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PREFACE.

The present Memoir is the second of a series of Monographs designed

to make known to science the Extinct Vertebrate Life of North America.

In the first volume, on the Odontornithes, or Birds with Teeth, the author

gave the result of his investigations of that remarkable group, which he

discovered in the Cretaceous deposits on the Eastern slope of the Rocky

Mountains.

This second Monograph contains tlie full i-ecord of a peculiar order of

Mammals, which the author also brought to light in the early Tertiary

strata of the great central plateau of the continent.

In preparing tlie present volume, it has been the aim of the author to

do full justice to tlie ample material at his command, and, where possible,

to make the illustrations tell the main story to anatomists. The text of

such a Memoir may soon lose its interest, and belong to the jjast, but

good figures are of permanent value in all departments of Natm-al Science.

What is now especially needed in Palaeontology is, not long descriptions

of fragmentary fossils, but accurate illustrations of characteristic tvpe

specimens. In the fifty-six lithographic plates, and nearly two hundred

original woodcuts, in the present volume, it is believed that this requirement

is fairly met ; since all the ^nore important si^ecimens of the Dinocernta now

known are represented, and afleast one figm-e is given of every species.
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The same general plan will be followed in the third Monogi'aph, on

the Sauropoda, which conies next in the series, and is now approaching

completion. Ninety lithographic plates, and a large number of woodcuts,

will be used to illustrate it. The fourth volume, on the Stegosauria, which

follows, will likewise be very fully illustrated. A great portion of the

lithographic plates to accompany it are finished, and part of them are

already printed. Other monographs of the series, now in preparation,

will appear in due time.

To General Sheridan and General Sherman of the United States

Army, the author's best thanks are due for ini})ortant assistance in his

Western explorations, during which the discoveries here recorded were

made. Other officers of the Army, who commanded his escort, and aided

him in many ways, also deserve grateful acknowledgments.

For direct aid in collecting the specimens on which tlie present

volume is based, the author is indebted to the members of the Yale

College expeditions, which explored so successfully many portions of the

Western Territories.

The thanks of the author are especially due to Mr. Oscar Harger,

assistant in the Yale Museum, for valuable aid in the field, and in the

|)reparation of the present memoir. Messrs. S. W. Williston, G. Baur, and

i\I. Schlosser, also his assistants, have likewise aided, especially while the

volume was passing through the press.

Yai,e College, New Haven, Conn., December 15th, 1884.



INTliODUGTION

Among the many extinct animals discovered in the Tertiary deposits

of the Rocky Monntain region, none, perliaps, are more remarkable than

the huge mannnals of the order Dhwcerata. Their remains have hitherto

been found in a single Eocene lake-basin in Wyoming, and none are

known from aii\' other part of this country, or from the Old World.

lliese gigantic l)easts, wliich nearly equalled the elephant in size, roamed

in great numbers about the borders of the ancient tropical lake in which

many of them were entombed.

This lake-basin, now drained by the Green River, the main tributary

of the Colorado, slowly filled up with sediment, but remained a lake so

long that the dejjosits formed iu it, during Eocene time, reached a vertical

thickness of more than a mile. The Wasatch Mountains on the West,

and the Uinta cliain on the South, were the main sources of this sediment,

and still protect it, but the Wind River range to the North, and other

mountain elevations, also sent down a vast amount of material into this

great fresh- water lake, then more than one liundred miles in extent.

At the present time, this ancient lake-basin, now six to eight

thousand feet above the sea, shows evidence of a vast erosion, and

probably more than one-half of the deposits once left in it have been

washed away, mainly through the Colorado River. What remains forms

one of the most ])icturesque regions in the whole West, veritable

Maiivaiscs tcrrd's, or bad lands, where slow denudation has carved out

cliffs, peaks, and colunuis of the most fantastic shapes, and varied colors.
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This same action has brought to light the remains of many extinct

animals, and the bones of the Dinocerata, from their great size, naturally

first attract the attention of the explorer.

The first remains of the Dinocerata discovered were found by the

author, in September, 1870, while investigating this Eocene lake-basin,

which had never before been explored. Various remains of this group

were also collected by other members of the expedition, and among the

specimens thus secured was the type of Tinoceras anceps, described by the

author in the following year, and now more fully in the present volume.

In the same geological horizon with these remains, a rich and varied

verteljrate fauna, hitherto unknown, was found.

Among the animals here represented were ancestral forms of the

modern horse and tapir, and also of the pig. Many others were found

related to the recent Lemurs ; also various Carnivors, Insectivors,

Rodents, and small Marsupials ; and of still more importance, remains

were here brought to light of another new order of mammals, the

Tillodonts, quite unlike any now living. Crocodiles, tortoises, lizards,

serpents, and fishes also swarmed in and about the waters of this ancient

lake, while around its borders grew palms, and other tropical vegetation.

A later Eocene lake-basin, south of the Uinta Mountains, was

discovered, in October, 1870, by the same expedition, and named by

the author Uinta basin. In the attemjit to explore it, our party endured

much hardship, and also were exposed to serious danger, since we had

only a small escort of United States soldiers, and the region visited was

one of the favorite resorts of the Uinta Utes. These Indians were then,

many of them, insolent and aggressive, and since have been openly

hostile, at one time massacring a large body of government troops sent

against them. Two subsequent attempts by the author to exjdore this

basin met with little success. This lower lake was of upper Eocene age,

and its extinct fauna appears to correspond more nearly to that of the

Paris basin than any other yet discovered in this country, i

' Some results of tWs Expedition may be found in an article by the author on the

"Geology of the Eastern Uintah Mountains," American Journal of Science and Arts,

vol. i, p. 191, March, 1871.
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The remarkable Eocene basin North of the Uinta Mountains, where

alone the Binocerata had been found, offered so inviting a field for

exploration, that in the spring of the following year, 1871, the author

began its systematic investigation. An expedition was again organized,

with an escort of United States soldiers, and the work continued during

the entire season. Among the very large collections thus secured, were

numerous specimens of the D'moccrata, which furnished important

characters of the group.

