrades 4 doigts impairs” (de Blainville). 

f&. GEOFFROY SAINT HILAIRE AND G. CUVIER, 1795. 

The elder Geoffroy was one of the earliest naturalists to recognize the 
peculiar characters of the Monotremes and Australian Marsupials, and we — 
owe to him many generic and other terms, including “les Monotrémes” 
““Phascolomys,” ‘‘Dasyurus” ‘‘Catarrhini”’ and “Platyrrhini.” He made 
many observations on the Monotremes, Marsupials, Primates and Chir- — 
optera, his work on the two last named orders being especially referred to by 
Cuvier in the ‘Régne Animal’ (ed. I, 1817, p. xxiii). His contributions 
to philosophical anatomy and to the general development of the idea of 
evolution have been summarized by Osborn (1899, pp. 196-204). He 
contributed to the understanding of homological comparisons, especially 
in his memoir on the bird skull (1803). 

Huxley (1894, p. 293) pronounces him ‘‘the most brilliant and, at the 
same time, the soberest representative of the higher or ‘philosophical’ 
anatomy.” 

_ The circumstances of his first association with G. Cuvier, as related by 
Flourens (see Alexander, 1861, pp. 164, 165) were as follows: 

The elder Geoffroy in 1793, at the age of twenty-one, was appointed 
professor of zodlogy in the newly organized Jardin des Plantes and in 1794 
he opened the first course of zodlogy ever given in France. He had been 
in charge of the living and preserved animals in the old Jardin du Roi, and 
so hdd become an enthusiastic student of the mammals. About that time 
M. ‘Tessier was sent to him with certain memoirs by a hitherto unknown 
naturalist G, Cuvier. Struck with enthusiasm on perusing them, Geoffroy 
immediately invited Cuvier to join him in his work. | “Come,” he wrote, 

“and fulfill among us the part of a Linneeus — of another lawgiver of natural 
history.” 

“On the arrival of the new Linneus [early in 1795], Geoffroy devoted 
himself without reserve to his interests. ...Having a lodge at the Museum, 
he shared it with Cuvier, and threw open to him all the collection, A mutual 
devotion to study naturally united their labors, among the first results of 
which, two may be here noticed. Of one, the object was the classification 
of mammifers — and here the skillfully sustained idea of the subordination 
of characters, which was the great resource of Cuvier, predominates. The 
other was the history of the makis, or apes of Madagascar; and in this we 
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already discern traces of the unity of composition,....to which Geoffroy 
has subjected all comparative anatomy”’ (op. cit., p. 165). 

Within three months after Cuvier’s appointment at the ‘Jardin’ he and 
Geoffroy published their classification of the mammals (p. 58) in Volume 
VI of the ‘Magasin Encyclopédique,’ 1795. From this circumstance and 
_ from the fact that after completing his course at Stuttgart, the young Cuvier 
went to Burgundy where he engaged in tutoring and in the study of shells, 
and hence apparently had little opportunity for the study of the mammals, 

| Dr. T.S. Palmer inclines to the belief that Cuvier’s share in the classification 
now under consideration was a minor one. Nevertheless it seems not im- 

_ possible that this brilliant man could, in a short time, acquire sufficient 

/ acquaintance with the admirable work of Buffon and Daubenton, of Storr 
and Blumenbach, to enable him to form his own ideas as to the natural 

arrangement of the mammals. After this Geoffroy confined himself to 
monographice work (I. Geoffroy, 1826, p. 68), and the subsequent changes 

_ in the classification were introduced by Cuvier alone. 
_ The obligations of this classification are apparently to Blumenbach and 

| ; Storr, and also to Vicq d’Azyr, whose terms ‘‘Carnivores,”’ “ Pédimanes,” 

_ “Rongeurs,” ‘‘ Edentés,” “ Ruminans” and ‘“‘Solipédes” are used. Blumen- 
_bach’s term “Chiroptera”’ is also used (in the French form). It thus seems 
altogether likely (see also pages 47, 48), that Cuvier and Geoffroy were 
familiar with the works of Blumenbach and Storr; and indeed in the 

‘Tableau Elementaire,’ Cuvier refers to Blumenbach’s system as one of the 
leading ones of that time, and later, in the ‘Ossemens fossiles’ (Ed. 3, pt. 1, 

| p. 3) he remarks that Storr was the first naturalist to recognize the group of 
| “Pachydermes” (‘‘Multungula”’ Storr). 

The classification under consideration departs from that of Vieq d’Azyr 
(p. 58) in the following respects: 

_ _(1.). Vieq d’Azyr’s orders ‘‘‘Taupens” and “‘Soriciens,” including the 
‘moles and shrews are united with the arctoid carnivora, as in Storr’s system, 
and are called ‘ Plantigrades.”’ 

. (2.) The “Verminei”’ of Storr, after the exclusion of Viverra, are sepa- 

~ rated, under the term “‘ Vermiformes,” from ‘“‘les Carnivores”’ of Vieq d’Azyr. 
(3.) Vieq d’Azyr’s term ‘‘Pédimanes” which included, besides the 

_ monkeys and lemurs, the genera Didelphis and Phalanger, is restricted to 
include only the two last named genera and is thus coéxtensive with the 
_“Plantares” of Storr. 

(4.) “Les Rongeurs” includes besides the rodents, the Kangaroo, 
-“Kangurus,” which had been treated as a gigantic relative of the Jerboa 

__ by Erxleben in 1777. 
(5.) The sloths, Bradypus, are separated from Vicq d’ Azyr’s “‘ Edentés” 

_as a new order “Tardigrada.” 

> 
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(6.) Vieq d’Azyr’s “‘Empétrés” are transferred to the ‘‘mammiféres 
marines” under the term ‘‘Amphibies.” 

(7.) Vieq d’Azyr’s ‘‘Cheveau d’eau” (Hippopotamus), ‘Eléphans,” 
“Tapiriens” and “Porcini” are gathered together into the group “‘Pachy- 
dermes,” which is exactly coéxtensive with Storr’s modification of Linné’s 
“Belluze”’ and which leng remained in use. 

(8.) Finally the ordinal criteria employed are of the same nature as in 
Cuvier’s later classifications; this is illustrated in all the ordinal definitions, 

one of which e. g., that of the ‘Plantigrades’”’ may suffice as an example: 
“Doigts unguiculées; trois sortes de dents; point de pouces séparés; plante 
entiére appuyée.” | 

From these considerations it is evident that this classification is infedial 
in its ideals, though not in its objective results, to that of Linneeus, since the 
characters of the feet and front teeth are given higher diagnostic value than 
the totality of characters drawn from all parts of the anatomy. Nor did 
any fundamental advance in principles appear in Cuvier’s later schemes. 
This classification is relatively unilluminative in principle and founded upon 
superficial and adaptive characters. At the same time it was well suited 
to the age and although scarcely as good as Vicq d’Azyr’s was in its objective 
results much in advance of that of Linneeus. 

Geoffroy and Cuvier’s classification of 1795. 

Mammifeéres 4 ongles: 

Ordre I". Quadrumanes [Boddaért]. 
Ordre IT®. Chéiroptéres [Blumenbach]. 
Ordre IIT®. Plantigrades [new term? Insectivores, plantigrade carnivora.] 

Ordre IV°. Vermiformes [cef. ‘‘ Verminei,’”’ of Ray and Storr] (Mephitis, 

Mustela, Lutra). 

Ordre V°. Carnivores [Vieq d’Azyr] (Civetta, Hyena, Canis, Felis). 
Ordre VI°. Pédimanes [Vieq d’ Azyr] (Didelphis, Phalangista]. 

Ordre VIT°. Rongeurs [Vieq d’Azyr] (Kangurus, Dipus, Glis, Sciurus, Mus, 
ete.). 

Ordre VIII®. Edentés [Vieq d’Azyr] (Myrmecophaga, Manis, Dasypus). - 

Ordre LX*. Tardigrades [c/. Brisson’s ‘'Tardigradus ’’] (Bradypus). 

Mammiféres A sabots: 
Ordre X°. Pachydermes [? new term] (Elephantus, Rhinoceros, Hippopota- 

mus, Tapir, Sus). 
Ordre XI’. Ruminans [Vieq d’Azyr] (Camelus, Moschus, Cervus, Camelo- 

» pardalis, Antilope, Capra, Ovis, Bos). 

Ordre XII®, —_ Solipédes [Vieq d’Azyr] (Equus). 

Mammiféres marines: 
Ordre XIII®, Amphibies [ef. “Empétrés’”’ Vieq d’Azyr] (Phoca, Rosmarus, 

Manatus, Trichecus [Dugong]). 

Ordre XIV°. Cétacés. 
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G. CUVIER, 1798. 

Cuvier’s first original and independent classification of the mammalia 
is found in his ‘Tableau Elémentaire de |’Histoire Naturelle des Animaux,’ 

_ published in 1798. In this he unites the “Tardigrades,” and ‘“Edentés”’ 
under the single heading “Edentés,” suppresses ‘‘les Vermiformes,” and 
_ considers ‘‘les Cheiroptéres,” “‘les Plantigrades,” ‘les Carnivores”’ et “les 
_Pédimanes” as divisions of a single order “les Carnassiers.”’ In this as 
_ we have seen (p. 47), he followed Blumenbach. The main lines of his 

definitive classification of the ‘Régne Animal,’ 1817 (q. v.), were thus already 
laid down before the year 1800. The ‘Tableau Elémentaire’ is also note- 

_ worthy because in it Cuvier uses the term “famille” (in the Neuropterous 
insects) as a division of an order (Palmer, 1902, p. 719). In this he was 

_ partly anticipated by Latreille in 1796 (Palmer), and we have already seen 
the germ of the idea in Blumenbach’s “‘Sciurina,” “Murina,” ete. of 1779 

| (p. 45). 
Cuvier’s Classification of 1798. 

(Compiled from the chapter headings of the ‘ Tableau Elémentaire’.) 

| Mammiferes. 
L’homme. 

Quadrumanes. 
Singes. 

Makis. 

Carnassiers. 
Cheiroptéres. 

Chauve-Souris. 

Galéopithéques. 
Plantigrades. 

Hérissons. 

Musaraignes. 
Taupes. 

Ours (Ursus, Blaireaux, Coati, ete.) 

Carnivores. 
Martes. 
Chats. 
Chiens (Canis, “Canis hyzena,’’ C. crocuta). 
Civettes. 

Pédimanes. 

Didelphes (Marsupials, including the Kangaroo). 
Rongeurs. 

Pore-épics. 
Liévres. 

Damans. 
Cabiais. 
Castors. 

Feureuils (including squirrels and Aye-aye). 
Rats. 
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Edentés. 
Fourmiliers (Myrmecophaga, Echidna, Manis). 

Orycterope. 

Tatous. 
Paresseux. 

Eléphans. 
Pachydermes. 

Cochons. 

Tapir. 

Rhinocéros. 
Hippopotame. 

Ruminans. 
Chameaux. 

Chevrotains. 

Cerfs. 

Giraffe. 
Antilopes. 

Chévres. 

Brebis. 

Beeufs. 

Solipédes. 

Amphibies. 
Phoques. 

Morses. 

Cétacés. 
Dauphins. 

Cachalots. 
Baleines. 

Narval. 

LACEPEDE, 1799. 

“Tableau des Divisions, Sous-Divisions, Ordres et Genres des Mammiféres,’ 

pp. 1-18. Paris An. VII. 

As regards the major divisions Lacépéde’s classification does not seem 
to be especially original either in content or in method, except in so far as it 
combines the features of earlier systems. It agrees with many early systems 
in grouping together all the ‘marine mammals.” It agrees with Pennant’s 
system in elevating the ‘“Cheiroptéres” to the rank of a grand division. 
In common with the systems of Geoffroy and Cuvier (1795) and Cuvier 
(1798) it suggests Storr’s scheme in several respects, especially in the arrange- 
ment of the Ungulates and in interposing several grades of divisions between 
the class and the order. From Brisson, apparently, is borrowed the general 
idea of dividing the mammals into many orders on the basis of the number 
and kind of teeth, 

More detailed relations of Lacépéde’s classification to those of his con- 
temporaries are shown in the subjoined table. 

| 

| 
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Lacépéde’s Classification of 1799. 

(Summarized.) 

Division I. Point d’ailes membraneuses ni de nageoires. QUADRUPEDES 

proprement dis. 

Sous-Division I. Les quat e pieds en forme de mains. QUADRUMANES. 

Ordre I. Dents incisives, laniaires et molaires. 

Genres: Simia, Cercopithecus, Sapajou, Sagouin, Alouatta, Maccaca, 
Pongo, Cynocephalus, Lemur, Indri, Lori, Macrotarsus, 

Galago. 
Sous-Division II. Les pieds de derriére en forme de mains. PiDIMANEs. 

Ordre II. Dents incisives, laniaires et molaires. 

Genres: Didelphis, Dasyurus, Coescoes, Phalanger. 

Ordre III. Dents incisives et molaires. VY 
Genres: Kanguroo, Aye-aye. 

Sous-Division III. La plante des pieds articulée de maniére 4 s’appuyer sur la 
terre quand l’animal marche. PLANTIGRADES. 

Cade IV. Dents incisives, laniaires et molaires. 

Genres: Ursus, Coati, Kinkajou, Ichneumon, Erinaceus, Tenrec, Sorex, 
Desman, Chrysochloris, Talpa. 

Sous-Division IV. Les doigts sans sabots. DiqrriGRADEs. 
Ordre V. Dents incisives, laniaires et molaires. Carnassiers. 

Genres: Canis, Felis, Viverra, Mustela. 
Ordre VI. Dents incisives et molaires. Rongeurs. 

Genres: Lepus, Pika, Hyrax, Cavia, Agouti, Castor, Ondatra (O. 

zibethicus), Arectomys, Hamster, Mus, Arvicola, Myoxus, 

ee ee ee 

ee 

Talpofdes (T. typhlis), Dipus, Sciurus, Hystrix, Coendu. | 
Ordre VII. Dents laniaires et molaires. 

Genre: Bradypus. 

Ordre VIII. Dents molaires. 

Genres: Dasypus, Orycteropus. 
Ordre IX. Point de dents. 

Genres: Myrmecophaga, Echidna, Manis. 
Sous-Division V. Les doigts renfermés dans une peau trés-épaisse, ou plus de 

deux sabots. PAcHYDERMES. 

Ordre X. Dents incisives, laniaires et molaires. 

Genres: Sus, Tapirus, Hippopotamus. 
Ordre XI. Dents incisives et molaires. 

Genre: Elephas. 

Ordre XII. Dents molaires. 
Genre: Rhinoceros. 

Sous-Division VI. Deux sabots. BisvuLques, ou Ruminans. 
Ordre XIII. Dents incisives, laniaires et molaires. 

Genres: Camelus, Mosechus. 

Ordre XIV. Dents incisives et molaires. 

Genres; Cervus, Camelopardalis, Antilope, Capra, Ovis, Bos. 
Sous-Division VII. Un seul sabot. Sonimpkpes. 

Ordre XV. Dents incisives, laniaires et molaires. 
Genre. Equus. 
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Division II. Des ailes membranenses. MAMMIFERES AILEs., 

Sous-Division I. Les pieds de devant garnis de membranes en forme d’ailes. 

CHEIROPTERES. 
Ordre XVI. Dents incisives, laniaires et molaires. 

Genres: Vespertilio, Spectrum, Rhinolophus, Phyllostomus, Galeo- 

pithecus. 

Ordre XXII. Dents laniaires et molaires. 

j Genre: Noctilio. 

‘Division III. De nageoiress _MAMMIFERES MARINES. 

4 Sous Division I. Les pieds de derriére en forme de nageoires. Empfirrés. 

Ordre XVIII. Dents incisives, laniaires et molaires. 
Genres: Phoca, Trichecus (T. rosmarus). 

Ordre XIX. Dents laniaires et molaires. 

Genre: Dugong. 
Ordre XX. Dents molaires. 

Genre: Manatus. 
Sous-Division II. Point de pieds de derriére. Crracés. 

Ordre XXI Dents molaires. 
Genres: Delphinus, Physeter, Monodon. 

Ordre XXII. Point de dents. 
Genre: Balzna. 

G. CUVIER, 1800. 

‘Lecons d’Anatomie Comparée.” 

- _ In 1800 the ‘Tableau Elementaire’ was supplemented by the first volume 
of the ‘Lecons d’Anatomie Comparée’ (Paris An. VIII) which continued 
to appear at intervals. In this work the osteology, myology, histology and 
other branches of the morphology of man, the mammals, birds, reptiles, 

fishes and invertebrates, are very fully treated. 
_ Cuvier was hardly the founder of comparative anatomy to the same 
degree in which he may be said to be the founder of vertebrate paleontology. 
He found in Paris an active group of naturalists and anatomists, and the 
collaboration with his older colleague Geoffroy may be said to have inducted 
him into the subject. As he himself cheerfully acknowledges in the work now 

I under consideration he was inspired to his own famous investigations 
if by the example of Bloch, Fabricius, Ray, Linneus, Klein, Buffon, Dauben- 

| ton, Mertrud, Duvernoy, Vicq d’Azyr, Geoffroy, Lacépéde, and Lamarck, 

; as well as of Pallas and other naturalist explorers. 
____ If, however, Cuvier did not create comparative anatomy, he at least 
_ organized it. Under his hand both the content and methods of the subject 

_ expanded so enormously as to justify the general opinion that he was “‘prac- 
| tically the creator of comparative anatomy and paleontology in their modern 
_ shape” (Huxley, 1894, p. 312). 
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The classification of the mammals given in the ‘Lecons d’Anatomie 
Comparée,’ notwithstanding the favor with which it was generally and long 
received, reveals no important new principles and reflects relatively little of 
Cuvier’s unrivalled knowledge of comparative anatomy. As Gill (1907, 

p. 497) has so clearly expressed it: ‘Cuvier manifestly allowed himself to be - 
influenced by the sentiment prevalent in his time that systematic zoology 
and comparative anatomy were different provinces. It may, indeed, seem 
strange to make the charge against the preeminent anatomist, that he failed 
because he neglected anatomy, but it must become evident to all who care-— 
fully analyze his zoological works that such neglect with his prime fault. 
He, in fact, treated zoology and anatomy as distinct disciplines, or, in other 
words, he acted on the principle that animals should be considered inde-— 
pendently from two points of view, the superficial, or those facts easily 
observed, and the deep-seated or anatomical characters.” And yet this” 
cannot be altogether true in the present instance, or else Cuvier would have 
left Hyrax among the Rodents and Hydrocherus with the Ungulates. | 

When examined in detail the classification given below exhibits the 
following features in addition to those already noted: ; 

(1.) The term “ordre” is replaced by “famille,” which is really used in 
a superordinal sense. 

(2.) The old three-fold division of the mammals (c/., Linnzeus, Storr, 

Blumenbach and others) into Unguiculates, Ungulates and marine mammals 
is followed with a change of names. 

(3.) ‘The descriptive phrase, last seen in Brisson 1762, here reappears 
for the larger divisions. In fact, the methods of Brisson, with whose work 
Cuvier was doubtless familiar, are suggested throughout. 

(4.) The Unguiculates are divided into two major groups according to 
the presence or absence of the three kinds of teeth (cf. Brisson’s orders I-III, 
and Lacépéde’s groups, which were founded on similar considerations). 

(5.) The Rodents and Edentates are contrasted with all the higher 
Unguiculates. 

(6.) ‘The relation of digit I to the other fingers is selected as of ordinal 

importance in “ Bimanes,” ‘‘Quadrumanes,” ‘‘ Plantigrades,” ‘‘Carnivores”’ 

and ‘‘Pédimanes.” ‘This feature had been more or less foreshadowed by 
Blumenbach, Storr and Geoffroy. 

(7.) ‘The old group “ Verminei”’ is here reduced to a subdivision (corre- 

sponding to a family) of ‘les Carnivores,” but is still placed between the 
plantigrade carnivores and the typical digitigrade carnivores, 

(8.) ‘The Linnean genera have now been split up in many cases and a 
great number of new genera, described by various authors, appear, In 
fact the great expansion in the content of mammalogy is very noticeable. 
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_ (9.) The genera are grouped under common names of typical forms 
(“Makis,” “Ours,” ‘‘Civettes,” “Chats,” ete.), corresponding to the 

modern suborders or families, which are also named from typical genera. 
- (10.) Although in this classification there is no hint of the sharp separa- 

_ tion between functional analogies and true homologies (so that we find 
_ many erroneous associations: cf. Aye-Aye in Rodents, Marsupials with 
Carnivores, “Kangurus” with Rodents, Manatus with Cetacea, Echidna 

with Edentates, etc.), yet, with the rapidly expanding knowledge of structure, 
ain old errors (e. g., Hyrax with Rodents, Cercoleptes with Lemurs, 

ydrocherus with Ungulates) are corrected. 
| (11.) ‘The classification as a whole is a conservative development of 
_ preceding systems and cannot be compared in originality (even if more 
effective) with Linné’s system. It relies upon a very narrow range of 

characters, viz.: (a) the older criteria of foot structure for the main divisions 
' [equivalent to subclasses]; (b) dental characters for the main subdivisions 
_ {equivalent to superorders] of Unguiculates; and (¢) detniied foot structure 

for the orders. 

Cuvier’s Classification of 1800. 

( ( (Fam. I. Les Bimanes. Pouces sé- 
parés aux extrémités supérieures |Home Bae anaien ace Homo 

seulement. (Homo) { Pithecus 
Callithrix 

[ Singes........ Cercopithecus. 
F. II. Les Quadrumanes. Pouces (Simia) Cynocephalus 

a séparés aux quatre pieds. Papio. 
5 Cebus. 
4 Lemur. 

me MakIg ois ss indie, 
8 , L (Lemur) + Loris. 

$ Galago. 

: 3 “, 2 L Tarsius. 

p 2 ( Pteropus. 
bed espertilio 

‘ & f A, Les Cheirop- ( Chauve-souris. aa et bee “ae 

} (Vespertilio) sso 5 téres. Phyllostoma. 
| | Mains alongées: | Noctilio. 

membranes s’é- | Galéopithéques. |" Galeopithecus. 
tendant du col a | (Galeopithecus) 
l’anus, entre les 

eiehcpm Pon , — { Hérissons..... { Erinaceus. 
B. Les Planti- (Erinaceus) Setiger [Centetes]. 

grades. Sorex. 

Point de pouces | Musaraignes Mygale. 
séparés: plante J) (Sorex) Chryso-Chloris. 

entiére du pied Scalops. 

appuyée sur le | Taupes....... . .Talpa. 
sol. (Talpa) { Ursus. 

Taxus. 

L | OMB aie Wao Nasua. 
(Ursus) Procyon. 

Potos [Cercoleptes]. 

Jchneumon. 



Mammiféres, 

X pieds en 

A ongles 

A sabots. 

Les trois sortes de dents. 

Défaut d’une sorte de dents. 

. GC. Les Carnivores. 

Point de pouces 

séparés; pieds 

n’appuyant que 

sur les doigts. 

D. Les Pédimanes. 

Pouces séparés 

aux pieds de der- 

L riére seulement. 

(F. IV. Les Rongeurs. Défaut de 
canines seulement. 

cisives et de canines. 

‘F. VI. Les Tardigrades. Défaut 

d’incisives seulement. 

F. VII. Les Pachydermes. Plus de 

F. VIII. Les Ruminans. Deux 

doigts: deux sabots, 

|F, IX. Les Soliptdes. Un _ seul 
doigt: un seul sabot, 

F. X. Les Amphibies, Quatre 
pieds, 

F, XI, Les Cétacés, Point de pieds 
de derri@re, 

LF. V. Les Edentés. Défaut d’in- ; 

deux doigts: plus de deux sabots. } 

Martetic. kaise Mustela 

(Mustela) Lutra. 

Civettes ...... Mephitis. 
GHRES oA eds Ses Viverra. 
GHiene: Ss os eas Felis. 

(Canis) Canis. 
Hyaena. 

| Didelphes.. .. . Didelphis, 5 
(Didelphis) Dasyurus. 

Phalangistat., 

Kanguroos.....-- Kangurus [Macrop 
Pore-épics..... . . Hystrix. 
Liévres....... estes 

(Lepus) Lagomys. 
Cabiais. .... s { Hydrocheerus, 

\ Cavia. 

4 Castors....... ..Castor. 

Ecureuils...... Pteromys. 
‘ Sciurus. 

Aye-Aye. ...+- 6. Cheiromys. 

( Arctomys. 
Lemmus. 

Fiber. 

| Rats he awe | J Mus. 

(Mus) Cricetus, 

Spalax. 

Dipus. 

| Myoxus. 
Myrmecophaga. 

iegiparminci ots {Bei x 

yrmeco- 
phaga) Manis. 

Oryctéropes.., . . .Orycteropus. 
Tatoug ysis ¥ viecsis . . Dasypus. 

Paresseux..... Bradypus. 
Megatherium, 

f Eléphans, ere . .Elephas. 

Tapirs..........Tapirus. 

Cochons....... ..Sus. 

Hippopotame, . , , Hippopotamus. 

Daman....... .,Hyrax. 
Rhinocéros.... , , Rhinoceros, 

{ Chameaux.. .. . era, 
Lama, 

Chevrotains.... . .Moschus, 

COSTING iicfi'e aisenace Cervus. 

RPA oS x iy ace Camelo-Pardalis, 
Antilopes...... . . Antilope. 

Chévres..... .» . Capra, 

Brebis + re Sate teo wan 

eee . Bos, 

Cheval,.......,..Equus, 

et canriggh tutte od REO 
Morses,,...... .. Trichecus, 

Lamantins,,... .,Manatus., 

Dauphins, ..... . . Delphinus, 
Cachalots...... ., Physeter, 
Baleines.,..... ..Balena, 
Narval,,...... ..Monodon, 

— ae Oe 
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_ CUuvIER AS THE FOUNDER OF VERTEBRATE PALMONTOLOGY, 1796-1836. 

A by-product of Cuvier’s early studies in comparative anatomy and 
' mammalogy was his interest in the fossilized remains of animals. As 

r early as January, 1796, he announced to the Institute (Mem. Inst. 1°° 

classe, Math. et Phys., tome II, pp. 20-21) that the fossil elephants which 
_had been known from the earliest times and had formed the subject of a 

| great number of writings were of a species different from the Indian Elephant. 
This was his first important paleeontological discovery. 

Cuvier’s first independent contribution to mammalogy was his descrip- 
tion of the Megatherium in the ‘Magasin Encyclopédique,’ Vol. III, An 

| IV (1796). (Palmer 1904, p. 406.) The year 1796 may consequently be 
regarded as the date of the founding of Vertebrate Paleontology. This 

_ was followed by the first ‘Mémoir sur les espéces d’Eléphants vivants et 
fossiles’ (1799), by the memoirs ‘Sur le Mégalonix....’ (1804), ‘Sur le 
Megatherium....’ (1804), ‘Sur les elephans vivants et fossiles’ (1806), 
‘Sur le grand mastodonte’ (1806); and ‘Sur différentes dents du genre des 

~ mastodontes’ (1806); the paleontological researches finally culminating 
in the famous ‘Ossemens fossiles’ in 1812, 1821, 1825, and 1834-1836 

(Hay, 1902, pp. 72, 73). 

DUMERIL, 1806. 

| ‘Zoologie Analytique ou Méthode Naturelle de Classification des Animaux’. 
Paris, 8vo. 

Duméril examines in detail the principles of a natural classification. 
He rejects life-habits as criteria for major classification (contrast Linneeus) ; 

he rejects also criteria based solely on the general or external appearance 
(“superficie”); and finally he rejects classifications based on the variations 

however slight of a single organ. He declares further that of late it had 
come to be recognized (cf. Daubenton, p. 41 above), that the principal 
end of natural history being the study of species, instead of building arti- 

ficial classifications and then proceeding a priori to study species (cf. Brisson), 
__ we should study the latter directly, constantly comparing each with each, 
and thus gradually recognizing the larger assemblages. From this, he says, 
springs the natural method of classification, which although “still very 
imperfect, corrects its own errors each day and tries to fill up the gaps which 
it sees indicated in advance.” Botany (cf. Ray, Linneus) may furnish 
_ examples and ideals of method, but these are not to be followed slavishly. 
- Duméril protests against the straining of characters in order to fit some 
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preconceived scheme, a procedure resulting in the wide separation of genera 
obviously related. 

He protests also against the blind following of the character of one organ 
or set of organs in the definition of orders and genera, and he cites examples 
(J. c., p. xv) to prove that animals differing in many essential characters may 
yet show close resemblances in certain organs; that is, he recognizes that 
analogical resemblances should not be used to connect otherwise unrelated — 
organisms. 

Duméril’s classification is based upon that of Cuvier and Geoffroy, with 
certain modifications “which seemed to help the progression of the system 
[7. e., in regard to the natural sequence of the genera],” especially in the 
rodents, marsupials, “‘Amphibies,”’ and Cetaceans. 

The purpose of the section on the mammals, he tells us, is to complete 
the table of classification given by Cuvier in 1800 (in the ‘ Lecons d’ Anatomie 
Comparée’) by extending the same methods of analysis and presentation to 
the genera. As in Brisson’s scheme, a series of dichotomous branchings by 
means of brackets is arranged under each order. In the section on les 
“Pédimanes ou Marsupiaux” the genera “Sarigue,” “ Peraméle,” “ Dasy-_ 
ure,” ““Wombat,” “Coéscoés,” and “Phalanger” appear. ‘Le Kangaroo” — 

furnishes the transition to “les Rongeurs” and appears at the head of that — 
order. 

In short, Duméril’s work shows that more fundamental principles of — 
classification were being discovered; but his classification is essentially 
Cuvierian, first, in not recognizing the subclass rank of the Marsupials and 
their entire independence from the Rodents and Carnivores and, secondly, 
in endeavoring to find a natural sequence of genera leading from order to 
order. 

ILLIGER, 1811. 

*‘Prodromus Mammalium et Avium.’ 

The work cited above further illustrates the great increase in the content 
of mammalogy during the half century that had elapsed since the tenth — 
edition of the ‘Systema Nature.’ Illiger, in contrast with most other natur- 

alists of that time, attempted to cover only a limited territory (mammals — 
and birds in contrast with the Animal Kingdom) in a concise and thorough — 
manner,— an indication of increasing specialization, due to rapidly extend- 

ing knowledge. ‘The work contains careful generic definitions, an extensive 
glossary of technical terms, an etymology of generic terms and other com- 
mendable lexicographical features and was highly praised by Illiger’s 
contemporaries (cf. Latreille, 1825, p. 2). 
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_ Illiger’s classification appears to be a development of Blumenbach’s 
and Storr’s systems, with details from other writers. It contains little that 

was new in principle, the prime criteria of classification being foot-structure. 
In common with most writers of the period Iliger knew nothing of the 

modern “‘law of priority,” especially as applied to larger groups, and appar- 
ently never used a group name of another author if he thought he could 
invent a more appropriate one. Consequently his classification is chiefly 
remarkable for the number of new terms, some applied to old groups, some 
to new orders and ‘‘familie” (¢/. the “famille” of Cuvier, and the “familia” 

| of Klein). Some of these names of “familie,” including ‘“ Prosimii,” 

“Duplicidentata,”’ ‘Proboscidea,” “’Tylopoda,” “ Dermoptera,” ‘ Pinni- 

_ pedia” (not of Storr), and “‘Sirenia,” are applied to orders or suborders at 
_ the present day. Because he wrote in Latin and used monomial group terms, 
Tiliger is also reckoned as the technical author of ‘‘ Marsupialia,”’ which had 

_ long been used in the French form. 

_ Perhaps the most original feature of Illiger’s system is the sequence of 
_ the groups. he “recta” are followed by the “ Pollicata” which end with 
the Rodent-like Phascolomys. ‘This is followed. by the order “Salientia” 

| (Kangaroos) which, as in Cuvier’s scheme, thus lead to the adaptively 
similar Dipus and Pedetes of the ‘Prensiculantia” (= Rodents). This 
group in turn ends in the “Subungulata” (including Cavia and Hydro- 
_cherus), which form the transition to the “Multungula,” beginning with 
| Hyrax. The Ungulate series culminates in the “Bisulca.”’ The Eden- 
tates have always been a stumbling-block in any linear arrangement of the 
orders ever since Ray called them ‘‘Quadrupeda anomala”; they had 
usually been placed ahead of the ungulates, but as they interfered with the 

sequence described above Illiger placed them after the ungulates. They 
begin with Bradypus (which, as most resembling the Primates, may have 

been conceived as the “highest”’) and end with the Scaly Anteater, which 
_ affords the desired transition to the Spiny Anteater (Echidna) of the “order” 

_ “Reptantia.” Still another series of orders begins with a Primate-like 
_ form (Galeopithecus), and is followed by the Chiroptera which thus precede 
_ the Insectivores (‘‘Subterranea”). ‘These in turn lead to the ‘‘ Plantigrada,” 
_ while the last member of the order is the aquatic Lutra, which thus stands 
b next to the Pinnipedia, which in turn lead to the Cetacea. 
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Ordo I. 

Fam. 

Ordo II. 

Fam. 
“ 

Ordo III. 

Fam. 

Ordo IV. 

Fam. 
“ 

“ee 

Ordo VI. 
Fam. 

Ordo VII, 
Fam. 

“ 

“ 

“ 

Ordo VIII, 
Fam. 

Ordo IX. 

ee — ee 

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

Tiliger’s Classification of 1811. 

(Suinhartkad: 

Erecta’ [cf. ‘Bimana”’ Blumenbach]. 

Erecta. Homo. 
Pollicata.! 
Quadrumana [Blumenbach]. 

Prosimii' (cf. Prosimia Storr). 

Macrotarsi [cf. Macrotarsus Lacépéde] (Tarsius, Ptolioneehs 
Leptodactyla! (Chiromys). 

Marsupialia [ef. Geoffroy] (Didelphys, Chironectes, Thylacis (=Peral 
meles Geoff.], Dasyurus Geoff., Amblotis [=Wombat], 

Balantia [= Phalanger Gielasta lial Phalangista, Phasco- 

lomys). 

Salientia' [new order, cf. Jaculus Erxleben]. 

Salientia (Hypsiprymnus Halmaturus). 
Prensiculantia' [‘‘ Pfétler,” 7. e., scratching with the front paws; new 

term.] 
Macropoda' (Dipus, Pedetes, Meriones). 

Agilia' (Myoxus, Tamias, Sciurus, Pteromys). 

Murina [Blumenbach] (Arectomys, Cricetus, Mus, Spalax, Bathyergus). 
Cunicularia' (Georychus, Hyudsus [= Lemming], Fiber). 

Palmipeda' [cf. Palmata Blumenbach, applied to a somewhat different 

assemblage] (Hydromys, Castor). 
Aculeata! (cf. Acanthion Klein) (Hystrix, Loncheres). 

Duplicidentata! (Lepus, Lagomys). 
Subungulata! (Ceelogenys, Dasyprocta, Cavia, Hydrochcerus). 

Multungula [Blumenbach]. 
Lamnunguia' (Lipura [“ Hyrax hudsonius”’ Schreber, “Tailless Mar- 

mot”? Pennant], Hyrax). 

Proboscidia' (Elephas). 

Nasicornia' (Rhinoceros). 
Obesa' (Hippopotamus). 
Nasuta' (Tapirus). 

Setigera' (Sus). 

Solidungula [Blumenbach]. 
Solidungula' (Equus). 

Bisulea (Blumenbach]. 
Tylopoda' (Camelus, Auchenia). 

Devexa' (Camelopardalis). 

Capreoli' (Cervus, Moschus). 
Cavicornia' (Antilope, Capra, Bos). 

Tardigrada (Geoff. & Cuvier]. 
Tardigrada (Bradypus, Prochilus [= Melursus]). 

Effodientia.' 

1 New term, 
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Fam. Cingulata! (Tolypeutes, Dasypus). 
4 Vermilinguia! (Orycteropus, Myrmecophaga, Manis). 

Ordo X.__ Reptantia.' 
i‘) Fam. Reptantia' (Tachyglossus, Ornithorhynchus, Pamphractus). 
_ Ordo XI. Volitantia.' 

= Fam. Dermoptera (Galeopithecus). 
= Chiroptera [Blumenbach] (Pteropus, Harpyia, Vespertilio, Nycteris, 

Rhinolophus, Phyllostomus, Noctilio, Saccopteryx, Dy- 

. sopes). 

Ordo XII. Faculata' [ef. “les Carnassiers’’ Cuvier]. 
Fam. Subterranea' (Erinaceus, Centetes, Sorex, Mygale, Condylura, Chry- 

sochloris, Scalops, Talpa). 

as Plantigrada' (Cercoleptes, Nasua, Procyon, Gulo, Meles, Ursus). 

f Sanguinaria' (Megalotis, Canis, Hyena, Felis, Viverra, Ryzena 
[Viverra tetradactyla]). 

i 7 ‘a Gracilia' (Herpestes Mephitis Mustela, Lutra). 
_ Ordo XIII. Pinnipedia (ef. Storr]. 

Fam. Pinnipedia (Phoca, Trichechus [Walrus]). 

_ Ordo XIV. Natantia' [e/. “les Amphibies” Cuvier]. 
Fam. Sirenia (Manatus, Halicore, Rytina). 

Cete (Balwna, Ceratodon [Narwal], Ancylodon [Hyperoddon], Phy- 

seter, Delphinus, Uranodon [Hyperoédon)). 

THE ‘‘PHILOSOPHICAL ZOOLOGISTS,” CIRCA 1783-1847. 

In the work of Cuvier and the majority of his contemporaries the prin- 
ciples of classification adopted were largely such as naturally flowed from 
a practical acquaintance with zodlogical material; the criteria of classifi- 

cation were for the most part of-the convenient but rather superficial kind 
_ that had been adopted by the fathers of zodlogy. Ideas as to what con- 
stituted the ultimate basis of a natural classification were still confused. 

Descent with modification as the cause both of divergent structure and of 
 homological resemblances remained virtually undiscover:d or at best but 
imperfectly perceived (Goethe). Many partly false explanations of homo- 

logical resemblances and equally misleading criteria of classification sprang 
up, ranging in character from the elaborate, purely “metaphysical” and 
_ medieval speculations of Oken to the relatively simple and at least rather 

_ fruitful conceptions of the unity of type, held in different forms by Goethe, 
_ Geoffroy St. Hilaire, Owen, de Blainville, ete. 

+The movement has been fully treated in various aspects by Huxley 
(1894, pp. 283-304), Osborn (1899, pp. 122-127, 181-187) and Gill (1907, 

_ pp- 501-502) and therefore here requires notice only in so far as it affected 
_ the ordinal classification of the Mammalia. 

1 New term, 
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Of Goethe’s part in this movement Huxley says (1894, p. 291): “I do 
not think that anyone who studies these works [on the intermaxillary bone 
of man, on osteology generally and on the metamorphoses of plants], in many 
ways so remarkable, can doubt that, in the last two decades of the eighteenth — 
century, Goethe arrived, by a generally just, though by no means critical, — 
process of induction, at-the leading theses of what were subsequently known 
as Natur-philosophie in Germany, and as Philosophie anatomique in France; 
in other words, that he was the first person to enunciate and conceive as— 

parts of a systematic whole, whatever principles of value are to be met with — 
in the works of Oken, Geoffroy, and Lamarck.” 

The theory of the “unity of organization” was also developed by Vicq 
d’Azyr, in its application to the limbs of the higher vertebrates, and espe- 
cially by the elder Geoffroy (see p. 57), and it influenced profoundly de 
Blainville’s remarkable classification of 1816 (see p. 75), while it also re- 
sulted in Owen’s elaborate contributions to the “‘archetypal” theory of the 
vertebrate skull and of the structure of limbs. 

In Oken’s hands (1821) these general ideas resulted in a classification 
of the mammalia in which the primary criteria were certain assumed re- 
semblances in function between the different systems of the human economy 
and corresponding classes of animals. Isidore Geoffroy (1826, p. 71) has 
thus summarized this absurd system: 

“The celebrated German anatomist tries to establish in this work that 
the Animal Kingdom is developed in the same order as the organs in the 
animal body, and that it is these organs which form, characterize and 

represent the classes; that there are just as‘many classes of animals as there 
are organs; and that, in a scientific system, these classes ought to be named 

from the organs.” Oken then applies these ideas to the formation of orders — 
and families, and divides the Mammifers, which he calls ‘‘ Animals with 

senses,” or “Sensiers,” into five orders: 

1. ‘Les Germiers,” divided into ‘“Spermiers,” ‘Oviers” and ‘“ Fétiers” 
[Rodents]. 

II. ‘Les Sexiers” [Insectivores and Marsupials]. 
III. ‘Les Entrailliers” {[Monotremes and Edentates]. 
IV. ‘Les Carniers” [Cetacea, Ruminants and Pachyderms]. ; 
VY. “Les Sensiers” [Pinnipeds, plantigrades, digitigrades, Chiroptera, 

_ Quadrumana and Man]. (I. Geoffroy, 1826, p. 71). 

Possibly this system may have been developed from the suggestion of 
Lamarck that animals could be distributed under three categories: ‘ (1) 
apathetic animals and (2) sensitive animals among the invertebrates, and (3) 
intelligent animals, equivalent to the vertebrates” (Gill, 1907, p. 501). 

In the ‘Allgemeine Naturgeschichte’ (1838) Oken proposed another 

q 
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classification which was even more impracticable and aberrant. ‘The 
- mammals were classified into three groups, lower, middle and higher, each 

_ of these divided again into lower, middle and higher stages, the stages again 
_ into orders. 
In England the ‘metaphysical’? school was represented especially by 
_ Macleay and by Swainson. 

The ‘Circular System” of Macleay was proposed in 1819-21 in a rare 
work called ‘Hore Entomologicee or Essays on the Annulose Animals.’ 
According to Swainson (1835, pp. 198-199) the germs of this “natural 
method”? may be found in the work of Herrmann, ‘Tabula Affinitatum 

Animalium,’ 1783, which “contains numerous comparisons, and many 

valuable observations, on the resemblanees which different animals bear to 

- each other... . Herrmann seemed to have no clear perception of the difference 
between analogy and affinity, although, like most others who had gone 
before him, he did not confound them when treating of very remote re- 
semblances.”’ 