P7y—Ts^ =f:: t^^^h:

O { §?"" I

' ' •
' /' r ,

Map siiowino region of Dinoceras beds.

In the succeeding spring, 1872, the explorations in this region were

continued, and soon resulted in the discovery of the type specimen,

including the skull and a lai'ge porti(tn cif the skeleton, of Dinoceras

nilrabi'Ie, and on tliis new genus the author based the order Binocerata
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Other important specimens, obtained at this time, and described by the

author, were the types of Dinoceras lucare, Tinocems gnmde, Tinoceras

lacustre, and others of scarcely less interest.

In the following season, 1873, tlie author organized another large

expedition, with government escort, and made a very careful examination

of the regions in this same basin that remained unexplored. One of the

specimens of special importance thus secured was the type of Dinoceras

laficeps, with the skull and lower jaw nearly complete. Many other

individuals of the Binocerata were also discovered, and the abundant

material tlien collected was sufficient to clear up most of the doubtful

points in this group.

The research was continued systematically during the next season,

also, 1874, and again in 1875, with good results. Since then, various

small parties, at different times, have been equipped and sent out by the

author to collect in this basin ; and, finally, during the entire season of

1882, the work was vigorously prosecuted under the direction of the

author, and, from July of that year, under the auspices of the United

States Geological Survey.

The specimens thus brought together by all these various expeditions

and parties are now in the nniseum at Yale College, and represent more

than two hundred individuals of the Diimt'iata alone. Of these, not less

than seventy-five have portions of the skull more or less perfectly

preserved, and in more than twenty it is in good condition. The present

volume is based on this material, amply sufficient, it is believed, to

illustrate all the more important parts of the structui'e of this remarkable

group.

The remaining matei'ial of the Dinocerata, now known, consists of a

few specimens collected by Dr. Leidy in 1872, including the type of the

genus Uintatheriunt ; various remains secured in tlie same year by Prof.

Cope, to which he applied the names Loxolophxloii. and Eobasileus, with

a later acquisition, called Bathyopsis ; and a number of specimens more
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recently obtained by parties from Princeton College. Althougli these

remains show few, if any, characters of the Dinoccrafa not better

represented in the larger collection of the Yale Museum, full references

to the more important specimens, in most cases with illustrations, are

given in the present memoir, especially in the Synopsis at the end

of the volume.

The Dinocerafa have hitherto been found in a well marked geological

horizon of the middle Eocene. The relations of tliis horizon to other

deposits of Tertiary age are important, and cannot readily be understood

without having in mind the principal changes that took place in the

geology of the Rocky Mountain region dui-ing this period. These

changes and their results may be briefly stated as follows

:

The Tertiary of Western America comprises the most extensive

series of deposits of this age known to geologists, and important breaks

in both the rocks and the fossils separate it into three well-marked

divisions. These natural divisions are not the exact equivalents of the

Eocene, Miocene, and Pliocene of Europe, although usually so considered,

and known by the same names ; but, in general, the fauna of each a})pears

to be older thaii that of its corresponding representative in the other

hemisphere ; an important fact, but little recognized. This partial

resemblance of our extinct faunas to others in regions widely separated,

where the formations are doubtless somewhat ditlerent in geological age, is

precisely what we might expect, if, as was probable, the main migrations

took place from this continent. It is better at once to recognize this

general principle, rather than attempt to bring into exact parallelism

formations that were not contemporaneous.

The fresh-water Eocene deposits of our Western Territories, which

are in the same region at least two miles in vertical thickness, may be

separated into three distinct subdivisions. The lowest of these, resting

unconformably pn the Cretaceous, has been termed the Vermilion Creek,

or Wasatch, group. It cojitains a well-marked mammalian fauna, the
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largest and most characteristic genus of wliich is the ungulate Coryphodon,

and hence the author has called these deposits the Coryphodon beds. The

middle Eocene strata, which have been termed the Green River and

Bridger series, has been designated by the author the Dinoceras beds, as

the gigantic animals of this order are only found here. It is, however,

better to separate the Green River series, under the term Heliobatis beds,

and this is done in the present volume. The name Dinoceras beds will then

apply to the Bridger series alone. The uppermost Eocene, or the Uinta

group, is especially well characterized by large mammals of the genus

Diplacodon, and hence termed by the author Diplacodon beds. The fauna

of each of these three subdivisions was essentially distinct, and the fossil

remains of each were entombed in diflferent and successive ancient lakes.

It is important to remember that these Eocene lake-basins all lie

between the Rocky Mountains on the east and the Wasatch Range on

the west, or along the high central plateau of the continent. As these

mountain chains were elevated, the inclosed Cretaceous sea, cut off from

the ocean, gradually freshened, and formed these extensive lakes, while

the surrounding land was covered with a luxuriant tropical vegetation,

and with many strange forms of animal life. As the upward movement

of this region continued, these lake-basins, which for ages had been filling

up, preserving in their sediments a faithful record of Eocene life-history,

were slowly drained by the constant deepening of the outflowing rivers,

and they have since remained essentially dry land.

The Miocene lake-basins are on the flanks of this region, where only

land had been since the close of the Cretaceous. These basins contain

three faunas, nearly or quite distinct. The lowest Miocene, which is

found east of the Rocky Mountains, alone contains the peculiar mammals

known as the Brontotheridce, and these deposits have been called by the

author the Brontotherium beds. The strata next above, which represent

the middle Miocene, have as their most characteristic fossil the genus

Oreodon, and are known as the Oreodon beds. The upper Miocene, which

occurs in Oregon, is of great thickness, and from one of its most important

fossils, MioMppus, has been designated as the Miohippus series. The

climate here during this period was warm temperate.
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Tapir, ft'ccary, bmuu, Llaiuii.

Bos, Eqnus, Megatherium, Mylodon.

Equua, Tapirus £lep/ias.

Pliokippus, Tapirnv us. Mastodon, Protohippus, Proca-melus,

Aceratherium, Bos, Morotherium.
'

^

Miohippus, JHceratfierium, Thinohyus.

S Oreodon, Eporeodon, ffycenodoii, HyracodOJi. Edentates

( {Moropus).