Macleay’s system was suggested by a study of Lamarck’s views of the 
| branching nature of natural series. Macleay conceived the idea that the 

terminal branches exhibited affinities, and thus the circuit, to use a modern 

simile, would be completed. 
The circular system was developed in the erudite but very “metaphysical” 

works of William Swainson, especially in his ‘Treatise on the Geography 
and Classification of Animals’ (1836, pp. 224-225). The primary theses 
finally enunciated by Swainson were as follows: 

“T. That every natural series of beings, in its progress from a given 
point, either actually returns, or evinces a tendency to return, again to that 
point, thereby forming a circle. 

“TI, The primary circular divisions of every group are three actually, 
or five apparently. 

“TIT. The contents of such a circular group are symbolically (or 
analogically) represented by the contents of all other circles in the animal 
‘kingdom. 

“TV. That these primary divisions of every group are characterised 
by definite peculiarities of form, structure, and economy, which, under 
diversified modifications, are uniform throughout the animal kingdom, 
and are therefore to be regarded as the PRIMARY TYPES OF NATURE. 

“V. That the different ranks or degrees of circular groups exhibited 
in the animal kingdom are NINE in number, each being involved within the 
other.” 

In brief it was held that “creative power delighted in the symmetry of 
numbers and in circular arrangements” (Gill, 1907, p. 501). These ‘‘cir- 
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cularian”’ and “‘trinitarian”’ principles are maintained by Swainson at great 
length. ‘The idea of “wheels within wheels” is worked out in such detail 
that the reader, reminded of the endless cycles and epicycles of the Ptole- 
maic astronomy, or of the metaphysical arguments used by Copernicus to 
establish the sphere as the universal figure of the heavenly bodies, becomes 
lost in the bewildering labyrinth of ‘‘affinities’”’ and analogies. Neverthe- 
less, the idea which was dimly adumbrated in Blumenbach’s “Palmata 
Glires, ‘‘Palmata Fere”’ etc., namely that similar functional types, such as 
the “‘rasorial,”’ ‘‘scansorial,” ‘‘natatorial,”’ ‘“‘gliriform,’ ‘“‘vermiform,” 

occur in different orders, and the related idea of the parallelism of series, 
as well as the prolonged analysis of “analogies” vs. “‘affinities,” all fore- 
shadow the modern discovery of parallel evolution and adaptive radiation; 
while the whole movement of “philosophical zodlogy”’ was of great value, 
not only in stimulating search for the causes of resemblances and differences 
among animals, but also because, in one of its less extreme forms it guided 
de Blainville to the remarkable classification which may now be considered. 

DE BLAINVILLE, 1816. 

‘Prodrome d’une nouvelle distribution systematique du régne animale.’ 
Bull. de la Soc. philom. pour l’année 1816, p. 105. 

Journ. de phys., t. 83, p. 244. 

The labors of the long series of naturalists from Ray to Cuvier, whose 
systems have been examined above, had brought to light before 1816 many 
of the fundamental problems of mammalian taxonomy. ‘The relations of 
the aquatic mammals to each other and to their terrestrial congeners, the 
problem of the edentates, the arrangement of the ungulates, the relations of 
the monotremes and marsupials to other mammals and to the lower verte- 
brates, the greater problem of the essential nature of ‘‘natural’’ groups,— all 
these had been formulated, and many contradictory answers had been given. 
But the net result, in so far as expressed in Cuvier’s system, was an ordinal 
classification still very artificial. ‘The latter was merely a development of 
the systems of Storr, Blumenbach, Vieq d’Azyr and Geoffroy; and although 
more brilliant in form and improved in many details, did not withal rise much 
above these in underlying principles. Cuvier, as remarked by Gill (1907, 
p. 497) made but little use of his wide knowledge of anatomy in the construc- 
tion of his ordinal arrangement of the mammals, but followed his predeces- 
sors in selecting as prime criteria of classification characters of the kind 
now regarded as relatively plastic and unstable, such as the number of 
the three sorts of teeth, the number of the digits, the various modifications 
of the extremities. 

a eS 
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In the meanwhile, the theory of the unity of organization, advocated by 
_ Vicq d’Azyr and Geoffroy Saint-Hilaire, and destined to be developed into 
_ fantastic extremes by Oken and his school, implied the existence of hidden 
bonds of affinity between outwardly dissimilar animals, a problem which 

had evidently engaged the attention of Linneus. ‘The correlated principle 
| of analogous adaptations in different orders, was being slowly brought to 
; the foreground through the studies of Geoffroy Saint-Hilaire, Lamarck, 
_ Fréderic Cuvier, and de Blainville on the monotremes and marsupials, 

| although in the Cuvierian system these perplexing groups still remained 
mingled with their placental analogues, and the whole problem of parallel- 
_ ism was very imperfectly formulated (see pp. 52, 74). At this juncture Henri 
' Marie Ducrotay de Blainville, guided by his thorough studies of monotreme 
and marsupial anatomy, and especially by his theory of the continuous 
_ approach toward and divergence from ideal prototypes, evolved the re- 

markable classification given in his ‘Prodrome d’une nouvelle distribution 
_ systematique du regne animal,’ a classification which was perhaps the most 

brilliant contribution in the entire history of the subject. 
De Blainville was not satisfied with superficial criteria, or with results 

| _ which recommended themselves either by their appeal to commonly accepted 
| standards or by reason of their mnemonic convenience. He drew his major 

_ criteria of classification from the characters of the reproductive system and 
_ of the skull, and although his scheme rested in part upon a theory stigmatized 
as “metaphysical,” it was nevertheless more searching in its method and 

_ more natural in its results than the Cuvierian system. Cuvier’s classifi- 
cation however had gained wide acceptance, because it was clear and 
practicable and strong in its appeal to common sense. De Blainville’s was 
essentially esoteric, recondite, and repugnant to long accepted opinions and 

__ usages and, moreover, as a product of “philosophical zoology,” it encountered 
__ the powerful and very effective opposition of Cuvier. Accordingly the merit 
_ of de Blainville’s tripartite division of the Mammals and the reasons for asso- 
 ciating in the same “ordre” such widely dissimilar groups as the Probos- 
_ cidea and Sirenia (see below, p. 407) were but tardily perceived, and we find 

_ Fréderic Cuvier in his work. of 1825 (‘Des Dents des Mammiféres, con- 

_ siderées comme Caractéres zoologiques’) still arranging the orders of 
_ mammals according to the number and superficial characters of the teeth. 
7 Coming to a nearer examination of de Blainville’s classification we first 
_ note that it seems permeated with the idea of adaptation and the resulting 
_ obscurement of affinities. ‘This is seen in the union of assemblages with the 
normal limb-type of their order with other groups classed as ‘‘anomaux’”’ 
+ and extremely unlike them in external appearance but supposed neverthe- 
__ less to represent the same “degree of organization.”” Thus the Cetacea are 
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doubtfully bracketed with the Edentates as being “‘Anomaux pour nager,” 
while the Sirenians are separated from the Cetaceans and bracketed with the 
““Ongulogrades” as ‘‘Anomaux pour nager.” ‘These two steps alone 
(whatever may be said as to their permanent value) indicate a quite Lin- 
neean search for affinities hidden beneath the disguise of divergent adapta- 
tions. ‘The Cuvierian system (at least in its early form) may be said to have 
failed for the most part to discriminate between these two great classes of | 
characters. 

Notwithstanding the confusing analogies presented by Marsupials and 
Monotremes with other orders the two groups are set off in a division (“Di-— 
delphes’’) coéddinate with that of all the other mammals (“Monodelphes’’); — 
while a foot-note explains that the Monotremes might perhaps form a sepa-— 
rate subclass. ‘This great step, perhaps the most important one in the his- 
tory of the classification of mammals, had (as already noted) been fully — 
prepared for by the discussions of Lamarck, Geoffroy and the brothers 
Cuvier, which had also brought forward the problem of the value of the 
reproductive system as a major criterion of classification; but it remained — 
for de Blainville to appreciate fully the taxonomic bearings of these facts. 

De Blainville was apparently the first to use the subclass (“sous-classe”’) 
in its modern sense. His ‘‘ordres’”’ are seen to correspond to superorders 
or even cohorts (p. 49). ‘They are held together by the deeper characters of 
the brain and skull, while their subdivisions are defined to a considerable 

extent by means of limb structure. Osteological characters were evidently 
given high value in the classification, and a searching analysis leads to some 
valuable new combinations, such as the ‘Ongulogrades & doigts pairs”’ 
(later called ‘‘ Artiodactyla” by Owen) and the ‘‘Ongulogrades 4 doigts 
impairs” (Perissodactyla). ‘This was a great improvement over all previous 
classifications of the ungulate orders, but zodlogists were slow in accepting 
the change. ‘The elephants are again freed from the other ungulates (as in 
several earlier schemes) and now occupy a separate order ‘‘les Gravigrades.” 
The largely unnatural assemblages ‘‘ Ungulata,” ‘‘Unguiculata,” “ Natan- 
tia,” ete. of previous authors are thus abandoned. 

The Primates are correctly classified. The Anthropoids are sharply 
separated from the Lemuroids; as in Geoffroy St. Hilaire’s scheme, the New 
World and Old World monkeys form coérdinate divisions of “les Singes”’ ; 
the Aye-Aye (ef. Illiger) is correctly allocated. A second grand division 
(“anomaux”) of “les Quadrumanes’’ is less felicitous (Galeopithecus 

+ Bradypus), and is retained with misgivings in the later classification after a 
long but faulty analysis of osteological characters. 

‘The word “ Carnassiers”’ is followed by a question mark as if the natural- 
ness of the assemblage were doubted. ‘The division “‘anomaux” brings 



910.) : De Blainville, 1816. 77 

gether ‘‘les Cheiroptéres,”’ ‘‘les Taupes”’ and “les Phoques,” a more or less 
unnatural arrangement which was greatly improved in the later classification. 

_ The classification under discussion gives up the effort to arrange genera 
| in a linear series forming ‘‘natural transitions’? (contrast Cuvier, Illiger) 

Paleotherium, Anoplotherium, ete., it is clearly stated that such annectant 
forms must be sought usually among genera long since extinct. De Blain- 

| yille’s use of the term “ordre ou degré d’organization” implies the recogni- 
tion of progressive approximation toward a perfect archetype. Like most 
| other naturalists until the time of Huxley, de Blainville began his scheme 

with the Primates. 
Finally one of the most important features of de Blainville’s classification 

" is that it represents an effort to get below the adaptive superficies and to 

which even at the present time has not been grasped by all systematists. 

De Blainville’s Classification of 1816. 

Sous-Classe I 
Monodelphes 

I degré d’organization ou Ordre. 
Quadrumanes. 

Normaux. 
Singes du continent ancien. 

Les Singes. 

Os ~ nouveau. 
Les Sapajoux. 

_ Makis 
Les Makis. 

Les Loris. 
L’Aye-Aye. 

Anomaux. : 
Galéopithéques. 
Tardigrades. 

II® degré ou 
Ordre. 

Carnassiers ? 
Normaux. 

Plantigrades. 
Digitigrades. 

Insectivores. 

Anomaux. 
Les Cheiroptéres. 

Les Taupes. 
Les Phoques. 
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III degré ou Ordre. 

Edentés ? 
Normaux. 

Edentés. 
Anomaux pour nager. 

Cétacés ? 

IV degré 
Rongeurs ? 

(Celerigrades) 

Grimpeurs, 

Fouisseurs, 

Coureurs, 
Marcheurs, 

V degré ou Ordre. 

Gravigrades. 
Eléphans 

VI degré ou Ordre. 

Ongulograd [es]. 
Normaux, doigts 

Impairs. 

Pachydermes, 

Solipedes, 
Pairs. 

Non Ruminans ou Brutes, 

Ruminans, 
Anomaux, pour nager. 

Les Lamantins, 

Sous-Classe IT. 

Didelphes. 
Normaux. 

Carnassiers [Polyprotodont Marsupials]. 

Rongeurs [Diprotodont Marsupials]. 
Anomaux. 

pour fuir 

L’Echidné, 
pour nager 

L’Ornithorinques, 

“Tl se pourait que les Cétacés dussent former un degré d’organisation séparé.” 
“On devra peut-étre faire des Echidnés, ete., une sous-classe distinete.” 

G. CUVIER, 1817. 

‘Le Régne Animal.’ 

In 1817 Cuvier published the first edition of the ‘Régne Animal,’ a work 
which found wide acceptance and was perhaps as popular as Linné’s ‘Sys- 
tema Nature.’ Just as Linné’s system had been made familiar to English 
readers through the works of Kerr (1792) and Shaw, so, under the form of - 

| | 
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 ‘Griffith’s Cuvier’ (1827) and of ‘Blyth’s Cuvier’ (1840, 1849, 1864) 

Cuvier’s ‘Régne Animal’ became the standard work on natural history in 
ngland. 

‘The classification reflects the advances in the subject which had been 
_ made since the appearance of the ‘Lecons d’Anatomie Comparée,’ in the 
following details: 
_ The arrangement of “‘les Carnassiers”’ is considerably improved. The 

Insectivora (now for the first time called “les Insectivores’’) are separated 
from the plantigrade Carnivora (“les Plantigrades”), which are in turn 
placed with the typical Carnivora, and the term “‘Carnivores” is expanded 

to include “les Plantigrades,” ‘‘les Digitagrades” and “‘les Amphibies.”’ 
_ Thus Linné’s reference of the seals to the Fera was at last accepted by 
- Cuvier. ‘Les Marsupiaux” in the table of contents, are included as a final 
| division of “les Carnassiers,” but on page 169 we find the statement that the 

_ Marsupials might almost form an order by themselves, so many are the 
_ peculiarities of their economy; and the parallelism of their genera to those 

of other orders is pointed out (p. 171), thus: ‘It has been said [by Geoffroy 
 Saint-Hilaire, de Blainville] that the Marsupials form a distinct class parallel 
to that of the ordinary quadrupeds and divisible into similar orders, in such 
a way that if the two classes were arranged in two columns, the opossums, 
_ dasyures and bandicoots would be opposite the insectivorous carnassiers 
' with long canines, such as the tenrecs and moles, and the phalangers and 
_ kangaroo-rats opposite the hedgehogs and shrews. The true kangaroos 
| cannot well be compared with anything, but the wombats would be opposite 
the rodents.” 
In this passage and especially in the discussion of the rodent-like char- 
acters of Phascolomys (p. 185) the great principle of analogous adaptations 
in different orders is recognized but not formulated (cf. Duméril), but, as 

_ shown by the classification as a whole, this principle is not yet taken as a 
1 guide. 

; The Rodents are divided into two sections: (1) those with clavicles, and 

(2) those without clavicles. 

_ The many anatomical peculiarities of the Monotremes pointed out by 
_ Geoffroy are described (p. 225) and their possible connection with Marsu- 
pials is also noted (p. 171); but the Monotremes are still left in the Edentates. 

q _ The Pachydermes are now divided into “Proboscidiens” [ef. Illiger’s 
_ term], “‘Pachydermes ordinaires’”’ and “‘Solipédes,” but there is no hint of 
F the removal of Sus, Hippopotamus and Anoplotherium to the neighborhood 
of the Ruminants. 

_ ‘The Camels and Chevrotains are associated in the group of “ Ruminans 
__ sans cornes.” 
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The Manatees and their allies are now included in the Cetacea [ef. 
I}liger]. 

The general impression of this classification is that it is conservative 
in form but transitional and confused in principle. Cuvier’s former confi- 
dence in the worth of the general characters of the extremities as primary 
ordinal criteria had evidently been shaken as shown by the substitution of 
“TInsectivores” for “‘Plantigrades,”’ of ‘‘Marsupiaux”’ for “Pédimanes,” 
by the reduction of ‘‘les Solipédes” to subordinal rank, by the association 
of odd- and even-toed forms under ‘“‘les Pachydermes,”’ etc. ‘The numer- 
ous supposed transitions from Carnivores to Marsupials, from Marsupials 
to Rodents, and from Edentates to Monotremes and even Ungulates, are 

stated, but also the opposing views of the total distinctness of the Marsupials 
and of the Monotremes. 

Cuvier’s Classification of 1817. 
Bimanes. 

Quadrumanes. 
Carnassiers. 

Cheiroptéres (Chauve-souris, Galéopithéques). 
Insectivores [new term]. (Herissons, Musaraignes [including Myogale, Sori- 

cid, Scalops, Chrysochloris], Tenrees, Taupes). 

Carnivores. 
Plantigrades. [Procyonids, Ursids, Meles, Gulo]. 

Digitigrades (Martes and various Mustelids, incl. Lutra, Chiens, Civettes, Hyénes, 

Chats). 
Amphibies (Phoques, Morses). 

Marsupiaux. 

Rongeurs. 

A Clavicules (Castors, Rats, Helamys [Pedetes], Marmottes, Ecureuils, Aye-Aye). 
Sans clavicules (Pore-épies, Liévres, Cabiais). 

Edentés. 

Tardigrades (Paresseux, Megatherium). 
Fdentés ordinaires (Tatous, Oryctéropes, Fourmiliers, Pangolins). 

Monotrémes (Echidnés, Ornithorinques). 

Pachydermes. 
Proboscidiens [c/., Illiger] (Elephans, Mastodontes). 

Pachydermes ordinaires (Hippopotames, Cochons, Anoplotherium, Rhinoceros, 

Daman [Hyrax], “quelque sorte de Rhinoceros en miniature,’ Paleotherium, 
Tapirs). 

Solipédes (Chevaux). 
Ruminans. 

Sans cornes (Chameaux, Chevrotains). 
Avee cornes (Cerfs, Giraffes, Antilopes, Chévres, Moutons, Boeufs). 

Cétacés. 
Herbivores (Lamantins, Dugongs, Rytines). 
Ordinaires. 

A petite téte (Dauphins, Narvals). 
A grosse téte (Cachalots, Baleines). 
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Gray, 1821, 1843 etc. 

Noticed below (p. 102) under “‘ Addenda”’. 

BLUMENBACH, 1830. 

‘Handbuch der Naturgeschichte,’ 12th. ed., 1830. 

_ After examining the fairly progressive classifications of Cuvier and the 
brilliant, prophetic work of de Blainville it is interesting to turn again to 

_ the veteran Blumenbach (1752-1840) and find, as late as 1830, a classifi- 

_ eation which does not differ greatly from his then progressive one of 1791. 
| Blumenbach’s successive classifications extend from the Linnean epoch 

_ through the whole pre-Cuvierian epoch and well into the middle of the epoch 
_ of Cuvier and de Blainville. His first classification of 1779 (see p. 43) 
almost falls within the Linnean epoch, both in time and methods. His 
classification of 1791 came at the end of the pre-Cuvierian epoch, and to- 

gether with that of Vicq d’Azyr distinctly foreshadowed the classification of 
_ Geoffroy and Cuvier. His final classification of 1830 appeared more than 
a decade after de Blainville’s scheme of 1816, and yet failed to recognize the 

__ separation of the Marsupials and Monotremes from their Placental analogues. 

Blumenbach’s Classification of 1830. 

I.  Ordn. Bimanus. Der Mensch. 
Il. Ordn. Quadrumana. Affen, Paviane, Meerkatzen und Makis. 
Til. Ordn. Chiroptera. Die Fledermiiuse. 

IV. Ordn. Digitata. Siugethiere mit freien Zehen an allen vier Fiissen. Diese 
Ordnung zerfillt nach der Verschiedenheit des Gebisses in 
folgende drey Familien: 

(A) Glires. 
(B) Fere. 

(C) Bruta. Ohne Gebiss oder wenigstens ohne Vorderzihne &c. Faulthiere, 
Ameisenbiren, Schuppenthiere, Panzethiere. 

i V. Ordn. Solidungula. Pferd, &e. 

_ VI. Ordn. Bisulea. Die wiederkauenden Thiere mit zerspaltenen Klauen. 

_ VII. Multungulata. Schweine, Tapir, Elephanten, Nashérner, Nilpferd. 

-_ VIII. Ordn. Palmata. Siugethiere mit Schwimmfiissen. Wieder nach ihres 
4 Gebisses in obgedachte drei Familien getheilt: 

~ (A) Glires. Biber. 
(B) Fere. Seehunde &c. Ottern. 

(C) Bruta. Das Schnabelthier [Ornithorhynchus], Wallross, der Manate. 

: Letzterer macht von hier den schicklichsten Uebergang zur letzten Ordnung. 
IX. Ordn. Cetacea. Wallfische, Warmbliitige Thiere die mit den kalt blutigen 

: Fischen fast nichts als den unschicklichen Namen gemein 

haben, und deren natiirliche Verbindung mit den ibrigen 

Saugethieren schon Ray vollkommen richtig eingesehen hat.' 

1*** Cetacea quadrupedum modo pulmonibus respirant, coéunt, vivos foetus pariunt, eos- 

demque lacte alunt, partium denique omnium internarum structura et usu eum iis conveniunt.’ 
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DE BLAINVILLE, 1834. 

The classification used by de Blainville in his lecture course of 1834 
(quoted by Gervais in the ‘Dictionnaire pittoresque d’Histoire Naturelle,’ 
Tome IV, 1836, p. 619) is on the whole, far superior to any hitherto met 
with. As compared with the classification of 1816 (p. 74) it offers the fol- 
lowing noteworthy features: j 

(1) ‘The Monotremes are now definitely separated from the Marsupials 
and raised to the rank of a subclass, “les Ornithodelphes,” so that the com- 
pleted arrangement is as follows: 

Zs “Les Ornithodelphes,” [Monotremes]. 
II. “Les Didelphes,” [Marsupials]. 
III. “Les Monodelphes”’ [Placentals]. 

(2) The principle of parallelism, 7. e, of the existence of analogous 
members in different orders, is clearly recognized in the subdivisions of the 
orders into groups adapted either “pour le vol,” ‘pour nager,” “pour 
grimper,” “pour sauter,” or “pour fouir”’; and “teleological” adaptations 
in the limbs are subordinated to the deeper seated “‘encephalic” characters 
and to the totality of resemblances and differences. ; 

(3) The arrangement of “les Carnassiers” is greatly improved, the 
Bats and Insectivores being set off in a grand division ‘‘claviculés,” con- 
trasted with the Fissiped and Pinniped carnivora, or “non-claviculés. 

(4) ‘The presumed connection between Edentates and Cetacea is again 
affirmed. New evidence for this connection has been adduced recently by 
Beddard (1902). 

(5) The Rodents are very well grouped, the divisions of Waterhouse 
and of Brandt being distinctly foreshadowed. 

(6) The Sirenia are now definitely associated with the elephants, as the 
aquatic representatives of the “ordre Gravigrades.” ‘This connection is 
supported by much modern evidence (see p. 407). 

(7) The classification of ‘les Ongulogrades,” which is based on an 
analysis of the skull and skeleton, but in which the divisions are named from 
the number of digits, is practically in its modern form. 

(8) ‘The Marsupials, on the basis of foot structure, are divided into 

two “degrés,” virtually corresponding with the Diadactyla and Syndactyla 
of later authors. ‘The second “degré” is also well divided. 

De Blainville’s Classification of 1834. 

Sous-classe I, Monopr.pues. 

I. Quadrumanes. 

narines | ™pprochées . . . . Pitheci (Catarrhine). 

Normaux, éloignées . . . «. « Neopitheci [Platyrrhine], 

Pseudopitheci [Lemuroidea]. 
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Se naux pourvoler ..... . . . Galeopitheci. 
*| pour grimper . . .. . . . Tardigradi [Sloths]. 

II. Carnassiers. 

pourle vol. . . . Cheiropteri. 
aviculés sama ae nager. . . . Orycteri [Taupes etc.]. 

normaux Insectivori [Tenrec, Erinaceus, etc.]. 

( Plantigradi, 1° ou omnivores [Plan- 
normaux . tigrade carnivores]. 

Riba vieulés Digitigradi, 2° [Digitigrade car- 
; nivores]. 
anomaux pournager. . . . Pinnigradi,3° ou Phoques, auxquels 

L on est conduit par les Chiens et 

less Protéles. 

- Ill. Edentés. 

 Claviculés et terrestres, Brutes (Tatou, Oryetérope, Four- 
‘4 millier, Pangolin). 

Nonelaviculés, nageurs, Cétacés eneices ete.). 

4 IV. Rongeurs. 

= Grimpeurs, Sciurei. 
Gavions | oo ERIE oe a 1° dents molaires 3 ou 3. 

2° dents molaires 4. 
‘Subclaviculés, Coureurs ou Lepores. 
Nonclaviculés, Marcheurs ou Cavia. 

V. Gravigrades. 

_ Normawux terrestres, Proboscidei, Eléphans. 
Anomaux pour nager, Sirenei, Lamantins. 

VI. Ongulogrades. 

3 doigts, Pachydermes. 

1 doigt, Solipédes: Cheval. 
4 doigts, Brute: Cochon, ete. 

airs, antérieurement au moins 4 : : 
age { 2 doigts, Ruminantia. 

Sous-classe II. D1e.pnes. 

a I* degré. 

i A doigts postérieurs libres { Pédimanes [Didelphiide]. 
 [ef., “ Diadactyla’’] Phascogales [Insectivorous Dasy uride]. 

II® degré. 

a lee des doigts postérieurs réunis. [e/. ‘‘ Syndactyla’’]. 
grimper, Phalangers (Phalanger, Phascolarctos). 

nimaux disposés pour sauter, Sauteurs (Potorou, Kanguroo). 
fouir, Fouisseurs, Phascolome. 

Sous-classe III. ORNITHODELPHES. 

TE Dieposs fouir, Echidné. 
a pow Ornithorhynque. 
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BONAPARTE, 1837.1 

‘New Systematic Arrangement of Vertebrated Animals.’ ‘Trans. Linn. Soc. 
Vol. XVIII, pp. 247. 

The classification of Prince Charles Lucien Bonaparte exhibits the 
following interesting features: (1) The adoption of the Linnzan names for 
the Cuvierian orders; (2) The influence of de Blainville’s classification 
of 1816, in the grouping together of the Marsupials and Monotremes; 
(3) The apparent modification and development of de Blainville’s idea 
of classifying the mammals according to the “variations of the encephalic 
nervous system,” namely, the use of brain characters as subclass criteria. 

The mammals are divided into two series: (1) “Educabilia” (or those 

with a “‘bi- or tri-lobed cerebrum’’) and (2) “Ineducabilia” (or those with 
a ‘“‘single lobed cerebrum”). Dr. Gill informs the writer that this idea was 
suggested to Bonaparte by a friend. At any rate it grouped together animals 
in similar stages of brain evolution, but otherwise not closely related. 

Bonaparte’s twofold division of the Placentals is chiefly noteworthy be- 
cause it was adopted in the subsequent classifications of Gill (1872) and 
Cope (1880), and may have suggested to Owen his classification of 1868, 
which was also based on brain characters. 

Bonaparte’s Classification of 1837. 

Mammalia. 

Series I. Placentalia [Owen ? cf. Placentaria Fleming, 1822]. 

Subclass Educabilia [Bonaparte]: “Cerebrum bi-(vel tri-) lobum.” 

Primates (“Quadrumana”’) [Linn.]. 

Fer [Linn.] (‘Carnivora’’). 

Pinnipedia [Illiger] (‘“‘ Amphibia’’). 

Cete [ef., Linn.] (‘‘Natantia’’ (Sirenia, Cetacea)). 
Belluz [ef., Storr non Linn.] (“ Pachydermata’’), Tapirus. 

Pecora [Linn.] (‘ Ruminantia’’). 
Subclass Ineducabilia [Bonaparte]. ‘Cerebrum unilobum.” 

Bruta [e/., Linn.] (“‘Edentata’’). 

Cheiroptera [Blumenbach] (“ Volitantia’’). 

Bestia [cf., Linn.] (‘ Insectivora’’). 
Glires [Linn.] (‘ Rosores’’). 

Series 2, Ovovivipara [Owen ? ¢/., ‘les Didelphes’’ de Blainville, 1816). 

Marsupialia [c/., Geoffroy] (‘‘ Didelphia’’). 
Monotremata [ef., Geoffroy] (“ Reptantia’’). 

' In his classification of 1831 (‘ Saggio di una distribuzione metodica degli Animali Verte- 

brati,’ Glorn, Arcad, 49, pp, 3-77) Bonaparte adopted the Linnwan orders but did not introduce 
the distinctive features which characterized his classification of 1837, 
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DE BLAINVILLE, 1839-1864. 

Ostéographie ou description iconographique comparée du squellette et du 
systéme dentaire des mammiféres....,’ 4 vols., 4°, with atlas in 
folio. Paris. 

_ This great work, with its scores of accurate lithographic plates, greatly 
extends and supplements the osteological studies of Cuvier and continues 
to be of the greatest service at the present time. It reflects the growing 

interest in the skeleton of recent mammals, both as yielding the most signifi- 
~ cant and important characters in ordinal classification and as a means of 
understanding the remains of past mammalian faune. De Blainville re- 
_ garded the skeleton in a thoroughly modern manner. ‘The skeleton of 

vertebrates, his biographer Nicard tells us, had been regarded ordinarily 
_ as merely the passive part of the locomotive apparatus; but in 1817 de 
 Blainville in the ‘Bulletin de la Société. Philomathique’ considered it as 
serving simultaneously: (1) to envelop the central nervous system, (2) to 
protect the principal part of the eccentric nervous system, and (3) to support 

| the muscular tissue in which it is developed (Ostéographie, p. liii). 
In regard to the classification under discussion the chief innovations are 
_ the terms “Primatés,” ‘“Secundates” (Insectivora, Carnivora), “Tertiatés” 

_ (Rongeurs), ‘“Quaternatés” (Gravigrades, Ongulogrades), and ‘ Mal- 

dentés” (Edentata). ‘The process of separating the Insectivora from the 
| Carnivora is now almost completed. The Edentates are contrasted with 
all the remaining Monodelphians (Biendentés) in a grand division Maldentés. 

De Blainville’s Classification of 1839-1864. 

A [Grades of organization]. 

_ Monodelphes. 
. Bien dentés. 

Primatés. 
Singes. Les Singes, les Sapajous. 

Makis. Les Makis, les Indris, Cheiromys. 
Bradypus [Incertz Sedis]. 

Secundateés. 
Insectivores. 

Carnassiers [Carnivora]. 

[Tertiatés.! Rongeurs.] 

Quaternatés. 

Gravigrades. Elephas, Dinotherium, Lamantins [Sirenia]. 
Ongulogrades. 

1 The Tertiatés are not described in the text of the ‘ Ostéographie,’ i plates illustrating 
the rodents having been published posthumously. 
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A doigts impairs. : 
Pachydermes [Hyrax, Rhinoceros, Paleotherium and its 

allies, Tapirus]. 
Solipédes. Equus. 

A doigts pairs. 
Non-Ruminans ou Brutes [Pigs, Hippopotamus, Anoplother- 

: ium, etc., Adapis]. 
Ruminans. 

Maldentés. 
Maldentés [Edentata]. 

WAGNER, 1855. 

‘Schreber’s Siugetiere,’ Suppl. Bd., Vte Abth., ss. ix—xxvi. 

Cuvier’s name and influence were so powerful that his system of classifi- 
cation of the mammals, as given in the later editions of the ‘Régne Animal,’ 
came into very wide use and was modified only in details. In England 
“Griffith’s Cuvier” long held undisputed sway, as stated above. In Ger- 
many, after the classifications of Oken and his school had been found wanting 
by practical naturalists, the progress of the modern ideas introduced by de 
Blainville was very slow, as shown in the following classification by Wagner. 
This classification is mainly Cuvierian with certain features from Blumen- 
bach and Illiger; it constitutes a rather inglorious ending for an epoch in 
which great ideas had been developed. 

Wagner’s Classification of 1855. 

Simiae. 
I. Fam. Simiae catarrhinae [Geoffroy]. 

Il. 2 «  platyrrhinae [Geoffroy]. 

Ill. “ Prosimii [Illiger]. 
Edentata [ef., Vieq d’Azyr). 
Marsupialia [cf. Geoffroy, de Blainville]. 

I. Fam. Dasyurina. (Thylacinus, Dasyurus, Phascologale, Myrmecobius). 

II. ‘“ Syndactylina. (Perameles, Choeropus). . 
Til. Pedimana. (Didelphis, Chironectes). 
IV. *  Edentula. (Tarsipes). 

Vv. “ Seandentia. (Phalangista, Petaurus, Phascolarctos, Dendrolagus). 

VI.  “ Macropoda. (Hypsiprymnus, Halmaturus). 
VII. “ — Glirina. (Phascolomys). 
Ruminantia 

I, Fam. Cervina. (Moschus, Cervus, Camelopardalis). 
Il. “ Cavicornia [Illiger]. (Antilope, Aegoceros, Bos.)] 

IL. “  Tylopoda [Tlliger). 
Solidungula [Blumenbach], (Equus). 

Pachydermata (Hippopotamus, Sus, etc. Tapirus, Hyrax, Rhinoceros, Elephas, 
Insectivora [Cuvier]. 
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Fam. Dermoptera. (Galeopithecus). 

“  Seandentia. (Cladobates (Tupaja), Ptilocercus, Hylomys). 

“ Soricina. (Rhynchocyon, Gymnura, Macroscelides, Sorex, So- 
, lenodon, Myogale). 

“  Talpina. 

. “  Aculeata. (Centetes, etc., Erinaceus). 

; Diaitopters [Blumenbach]. 
Fam. Frugivora. (Pteropus, etc.). 

“«  Istiophora. (Desmodus, ete.). 

** Gymnorhina. (Emballonura, Vespertilio, ete.). 

6. Tuer Etocu or DARWIN AND HUXLEY. 

Synopsis. 

Key to the confusion of principles of the preceding epoch furnished by 
the idea of descent with modifications, as the basis of resemblances and 

differences among animals (Darwin). 

Conflict of new and old principles (Huxley, Haeckel, vs. Agassiz, Owen). 

The anthropocentric classification, in which man as the measure and 

standard of all things heads the list of organic beings, gives way to the 
evolutionary classification, which leads from the more generalized to 
the more specialized. 

Enormous increase in material leads to partial separation of mammalogy 
proper, comparative anatomy, paleontology. 

Monographie work of preceding epoch continued. 
Introduction of more exact field and museum methods in paleontology. 
Correlation of fossil mammal horizons in different continents and develop- 

ment of the theory of secular migrations and paleogeography (e. g., 
Cope, Osborn, Depéret, Matthew). 

Revision of generic and specific nomenclature on the basis of the “‘law 
of priority,’ initiated in its modern form by the American Ornitholo- 
gists Committee on Nomenclature (1886) (cf. Scudder, J. A. Allen, 

Trouessart, Palmer, Hay). 
Discovery and development of the principles of evolution of the feet 

(e. g., Kowalevsky, Cope, Osborn) and of the teeth (e. g., Cope, Os- 

born). 
Reunion and integration of results of mammalogy, comparative anatomy, 

embryology, paleontology; attempted to a limited degree by Flower ° 
and Lydekker, Beddard, more completely by Weber (1904); but still 
very far from completion. 

Descent and phylogenetic classification sought for; but deceptive analo- 
gies, existing to an unsuspected extent, deceive all early classifiers of 
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this epoch (e. g., Haeckel) and even now are only gradually being 
recognized. : 

Analysis of the results of parallel, divergent and convergent evolution 
in their bearing on classification (e. g., Cope, Scott, Osborn, Dollo) and 

of the principles of adaptive radiation and homology (Osborn). 
Search for inconspicuous, slowly changing, “‘ paleeotelic” characters as 

being better indices of affinity than conspicuous superficial, “ caeno- 
telic” characters. 

GENERAL PROGRESS OF THE ORDINAL CLASSIFICATION OF THE MAM- 

MALIA SINCE 1859. 

As already noted the history of mammalogy reveals a continuous interplay 
between the “‘école des faits” and the “‘école de idées.””. Gesner, Daubenton, 

Illiger, Flower, Zittel, and Marsh may be taken as types of men whose 
prime business was the accumulation and orderly presentation of facts with 
only incidental reference to theories; Ray, Linneus, Cuvier, de Blainville, 

Huxley, on the other hand, represent the “école des idées,”’ who in one way 
or another profoundly influenced the interpretation of facts. 

Although Darwin’s name is rightly given to the epoch under consideration 
yet he did not himself apply the doctrine of evolution to the problem of the 
classification of the mammals. ‘The publication of the ‘Origin of Species’ 
did not therefore at once produce its permanent effects upon mammalogy; 
Haeckel’s earlier phylogenetic trees, based too largely upon placental char- 
acters, did not stand the test of time; and it was not until 1880 that Huxley 
made his well known ‘Application of the Principles of Evolution to the 
Arrangement of the Vertebrata and more particularly of the Mammalia,’ 
an analysis which partly formulated the methods for correct phylogenetic 
conclusions respecting interordinal relationships (see below, p. 94). 

Through the discovery of the great fossil faunas of India, North and 
South America, and more recently of North Africa, mammalogy came into 
possession of a vast number of new facts which at the present day are still 
very incompletely assimilated. Several far reaching principles, however, 
have slowly emerged. Cope (1896 p. 98) and Scott (1891) formulated 
the theories of parallel and convergent evolution, Osborn has developed the 
ideas of adaptive radiation, both general and local, and of polyphyletic 
evolution (1902-10). The general evolution of the teeth and of the feet in 

the Mammalia has engaged the attention of many investigators. ‘The 
evolution of the carpus and tarsus was studied by Kowalevsky (1873), 
Cope (1887), Baur (1885-86) Weithofer (1888), Osborn (1889), Riitimeyer 

(1890), Matthew (1895), and the subject is reviewed and extended in the 
present work (pp. 438-457). 

The evolution of the cheek teeth, first sketched by Huxley (1881), 
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hhas occasioned an extensive literature, centering around the celebrated 
‘Theory of Trituberculy’ of Cope and Osborn. ‘This subject is very fully 
‘dealt with in Osborn’s ‘Evolution of Mammalian Molar Teeth’ (1907), 
and in the succeeding chapters (pp. 181-194). 
In regard to ordinal classification, the chief innovator since Huxley’s 
"time was Cope. But Cope’s classifications were founded to far too great an 
extent upon single characters. His theories in regard to the evolution and 
interrelations of the unguiculate and ungulate orders, and his resulting ordi- 
‘nal classifications, have gradually been crumbling, and recent authors (Weber, 

~ 1904, Osborn, 1907) have returned to a more conservative development of 

_ the classification adopted by Huxley and developed by Flower. (See below.) 
___ The chief contribution of the present and immediately preceding genera- 
~ tion of workers is the long series of monographs on fossil genera and faunas; 
and here many names in addition to those cited above come to mind, but 
especially Leidy, Marsh, Kowalevsky, Gaudry, Depéret, Schlosser, Forsyth 

~ Major, Lydekker, Andrews, Ameghino, Wortman, Hatcher, Matthew. 
_ Nor should we omit the names of those who have devoted many years of 
unselfish labor to the compilation of such useful works as Trouessart’s 
- ‘Catalogus Mammalium,’ Hay’s ‘Bibliography and Catalogue of the Fossil 
Vertebrata of North America,’ Palmer’s ‘Index Generum Mammalium.’ 

_ Finally, reference may again be made to Weber’s great work ‘ Die Siiugetiere’, 

which has joined, to a degree not before attempted, the chief results of 
_palzontology, with the vast, but, it must be confessed, hitherto rather 
 uncoérdinated results of comparative anatomy. 

_ This outline history of the ordinal classification of the mammals may be 
~ concluded with a brief reference to a few of the more important and most 
representative systems which have appeared since 1859." 

OWEN, 1868. 

‘On the Anatomy of Vertebrates,’ Vol. III, Mammals, pp. 839-847. 

_ The first classification among those selected for reproduction is compiled 
from the zodlogical index of the work cited above and was thus not a formal 
classification; but nevertheless it serves to reveal the “British Cuvier’s” 

ti ideas on ordinal relationships. In its general lines the classification appears 
P to be a modification of that proposed by Bonaparte in 1837, which was in 
turn under obligations to the systems of Linneeus, Cuvier and de Blainville. 
} Bonaparte’s ‘Ineducabilia” and “Educabilia” are represented in Owen’s 

system by the “subclasses” ‘‘Gyrencephala” and “Lissencephala,” but the 
_ “Bimana” are set off in a new subclass ‘“Archencephala.” The “Ovovi- 

in these classifications, and it is possible that in some instances ideas which here seem to be 

_ eredited to a particular author may have been partly borrowed and partly original. 

i 

i 

f 

1Lack of space forbids the attempt to trace in detail the exact source of eachfidea noted 

i 
t 
e 
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vipara”, a term used by Bonaparte but credited by him (1837, p. 248, 

footnote), to Owen in the present system are called ‘‘Implacentalia” and 
include only the subclass “‘Lyencephala.”’ The ‘Mutilata” is the ancient 
group of Marine Mammals. 

The detailed arrangement of the orders contains little that is original. 
To de Blainville’s groups ‘Ongulogrades & doigts pairs,” “Ongulogrades 
& doigts impairs” Owen’s terms “Artiodactyla,” “ Perissodactyla,” of 
1847, are applied; but whereas de Blainville had included in the “ Ungulo- 
grades & doigts impairs” only the forms now generally recognized as 
Perissodactyla, Owen includes in that group, in the classification under con- 
sideration, such wholly extraneous forms as Coryphodon, Macrauchenia, 

Hyrax and Toxodon. 

Owen’s Classification of 1868. 
Class Mammalia. 

Genetic Section Placentalia. 

Subclass Archencephala. 
Order Bimana. Homo. 

Subclass Gyrencephala. 

A. Unguiculata. 

Order Quadrumana. 

Suborder Catarhina. 

. Platyrhina. 
‘*«  Strepsirhina [Lemuroids and Galeopithecus]. 

Order Carnivora [including seals, ete.] 