Brojitotherium, Menodus, Mesohippus, Elotherium.

Diplacodon, Epihippus, Amynodon.
^nocetas, Tinoceras, C'intatfterium, Ltmnohyus, Paiao-
syops. Orohippm. Helaletes, Hyrachyus, Colonoceras.

Heliobatis, Amia, Lepidosteus.

Coryphodon, Eohippus. Lenmrs, Carnivores, Ungulates,
Tmodonta. Rodents. Serpents.

Hadrosaurus, Dryptoaaurus {Latlapa).

s with Teeth i Cu
Mosasaurs, Edestosau, «o. i^r^j*woi4.«# «.j, -.w^"
Pterodactyls iPteranodon) . Plesiosaurs.

Dinosaurs, Atlautosnurus, Brontosaurus, Morosaurus. Diplo-

docus, Stegosaurus, Camptonotus, AUosaurus. Turtles,

Crocodiles. Maninmls ( Dnioleates, Stylacodon, Tinodon.
Ctenacodoti). Bird iLaoptery'x). Baptanodon iSauranodon).

First Mammals (DromatheiHuni).

Foot-prints, Amphiaaurus, Crocodiles (Belodoii).

Repiiles iNothodon, Sphenacodon).

First Reptiles (?) Eosaurtis.

First known Amphibians (Labyriuthodonts), Smiropua.

Dinichthys.

First known Fishes.

No Vertebrates known.

Section to illustrate Vertebrate Life in America.
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Above the Miocene, east of the Rock}' Mountains, and on tlie Pacific

coast, the PHocene is well developed, and is rich in vertebrate remains.

The strata rest nncoiiforniabl}' on the Miocene, and tliere is a well-marked

faunal change at this point, modern types now first making their

appearance. For these reasons, we are justified in separating the Miocene

from the l^liocene at this break ; although in Europe, where no great

break exists, the line seems to have been di-awn at a some\Ahat higher

horizon. Oiu' Pliocene forms essentially a continuous series, although the

upper beds may be distinguished from the lower l)y the presence of a

true Eqmis, and some other existing genera. The Pliocene climate was

similar to that of the Miocene. The Post-Pliocene beds contain many

extinct mammals, and may thus be separated from recent deposits. ^

With this introduction, the table of strata on jiage 7 will make clear

the general position of the geological horizon in w hicli the Diiiocrrata are

found, and especially its relation to other de})Osits of Tertiary age. To

make the subject clearer to the general reader, the section is enlarged to

incliule the whole geological series. The names ajjplied to the different

horizons, some used here for the first time, are, in general, those of the

most important vertebrates found in each, and the section thus becomes a

condensed index of vertebrate life in America.

The localities in which the Dinocerafa have been found are on both

sides of the Green River, and mainly south of the Union Pacific Railroad,

in Wyoming. Of two hundred individuals in the Yale Museum, about

equal numbers were found east and west of this River, the distance

between the extreme localities in this direction being- more than one

hundred miles. The map on page 3 covers this region, and the more

important localities referred to in the volume are there indicated.

' For a more complete presentation of this suliject, see the author's address on

the Introduction and tSuccession of Vertebrate Life in America, delivered before the

American Association for the Advancement of Science, at Nashville, Tenn., Aug., 1877.
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The remains of the Dinocerata are imbedded usually in indurated

clays, gray or green in color, but sometimes they are found in hard

sandstone. The series of strata enclosing them are at least five hundred

feet in thickness in the same region, and all taken together are probably

one thousand feet.

Among the fossils found associated with the Dinocerata are LimnoJiyus

and Palmosiiops, two genera of perissodactyl ungulates. They were

somewhat larger than a Tapir, and in these strata are next in size to the

Dinocerata. One or the other of these genera occurs wherever the

Dinocerata have yet been fomid, but the remains extend through a greater

thickness of strata tlian those of the former group. Another genus of

ungulates in tliis horizon is OrohippHS^ a four-toed ancestor of the horse.

Other prominent genera ai-e CoJonoceras, Helaletes, and Hyracltyus, related

distantly to the Tapir and Rliinoceros.

"Ywo genera, TiUotherium and Stiflinodon, also found here, represent a

remarkable order, named by the author, Tillodontia. Tliey were nearly

as large as a Tapir, and possessed characters resembling the Ungulates,

the Garnivors, and the Rodents.

Among the Carnivors, the most 'formidable was Linmofelis, nearly as

large as a lion, Oreoci/on, of almost equal size, Dromocyon, somewhat

smaller, and Liwnocyon, about as large as a fox. Among the Lemuroid

forms were Hyopsodtis and Lemuravus, fonning the family Leinnravidee,

and having some affinities with the South American Marmosets.

In addition to these, there were Marsupials, Insectivors, Chiroptera,

and many Rodents, but apparently no true Quadrumana, or Edentates.

Besides these Mammals, there were numerous Reptiles, especially

crocodiles, turtles, lizards, and serpents, in great numbers. Fishes were

also abundant, especially the genera Amia and Lepidosteus.

The Dinocerata form a well marked order in the great group of

Unf/iduta. In ^some of their characters, they resemble the Artiodactvls

( Faraxonia); in others, ^%y are like the Perissodactyls (Mesaxonia); and

2
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in others still, they agree with tlie Proboscidians. The points of similarity,

however, are in most cases general characters, which point back to an

earlier, primitive, ungnlate, rather than indicate a near affinity with

existing forms of these groups. This subject will be more fully discussed

in the concluding chapters of the present memoir.

The Dinocerata, so far as now definitely known, may be placed in

three genera, Dinoceras, Marsh, Thioceras, Marsh, and Uiutatherium, Leidy.

The type specimen of TJintathenum was discovered near the base of the

series of sti'ata containing the remains of the Dinocerata. Dinoceras, so

far as known, occurs only at a higher horizon, while Tinoccras has "been

found at the highest level of all. The characters of these three genera

correspond in general with their geological position. Uintafherium

appears to be the most piimitive type, and Tinoceras the most specialized,

Dinoceras being an intermediate form. The material at hand for

determining the characters of the two latter forms is abundant, but in

regard to Uintatherium, some important points relating both to the skull

and skeleton still remain in doubt.