B. Ungulata. 

Order Artiodactyla. 

Suborder Ruminantia. 
Suborder Omnivora [e. g., Merycopotamus, Dichodon, Xipho- 

don, Anoplotherium, Microtherium, Entelodon, Hippo- 

potamus, Hexaprotodon, ete. Suide, Anthracotherium]. 
Order Perissodactyla (Coryphodon, Pliolophus, Hyracotherium, 

Lophiodon, Palaeotherium, Paloplotherium, Macrauchenia, 
Elasmotherium, Rhinoceros, ete., Hyrax, Anchitherium, 

Hipparion, Tapirus, Toxodon, Nesodon). 

Order Proboscidea. 
C. Mutilata. 

Order Sirenia. 

Order Cetacea. 

Subclass Lissencephala,. 
Order Bruta, 
Order Cheiroptera, 
Order Insectivora. 

Order Rodentia, 

Genetic Section Implacentalia, 

Subclass Lyencephala, 

Order Marsupialia. 
**  Monotremata, 
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GILL, 1870, 1872. 

‘On the Relations of the Orders of Mammals.’ Proc. Amer. Assoc. 

Adv. Sci., 1870, 19th meeting, pp. 267-270. 
p ‘Arrangement of the Families of Mammals,’ Smithsonian Miscellaneous 

Collections, 1872. 

The early classifications of the Darwinian epoch revealed an extreme 
reliance on single characters which Linneus, Cuvier and de Blainville had 
wisely avoided. Thus Haeckel, as we have seen, developed the most elabo- 

rate phylogenetic classifications on the primary basis of placentation, while 
Owen, going far beyond de Blainville, had selected brain characters as funda- 
mental, and upon that assumption had erected three ‘‘subclasses” within the 
limits of the Placentalia. In view of these considerations it is interesting to 
find the present ‘‘Dean of American Taxonomy” turning in 1870 to a more 

~ normal development of Linnean methods, and producing an arrangement 
_of the orders which is remarkable for its simplicity, its selection of the best 

| features of preceding classifications and for the lucid statement of guiding 
_ principles. The latter are, in fact, so illuminative, that it may be permitted 
to quote them in full. 

“Ist, Morphology is the only safe guide to the natural classification of 
organized beings; teleology, or physiological adaptation, the most unsafe 
and conducing to the most unnatural approximations. 

“2d, The affinities of such organisms are only determinable by the sum 
_ of their agreements in morphological characteristics, and not by the modi- 

fications of any single organ. 
“3d, The animals and plants of the present epoch are the derivatives, 

with modification of antecedent forms to an unlimited extent. 

“Ath, An arrangement of organized beings in any single series is, there- 
fore, impossible; and the system of sequences adopted by genealogists may 
_ be applied to the sequence of the groups of natural objects. 

“5th, In the appreciations of the value of groups, the founder of modern 
taxonomy (Linnzus) must be followed, subject to such deviations as our 

_ increased knowledge of structure necessitates. 
“The adoption of such principles compels us to reject such systems as are 

based solely on modifications of the brain, those of the placenta, and those 

_ of the organs of progression, such modifications not being coincident with 
corresponding modifications of other organs, and therefore not the expres- 

sions of the sum of agreements in structure.” 
Some of the more noteworthy features of the classification are as follows: 

_ (1) The return to de Blainville’s three grand divisions; (2) the grouping of 

Pa 
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the orders into “‘series” having the rank of superorders; (3) the recognition 
of the subordinal rank of the Zeuglodontes and of the relationship of the 
Cete with the Fere; (4) the grouping of the Insectivora and Chiroptera, 
which were regarded as divergent derivatives “from the same primitive stem 
as the Feree”; (5) the Ungulata are regarded as ‘probably the derivatives 
from the same common stock as the Fer”; (6) the Sirenia, Hyracoidea and 

Proboscidea are evidently held to be related orders; (7) the Edentata are 
regarded as the lowest order of the Monodelphia, ‘‘the structure of the skele- 
ton and especially of the skull, the organs of generation, etc., appearing to 
indicate with sufficient distinctness, that thus degraded are their rank.” 

In his fuller classification of 1872 (‘Arrangement of the Families of 
Mammals,’ Gill adopted Bonaparte’s partition of the Placentalia into two 
subdivisions ‘“‘Educabilia” (including the Primates, Fere, ‘ Ungulata,” 

Toxodontia, Hyracoidea, Proboscidea, Sirenia, Cete) and ‘ Ineducabilia” 

(including the Chiroptera, Insectivora, Glires, Bruta). In the table of 

contents of the same work the word “Eutheria” is placed in brackets in 
front of both the terms “Placentalia s. Monodelphia” and ‘“ Didelphia,” 
while ‘Prototheria” is placed in brackets in front of “Ornithodelphia.” 
This implies that Gill recognized that structurally there was a closer rela- 
tionship between the Monodelphia and the Didelphia than that between the 
Didelphia and the Ornithodelphia, and his usage of the term Eutheria 
undoubtedly antedates Huxley’s usage of the same word in a different sense 
(cf. p. 230). 

Gill’s Classification of 1870. 

Subclass Monodelphia. 

I. Primate Series. 

Order Primates. 

Suborder Anthropoidea. Suborder Lemuroidea. 

II. Feral Series. 

Order Fere. 

Suborder Fissipedia. .¢>) (Gg Suborder Pinnipedia. 
Order Cete. 

Suborder Zeuglodontes. Suborder Odontocete. Suborder Mysticete. 

III. Insectivorous Series. 
Order Insectivora, =) (4 Order Chiroptera. 

IV. Ungulate Series. 

Order Ungulata. 

Suborder Artiodactyla. Suborder Perissodactyla. 
Order Hyracoidea. .@=) Order Proboseidea. (&@ Order Sirenia. 

V. Rodent Series. 
Order Glires. 

Suborder Simplicidentata. Suborder Duplicidentata. 
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ae 

VI. Edentate Series. 
Order Bruta, or Edentata. 

‘a Subclass Didelphia. 
Order Marsupialia. 

Subclass Ornithodelphia. 
Order Monotremata. 

a 

~~ 
bs raae«, 

HUXLEY, 1872. 

‘A Manual of the Anatomy of Vertebrate Animals. 

In this classification de Blainville’s three-fold division of the Mammalia is 
followed. Haeckel’s division (1866) of the Monodelphia into two series, 

in accordance with the deciduate or non-deciduate character of the placenta 
is provisionally accepted as explained in a foot-note. The Hyracoidea had 

en given separate ordinal rank in Huxley’s ‘Introduction to the Classifi- 
c tion of Animals’ in 1869. 

2S 

LO TPE per rr 
- ” Husaley’s Classification of 1872. 

_ J.— OrnITHODELPHIA, 
4 1. Monotremata. 

_ IL.— Diperpara, 
i @ 2. Marsupialia. 

TII.— Monovetpuia,' 
a. Median incisor teeth are never developed in either jaw. 

he 3. Edentata.. 
4 b. Median incisor teeth are almost always developed in one or both jaws. 

| = he The uterus develops no decidua (Non-deciduata). 
3 , 4. Ungulata. 

| “ . 5. Toxodontia (?) 
i a 6. Sirenia (?)?. 
7 - 7. Cetacea. 

a. The placenta is zonary. 

8. Hyracoidea. 

9. Proboscidea. 
10. Carnivora. 

8. The placenta is discoidal. 

11. Rodentia. 

12. Insectivora. 
13. Cheiroptera. 
14. Primates. 

4 

1@ ii. The uterus develops a decidua (Deciduata). 

1“The manner in which the Monodelphia are here subdivided must be regarded as merely 
rovisional,”’ 

_ 2'The placentation of the Toxodontia and Sirenia is unknown,” 
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HUXLEY, 1880. 

‘On the Application of the Laws of Evolution to the Arrangement of the 
Vertebrata, and more particularly, of the Mammalia.’ Proc. Zool. 

Soc., 1880, pp. 649-662. 

One of the most important features of this memorable analysis, the general 
bearings of which have been noted above, is the fact that the main divisions 
are not founded upon the traditional criteria, such as the number of teeth 

or of digits, but upon deep-seated anatomical characters having little imme- 
diate relations to particular life habits. "This method had been initiated by 
de Blainville, and especially dwelt upon by Gill (see above, p. 91), and the 
modern development of embryology and comparative anatomy enabled 
Huxley to apply to the problem of mammalian classification such recondite 
criteria as the condition of the malleus and the relations of the ureteric 
apertures. The terms ‘‘Hypotheria,” “Prototheria,” ‘Metatheria,” “Eu- 

theria,” being intended to describe stages of evolution were employed 
in a somewhat different sense from that of the purely systematic terms 
“Prototheria” and ‘Eutheria,” which had been used first by Gill in 1872 
(p. 92). ‘The arrangement of the diagram seems to imply that all the orders 
of Eutheria were derived independently from remote Hypotherian stocks — 
an extreme form of the “polyphyletic origin” idea. ‘The Primates (Anthro- 
poidea) and Lemuroids seem to be conceived as independent lines both 
related remotely to the Marsupialia. ‘The Rodents are placed between the 
Lemuroids and the Proboscidea while the Sirenia are between the Pro- 
boscidea and the Ungulata (Perissodactyla + Artiodactyla). The Hyra- 
coidea are placed between the Ungulata and the Insectivora, while the 
Cetacea lie between the latter group and the Carnivora; the Cheiroptera 
follow; the Edentata, perhaps regarded as the lowest of the Eutheria 
are next to the Monotremata, an association regarded as valid by many of 
Huxley’s predecessors. 
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FLOWER, 1883. 

‘On the Arrangement of the Orders and Families of existing Mammalia.’ ; 
Proc. Zool. Soc., Apr. 17, 1883, pp. 178-186. 

This classification, which deals only with existing orders, may be regarded 
as a conservative outgrowth of the systems of Cuvier, de Blainville, Owen, 
Gill, and Huxley, with special modifications after several other authors. 
Among its noteworthy features are the following: (1.) de Blainville’s three 
grand divisions are recognized, but Huxley’s terms are employed. (2.) 
The Marsupialia are not divided into suborders for the reason that the 
Peramelide were thought to connect the polyprotodont with the diprotodont 

divisions. (3.) The Edentates are divided as in Flower’s work of 1882 

(P. Z S., p. 358). (4.) In regard to the Sirenia it is stated that the known 
fossil forms “lend no countenance to their association with the Cetacea; 

and, on the other hand, their supposed affinity with the Ungulata receives 
no very material support from them.” (5.) Of the Cetacea it is stated 
that there is ‘nothing known at present to connect the Cetacea with any 
other order of Mammals; but it is quite as likely that they are offsets of a 
primitive Ungulate as of a Carnivorous type.” (6.) “The remaining 
Eutherian Mammals are clearly united by the characters of their teeth, being 
all heterodont and diphyodont, with their dental system traceable to a com- 
mon formula.” (7.) All the ungulate groups are comprised within a 
single order “Ungulata.” (8.) The arrangement of the Insectivora, 
Chiroptera and Rodentia is after that of Dobson; they are thought to repre- 
sent “‘an inferior grade of development in the Mammalian series,” and to 
“occupy a central position, connected, as paleontology seems to show, 
with the Carnivora on the one hand and the Ungulata on the other” (e/. 
Gill, 1870). These remarks evidently refer only to the Insectivora and 
Rodentia (9.) The Carnivora are thought to form ‘a somewhat natural 
sequence” from the Insectivora (ef. Gill). The division of the Fissipedia 
is based on the work of Flower and of Mivart. (10.) ‘‘ Whether the Lemu- 

roidea should form part of the Primates (according to the traditional view), 
or a distinct order altogether removed from it, is as yet an undetermined 

question, for both sides of which there is much to be said.” 

Flower’s Classification of 1888. 

Subclass Prototheria or Ornithodelphia. 
Order Monotremata (Ornithorhynchide, Echidnide), 

Subclass Metatheria or Didelphia. 
Order Marsupialia (Didelphidw, Dasyuride, Peramelide, Macropodide, Pha- 

langeridw, Phascolomyide). 
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belass Eutheria or Monodelphia. 
Order Edentata. ; 

Suborder Pilosa. (Bradypodide, Myrmecophagide.) 

Suborder Loricata. (Dasypodide.) ae 

Suborder Squamata. (Manide). 
Suborder Tubulidentata. (Orycteropodide.) 

Order Sirenia. (Manatide, Halicoride.) 
Order Cetacea. 

Suborder Mystacoceti. (Balenide. ) 
Suborder Odontoceti. (Physeteride, Platanistide, Delphinide.) 

Order Ungulata. 
Suborder Artiodactyla. 

Suina. (Hippopotamide, Phacocheeride, Suide, piepets rien 

Tragulina. (Tragulide. ) 
Tylopoda. (Camelide.) 
Pecora. (Cervide, Giraffide, Antilocapride, Bovide.) 

Suborder Perissodactyla. (Equide, Tapiride, Rhinocerotide.) 

Suborder Hyracoidea. (Hyracide.) 
Suborder Proboscidea. (Elephantide.) 

Order Rodentia. 
Suborder Simplicidentata (Anomaluride, Sciuride, Haplodontide, Castor- 

ide, Myoxide, Lophiomyide, Muride, Spalacidee, Geomyide, Dipodide, 

Octodontide, Hystricide, Chinchillide, Dinomyide, Caviidee.) 

Suborder Duplicidentata. (Lagomyide, Leporide.) 

Order Chiroptera. 
Suborder Megachiroptera. (Pteropodide.) 
Suborder Microchiroptera. (Vespertilionide, Nycteride, Rhinolophide, 

Emballonuridz, Phyllostomide.) 

Order Insectivora. 
Suborder Dermoptera. (Galeopithecide.) 
Suborder Insectivora Vera. (Tupaiide#, Macroscelide, Erinaceide, Sori- 

cide, Talpide, Potamogalide, Solenodontide, Centetide, Chrysochlori- 

dee.) 
Order Carnivora. 

Suborder Pinnipedia. (Phocide, Trichechide, Otariide.) 
Suborder Carnivora Vera or Fissipedia. 

Arctoidea. (Urside, Ailuride, Procyonidz, Mustelide.) 
Cynoidea. (Canide.) 

. Aluroidea. (Hyznide, Protelide, Viverride, Felide.) 
Order Primates. 

Suborder Lemuroidea. (Chiromyide, Tarsiide, Lemuride.) 
Suborder Anthropoidea. (Hapalide, Cebide, Cercopithecide, Simiide, 

Hominide.) 
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COPE, 1891, 1898. 

‘Syllabus of Lectures on Geology and Paleontology,’ Parts III-IV. Publ. 
Univ. Penn. 

This classification was Cope’s final attempt to express the taxonomic 
relationships of all the recent and fossil orders. ‘The chief innovations, as 
compared with earlier classifications, are the orders “Bunotheria,” “Ancy- 

lopoda,” “‘Taxeopoda,” “Amblypoda,” ‘Diplarthra.” These no doubt 
served at the time to emphasize certain resemblances and differences, but at 
present it seems probable that, with the exception of the Amblypoda, they 
are largely unnatural assemblages. ‘The association of the Primates with 
the Hyracoidea, Litopterna and Condylarthra has not been confirmed by 
subsequent research, and now it even appears likely (p. 400), that the Peris- 
sodactyla and Artiodactyla are by no means so nearly related as to justify 
their union in a single order. The ‘“‘ Ancylopoda,” classed by Cope with the 
Unguiculata, are very probably only aberrant Perissodactyls (p. 397). 

Cope’s Classification of 1891 and 1898. 

(Abridged from the ‘Syllabus’.) 

Prototheria [Gill 1872]. 
Order Protodonta [Osborn]. 

** Multituberculata [Cope]. 
‘* Monotremata [cf., Geoffroy]. 

Eutheria [Gill 1872]. 
I. Didelphia [de Blainville] Marsupialia [Tlliger]. 

Suborder Polyprotodontia [Owen]. 
q Diprotodontia [Owen]. 

II. Monodelphia [de Blainville]. 

Mutilata [Owen]. 
Order Cetacea [auct.]. 

Suborder Archsoceti [? Flower, ef. Zeuglodontes Gill] 

- Odontoceti [ef. Gray]. 

~ Mystacoceti [e/f. Gray]. 

Order Sirenia [Tlliger]. 

Unguiculata [Linnzeus]. 
Order Edentata [Vieq d’Azyr]. 

*  Glires [Linn.]. 
Suborder Hystricomorpha [Brandt]. 

. Sciuromorpha [Brandt]. 

#3 Myomorpha [Brandt]. 
“i Lagomorpha [Brandt]. 

Order Chiroptera [Blumenbach]. 

Suborder Animalivora [Gill]. 
“ Frugivora [Gill]. 
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Order Bunotheria [Cope]. 
Suborder Pantotheria [Marsh]. 

. Creodonta [Cope]. 
es Insectivora [cf. Cuvier]. 
Ks Tillodonta [Marsh]. 

re Teniodonta [Cope]'. 

Order Carnivora [auct.]. 
Suborder Fissipedia [Blumenbach]. 

dy Pinnipedia [Storr, Illiger]. 

Order Ancylopoda ' (Chalicotheria) [Cope]. 

Ungulata [Linn.]. 
Order Taxeopoda [Cope]. 

Suborder Condylarthra [Cope]. 
- Litopterna [Ameghino]. 

Hyracoidea [Huxley]. 

ti Daubentonioidea [Chiromys] [Gill] 

ed Quadrumana [Boddaért]. 
* Anthropomorpha [ef. Ray, Linn.]. 

Order Toxodontia [Owen]. 
Suborder Typotheria [Zittel ?]. 

™ Barytheria [Cope ?]. 

Order Proboscidea [Illiger]. 
** Amblypoda [Cope]. 

Suborder Taligrada [Cope]. 
= Pantodonta [Cope]. 
“ Dinocerata [Marsh]. 

Order Diplarthra [Cope]. 
Suborder Perissodactyla [Owen]. 

i Artiodactyla [Owen]. 

WEBER, 1904. 

‘Die Siiugetiere,’ pp. ix-xi. 

_ The most important features of this classification are as follows: (1) 
. The division of the Insectivora into two suborders for which Haeckel’s 

terms are employed; (2) the elevation of the Galeopithecide to separate 
ord mal rank’; (3) the breaking up of the Edentata into entirely independent 

'8 Eilate groups, and of the “Prosimie” and “Simize.” All these features 
indicate that the classifier has endeavored to recognize and discount the 
misleading effects of parallel and convergent evolution, which in all early 
classifications caused animals of widely different derivation to be grouped in 
the same order. 

; 
1 Tn edition of 1898. 

2 Following Leche, 
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Weber's Classification of 1904. 

(Summarized and “indented.’’) 

I. UNTERKLASSE MONOTREMATA. 

I. Monotremata. 
II. UNTERKLASSE MARSUPIALIA. 

II. Marsupialia. 
Polyprotodontia. 
Paucituberculata. 

Diprotodontia. 
Il. UNTERKLASSE MONODELPHIA. 

III. Insectivora. 
I. Menotyphla (Tupajide, Macroscelidide). 
II. Lipotyphla [remaining Insectivores]. 

‘ IV. Chiroptera. 
Megachiroptera. 

Microchiroptera. 

V. Galeopithecide. 

bai VI. Tubulidentata (Orycteropodide). 

33 VII. Pholidota (Manide). 

3 VIII. Xenarthra [American Edentates]. 

IX. \ Rodentia. 
I. Duplicidentata. 

II. Simplicidentata. 

X. Tillodontia. 

XI. Carnivora. 

I. Carnivora fissipedia. 

Herpestoidea (Felidw, Viverride, Hysnide), Arctoidea 
(Canidx, Urside, Procyonide, Urside, Mustelide). 

II. Carnivora pinnipedia. 

XII. Cetacea. 
I. Mystacoceti. 

II. Odontoceti. 

( XIII. Perissodactyla. 

XIV. Artiodactyla. ; 
I. Nonruminantia (Suoidea). 

II. Tylopoda. 

Ill. Pecora (Cervide Bovide, Giraffide). 
IV. Traguloidea. : 

d V. Dichobunoidea. 

VI. Anthracotheroidea. 
% } XV. Condylarthra. 
=) XVI. Ancylopoda. 

XVII. Litopterna. 

XVIII, Amblypoda. 
XIX. Toxodontia. 

XX. Hyracoidea. 

XXI._ Proboscidea, 
| XXIL. Sirenia. 

; 
q 
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Weber’s Classification of (1904. 101 

ee Cebide. 
II. Catarrhina. 

Cercopithecide. ; ; 
Hylobatide. | 
Anthropomorphe. 
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ADDENDA. 

Linnf’s CLASSIFICATION OF 1735. 

(Given by Gill and Coues, 1877, p. 952.) 

QUADRUPEDIA. 
Anthropomorpha. Homo, Simia, Bradypus. 

Fere. Ursus, Leo, Tigris, Felis, Mustela, Didelphis, Lutra, Gichesuk Phoea, 
Hyena, Canis, Meles, Talpa, Erinaceus, Vespertilio. 

Glires. Hystrix, Sciurus, Castor, Mus, Lepus, Sorex. 

Jumenta. Equus, Hippopotamus, Elephas, Sus. 

Pecora. Camelus, Cervus, Capra, Ovis, Bos. 

Gray, 1821, 1848 Erc. 

John Edward Gray during the course of his long service (1824-1875) in 
the British Museum compiled an important series of catalogues of animals, 
many of them dealing with mammals and containing a large number of 
new generic names. Dr. Palmer informs the writer that Gray (in the 
London Medical Repository, 1821) was the first to apply to the families of 
mammals the termination -id@, which had been suggested for the families 
of insects by Kirby in 1815 (Palmer, 1902, p. 720). Gray divided the 
Cetacea into two suborders “ Denticete”’ and ‘“ Mysticete” and his classifi- 
cation of the Ungulates is noticed below (p. 346). 
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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 palzontologists 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, (8) 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 zodélogical 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 wpon 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 paleonto- 
logical exploration, such as northern Asia. 

Paleontology may be said to be little more than comparative anatomy 
applied to faunas of different periods, 7. ¢., 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 (¢/. Osborn, 

1900), (2) the intermingling of immigrant and autochthonous elements in a 
fauna through migration (ef. Depéret, 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.— Vhe 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. 42', 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 paleontology. 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 many 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,” 
“TInsectivora,’’ ‘‘Creodonta,”’ ‘‘Carnivora,”’ ‘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 Viverride. 
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 Phacocherus 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- 
cherus and the simple molars of Sciwrus; 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 Phascolomys; 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. 

(6) ‘The molar teeth of Macrotherium, another member of the Perisso- 

dactyl-Chalicotheriide are so much like those of Anoplotherium that 
de Blainville (1839-1864) and Depéret (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 

ee 

1 
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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 effects of parallel evolution: — 
- Reduction in the number of digits, pursued independently in different 
1s genetic lines, brings about some curiously close parallelisms. 

he (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 soanuceie 

- (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, l. ¢., p. 11, figs. 39-41); 
_ while the general characters of the skull and cheek teeth also recall those 

t 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 palotelic, 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 spreading digits and broad carpus is superficially similar to that 
ih 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 
a 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 
i Metamynodon, an Oligocene Rhinocerotoid, is even greater than the similar- 
ity between the manus of Titanotherium and that of Paleosyops, its own 
_ collateral ancestor. In this case eyen the detailed relations of the carpals 
i (which served to separate Titanotherium from the sewers 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’ iu Cabot by much additional 
evidence. 

(b) ‘The fore arm and feet of Arsinoithertwm (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,”’ Meraseeciie: 
and “Ungulates.”’ 

Each case to be judged on its own 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: (¢) 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. 

—— oo 
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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 7. 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 (paleotelic) 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 coéxist with a very highly spe- 
cialized skull and dentition. 

Great phylogenetic value of so called ‘“‘non-adaptive” “morphological”’ 
or paleotelic' 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 
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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 paleo- 
telic organs or characters are brought into more direct relations with new 
conditions, either environmental or somatic, they become just as “‘adaptive,” — ’ “> 

or cenotelic 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 paleeotelic 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 paleontologists. 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 paleontology, 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; (8) that far reaching homologies and conclu- 
sions should never be based upon isolated or sporadic resemblances, in 
possibly cenotelic 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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3 nd change of function, and (3) a constant search for the little-noticed, 

paleotelic characters which are likely to prove the most significant of remote 

' ‘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 
-rofessor Kingsley (1900, pp. 250-255) concludes ‘‘that it is impossible that 

= mammals have descended from any form distinctly urodelan nor is 
= 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. Tue Synapsip 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, ete. 

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 Diadectide, 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) Im 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 Pariotichide of Cope, which are often referred to the Cotylo- 
_ sauria. These forms have recently been redescribed by Case (1899), Broili 
\7 A (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 
i: m ety characters of the shoulder girdle and limbs; while the base of the 

kull is reptilian in type. A cleithrum has not yet been observed (Williston, 
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1908, p. 148) but in most other characters they stand near to the commot 
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 approache 
the Pareiasauria and the Pariotichide, while the highest approaches thi 
Mammalia. 

Dromasauria. 

This very generalized order recently defined by Broom (1907.1), is s 
far known only froma single type, Galechirus scholtzi, found in the Middl 
Permian of South Africa (Broom, 1909). ‘The genus retains the abdomina 

riblets which are characteristic of the Microsauria and of the more primitiv 
Diapsida, but which are lost in the typical Therapsida, while the facial regior 
is “not unlike that of Paleohatteria, 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 beloy 
(Broom, 1908, p. 1051). 

Therocephalia. 

As defined by Broom (1903.5, p. 7) this Permian suborder, representec 
by 4lurosaurus, Ictidosuchus and other genera, stands on a lower plan 

than the “typical Theriodonts,” Cynognathus and Galesaurus, as shown b; 
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 alread 
developed the single temporal arch, containing the same elements as in th 
mammals, but distinguished by being continuous with the frontals back o 
the orbit. The manus is known in Theriodesmus (Seeley, 1888.2), a genu: 

which Broom (1907.3, p. 3) refers to this order. It had all the character 
which might be expected in the manus of the remote ancestors of th 
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 

Vigs. 10-15) had a mole-like skull. ‘The teeth are recurved and caniniform 
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Anomodontia Proper. 

The Anomodontia, as limited by Broom (1905. 1) are also Permian forms. 
They are contemporaneous with the known Therocephalia but are believed 

| »y Broom to have been derived from earlier members of that order. The 
pical 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- 

uished by the peculiar 7 -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 

bj 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 (ef. 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. hey 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 
2 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 (ef. Figs. 

B, 2B). 

Il. Retarions or tHe MamMaria To THE TRIASSIC CYNODONTIA. 

_ The structural relations of the Cynodonts to the itainscatin may be 
“considered under two general headings: first, their primitive reptilian char- 
5 ters, secondly, the characters in which they foreshadow the mammals. 

. d his leads to a discussion of the fate of the quadrate and the origin of the 
mammalian auditory ossicles. 
q = | 
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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 Bauria) 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 Cynognathus (Seeley, 
1895.4, p. 98) bear large separate intercentra, structures which are not found — 

in the cervical vertebree 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 vertebree 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 vertebra also bore ribs. 

iThese flanges were called “transverse palatines” by Seeley but Broom (1909.2) has 4 

recently proved that they are entirely comparable with the mammalian pterygoids, 

/ 
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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: 17. e., in Microgomphodon (Seeley, 1895.3, pl. i, fig. 7) and 4luro- 
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- 

_ gomphodon, 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 Gomphognathide is very mammalian, the dental formula being 
I. 3, C. }, Pm + M. J. 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 
pirictly 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 
view 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. 14, p.o.Ma.). ; 

The characters of the mammalian zygomatic arch are completely rel | 
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* in 

Galesaurus, Cynognathus and Gomphognathus 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. (8) 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 (ef. Fig. 14, pt). 

1 As may be observed upon casts of the original skulls, 
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_ 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 homologous 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 T'rirachodon kannemeyeri, Broom (I. ¢., 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 

i ‘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 

i and i 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 
5? Reduced; the rather slender angular is conjoined with the small articular. 
| these characters foreshadow the mammalian conditions, as will be more 
| fully shown below. 

La eee 

4 1 Bauria is much more primitive, since it retains a large angular | ‘and surangular (Broom, 

by pone. ay Ds 272). 



: 6 9 ‘oy 
g 8 

\ \ * 
\ = 

’ 4 

= wws> AS 

an ws 
agp in 

fo m mK / ot) 
= Uj, hi, >| il 

< = 

yy in ly - it 2 n 
| 
iv 
- < 



(8
31
) *s3ujuodo 

- 
@
U
I
O
J
U
T
 

p
u
v
 

[V
UI
E}
xX
e 

‘e
UT

UT
eI

OJ
 

I
e
[
A
p
u
o
d
 

“
a
f
 

“u
su
rI
el
oy
 

p
l
o
y
s
v
u
r
j
s
o
d
 

‘w
w 

“
d
f
 

“U
dU

IV
IO

J 
P
I
O
J
S
e
U
I
O
[
A
Y
S
 

“w
e 

“9
s 

“f
 

‘a
tj
OL
1e
d 

Jo
 

ss
ao

oi
d 

pr
oy
se
ul
 

‘*
g 

“s
u 

*y
eq
Id
10
90
xe
 

Jo
 

ss
eo

oi
d 

p
e
y
d
i
o
o
r
e
d
 

“
a
y
 

‘
o
d
 

“U
9U

IR
IO

J 
PI

}O
IV

I 
IO

T1
a4

S0
d 

‘7
80
d 

“
u
v
 

*{
 

“s
nj
vo
ul
 

AI
OJ

IP
Ne

 
[V
UI
O}
X9
 

SN
OV
SS
O 

‘*
1w
W"
D"
Aa
 

*
[
e
s
o
u
r
e
n
b
s
 

jo
 

ss
eo

oi
d 

o
r
u
v
d
u
r
s
4
-
y
s
o
d
 

‘
b
g
 

“A
z 

*d
 

“
o
o
t
e
d
 

jo
 

u
o
t
j
1
0
d
 

s
n
o
s
j
o
d
 

“
g
q
 

y
a
d
 

“o
uv

Iq
uI

oU
L 

o
t
u
v
d
u
s
y
 

Jo
 

u
o
l
s
o
d
 

pe
oj

ey
jo

dA
y 

‘A
z 

“q
ue

y 
*o
ru
ed
ul
sy
 

“A
y 

“u
su

Ie
IO

J 
T
e
s
o
u
r
e
n
b
s
q
n
s
 

‘d
bg

"q
s"

} 

“u
sU

Ie
IO

J 
O
I
V
R
U
I
O
S
A
Z
I
s
S
o
d
 

“f
iz
 

“
d
f
 

“‘
us

uI
eI

oy
 

pl
ou
sp
sy
so
d 

‘7
6 

-d
 

“f
 

“p
lo

us
yd

sy
e 

jo
 

,
,
 

‘s
sa

 
-2

01
d 

or
uv
du
rs
y,
, 

10
 

‘u
ol

su
ed

xe
 

oy
eq

ng
 

“
s
y
 

*7
¢ 

“s
ut

ue
do

 
uv

rg
or

yi
sn

g 
‘s

na
 

f
 

“p
lo

us
yd

si
se

q 
Jo
 

[e
uv

o 
pr
or
es
0j
zu
e 

‘s
n0

 
“f
 

*g
fe

AO
 

ua
UT
eI
0s
 

“a
0 

“f
s 

*
p
r
o
u
s
y
d
s
 

-Iseq 
jo 

[
e
u
v
d
 

(
S
N
O
U
d
A
)
 

o
S
I
O
A
S
U
R
I
4
 

‘uz “
W
D
 

*(Sliv[n3ue 
s
n
s
s
a
o
o
i
d
)
 

opsure 
“
f
u
n
 
-d 

“
r
e
y
u
a
p
 
JO 

s
s
a
o
0
1
d
 
prouo0s0o 

‘409 
*d 

*(a[qipueur) 
Areyuep 

“Gg 
“
r
e
p
n
s
u
e
 
“
b
u
y
 

“TRENT YAR “AP ‘
a
y
e
r
p
e
n
b
 

‘né) 

» 
 UoT}I0d 

p
r
o
u
s
[
s
 
‘by “76 

-
j
e
s
o
u
r
e
n
b
s
 
Jo ssao0id 

o
1
y
e
u
t
o
s
A
z
 
“by 

*z “
*
p
e
s
o
u
r
e
n
b
s
 

‘bg 

“(yeanf 
‘ne 

=) 
avyeur “oy 

“Ie[eul 
,
,
 

es 
‘
p
y
 
o
d
 

*
[
e
y
U
O
I
 
JO s

s
e
0
0
1
d
 T
e
y
q
i
o
j
s
o
d
 
“y’o'd 

“Iejour 
J
e
d
d
n
 
y
y
i
n
o
y
j
 
‘yw 

‘Tevidyooo1seq 
“o 

“g 
“prousydsiseq 

‘sg “plousydsye 
‘
s
y
 

*prosfiaqd 
“77 “*plousydsaid 

‘sq 
‘ourpeped 

‘77 
“IOWIOA 

“OA 
“
A
y
m
o
v
a
 
peyered 

“ona 
7
d
 

“Areypxeur 
Jo 

Jjoys 
yeyered 

‘xypy 
“7d 

‘a
zi

s 
“y

eu
 

9
9
 

x 
=
 

=*
mo

or
g 

“Y
 

“I
q 

J
o
 

A
}
I
O
Y
I
N
e
 

oY
} 

U
O
 

AT
II
ed
 

S
T
 

P
O
T
E
E
T
 

S
y
 

F
e
 

S
r
e
e
 

S
e
t
 

F
O
 

M
O
L
F
E
I
U
N
T
O
D
Y
 

L
L
 

“£
ap
oe
g 

sd
ao
hy
nj
d 

s
n
y
y
w
u
b
o
u
h
.
g
 

J
o
 

TT
Ny
s 

e
y
t
 

_ 
JO

 
4S
¥o
 

B 
WH
OI
S 

g
 

SU
Ma

sN
]_

 
Uv

Le
UT

Y 
9Y
} 

UI
 

UO
UT

DE
ds

 
e 

Wo
y 

Y 
“M
OT

aq
 

WH
OI

S 
A
T
a
N
b
T
G
O
 

pa
me
rA
 

‘s
da

oh
yn

d 
sn

yz
yo

ub
ou

ly
 

(q
) 

pu
r 

sn
yv

yd
av

ou
ha

 
sn

uf
ho

np
hy

y 
(v
y)
 

J
o
 

uo
ys

er
 

[e
yu
RI
OI
se
g 

*T
 

“S
LT
 



124 Bulletin American Museum of Natural History. [Vol. X XVII, 

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; 2, 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, ée. osseous auditory meatus, 

C. Developing lower jaw and ossicula auditQs of a fatal Macropus, After Bensley, 

D, dentary; Mk, Meckelian cartilage, continuous with M, malleus; J, incus; S, stapes; 

Ty., annulus tympanicus; p. ang., processus angularis, 
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Ill. Evipence rrom ComparatTivE ANATOMY AND ONTOGENY ON THE 

ORIGIN OF THE MippLE 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 [c/. 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 delicately adjusted 

- mechanism of mammals. 

The tympanic cavity. 

The external auditory meatus and the Eustachian tube, which together 
it _ 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 eridoderm. ‘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 (ef. 
Fig. 3, A). The tympanic cavity in man (Minot, /. 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 region in an adult pro-mammal, 

A shows the developing ossicula (St’., Mal., In.) wholly outside of the incipient tympanic 
cavity (cav. ty). 

B shows the reduced quadrate (Qu = Jnc.) and articulare (Art. = Mal) abutting against 
the columelliform stapes (Si’). The tympanic cavity (cav. 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 manubrium 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, cav, 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. 

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 (J. ¢., 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 (¢/., 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 (¢/., Kingsley, J. ¢., 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 
i 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 in its 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 
i -inmammals. 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). 7 

In adult Monotremes and Marsupials (cf. Doran’s figures, 1879) the 
tympanic ring is closely connected with the large anterior prods of the 
malleus, which process also is of dermal origin (see p. 132/! Ihe 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 plane below the 
quadrate and articular. ex | 

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 (ef. Figs. 5, A, p. 134). (2) In the 
foetal 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’ 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 



1910.) The Tympanie Annulus. 129 

_ behind the cartilaginous prolongation of the Meckelian cartilage i. ¢., 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 Orycteropus 
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 (reviewed below) for the homology of the quadrate and 

articular with the incus and malleus respectively, since this is founded on 
several independent lines comparison between all reptiles on the one hand 
_ and all embryonic mammals or ‘.e other. And if to this it be replied that 
| the force of the comparison between the Crocodile and the foetal 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 
q position of the supposed osseous auricular meatus indicate that the tym- 
' panic membrane was possibly stretched in part upon the descending flange 
b 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 



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

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-eolumella 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 (ef. 
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 (c}. 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 ceenogenesis (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 see- 
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 Meckelian 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. 

. Fig. 4. Morphology of the auditory ossicles and adjacent parts in the embryo Lizard (A) 
and Pig (B). Modified from Kingsley. 

iH 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 5 = Inc., incus, 
Age St., stapes = St., stapes. 

i q Hy., hyoid cornu = Hy., hyoid cornu. 
sex, col, extracolumella = manubrium mallei. 
ar, articular region of Meckelian cartilage = Mal., corpus mallei. 

__—~Mck., Meckelian cartilage = Mck., Meckelian cartilage. 

a VII, facial nerve = VII, facial nerve. 
' —  ¢. t., chorda tympani = c, t., chorda tympani. 

f 

A well known reason for homologizing the incus and body of the malleus 

with the quadrate and articulare respectively, lies in the identical relations 
fot these bones in the two classes, not only to the internal ear and the tym- 
3 anic 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- 

ge” of the tympanic cavity, and internally to the outer border of. the 

relation : — ms: 



132 Bulletin American Museum of Natural History. [Vol. X XVII, 

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 (ej. p. 148). 

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 extracolumella of reptiles, which is also fastened between the inner and 
the outer membrane (ef. 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 ewter- 

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, ete. 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, ef. 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. 
1 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 (e/. Fig. 

3 4 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. ¢., of the second gillarch; while the “malleo-meckelian’’ bar of the mam- 
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_ 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. 
Fi 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 regres 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 (ef. 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- 
_ mnitting 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 paleontological 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 

4 

: 

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 
have 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, 7. 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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b practically as a single fulerum for the lower jaw (ef. Fig. 7, B), especially if 
there was a light movement between the angulare and the dentary; and 

1 2 

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. 

4 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 

ie 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. xxv, 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 90° 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 (1906, 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; (8) 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 
interfering 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 Gomphognathus kannemeyeri (Broom, 
op. cit., pl. xxv, 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 (¢f. Echidna and Parker’s 
section of the skull in the embryo Tatusia: 1886, pl. iv, fig. 11); (0) 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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Fig. 7. Diagram illustrating the application to the conditions in the Cynodontia of the 

quadrate ~ incus, articular =~ malleus theory, A, Cynognathus, after Broom; B, hypothetical 
intermediate stage; C, embryo mammal (7atusia) after Parker, 

Abbreviations as in previous figures, 
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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). 

4 (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 vertebree 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- 
li  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 

ee 

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 

a 
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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 
_ dise 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. 
(8) ‘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 

i course not rare (Broom) and the variable position of the carotid foramen 
in asingle family, the Viverride, 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. Ovutiine 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 : 
épineux.” (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 Monotrémes” made a family of “les Edentés” 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 Monotrémes” applied by Geoffroy to include” 
Echidna and Ornithorhynchus as an “ordre” with the following characters: 
“ Doigts onguiculés; point de veritable dents; un cloaque commun, versant 
a l’exterieure par une seule issue.” (Quoted by Gill, 1903, pp. 433-434). | 

od 
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' 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 

a ee nw, by Gervais. Acanthoglossus being preoccupied Gill 
ubstituted Zaglossus and Gervais (later) substituted Proéchidna (Palmer). 

REPTILIAN CHARACTERS IN THE INTEGUMENT. ‘THE ORIGIN oF Harrs. 

___ From a study of the development of the hairs in Echidna, Rémer (1898) 
establishes the probability that the ancestors of the mammals were scaly 

eatures. ‘The following observations are especially important in this 
H co nnection: 

| (1) In certain regions of the body in the young Echidna (Rémer, Taf. 
1, fig. 11) each spiny hair protrudes from the apex of a broadly-triangular 
Be like structure. These structures are arranged in transverse rows, 
I which alternate and overlap in a very scale-like manner. ‘They are not, 
| however, regarded by Rémer as true scales. 
(2) On either side of the backwardly-pointed tip of the hair-spine two 
or more small papillee occasionally appear. ‘These Rémer interprets as the 

last vestiges of true scales, which were probably also arranged in transverse 
Bo sicating rows and determined the scale-like arrangement of the interven- 

ing rows of hair-spines. These papillee are composed of the same histological 
slements as both hairs and scales, but they protude from, and are not sunken 

into, the surrounding integument. 
(8) The internal basal papilla of the hair-spine itself, instead of being 

i 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) Rémer believes with de Meijere (1894) and Weber (1904) that 

hairs have gradually replaced scales. 
_ The preceding observation of Rémer 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 speraoation 4 in the 
very lowly orders Insectivora and Rodentia. 

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

(1) The coéxistence 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 
former coéxistence of hairs and scales (Weber, 1904, pp. 11, 12). 

REPTILIAN CHARACTERS IN THE REPRODUCTIVE ORGANS. ‘THE ORIGIN 

or 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 — 

1In view of the ‘completely mammalian nature of Manis in respect to other characters, 

and of ite 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 (J. ¢., 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- 
; _ erease 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, l. ¢.), 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 (pcecilothermous) 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 (¢f., 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 (ef., marsupium in 
Hippocampus, Darwin). 

(5) The intimate association between 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 (¢/. 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 (ef. 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 being 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 larvee, — 
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). 

TV. Repriian, ArcHAIc AND ABERRANT CHARACTERS IN THE SKELETON 

or MoNOTREMES, TENDING TO SEPARATE THEM WIDELY FROM THE 

Higher MAMMALS AND COLLECTIVELY INDICATING THAT THEY ARE 

AN EXTREMELY EARLY OrrsHooT 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 Trritylodon). 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 selbstiindiger 

- Knochenkern in vorderen Theil der sogenannten Parietalplatte des Prim- 
 ordialeranium.” Hence homology with reptilian postfrontal is doubted.’ 
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. 

4 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 

1Cj, van Bemmelen 1901.2, Taf, xxx—xxxii; Lubosch, 1906, Taf. 26, and text fig. 1, 2. 

se 2 Homologized by Lubosch (1906, text fig. 1, 5) with the orbitosphenoid (Ornith.) or 

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

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

Septo-macxillary 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, ete. 

(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 pterygoids 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 (ef. 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 (¢. 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) (ef. 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 (V,.) 

is distinct in Ornithorhynchus but united with the sphenorbital fissure in 
Echidna. zs 

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 tympanic fossa (the roof of the tympanic cavity) 
_ isa 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. 
A | 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 
 (¢f., van Bemmelen’s Taf. xxxi). Tympanic ring connected with very large 
__ anterior or Folian process of the malleus (Primitive, ¢/. 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 180° (Denker, 1901). 

e 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 vertebre 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 vertebre. 'The number of these vertebree 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 vertebree (Proéchidna 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 formule would 
be as follows: Ornithorhynchus C.7, D.17, L. 2,5. 1, CS. 1, Cd 19; 

Echidna C. 7, D. 16, L. 5, S.2,—, € 10: 

In the dorsal vertebre “the canals for the exit of the spinal nerves perforate 
the neural arch” instead of issuing between the vertebree (Flower, 1885, 

p-. 65) (Unique ?). 
Epiphyses. ‘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, /. e. 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, 
l.¢., p. 119). 

Fore limb. ‘The position of the fore and hind limbs is unique among 
mammals, ‘The scapula is inclined forward, overlapping the neck vertebre. 
‘The extreme forward inclination is probably secondary (pp. 119, 483). 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 scapule and acromion of the other mammals (Wilson and McKay, 

ie _ 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 ‘I’-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 (cj. 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, ef. 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 (ef. 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 former opposibility 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 asiegcctyaten: feature (aside from the 
epipubic bones) is the small round thyroid or “obturator” fenestra; the 
ventral aspect of the pelvis is rather “plate-like” 7. 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, 7. ¢., 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 caleaneum 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 caleaneum 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. ‘lhe 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 () 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 (Q), 

ethmo-turbinals enlarged and extending backward below the olfactory 
peduncle (EZ); malleus and incus firmly connected; no osseous arch above 

the external auditory meatus; condylar foramen (in O) fused with for. lac. 
post; single olfactory foramen (OQ); canals for spinal nerves perforating 
neural arch; no epiphyses on presacral vertebree; 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 (QO) pointing almost directly outward; pes (O) 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- 
malian type (Seydel, quoted by Weber, 1904, p. 323). 

(3) Alimentary canal showing “no great divergencies from the normal 
structure” (Beddard, /, ¢., p. 109). 

(4) Liver with the agin) mammalian subdivisions (Beddard, 1. ¢., p. 110). 
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(5) Diaphragm perfectly normal (Beddard, /. 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 vertebra, as in mammals. 
(8) 19 or 20 dorso-lumbar vertebra (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: ¢. 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 scapule 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 Ornithorhynchide and Echidnide, notwithstanding wide 
adaptive divergence form a perfectly natural group. Among the many 
divergent adaptations between Echidna and Proéchidna 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 fenestre cribrose, 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 molluse shells in Ornithorhynchus. 

(6) Integument more or less spiny in Echidna and Proéchidna, 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, 

 earpals, 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, ete. 

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 
: 3 toward the mammals than were the Anomodonts, had proceeded very far 

- toward acquiring the distinctly mammalian characters above mentioned. 
q _ 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 

ia 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 
peecilothermal 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 (c/. 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 diphyletie in 
origin; 7. 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, ete. 
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 aarngnele 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 (c/. 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 vertebre 

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, 



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

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. 
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THE PROTODONTA. 

In his description of the lower jaws of the American Triassic genera 
Dromatheritum 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, 
3 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 
B 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; 
' 4 _ 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 Mammauia. 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- artie- 
ular joint much reduced but still retaining its primary fune- 
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 Dromatheriide. . 

Genus Trribolodon 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. 

Tae 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 Wiirttemburg). 

1 Compiled chiefly from Palmer's “Index Generum Mammatium,’ 
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| 1855. 

| 1857. 

1864. 

1866. 
1866, 

1871. 

1871. 
1872. 
1879. 

— 1880. 

The Allotheria, or Multituberculata 165 

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

Falconer describes the mandible and teeth of Plagiaulax from the 
Purbeck (Upper Jurassic). 
Dawkins describes the grooved premolar of a relative of Plagiaulax 
(Hypsiprymnopsis) from the Rheetic of Somersetshire, England. 
Murray erects for Stereognathus the family Stereognathidee. 
Fraas describes a tooth with three rows of cusps from the Rheetic 

_and proposes the name T'riglyphus. 
Owen monographs the Mesozoic Mammalia and treats the genera 
Microlestes, Plagiaulax, and Stereognathus as a division of the 

Diprotodont Marsupials. 
Owen proposes the name Bolodon for some upper jaw fragments. 
Gill proposes the family name Plagiaulacide. 
Marsh describes some small jaws and teeth (Ctenacodon) from the 
Upper Jurassic (‘‘Atlantosaurus Beds”) of Wyoming. 
Marsh erects the order Allotheria to include ‘ Plagiaulaz, the allied 
genus Ctenacodon, and possibly one or two other genera.” 

1881, 1882. Cope describes Ptilodus (1881) and Polymastodon (1882) from 

1882. 

1882. 

1884, 

1884, 

1884. 

1887. 
1888. 

~ 1903. 

— 1909. 

the Basal Eocene of New Mexico. 
Cope describes Meniscoéssus from the Laramie (Upper Cretaceous) 
of Wyoming. 
Lemoine describes Neoplagiaulax from the Basal Eocene near 
Rheims, France. — 

Owen describes the front part of a skull with teeth, named Tritylodon 
from the Upper Triassic of South Africa. 
Cope uses the name “Multituberculata” as a suborder of the 
Marsupialia, to include the Tritylodontide, Polymastodontide and 
Plagiaulacidee. 
“Multituberculata” is thus virtually a synonym of Allotheria Marsh. 
Cope in his ‘Tertiary Vertebrata’ gives evidence of the Marsupial” 
nature of Polymastodon (Catopsalis). 
Cope erects the family Chirogide. 
Osborn revises the group, dividing it into the families Plagiaulacide, 
Bolodontide, 'Tritylodontidee and Polymastodontide. 
Ameghino includes in the group the Patagonian families Polydolo- 

pide Ameghino (1897) and Promysopide Ameghino. ‘These 
however may prove to be highly modified Czenolestoids (p. 211). 
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 T'ritylodon longevus 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 Rheetic 
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 T'rirachodon 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 T'ritylodon appears to 
be lacking in the Gomphognaths in which also the opposite molar rows curve 
inward and converge anteriorly. In T'ritylodon 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 from 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 A/lodon Marsh. The molars are 
somewhat like those of Meniscoéssus 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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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 T’ritylodon skull is rather suggestive of 
what may be conceived to have been the ancestral Monotreme type, 7. 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 Rheetic, 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 
Hypsiprymnopsis rheticus 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 photonhicrographs ! 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. ¢., 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 Oxyclenide. ‘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 7. 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 undeyeloped 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 T'riconodon. 
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. 

Hee Elliot, D, G., Land and Sea Mamm, N, and Mid, Amer, ete,, Field Columbian 
Museum, Chicago, 1904, pp. 163, 171, 
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In regard to the Multituberculate dentition it seems to be sometimes 
taken for granted that in the Plagiaulacide 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 Menzscoéssus 
(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 Polymastodon that the molar cusps become much worn down 
at the tips (Fig. 8). 

Marsupial affinities of the Multituberculata. 

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 (Chiro) 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, ete. 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 Ornithorhynchus suggested that the Multituberculates were related to 
the Monotremes. Confirmatory evidence that the Multituberculates are 
Marsupials is offered by remains of Polymastodon tadensis 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 Allodon fortis the enlarged incisor in Multituberculates is i?, whereas 

seen Po 
~ 

Fig. 8. Skull and lower jaw of Polymastodon tasensis Cope. Skull, Amer, Mus. No. 3075, 

reconstructed by Dr. W. D. Matthew; lower jaw composition from Amer, Mus, Nos, 968 and 
748. xX %. 

in Diprotodonts it seems to be i' (ef. 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. 

Tae Orpers TRICONODONTA AND 'T'RITUBERCULATA. 

Historical Development of the Classification. 

1814? ‘I'wo 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,’ 

! The early history of the discovery of Mesozoic mammal remains is sketched by Goodrich 
(1804, pp. 400-412), 
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——. 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, 
Prévost, 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 prétendu 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 Amphitheriwm 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- 
conodontidze of Marsh he groups the subfamilies Amphilestine 
Osborn, Phascolotheriine Osborn, and Spalacotheriinz, which he 

regards as primitive Marsupials. He includes the Stylacodontide 
and Amblotheriide 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 Amphitheriide and Amblotheriide 
[Stylacodontidse] 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 Paleeontologie) substitutes the monomial term 
Trituberculata for Insectivora Primitiva and now includes in the 
group the families Amphitheriide, Amblotheriidee and Stylacodonti- 
dee. He assigns the Triconodontide 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 ‘awe against 
the general background of paleontological 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. 

~22) includes the genera Amphilestes, Phascolotherium, Triconodon, Pria- 

pats Tinodon, Spalacotherium, Menacodon and Peralestes, all known chiefly 
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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 T'riconodon 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: 1.3, C.;, P.gz, M.g (Goodrich). 

Triconodon: 123, C.}, P.4, M.{853 (Osborn). 
Phascolotherium: 1.3, C.z, P.3, 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.3, C.z, P.3, M.g (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 T'riconodon 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 Spalacotheriwm 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. 

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

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 wpper teeth 
called Peralestes? Were they “probably associated with lower molars of 
the type seen in Spalacotheriwm” (Osborn, 1907, p. 25, fig. 11), or was 
Peralestes “obviously related to Peraspalax” (Osborn, 1888, p. 206) ? 

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"). 

Osborn’s detailed drawings and deseriptions and represents the Peralestes tooth as almost typi- 
eally tritubercular. 
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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. 94): 

(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 
ie 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 T'riconodon, 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, 1.3, C.;, P.z, M. »  (Oaboeny4 is s like 

that of typical Trituberculates. As far back as the ee Triassic this 
formula was closely approximated by that of the Cynodont Diademodon 
mastacus (P.z, M.g, 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 p, to p, increase rapidly in size, p, being a high-pointed 
tooth much higher than m,. 

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 T'riconodon 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 grooye on 
the inner side of the jaw for the Meckelian cartilage (Bensley) is pronounced. 
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i 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, p, higher than m,) 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 Amblotheriidee (Stylacodontide), 

Paurodontide and doubtfully the Dicrocynodontide. '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) 7. 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 among 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 (1888, 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) Pm, a large pointed tooth projecting much above the level of m,. 
This character seems to be quite typical. 

(3) Dental formula typically I.z, C.,, P.z, M.gg. This formula may 
have given rise by reduction to those of both Marsupials and Placentals. 
It was already approximated in Cynodont reptiles (cf. 1.3, C.4, P+ M? 
in Elurosuchus (Broom, 1906.2, pl. x) and I.-, C.-, P.z, M., 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., Amphitherium, 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 prevostit). 
(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 pusilla, Peramys) in many characters. 

‘Yo 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: 

' This character is eaid to be indicated in one of Marsh's specimens (Osborn, 1888, p, 257). 



1910.) Amphitherium, its Place in Mammalian Phylogeny. 179 

(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. 

3 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, which 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. Amphitheriwm, then, occupies a most important place 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 macheliéres resemblent beaucoup & celles des 
Sarigues, mais il y a dix dents en série, nombre que ne montre aucun car- 

nassier connu”’ (quoted by Goodrich, /. 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). . 
_ Amphitherium agrees with Didelphis, 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 
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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 Amphithertum) has been 
derived from the generalized triconodont type by way of the Spalacothertum 
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 
of Amphitherium may be inferred from the charac- 
ters of the known lower molars. ‘The views de- 
veloped below are illustrated by the accompanying 
hypothetical reconstruction of an upper molar of 
Amphitherium (Fig. 10). 

From the greater number of lower teeth and 
their relatively short anteroposterior diameters it 
is practically certain that the upper teeth, as com- 
pared with those of Didelphis, were relatively 
shorter antero-posteriorly and broader  trans- 

Fig. 10. Hypothetical re- versely, and in so far approached the Dryolestes 
ce ty pope ee eri, type (Fig. 12, B). The talonid as in Dryolestes is 
vostii, 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. Didelphis; 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"): 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 T’RITUBERCULAR Moar 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. 

Tt 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. 215-219). 

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, Dissacus 

and Mesonyx, the first being perhaps a collateral ancestor of the other, in 
which there is every appearance of a progressive transformation of the 
molars after the same manner as the premolars. He concludes (/. ¢., 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 such 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 now 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 primitive 
Polyprotodont Marsupials and in the Jurassic ‘Trituberculata p.4, being 
simple conical teeth, are wholly unlike m. }. In the Basal and Lower Eocene 
Creodonts, Insectivores, ‘‘ Primates’? (Indrodon), Ganodonts, Condylarths, 

Amblypods, ete., p* 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 observed 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 tooth. 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, 
Kurtodon 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”’ tritubercular 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 Dryolestes 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 Dicrocynodon. ‘The outer parts of the crown 
of both Dryolestes and Dicrocynodon he regards as homologous with the three 
cones and two fangs of T'riconodon; but of the inner portion of the crown of 

Dicrocynodon (I. ¢. 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 two 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 premolars 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 molars 
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 preéxistence 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,” part 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 priort 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 Fig. 11. Hypothetical recon- 
engaged with each other the protoconid of roealeneey nt 00, REO a hee 
each lower molar fitted into the space  tuberculata, 

immediately in front of the protocone ofthe 4; ir vee eee 
corresponding upper molar. ‘The tip of the  conid (en.@) growing up from the 
protoconid was slightly external (buccal) to ‘nternal cingulum; gOS fannie! si 
the tip of the protocone (Fig. 11) but up of laseé protocone (r.) of aibeer 

internal (lingual) to the broad external base sia aia Para ee 
of the protocone, the site of the future para- molars. Protoconids and metal- 
style and external cingulum. ophids fitting between protocones; 

Here are all the essential conditions for dank: dh xs Bu ychittesatert “3 

a future tritubercular dentition, without 

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, 
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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.? ‘The 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 Pawrodon, 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 im s?tu 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 internal cingulum, 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 cingulum. 

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

(1) In Diademodon 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 
(Broom, 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 requirements, 

* 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. j 

(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 and more to 
contours of molar crowns 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 relations 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 does not constitute a 
valid objection to this view, 7. ¢., it is not necessary to suppose that all the 
pre-tritubercular molar types that ever existed are represented in the known 
Protodonts, Triconodonts and Multituberculates; 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- 

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. Triisodon, 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 transversely; 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, pra, 

protoconid, 

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, in 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 of the 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 Osborn. ‘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 Oxyclenide. 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. But 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; ef. 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 widening 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. 11, 12, 18). 

I, Overhanging cusps (serving either as points of insertion or as fulera). 
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. 

Il. 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. 

Conclusions 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- 

i 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 

if 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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(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 part 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). (e) 
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, 
metastyle 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 transversely 
_ widened upper molars, rather than to the Protodonta and Triconodonta, for 

if 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. 

(ce) 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 fulera, across which resistent material is broken (e. g., Palewosyops), 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 Meniscotheriwm. 

There may well be a principle of erthogenesis 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 'T'riconodontidee. 

Kurtodon. In this genus, the type of the Kurtodontide 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 itis supported by two rudimentary fangs would not disprove 

its homology with the single cusp in Dryolestes. ‘The transverse ridge seen 
1 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 ‘T'riconodont type. 

Paurodon. ‘The type specimen (see Osborn, 1907, p. 29, Fig. 26) should 
be reéxamined 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, }+4% appeared in some instances as far back at 
least as the Upper Jurassic or Lower Cretaceous. 

SUMMARY OF THE POSSIBLE RELATIONS OF THE T'RITUBERCULATA TO THE 

HigHEerR 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 Amblotheriide, Stylacodontide, Kurtodontide and Dicrocyno-— 
dontid, formerly brought together by Osborn as the suborder Insectivora 
Primitiva (1888, p. 247) but later grouped by him (in Zittel’s Paleontologie) 
with the Amphitheriidz 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- 
dontidee 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) ‘T'wo mental foramina (Leptocladus), beneath p, and m,, respectively. 
In case the affinity 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 (z) and 
molars (usually 6-8, but in Pawrodon 3 ?). ' 
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: I. Outrunner Taxonomic History or 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 Linneus (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 Linné’s name “ Didelphis,’”’ or double-wombed. 

7 
fy 
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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 singuliérement conformées....’? (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 vidasae 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. Petauwrus Shaw. 
1794. Gigantomys 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 Vieq d’Azyr’s term “Pédimanes” 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 “Pédimanes,” 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 Duméril and others (see p. 68). 

New genera continued to be added as follows (Palmer): 
1796. Dasyurus Geoffroy. 
1799. Coescoes Lacépéde. 
1803. Phascolomis Geoffroy, 
1804. Potorous Desmarest. 
1804. Perameles &. Geoffroy. 
1811. Halmaturus IMliger. 
1811. LHypsiprymnus Mliger. 
1816. Phascolarctos de Blainville. 
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1816. De Blainville joins the Marsupials and Monotremes in the sub- 
class “TDidelphes” ! 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 ‘‘Pédimanes” for ‘ Marsu- 
piaux,” and removes Kangurus 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 Pédimanes” (‘‘Sarigue, Chironecte”), and “les 

Phascologales” (“Dasyure, Phascologale, Thylacine”); (2) “les Syndacty- 
les,” including the syndactylous forms (7. e., Bandicoots, Phalangers, 

Kangaroos, etc.). 
1863. The first known South American Diprotodont (later called Ceno- 

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, T hyla- 

_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 arate 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 “‘Epanorthide,” (= Paleothentide). 

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 

1Linné’s term ‘‘ Didelphis”’ referred (as stated above) to the possession of an external 

“womb ” (7, ¢., 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 Cenolestes obscurus as a “still existing 
survivor of the Epanorthide 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 Didelphide 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 Polymastodontide 
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 Thylacynide, that the Diproto- 
dont families Epanorthide, Garzonide, etc. of Ameghino were all closely 
related to the existing Cenolestes 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 Plagiaulacide, 
and shows that the Multituberculates are structurally Diprotodont Marsu- 
pials. . 

Il. THe PoLyproropontia. 

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. 
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(2) The foot-structure and many other characters of this prototype are 
realized in the existing Didelphide, 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 insectivorous 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 observa- 

tions is given below: 

Adaptive Radiation of the Polyprotodontia. 

DIDELPHOIDEA Opossums, Dasyures, Thylacynes, ete. 

DIpELPHIID™®. 
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? (Peramys, secondarily terrestrial) to 
incipiently syndactylous* (occasionally in Marmosa). 

Plantar pads separate, transversely striate. 

Gait plantigrade, primitively scansorial. 

. Insectivorous. 

Polyprotodont (I 3). 
Molars simple, tritubereular; metacone enlarged, cusps pointed. 

? Peratherium, Marmosa, 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. 

27. e., with all the digits remaining separate. 

3 J. e., with digits II and III conjoined. 
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Diprotodantide Phascolomyide 
Phascolarctinz Macro odide 

Cenolestidz 

Thylacynidee OX p R @ TO ONT \ A Peramelidae 

Q Myrmecobiidee 

a 
Dasyuride 

Properamelids 

Pronotoryctids 

Didelphidae 
Marmosa group me Mes ie 

Didelphis grou 

Hobs pa : _ \Notoryctidee 
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. 

Dasrurip# (derived from primitive Didelphiide). 

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, IT = 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 Sf 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. 

MyrMeEcosiip2 (Derived from primitive Dasyuride). 

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 a (Bensley). 

Tongue elongate protrusile (Myrmecobius). 

THYLACYNIDS. Tasmanian Wolf and Tertiary ‘“Sparassodonts” of Patagonia. 
(Derived from very primitive unknown Dasyuride). 

Terrestrial. 

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

Hallux reduced or wanting. 
Eleutherodactylous. 

Semiplantigrade, cursorial. 
Carnivorous, predaceous. 

Polyprotodont (I ). 

Molars varying from tritubercular-sectorial to advanced sectorial 
type. 

Amphiproviverra, Cladosictis, Prothylacinus, Thylacynus, Bor- 
hyena. 
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PERAMELOIDEA. 
““PROPERAMELID”’ Bensley (hypothetical). 

(Derived from primitive Didelphiide). 
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. 

PERAMELID. 
(Derived from Properamelide). 

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 (Cheropus). 
Fossorial, ungues deeply cleft. 
Gait cursorial, subplantigrade to extreme digitigrade. 

Insectivorous-omnivorous (vegetarian). 

Polyprotodont, I se. 

Molars tri- to quadritubercular, bunodont to hypsodont, metacone 
(as in Artiodactyls) finally replacing hypocone (Thylacomys). 

Peragale, Perameles, Cheropus. 

NOTORYCTOIDEA. 
“ Pronotoryctips”’ hypothetical). 

(Derived from Properamelide: 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). 

Nororycrip®. 
(Derived from “ Pronotoryctids’’). 

Terrestrial, fossorial. 

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

Insectivorous-vermivorous. 

Polyprotodont I =, P 0: 

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. 

4 



ih aera 

vs 

aco Louch 

= By NR de eS 

1910.] Microbiotherium, Peratherium. 205 

The question as to the phylogenetic validity of this series is raised by the 
scarcity of palzeontological 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. 

Fossil 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 
description (1901, pp. 408-415) of Mecrobiotherium he shows that although 
“placed by Ameghino in a separate family, the Microbiotheride, this genus 
possesses so many important characters in common with the Didelphide 
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 Calwromys (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 Peratheriwm Aymard described by Cope (1884, p. 789). 
This also has the dental formula of Didelphis (at least in D. fugaz, 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 (“ Didelphys”) aymardi Filhol,! a small 
species in which the lower jaw is less than half as large as in D. virginiana, 
the lower premolars are less elongate and the space between the canine and 
m, is shorter than in Didelphis (7. e., primitive characters). - The coronoid 
is broadly triangular, the broad angle is very prominent in external view. 
The mental foramina are below p, and m,, about as in Didelphis. 

1 Ann, Sc. Géol., 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. 96). Dzdelphops 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 (ef. 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 
Amphitherium. ‘The two dental foramina are located as in Dvidelphis. 
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 canine 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 aatiusiad for 
the Didelphid type, but so far does not reveal any of the annectant forms 
leading to the higher families (except possibly the Ceenolestide, p. 209). 

No ‘Tertiary Dasyuride 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 
Didelphiide (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 Thylacinide.. The 
family shows a remarkable series of resemblances in general proportions and 
dental characters to some of the Creodonts among Placentals. 

In Borhyena, the largest and most specialized genus, the incisors are 
reduced to 3, 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) Borhyena 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 Borhyena 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 
Thylacinide is thus seen to be a specialized cursorial offshoot either of very 
primitive Dasyuride or more directly from the Didelphiide. 

The Patagonian Thylacynes are further discussed below (pp. 302, 303). 
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Myrmecobius, the Peramelide, N otoryctes. » 

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 Macropodide, the Peramelide have sometimes been placed with the 
Diprotodonts under the term “ Syndactyla,”’ in contrast with the remaining 
Polyprotodonts which are called ‘ Diadactyla” and (earlier) ‘les Eleuthero- 
dactyles” (ef. Gervais, 1836). But Thomas (1895) observed that although 

Ceenolestes is evidently a Diprotodont, yet it is non-syndactylous; and on 
the other hand, among the Polyprotodonts the pes of the Didelphid Marmosa 
pusilla is incipiently syndactylous, while that of the allied Peramys brevi- 
caudata is quite eleutherodactylous (Bensley, 1903). Hence, in the case 
of the Peramelide, 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 Peramelidé 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 Peramelide 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 Peramelide 
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 
Peramelide parallel the Placentals (Bensley, 1903, p. 85). ‘The pouch opens 
backward as in Polyprotodonts. 

The Notoryetidee 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- 
chloride), N otoryctes 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 Peramelide, (Dollo, Bensley) rather than 

_ with the Didelphiide. 

Ill. Tse CaNo.Lestorpes, or PAvUCITUBERCULATA. (EPANORTHID2, 

ABDERITIDZ, GARZONIIDH, CHNOLESTIDE, ETC.) 

Santa Cruz and recent Cenolestoids. 

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, Cenolestes obscwrus 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 Ceenolestide and all the higher Diprotodonts have been derived 
_ from small insectivorous forms. ‘The first and second upper molars of 

 Cenolestes are subquadrate with four low rounded cusps, but the third 
molar is triangular and has the appearance of being tritubercular. In 
Paleothentes (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 m* 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 



Fig. 15. Skull and lower jaw of Canolestes 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.bdl, alisphenoid 
bulla; ¢, condyle; cor.pr, coronoid process; Bxo, exoccipital; f.l.a, sphenorbital foramen; 

Sf. r, foramen rotundum; /f.v,f, venous foramen in frontal; Fr, frontal; Z, lachrymal; 1d, 

lachrymal duct; m.f, mental foramen; Ma, malar; Ms, mastoid; Mz, maxilla; Na, nasal; 
O«#, orbitosphenoid; p.gl.f, post-glenoid foramen; p.l.f, postero-lateral palatal foramen; 
Pa, parietal; Pma, premaxilla; pt, p, pterygoid process of palatine; 8.sq.f, subsquamosal fora- 
men; So, supra-occipital; Sq, squamosal; st.m.f, stylomastoid foramen; T'y, tympanic; V2, 

infra-orbital foramen, The * indicates the glenoid facet, 
B, Basal view, As.bl, alisphenoid bulla; a,pl.vac, anterior palatine vacuity; Bo, basi- 

occipital; Ba, basisphenold; c.f, condylar foramina; car.can, carotid canal; car.f, carotid fora- 

men; eust./, Bustachian opening; Zxo, exoceipital; f. ov, foramen ovale; f.l.p, foramen lacerum 
posterius; Ma, malar; Ms, mastoid; Mz, maxilla; Per, periotic (pars petrosa); p.gl.f, post- 
glenoid foramen; PI, palatine; p.l.f, postero-lateral palatal foramen; pl.r, palatal ridge; p.pl. 

vac, posterior palatine Vaculty; Ps, presphenoid; Pt, pterygoid; pl.p, pterygoid process of 

palatine; Pmz, premaxilla; 4.sq.f, subsquamosal foramen; st,m./, stylomastoid foramen; tr.can, 

transverse canal; 7'y, tympanic, 

(210) 
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_ from the type represented in Microbiotherium tortor (Sinclair, 1901, pl. lxii), 

which, as in the Ceenolestoids, has a large rounded metaconule in the 

position of a hypocone. The lower molars of the Czenolestoids 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, /. c., p. 420). All the molars in Cenolestes and Halmarhiphus 
have a prominent antero-external cingulum as in Didelphis. Halmarhiphus 

| and Cenolestes occasionally retain the antemolar dental formula of Didelphis 
(Sinclair). 

The fourth upper premolar and first lower molar among the Ceenolestoids 
_ vary greatly in character. In the less specialized genera Cenolestes, 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 Plagiaulacide. Sinclair has adduced evidence 
_ (il. ¢., pp. 417-418) to show that this sectorial molar has been derived from 
the Be roik? séctorial type of Halmarhiphus. 

Accordingly there is seen to be considerable though not positive evidence 
that the Cenolestoids have been derived from the Didelphoid type, and this 
is strengthened by the similarities pointed out by Miss Dederer (1909) 
_ between the skull of Czenolestes and those of the smaller Dasyuride. 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 
if Diprotodont characters and the writer is inclined to regard Cenolestes and 
its allies as an independent suborder, an offshoot of primitive Polyprotodonts, 
which has paralleled the Diprotodonts in certain characters of the dentition. 

a ag he so called ‘‘ Multituberculates” of Patagonia. Are they not highly modi- 

- fied Cenolestords? 

; The most serious theoretical difficulty in the derivation of the Czenolestoid 
_ 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 Czenolestoidea in the far older Notostylops Beds (? Basal Eocene), 
have molar teeth which are of the multituberculate rather than of the 
| tuberulo-setora type. It may be well then to inquire whether the genera 
_ Polydolops, Pliodolops, etc., are related to the Czenolestoids, or, as Ameghino 
1 believes, to the Multituberculates. 
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There can scarcely be much doubt that the lower jaw designated as | 
Parabderites bicrispatus by Ameghino (I. c., Fig. 74), from the Colpodon | 
Beds, pertains to a Cznolestoid. Now the jaw and teeth of Parabderites | 
are extremely like those of Archeodolops from the Notostylops Beds (Ame- 
ghino, l. 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 Meniscoéssus. (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) 
P; in Polydolops is reduced to a small peg at the base of the enlarged pq, 
very much as in Meniscoéssus. | 

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 m,; (b) in the strictly rectangular outline of the 
base of the cusps in Polymastodon and in the crescentic shape of the cusps 
in Meniscoéssus (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 Polymastodontide are derived from the Promysopidee 
(Promysops and Propolymastodon) : 

(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 
| Propolymastodon and Polymastodon are perhaps not much closer than the 
resemblances of Borhyena to Oxyena, of Nesodon and Astrapotherium to 
_ Metamynodon and Cadurcotheriwm, of Thoatheriwum to Mesohippus, of 
 Protypotherium and Archwohyrax to Hyrazx, etc.; and yet in each of the 

eases named the resemblances are very probably due either to convergence 
_ or to homoplasy. Among the Ceenolestoid relatives of Propolymastodon 
i one genus, Orthodolops (Ameghino, /. ¢., p. 131) somewhat resembles Seiwrus 
_ in both upper and lower teeth, while Cephalomys, a Patagonian rodent, has 
a deciduous p, 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, 
 Cenolestoidea and Diprotodontia is well illustrated in the great range in 
_ form of the ultimate upper premolars and first lower molar. In Garzonia 
| and Cenolestes m, 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 
" Cenolestoids and also structurally ancestral to the Upper Cretaceous and 
_ Basal Eocene Polymastodontide, 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, Meniscoéssus and Polymastodon? 

(5) The reduction of the lower lateral incisors, canines and anterior 

premolars in Ceenolestoids 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 Czenolestoid 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 Czenolestoids is: (1) that they 
seem to be connected with the Ceenolestoids 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, Czenolestoids and true— 
Diprotodonts. 

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

(1) Propolymastodon is a “pseudo-Multituberculate” offshoot of the 

Ceenolestoids. 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 Ceenolestoids 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 Cenolestoidea in the Notostylops 
Beds represented an early specialized offshoot and are not structurally 
ancestral to the later Czenolestoids. | 

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 Ceenolestoids 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 Cenolestoids 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 
Dasyuride in many features of the cranium proper and zygoma, but the 
premaxillaries are stated to approximate in form to those of T'richosurus 
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and to indicate a fair-sized incisor dentition. ‘The lower jaw shows a deep 
transyerse groove on the alveolar border which may indicate the presence of 
an enlarged grooved premolar or molar (Spencer, l. c., p. 784). A somewhat 
similar deep alveolar groove occurs below the enlarged grooved p, in the 
Patagonian Czenolestoid Garzonia minima (ef. 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 Cenolestoids seems desirable. 

IV. THe AvustraLiaAN DipRoTODONTSs. 

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). 
PHALANGERID2. 

PHALANGERIN 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 Petauwrus with flying 
membranes. 

Insectivorous to agngrubeas to vegetarian. 
Diprotodont, I. ?, C. 3 
Molars sci tel shaven iadas cusps bunoid, no external styles or 

intermediate conules. 

Acrobates, Disteechurus, Dromicia, Gymnobelideus, Petaurus, Dac- 
tylopsila, Phalanger, Trichosurus. 

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

PHASCOLARCTIN® (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 las uae fp 
Herbivorous. 

Diprotodont. 

Molars with strongly crescentic cusps. 

MAcROpPODID. 
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- 
tongiing) or reduced (Macropodine). 

PHASCOLOMYID. 

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, tPhascqlonus, 
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DIPROTODONTID&. 
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. f 

Diprotodont, with enlarged procumbent I ¢; i?, i* small. 

Molars completely bilophodont. 
tNototherium, + Diprotodon. 

THYLACOLEONTIDA. 
Terrestrial ? 

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

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

P3, greatly enlarged, shearing; molars much “passa tubercular. 

t Tishisoleo, 

V. SuMMARY OF THE ARGUMENTS IN Favor or RETAINING THE DIVISIONS 

““POLYPROTODONTIA”’ AND ‘‘ DIPROTODONTIA” RATHER THAN 

“ DIADACTYLA” AND ‘“‘ SYNDACTYLA.” 

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

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

4 (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. Priwirive MamManian CHARACTERS OF THE MarsupiaL SKULL. 

Comparison of the skulls of Marmosa and Didelphis. 

Additional reasons for believing that the smaller Didelphide are 
structurally prototypal to the remaining Marsupials are found in the general 

+ Extinct. 
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characters of the skull. The following comparison of a smaller insectivo- 
rous Didelphid (Marmosa simonsz) 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 Marmosa 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 fossee. 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.) 7. 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. 
X Z. 

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). 

fr., foramen rotundum. 

can.ir., transverse canal. 

j.car., entocarotid foramen. 

f.eus., Eustachian opening. 

U. S. Nat. Mus. No. 121155. 

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

alisphenoid. 

gl. As,, glenoid portion of alisphenoid. 

j.m. po., posterior mental foramen. 

f.p.2. post zygomatic foramen. 

2f. 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. 
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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 Marmosait 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 
fenestre 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 Marmosa 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 V,). 

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 \arge 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 floceular 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 (V,), which tunnels through the alisphenoid. Anteriorly to the 
foramen rotundum and pituitary fossa is the sphenorbital fissure (for. lac. 
ant., for nerves II, III, IV, V,, 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 V,). 

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 mazilloturbinals. 

Primitive Mammalian Characters of the Marsupial chondrocranium. 

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, /. 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” (/. 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 codperate 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” (/. ¢., p. 271); but 
nasal labyrinth much more complex than in any reptile (/. ¢., p. 8). Cribri- 
form plates suberect, flattish (J. ¢., p. 272). 

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

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

(6) Optic nerve (/. 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 (ef. 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; Canolestes, Phalangista, Phascolarctos, 

Hypsiprymnus, Macropus and Phascolomys of the Diprotodontia. Repre- 
sentatives of all these genera have been examined by the writer, with the 
cobperation of several fellow students 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 (V,). ‘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, V,) 

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 
(V,-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 Borhyena, 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 Wineza (1898, quoted by van 
Kampen, 1905, p. 383) reports that in Acrobates pygmeus the carotid 
enters the skull in the same manner as in most Placentals, 7. 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 (V,). 

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 above 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, /. /. 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 T'hylacynus 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 or THE Divisions PROTOTHERIA, METATHERIA 

AND EvuTHERIA.' 

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 ttep he had suggested in 1816 and raises 
the ‘Ornithodelphia”’ (Monotremes) to a rank coérdinate 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. Heckel, 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 or THE GENETIC RELATIONS OF THE MARSUPIALS. 

It is generally believed that the earliest nammals 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 fosse 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 fenestrae, orto enlarge its fenestra, 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, Czenolestoidea 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 
dental 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, Czenolestoids 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 (Peramelide (p. 208), Czenolestoids (p. 209), Wynyardia (p. 214)) 

which combine 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 seyeral 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 Czenolestoids; but the opinion — 
may be expressed that probably the resemblances of certain Czenolestoids 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 Czenolestoids 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, 

MonopDELPHIA. 

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 scapule 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 semifos- 

sorial. Epipubie bones present. No corpus callosum. ; 

SUBCLASS THERIA ! 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. 

Epipubie bones; no corpus callosum (Elliot Smith, 1894); angle inflected 
(save in Tarsipes); typically with only the posterior milk molar 

replaced by a successor; p§ absent; molars typically 4. 

1 It je unfortunate that the term ‘* Eutheria” has come to stand for two very distinct con- 
cepts: first, for Marsuplalia + Placentalia (Gill, Osborn, Beddard); secondly, for the Placen- 

talla 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 
Haewell, as the equivalent of * Eutheria” Gill, 
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2. Infraclass Monodelphia de Blainville (Placentalia Bonaparte, Eutheria 

Huxley). 
No epipubie bones; a corpus callosum; angle typically not inflected; 

all the antemolar teeth typically represented by both milk and perma- 
nent teeth; p3 typically present; molars typically 3. 
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OvtTuLINE 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.”’ 



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

1758. Linneus places Erinaceus, Talpa and Sorex, together with Sus, 
Dasypus and Didelphis in the Order “ Bestiz.” 

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- 
eyon, Potos [Cercoleptes], Ichneumon in the group “ Plantigrades,” between 
the ‘‘Cheiroptéres” 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, Soricidee, 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 “claviculés,” of the “‘Carnassiers” contrasted with 
the Carnivora as “‘non-claviculés”; this makes easier the total separation 
from the Carnivora. 

1839. De Blainville, in his ‘Ostéographie’ restricts the term ‘Car- 
nassiers” to the Carnivora, but retains a nominal connection between the 

two groups as ‘‘Secundatés.” 
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 
‘Siiugethiere,’ 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." 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 Galeopithecus were afterward 
named ‘‘ Menotyphla” and “ Lipotyphla” by Haeckel. 

A. Intestine with a large coecum: 
“Galeopitheci,” “’Tupaye,” “ Macroscelides,” 

' 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 coecum: 
“Centetine” (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”... 
1 Insectenfresser mit Blinddarm” including “1. Familia Cladobatida s. 
_ Scandentia,” Cladobates, Papaya; “2. Familia Macroscelidia, s. Salientia,”’ 

- Macroscelides, Rhynchocyon. “Subordo II. Lipotyphla. ...Insecten- 
i fresser ohne Blinddarm”...“‘1. Familia Soricida,” Sore, Croseophen, 
 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 sets 1871. His revised classification 
~aaszi) was as follows: 

Galeopithecide: Galeopithecus. 
Macroscelididee: Macroscelides, Petrodromus, Riphohsapen 
Tupaiide; Tupaia, Ptilocercus, Hylomys rr included under Erina- 

ceidee]. 
Erinaceide; Gymnura, Erinaceus. 
Centetidee: Centetes, Hemicentetes, Ericulus, Echinops, Solenodon. 

Potamogalidee; Potamogale. 
Chrysochloridee; Chrysochloris, Chalcochloris. 
Talpide. 

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

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

of the different cusps of the molars in the Centetidee and other families, and 
suggests that the main internal cusp in the upper molar of the Centetide 

_ 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: 
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Suborder Dermoptera. 
Galeopithecidee. 

Suborder Insectivora Vera. 
Superfamily Soricoidea. 

Fam. Talpide. 
Subfam. Talpine. 
Subfam. Myogalinee. 

Fam. Soricidee. 
Superfam. Erinaceoidea. 

Fam. Erinaceide. 
Subfam. Erinaceine. 
Subfam. Gymnurine. 

Superfam. Centetoidea. 
Fam. Centetide. 

Subfam. Centetine. 
Subfam. Solenodontine. 

Fam. Potamogalide. 
Superfam. Chrysochloridoidea. 

Fam. Chrysochloridide. 
Superfam. Macroscelidoidea. 

Fam. Macroscelidide. 
Subfam. Rhynchocyoninee. 
Subfam. Macroscelidine. 

Fam. Tupayide. 
Insectivora incerte sedis. 

Leptictidee < 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: 

| Talpidee 
| Soricidee 
_Erinaceidee 

— Centetidee 
Potamogalidee 

_Chrysochloridee 
Macroscelidee 
‘Tupayide 

at ee 
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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 ‘‘Bestiz seu Insectivora Vera” are recognized, In the diagram repre- 
senting the supposed degrees of relationships the Bestiz 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 (Solenodontide) 
and two subfamilies (Oryzorictine and Geogaline). 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” (7. e., of the dentition), holds that “we 
cannot deny there is far more ground at present for placing the Stylacodon- 
tide [a Jurassic family] in or near the line of the Insectivora than in any other 
order.’ He accordingly names this group the “Insectivora primitiva,” 

_. 4. @., as a suborder of the Insectivora (1888, p. 261). 
1903. Wortman removes the Eocene Hyopsodontide 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 Siiugetiere,’ an important monograph on the phylogeny 
of the Centetidze, Solenodontide and Chrysochloride. 

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 Hyopsodontidee 
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are structurally allied to the Insectivora on the one hand and to the Miocle- | 
nidz 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 CENTETID&. 

The Centetide, 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, ete.; Eri- 

culus parallels Erinaceus in several features of the dentition as well as in its 
spiny covering; Lemicentetes has evolved sectorial molars with long meta- 
style blades; Oryzoryctes has acquired marked fossorial characters; Lim- 
nogale resembles the aquatic shrews; finally, Potamogale 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 Centetide ‘ 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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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 (¢/. 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 

i: . in Centetes (23-24). The milk dentition persists into the fully adult state 
as in the Oligocene Leptictide (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 coilesce. 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 
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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 paradorus, 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 miocenus 
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 (ps. mts); 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 (Jctops 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 Jctops acutidens (no, 7) the tooth is broader anteroposteriorly, the 

metacone and hypocone better developed, In Gymnura (no, 8) and Hrinaceus the antero- 
posterior broadening becomes very pronounced and the prominent hypocone completes the 

quadrate contour of the crown, 

In the Soricoids (¢. 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 Mierogale differ from 
those in Centetes chiefly in the somewhat better development 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 (m,, m,) 
the talonid is very small, placed on a very low level and lacks a hypoconid. 
In m, the talonid is better developed. ‘The lower jaw and lower molars 
show significant resemblances to those of Apternodus medievus 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 Centetide. 