The number of species of the known Dinocerata is a difficult matter to

determine, especially as the limitaticms between species are now generally

regarded as uncertain. About thirty forms, more or less distinct, are

recognized in the Synopsis at the end of the volume. The number might

easily be increased, if fragmentary specimens were used as the basis for

specific names.
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CHAPTER I.

THE SKULL.

(Plates I-XIX, LV, and LVI.)

The skull of Binoceras mirahile, the type of the genus Dinoceras, on

which the order Dinocerata was based, is, fortunately, the most perfect in

preservation of any yet discovered in this group. It has in addition the

great advantage for study of having belonged to an animal fully adult, but

not so old as to have the more important sutures of the skull obliterated.

It was, moreover, imbedded in so soft a matrix that the brain-cavity and

the foramina leading from it could be worked out without difficulty.

In removing the skull from the rock, on the high and almost

inaccessible cliff where it was found, two or three important fragments

were lost, but the author subsequently made a systematic and laborious

search, and recovered them from the bottom of a deep ravine where they

had been washed down and covered up.

In its present nearly perfect condition, this skull is well adapted to

show the typical characters of this part, both in the genus it represents,

and in the order Dinocerata. and it will be largely used for this purpose iu

the following pages. The fact that a considerable portion of the skeleton,

also, was found with this skull makes the individual especially worthy to

be a type. -
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Tlie number of this specimen, in tlie Catalogue of the Yale Museum,

is 1036, and in the following pages this number will be used to distinguish

this type from other individuals of the same species. Other important

specimens will likewise be designated by their catalogue numbers.

The skull of Dinoceras mirabile is long and narrow, the facial portion

being greatly produced. The basal line, extending from the end of the

premaxillaries along the palate to the lower margin of the foramen

magnum, is nearly straight. The toji of the skull supports three, separate,

transverse pairs of osseous elevations, or horn-cores, which form its most

conspicuous feature, and suggested the name of the genus. The smallest

of these jn-otuberances are situated near the extremity of the nasals; two

others, nuieh larger, arise from the maxillaries, in front of the orbits
;
while

the largest are iiiainly on the jnxrietals, and are supported b}' an enormous

crest, which extends from near the orbits entirely around the lateral and

posterior margins of the true cranium. These general characters are well

shown in Plate I, which represents the skull of the type specimen.

There are no upper incisors, but the canines in the male are

enormously developed, forming sharp, trenchant, decurved tusks, which

were each protected by a dependent process on the lower jaws. The

premolar and molar teeth are very small.

The orbit is large, and confluent with the temporal fossa. The latter

is of great extent posteriorly, but the zygomatic arches are only

moderately expanded. There is no post-orbital process, but in Dinoceras

mirabile, and in some other species, there is a prominence on the frontal

bone, directly over the orbit.

The Nasal Bones.

The nasal bones are greatly elongated, being nearly half the length

of the entire skull. They project forward over the anterior nares, and

overhang the premaxillaries. They are thick and massive bones,

especially in front, and are united together by a nearly straight suture.
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lu specimens not fully adult, this suture remains an open fissure, and even

in some adults it is not closed, especially in the anterior part.

The osseous prominences on the extremity of the nasal bones are

their most marked feature. These vary much in form and size in the

ditferent genera of the group, and appear to be characteristic of the species.

Fifi. ;.

Figure 3.

—

'Siisa\s of Dinoceras mirabik, Marsli (No. 1036); type specimen.

FlcjURK 4.—Nasals of Z>i«ocerfts rffstow, Marsh (No. IGOI); young male.

Figure 5.

—

'!^asa\s of, Tinocems puyttaj; Marsh (No. 10i4).

Figure 6.—Nasals of Tinoceras annectens, Marsh (No. 1043).

a. side view; 6. top view; c. frofit view.

All the figures are one-fifth natural size.
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In Dinoceras, they are small and sessile, and are directed upward, and

somewhat outward ; in Tinoceras they are larger, in most specimens, and

project more horizontally, usually not beyond the apex of the nasals. Some

of the characteristic forms of these nasals are given above, figures 3-6,

page 13, and others will be found under the different species in the

Synopsis at the end of the volume.

On their lateral margins, the nasal bones unite by suture with the

superior branch of the premaxillary, and, behind this, with the maxillaries

up to the point where they join the frontals. These lateral sutures

disappear in old animals, but are shown in the skull of Dinoceras

mirahile, figured in Plate IV. Between the osseous pi-otuberances, or horn-

cores, of the maxillaries, the nasals thicken into a transverse ridge, which

greatly strengthens the skull in this region. The development of this

ridge varies in different species. The suture between the nasals and

maxillaries thus appears to rise on the inner face of each maxillary

prominence, but the nasals do not form any essential part of these

elevations. From this transverse ridge, the nasals expand })osteriorly, and

meet the frontals by oblique sutures, converging behind to the median line.

At the imion with the frontals, the nasal bones are comparatively thin.

On their under surface, the nasal bones are each excavated by a

broad deep groove, Avhich is separated from its fellow by a sharp median

ridge. These grooves extend from the anterior nasal opening back to the

frontal bones, and then expand into large cavities immediately in front of

the olfactory lobes of the brain. These olfactory chambers differ in form

and size in different species. This part of the skull is shown in the

sections represented in figures 30-33, pages 29 and 30.

Pre-Nasal Bones. "•

The anterior extremity of the nasal bones, in both Dinoceras and

Tinoceras, is formed of an osseous projection, pointing forward and

downward, and situated in front of and below the nasal protuberances.

Several specimens in the Yale Museum show that this projection is formed
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of two separate ossifications, each in front of its respective nasal bone.

In figure 5, page 13, they are shown in position, with the sutures uniting

them to the nasals, and to each other. These bones ai-e a peculiar

feature in the skull of Dinocerafa, and niay be called the pre-nasal bones.

In A^ery young animals, they are unossified; in adult animals, they are

distinct, as in the specimen figured ; but in very old animals they

become co-ossified Avith the nasals, and with each other.