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 
Potamogale 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 Centetide 
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 SOLENODONTID&. 

Solenodon was considered by Dobson (1882, p. 87) to be the type of a 
family “distinct from Centetide but, nevertheless, associated with it and 

Potamogalide in the same group or superfamily Centetoidea” (see also 
l. ¢., 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 Centetide 
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bedeutend iiberschatzt,”’ and “Dass keine niiheren geneologischen Bezie- 
hungen zu den Talpide bestehen....darf wohl als ausgemacht gelten.” 
Leche shows (pp. 144-145) that Solenodon is allied to the Centetidee 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- 
tide. 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 I, 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 
Solenodontide to the Centetide, and, more remotely, to the early Tertiary 
Leptictide. 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 from 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- — 
de 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 mammalian 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, A®, Ip.) separated by a median but slightly asymmetrical 
suture, and partly overlaid by the parietals. 

The interparietal appears in Marsupials, Rodents, Orycteropus and many 
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, apparently 
unpaired, interparieta] appears in the foetal and young Erinaceus, Centetes, 
Hemicentetes and Microgale (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 bounded antero-inferiorly by the malar 
ridge of the maxillary. ‘The mawillary extends well up on the inner side 

Statements in regard to the young and embryonic Zrinaceus, 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 paradorus and Microgale dobsoni; A! Skull of 

Solenodon paradoxus, juv. L 

same scale. A’. Second right upper molar of 

U. 8. Nat. Mus. No, 49673, inferior view. x 7. 

di', di?, di, dc, dp?, dp*, dp*, deciduous teeth, 

ii, 7, etc. permanent teeth, 

Pmx., premaxillary. 

Mzx., maxillary. 

p.z. Mx., zygomatic process of maxillary. 

Pl., 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-tympanic “ ‘“ 4s 

Bo., basioccipital. 

P., petrosal. 

Ty., tympanic. 

ms.P., mastoid portion of periotic. 

Na., nasal. 

Fr., frontal. 

Pa., parietal. 

Am, Mus. No. 28272, side view. x 4. A?. Ditto, inferior view, 
2. B. Skull of Microgale dobsoni. same. X #. 

Ip., interparietal. 

So., supraoccipital. 

jf.p.a., anterior palatine foramen, 

f.pl.p.e., postero-external palatine foramen, 

f.s.p., spheno-palatine foramen, 

f.eth., ethmoid foramen. 

j.sup.eth., supra-ethmoid foramen. 

f.op., optic foramen. (The optic nerve in Mi- 

crogale is stated to pass out through the 

f.l.a.) 
f.s.op., suboptic foramina, 

f.la. + f.r., foramen lacerum anterius plus 

foramen rotundum. 

can.as., alisphenoid canal. 

f.eus., Eustachian opening. 

f. ov., foramen ovale. 

f.p.gl., post-glenoid foramen. 

t.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, 

(248) 
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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 cles, 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; whereas } 
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-tympanic 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. eubanus. 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, A’, ?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 plerygoids (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 fosse not 
being developed (contrast Erinaceus). 
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The orbitosphenoid is of the Placental type, 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 tempdéral 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 extension 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, A’, 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 inferior surface 
the mastoid has a deep circular pit or notch (Fig. 18, A’, f. st. m.), 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 (V,) 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, A? (f. eth.). Behind and much below and internal to the ethmoid 

foramen and also internal to the large sphenorbital fissure is the minute 
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 ({. sphenorbitale, nerves III, 1V, V,, VI) is very large 

and circular. Some distance behind it, and perforating the base of the 
alisphenoid, is a small foramen which at first sight looks like the foramen 
rotundum. But this foramen faces backward, and therefore cannot trans- 
mit the superior maxillary branch (V,) 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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 Insectivores, is not distinct but is confluent with the foramen lacerum 

- anterius. The foramen ovale (V,) 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), 

| foramen lacerum posterius (IX, X, XI) and the condylar foramen (XII), 

as well as the sphenopalatine (V,) post palatine canal (V,) and the stylo- 
mastoid (VII) foramina are all located about as in Centetes. The condylar 
FS 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, A’, 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, A’, for. st. m.). 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 ‘l’egmen 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 camnot 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 lacerum medium 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, A®, 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. swp. 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 Miecrogale, 
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 
Erinaceus (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-mastoid 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 vertebre 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 vertebra (16+4) and two true sacrals, 
followed by two caudo-sacrals, In the adult these four vertebree, with their 
neural spines, coiilesce. Dobson gives the vertebral formula for Solenodon 
cubanus as C, 7, D. 15, L. 4, S. 5, “ecoceygeal” 2, caudals 21. The more 
proximal caudal vertebra 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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_ five presacral vertebra appear disc-like, apparently osseous “‘intercentra.” 
_ In the other vertebra 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 than in 

the adult, a primitive Insectivore character. In the adult it is much broader 
_ than in Erinaceus, 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, A‘) are flattened. . The 
radial sesamoid (“‘prepollex’’) is present, as in other Zalambdodonts and 
Rodents. The scaphoid 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 
seaphoid. ‘The /unar is much wider than high and rests upon both magnum 
and unciform; in the back view the lunar-unciform connection is broader 

(Fig. 19, A’). 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 
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Creodonts) and nearly flat superiorly. The pisiform is small. The mag- 
num is high and narrow, with parallel sides. The wnceiform is likewise high” 

Fig. 19. Morphology of the manus and pes in Solenodon and Microgale. 

A}, 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), ‘ 

B', Right pes of same. x }. 
B?. Back view of left’astragalus of same. 3. 
©}. Microgale dobsoni U. 8. Nat. Mus. No. 49673. Right pes. X }. 
C2, Front view of right astragalus of same. X 

C%, Ditto, back view. 

R., radius. T., tibia, 

U., ulna, Fb., fibula, 

Sc., seaphoid, Cal., calcaneum, 

Ce., centrale, As., astragalus. 

Lu., lunar. P.hex., “ prehallux,” 

Cu,, cuneiform, N., navicular, 
P.pz., “ prepollex,”’ c!,, C2,, C%,, ento-, meso- and ectocuneiform. 

Tz., trapezium, Cb., cuboid, 

Td., trapezoid, I, 11, 111, 1V, V, metatarsals. 
Mg., magnum, (ec,), ectal facet, 

Un,, uneiform, (sus.), sustentacular facet, 

I, 17, 111, 1V, V, metacarpals. (nav,), navicular facet, 

x, process for attachment of tarso-metatarsal —(cb.), cuboid facet, 

ligament, 

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 mam- 
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_ 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 
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_ 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, 
_ pil. 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- 

t 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. Theos 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 
Miecrogale this expansion is large and suggests the Marsupial type. 

The pes (Fig. 19, B', B*) 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 surface 
the ectal facet is sharply triangular. 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 Mustelide 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 quadrangular. ‘The astragalus of Microgale (Fig. 19, 
C?, C’) 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 Solenodon the ectal facet is well separated from the dorsal prolongation 
of the trochlea. 

The cuboid touches the astragalus. In Microgale it is separated from the 
astragalus, possibly because the navicular in this form is deeper. ‘The cal- 
caneum, as in other plantigrade types, has a short tuber and a flat spreading 
antero-inferior end. A large process (Fig. 19, w), 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 caleaneum bears no facet for the fibula, which as in 

Centetide 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 I], 111 and IV appear 
subequal, III being slightly the longest, a frequent Insectivore character. 
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In the proportions of the digits and of the cuneiforms the pes of Solenodon 
is suggestive of that of the common rat. 

Phyletic I nterpretation of the Osteological Characters of Solenodon paradoxus. 

Primitive Marsupio-Placental Characters. General architecture of skull 
and skeleton. Basifacial and basicranial axis nearly continuous; olfactory 
chamber relatively 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 
qa 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 centrale, large trapezoid and a “preepollex.” 
Ilium rod-shaped. Femur with third trochanter. Pes with five well 
clawed digits, entocuneiform 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 m,. 

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 foramen lacerum anterius. 

Seventh cervical vertebra not pierced by vertebral artery; dorso-lumbars 
20. 

Many other characters listed under the next heading may aipes 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 3} enlarged (the extreme enlargement is secondary). Canine 
bifanged (possibly independently acquired). Premolars conical, p} absent; 
fourth upper and lower premolar submolariform. Molars with high pointed 
cusps; enlarged internal cusp of upper molars homologous with protocone of 
Ictops and Dryolestes, (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, fenestree 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 Erinaceus (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 
‘Talpide). 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, 

ee 
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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: #14 Posterior mental foramina below m, (below the last pre- 

molar in Hyopsodontide, Leptictide Erinaceide, 'Tupaiide; cf Matthew, 

1909, p. 126). 
Skull subcylindrical. 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- 
tictidee, Erinaceide). 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 internally and well 
separated from post-tympanic process. Fibula not touching caleaneum. 

Solenodont characters. 14 much enlarged, i, 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 Chrysochloride 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, howéver, 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 N oto- 
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 similar beginnings. 

(10) A further resemblance lies in the fact that in Notoryctes the num- 
ber of incisors are reduced to § 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 Insectivora they are obliterated 
even in the very young skull. 

The conditions in the auditory region in Notoryctes and Chrysochloris 
_ are radically different. A comparison of specimens of Chrysochloris aurea 
and Notoryctes typhlops in the American Museum shows that in N otoryctes 

_ the conditions are directly comparable with those in the smaller Dasyurids 
~ such as aechenionys 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 Centetidee 
und zwar zunichst der urspriinglichsten Formen dieser Familie, der Oryzoric- 

” Asin M terogale (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 “‘paleotelic” characters of this kind as com- 

_ pared with “czenotelic” or adaptive resemblances. 
The proximal ends of the nasals of N otoryctes 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 region which is so characteristic 
of the Centetoids. 

The jaw of Notoryctes has a typically inflected angle, a sharp external 
_ Masseteric ridge, and a pterygoid fossa, as in Marsupials, whereas the char- 
_ acters of the Chrysochloris jaw may readily be derived from those of the 
- Mierogale 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; Apternodus medievus 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, pl. 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 bulla, the form of the snout, zygomatic arch, peculiar lateral occipital 
crest on the squamosal, ete. 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 (ef. p. 265) in its brachycephalic 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: 
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4 The type lower jaw of Apternodus medievus, 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 Centetide. ‘The talonid is less reduced than in A pternodus 
| 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 NECROLESTID, 

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 Chrysochloride, for it is itself 
specialized in a different, though moderate way. What 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. 
C | 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 Centetidee. This bony rostrum may also 
a ' be represented among living forms by the prenasal ossicle of Solenodon. 
_ Neecrolestes 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 slightly toward the mesial 
line, features which are emphasized in Xenotherium. 

THe ERINACEOIDEA. 

THE LEPTICTIDA, ERINACEIDA, DIMYLIDZ. 

The most primitive representatives of this group are the Eocene and 
Oligocene Leptictide. ‘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 Erinaceide and some of them retain the minute 
pm}, which are lost in most Insectivores. The molars in Paleictops 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.p$ are molariform. ‘The lower molars are tuberculo- 
sectorial with reduced paraconids and large hypoconids. In crown view the 
inner and outer cusps are rather widely 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 Erinaceide 

which shows clear evidence of derivation from the Leptictide, 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, Neurogymnurus, and Galeri. 

In the living Erinaceidee the antero-posterior broadening 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 relatively straight profile and heavy 
muzzle of Gymnura and Erinaceus. "The mid-cranial region is not elongate 
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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 

- Erinaceide, 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 Centetide. 
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 Erinaceus and Gymnura. The pterygoidal ridges of the palatine 
and alisphenoid are single on each side, as in Centetidee so that there are 
no ectopterygoid fosse. The tympanic 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 Cayluz- 

—otherium (Neurogymnurus) (cf. Filhol, 1884, pl. i), which is generally re- 
garded as an Erinaceid and therefore as a relative of the. Leptictide, already 
had the tympanic wing of the basisphenoid highly developed. The 
“tympanic” 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- 
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- 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 — ‘post-glenoid”’ process, which is located 

; the post-glenoid process in Zalambdodonts 
a “Ties nearer the inner border, in Ictops on the outer border, of the glenoid 
F: fossa. The large tympanic fossa of Ictops is accordingly bounded anteriorly 
a 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 Erimaceus 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, /. c., pl. xxii, fig. 1) as extending 

entirely across the basioccipital. The paroccipital processes appear to have 
been absent (cf. Microgale). ‘The occiput 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 caleaneum 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 Leptictidee, confirms the lowly position of that family and its ancestral 
relation to the Erinaceide. Ictops also possessed a number of the characters 
assumed below (p. 272) for the ancestors of the upaiidee 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 Erinaceidee Gymnura and the nearly allied Hylomys ' 
are more primitive than Lrinaceus in the following characters: 

' Excellent figures of the skeleton of Hylomys peguensis are given by Anderson (1874, pl. 

Ixiv), 
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(1) Smaller size. (2) Longer muzzle, which makes some approach 
to that of Ictops in form. (3) I%, p$ (reduced to ig, p§ in Erinaceus). 
(4) Mbolars retaining clearer traces of trituberculy than in Erinaceus. 
(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 (ef. p. 261). 

The Dimylide are noticed below (p. 267). 

THE SORICOIDEA. 

THE SORICIDH AND TALPIDZ. 

The 'Talpidee and Soricide have very probably diverged from a common 
stem, the typical Talpide having acquired high fossorial specializations in 
the limbs while the Soricide 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 Soricide 
have retained very primitive limbs, and frequently a cloaca (Dobson). 
The tympanic in the Soricide 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 Talpidee and Soricide 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- 
galinze (vide infra) but in its fore feet-and tail it resembles the Shrews (Dob- 
son). ‘lhe 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 Neiirotrichus form a very primitive 
subfamily of 'Talpoids, of which Myogale parallels the Zalambdodont genus 
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Solenodon 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 Talpide (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, /. ¢., pl. xv) and 
humerus, in which, however, the Talpoid peculiarities are still in an un- 

emphasized condition. _ ¢ 
The dental characters of the Myogaline are clearly represented in the 

Miocene Talpoid Proscalops Matthew (1905.2, 1909, pl. li; ¢f. Fig. 17, no. 9, 
above). ies 

The tympanic 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 bulla 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 tympanic branch to 
the bulla (ef. 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 Erinaceus (p. 247). 
The affinities of the Soricoidea are discussed below (p. 265). 

GENETIC INTERRELATIONS OF THE L1pOTYPHLOUS 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, via: 
the Centetoidea (including the Centetidee Potamogalide and Solenodontide), 
the Chrysochloroidea (including the Necrolestide and Chrysochloride), 
the Erinaceoidea (including the Leptictide Erinaceide, Dimylide) and the 
Soricoidea (including the Soricidee, Myogalide and 'Talpide). The Chryso- 
chloroidea are probably a specialized offshoot of the Centetoidea and the 
two superfainilies 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 
Macroscelidoidea have been derived from forms which might come within 
the definition of the Lipotyphla. 

Soricoidea. ‘The 'l'alpide seem to be linked ancestrally with the Sorici- 
de through the primitive genera Myogale, Urotrichus and Uropsilus the 
first of which approaches the typical 'Talpide, while the last is Shrew-like 
in almost everything except its dentition. 

Remote affinity of the Soricoidea with the Erinaceoidea is revealed in 
the characters of the larynx, lungs, vascular system, liver and especially 
in the urinary and generative organs (Dobson, pp. 157-159). ‘The condition 
of the tympanic region in the Soricidee is more primitive than in the Erina- 
ceide, 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 intercentra, 

which are doubtfully to be homologized with the intercentra of reptiles, 
(Weber, 1904, p. 86) are found below the lumbar vertebree in Talpa and in a 

reduced condition in Erinaceus, and are also well marked in Myogale (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 (ef. Sorex and Microgale), the strong postglenoid process, the loss of 
the malar in the Soricide, the form of the hinder part of the palate, the 

presence of a cloaca (in many Soricidee), and the occurrence of an accessory 

erectile gland in the penis. According to Leche’s suggestion the molars in 
Talpidee and Soricide may be similar in their mode of formation to those in 
the Centetidee, that is, the internal depressed ledge is possibly a “pseudo- 
protocone”’ (p. 238). In Proscalops Matthew (1909, pl. li) the basal cingu- 
lum pseudoprotocone is doubifully distinct from the true protocone (Fig. 17, 
no. 9). In Myogale the pseudoprotocone has increased in size and is barely 
distinct from the protocone. In typical Soricidee and Talpidee 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 Soricide. 

Additional evidence of affinities with both the Erinaceoidea and the 
Centetoidea is furnished by the numerous resemblances in the arrangement 
of the foramina: ¢. g., in Sorea 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, 
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Erinaceus and Centetes. In the Soricoidea also the cartilaginous snout in 
the embryo is prolonged far beyond the premaxillaries (¢/. the cartilaginous 
snout of the embryo Centetes, the prenasal ossicle of Solenodon and the bony 
rostrum of Necrolestes). Finally the Soricoidea resemble the Erinaceide 
and the Centitide 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 (ef. van Kampen, 1905, p. 452) ‘‘dass die Uberein- 
stimmung zwischen Talpide und Chrysochloride nicht bloss durch Anpas- 
sung zu erkliren 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 Erinaceide, through the more primitive genera 
Gymnura, Hylomys and the Oligocene Proterix, seem to be linked securely 
to the very primitive Eocene and Oligocene Leptictide. Of these the less 
specialized forms of the genus Ictops are more primitive than the typical 
Erinaceide 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 (7. e., there are no ectopterygoid fosse), the 
tympanic wings of the basisphenoid if present are but moderately developed; 
and the ‘‘tympanic”’ or postglenoid ridge of the alisphenoid is well developed 
(cf. Microgale). 

‘The dentition also is very primitive: the canines remain subcaniniform, 
p} 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 Erinacevidea 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, /. ¢., 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 Dimylidz of Schlosser, known chiefly from the dentition, 
appear to be a specialized offshoot of the Erinaceid stem (ef. Zittel 1891-93, 
p- 568). 

- Chrysochloroidea. This superfamily (pp. 255, 259) is shown to be an 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 inference 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 Talpidee: for, in the Chrysochloride 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 Talpide 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 Chrysochloridz and Necrolestide 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 paleontological discovery. 

Centetoidea. Perhaps the dominant feature of the Centetide 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 early, the sagittal crest is very long and low, 
the posterior mental foramen lies beneath m,. P} 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 vertebra (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 Centetide after they 
became separated from the forerunners of the Erinaceoidea. 

The date of this separation can at present only be determined within 
very wide limits. It was certainly not later than the Lower Eocene, for in 
the Eocene and Oligocene the family Leptictide 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 
(A pternodus, p. 259), the Solenodontide 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 Centetidee 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 ctops 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. 

Solenodontide. ‘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 Erinaceidee rather than the Centetide, and the resulting 
suggestion is that the Solenodontidee have been derived, not from any early 
Madagascan Centetids but from some more generalized Holarctic Zalamb- 
dodonts, such as Mieropternodus of the American Oligocene (p. 259). 

‘Tue MENOTYPHLA. 

The group including the families Tupaiidee and Macroscelidide appear 
to be very widely removed from the other Insectivora, so far, in fact, that it 
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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 
members of the group are, however, given in de Blainville’s ‘ Ostéographie,’ 
and by Peters (1852) and Mivart (1868). 

Parker (1885-86, p. 247), Elliot Smith (1902) and Broom (1902) have 
recognized Marsupial affinities in the Macroscelidide 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 Tupaiide. In the skull and dentition, as will be 
shown, the different forms present certain resemblances to the Leptictide, 
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). j 

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 TUPAIIDE. 

Halits. ‘The very squirrel-like appearance and habits of the Oriental 
Tree Shrew (7'upaia) 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 low Gray (1848, pl. ii), the Pen-tailed Tree Shrew of Sarawak 

and Borneo, is likewise arboreal and is very phalanger-like, especially in its 
tail, which as in Distechurus, 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). 

Caecum. Peters observed that Macroscelides and its allies, unlike other 

Insectivores have a cecum and Heckel therefore applied the name ‘‘ Meno- 

Fig. 20. A., Palmar surface of the manus, B., plantar surface of the pes of T'upaia sp. 
Arboreal adaptations shown in the divergent pollex and hallux, strong claws and arrange- 

ment of palmar and plantar pads. X # 
i.d'., t.d2., id%, i.d‘., interdigital pads, 

then., thenar pad, 
hy.thn,, hypothenar pad, 

prz.in., internal proximal pad, 

prz.e., external proximal pad, 

typhla” to the group including the Tupaiidee and Macroscelidide. But 

Flower, Beddard and Chapman, (1904) state that at least in T'upaia tana 

the cecum is wanting, although a minute cecum is retained in 7’. belangert 
(Beddard, 1902, p. 511). 

Sublingua. ‘The sublingua of T'upaia is stated to be like that of the 
Lemuroid Chiromys (Garrod, quoted by Beddard, 1902), 
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| Testes. ‘The Tupaiide 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 Ptilocereus (Fig. 21) lack only i* 
and p} of the complete Placental formula. I* is subvertical (in Ptilocercus 
it is also enlarged) and pointed and its posterior side codperates with the pro- 
cumbent i, i, in seizing the food. ‘This condition could apparently give rise 
to the diprotodont modification observed in the Mixodectidee and certain 
lemuroids. I (?) in Tupaia is simple, in Ptilocercus it is a relatively large 
premolariform tooth with a small posterior basal cusp. It opposes the 
minute i, and the compressed sub-premolariform lower canine. I* appears 
to be represented in Ptilocereus by a minute alveolus. The upper canine in 
Tupaia is small conic, not recurved. In Ptilocercus it is like the adjacent 
premolar (p?) and has two roots. The lower canine in both genera is quite 

small, and works in front of p’, p} 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. 

___ -P, p§ are much more reduced in Ptilocereus than in Tupaia and in this 
reduction the former genus parallels the Shrews, Myogale and other Insecti- 
vores with enlarged anterior incisors. P4 and m3 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 wpper molars of Ptilo- 
cercus (Fig. 21) have in certain respects departed less from the primitive 
type exhibited in Ictops than have those of T'upaia: 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 T’upaia); 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, ete., and has 
acquired a large and more or less divided mesostyle. 

Skull (Figs. 21,'22). In many characters the skull of the Tuparide differs 
widely from that of any Lapotyphlous 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 ete. 

So far as concerns only general characters and proportions, there seems 
little to refute the suggestion that the ancestral Tupatid 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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processes of the frontal and malar have not yet met and this region also is 
- accordingly less specialized than in T'upaza. 

Fig. 21. Skull and lower jaw of Ptilocercus lowii Gray. U.S. Nat. Mus, No. 112611. 
x ?. A!, 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- 

te GPa 

a 
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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 backw ardly 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 tympanic 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 
Tupaiide, 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 T’upaia as the rotundum 
is strengthened by the fact that it is continuous internally with a groove 
which has the position of the Gasserian fossa (for nerve-V,). ‘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 (ef. Ptilocercus, 
Fig. 21, ¢. 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 
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' 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 p, and p,, but sometimes below ¢ and p,. 

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 T’upaia 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, 

$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 (ef. 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. 

Tn correlation with the non-fossorial, climbing habits, the sacrum is 

ie 1 The table is based upon data given in Bronn’s ‘ Thierreich ’ (pp. 240-252) and by Leche 
Se 1907, p. 77.) 
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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 iliwm 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 (c/. the flat trochlea of Marsupials and Soleno- 

_ don). 
The fibula is complete and separate. Proximally it expands consider- 

ably (ef. 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 
_ arecompressed. ‘The pollex and hallux of Tupaia diverge slightly, but Ptzlo- 
cereus 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- 
} ~ Junar 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 Sorea 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 T’upaza 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 
caleaneum 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 T'upaia 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 coiilescence of the tibia and fibula, the loss of 
lumbar parapophyses ete. | 
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Phyletic Interpretation of the more Important Characters of the Tupatide. 

Primitive Marsupio-Placental Characters. ? Arboreal habits and adap- 
tations (p. 226); ? diet including insects and fruits; hairs on tail in 

groups of three (Ptilocercus); p$ 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; vertebra, 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 
Ptilocereus; 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 #44; m§; milk dentition 
well developed (Weber, 1904, p. 370); p$ 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; p} absent (a 
frequent, but not invariable, Insectivore specialization); p53 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, ITI, 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 



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

fossee 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: Czecum present, at least in some species (often 
reduced or absent); bulla formed chiefly from the enlarged entotympanic; 
parapophyses on lumbar vertebra 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 Macroscelidide). 

Tupaiid characters (contrast Macroscelidide): 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 fosse; dental formula $33; 12 enlarged, c} small; p=} reduced; upper 
molars triangular, tritubercular; diet including fruits and insects;  ilium 

spatulate; testes descending into a hairy prepenial scrotum. 

THE MACROSCELIDID&. 

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 foetal 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 
Dasypodide. 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- 
cobius.” 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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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 believes that it is “‘a very near relative 
of the Marsupials, with probably very little affinity with the more typical 
Insectivores.” 

- Testes. In the Macroscelidide (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, i‘ and i, 
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, 7. e., with two roots and two cusps. 

Dental formula. Mivart (1867, p. 296) gave the dental formula of 
*Macroscelides as terre 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 p$, and that the revised formula is #435. Ac- 
cordingly Macroscelides is one of the few Insectivores that retain p}, and the 
supposed occasional m, (Mivart, 1867, p. 298) is really m,. 

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 Sussetiy ore 
but is allied to that of T’upaia 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 developed large 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 Heteromyide 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 (¢/. 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” (¢/., Solenodon, p. 253). 

_ Ossicula auditus. According to Doran (1879, pp. 440-442, 444, pl. 62, 

figs. 15, 16) the malleus in the Macroscelidide 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 
fronrthe Sorex type. ‘The incus of Petrodromus tends toward that of Tupara. 
The stapes in the Macroscelidide has straight crura as in T’upaia (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 'Tupaiide) 
and there is also no supraorbital foramen. ‘The lachrymal foramen “opens 
well within the orbit” (contrast Tupaiide). 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” (ef. Tupaiidee). 
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Skeleton.— The Macroscelidide are terrestrial, saltatorial and more: or 
less fossorial in habit and structure, paralleling the Peramelide. ‘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 (ef. 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, 8.3, Cd. 26. Mivart states (1867, 

p. 298) that both Peters and de Blainville assigned 7 lumbar vertebre 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 T'upaia has 18 to 20 (Mivart, op. cit., p. 294). 
In Rhynchocyon cirnei the formula is: C.7, D.13, L.8, 5.3, Cd. 28 (ef. Peters 
Ll. c., Taf. xxiii) ¢. e., DL. 21. 

_ The carpus of Rhynchocyon is noticed below (p. 445). 

Phyletic inter pretation of the more important characters of the Macroscelidide. 

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 }}+% 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; p% 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 foramen 
lacerum anterius, a suboptic foramen (Rhynchocyon); mental foramen open- 
ing beneath p,. 

Primitive 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 rounded, 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 vertebre; 

parapophyses well developed on lumbars. 
Macroscelid characters. Corpus callosum approximating the Primate 

type; lower incisors with denticulate tips (Rhyncocyon); dental formula 
3142-—-,; 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 Tupaiide and Macroscelidide 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, ete. 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 Tupatia and Macroscelides is, in 
fact, largely bridged over by Rhynchocyon cirnet. _ 

These agreements are accompanied by a very wide divergence in habits 
between T'upaia 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 T'upaia 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 [ctops 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 ¢43), 
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, 7. ¢., 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 Menotyphila. 

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 Tupaiide. 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 Macroscelidide 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,' this genus cannot be directly ancestral to the Tupai- 
idee, and it seems probable, from the greatness of the morphological gap 
between the Tupaiide 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 (ef. 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 
many 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 ce- 
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 Ptilocereus, 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 Tu- 
paia, moderate in Ptilocercus and Macroscelides. 

(3) Tympanie wing of alisphenoid.1. Only in Ptilocereus 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) Optie foramen not separated from the sphenorbital fissure. Confluent 
with it in Microgale, Sorex, certain Talpidee, Macroscelides, Rhyncho- 
cyon. Intermediate conditions in certain 'T'alpidee (Dobson), T’upaia. 
Well separated in Erinaceoidea, most Zalambdodonts, Ptilocercus. 

(5) Branch of entocarotid perforating basisphenoid: in Erinaceus (at least 
occasionally), Centetes (but ef. also Vespertilionidee, Orycteropus, 
Herpestinee; 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). 
a 

1 See also p, 320, 
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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 m,: Zalambdodonts, Pantolestes, 
Myogale. 

(11) Nineteen dorso lumbar vertebra: 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- 
tidee 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 paleotelic from cenotelic 

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 
r : in modern Insectivores, the wide interval between the Lipotyphla and Meno- 

ra 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) Habits 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 Ericulus may also be an arboreal heritage. Nevertheless the 
least specialized genera of the existing Lipotyphla, namely Microgale and 
Gymnura (Hylomys) are also those whose skeleton presents the fewest 
differences from that of the arboreal Tupaiide; 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- 
ceide. Of the existing Menotyphla the skeleton of the arboreal Tupaiide 
also appears far more generalized, especially in the limbs and backbone, 
than does that of the terrestrial, saltatorial Macroscelidide. 

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 Tupaiide 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, 
entepicondylar 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 

' Palwontological evidence for the arboreal habit of the stem Placentals has been adduced 

by Matthew (1904), 
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_ 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 Centetide (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 Erinaceinze may also lead back 
_ through the small Gymnura and Hylomys to a very small Leptictid such as 

Ictops thomson. 
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. (¢) 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) Premacillaries more or less elongate, upper incisors arranged in an 

if 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. 

| 
ad 

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. I4 may have been slightly enlarged and i, procumbent. 

(6) Canines small, single rooted. It might at first be thought that the 
t more or less: double rooted, premolariform canine which is realized in 
_ Mierogale and which recalls the double rooted canine of certain Jurassic 

1 Chalmers Mitchell (1905) regards the extreme simplicity of the digestive tract in the 

ty insect and worm eating forms as a secondary specialization. Only the Menotyphla 

retain a more normal mammalian development of the different parts, including the cecum. 
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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, pi not molariform. P4 are molariform in Ictops, 

the Zalambdodonta and Macroscelides. In the Erinaceide and Tupaiide 
p* is subsectorial. 

(8) Upper molars simple, tritubercular, much as in Ictops, 7. 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, Oxycleenids, 
Mixodectids, and “‘prot-ungulates.” ‘This primitive molar pattern may 
have given rise to the modern types in the following ways (¢/. 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, ‘lhe hypocone remained very small. 

(f) The Macroscelides type may have been formed after the manner 
of the bilophodont m* 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 Gymnurine, Myogaline, ‘Talpine. 
(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; cerebellwm not covered. 

(13) Olfactory parts large or moderately developed. Possibly the ex- 
; treme macrosmatism of the Zalambdodonts may be a secondary Insectiy- 

- 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 

(ef. Ictops, Microgale, Ptilocercus); later uniting into a long low sagittal 
 erest (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 fosse, 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- 
a 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 tympanic chamber from the rear and giving 
rise to three branches (p. 247). 

(20) Auditory ossicles in process of acquiring the Insectivore éharacter- 
istics. 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) Skull 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, especially 
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 T'upaia 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 'TILLODONTIA,. 

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 Tillotheriwm 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 sealpriform 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 

_ yery 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 

known 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 Ischyromyide (ef. p. 327.) 
(2): ‘The skull as figured by Marsh (1875) shows many significant 
_ differences from the Rodent type. In Tillotheriwm 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. The basi- 
cranial region is very unlike that of the oldest known Rodents, the Eocene 
 Ischyromyide 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). This 

3 _ species retains a dental formula of I.3, C.}, P.-, M.3, which is an immediate 

- derivative of the primitive Insectivore-Creodont formula; and the material 
_ proves that the pair of incisors which is destined to become scalpriform 
and rootless is ig. A progressive hypertrophy of the anterior lower incisors 
1 seems frequently to be a result of insectivorous diet (Bensley, 1903, p. 124; 

4 ef. Cenolestes, Distechurus, Erinaceus, Solenodon, Chiromys, etc.) and the 

- molars of Esthonyx might also readily have been derived from the sup- 
_ posedly insectivorous-carnivorous type of the Oxyclenide. 

| (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 

i 1 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 (Esthonyz), 
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 primavus (1841) as a member of his ‘Subursi,’ a group including 
not only the forms now called Procyonide but also Aretictis, Mydaus and 
Meles, Zittel (1892, p. 580) states that the discovery of good material of 
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Hyanodon (1838) and Pterodon (1839) inaugurated a controversy which 
has continued to the present time. Laizer and Parieu, Laurillard, Pomel, 

Aymard and Gaudry regarded Hyenodon 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 H. geoudss 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” (“Talpide, Chrysochloride, Esthonychide, Centetidee (= Leptic- 
tide olim’’)) and the extinct carnivorous families ‘‘Oxyenide, Miacide, 

Amblyctonide, Mesonychide.”’ ‘The term ‘‘Creodonta” was restricted to 
its generally accepted meaning by Schlosser (1886). Huxley (1880) sug- 

gested that Hyenodon 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 Borhyena 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 Viverravide 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. Hycenodon Laizer & Parieu. Hyzenodontide. Oligocene Fraiioa 
1839. Pterodon Blainville. Hyznodontide. Oligocene France. 
1841. Arctocyon Blainville. Arctocyonide. Basal Eocene France. 
1842. Paleonictis Blainville. Paleeonictidee. Lower Eocene France. 
1862. Proviverra Riitimeyer. Hyzenodontide. Lower Eocene France. 
1870. Patriofelis Leidy. Oxyenide. Middle Eocene, Wyoming. 
1871. Sinopa Leidy. Hyzenodontidee. Middle Eocene, Wyoming. 
1872. Stypolophus Cope (= Sinopa). Hyzenodontide. Middle Ko- 

cene, Wyoming. 
1872. Mesonyx Cope. Mesonychidee. Middle Eocene, Wyoming. 
1872. Viverravus Marsh. Miacide. Middle Eocene, Wyoming. 
1872. Uintacyon Leidy. Miacide. Middle Eocene, Wyoming. 
1872. Limnocyon Marsh. Oxyznide. Middle Eocene, Wyoming. 
1872. Miacis Cope. Miacide. Middle Eocene, Wyoming. 
1874. Oayena Cope. Oxyznide. Lower Eocene, New Mexico. — 
1874. Pachyena Cope. Mesonychide. Lower Eocene, New Mexico. 
1875. Didymictis Cope. Miacidee. Middle Eocene, Wyoming. 
1876. Dromocyon Marsh. Mesonychidee. Middle Eocene, Wyoming. 
1881. Deltatheriwum Cope. Oxyclenidee. Basal Eocene, New Mexico. 
1881. Dissacus Cope. Mesonychidee. Basal Eocene, New Mexico. 
1883. Chriacus Cope. Oxyclenide. Basal Eocene, Wyoming. ° 
1884. Oxyclenus Cope. Oxyclenidee. Basal Eocene, New Mexico. 
Other American genera were later described by Scott, Osborn and Earl, 

Wortman, Matthew. European representatives, chiefly of the Oxyclenide 
and Hysenodontide, have been described by Filhol, Schlosser, Depéret 
and others. Representatives of the Hysnodontide from the Faydm 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 [?. 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- 

_ yores] 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, ’AAémné; Animal Zrperuicum....the Civet 

Cat; Coati....Rattoon s. Rackoon; Coatt Monp1....; Yz- 

QUIEPATL seu Vulpecula [Skunk], Carigueya, the Possum; ... . 

Taxus sive Meles, the Badger, Brock or Gray; Lurra, the 

Otter; PHoca seu Vitulus marinus....the Sea-Calf or Soile; 

Equus Marinus Hippopotamus falso dictus, Anglis Mors & 
Russis mutato nomine, Belgis Walrus, Danis Rosmarus, the 
Morse or Sea-Horse; Manati, seu Vacca marina, the Sea 

Cow. 

Mader the same heading but set apart as belonging to “ Genus Mustelinum 
__yerminetimve” were listed many of the Mustelide and Viverride as follows: 
Mustela vulgaris, the Weasell or Weesel; Viverra Indica; Munco [?Mun- 
goose]; Mustela candida s. Animal Erminevum, the Ermine or Stoat; Mus- 
| tela silvestris....'The Ferret, nonnullis Furo....; Putorius, the Polecat 
or Fitchet, Marres alliis Foyna, A Martin or Martlet; Mustela Z1pELLINA 

_ the Sable; Grenetra; IcHNEUMON. 

This is a tolerably good classification of the Carnivora and left com- 
. _ paratively little for Linnzeus to do except in the matter of applying binomial 
names. 

1748. Linneeus (2d ed. Syst. Nat.) includes under “‘Fere” the genera 
i Ursus, Felis, Mustela, Lutra, Canis, Phoga, [Phoca], M pe Erinaceus, 

_ Dasypus, Talpa, and Vespertilio. 
1758. Linneeus (10th ed.) excludes from Fere all but Phoca, Canis, 

Se Felis, Viverra; Mustela, Ursus. 
1766. Linneus (12th ed.) includes under Fere 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. (6) Digitata Fere. (c) Digitata Bruta. 
: Under the “Digitata Fere’’ were included certain Insectivores, Didelphis, 
_ the Kangaroo, and Viverra, Mustela, Ursus, Canis, Felis. 

1795. Geoffroy and Cuvier break up the Linnean orders, distributing 
the true Carnivores in the orders ‘“Vermiformes” (Mephitis, Mustela, 
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Lutra), ““Carnivores” (Civetta, Hyena, 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 “‘mammiféres 4 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-claviculés” of the ‘ordre Carnassiers,” the other grand division “clavi- 
culés” 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 Linnean term 

Fer 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 (Secundatés). 

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 earliér 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; Daphanus 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’’ (J. ¢., 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 preéxisting 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 + Paleonictide + Viverravide], 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 placente; 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 $4 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.” j ; 

(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. 
7 De: Nionteas 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 Insectiyora 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 Dasyuride and Didelphiide 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” (7. ¢., 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 
f 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) ¢. 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 Didelphiidee; and the more generalized Creodont types represented in 

i | Aretocyon, Oxyena, 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 

a 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, Oxyena, Hyenodon 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 

1 This character is well shown in a cast of a small femur from the Stonesfield Slate which 

is doubtfully referred to Triconodon. 



302 Bulletin American Museum of Natural History. [Vol. X XVII, 

already well established in the Triassic Cynodont Galesaurus, and preserved 
not only in Marsupials and certain Creodonts but also in the early Artio- 
dactyls (Achenodon) 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 Mesonychide, 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” (J. ¢., 
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, 

__ whereas in placental carnivores it is progressively long. (It is, however, 
Ba 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 Mesonychide, 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 wintensis 
_ “where it is almost like that of a Marsupial.” ‘The accessory posterior 
_ palatine foramina have the appearance of nutritive foramina, such as occur 

in Hyena, and do not appear to be homologous with the posterior palatal 

_ yacuities 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- 

_ niyore type and do not show so many resemblances to the Marsupials. 

Supposed relations of the Creodonts to the “Sparassodonta” (Borhyenina). 

If the Creodonts and especially the Mesonychidz were derived from 
Cretaceous carnivorous Marsupials they might be expected to show some 

_ special palzeotelic resemblances, to the carnivorous Marsupials (Borhyzeninze) 
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 Thylacinide, 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 Mesonychide, which 
is supposed by Dr. Wortman to lie nearest to the Marsupials. 

Dr. Wortman’s view that in the structure of the feet the Arctocyonide 
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 (ef. 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 
premaxille 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 small, 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 Oxyena 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 Oxyclienide. 
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 Palwosinopa, which strongly resembles Didel- 
phodus, a primitive member of the Hyzenodontide, 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, ete. (Matthew, 1909). In 

4 _ Paleosinopa and Pantolestes the canines are larger than in most Insectivores 
__ but the incisors are arranged more antero-posteriorly than transversely 
4 _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 T'rizso- 
z 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 

Oxyenide, Dr. Wortman (1902, pp. 202-203) says: “....the position of 

the posterior 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. e.) 

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 Oxyclenide, 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 Palwosinopa, 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 IT, III and IV, which is characteristic 
_ of the Insectivora (p. 254), is less marked. In Dromocyon, 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 IT 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 
_ 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 Talpidee, Chrysoch- 

loridee) 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 Eocene 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 
ak , the optic foramen independent, and an alisphenoid canal present. 

_ Theskeleton retained many primarily arboreal adaptations. These hypothe- 
q tical forms thus approached the ancestral Insectivores (p. 254) but very early 
4 pee egan to emphasize the flesh-eating, raptorial habits and structures, to in- 
: se in size and to spend more time on the ground. As thus conceived 

EG hey would resemble the contemporaneous Polyprotodont Marsupials in 
om nany characters but they may have been distinguished from them by the 
_ following characters among others: 

(1) Entocarotid entering through foramen lacerum medium, an ali- 
2 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 lowerjaw not sharply inflected. 
(6) Epipubic bones reduced or absent. 
(7) Astragalus with neck well developed. 
(8) Dental formula oust. ; 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- 
cleenidee with more or less simple tritubercular molars, may possibly be Insec- 
tivores (Matthew). The second group, the Crroponta Apaptiva, included 

the Arctocyonide, Miacide (‘‘Viverravide’’) and Paleonictide. 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 Paleonictidee, was removed from this group to the Fissipedia by Wort- 
man because p‘ and m, show an early stage in the carnassial modification." 
The third group was called Carntvora INApaptTivA®? 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 p*. 
The ungual phalanges are flattened and fissured. ‘The first family is the 
Mesonychide, an early Eocene cursorial side branch which parallels the 
Artiodactyls in its foot structure. In this family p* remained simple, the 
upper molars were bluntly cusped, tritubercular, the lower molars com- 
pressed and trenchant. The second and third families (Oxyenide and 
Hysnodontide) seem to be more nearly related to each other than either are 
to the Mesonychide., ‘These parallel the Felidee and Canidee or the Hyzeni- 
dee respectively in general proportions, and develop their carnassials from 
the teeth behind 25, namely, from the true molars, | 

The Miacide as connecting the two suborders. The question of the 

ee — 

' Matthew also has recently (1909) removed Palawonictis from the ‘Adaptiva,” which as 
thus restricted he calla the ‘ Bucreodi,” 

* Matthew now distributes the Creodonta Inadaptiva under two sections: the ‘Acreodi, ” 

including only the Mesonychidm, and the ** Pseudocreodi” (forms with false carnassials), includ- 

ing the Oxywnidm (Oxyana Patriofelis Palwonictis etc.) and the Hywnodontide, 

ea 
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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 

paleontologists, 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 Trituberculates 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 

_ Oxycleenidee, 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 Arctocyonide and Mesonychide, the center of gravity, so to speak, 
_ of the dentition still lies in the large crushing upper molars; in the Hyzno- 
_dontide the molars become compressed and shear-like. But in the Oxyeen- 

idee 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 Didymictis (Viverravus) haydenianus Cope (1884, 

pi. xxiiie, figs. 12, 13) a specialized forerunner of the Miacide (Viverravide), 
the center of the dentition is shifted still further forward, since the shearing 
function is concentrated on the postero-internal blade of p* and on the antero- 
internal blade of m,, while the post-carnassial teeth are much reduced, only 

the small m? remaining. Finally, in the Felidae, the center of dentition 
reaches its anterior limit, since p* alone is carnassial and of large size, m* 
and m? are absent and m!' is reduced to a vestige. 
In Cope’s original definition (Palzeontological 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 Miacide 

_ so sharply separates them from the Arctocyonide, Mesonychidee, Oxyzenidee 
and Hyznodontide and allies them with the Fissipedia that Wortman 
- (1901, pp. 337-338) has grouped the Miacide (‘‘Viverravide”) 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 Miacidee 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 Miacide to the Fissipedia is demurred to by 
Matthew upon three grounds. First because the Miacide, 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 Miacidee— 
with the Arctocyonide. 

Apart from this new evidence, there seems to be other reasons also (Mat- 
thew, 1901, p. 7) for placing the Arctocyonide in the Creodonta Adaptiva — 

; 
. 

(Eucreodi) in company with the Miacidee: (a) The manus of Clenodon, 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 Oddectes, as figured by Wortman (1901, p. 154); and contrasting 
with the same bones in the other Creodonts. (6) 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 Miacide, 

and contrast with the fissured claws of the Mesonychidee, Oxyzenide, and 
Hyzenodontidee (Matthew). 

The Basal Eocene Arctocyon certainly differs from the typical Miacidee 
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 Miacide. 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 Miacidee 
shall be included in the Creodonta or in the Fissipedia. 

Additional evidence of close relationship between the two suborders. 

Additional evidence that the Creodonta and Fissipedia are closely related y 
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 Hyznodontide, 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 Daphenus: especially in the tympanic 
region (J. c., p. 214), in the post glenoid region (p. 215), in the long basicranial 
region and in the occiput. Apart from the aberrant Hyznodont 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 Daphenus (I. c., p. 

214). ii 
The derivation of the Miacide 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 large 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 Miacide has been well established by Wortman and Matthew 

and new evidence has been adduced by the latter author for the relationship 
of the Miacide and Arctocyonide. ‘The phalanges in the Arctocyonid- 

i. Miacid-Fissipede group are always primitively compressed while in the 
Mesonychid-Oxyzenid-Hyzenodont 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- 
clenidee. 

(1) The two types of ungual phalanges may sometimes occur in the 
same suborder, for Erinaceus has compressed, T'alpa 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 Oxyclenide (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 Oxyzenid 
and Hyzenodont 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 Oxyclenid 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 Oxycleenids, shall be discovered; however the Oxyclenid 
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 Oxycleenide 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. Linnzeus includes Phoca in the order Fer. 
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 Fere (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 Linneeus. 

1800. Cuvier restricts “les Amphibies” to include only ‘les Phoques” 
and ‘les Morses,” and places the order next to “les Cétacés” in a grand 

division ‘‘& 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 

Cheiroptéres”’ 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 Protéles’’) as a division 
“anomaux” coérdinate with the division “ normaux” (‘‘Plantigradi” and 
“Digitigradi’”’), both divisions being embraced in “les non-claviculés’’ 
[= Fissipedia and Pinnipedia] of the group ‘‘Carnassiers.” 

1840. Bonaparte separates entirely the Fera from the Insectivora and 
gives the “ Pinnipedia” equal rank with Fere. 

1872. Gill, following other authors (e. g., Haeckel 1866), divides Fere 
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 (/. 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 Osborn (/. ¢., pp. 269-270), after restudying 

the material, concluded that Oxyena 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 

(l. e.) 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. 
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But whether Patriofelis was partly aquatic or not may: after all throw 
- but little light on the origin of the Seals, because Patriofelis and Oxyena 
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 Oxyzenide 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 
Oxyenide 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 
Oxyeenide 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 
Oxyenide 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 (ef. 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 Viverride. 

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 “ Hypomycteri”’ (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 

four erescentic gyri which bend around the Sylvian fissure. The bulla in 
general appearance resembles the Arctoid rather than the A®luroid type, 
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although van Kampen has shown (1905, pp. 537, 542, 545) that in both the 

Phocidee and the Otariide the bulla is a composite one, formed from the 

entotympanic and the true tympanic (annulus tympanicus) as in the 
Eluroidea. 

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 Oxyzenid 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. 

Analysis. 
Page 
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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. Linneus includes it with the lemurs under the name “Lemur 
volans.” se 

1780. Pallas translates Petiver’s ““Chats-Singes” into ‘‘Galeopithecus” 
and regards it as intermediate between Lemurs and Bats. 

1800. Cuvier removes the “‘Galéopithéques” to the group “‘Cheirop- 
téres” of the ‘ordre Carnassiers,’ placing them at the end of the 
Cheiroptéres and next to “‘les Plantigrades” (Insectivores, etc.). 

1811. Illiger applies the term ‘‘Dermoptera” as a “‘familia,”’ coérdi- 
nate with “Cheiroptera” in the “‘ordo” “ Volitantia.”’ 

1816. De Blainville associates “les Galéopithéques’’. 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 Lliger’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, “‘Galeopithecidee.” 

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- 
iid (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 fosse 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 Macroscelidide and ‘Tupaiide 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 Macroscelididi (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 crecum. 

Notwithstanding these and similar resemblances the numerous differ- 
ences from the Menotyphla in the male and female reproductive organs and 
throughout the organism (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 Galeopithecus the 
auditory bulla corresponds in structure with that in the Menotyphla, Chirop- 
tera and Prosimie; 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 alli- 
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 foramen lacerum medium (“anterius,” van Kampen, op. cit., p. 464). 

Galeopithecus may 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 cxecum 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 (ef. 
de Blainville, ‘Ostéographie’). 

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 many 
characters of the shoulder girdle, episternum, musculature, stomach, uterus, 

placenta, and mamme. 
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Il. THe CHrroprera. 

Historical Notes. 

Early naturalists generally regarded bats as birds with “ailes-de-peaw’’ 
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, 
& primd volatica seu Vespertiliones.” The Sloths are described under the 
next section, “‘Secundo gressile, tardipes. Ai sive Ignavus” [Bradypus tri- 
dactylus}. 

1735. Linnzeus 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” (ef. the 

classic Latin epithet ‘‘ali-pes,” wing-footed, applied to Mercury). 
Through the labors of Daubenton and Geoffroy, Fréd. Cuvier, Leach, 

and others, many new kinds and divisions were recognized, so that by 1820 
Desmarest enumerated ninety-five species. 

1800. Cuvier groups ‘les Cheiroptéres” with Galeopithecus and places 
them next to “Jes Plantigrades”’ in the order ‘‘ Carnassiers.” 

1816. De Blainville intimately unites them with “les Taupes’’ (Tal- 
pidee) 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 ‘Orycteri” and 

the “ Insectivori” in a grand division ‘Claviculés” 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 
palzontological 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 (c/. 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 
formula a derivative by reduction of 43°; teeth primitively tritubercular- 
tuberculo-sectorial '; digits peiaitidide 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 

____ Soricidee and allied Insectivora, particularly in the malleus, which approaches 
also the Marsupial type. 

. The Microchiroptera are more specialized than the Mewsnhiiieséte 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. 

Ill. THe Primates. 

Outline History of the Classification. 

1693. Ray divides the ‘“Unguiculata pede multifido, digitis aliquodque 
separatis” into: (1) those with flat nails, ‘ WAarvévyxa & AvOpwrdpopga, 

1 Oldfield Thomas has adduced evidence that even the peculiar molars of the Fruit Bats 

i. have 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 

_____ Phyllostomide 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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Simie,” and (2) those with narrower claws (7. e., the remaining unguiculate 

forms). 

1735. Linneus in the first edition of the ‘Social Nature’ includes 
under the order “Anthropomorpha” the genera Homo, Simia, Bradypus. 

1758. Linnzeus 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 Boddaért’s term “‘Quadrumana”’ 
to the remaining Primates. 

1792. pera. d’Azyr ee the apes, monkeys and lemurs under “les 
Pédimanes.” 

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,  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 ‘Catarrhinze” 
and “ Platyrrhinee,” in the division of the Anthropoids into those with ‘“na- 
rines rapprochées” (‘‘Pitheci”) and those with “narines éloignées”’ (“ 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 Linnean view 
that mankind belongs zodlogically 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 Homnide, 

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 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 paleontologist 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 Prosimiz and Simize 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 Notharctide; 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 fundamental 
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 Twpaia and Ptilocercus is indicated by the follow- 
‘ing considerations: 

(1) The dental formule of the Primates are all derivatives of }4*. 
(2) The molars were primitively tritubercular above and tuberculo- 

_ sectorial below, perhaps resembling those of the modern Pézlocercus 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 Lemuride and Chiromyide cor- 

_responds with that in the Tupaiidee (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 Lemuride is formed from the inflation 
of the entotympanic, exactly as in T'upaia 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 Pétlocercus, 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 T'upaia, while the very small size of the mesocuneiform 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 from 
some Upper Cretaceous family resembling in many characters the ‘Tupaiidee, 
these four orders may be embraced in a single superorder, which may be 
named Archonta’ in allusion to the fact that Linneeus included in the 
Primates the genera Homo, Simia, Lemur (including the Lemuroids and the 
“Flying Lemur’), Vespertilio. 

1"Apxev chief, cf. German Herrenthiere. 
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I. THe RopentIia. 

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 
i herbivora binis prelongis dentibus anterioribus in utraque maxilla, seu 
_ Leporinum Genus” the following animals (J. ¢., p. 204): 
—_ “CLepus, Aaybs....The Hare”; ‘“Cuniculus, Aaovrus, A Rabbit or 
Cony”; “Cuniculus Brasiliensis Tapeti dictus” [= Lepus brasiliensis); 
_ “Cuniculus Brasiliensis Aperea dictus” [= Cavia aperea]; “Hystrix, the 

_ Poreupine”; ‘“Cuanda Brasiliensibus Maregr ‘Tlaquatzin spinosum Her- 
~ nand.” [?Candow (= Synetheres) prehensilis]; ‘‘Castor sive Fiber, The 
_ Beaver’; “‘Sciurus vulgaris,” ‘‘Sciurus virginianus cinereus major, the great 
grey Virginia Squirrel”; “Sciurus Zeylanicus pilis in dorso nigricantibus 
~ Rukkaia dictus” [Sciurus gg igedgen “Sciurus Americanus volans, the fly- 
_ ing squirrel” [Sctwropterus volucella]; “Sciurus Getulus Caii apud Gesnerum 
The Barbary Squirrel” [Xerus getulus]; then follows some fifteen apoces 
q 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,” [? Croctdura myosura]; “ Mus Avellan- 
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arum major, Sorex Plinii, Gesn. The 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, 

Marcgr. 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.”’ [Celogenys paca]; “‘ Mus Norwagicus 
vulgo Leming Wormii” [Lemmus lemmus]; ‘‘Glis Gesneri & aliorum, Rell 
vel Rellmus. Helvetiis’’; Mus indicus arboreus Striatus [ ?]. 

1735. Linneeus in the first edition of the ‘Systema Nature’ establishes 
the order ‘“‘Glires” to include the genera Hystrix, Sciurus, Castor, Mus, 

Lepus, Sorex. 
1748. Linneus, 6th edition, also includes Didelphis. 
1758. Linnzeus mistakenly adds Rhinoceros, removes Sorex, Didelphis. 

1766. Linneus removes Rhinoceros, adds, “‘Noctilio americanus.” 

1778. Pallas divides the Linnean genera of rodents and carefully de- 
scribes the anatomy. 

1779. Blumenbach puts the Rodents into the Order “Digitata” as a 
division (A) codrdinate 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 

“familie,” removing the extraneous genera Daubentonia [Chiromys], Halma- 

turus. , 

1817. Cuvier excludes the Kangaroo but retains the Aye-Aye, divides 
the order into “claviculés” and “non-claviculés.” 

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” (Pedetidee + Anomaluri- 
dee), ‘‘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 Paleolagus, 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 angle 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 fossa (see below 

p. 329). 

Origin of the Rodentia. 

Assuming then that the Duplicidentata and Simplicidentata are correctly 
associated in the same order, which of the superfamily or subordinal groups 
may 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 (Pedetidee, Anomaluride) 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 Aplodontiidee, Geomy- 
idee, Heteromyide, etc.) embrace many forms with hypsodont complex 
cheek teeth and highly specialized skulls; but among the Sciuride 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 Ischyromyide, 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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_ 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) 
; a 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 Paramys 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 Paramys is not antero-external like the “protoconid” of normal 
molars, but antero-internal, as it is in the premolar (p,), 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 Arctomys 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 
Caviide) 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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with a normal tritubercular dentition; but nevertheless it may indicate a 
_ yery 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 longitudinal vacuities. The elongate anterior palatine fora- 
_ mina are often confluent inferiorly. T’ympanie 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 
fosse, 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 fossee seem to be normal 
and comparable with those in Erinaceus, Hyrax, ete., 7. 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 of Rodents to Insectivores.—'Thé 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 sometimes 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 Talpide 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, 7. 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- 
morpha has a broad lamina and an orbicular apophysis as in Shrews and 
Bats (Doran, 1879, pp. 410, 418). The Jacobson’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, IIT and IV, digit III being somewhat the longest. 
‘The carpus frequently retains a free centrale and primitively a well defined 
lunar-unciform contact. Fusions of the scaphoid and lunar, of the tibia 
and 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‘ preepollex,” 
‘bostminimus,” and ‘prehallux” 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 T'heriodesmus (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 the vertebre is that in 
Lepus, Cavia and others the transverse process of the seventh cervical is 

‘ ~ pierced as it is in Marsupials. ‘The pseudo-sacral vertebrae in Rodents often 
| have large transverse processes which tend to unite with the ischium. 

There are pretty clear indications (especially in the Duplicidentata) 
that the dental formula of Rodents has been derived by reduction from $435, 

and that the dental replacement was formerly normal (Weber, 1904, p. 480). 
| 4 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.— ‘Uhe 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 (I+) 
somewhat enlarged (cf. Solenodon), lower incisors (Is;) procumbent (e/. 
Tupaia); canines and anterior premolars reduced; cheek teeth adapted for 

a frugivorous-omnivorous diet. These conditions are all realized in the 
Basal Eocene Mixodectide, 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- 

t 4 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 Mixodectide 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., Seiurus, Myoxus, Anomalurus, Octodon, Hystrizx. 

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, macrosmatie 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. 

Il. Tur Epentate Orpers. 

Outline History of the ordinal Classification. 

oy 1693. Ray groups “Echinus terrestris 'Tatou sive Armadillo, Talpa, 
Musaraneus, ‘lamandua, Vespertilio, & Ai sive Ignavus” [Bradypus] in a 
division “ Anomala”’ of the “ Unguiculata.” 

1758. Linneus includes in the order “Bruta” the genera Elephas, 
Trichechus [Manatus), Bradypus, Myrmecophaga, Manis. 

1771. ‘Thos, 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) coérdinate with (B) the “ Digitata Feree”’ 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 ‘’l'ardigrades.” 
1800. Cuvier includes Echidna in “ les Edentés,” brackets Megatherium 

and Bradypus (“les Paresseux”’) as the sole occupants of “les Tardigrades.” 
1817. Cuvier divides “les Edentés”’ into ‘les Tardigrades (Paresseux, 

Megatherium)”’; “ Edentés ordinaires (‘Tatous, Oryctéropes, Fourmiliers, 

Pangolins)”; “‘Monotrémes (Echidnés, 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 Bradypus with Galeopithecus and removes 
the Tardigrades to a subordinal group ‘‘anomaux”’ of ‘les Quadrumanes”’ 
at the same time associating “les Edentés” (as a suborder “‘normaux”) with 
“les Cétacés” (as a suborder ‘‘anomaux”’) under the “ordre Edentés.”’ 

1839. De Blainville, after long discussion, provisionally leaves Bradypus 
‘in “les Primatés,” but treats the other Edentates as a grand division “ Mal- 
dentés”’ of “les Monodelphes,” contrasting with all the other Monodelphians 
(“Bien dentés”); this foreshadows Thomas’s “ Paratheria.”’ 

1842. Owen reunites Bradypus with Edentates, dividing the order Bruta 
thus: 

Tribus Phyllophaga: “Familia” 'Tardigrada, Bradypus, Cholepus; 
Familia Gravigrada, Megalonyx, Megatherium, Mylodon, Scelidotherium, 
Calodon, 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: 

Phytophaga': 'Tardigrada, Gravigrada; 

Entomophaga': 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. 8. Palmer). 
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(Manis), Tubulidenta (Orycteropus), Loricata (Dasypodide, Glyptodonti- 
de). 

1883. Flower shows that the Megatheriide are intermediate between 
the Bradypodide and the Myrmecophagide and proposes the following 
classification: 
Order Edentata: 

Suborder Pilosa (Bradypodide, Megatheriide, Myrmecophagide). 
Suborder Loricata (Dasypodide). 
Suborder Squamata (Manide). 
Suborder Tubulidentata (Orycteropodide). 
1884. Gill characterises the American Edentates as having Xenarthral 

vertebre 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,’”’ codrdinate 
with the Eutheria of Huxley. 

1891. Weber monographs the genus Manis and proposes to give ordinal 
rank to the groups Squamata (Manide), Tubulidentata (Orycteropodide) 
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 Squamata (pre- 
occupied) and gives ordinal rank to each of the great groups. 

’ Tur 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, 7. ¢., imperfectly differentiated from the 

body. ‘Ihe arrangement of the muscles, according to Windle and Parsons 

(1899), is very generalized. ‘The skull and skeleton ' likewise retain many 

primitive characters. The dentition? retains some evidence that the formula 
was formerly pf, mf; a milk dentition also was once functional and the 

! Notes based chiefly on a skeleton in the U, 8, National Museum and partly on Cuvier's 
excellent Heures in the Ossemena foasiles (tome 5, partie premiére, pl, xii), 

* Fide room, 
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milk teeth were brachyodont with two roots (cf. Thomas, 1890).'| The 

premaxillaries are widely separated from the frontals; the nasals spread 
proximally; the lachrymal is large, spreading on the face; the lachrymal 

- foramen is external; the orbital and temporal fosse are very near together 
and broadly continuous (¢f. Manis, Twpaia, 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 Kampen, 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 2ygapophyses are nor- 

mal, the transverse process of the seventh cervical vertebra is pierced by 
the vertebral artery (cf. Marsupials and certain Rodents); the dorso-lwm- 
bars number 21 (D 13, L.8); only the first sacral vertebra has the transverse 
process broadly expanded for the support of the dium; 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 femur 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 entocuneiform 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 (c?. Broom, 1909, and Thomas, 1890). No trace of incisors re- 

main 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 ia permanent 

123, 91, » 8ehs. 1 
dentitions as follows: Le 123° C.F =; P, 123456. M,. —— 

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 and 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 I 
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, 7. 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 (¢/. 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 



1910.) Orycteropus; Manis. 337 

_ lower Ungulata has been supported by Elliot Smith, Lonnberg and Weber. 
_ Elliot Smith (1898, p. 277) concludes that in its brain characters Orycteropus 
_ “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. (C7. Ame- 
 ghino, 1906.) — 
iF Lénnberg (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 (Lénnberg). 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 PHotipota (MANID2). 

_ 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 Siugetiere’ (pp. 420-429). 

. Manis differs from Orycteropus in the development of true scales,’ 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 Metachetromys, 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- 
de and Tolypéutes) 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 Myrmecophagide (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 Myrmecophagide 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 “prepollex” 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 (ef. Amblypoda); the three 
cuneiforms are subequal instead of the middle one being the smallest as in 
normal mammals. The “prehallux” 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 I-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 
(ec. 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. @., 
_ 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 (c?. 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 Ray, 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, codrdinate 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- 
i : 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; Thomas (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 remotely 
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 ven 
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 
composed 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 (= 'Trenio- 
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 *+4% (and the retention of a milk dentition in Tatusia and of 

front teeth in 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 primitive 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 $+ would tend also to indicate that their upper molars were once 
ichereulnt: because many other groups in which the formula is derived 
from 344 have also passed through the tritubercular stage. 

ise icsee 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. Ovrume 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 (e/. p. 18 
above). T.innzeus emended the terms in 1766 by transferring Camelus and 
Elephas from the Unguiculata, where Ray had placed them, to the Ungu- 
lata. At the same time he erected the codrdinate 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, ete. ‘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. Bisulea. 
1. Ruminantia. a. Bos, Ovis, Capra. 

b. Cervus. 

2. Non-ruminantia. Sus. 
III. Quadrisulea. 

Rhinoceros, Hippopotamus, ete. 
Unguiculata. 

1. Bifido, Camelus 

2. Multifido. 
a. Digitis indivisis. Elephas. 

b, ¢, ete. [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 Bisulea, Quad- 

risulea; (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. Linneeus groups all non-ruminant ungulates under the order 

“Jumenta” (Equus, Hippopotamus, Elephas, Sus). The ruminants were 
included under the order “ Pecora.” 

1758. Linneeus (p. 29). 
Ordo Bruta. Elephas, Trichechus, Bradypus, Myrmecophaga, © 

Manis. 
Bestiz. Sus, Dasypus, Erinaceus, Talpa, Sorex, Didelphis. 

““  Glires. Rhinoceros, Hystrix [ete., other Rodents]. 
Pecora. Camelus, Moschus, Cervus, Capra, Ovis, Bos. 

Bellu. Equus, Hippopotamus. 
3 Thus Linné’s arrangement of the Ungulata was much better in the first 
- edition than in the tenth. 

“ 
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1766. Linneeus. 3 

Ordo II. Bruta. Elephas, Bradypus, Myrmecophaga, Manis, 
Dasypus. 

* —V. Pecora. [vide supra.] ; 

“ VI. Belluz. 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. Belluz. Sus, Hydrochoerus, Rhinoceros, Elephas 

Hippopotamus. 
The “ Belluze” 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, Belluee. 
1792. Vieq 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. Solipédes. 

1795. Geoffroy and Cuvier (p. 58 above). 

Ordre X. Pachydermes. Elephantus, Rhinoceros, Hippopotamus, Tapir, 
Sus. 

Ruminans. [The Ruminants.] 

Solipédes. 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 & Sabots. 

Les Pachydermes. Plus de deux doigts, plus de deux sabots. Elé- 
phans, Tapirs, Cochons, Hippopotame, Daman, Rhinoceros. 

Les Ruminans. Deux doigts, deux sabots. Chameaux, Chevrotains, 
Cerfs, Giraffe, Antilopes, Chévres (Capra), Brevis, Boeufs. 

Les Solipédes. Un seul doigt, un seul sabot. Cheval. 

“1811. Illiger (p. 70 above). 

Multungula. 
Familia Lamnunguia. Hyrax and a Marmot. 

*« Proboscidea. _—_Elephas. 
*«  Nasicornia. Rhinoceros. 

“« — Obesa. Hippopotamus. 
“«  Nasuta. - Tapirus. 

. “  Setigera. ‘Sus. 

Solidungula. 
Bisulea. 

Familia Tylopoda. Camelus, Auchenia. 

“ Devexa.’ Camelopardalis, Capreoli, Cervus, Moschus. 
“  Cavicornia. Antilope, Capra, Bos. 

1816. De Blainville (p. 78 above). 

V. Degré ou Ordre Gravigrades. Eléphans. 
VI. Degré ou Ordre Ongulogrades. 

Normaux: 

doigts 
impairs. 

Pachydermes, 

Solipédes 
pairs. 

Non-Ruminans ou 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) Solipédes. Chevaux. 
Ruminans. 

(a) Sans cornes. Chameaux, Chevrotains. 

(b) Aveccornes. Cerfs, Giraffes, Antilopes, Chévres [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 Pale- 
otheres is recognized. 

1821. Gray, J. E.* 

Ungulata. 

Ord. Tardigrada [Sloths.] 

Oligodontae. Dasypus, Orycteropus. 

Edentulae. Myrmecophaga, Manis, Tamandua, Cyclopes. 
Proboscidiae. [Proboscideans.] 

Tesserachenae. Hippopotamids, Suidae. 

Trichenia. Rhinoceridae, Hyracide, Tapiridae. 
Monochaena. Equus. 

Hydrophora. Camelidae. 
Ruminatia. 

Gray regarded the Edentates as allied to the Ungulates. 
1830. Wagler. ? . 

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. 

& doigts 
impairs 

3 doigts. . Pachydermes. 

1 doigt. Solipédes. Cheval. 
pairs 

4 doigts. Brute. Cochon, ete. 
2 doigts. Ruminantia. 

1 Medical Repository, 1821, p, 304, 

* Naturl, System, Amphibien, 1830, quoted by Gray, 
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In his ‘Ostéographie’ de Blainville intimates that future paleontological 
discoveries will more completely: bridge over r the gaps between these sub- 
divisions of ‘‘les Ongulogrades.” 

1840-45. Owen (‘ Odontography’). 

Ungulata 

1. Isodactyle, as Ox, Hog, Peceary, 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.’ 
* 

Ruminantia. 

I. Fam. Cervina Moschus, Cervus, Camelopardalis. 

II. “ Cavicornia. [Sheep, Goats, Antelopes, Oxen.] 
III. ‘ Tylopoda. [Camels.] 

Solidungula. Equus. 

Pachydermata. Hippopotamus, Sus, ete., Tapirus, Hyrax, Reereren, 
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 ‘Siugethiere.’ 
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elephant constitute so many suborders of the order ‘‘Chelophora,” which 
forms the first sublegion ‘‘Zonoplacentalia,”’ of the legion ‘‘ Deciduata.” 
It will be noted that the main criteria of classification are the modes of 
placentation. 

1868. Ovwen.! 

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, ete., Suidae. : 

Order Perissodactyla. Coryphodon, Pliolophus, Hyracotherium, Lo- 
phiodon, Palaeotherium, Paloplothe- 

rium, Macrauchenia, Elasmotherium, 
Rhinoceros, ete., 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.’ 

Ungulata. 
Order Perissodactyla. 

Families Equide, Rhinocerotide, Tapiride, Paleotheride, Mac- 

rauchenidee. 

Order Artiodactyla. 
Non-Ruminantia. Families Suide, Hippopotamide, Anoplo- 

theride. 
Ruminantia Divisions Tragulidw, Cotylophora (Cervide, Bovi- 

dex, Giraffide, Antilocapride), Camelide. 

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.” 

' Zool, Index to his Comp, Anat., Vol. ILI, pp, 839 et seq.), 
* Medical Times and Gazette, 1864, 

oe 
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1872. Gill. 

Order Ungulata. 
Suborder Artiodactyla. 

Superfamily Chalicotheroidea (Artiodactyli ? Incertz sedis). 

Pecora. 
Superfamily Cameloidea. Fam. Camelide. 
Superfamily Giraffoidea. Fam. Giraffide. 

Superfamily Bodidea. Fam. Saigiide, Bovide (Subfam. Bovine, 

Ovibovine, Antilopine, Caprine, Ovine), Fam. Antilocap- 
ride, Cervide (subfam. Cervine, Cervuline, Moschinz). 

Superfamily Traguloidea. Fam. Tragulide. 
Superfamily ? Sivatheroidea. Fam, Sivatheriide. 

Superfamily ? Helladotheroidea. Fam. Helladotheriide. 
Superfamily Oreodontoidea. Fam. Oreodontide. (Subfam. Ore- 

odontinez, Agriochcerinz.) 
Superfamily Anoplotheroidea. Fam. Anoplotheriide, Dicho- 

bunide (Ceenotherium, Dichobune, Xiphodon). 

Omnivora. 
Superfamily Merycopotamoidea. Fam. Merycopotamide, Hippo- 

potamide (Subfam. Hippopotaming, Chceropsinz). 

Superfamily Setifera. Fam. Phacochceride, Suid, Dicotylide. 
Superfamily Anthracotheroidea. Fam. Anthracotheriide (Sub- 

fam. Hyoptamine, Anthracotheriinz). 

Extinct Omnivora ? Incerte sedis. Chceropotamus, Palsochce- 

rus, Chcromorus, Entelodon, Heterohyus, Acotherulum, 

Cheerotherium = Tetraconodon. 
Suborder Perissodactyla. | 

Superfamily Anchippodontoidea. Fam. Anchippodontidae (An- 

chippodus = Trogosus). 
Superfamily Solidungula. Fam. Equide (Equus, Asinus (Asinus 

sensu strictu, Hippotigris)).. Anchitheriide (Anchitherium, 

Hypohippus, Parahippus, Anchippus). . 
Superfamily Pliolophoidea. Fam. Pliolophide (Hyracotherium). 

Superfamily Rhinocerotoidea. Fam. Rhinocerotide [African and 
Asiatic rhinoceroses separated generically (following Gray).] 

Macraucheniide, Paleotheriide (Paleotherium, Paloplothe- 
rium, ete.). 

Superfamily Lophiodontoidea. Fam. Tapiride (Elasmognathus, 

Tapirus, Rhinocheerus). Lophiodontide (Lophiodon, Cory- 
phodon, Listriodon, Pachynolophus, Lophiotherium, Tapi- 
rulus Anchilopus). 

‘ Perissodactyli Incerte sedis. Fam. Elasmotheriide. 
Ungulata ? Incertz sedis Stereognathus Owen. 

Order Toxodontia. 

Fam. Nesodontide, Toxodontide. 
Order Hyracoidea. Fam. Hyracide. 

Order Proboscidea. Fam. Elephantide (Subfam. Elephantine, Masto- 
dontinz) Dinotheriide. 
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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 rank, 
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. Hippopotamide, Suid, Dicotylide, ‘ Extinct 

Transitional Artiodactyls’’ (Chceropotamide, Anthraco- 

theriide, Cotylopide [Oreodontide], Anoplotheriide, 
Ceenotheriide, Dichodontide). 

Tylopoda. Fam. Camelide. 

Tragulina. Fam. Tragulide. 
Pecora. Fam. Cervide (Subf. Moschine, Cervine (Plesio- 

metacarpalia. Cervulus, Elaphodus, Cervus;  Tele- 
metacarpalia. Rangifer, Alces, Cervalces, Capreolus, 

Hydropotes, Cariacus, Pudua.) Fam. Giraffide, Antilo- 

eapride, Bovide. 

Suborder Perissodactyla. Fam. Tapiride, Lophiodontids, Palse- 
otheriide, Equide, Rhinocerotide, Lambdotheriide, 

Chalicotheriide, Titanotheriide, Macraucheniide, Prote- 

rotheriide. 
Subungulata. 

Suborder Hyracoidea, Fam, Hyracide. 
Suborder Proboscidea. Fam. Elephantide, Dinotheriide. 
Suborder Amblypoda (not divided into families). 

Suborder Condylarthra. 
Suborder Toxodontia. 

ee eo 
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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 
Macraucheniide and Proterotheriide in the suborder Perissodactyla. 

1891, 1898. Cope. 

Order Ancylopoda (under Unguiculata). Fam. Chalicotheriide. 

Ungulata. 
Order Taxeopoda. 

Suborder. Condylarthra. Fam. Periptychide, Phenacodontide, 

Meniscotheriide. 
Litopterna. Fam. Proterotheriide, Macraucheniide, 

Astrapotheriide. 
Hyracoidea. Hyracide. 
Daubentonioidea. Fam. Chiromyide, (Mixodectide 

[1898]). 
Quadrumana. Fam. Mixodectide [1891], Adapide, 

Anaptomorphide, Tarsiide, Lemurids, Hapalide, 

Cebide, Cercopithecide. 

Anthropomorpha. Fam. Simiide, Hominide. 
Order Toxodontia. (Typotheria [1898]): Fam. Atryptheriide, Inter- 

atheriide, Protoxodontide, Nesotheriide#, Xoto- 

dontide, Toxodontide. 

. Order Proboscidea. Fam. Dinotheriidew, Elephantide. 
Order Amblypoda. 

Suborder Taligrada. Fam. Pantolambdide. 
Pantodonta. Fam. Coryphodontide. 

Dinocerata. Fam. Uintatheriide. 

Order Diplarthra. 
Suborder Perissodactyla. Fam. Lophiodontidx, Triplopide, Czx- 

nopide, Hyracodontide, Rhinoceride, Tapiride, 

Lambdotheriide, Menodontide [Brontotheriide], 

Paleotheriide, Equide. 
Suborder Artiodactyla. Fam. Pantolestide [Trigonolestide], Eu- 

rytheriide, Anoplotheriide, Dichobunide, Czeno- 
theriidez, Anthracotheriide, Xiphodontidz, Suide, 

Hippopotamidz, Merycopotamide, Dichodontide, 
Oreodontide, Poébrotheriide, Protolabidide, Ca- 
melide, Eschatiide, Tragulide, Moschide, Bovide, 

Cervide. 

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 Chiromyide are no 
more nearly related to the Lemuride 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 
Phylogenétique sur les Molaires superieures des Ongulés’ (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 N otoryctes 
and Chrysochloris), do not prove ordinal kinship (ef. 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, Depéret, 

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, | Amynodontide, 

Rhinocerotidae, 

' Classification after Osborn, 1898, 
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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 
nd not related to Homalodontotherium (pp. 397, 399). 

(3) ‘The Anthracotheroidea are probably related more nearly to the 
“Suina than to the Ruminantia. 

_ (4) The Litopterna are probably related superordinally to the Toxo- 
Jontia (p. 378). 
_. The classification adopted in the present work is given on pages 464-466. 
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Il. Tue CoNnDdYLARTHRA. 

Phenacodus and Euprotogonia. | 
; 

The famous Phenacodus primevus of the Lower Eocene was described 

and figured by Cope (1884, pp. 485-463, pll. lvii b et seg.) 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 HH. yracotherium 
and the Equide; 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 #¢#, 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, I. ¢., p. 149) is very obvious. In the Basal 
Eocene genus Protogonodon Scott, the hypocone is only incipient and the 
molars are tritubercular (see Osborn, l. 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 Insee- 
tivorous ancestors may also be indicated by the rather short erect canines, 
elongate premaxillaries and slightly procumbent lower incisors (P. wortmant). 

(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 corer 
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 the 
long tail, arched back, hatchet-shaped spine of axis, entepicondylar foramen 
large shaft of the ulna, third trochanter on the femur, pentadactyl man 

and pes, ete. ‘There were 20-21 dorso-lumbar vertebree (Osborn), ¢. 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 Phenacodus (vide supra). 

(2) Euprotogonia was only about half the size of Phenacodus primevus, 
i. e., about nine inches high at the withers. zy 

(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. 

Meniscotheriwm. 

Presumably 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 Phenacodus 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 m‘ and m’ 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, 
_ %. 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. 
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Along with these peculiar specializations some primitive features also 
survive: The dental formula is %}4; 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). Resemblances to the Creo-— 
donta are seen in the large lumbar vertebra, 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 Sindpa type; the carpus retains a free centrale and a 
lunar-unciform contact (p. 447). 

In short, Meniscotheriwm appears to be an advanced, early derivative of — 
the Insectivore-Creodont-Condylarth stock, allied remotely to the Phena- 
codontide. 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 caleaneum (c/. p. 384). 

Ill. 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 (Pantolambdide), Panto-— 
donta Cope (Coryphodontide) and Dinocerata Marsh (Uintatheriide). 
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 family — 
Periptychide Cope (¢/. Osborn and Earle, 1895, pp. 52-64) which Cope had — 
placed in the Condylarthra. Matthew (1897, pp. 294-299) revised the — 
Periptychide but regards them as properly falling under the definition of | 
the order Condylarthra. 

The morphological relations of these two orders may be indicated briefly | 
as follows. (The Mioclenidw (Osborn and Earle, /. ¢., pp. 48-52), which§ 
are doubtfully referred to this group are not discussed.) 
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Order ConDYLARTHRA Cope. 

Family PHenacopontipa. Examples: Basal Eocene Euprotogonia, 
Lower Eocene Phenacodus. Progressively cursorial, manus and pes becom- 
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, 7. ¢., with well developed hypocone; cusps bunoid. P* 
| triangular, with tritocone. M, with small hypoconulid. 

Family MeniscorHertip&. 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', m? quadrate, with well developed hypo-, para- and 
- metacones and large protoconule, all crescentic; metaconule confluent with 

_ hypocone. P* triangular, with tritocone; protocone, tritocone and proto- 
-conule crescentic. M, without hypoconulid; metaconids on m,—m, re- 

duplicate. 

Order Tatigrapa (Cope). 

Family Prertprycuip%.' Basal Eocene (e. g., Anisonchus, Haplo- 
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 (Hemithleus kowalevskianus 

| ef. Matthew, 1897, p. 297), large astragalar foramen. M1’, m? triangular; an 
_ anterior and a posterior basal cingulum sometimes rising into distinct cusps; 

main cusps conic. P* bicuspid, tritocone wanting. M, with or without 
_ hypoconulid. 
Family PanrotamBpip&. 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. M,, m, triangular (without-hypocone), with 

small anterior and posterior cingula; para- and metacone strongly V-shaped, 
mesostyle very prominent. P* bicuspid, external cusp V-shaped, tritocone 
wanting. M, without third lobe. Size not large, skull hornless, with sagit- 
tal crest. 

Order AmBLyPopa Cope. 

Family CorypHopontip#%. Lower Eocene (chiefly Coryphodon). 
Ambulatory; all digits very short, II-IV very broad, phalanges very short; 
lunar-unciform contact retained; unciform spreading upon digit II, 
pushing magnum over on digit Il. 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. M,, m, sub-triang- 
ular, a prominent protoloph formed of the protocone and parastyle, para- 
cone small, conic, metacone V-shaped. M, without hypoconulid. Size 
large, skull hornless (incipient frontal tuberosities in Coryphodon wortmant, 
fide Osborn). Sagittal crest widening into a flat vertex. Canines elongate. 

Family UINTATHERIID2. Middle Eocene (e. g., Uintatherium, Loxolo- 

phodon). Ambulatory; limb characters of the Coryphodontide all further 
developed. Upper molars with strong protoloph (formed as in Cory- 
phodontide) and metaloph (probably representing a displaced paracone, 
mesostyle and metacone — fide Osborn, 1907, p. 167). Ms, 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, Coryphodontidee and Uintatheriidee form an ascending series and that 
the Periptychide are connected on the one hand with this series at its base 
and on the other hand with the Condylarth families Phenacodontide and 
Meniscotheriidee. 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” (/. ¢., 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: 

ConpyLArTHRA (including only the Phenacodontide and Meniscothe- 

riida), 
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| Feet more slender, tridactyly progressive. Astragalus with slender 
neck; trochlea keeled. Lunar-unciform facet becoming reduced, carpals 

becoming serial. M', m? early becoming quadrate, with large hypocone. 
_ Premolars triangular, with tritocone. 
i AmB.ypopa (Cope) Osborn. (Including the Periptychide, Pantolamb- 
' didee, Coryphodontide, Uintatheriide). 
| 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', m? persistently trigonal, protocone remain- 
ing central, hypocone small. Premolars bicuspid, without tritocone. 

Matthew (I. 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 Periptychide (Anisonchinee) 
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 Periptychide 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 
I) had about the same relation to certain of the more highly specialized ungulate 
' orders that the most primitive Creodonta (including the Miacide) 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- 

__ Pptychidee, especially Haploconus lineatus Cope (1884, pl. xxve, 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 p*‘ is larger than the small narrow 
_tritubercular molars. The internal basal apex of the molars is a prominent 
-hypocone spur (ef. 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 
_ (ef. 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 #4; 
so that in case the skull and skeleton are more fully made known some of | 
the smaller Periptychidz 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 Mioclenide, which latter are 
probably of “protungulate” affinities. The astragalus of the Periptychidee 
(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. Tue Hyracorps. 

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 phylogenetic 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 modern 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 
“H[yrax” the dental formula (which is a direct derivative of ats)» 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, ete., 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, ete.; 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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resembled the remote ancestors of those other orders, at least in its “poten- 

tial of evolution.” 
A very comprehensive densstbian 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 systems. 
The skeleton 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 ‘unlike 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 Hyraz is well illustrated 
in the characters of the eye as viewed under 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 Hyraz 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 Meritherium 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 Palewosyops. 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 Megalohyraw (Andrews, op. cit., pll. vi, vii) 

have a reduplicate metaconid, as in Meniscotheriwm, Eohippus, Lamb- 
dotherium, ete., 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 /Tyrax, 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- 
sis), the cuboid lying below the level of the head of the astragalus, but in Den- 
drohyrax arboreus 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 Meniscotherium in which the tibia articulated 
chiefly with the internal side of the astragalus. ‘The peculiar conditions in 
Hyraz 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 Protypotheriwm of the Wieiscsion 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 fossz, carotid canal united with foramen lacerum posterius [not 
true of Hegetotherium and Pachyrukhos (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 
Protypotherium 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 Hyraz. - 
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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 (ef. 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 seem 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. Tue Emprirnoropa (Barypopa). 