Fig. 7.

FKiURE 7—Skull oC Dinnceios mirabile. Marsh (No. 10:!6); with brain-cast in mtiiral position seen from ibove.

Figure 8.—The same view of a young specimen of Diuocerus distans, Marsh (No IbOl)

/. frontal bone ; m. maxillary bone; in', maxillary protuberance
; «. nasal bone; n'. nasal protuberance;

p. parietal bone
;
p'. parietal protuberance; pm. premaxillary bone; s. supra-occipital crest.

Both figures are one-eighth natural size.

When separate, they are subquadrate in form, flattened on the median

line where they meet each other ; and rugose posteriorly, for sutural union

with the nasals. These ])re-nasal bones appear to be homologous with

the ossicle sometimes found at the extremitj' of the snout in suillines,

especially in the genus Siis.
^
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Frontal Bones.

The frontal bones in Diiioceras mlrabUe are shorter than the nasals.

In all of the known skulls of the Binocerata, the median suture uniting the

two frontals is entirely obliterated. The sutures joining them with the

nasals in front, and with the maxillaries on the side, is distinct in the type

FiGl'KE n.—Skull of Timiceras inrjens. Marsh (No. 1041); with brain-cast in position; st'en from above.

FirjtiRE 10.—Same view of skull of Dinoceras disians, Marsh (Xo. 1235).

/ frontal bone; »«. ma.xillary bone; m'. maxillary protuberance ; n. nasal bone; v'. nasal protuberance;

2>. parietal bone; j''- parietal protuberance; pm. premaxillary bone; s. supraocoipital crest.

Both figures are one-eighth natural size.

of Dinoceras iiiirabilr, as shown in Plates II and IV. In this sjiecimen,

there appeared to be indications of a suture uniting the frontals with the

parietals, «hicli indicated that the former bones were very short, and tlie

latter very long. The fortunate discovery, however, of a revy young-

individual of this genus has cleared up this point beyond doubt.
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Tn this young specimen, tlie tVonto-parietiil suuire i.s hitill open, and

passes in a nearly straight line across the toj) of tlic cranium just in front

of the summit of the cerebral hemispheres. It also divides the posterior

elevations, or horn-cores, so as to leave the anterior part of them on the

frontals, and the posterior and liiyhest ])ortion on the parietals. In all the

other known specimens, this suture is nearl}' or quite obliterated, but

distinct traces of it are seen in several crania in the Yale Museum.

FiGCRK 1 1. — .-^Iviill ol i'adui :i:riuin tati/iuns, Marsh (No. 1231); seen from aliove.

Figure J 2.—Same view of skull of Tinoceras vagans. Marsh (No. 1241 ).

/. frontal bone ; »«. ma.\illary bono; ?«'. maxillary protuberance ; m. nas 1 buue; n'. nasal protuberance

p. parietal bone
;
p'. parietal protuberaneo

;
pm. premaxiUary bono ; s. supraoccipital crest.

Both figures are one-eighth natural size.

The position of this suture, and also that uniting- the frontals with the

nasals, and the latter with their adjoining bones, is well shown in figure 8,

page If), which represents the young specimen (number ItlOl) above

referred, to.

In Diitoceras iiiij'alji/c (number lO.'W!), the frontals are comparatively

thin in front where they join the nasals. Over the orljits, thev become

3



18 DINOCERATA.

thicker, and swell into a distinct prominence, whicb afforded protection to

the eye below. From this point back to the posterior protuberances, or

horn-cores, the lateral margin of the frontal is thickened into a strong

crest, which rises nearly to the sunuiiit of the elevations, leaving a distinct

notch where they terminate. This depression marks the position of the

fron to-parietal suture, here entirely obliterated.

On tlie side of the cranium, the frontal bones are bounded anteriorly

by the maxillary above, and, lower down, by the lachrymal, as shown in

Plate II. Further back on the top of the skull, the frontals are depressed,

forming a deep concavity, the lowest portion of which is usually in front of

the brain-case. In the posterior portion of the frontals, there are numerous

air cells, which materially lighten these bones in this part of the cranium.

The Parietal Bones.

In all of the crania of the Dinocerata examined, the parietal bones are

firmly united to each other on the medial line, and with the supra-occipital

behind. In the single young specimen already mentioned (number

1601), the anterior border of these bones is distinctly marked by sutures,

as shown in figure 8, page 15. The large posterior protuberances, or

horn-cores, are thus mainly on the parietal bones, and the lateral crest,

behind these elevations, appears to be also composed of the parietals.

These bones are thick and massive, especially over the brain-case, but like

the frontals are lightened somewhat by air cavities, as shown in figure 35,

page 31. Between the osseous elevations, or horn-cores, on the parietals,

there is a distinct transverse ridge, which strengthens this part of the

cranium, and partially divides into two portions the deep concavity

enclosed by the lateral and posterior crests. On the sides of the cranium,

the parietals form the upper portion of the large temporal fossae. The

suture between the parietal and squamosal below may often be distinctly

made out, as shown in Plate II. The share of the parietals in the lofty

occipital crest, cannot, at present, be determined with certainty, as here,

even in the youngest specimens known, the sutui'es are obliterated.
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The Occiput.

19

The occipital region in all the known Dlnoccrnta i.s large, elevated,

and snbquadrate in ontline. It varies uiucli in shape and size in the

different genera and species, and several of the principal forms are

represented below in figures 13-18.

Fig. 13. Fig. U. Fig. 15.

Figure 13.—Posterior surface of skull of iJiftocerosmiVa'^Ve, Marsh (No. 10:!!j).

Figure 14.—-Posterior surface of skull of Dinoceras latksijs, Marsh (No. 1039), male.

Figure 15.—Posterior surface of skull of Dinoceras agresle, Marsh (No. 1221).

Figure 16.—Posterior surface of skull of Tiiwcuras affine, Marsh (No. 1574)

FiGUKE It.—Posterior surface of skull of Ti :o-jTas in/jens, Marsh (No. 1041).