In discussing the affinities of Arsinoitherium, the gigantic Eocene pachy- 
derm of the Faydm, 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 Arsinottherium. 
‘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 Arsinoitherium, 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 

B skeleton between Arsinottherium 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 the Rhinoceroses) from the type repre- 
sented in Megalohyrax. ‘The little worn upper premolar of Arsinoitherium 
(lc., pl. v, fig. 2) differs from the corresponding premolar of Megalohyrax 

(1. ¢., 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 (J. c., pl. iv, fig. 3) retains evidence of the reduplicate meta- 

conid (metastylid) which is so conspicuous an element in Meniscotheriwm 
and Hyrax (but which appears also among the Perissodactyla). The un- 

worn lower molars, however (I. c. , pl. iv, fig. 1) suggest those of the Ambly- 

pod Coryphodon. 'The third lenber molar lacks the third lobe (hypoconulid) 
asin 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 (I. 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 conten ieay Proboscidea in the following 
features: 

(1) The premaxillaries are exaugen by the nasals from contact with the 
frontals. 

(2) The lachrymals are widely separated from thp canala 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 caleaneum. ‘Thliis 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 wey 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, 7. e., to the Pantolambdide or Periptychide. 

VI. Tue Proposcipra. 

The derivation of the later Proboscidea from forms resembling Paleo- 
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 Meritherium (also from the Faydm — Upper Eocene and 
Lower Oligocene) with reference to the later Proboscidea and Sirenia may be 
discussed briefly. ‘The following analysis of the characters of Maritherium 
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 with the stem of the Proboscidea: 
(1). IZ enlarged as in Paleomastodon (11 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 Meritherium lyonsi. 

(3) Partial closure of the external auditory canal in palatal view by a 
backward prolongation of the postglenoid, which in Kotheriwm 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 Paleomastodon). 

(7) In occipital view squamosal very large (larger than in Eotherium; 
ef. Paleomastodon). 

(8) A small tubercle on the lachrymal (Andrews, p. 103). The latter 
however differs from that of Paleomastodon in having no lachrymal foramen. 

II. Evidence for relationship between Meritherium and the Stem of the 
Sirenia. 

(1) In palatal view general similarity between Meritherium 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 Eotheriwm] 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 Meritherium”’ 
(Andrews, op. cit., p. 205). 

(4) General similarity in the occipital view between Mcritherium 
and Kotherium. 

(5) Certain resemblances in pelvis (noted by Andrews) between Meri- 
therium and Eotherium. 

(6) Scapula of Meritherium (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 Meritherium and Eotherium shown 
in the brain casts (Andrews). 

Ill. Characters in which Meeritherium differs from the Broloadia. 
(1) All those mentioned above under II. 
(2) Long tubular midcranial region, as in primitive TaibeGroies 

Creodonts, Pantolambda, ete. Primitive. 
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(3) Diploé of the skull not markedly inflated. Primitive. 
(4) Narrow supraorbital region. Primitive. 
(5) Naso-premaxillary and palatal regions very different in Meri- 

thertum and Paleomastodon. 

(6) Neck longer in Meritheriwm; atlas with peg-like odontoid (An- 
drews). Primitive. 

(7) Dorso-lumbars (Andrews) at least 23 (D. 19, L. 4, S 4), z. 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 thei 
that of Paleomastodon in smaller supinator crest and larger’ ERY condyle 
(cf. Taligrada). 

(9) Referred femur lacking third trochanter lated low down on 

shaft, in Paleomastodon). 

Conclusion in regard to Meritherium. 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 Meritherium 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 Meritherium from typical 
Placentals with a dental formula of #4, a normal milk dentition (retained 
in Meritherium, cf. Andrews, p. 111), and normal cranial foramina. ‘The 

premolars could not have been molariform and p* was probably bicuspid 
(cf. Meritherium). 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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| 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 (Paleomastodon, cf. 
| Pantolambda) but in the Meritherium 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, Mioclenids, Periptychids, 
and Pantolambdids. 

VII. Tse Baryroerta (INCERT# SEDIs). 

| ‘The remains of Barytherium grave Andrews (1906, pl. xvii, figs. 4-9) 
from the Qasr-el Sagha (Upper Eocene) beds of the Fayim, 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 $4 also may have been bilophodont 
(ef. Meritherium). The coronoid process of the mandible is very broad, 

| anteroposteriorly rectangular at top and extended forward externally to m, 
(ef. Meritherium). The anterior incisors are much enlarged and procum- 

_ bent, and the scapula, also as in Meritherium, 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). 

VUl. THe extinct Sours American GROUPS HoMALODOTHERIA, 

q ASTRAPOTHERIA, ‘TOXODONTIA, TYPOTHERIA, LITOPTERNA. 

Recent Classifications. 

\ 1891-1893. Zittel. 
| ___ [Order] Ungulata. 
4 [Suborder] Toxodontia. Fam. Homalodontotheridae, Astrapo- 
Pid theridae Nesodontidae, Toxodontidae. 

[Suborder] Typotheria. Fam. Protypotheridae, Typotheridae. 
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[Suborder] Perissodactyla. Fam. Equidae, Proterotheridae, Ma- 
crauchenidae, Tapiridae, Rhinoceridae, Titanotheridae, Chalico- 

theridae. 
1893. Lydekker. 

Order Ungulata. 
Suborder Toxodontia. Fam. Pachyrucide, Typotheriide, ‘Toxo- 

dontide. 
Suborder Astrapotheria [subord. nov.] Fam. Homalodontotheriide, 

Fam. Astrapotheriide. 
Suborder Litopterna. Fam. Proterotheriide, Fam. Macrauche- 

niidee. 

“.. 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 
vertebrae indicate that it cannot in any way be regarded as ancestral to the 
latter suborder.” 
1903. Roth. 
[Order Ungulata.] 

[Suborder] “‘ Notoungulata (los géneros Toxodon, Nesodon y ‘Typothe- 
rium). ....los tipos del grupo Notoungulata muestran una particularidad 
en la construccién de los huesos temporales que no existe en ningtin 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 carfcter t{pico y constante, como lo es, por ejemplo, el angule 
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]. 
IlI.? 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. 

“Tt 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 distribuées par Ordres et 
_ par Familles” (p. 511) the following arrangement is adopted: 

- Ord. Protungulata. Fam. Caroloameghinidae [?Polyprotodont Marsu- 
4 pials]. 
Ord. Lemuroidea. Fam. Archaeopithecidae, 2a Facemeonnets Henricosbor- 

| nidae, Adapidae, Microchceridae. 
_ Ord. Simioidea. Fam. Homunculidae, Cebidae, Cercopithecide, Simiidae. 

Ord. Hyracoidea. Fam. 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. Fam. Hyracotheriidae [Hyracotherium, Ectocion, 
Proectocion, etc.], Palaeotheriidae [Palaeotherium, Paloplotherium, 

Victorlemoineia, Anchitherium, Parahippus, Hypohippus, etc.], Pro- 
terotheriidae [Proterotherium, Thoatherium, Diadiaphorus ete.], Ma- 
crauchenidae [Theosodon, Scalabrinitherium, Macrauchenia ete.], 

Rhinoceridae, 'Tapiridae. 
Ord. Artiodactyla. Fam. Suidae, Camelidae, Cervidae, Bovidae. 

Ord. Proboscidea. Fam. Carolozittelidae, Pyrotheriidae. 
Ord. Amblypoda. Fam. Pantostylopidae [Pantostylops, Hemistylops ete.] 

Trigonostylopidae [Trigonostylops etc.], Albertogaudryidae [Alberto- 
gaudrya etc.] Coryphodontidae [Coryphodon], Astrapotheriidae [Astra- 
potherium, Astrapothericulus, Astraponotus, ete.], Uintatheriidae 
[Uintatherium]. 

Ord. Ancylopoda. Fam. Isotemnidae [Isotemnus, Pleurostylodon ete.], 
Leontiniidae [Leontinia, Colpodon ete.], Homalodontotheriidae [Hom- 
alodotherium, Asmodeus etc.]. 

Ord. ‘Tillodonta. Fam. Notostylopidae [Notostylops ete.], ‘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 Archeohyracide to the Hyracoidea, the Noto- 
hippide to the “Hippoidea,” the Proterotheriide and Macrauchenide to 
the Perissodactyla, the Astrapotheriide to the Amblypoda ete. 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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_ 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, ‘'ypotheres 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 ealeaneum of Trigonostylops (Gaudry, 1906.1, fig. 48, p. 28) is of the 
D 7 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 

'_ complex 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 
f 4 returning to test certain basal assumptions he feels convinced that all the 
9 _ 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 tuberculo-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, 7. 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 the 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 Ambiypuid 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 formations (?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 Homalodotherium (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 segovie, as figured by Ameghino (1898, p. 173, 1906, p. 317, fig. 134) 
differs in very important details from the skulls of the Ancylopod genera 

— Chalicotheriwm and Moropus. 

The Notostylopide. 

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 paleontologists 
(e. g., Gaudry, 1908) are inclined to regard it as not older than Basal Eocene. 

_ As figured by Ameghino (1906, p. 346) Notostylops is seen to be specialized 
_ in respect to its enlarged median incisors (i'), reduced i’, i® and canine, and 

_ molariform p*, p*. 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., Acwlodus Ameghino, 1906, p. 311). They 

have evidently been derived from a trigonal type possibly resembling in a 
_ general way that of the smaller Periptychide. 

marin ere senanie nel, Altieri analy ah 

_ 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 Nothstylopid 
near the Esthonychide, in the order Tillodontia; but-it appears much more 
likely that they are connected more or less closely with the Albertogaudryidee 
or Homalodotheriide. 

The genera Henricosbornia, Trigonostylops and Leontinia, which are the 
types of as many families, are referred by Ameghino to different orders: 
the first (1904, p. 511)-to the Lemuroidea, the second (1904, p. 523) to the 

Amblypoda and the third (1904, p. 525) to the Ancylopoda; but there 
seems to be some reason for suspecting that all are more or less nearly related 
to the common stem of the Homalodotheres and Astrapotheres. 

The Typotheres and “ Protypotheres.” 

The Santa Cruz forerunners (Interatheriide, Hegetotheriide) of the 

Pampaean Typotheres have been monographed recently by Sinclair (Mem. 
Princeton Expedition to Patagonia, Vol. VI, Pt. I, 1909), whose main 

results were published in 1908 (op. cit.). The frequently assumed relation- 
ship with the Rodents is shown by Sinclair (1908, pp. 75-76) to rest on 
probably convergent resemblances in the skull and dentition and to be 
associated with many deep seated differences. Sinclair also shows that the 
families in question differ radically from the Hyracoidea especially in the 
details of the carpus and astragalus, and it may be assumed provisionally 
that the points of resemblance to Hyrax are the result of parallel evolution, 
like the resemblances of Litopterns and Toxodonts 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 Hyracoids, Perissodactyls and 
South American ungulates were all alike derived from one order of protungu- 
lates (ef. pp. 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 and conclusions: 

(1) Protypotherium, Interatherium and Hegetotherium preserve the 
complete Placental dental formula of #4. 

(2) The pattern of the unworn upper molar of Protypotherium Sinclair 
(op. cit., p. 73) is seen to be a hypsodont, antero-posteriorly elongate modi- 
fication, of a simpler pattern, ¢. g., such a one as is represented roughly in 
some of the older (Notostylops Beds) genera figured by Ameghino (e. ¢., 
Acalodus oppositus, 1906, p. 311). The protocone is connected with the 
parastyle, the protoconule with the ‘‘crista,” which as in the Rhinoceroses 
(ef. Hyrarhyus) is merely the constricted inner face of the paracone; the 
hypocone, metaconule and metacone form the “ postero-internal crescent,” 
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1 j while the hypostyle forms the “posterior pillar.’ The Acewlodus molar has 
in turn the familiar elements which appear in their simplest expression in 

_ Hyracotherium and Ectocion. 'This fact, with others, indicates that all the 
' elements of the complex hypsodont molars of ‘T'ypotheres and ‘Toxodonts 

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 Hyrax. 
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). ‘The 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 but ex- 
pand somewhat on the plantar surface, much less so however than in Menis- 

~ cotherium. 3 : 
(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 caleaneum, 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 marrow and very large 
in proportion to the neck. ‘The fibula articulates with the caleaneum, as it 
does also in Litopterns. ‘The navicular has a decided postero-internal 
prominence, analogous to that in many Rodents and Marsupials. 

Conclusions. ‘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 clayicle, 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, 7. 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 (¢/.-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 vertebra 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 (Interatheriwm) 
and 15 + 8 (Pachyrukhos). The tail was long and heavy (ef. Protypo- 
therium, Interatherium) 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 Proterotherium 
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 vertebre, 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 preceding 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 familiar elements of the Hyracotheriwm molar, 
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 Periptychide. ‘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 Equide 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 
magnum, 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 caleaneum 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 T'heosodon 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 caleaneum is pronounced. 
“In all these features the “ pseudo-horses” contrast with the Equide. ‘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 Condylarthra it is meant 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 Pyrotheria'. (Incerte 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 Dinotheriwm of Europe that Dr. FI. 
Ameghino (e. g., 1902, pp. 223-224), the original describer of Pyrotherium, 
has regarded it as an ancestral proboscidean. It has also a single pair of 
procumbent lower incisor tusks which grew continuously and had the enamel 
band confined to the anterior surface, as in rodents and early proboscideans; 
while the manus ascribed to it by Ameghino, but later declared by M. 
‘Tournouér 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 Deseado. 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 material, although by far the most complete so far collected, 
still leaves us with a very imperfect knowledge of the skull and feet; but it 
includes specimens in an excellent state of preservation of the following 
parts: 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 

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 Meritherium): for instance, 
| the mode of wear of the cheek teeth is entirely different, the premolars are 

different, the milk 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 enormous anterior border, while the neural tunnel in both 
bones is very circumscribed. ‘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 limbs, but post-like hind limbs. A cervical 
vertebra is flattened, as in Arsinoitherium and the Proboscidea, but the 

lumbar vertebree 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 promi- 
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- 
ments that the very powerful forearm may have been used in digging. The 
lunar and pyramidal (cuneiform) resemble those of Elephas, but are nar- 
rower. ‘The acetabulum, as in the elephants, faced downward rather than 

outward. The straight hind limb had a long femur held almost in line with 
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, ¢. e., with the digits in line with the tibia. ‘To compensate for the 
relative immobility of the pes the knee joint could double up at a very sharp 
angle. 

Upon this material 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 differences, and that, in 
brief, Pyrotherium is not closely related to any other of the great ‘“ pachy- 
derms” of different orders, such as Astrapotherium, Dinoceros, Arsinoi- 

therium, Brontotherium ete., and does not fit into any known order. 
The supposed relationship of Pyrotherium with the Proboscidea being 

thus at least temporarily disposed of, it seems not impossible that the most 
likely point of origin lies somewhere near the Homalodotheria, or rather 
in the protungulate ancestry of that group. To 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, 7. 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 tg 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 Proruneutata (Condylarthra). Upper molars bunodont, 

sexitubercular, with mesostyle. Paracone and metacone rounded 
externally. Astragalus and caleaneum, so far as known, approximating 
to the Euprotogonia (Phenacodont) type. 
1. Quadrangular arrangement, hypocone very prominent, e. g., Dv- 

dolodus, Notoprotogonia. (?Condylarthra). 
2. Triangular arrangement, hypocone and protostyle subequal, e. g., 

Guilielmofloweria,. Ricardolydekkeria (?Taligrada, 7. e., Peripty- 

chidee or Pantolambdide.) _ 
II. Order Notouneutata. Upper molars when known more or less 

rhinocerotic: 7. 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 (7. 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 (#:$3) in typical forms. Incisors and canines (when 
known) subequal. 
Ya. Size small; molars brachyodont; protoloph well developed, 

metaloph beginning, hypocone prominent, e. g., Henricosbor- 
nia. (Referred by Ameghino to the Lemuroidea.) 

?6. Size medium; molars subhypsodont, roundly trigonal, ecto- 
loph flat, rather straight, protoloph prominent. Astragalus 
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and caleaneum approximating the Meniscotherium type (in — 
Trigonostylops). e. g., Trigonostylops, N otostylops. 

ce. Size large; molars subtriangular. Astragalus with trochlea 
flattened but wide, head small, convex, neck oblique. Ungues | 

compressed, fissured. Homalodotherium. 
?d. Molars more quadrangular, partly suggesting those of Astra- — 

potherium.  Leontinia. 
?e. Molars approximating the Leontinia type; astragalus and — 

caleaneum approximating the Nesodont type, Colpodon. 
2. Suborder Astrapotheria. Astragalus probably flattened, 7. e., 

losing head and neck. Fibular facet on caleaneum 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. 
Astrapotherium., 

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. Interatheriide, Hegetotheriidee. 
72. “ %? Archeohyracide. 
3. “ 54. Typotherium. 
4, “3-8. Nesodontidee, 'Toxodontidee. 

Order Lrroprerna (?derived from I), Upper molars more or less 
hippoid, ¢. 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 contact). ‘Tarsus with distinet 
fibulo-caleaneal facet; astragalus becoming hippoid, ¢. ¢., 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, Proterotheriide, Macraucheniide. 

Ee 
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IV. Order Pyroruerta. Molars bilophodont, tapiroid to Dinotheroid. 
Limbs rectigrade. Astragalus greatly flattened. 
1. Molars tapiroid. Carolozittelia. 
2. “  Dinotheroid. Pyrotherium, Propyrotherium. 

IX. THe PeEerissopactyLa. 

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 
“Ceeneutheria” (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 

| Palezosyopide 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 ‘Titanotheriide, (2) that in many 

features it is prototypal to the later Titanotheres, with which it is linked 
structurally through the genera Kotitanops 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 ‘Tapiride, Equide 
or Rhinocerotide. 

(2) ‘The canines were relatively stout (cf. Paleeosyopinee). 
(3) The upper premolars, especially p', 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 Paleosyopid 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 and ulna, so far as known, agree in essentials 

with those of Kotitanops. 
(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 IIT, ete. It differs from the manus of Heptodon, Hyrachyus, 

-ete., 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 

 Equide, Tapiride and Rhinocerotide. 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 distinguishable 
from that of contemporary Condylarths and Artiodactyls. From certain 
fragments of the skull, and from the known characters of Limnohyops pris- 
-eus 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 
during 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 Tapiridee has been treated by 
Wortman (1893) and Hatcher (1896), of the Lophiodontide by Stehlin 

(1903-1906) and Depéret (1901) who have also revised the European Eocene 

hippoids and Paleotheres (Depéret, 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- 
codonts) 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, Palotheres, '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- 
ride, Heptodon of the Lophiodontidee, Lambdotherium of the Titanotheriide 

and Lohippus of the Equide 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 Kohippus, Palwotherium, Systemodon, Lambdotherium, Eotitano'ps, 
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: *4* 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: p* triangular; with 
proto-, deutero- and tritocones, protoconule, metaconule and strong sur- 
rounding cingula; p* simpler, p? compressed, p' conic. 

Upper molars similar to the Euprotogonia 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. 
t Diet. Possibly succulent tender herbage, berries, tubers, etc. Some 

__yestiges 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 

“Ceeneutherian” 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 nay reasonably 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 

_ ease 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, 7. e. the frontal lobes, — 
7 

had not yet broadened and pushed forward against the anterior wall of the — 
brain case. 

Face larger than cranium. Seen in Eohippus, Tsectolophus, Hyrachyus 
and others (cf. Condylarthra). 

Skull moderately dolichocephalic, %. e., about as in Eohippus and Isecto- 
'lophus (ef. Condylarthra). 

Occiput high and narrow. Seen in Eohippus, Heptodon and others. 
Occipital crest slender not flaring (cf.. Phenacodus wortmant). 

Zygomata slender (as in Eohippus) (cf. Phenacodus wortmani). The 
very stout zygomata, high sagittal crest and flaring occipital crest in the 
Middle Eocene Paleosyops 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 premazillaries, macxillaries, 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.), ef. Phena- 
colus 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 (¢/. Condylarthra), 

Cranial foramina conforming strictly to the Condylarth-Creodont plan: 
i. ¢., 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 coiilesced. Osseous au- 
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ricular meatus (arch) wide and well defined by large postglenoid and post- 
_ tympanic 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 
'__ Perissodacty] and are all inherited from an Insectivore-Creodont-Condylarth 
plan. 

Vertebre in essentials similar to those of Phenacodus. Atlas with para- 
i: 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. 

Scapula 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 radius 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 gluteal 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 ]-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. 
The pubo-ischiadic part of the pelvis was somewhat smaller than in Phena- 
codus and much shorter and less stout than in the Mesonychide 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, Palaotheres, 

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- 
inetrically 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). 

ii tala Meanie dere 
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The carpus (see also p. 450) of the ancestral Perissodacty] differed sharply 

from that of Phenacodus in that it was not altogether serial but partly dis- 

_ placed or interlocking in type: 7. e., with the scapho-centrale touching the 

_ small magnum, the lunar resting not only on the magnum but partly on the 

IE the so called displaced type of 

| retains the lunar-unciform contact; 

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- 
_ dactyls it was easy to believe that 

carpus 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, 
since the manus of Euprotogonia 

and in the present work it is shown 
(pp. 442-446) 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, ete. 

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 ; 

“Lophiodont” Heptodon calciculus Fig. 23. Left manus of a Lower Eocene 
(Fig. 23) the lunar-unciform con- — Tapiroid (Lophiodont) Heptodon calciculus Cope 
tact hil sd eta (Amer. Mus. No. 294). Ce., hook of the scaph- 

ct, while very considerable 1M oid, formed by the coalesced centrale. In the 
front view, is narrower in rear view; back view the lunar is seen to rest almost 
SAS the i iedn Fine 3 nee easy equally on the magnum and unciform X 3. 

to follow the progressive broadening of the scapho-centrale-magnum and 
lunar-unciform contacts, through Hyrachyus and Cenopus 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 Depéret 
(1903) it is wanting. It-is also developed to some extent in the Artiodactyla 
(e. g., Oreodon) but is there shaped quite differently. 

The uneiform was inclined somewhat upward and this condition in- 

Fig. 24. Left magnum of two Lower Eocene Perissodactyls, Heptodon caiciculus (Cope) 
Amer. Mus. No. 294, X § and Eotitanops borealis (Cope) Amer, Mus, No, 296. X }. The small 
end faces anteriorly, the bones are seen from the outer side, 

? ex. c.r., tuberosity for ? extensor carpi radialis. 
MA.e.t., , re * ? flexor ne rs 

(ce.), facet for hook of the scapho-centrale, 

(lu.), A ae a 

(unc.), “ “ unciform. 

(IIT) “metacarpal ITI. 

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 seaphoid” 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 IT 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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Perissodacty] differed from that of 

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 unciform 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 
weight and impact from the fore 
arm above and the ground below. 

The astragalus in the ancestral 

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- 
caneum and did not diverge distally 
from it. (3) The head or condyle 
of the astragalus was transversely 
broader and flatter and its distal 4, 05 Back view of the Sie or on 
facet (for the navicular) was warped Eocene Titanothere, Mesatirhinus petersoni . 

in two planes, 7. e., convex antero- ass cura rg haapag ee nqnels om the 
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 
caleaneum. This is absent in Phenacodus— apparently by reason of the 
lateral divergence of the astragalar head from the caleaneum. (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 

aj. ‘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 deyelop- 
ment of the external (caleaneal) 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 caleaneum. ‘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 caleaneum. ‘The sustentacular and ectal facets at the same time 

_ formed the peculiar _J-shaped facet described above (p. 395). The narrow- 
ing of the sustentacular facet is foreshadowed to some extent in Phenacodus 
wortmant. 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 Perissodacty! 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- 
ide the type of a distinct order, the Ancylopoda. 

Depéret (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 vertebre: the 
Perissodactyl 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 T'itanotherium. ‘To this evidenee may be added the 
following considerations: 

(1) The dentition of Schizotherium Gervais,? a European Oligocene 
Chalicothere, shows evidence of derivation from an Eocene Perissodacty] 

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 Paleotheres. 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 connecting 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 
process 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 Paleosyops 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 seaphoid surface is still convex as in Perissodactyls and Artio- 
dactyls. The internal process of the seaphoid (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 

! The valuable figures of the skull and skeleton of Moropus given by Barbour (1908) point 
to the same conclusion, 

* Represented in the American Museum by casts showing the upper and lower cheek teeth 
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_ Artiodactyls. The magnum of Chalicotheres, although highly modified 
in form, is fundamentally similar to that of Paleosyops 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 
_ Perissodacty] 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 Homalodotherium 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 Homalodotherium 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. C/. Gaudry, l. ¢., 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, 7. 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 

ms, 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 ; 
m, is lost, in correlation with the atrophy of the posterior part of m*, in both — 
groups. The manus of Meniscothertum 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, 7. 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 Paleothere-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 Meniscotheriwm 
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, ete., 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 (7. 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 Equide 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 indicates 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 subequal. 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 
| nayicular 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). 
ie In the dentition the contrasts are equally marked. Even in the oldest 
_ Perissodactyls the posterior premolars are already relatively large and com- 
__ 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, p* is at most 
bicuspid, p? is compressed, the molars are still triangular and tritubercular 



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

(e. g., Leptocherus), 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 Achenodon presents only a very 
superficial resemblance in its skull to the Perissodactyl Paleosyops. 

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 fundus 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 own plan of azygosus tructure, which happens to 
agree with that of some Cervide, 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 Miocleenide (ef. 
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. 

Hemithleus kowalevskianus, a Basal Eocene Periptychid figured by 
Osborn (1907, p. 165), in its tritubereular 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 Poébrotherium 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 Poébrotherium 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. Ixxi). 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 T'rigonolestes 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. 

ie 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 Mesonychide 
(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 
ip : modification of the tritubercular type; the lower molars show no characters 

_ that are inconsistent with derivation from a tuberculosectorial type much 
|. like that of Trtisodon. These observations are in line with Matthew’s 

| suggestion (1909, p. 485) that the Artiodactyla have been derived from 
unknown Creodonts allied to the Mesonychide. 
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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 A’). 
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 1V. 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 magnuin and 
unciform, the cuneiform is shallow and concave superiorly. ‘The pes (Fig. 
26, B?) 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 caleaneum 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 Artiodacty] 
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 caleaneum (Wortman). 

According to Wortman the dorso-lumbars 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 Mesonychide 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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, Fig. 26. Comparison of the fore and hind feet of a primitive Artiodactyl (Ancodus) with 

those of a cursorial Creodont (Dromocyon). 

A}, right manus of ‘‘ Hyopotamus ”(Ancodus) sp. After Scott. xX }. 
A2, right pes of Ancodus brachyrhynchus. After Scott. x 4. 

B}, right manus of Dromocyon vorax. After Wortman. X %. 

‘ B2, right pesofsame. After Wortman. X 2. 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 SrRenIa. 

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) Eotheriwm 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 Kosiren Andrews from the neighboring 
Fayim 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 mamme, (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. 
3 {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 Hyrazx 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. Mier. 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 Meritherium 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 Kosiren (1906, p. 202) he says: “The chief interest 
of the brain. . . . lies in its remarkable similarity with that of Me@ritherium.... 
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 Eositren.... 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 Meritherium (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 Meritherium. The ilium of Meritherium 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 Hothertum; the acetabulum of which 
is well developed, proving that in this most primitive Sirenian the hind limb 
was still functional. The skull of Eotheriwm (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 Kothertwm and Meritherium 
exhibit in common some may be conceived to have developed more or less 
independently, such as: (1) The retraction of the nasals (very early reaching 
an extreme in the Sirenia): (2) the enlargement of one pair of incisors (i! in 
Eotherium, ? in Meritherium 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 Maritheriwm and nearly so in Kotheriwum; while the upper 
‘posterior angle of the squamosal in ‘ Kotherium 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 Meritherium” (Andrews, 

op. cit., p. 205). (3) The base of the cranium is rather similar in the two 
forms. LKotherium, however, retains a condylar foramen, unlike the Pro- 

boscidea and Embrithopoda, in which the condylar foramen is generally 
confluent with the foramen lacerum posterius, 
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In consideration of the differences in habits between Moritheritwm 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 Meritherium there is no known Artiodactyl, Perissodactyl, or represen- 

' tative of any other order that approaches Kotheriuwm 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 toa 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 
i | 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 
Mesonychidee (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 Depéret (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, ete. ‘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 Holaretic Condylarths allied to the Phenacodontide; 
one of the South American orders (the Litopterna) may have been derived 
from South American representatives of the Meniscotheriide, others (Homa- 
lodontheres and Astrapotheres, 'Toxodonts and 'Typotheres) from small 
protungulates allied to Henricosbornia and the ancestors of the Notostylo- 
podiw; 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 common 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 

A A OT 

_ defined and- more plastic but later became fixed ordinal characters. 

CHAPTER X. GENETIC RELATIONS OF THE CETACEA. 

Historical N otes. 

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 
‘ Ostéographie’ (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 espéce 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 melitensis 
antiqua.” 

1849. J. Miiller 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 
ae G ete.” 



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

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 Creodonta, 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 Zeuglodon. “/ 

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: 
“TJ. The small Whales with teeth in both jaws, of which he notices 

three: [probably the Killer, the Beluga and the Porpoise]. Il. 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 Bellu marine,” “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. Linneeus classifies the Cetacea among the fishes. 
1758. Linneeus 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 codrdinate 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 Cétacées” with other aquatic 

mammals under the order “‘ Amphibies.”’ 
1800. Cuvier excludes the seals from “‘les Cétacés,’”’ which now em- 

braces only Sirenians and Cetaceans; the two great ‘“‘familles” forming a 
grand division of the mammals (“les mammiféres 4 pieds en nageoire”’). 

1816. De Blainville suggests that the Cetacea represent an anomalous 
modification of the edentate type. He divides the “ordre Edentés?” into 

_ two groups: “ Normaux, Edentés” and “Anomaux, Cétacés?”. 
1817. Cuvier divides ‘‘les Cétacés”’ into two sections, I° ‘‘ Herbivores”’ 

: [Sirenians], 2° ‘‘Ordinares” (true Cetaceans). ‘The latter he subdivides 
into: 1° those “a petite téte” (“Dauphins, Narvals”) and 2° those “a 
grosse téte (““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”’ 
coérdinate 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 (H Eprodontne Gray), 
Monodon, Beluga, Globioceps. 

3. Ichthyophagen: Phocena, Delphinus, Ogmobalena, [= Balenop- 
tera). ‘ 

4. Pteropodophagen: Leiobalzena Eschricht [= Balena].” 
He further proposes to separate these groups into 
I “Zahnwalle,” namely, groups 1-3 except Ogmobalena. 
II “Bartenwalle,” Balenoids, including Ogmobalena (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 “’Thallasothériens.” 

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 (Balenia)”) with the order Ungulata — 
(Perissodactyla and Artiodactyla) as a second sublegion “‘Pycnoderma”’ of — 
the “Indeciduata,” the first sublegion comprising the Edentata. 

1867-1890. Cope contributes a series of papers to Cetology: describing 
several genera of fossil Platanisidee from the United States, emphasizing the 
primitive characters of that family, describing also several Miocene Balee- 
nids which were more primitive than existing forms. He also contributes 
to the development of the classification. 

1880. Van Beneden and Gervais publish the ‘Ostéographie des Céta- 
cés 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 Delphinide” a small 
genus, Palaophocena, 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 with 
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 from four-footed land-living mammals 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 mammalian 
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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. 

T he Cetacea not reluted 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 paleontological 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 evidence 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 kinship, because they can scarcely be conceived as being 

altoyvether 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 paleonto- 

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. Convergent 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 (ef. 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 Balenopterids to the sternum, 

with which compare the conditions obtaining in the Great Anteater; (3) the con- 

crescence of some of the cervical vertebre; (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 paleontological 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 reéxamined 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 

' The skull of Macrorhinus («= Mirounga) is figured in Elliot's ‘Mammals of Middle America 

and the West Indies’ 
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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 Squalodon 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, ete. 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 Phocide 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 ofthe 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 
‘reodont 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. ‘This 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. 
i: (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 Microgale. 
(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 Hyzenodont. ‘The reduction of the inner side of the molar 
| crown has been effected independently also in the Pinnipedia and, as stated 

above, in Hemicentetes. ‘Uhe relatively small size of the canine and the very 
_ large size of the third premolar also tend to remove Protocetus from the Creo- 

 donts. 
if The Cetacea not of Mesozoic origin. Evidence in contradiction of the 
_ view that the Cetacea are an extremely ancient (7. 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 (Kiikenthal) 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 

paleontology and mammalogy, and especially such questions as the follow- 
1] 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,” 7. 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-again”’ method, 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 reéxamination 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, ete. 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 asa 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 coéperative methods to the science of osteology. But M. Edmond 
Hue’s ‘Musée 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 Viverride, 
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 “ palio- 

s 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 (ef. pp. 111-112) that such characters preserve evidences of interordi- 

nal kinship and separation better than ‘‘adaptive” or ceenotelic 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 paleotelic characters (p. 423). Many characters of this 

class require reéxamination. 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. 

Notes 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 $44, 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. 

Premaxille. Derived from the pointed type seen in Galesaurus. Sur- 
rounding the anterior palatine foramina, which appear to be continuous 
with the primitive reptilian choane. 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. 7 : a 

Mazille. Overlapping premaxille 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 lamelle, 
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 fosse. 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 fossee become bounded internally 
by the pterygoids (which are sometimes produced into a long hamular proc- . 
ess), externally by the pterygoid wing of the alisphenoid (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 
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| 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 fromthe disturbing action of the temporal 
muscle. ay 

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). re (Gs; 

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 Didelphis 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 squamosal. 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 Hyraz only the upper portion of the mastoid 

is exposed. In Arsinoitherium it appears to be covered entirely. 
Tympanic. ‘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 (¢/. 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 

Mluroid Carnivora, 
Auditory Ossicles. The several possible homologies and modes of 

derivation of these ossicles are discussed on pages 125-148. 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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a 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 number 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: 
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Monotremata. 
Echidna. ut 7 Parallels Orycteropus in backward extension 

of endoturbinal series below cribriform plate, 

from which the scrolls project vertically. 

Ornithorhynchus 3 1 Fenestre cribrose represented by a single 
opening. Aquatic adaptation? 

Marsupialia. 5 5 Mesethmoid well ossified, ends abruptly in 
middle of nasal cavity. 

Insectivora. 1 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). 

: | Chiroptera. 4 5 



Bulletin. American Museum of Natural History. [Vol. XX VII, 

Remarks. 

3 b> 
oT ° 3 

Bed) & 
S22) Sg 
iS£5| Se 
‘33 3 8 2 
F % = E 

{ 5 Zz 

(Z egret 4 

Lemuroidea. +f 5 

Anthropoidea. 

Rodentia. | 4 5 

Hystriz. | 4 6 
Carnivora. 

fEluroidea. 4 5) 

Canide. 4 5 

Remaining ‘ 

Fissipeds. 4 |6-7 

| / 

Pinnipedia. | 4 6 

Hyracoidea. 4 5 
Proboscidea. 5 * Sea 

Perissodactyla. 

Equus 6 6 

Rhinoceros. 6 8 
Tapirus 7 8 

Artiodactyla. 
Tylopoda, 

Pecora. 5 6 

Suina. 5 8 

Tubulidentata. 9 11 

Xenarthra. S 9 | 

(except Sloths.) 

Sloths. gcteqing’ 

Cetacea. 
Balenoptera. | 3 3 

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 (#luroidea plus primitive 

Arctoidea): maxilloturbinal doubly wound, not 

excluding nasoturbinal and second olfactory 

scroll from anterior nares. Hypomycteri Cope 
(e. g., Urside, Mustelide): 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 

macrosmatism). 
Nasoturbinal very large, as in Orycteropus. 

(extreme 

In Cholepus mesethmoid well ossified and end- 

ing abruptly, much as in Marsupialia. 

Extreme reduction, anosmatism, 
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The Cranial Foramina. 

Most of the cranial foramina are pretty constant in position throughout 
ie 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: * 

I. Foramina for the cranial nerves. 

Fenestre cribrose. Nerve I. Lacune left in the cribriform plate; 
rarely (Ornithorhynchus, Tarsius) confluent into oné or two openings. 

Optic foramen. Nerve II. Apparently this nerve originally issued 
through the sphenorbital fissure (foramen lacerum anterius) (¢f. Mono- 

_ tremata, Marsupialia, Sorex). It later pierced the orbitosphenoid (most 
Placentals). 

Sphenorbital foramen (foramen lacerum anterius). Nerves II, IV, V,, 

_ VI, and sometimes II. Constant. Opposite foramina lacera anterius 
confluent in Marsupials. 

Foramen rotundwm. Nerve V,. Nerve originally Saeinid 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 Vy. 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 V,) and 
ethmoid artery. ?Constant in Theria. 

Internal orbital (sphenopalatine) foramen. Nerve V,. Constant in 
Theria. Always pierces or notches the vertical plate of the palatine. 
?Prototheria. . 

Anterior palatine foramina. Nerve V,. Constant (?Cetacea). ; 

Posterior palatine foramina. Nerve V, (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, /. ¢., 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 (Arctomys, 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 alisphenoid 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. 1, 16) a similar canal (probably for the posterior branch of 
the entocarotid) pierces the basioccipital. In Canolestes (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 p 

the basisphenoid on either side in Monotremes and Marsupials (except 
Acrobates, p. 223). This condition may be foreshadowed in the Cynodontia * 
(Fig. 1B). 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 secondary. The internal carotid occasionally 
pierces the basisphenoid in certain other Placentals noted by van Kampen 
(1905, p. 383: LErinaceus, Centetes, Vespertilionidee, Orycteropus, Herpes- 

tine.) 
The posterior palatine and infraorbital foramina also serve to transmit 

blood vessels. So 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 Vertebre. 

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, L, 7-5) 

among Monotremes, Marsupials and primitive Placentals (p. 275). The 
dorso-lumbar formula of Artiodactyls (typically D 13, L 6) contrasts with 
the formule of most Perissodactyls (D 18-20, L 6-3). 

(4) Secondary increase in the number of vertebre, 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 vertebree occurs the vertebre that find themselves 

1That 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 appara of the vertebrae whose 
position they have usurped. 

(5) The perforation of the transverse process of the soveuh 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 aon and cursorial 

forms and the loss of them in fossorial forms. 

The “preaxial” and “ olananiad” 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 
“preclavia (ef. 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 scapule and the 
small size of the prespinous fossa in the most primitive Insectivores; for 
according to the theory mentioned on 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 out 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 

_ inanearly vertical position (Broom); the glenoid facet also must have been 
elongate and the head of the humerus flattened, with the shaft of the hu- 
merus running backward, but perhaps not so sharply outward as it does in 
Monotcemes. This agrees perfectly with the evidence offered by the scapula 

' and humerus of Cynodonts, which also show other ancestral Marsupial 
_ characters (pp. 119-120). 

The humerus of the ancestral maimmal must furthermore have resembled 
that of the Cynodonts, 7. e., it had very strong crests, a very broad heavy 

entocondyle (“‘entepicondyle” Owen), and a very large entepicondylar 
foramen. rai 

The radius was very probably antero-internal to the ulna, 7. 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 

 (¢. g., Labidosaurus, Pareiasaurus), 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 cal 
receives the internal 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 (J. ¢., 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.) 

7 ‘““ “humeral trochlea (contrast Flower, fig. 133, p. 364). 
of “© 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, /. 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. 184 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 (ef. 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 
manus in quadrupedal maminals 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 eaternal 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 Paleozoic 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 
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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 ectocondyle; 

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 primitive elongate character in several Marsupials, 
Edentates, Periptychus, etc. Very noteworthy is the loss of the entepi- 
condylar foramen in Castor, Arctomys, and Erinaceus, 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 (¢/. p. 483). 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 
palzotelic and czenotelic 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). Echidna (2), Aretoeyon (11). potediee (12). 

{ Phalanger (10). { Eubrachiosaurus (1). Sot) Euprotogonia (18). 
? Hapalops (5). Myrmecophaga (3). | Periptychus (17). Thylacynus(7). 

» Dasypus (4). Aretomys (14). 

Phascolomys (8). Boaicettds (16). 
Castor (13), 

‘The brackets indicate close resemblances. 
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6,Didelphis 7 Thylacynus 8&8 Phascolomys 2 Macropus 10Phalangista IlArctocyon I2Viverravus 

13.Castor 14 Arctomys 15. Solenodon 16.Erinaceus 17 Peviptychus 18Euprotogonia 

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. Hapalops 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; 2., tuberosity for the deltoid; cr. su., supinator ridge: ec. ¢c., ectocondyle, or 

ectepicondyle; (R)., capitellum (facet for radius); (U)., trochlea (facet for ulna); en.c., ento- 

condyle, or entepicondyle; f.ent., entepicondylar foramen. 

(437) 
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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 (ef. 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 Dromasaurian 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 
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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 Polypterus; 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 manus 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 centrale (c’) and the fifth distal carpale. The manus of the Endo- 
thiodont genus Opisthoctenodon (no. 3) retains the so called “przepollex” 

_ 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 preepollex is, however, not known 
in Eryops nor in the Dromasaurian Galechirus, but it is figured in the 
Therocephalian (?) Thertodesmus (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 Theriodesmus, 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 manus and better running powers. The 
radiale, intermedium, ulnare and pisiform distinctly foreshadow the scaph- 
-oid, lunar, cuneiform and pisiform respectively of mammals. ‘The second 

_ centrale is reduced in size, the fifth distal carpale is apparently absent, and 
the fourth which is enlarged and, like its homologue the unciform of mam- 
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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). - 
7., intermedium (lunar), 
u., ulnare (unciform). 

Cc}, C2 centrale (one or both together homolo- 
gous with the centrale of mammals). 

p.px., “prepollex,” 
1, carpale 1 (trapezium). 

2, “2 (trapezoid), 

8, «3 (magnum), 

4, “4 (unciform), 
6, ‘* 5 (disappears or fuses with no. 4). 

I-V, metacarpals. 

Abbreviations: Tarsus. 

T, tibia. 

F, fibula. 

t, tibiale (astragalus). 

t.s., tibial sesamoid. 

i, intermedium. 

f., fibulare (caleaneum). 

C}, centrale 1 (navicular). 

C2, = ae 

p.hz., ‘‘prehallux,.” 

1, tarsale 1 (entocuneiform). 

2, ‘* 2 (mesocuneiform), 

8, “3 (ectocuneiform). 

4,  ‘“* 4 (euboid). 

Boone etn ae 

I-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, ete. 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 “displaced” type of 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 Hlurosuchus 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 “preehallux” 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, ALlurosuchus, 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 preehallux (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), Am- 
blypods (Pantolambda), Notoungulata, Perissodactyla, Artiodactyla, Sirenia 

and Cetacea. 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, Centetes and Ericulus show these characters, but in the 

otherwise primitive Miecrogale (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 Leptictide the manus is not 
known. In Erinaceus and Gymnura the lunar-unciform contact is preserved, 
In Talpa, perhaps owing to the necessity for a compact and strong carpus, 
the interlocking features are emphasized in the oblique facets, and the 
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 junar-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 Twpaia, which retains many primitive characters 

- throughout the skeleton, the centrale remains 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 figured 
_ 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 (I. 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 (/. ¢., 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 some contact between 
the lunar and the unciform. 

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. ‘The 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 Mesonychide; and in Clenodon corrugatus (figured by 

Matthew, 1901, p. 14), a member of the Arctocyonide. The manus is also 

known in Dromocyon (Fig. 26, p. 405) and Mesonyx, in Hyenodon, 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 trapezium 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. IT overlaps III and I] 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 
Permian Theriodesmus. 

From this primitive type 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 already sey- 

v) eral times larger than the small 
insectivorous forms from which 

[om they were probably descended. 

KO The manus in the primitive Oxy- 
GD C8) clenide is unfortunately not 

| known; but it appears probable 
I V that the minute insectivorous an- 

I} |i IV cestors of the Creodonts had a 
rather slender hand, with flat- 

tened carpals, a large trapezium, 

Fig. 29. Generalized scheme of the Basal Eocene free centr ale, a small lunar-unci- 

Creodont carpus; based on a study of the carpus of form contact, and a slightly di- 
Clenodon, Triisodon, Sinopa, Oxyena, etc. Many ‘hot + 
features of this type were foreshadowed in the vergent hallux, 

manus of Permian Therapsids (p. 434), and accord- F issipede Carnivores. Mat- 
ing to the writer’s view it is itself prototypal to the 

carpus of all the Placental orders, thew (1909, Pp. 388) has shown 

that the ancestral type of manus 
is realized in the Miacide, 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 
primevus of Cope is less primitive as regards size and characters of the 
dentition than its small Basal Eocene forerunner and presumable ancestor 
Yuprotogonia puercensis. As regards the carpus, Matthew (1897, pp. 808- 
309) has shown that Luprotogonia 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 Luprotogonia 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 scaphoid, (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. 

Meniscotherium. 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 modification. 
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 Hyraz. ‘The mag- 
num is flattened 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 directly 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, 7. e. it articulates with the magnum, trapezoid, lunar and scaphoid. 
The trapezium is very large (as in Creodonts) and the pollex rather diver- 
gent. The lunar-unciform contact is broad. This may 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 (ef. 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 anid 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. 

Embrithopoda. '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 Meniscotherium 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) and 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 Pyrotherium is very Proboscidean in general 
appearance, and differs from the manus of Mastodon chiefly in the extension 
of the lunar over the unciform. According to Gaudry (1909) however the 
reference of this manus to Pyrotherivm may be incorrect, and Gaudry 
states that ‘Tournouér 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), 
‘l'ypotheria (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 
Homalodotherium 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, functionally 
_ 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 Ewproto- 
- 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- 
| theriidee 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 Oreodontide, Hypertragulide, Camelidee, Cervide, Bovide, ete. 
'_ 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 reéxamination 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 Paleosyops. 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 Lambdotherium and Eotitanops with Paleosyops and Titano- 

therium. 
Compare Heptodon with Lophiodon. 

“ —— Paloplotherium “ Paleotherium. 
“/ Hyrachyus ‘* Metamynodon 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 mesaxonie in Meniscotherium and Panto- 
lambda, and even in the Artiodactyls digit ITI was primitively longer than 

digit IV (cf. p. 405). 

(b) Digit IIL 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. 



1910.] Carpus of Perissodactyls. 451 

. (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 (¢/. Fig. 25). This condition is preserved in all 
_ Perissodactyls and is a direct inheritance from the unguiculate orders. 
I (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 Perissodacty! 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 smaller 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- 

pletely 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) From 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 

1In 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, (ec) the broad overlapping of the metacarpals, ete. But 
all these and other peculiarities present nothing inconsistent with derivation 
from the carpus of Lower Eocene Perissodactyls (p. 398). . 

Strenia. 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 Globhiocephalus. 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 II] and the magnum; in Macrau- 
chenia and the Litopterns the cuneiform acquires a broad contact with the 
magnum, widely disrupting the former lunar-unciform contact. 

Conceivably the active or dominant features may have been “unit char- 
acters” or orthogenetic characters which were not divided in crossing, while 

the elements 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 

M intermedium being a greatly reduced element. 
The astragalus and caleaneum 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 caleaneum 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 caleaneum 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 

——- SS (nar cub) (nav) 
A. Didelphis B. Phascolomys D. Patriofelis E Castoroides 

Fig. 30. Morphology of the astragalus in Marsupials etc. From specimens in the American 

Museum, Scale various. 

(tb.), tibial facet. 

(fb.), fibular “ 

tib. mall., surface for malleolar portion of tibia. 

(ect.), ectal facet. 

(sus.), sustentacular facet. 

(nav.), navicular a 

(cb.), cuboid + 

(ses), facet for tibial sesamoid, 
J .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: 

! 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 caleaneum. 
(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 ! seen in the most ancient Rodents, Edentates, 

a 

37 

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., Muicrogale, 
 [Fig. 19, C’, p. 250] Sorex, Tupaia). pa 

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., Orycteropus 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), Erinaceide and Soricidee; 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 Hya@nodon and the Mesonychidee 
they become very pronounced. ‘The astragalar foramen is usually present 
but is lost in the Mesonychide; 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 

q _ 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 Clenodon, the Oxyenide, Sinopa, and the Mesonychide. 

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 Clenodon, 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: 7. e., with low rounded trochlear keels, rather narrow trochlea, | 

an astragalar foramen (preserved in certain Mustelide), and a small astra- 

galocuboid contact. 

Condylarthra. The astragalus in Ewprotogonia 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, ete. 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 Periptychide and Panto- 
lambdidee 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, Pantolambda 
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 Artiodacty]l 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-cubpid facet widened progressively. An essential feature of the 
Artiodactyl astragalus is the very large flattened sustentacular facet on the 
back, which is foreshadowed in the Mesonychide. 

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 'Titanotheres but never became as extensive 
as in the Artiodactyls; the navicular facet generally became flatter; the 
sustentacular facet formed a reversed L (}), a distal calcaneal facet also 

developed (p. 395). 

2. The Caleaneum. 

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. 



458 Bulletin American Museum of Natural History. [Vol. XXVIT, 

CHAPTER XII. CONCLUSIONS. 

I. Genetic RELATIONS OF THE “ MESEUTHERIA” AND “ C @NEUTHERIA.” 

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 “Czenoplacentalia” (Czneutheria), 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 Ceneutherian 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., Palwonictis, Patriofelis, Arctocyon, Periptychus, Phenaco- 

dus, Meniscotherium) were not ancestral to the Czeneutherian 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 Ceeneu- 

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. 

The conclusions which seem to be indicated by the evidence now ayail- 
able are as follows: 

(1) ‘The large brained ‘‘Ceeneutheria” 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, 

* Professor Osborn has kindly stated his present view in the following words: 
"My point has always been: 1) that the known Meseutheria are not an ancestral but a dying 

out group, 2) that small brained forms elsewhere—with a potential of brain development — gave 

rine 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; ef. 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 Miacide (Viverravide) 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, ete. If the Miacide are to be regarded as Creodonts then at least 
one Meseutherian group is shown to be prototypal to a Ceeneutherian group. 
If on the contrary the Miacide are regarded as Ceeneutherians, then it is 
shown that among the earliest Ceeneutherians 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 Miacide (Palearctonyx) closely resembled the Arctocyonide 
in all the parts known, namely the dentition, humerus and terminal phal- 

anges; secondly, that both in the manus and pes the Arctocyonid genus 
Clenodon, foreshadowed the Miacid-Fissiped group in many significant 
details (p. 310). 

(3) Unless convergent evolution is again deceiving us, the ancestors 
of the Ceeneutherian 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 Ceneutherian 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 Ceeneutherian order Artiodactyla (p. 404) 

may be related to the ancestors of the Meseutherian Creodonta-Mesonychide, 
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 Ceneutherian, 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 Czeneutheria 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 most dis- 
tinctive characters (p. 321) in the genus Tarsius, but also by the existence of 
Lower Eocene Primates (Notharctide) which are classed by some authors 
as Lemuroids, by others as early Anthropoids. The Lemuroidea were placed 
by Osborn (/. ¢., p. 236) among the Meseutheria. Certain forms (e. g., 
Indrisinee) have a richly convoluted cerebrum (Weber, 1904, p. 748); the 
more prinitive ones have a relatively low brain type: the olfactory parts 
of the brain and the ethmoturbinal complex (p. 428) clearly indicate deriva- 
tion from macrosmatic animals with a brain of the typical Meseutherian type. 
The Lemuroidea have very probably been derived from progressive Insecti- 
vores with relatively large brain, analogous to Tupaia (p. 321). 

Hence, whether the Lemuroidea be regarded as Meseutheria or Czeneu- 
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 (/. 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 Zalambdodonta) are typically 
Meseutherian in brain structure and in whatever “incapacity for progressive 
evolution” may be implied in the retention of a large number of extremely 
primitive characters in the existing forms. But as noted by Osborn, the 
Leptictide, which are approximately ancestral to the Erinaceidie, appear to 
have come in with the Lower Eocene ‘‘Crneutheria,” while certain Insecti- 

vores (T'upaia) 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 Cwneutherian orders. 

(10) ‘The Edentates are left ‘ Incerte Sedis” in the original deseription 
of the Meseutheria and Eutheria, The Edentata-'l'seniodonta (Gano- 
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donta) were later (1909, p. 33, footnote c) referred to the Meseutheria. 

Whether or not the Tzeniodonts 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 Ceeneutheria 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; (¢) 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 
Ceeneutheria appear to overlap each other at many points, both structurally 
and phylogenetically. 

~ (ce) 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. 
‘The superorder, on the contrary, as here used, stands only for an hypothesis 
of common origin; its definition describes the growp 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, ¢. ¢., 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 

'Ann, N, Y, Acad, Sci,, Vol, XVII, pt, ti, no, 3, pp, 487-508, 



1910.) Classification of Mammalian Orders, etc. 463 

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 seem 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, 7. 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, especially 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 exam- 
ination of adequate material. If, for example, the resemblances in the 
dentition, skull and limbs between the Eocene Miacide and the Oligocene 
Canide are convergent to the same degree that the resemblances between 
Notoryctes 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 Miacide from the Oligocene Canide. 

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 Guhonders ‘ Mammals, 

Class Reptilia. 
Order Therapsida Brddiit 

Suborder Dromosauria Broom. 
Suborder Therocephalia Broom. 
Suborder Anomodontia 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 esata Sas 
Suborder Polyprotodontia Owen. 

II. Infraclass Eutheria Huxley (Monodelphia Blainv., Placentalia 
auct.). 

Superorder Therictoidea.' 
Order Insectivora (Gray). 

Suborder Lipotyphla Heeckel. 
Section Fam, Pantolestide. 
Section Zalambdodonta Gill. Fam. Cente- 

tide Potamogalide, Solenodontide, Nec- 
rolestidee, Chrysochloridee. 

Section Erinaceomorpha, Fam, Leptictide, 
Erinaceider, Dimylidee. 

' Orp wild beast ters“ weasel ” (insectivore), ly} form. 
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Section Soricomorpha. Fam. Soricide, 

Talpide. 
Suborder Fam. Hyopsodontide. 

Order Fere Linn. (1758). Carnivora auct. 
Suborder Creodonta Cope. 
Suborder Fissipedia (Blumenbach). Carnassi 

dentia Wortman (in part). 
Suborder Pinnipedia (Storr) Illiger. 

Superorder Archonta * 
Order Menotyphla Heckel. Fam. Tupaiide, Macro- 

scelidide. 
Incerte Sedis. Fam. Mixodectide. 

Order Dermoptera Illiger. Fam. Galeopithecide. 
Order Chiroptera Blumenbach. 

Suborder Frugivora Gill (Megachiroptera Dob- 

son). 

Suborder Animalivora Gill (Microchiroptera 
~ Dobson). 

Order Primates (Linn.). 
Suborder Prosimize Milne Edwards 

Section Lemures. 
Section 'Tarsii. 

Suborder Anthropoidea Mivart. 
Section Platyrrhina Owen (ea Blainv.). 

Section Catarrhina (Owen) (ea Blainv.). Fam. 
Cercopithecide, Hylobatide, Simiide, Ho- 

minidee. 
Superorder Rodentia Vicq d’Azyr. 

Order Glires Linn. 
Suborder Duplicidentata Iliger. 
Suborder Simplicidentata Lilljeborg. 

? Superorder Edentata Vicq d’Azyr (Paratheria Thomas). 
? Order Teniodonta Cope (Ganodonta Wortman). 
? Order Tubulidentata Huxley. 
? Order Pholidota Weber. 
Order Xenarihra Gill. 

Suborder Anicanodonta Ameghino (Pilosa 
Flower). 

Suborder Hicanodonta Ameghino (Loricata 
Flower). 

amon 

Se 

ee 

1 See p. 322 
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Superorder Paraxonia Marsh. 
Order Artiodactyla Owen (ea Blainv.). 

Suborder Non-ruminantia (auct.). Fam. Trigo- 
nolestide, Dichobunide, Anthracotheriide, 

Hippopotamide; Achenodontide, Entelodon- - 
tidee; Dicotylidee, Suidee. 

Suborder Ruminantia (auct.). Fam. Camelide, 
Oreodontide, Anoplotheriide, Hypertragulide, 
Tragulide, Cervidee, Merycodontide, Antilo- 

capridee, Giraffidee, Bovide. 

Superorder Ungulata (Linn.). 
Order Protungulata (auct.). 

Suborder Taligrada (Cope) Osb. Fam. Perip- 
tychidee, Pantolambdide. 

‘Suborder Condylarthra (Cope). Fam. Menis- 

cotheriidee, Phenacodontide. 

Order Amblypoda Cope. Fam. Coryphodontide, — 
Uintatheriidee. 

Order Barytheria Andrews. 
Order Sirenia Illiger. 
Order Proboscidea Illiger. 
Order Hyraces Wagler. 
Order Embrithopoda Andrews... - 
Order Notoungulata (Roth) Scott. 

Suborder Homalodotheria (Scott), Fam. — 
? Notostylopide, ?Henricosbornide, Homalo- 
dotheriidee. 

Suborder Astrapotheria. Fam, ?Albertogaudry- 
idee, ?Isotemnide, Astrapotheriide. 

Suborder 'Toxodontia Owen. Fam. Nesodonti- 
de, ‘Toxodontide, Archreohyracide, Protypo- 
theriide, Interatheriidee, Typotheriide. 

? Suborder: Pyrotheria. Fam, Pyrotheriide. 
Suborder Litopterna (Ameghino). Fam, Pro- 

terotheriide, Macraucheriide. 

Order Mesaxonia (Marsh). 
Suborder Perissodactyla Owen. 
Suborder Ancylopoda Cope. 

Superorder Cetacea Linn. 
Order Zeuglodontia Gill (Archeeoceti Zittel). 
Order Odontoceti (Gray). 
Order Mystacoceti (Gray). 

—, 
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Soc., 1892, pp. 77-83. 
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1875. Owen, R. On Prorastomus sirenoides. Quart. Journ. Geol. Soe., 

vol. xxxi, pp. 559-567, pll. xxviii, xxix. 

Skull shows several points of resemblance to Meritherium. 

1872. Muriz, J. On the Form and Structure of the Manatee (Manatus 

americanus). Trans. Zool. Soc., vol. viii, pp. 127-202, pll. xvii- 
XXVi. 

1904. Werser, M. Die Siiugetiere. Vide supra (p. 476). 

Section on the Sirenia. 

Cetacea. 

1901-1902. Apert, O. Les Dauphins longirostres du Boldérien (Miocéne 
Supérieur) des Environs d’Anvers. Mem. Mus. Roy. d’ Hist. Nat. 
de Belgique, tome i, pp. 1-95, pll. i-x. Ibid., tome ii, pp. 1-188, 

-pll. xi-xviii. 
Sur les Causes de l’Asymmétrie du Crane des ‘Odontocétes, op. cit. supra, 
pp. 178-188. 

1905. ——— Eine Stammtype der Delphiniden aus dem Miocin der 
Halbinsel Taman. Jahrb. d. k. k. Geolog. Reichsanstalt., Wien. 
Bd. ly, pp. 375-392. 

1900. Untersuchungen iiber die fossilen Platanistiden des Wiener 
Beckens. Denkschr. Akad. Wiss. Wien. math.-nat. Cl., Bd. Ixviii, 

pp. 839-874. 4 Taf. 
1902. Die Ursache der Asymmetrie des Zahnwalschiidels. Sztz-. 

ungsber. d. kais. Akad. d. Wiss. Wien, Bd. exi, Abth. 
1881. ALLEN, J. A. Preliminary List of Works and Papers relating to the 

Mammalian Orders Cete and Sirenia. Bull. U. S. Geol. Surv., 
vi, pp. 399-562. 

1906. AnprReEws, C. W. A Descriptive Catalogue of the Tertiary Verte- 
brata of the FayOm Egypt. Vide swpra (p. 497). 

Sections on Protocetus, Prozeuglodon. 

1900. Brpparp, F. E. A Book of Whales. 8°. New York. 

1869-79. VAN BENEDEN ET GERVAIS, P. Ostéographie des Cétacés vivants 
et fossiles comprenant la description et liconographie de Squelette 
et du Systéme Dentaire de ces Animaux. ‘Text and atlas. Folio. 
Paris. 

1891. FLower, W. H., anp R. Lypexker. An Introduction to the Study 
of Mammals. 

Section on Cetacea; origin of the group. 

1904. Fraas, E. Neue Zeuglodonten aus dem unteren Mitteleociin vom 
Mokattam bei Cairo. Geol. Pal. Abhandl. (Koken), (2), Bd. vi, 

pp. 199-220, pls. x—xii. 
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1893. 

1849. 

1841. 

1903. 

1908. 

1889. 

1904, 

Bulletin American Museum of Natural History. [Vol. X XVII, 

Git, T. On the genetic relations of the Cetaceans and the Methods 
involved in discovery. Amer. Naturalist, vol. vii, pp. 19-29. 

HarckeEL, E. Generelle Morphologie der Organismen. 8°. Berlin. 

Taf. viii shows ‘“Cetacea’’ divided into: ‘“Zeugloceta’”’ (Zeuglodon), 
“Autoceta” (Balena, Physeter, Delphinus), ‘Phycoceta’’ (Sirenia: 
Manatus, Halianassa). 

Lucas, F. A. Notes on the Osteology of Zeuglodon cetoides. Amer. 
Naturalist, vol. xxix, pp. 745-746. 

Secapula thoroughly cetacean. 

Lypekker, R. Contributions to a knowledge of the Fossil Verte- 
brates of Argentina, 2. Cetacean Skulls from Patagonia. Paleon- 
tologia Argentina. Il. An. Mus. LaPlata. 

Physodon, Prosqualodon, Argyrocetus. 

Miter, Jon. Uber die fossilen Reste der Zeuglodonten yon 
Nordamerica mit Riicksicht auf die europiiischen Reste aus dieser 
Familie. Folio, Berlin. 

Owen, R. Observations on the Basilosaurus of Dr. Harlan (Zeu- 

glodon cetoides Owen). Trans. Geol. Soc. (2), vol. vi, pp. 69-79, 
pll. vii-ix. 

Smiru, G. Exuior, The Brain of the Archeoceti. Proc. Roy. Soc. 
Lond., vol. \xxi, 1903, pp. 322-331. 

Trur, F. W. On the Classification of the Cetacea. Proc. Amer. 

Philos. Soc., vol. xlvii, pp. 385-391. 

Tompson, D’Arcy W. On the Systematic Position of Zeuglodon. 
Stud. Mus. Dundee, vol. i, art. ix, pp. 1-8. 

Zeuglodonts not allied with the Cetacea but to the Carnivora Pinnipedia. 

Weser, M. Die Siiugetiere. Vide supra (p. 476). 
Section on Cetacea. 

Osteological Miscellanies (Especially Morphology of the Carpus and Tarsus). 

1904, 

1889. 

Amecuino, Fu. La Perforacién Astragaliana en los Mamfferos no 
es un Carfcter originarimente primitive. An. d. Mus. Nae. d. 
Buenos Aires, tom. xi, pp. 349-460. 

BarpeLesen, K. On the Preepollex and Preehallux, with Observa- 

tions on the Carpus of Theriodesmus phylarchus. Proc. Zool. 
Soc., May 7, 1889, pp. 259-262, pl. xxx. 

Baur, G. On the Morphology of the Tarsus in the Mammals. 
Amer, Naturalist, vol, xix, Jan. pp. 86-88. 

Tibiale tarsi of reptiles represented in various mammals; astragalus = 
intermedium, 
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1885. ——— Uber das Archipterygium und die Entwicklung des Cheirop- 
terygium aus: dem Ichthyopterygium (Vorl. Mittheil). Zool. Anz., 
No. 209, pp. 663-666. 

1885. — On the Centrale Carpi der Siiugethiere. Amer. Naturalist, 
vol. xix, Feb. 1885, pp. 195-196. 

1885. On the Morphology of the Carpus and Tarsus of Vertebrates. 
Amer. Naturalist, vol. xix, July 1885, pp. 718-720. 
Table showing supposedly homologous elements in carpus and tarsus of 

Amphibia and Mammalia. 

1886. - Bemerkungen iiber den ‘Astragalus’? and das ‘‘Interme- 
dium tarsi” der Siiugethiere. Morph. Jahrb., Bd. xi, pp. 468-483. 

1894. Bareson, W. Materials for the Study of Variation. ...8°. London. 

Homeeotic variation in vertebrx and ribs, pp. 106-123. 

1839-1864. Brarnvititz, H. M. D. pe. Ostéographie. .. . vols. i-iv. 
1899. Broom, R. On the Development and Morphology of the Marsu- 

pial Shoulder Girdle. Vide supra (p. 480). 
Marsupial shoulder girdle formerly of Monotreme type; relations of cora- 

coid in Edentates and Pedetes. 

1903.4. ——— On an almost perfect Skeleton of Pareiasaurus serridens. 
Vide supra (p. 479). 

Characters of shoulder-girdle and limbs. 

1904.1. ——— The Origin of the Mammalian Carpus and Tarsus. Vide 
supra (p. 481). 

1906. On the Arrangement of the Epiphyses of the Mammalian 
Metacarpals and Metatarsals. Anat. Anz. (Bardeleben), Bd. 

xxvili, pp. 106-108. 

Peculiar arrangement explained by conditions in Oudenodon. 

1901. Emery, C. Hand- und Fussskelet von Echidna hystrix. Vide 
supra (p. 486). 

1885. FLowrr, W.H. An Introduction to the Osteology of the Mammalia. 
Third edition. London. . 
Discussion of the pre- and postaxial borders and surfaces of the limbs. 

1906.1. Gaupry, A. Fossiles de Patagonie. Les Attitudes de quelques 
Animaux. An. d. Paléont., (Boule), tome i, Fase. i-ii, pp. 1-42. 

(Remarques sur la perforation astragalienne, pp. 31-32). 
1893. Howes, G. B. On the Coracoids of the Terrestrial Vertebrata. 

Proce. Zool. Soc., pp. 585-592. 

Supposed vestiges of the precoracoid in Lepus. 
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naire. Ostéométrie des Mammiféres, Album de 186 planches 
contenant 2187 figures, 2 vols. 8°. Paris. 

1907. Lecur, W. Zur Entwicklungsgeschichte des Zahnsystems der 
Siiugetiere. II. Teil Phylogenie, 2 Heft, etc. Vide supra (p. 494). 

The episternum and manubrium sterni of Microgale dobsoni, p. 78, text 
fig. Ixxiv. 

1895. Marraew, W. D. A Revision of the Puerco Fauna. Bull. Amer. 

Mus. Nat. Hist., vol. xxii, pp. 259-323. 

Evolution of the carpus and tarsus in Condylarthra. _ 

1904. ——— The Arboreal Ancestry of the Mammalia. Vide supra 
(p. 482). 

Structure of the feet in Basal Eocene Creodonts. 

1909. The Carnivora and Insectivora of the Bridger Basin, Middle 
Eocene. Vide supra (p. 495). 

The Value of the Astragalus in Ordinal Classification, pp. 549-550. As- 

tragalar foramen, pp. 550-551. 

1890. Ossorn, H. F. The Mammalia of the Uinta Formation. The 
evolution of the Ungulate Foot. Vide supra (p. 503). 

1892. Osporn, H. F., np C. Earnie. Fossil Mammals of the Puerco Beds © 

....Vide supra (p. 497). 

Manus of Dissacus saurognathus. 

1866. Owen, R. On the Anatomy of Vertebrates. Vol. ii. 8°. London. 

On the shoulder girdle of Monotremes. 

1868. Parker, W. K. A Monograph on the Structure and Development 
of the Shoulder Girdle and Sternum in the Vertebrata. Ray 
Society of London. 4°, pll. i-xxx. 

1899-1900. Pautu, S. Ueber die Pneumaticitiit des Schiidels bei den 

Siiugethieren. Op. cit. supra (p. 478). 

Characters of the ethmo- and maxillo-turbinal complex. 

1897. Reryno.ps, S. H. ‘The Vertebrate Skeleton. 8°. Cambridge. 
1888.2. SeeLtey, H. G. Researches on,...the Fossil Reptilia II]. On 

Theriodesmus. Vide supra (p. 483). 

Manus cf. Bardeleben 1889. 

Vide supra (p. 483). 

Manus of Theriodesmus. 

1893. Witson, AnD M’Kay. On the Homologies of the Borders and 

Surfaces of the Scapula in Monotremes, Vide supra (p. 488). 

1895.2, 
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_ 1890. Werrnorer, K. A. Die fossilen Proboscidier des Arnothales in 
. Toskana. 4to. Wien. 

Diagrams showing displacement of carpals in Amblypoda, Diplarthra, 
~ Proboscidea. 

’ 
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INDEX 

AcH2®NODON, 403. 4 

Adaptive radiation, 88. 

Adaptations: arboreal 278, 288, 331; 
fossorial, 161, 278; saltatorial, 283. 

£lurosuchus, 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, 
Archwohyracide, 384, 
Archonta, defined, 322; 465. 

Arctocyon, 310; humerus figured, 437. 
Arctoidea, 100. 
Arectomys, humerus figured, 437. 

Aristotle, 9, 103; epoch of, 9. 

Arsinolitherium, 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. 

Orycteropus, 335. 
Oudenodon, 453. 
Perissodactyla, 395, 457. 
Placental stem, 454—5. 

Rodents, 331, 455. 
Solenodon, 251. 
Taligrada, 456. 

Titanotheres, 386. 
Tupaiide, 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. 
Bellu, 30-33. 
Bestia, 32. 

Binomial nomenclature (historical), 17, 
27, 35. 

Blainville, de, 74, 82, 85, 88, 103. 
Blumenbach, 43, 52, 81. 
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Boddaért, 52. 
Bonaparte, 84. 

Borhyena, 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. 

Ceeneutheria, 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. 

C@NEUTHERIA, 458. 

Cenolestes, 209; skull figured, 210. 
Ceenotelic characters, 31, 88, 111. 
Cesalpinus, 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. 
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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. 

Catarrhine Owen, 320, 465; division 
anticipated by de Blainville, 320. 

Cavicornia Illiger; 70, 345. 

Centetes, carnivorous adaptations, 306; 
molar figured, 192. 

Centetide, 236, molars, 236. 

Centetoidea, affinities, 267. 
Cephalomys, 213. 

Cercoleptes, classed with Lemurs, 65, 
with Carnivora, 65. 

Cetacea, 411, 466; carpus, 452; ¢. 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, Linné’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. 

Chrysochloride, 255. 

Chrysochloroidea, affinities, 267. 
Chrysochloris, compared with Notoryctes, 

255. 

Classification, principles of superordi- 

nal, 462; phylogenetic value of 

various criteria employed in e., 105; 
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ec. according to the locus or medium: 
15 (Wotton), 20 (Ray), 25 (Klein), 

36 (Scopoli), 44, 48, 54 (Blumenbach), 
60 (Lacépéde). 

Clenodon, 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 Linnzus, 35: 
Correlation of fossil mammal-bearing 

horizons, 87, 106. 
Coryphodontide, 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, Fréderic, 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 

science, 103. 
Cynarctus, 314, 

Cynodontia, 117, 464; morphology of 

quadrate and articular of C., 136; 

zoblogical 

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

mode of respiration, 

» 442, : 

Cynognathus, skull and lower jaw fig- 

ured, 122, 124, 140; mode of respira- 
tion, 159. 

159; manus, 

Darwin, 87, 88; influence on mam- 

malogy, 103. 

Dasypus, humerus figured, 437. 
Dasyuride, 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), Laeépéde 

(60), G. Cuvier (63), F. Cuvier (75). 
Depéret, 87, 89. 

Dermoptera Illiger, 69, 465; recognized 

as a suborder by Gill, 235; genetic 
relations, 315. 

Diadactyla, 208. 

Diadactyla and Syndactyla, 82, 217. 
Diadectide, 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. 

Dieynodon, 117. 

Didelphes de Blainville, 76, 82. 
Didelphiide, 201. 

Didelphis: cheek teeth figured, 192, 

foetal 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. 
Duméril, 67. 
Duplicidentata Illiger, 70; origin, 325. 

Ear, origin of the external, 125; do. in 

Marsupials, 222. 

Echidna, 144 et seq ; foetal carpus fig- 

ured, 440; foetal tarsus figured, 440; 
humerus figured, 437. 

Ecole des faits, 38, 39, 88 ; influence on 
mammalogy, 103. 

Ectoconus, 360; astragalus figured, 454. 
Edentata Vieq 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 Caeneutheria, 
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, 

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. 

192; 

Index. 517 

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 (Linnzeus), 
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. 

Famiiia used by Klein, 25. 

Fere, Linné’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 

cance, 105, 107. 

signifi- 

GALEcHIRUS, 116; carpus figured, 440. 

Galen, indirect influence on mammalogy, 

103. 
Galeopithecide, 315; genetic relations, 

316. 

Galerix, 285. 
Galesaurus, 120. 

Ganodonta, 340, 465. 

Gaudry, 89. 

Gaupp’s theory of the ossicula auditus, 
135. 

Geoffroy, E. Saint Hilaire, 56; influence 
on mammalogy, 103. 

Gesner, 14; influence on mammalogy, 
103. 

Gill, work of 1870 and 1872, 91. 
Glires, 32 (Linnzeus), 465. 

Goethe, influence on Philosophical zoél- 
ogy, 72. 

Grco-scholastic period, 9. 
Gray, work of 1821, ete., 102. 

Greek thought, influence on mam- 
malogy, 103. 

oa 
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Guilielmofloweria, 383. 
Gymunura, 262-3; molar, 238. 

Gyrencephala Owen, 89. 

HakEckKeEv’s phylogenetic trees, 88. 

Hairs, origin of, 145; Monotremes, 157. 
Hairy Quadrupeds (Ray), 21. 

Hapalops, humerus figured, 437. 

Haploconus, 359. 
Hay, 89. 

Hegetotheriide, 384. 

Hemicentetes, analogies in skull to 

Zeuglodon, 419. 
Hemithleus, 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 manus and pes, 
456. 

Homology and analogy: Aristotle, 10; 
Herrmann, 73; Osborn, 88. 

Humerus, of primitive mammals, fig- 

ured, 437; of Monotremes, 153, 155; 
of Perissodactyls, 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. 

Hylobatidw, 101. 

Hyopsodus, 360. 

Hypocone, origin, 189, 190. 
Hypoconid, origin, 186. 

Hypotheria Huxley, 94, 95. 

Hyraces Wagler, 346, 466, 
Hyracoidea Huxley, 93; 

genetic relations, 361. 

Hyrax, placed in “les Pachydermes”’ 
by Cuvier, 64, 66. 

Hystricomorpha Brandt, 326, 330, 

carpus, 448, 

Icrops, 260; molar figured, 238. 

Ilium, evolution of, 435. 
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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 Ceeneutheria, 460. 

Insectivora Primitiva Osborn, 171. 

Integument, characters of, used in 

classification, 44. 
Interparietals, 425; of Monotremes, 149, - 

155; of Placentals, 242. 
Interatheriide, 384. 

Intercentra, 431; of Cynodonts, 118; 

of Insectivores, 118, 265. 

Jacopson’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. 

Lachpkpp, 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. 

Leptictide, 260, 

Leviticus, classification given in, 7. 
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Linnzan Epoch, 23. Mastoid, 426. 

Linneus, 23, 27; general place in Matthew, 87, 88, 89. 
mammalogy, 103. Maxilla, 424. 

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. 

Macuray, 73. 
Macraucheniide, 384. 

Macropodide, 216. 

Macropus, humerus figured, 437. 
Macroscelides, origin of molars, 290; 

description of brain, skeleton, etc., 

278-281. 
Macroscelidide, 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 Linnzeus, 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, ete., recognized by Linnzus, 

24, 29. 
Manide, 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. 

Megacheiroptera Dobson, 318. 

Megalohyrax, 362 

Meniscal cartilage, in Perissodactyla, 398. 
Meniscotheriide, characters, 357. 

Meniscotherium, 355; carpus, 447; re- 

semblances to Chalicotheres, 399. 

Meniscus, or interarticular dise, 135, 
138. 

Mentotyphla Haeckel, 233, 465; char- 

acters of, 268-285; genetic relations, 
284; Tertiary history, 285. 

Mesaxonia Marsh, 466. 
Mesonychidz, 300, 306; manus and pes 

of Dromocyon, figured, 405. 
Meseutheria Osborn, 458. 

Metatheria Huxley, taxonomic history, 

225. 

Miacide, 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. 
Mixodectide, 331, 465. 

Merritherium, 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 Theory,” 
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 
(Linnzeus). 
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Monotremes: Geoffroy, 145; raised to 

subclass rank (de Blainville), 76, 82; 

taxonomic history, 142; characters, 
145-162, 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. 

Myrmecobiide, 203. 

Myrmecobius, 208. 

Myrmecophaga, humerus figured, 437. 

Nares, posterior, Monotremes, 150, 156. 

Nasals, 424. 

Natur-Philosophie, 71; 

Mammalogy, 74, 103. 
Necrolestes, 259. 

Nesodon feet, 109. 
Nesodontide, 384. : 

Nomenclature, revision of, 87; _ bi- 
nomial n., 17, 27, 35. 

Non-ruminantia (Ray) 18, 100, 466. 

Notochord, vestiges in Insectivores, 245. 
Notoprotogonia, 383. 

Notoryctes, 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. 

influence on 

ODONTOCETES, ancestral, 417. 
Oken, 72, 73; influence on mammalogy, 

103. 
Ongulogrades & dieas pairs, ete., 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, 
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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, ete.: 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, ete. 

Osteology, 104, 112, 420. 
Oudenodon, 117, carpus, 439; do. fig- 

ured, 440; astragalus, 453; tarsus 
figured, 440. 

Oviparity, in ancestral caatiaihiy 147, 
148. 

Owen, 89; general influence on mam- 
malogy, 103. 

PACHYDERMBs, 24, 58, 344. 

Paleontology, vertebrate: founded by 

Cuvier, 67; introduction of more exact 

field and museum methods, 87; 
general influence on mammalogy, 103. 

Palzotelic characters, 88, 94, 111, 422. 

Palatal vacuities, 424, 220, 244. 
Palate, hard: Cynodonts, 120; Soleno- 

don, 244. 

Palatines, 424. 
Pallas, 88. 

Palmer, 89. 
Pantodonta Cope, 99. 
Pantolambda, carpus, 447. 

Pantolambdidew, characters, 357. 

Pantotheria Marsh, 171. 
Parabderites, 212. 
Paraconid, origin, 186. 

Paramys, 326. 

Paratheria Thomas, 334. 
Paraxonia, 466. 
Pareiasauria, 115, 
Paroceipital process, 426, 

Pariotichide, 115, 
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Patriofelis, astragalus figured, 454; sup- 

posed relations with Pinnipedia, 313. 
Paucituberculata Ameghino, 464. 

Paurodon, 195. 
Pecora, 23, 24,30; Linné’s definition of, 

33. 
Pédimanes, 57. 

Pediomys, 206. 

Pelvis, 435; of Cynodonts, 119; Chryso- 
chloris, 258; Monotremes, 154, 155; 

Perissodactyls, 391; Solenodon, 251; 

Tupaiide, . 75, 277. 
Pelycosauria, 115. 

Pennant, 50. 

Peralestes, 174, 194. 

Peramelide, 96, 204, 208. 
Peratherium, 205. 
Periods in the history of Mammalogy, 

see p. 5. 
Periptychide, characters, 357; 

alus of Eectoconus 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. 
Phalangeridex, 215. 

Phalangista, humerus figured, 437. 

Phascolarctos, 216. 

Phascolomyide, 216. 

Phascolomys, humerus figured, 437; 

astragalus figured, 454. 
Phascolotherium, 173; lower jaw fig- 

ured, 137. 

Phenacodontid characters, 357. 
Phenacodus, 354; carpus, 447. 

“Philosophical zodlogists,”’ 68. 

Pholidota Weber; 100, 465; characters, 
337. 

Phylogeny, principles of, 105; criteria 
of, 112. 

“Physiological” characters, as criteria 
of classification, 32, 34. 

astrag- 
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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 Czeneu- 
theria, 457. 

Placentation used in classification, 91, 93. 
Placodontia, 114. 

Plagiaulax, 169. 
Platyrrhina, 465. 
Plesiosauria, 114. 

Poébrotherium, 402. 

Polydolops, 211. 

Polymastodon, 169; skull figured, 170; 

comparison with Propolymastodon, 
213. =; 

“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. 

Preeclavia, 432. 

“Preehallux,’”’ 251 (So'enodon). 
Preepollex, 439. 
Premaxillae, 423. 

“Premolar Analogy Theory,” 182, 327. 

Prevomers: Monotremes, 150, 155; 
Marsupials, 222. 

Primates Linnzeus, 29; Linné’s defini- 
tion, 30; genetic relations, 319; in 
relation to Ceeneutheria, 460. 

Proboscidea Illiger, 70, 345, 366. 
Procolophon, 115. 

Proglires, 331. 

Promammalia, 464. 

Propolymastodon, 212, 213. 
Proscalops, molars, 238, 290. 

Prosimiz Illiger, 70, 101, 465; closely 
related to Anthropoidea, 319. 

Proterotheriide, 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, 

diagnosis, 230. 

Protypotherium, 376-378. 
Pterygoids, 424; of Cynodonts, 118, 120, 

121, 159; of Monotremes, 150; of 

Insectivores, 244. 
Pterygoid fosse, 424; of Rodents, 330. 

Ptilocercus, 269; 
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. 

225; 

QUADRATE, fate of the, 135; Gadow’s 

theory, 128; q. of Cynodonts, 139; 

of reptiles in general, 131. 

Rapivs, primitive position, 433. 

Ray, 17; general place in mammalogy, 
103. 

Rectigrade limbs: 
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 Vieq 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 Ceeneu- 

theria, 460. 

Rosores Storr, 48. 

Ruminantia, 18, 466, 

Ritimeyer, 88. 

Patriofelis, 313; 

Saint Hitame, see Geoffroy. 

skull, 272; do. fig- . 
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Scales in mammals, 145, 146. 
Scaloposaurus, 116. 

Seapula, 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. 

Soricide, 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 Iliger, 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. 

Taen1oponta Cope, 99, 341 (Ganodonta), 

465. 
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Tail of mammals as retaining primitive 
characters, 146. 

99, 356, 357, 466; 

carpus, 447; astragalus, 456. 
Talonid, origin, 190. 
Talpide, 263. 

' Tarsipes, 215. 
Tarsals, factors determining evolution - 

of, 111. 

Tarsii, 465. 

Tarsus, phylogenetic significance sé 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: Tupaiide, 271; Macroscelidide, 

281. 
Theosodon, 379; feet, 109. 

Therapsida, 116, 464. 

Theria, name and diagnosis, 230. 

Therictoidea, 464. 
Theriodesmus, 116; 

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. 

carpus, 439; do. 

Tritubercular molar, origin of, 181, 184. 
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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. 

Tympanic annulus, 128. 

Tympanie 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. 

UINTATHERIID®, 358. 

Unguiculata: 18 (Ray), 30 (Linnzus); 
recognized as an unnatural assemblage, 
351. 

Ungulata: 18 (Ray), 30 (Linnzeus); 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. 
Vertebre, 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. 

Vieq d’Azyr, 53. 
Viverravus (= Didymictis), 309, 311; 

humerus figured, 437. 
Viviparous quadrupeds, 21. 

Vomer, 244. 

WaGner, 86. 
Weber, 4, 87, 89; classification by, 99. 

15b2-$ 
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“Wedge Theory,”’ of evolution of molars, 
193. toes 

Whales, discovery of relationship with 

terrestrial quadrupeds: 15 (Wotton), 
20, 21 (Ray); 28, 33 (Linneus). 

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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