Figure 1 8.—Posterior surface of skull of Tinocerus pugnax, Marsh (No. 1 044 1.

c. occipital condyle; /. foramen magnum; I. lateral crest; o. occipital crest; ;), post-tympanic process;

I. crest behind temporal fossa.

All the figures are one-eighth natural size.

In Dinoceras mirahile (number 1036), the occiput is remarkaljly

rectangular in^ outline, as shown above in figure 13. Its general

surface is concave, for thfe attachment of the powerful muscles and
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ligaments which supported the head. Tlie lofty occipital crest extends

upward and backward, overhanging- the occipital condyles, when the

skull is in a horizontal position. The posterior margin of the large

temporal fossa also extends well backward, forming the side of the

occipital concavity, which is partially divided into two equal portions by

a median vertical ridge. In some species, this ridge is very distinct, but,

in others, it is almost entirely wanting.

Tlie occipital condyles are large, and bounded externally in front

and below by a deep groove. They project downward and backAvard,

showing that the head was declined when in its natural position.

In Dinoceras laticeps (number 1039), the occiput is less elevated, and

more expanded transversely, figure 14, page 19. Its concavity is divided

into two portions by a distinct median vertical ridge. The foramen

magnum, also, is expanded transverselv, and is of moderate size. The

occipital condyles are more elevated than in Dinoceras mirahile, a line

joining their upper margins passing entirely above the. foramen magnum.

In Dinoceras agrcste (number 1221), a third type of occiput is seen,

much more expanded aliove, as shown in figure 15, page 19. Tlic foramen

magnum is here subtriangular in outline, and the occipital condyles are

placed similarly to those of Dinoceras iirirahile.

In the genus Tinoccras, two distinct types of occiput are represented

in the Yale Museum. In Tinoccras iiafrns (number 1041), the occiput is

greatly elevated, somewhat concave above, and expanded at tlie sides.

There is no median crest. The foramen magninn is triangular in outline,

and comparatively small, witli its uj)j)er border lower tlinn the superior

margins of the occipital condyles, as seen in figure 17, i)age 19.

In Tinoceras 2^ugnax (number 1044), the occiput is less elevated, and

more nearly cpiadrate in outline. The foramen magmun is large, and

transversely expanded. The occipital condyles extend above its upper

margin, as shown in figure 18, page 19. In other species of the

Dinoccrafu, the occiput shows an equal variety of forms.

In Dinoceras mirahile (number 1036), there is a small, but distinct,

par-occipital jjrocess of the ex-occipital, directed downward and outward.
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In the t3q)e of Uinfatheriiini, tin's process appears to he nearly obsolete.

In front of this process is the snture uniting- tlie ex-occipital directly with

the squamosal, thus excluding- tlio mastoid tVoin the external surface of

the skull, as in Rhinoceros. The tympanic portion of the periotic, also,

does not reach the external surface.

FiGUEE ]9.—Side view of skull of Tinoceras pugn xx, Marsh (Xo. 104-1).

Figure 20.—Anterior pyt of skiiU of Tinoceras grande, Marsh (No. 1040).

FiGl'RE '21.—Anlerior part of skull of Tinoceras annectens. Marsh (No. 1043).

?n'. maxillary protuberance; me. estoranl ftuditory meatus; n'. nasal protuberance; o. occipital condyle;

)•'. iiarietal protuberance: pm. premaxillary bone; pii. prcnasal ossicle.

All the figures are oue-elsrlitli nitural size.
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The Squamosal Bones.

The squamosal forms the hnver jjortion of the temporal foss;i, and

sends down a massive post-glenoid process (Plate II, s), which hounds

in front the external auditory meatus. The latter has for its jiosterior

border the post-tympanic process of the squamosal, whicli unites directly

with the par-occipital process by close suture.

The periotic and tympanic bones are co-ossified, but not with the

squamosal. Tlie periotic has a distinct floccular fossa on its inner side.

The tympanic is small, and is not expanded into a distinct bulla.

The squamosal sends forward a strong- zygomatic process, which

resembles that in Taplnis. This process overlaps the malar, uniting to

it by a straight, horizontal, suture, which, in very old animals, may nearly

or quite disappear.

The Malar Bones.

The malar bone completes tlie anterior poition of the zygomatic arch,

extending to the front of the orbit, as shown in Plate II, m<i. The suture

uniting the malar with the maxillary remains distinct till adult life, and

may usually be traced, even in old animals. This forward extension of

the malar bone is a general ungulate chai'acter, aiul quite different from

what is seen in the Proboscidians, where the malar forms the middle

portion only of the zygomatic arch. Union of malar with zygomatic

process.

The Lachrymal Bones.

The lachrvmal is large, and forms the anterior border of the orbit, as

shown in Plate II, I. It is perforated by a large foramen. In Dimceras,

this opening is well within the orbit. In some species of Tinoceras, it is

outside the orbit. The base of the lachrymal is excavated for the posterior

opening of the large antorbital foramen.



THE SKULL. 23

The Maxillakies.

In all the Dinocerata, the maxiHaiy bones form a large portion of the

lateral surface of the skull. They contain all the teeth, except those of the

lower jaw, and also expand into the large median pair of osseous elevations,

or horn-cores. On the external lateral surface, the maxillarles unite above

with the frontals by suture ; below this, with the lachrymals, and further

down with the malar. This is well shown in tlie figure of Dinoceras

mirabile, Plate II, ni. In front, the maxillaries unite with the pre-

maxillaries by a nearly straight, and nearly vertical, suture. Above,

they join the nasals, as already described.

Tlve large canine tusk is entirely enclosed in the maxillary, and in the

genus Dinoceras its root extends upward into the base of the maxillary

liorn-core. In all known Dinocerata, there is a diastema between the upper

canine and the pre-molars. The latter are small, and form with the molars

a continuous series. On their inner surface, the maxillaries send in strong

palatine plates, which meet on the median line. The maxillary is

perforated by a large antorbital foramen, the outlet of which is concealed,

in the side view of the skull, by a ridge extending upward in front of the

orbit. Its position is shown in figures 22-24, c, page 25.

The Pkemaxillaries.

The premaxillary bones are edentulous, and, even in young-

specimens, contain no teeth. These bones liave three distinct branches,

the largest of which extends well forwai'd below the anterior nasal

opening. The second branch also extends forward above this opening,

forming with the nasal its superior border, as shown in the tj'pe of

Binoceras mirahUe, Plate II, pin. The third branch is a horizontal plate

extending inward to the median line, where it joins its fellow, and thus

completes the anterior portion of the palate.

The anterior free portions of the premaxillaries are well separated on

their palatal surface, but tliese bones meet somewhat in front of the anterior
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palatal foramina. Near tins point, the palatine plates are united by

suture on t])e median line, and this sutni-e is continued backward along

the palate until it meets with the median suture between the maxillaries.

The anterior palatine foramina are narrow lissures, roimded in front, and

separating- the lateral portions of the premaxillaries from the palatine

plates, as in Eqiins. The latter ])lates miite posteriorly by suture with

the adjoining maxillaries, as shown in Plate V, pm.

The premaxillaries vary nuich in form in the different genera and

species of D'nioccrafa. Two of the princi])al forms in the genus Dhioceras

are shown in figures 26 and 27, page 26, and two of the genus Tinoceras,

in figures 28 and 29, on page 27.

The Palate.

In all the Dinocerata, the palate is very nai'row, and much excavated,

especially in front. The bony palate extends back as far as the last

upper molar, and in some specimens bevond it. Each maxillary

articulates with the corresponding preinaxillar\- by a sutm-e connnencing

on the palatal surface, in front of the large canine alveolus, and running-

just witliin the border of the alveolus to near the middle of its inner

margin. At this point, the suture turns inward, across the end of the

main branch of the premaxillary, and then obliquely backward, along the

posterior end of its palatine plate. The n)edian suture is continued

l)ackward, separating the maxillaries, to a point nearly opposite the

middle of the penultimnte molar, where the maxillaries join the palatines.

The maxillo-palatine suture is at first transverse, extending across the

palate nearlv t(^ the alveolar l)order of the maxillary, and is then continued

backward near this border, and around behind the last molar, whence it

turns outward, ;ind a.scends the side of the skull in the orbital region.

The ]);ilatal surface of each maxillnrv is dee])lv excavated in front

between the canines, along the dii^stemn. and as far back as the second or

third premolar ; but on the median line these bones meet in a sharp ridge,

nearly on a level with the outer o)iposite border of the maxillaries.
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Fig. 23.

Figure 22.— Anterior part of palate of Dinoceras laticeps, Marsh (No. 1039).

Figure 23. — Anterior part ot palate of Tinoceras ingens, Marsh (Xo. 1041).

Figure 24.—Anterior part of paLite of Tmoceras pugnax, Marsh (No. ]044).

Figure 25.—Anterior part of palale of Hiiipopotamus amphihius, I.innfeiis.

a. anterior palatine foramen; h. jalatomaxillary foramen; c. antorbital foramen ; rf. alveole of canine;

m. maxillary bones; ?(. nasal Ivmes; pm. prema.\illary bones; pn. prenasal ossicles.

All the^sures are one-fifth natural size.
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The bony jialate is thus deeply excavated on each .side in the

region of the diastema, and near the jiosterior part of each excavation on

either side is situated a hirge foramen, which may be called the palato-

maxillary foramen. This foramen is shown in Plate V, and also in figures

22—24, b, page 25. The same foramen is seen, also, in the liippopotamus.

%j^-::::^:f^:^^

FlGtTEE 26.—Skull of Dinoceras mirabik, Mnrsh (No. lO.TIJ); seen from helon-.

KieuKB 27.—Skull of Dinoceras laticeps, Marsh (No. lo:',!)); same view.

a. anterior palatine foramen; J. palato-maxillary foramen ; c. antorbital foramen; (1 po.steiior paUitine

foramen ; e. posterior nares
; /. foramen magnum

; f. occipital foramen
; g. stylomastoid foramen

;

A. foramen lacermn posteriiis; i". vascular foramen in basisphenoul ; y. posterior opening of alisplienoid

can.il ; k. anterior opening of alisplienoid caual; I. optic foramen.

Both figures are one-eighth natural size.

The palatine surface of the maxillary hone is perforated with small

foramina, along the line of the enclosed canal, as in the hippo})otamus,

evidently for the transmission of blood-vessels and nerves to tlie gums

and sm-face of tlie palate.
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The maxillary bones contain the sockets of all the npper teeth. The
socket for the canine is a large and deep cavity, elongate-oval in section,

and extending u})ward and backward to the i)Osterior part of the base of

the large maxillary pnjtuberance. The onter surface of the maxillary

Figure 28.—Skull of Tinocerus inyens, Marsh ; seen from Ijelow.

Figure 29.—Skull of Tinoceras jmgnax. Marsh; same rieu-.

a. anterior palatine foramen; 6. palato-masillary foramen; c. antoiliital foramen
; (?. prsterior palatine

foramen; e. posterior nares; /. forauiea magnum; /'. occipitiil for.imen
;

ij. st_vlo-niastoitl foramen;

h. foramen lacenim
; i. vascular foramen in basisphenoid : j jiostcrior opening of alisplienoid cat/al;

k. anterior opening of alis[,henoid canal ; 1. ontic foramen.

Tolh fii'ures are one-(ighth natural size.
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bone is swollen by this socket, so as to present, in tlie males at least, a

prominent rounded ridge on the side of the face. The alveoli for the pre-

molar and molar series of teeth are similar to each other, eacli presenting

three pits for the reception of roots, aIz : an iinier large pit, and two outer

small ones. Over these, the bone is thin, as is usual on the buccal surface

of the maxillary.

Behind and above the jjosterior molar teeth, in the orbital .region of

the skull, tlie maxillar}- bone presents several fissures, or foramina, close

to, or in, the suture with the palatine. The first of tliese may be indistinct,

or of different shape on the opposite sides, and is just back of the last

molar, as shown in the skull of Blnoceras Incase, on Plate IX, figure 2.

In Diuoceras mirdhUf (number lOoG), three such fissures are situated on the

right side of the skull, in or near the maxillo-jialatine suture, back of the

orbit. One or more of these apertures ajipear to be the posterior openings

of the posterior jjalatine foramina, an arrangement similar to that seen in

the hippopotanms.

The Palatine Bones.

The palatine bones form only a small part of tlie bony" palate in

Bliiocerns. The palato-maxillary suture in Diiwccras mirahile (number

1036) is nearly opposite the middle of the second molar, and about 20"'™

in front of the i)osterior border of the bony palate, (Plate V). It is at first

nearly transverse to the palate, then runs l)ackward around the last molar,

and turns upward into the orbital region, where it cannot be followed with

certainty. Posteriorly, the palatine is in contact with the pterygoid, and

the pterygoid plate of the alisphenoid. On the median line of the palate,

the suture between the opposite palatines is obliterated.

The palatines continue the lateral walls of the posterior nasal cavities

considerably behind the last molar, and these walls are still further

extended In' the ])terygoid bones.
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The Pterygoid Bones.

Tlie jiterygoid bones in DiiKJCcrus luijubile (number lOofi), are opplied

to the inner surface of tlie palatines, and to the pterygoid plates of the

alisphenoid (Plate V, jit). They appear to unite on the median line in the

roof of the posterior nares, but the sutui-e is not distinct. The suture with

the palatine is oblique, and that with the alis])henoid can be traced ujiward

beneath the zygomatic arch.

The lower margin of the pterygoid is thickened, and nearly straight

The posterior margin is thiimer, and moderately curved.

^

i

FiGiTBB 30 —Horizontal sec'ion of skull of Tinoceras crassifrons. Marsh (No. 1230.

f^'iGURE 3!.— Horizontal section of skull of Dinoceras iHstans, Marsli (Xo. I(i01).

a c.ivily beliiud base of cinine tootli ; J. l)rain-cavity ; c. alve 'le of canine tooth
;
/. anterior olfactory

chaniliur; /'. posterior olfactory chamber; m'. maxillary protuberance; n. nasal bones; n'. nasal

protuberance
;

}'' parietal protuberances.

Both figures are one-eiglith natural tize.
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In the skull of Tinoceras ingens (number 1041), the palate is only

slightly excavated in its anterior part, and the palato-maxillary foi'amina

are brought forward in front of the entire series of molar teeth, instead of

being situated nearly opposite the second premolar. The palate between

tlie whole series of molar teeth is nearly flat. The foramen in the maxillo-

jialatine suture liehind the last molar is largd and conspicuous, especially

on the left side. Tliese foramina are shown in figure 28, page 27.

I'lu. 32. Fig. ;-;3.

^-P\

ill!

KiiiURE 32.—Horizontal Sfction of skull of Tinoceras Mans, Marsh (No. 1499).

Figure 33.—Horizontal sci^lioii cf skull of Dinoceras laticeps. Marsh (No. 1202), female.

.;. cavity behind base of caniae too:h; 6. brain-cavity; c. alveole of canine tooth
; / anterior olfactory

chamber; /'. posterior olfactory chamber; ?u'. maxillary protuberance; n. nasal bones; »'. nasal

protuberances
;
j/. parietal protuberances.

Both figures are one-eighth natural size.

In the type of Thioceras grmtde (number 1040), the maxillo-palatine

foramen is behind tlie beginning of the molar series, and the excavation of

the 2>alatal region also extends behind the first premolars.
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In the type of Binnceras, the palatine fossa of the posterior nares is

roofed over, so that tlie passage from the palate into the large nasal

cavities above leads for\yard and upward, as shown indistinct] v in figure

26, e, page 26. In Tinoeeras ingens and Tinoceras iniijnax, the i-oof of this

fossa is excavated in front by a pair of oval apertures, and through

these the postei-ior nares open directly up\yard, as represented in figures

28 and 29, e, on page 27. The existing perissodactyls, the liorse, the

tapir, and rhinoceros, have the same type of palate. In l^'ii/fntJ/eriiDii, the

structure of this portion of the skull has not yet been determined with

certainty.

(

Figure 34.—Vertical mediau longitudinal section of sl^uU oC Dinoceras mirabile. Marsli.

Figure 35. —Vertical transverse section of sliull of Dinuceras mirahik.

b. brain-cavity ; c. cavities in cranial walls
; /. frontal bone ; m. maxillary bone ; m'. maxillary protuber-

ance ; n. nasal bone ;
»'. naaal protuberance ; o. occipital condyle ; ol. olfactory lobes of br„iu ; op. optic

foramen; p. parietal bone; ;/. parietal protuberance; pg. post-glenoid process; pi. palaiine bune

;

pm. premax llary bone
;
pt. pterygoid bone ; s. supra-occipital crest ; z. zygomatic process of squamosal.

Both figures are one-eighth natural size.

These })alatine characters of the Dinocerafa are important, but

unfortunately they can be made out only in skulls unusualh' well

preserved. The value of these characters in classification Mill, be

discussed in a subsequent chapter
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The Vomers.

TliH vomers in the Dinoccrata do not ai)pear upon the surface of the

pahite. They are narrow bones, closely united, and deei)ly concave upon

tlieir upper surface. They are wedged in between tlie palatine plates of

the maxillaries, and in old animals are closely united with them.

The groove formed by the u])per concave surfaces of the vomers is

hlled by the turbinal bones, which are well developed.

The following are the principal dimensions of three of tlie skulls

described in the present chapter. ]\Ieasurements of others will be foinid

in the Synopsis at the end of the volume

:

Measurements of Skull. [Dinnci rax niu-dhlle, No. 1036.)
m.

Total length of skull from nasals to occipital crest, _ _ . _ . -

.

0. 76

Total length, from premaxillai-ies to occipital condyles, 0.66

Greatest transverse diameter, through parietal protuberancca, _ 0.385

Greatest transverse diameter, through occipital crest, 0.26

Greatest transverse diameter, through maxillary protuberances, 0.20.5

Least transverse diameter, behind maxillary protuberances, 0.1.35

Greatest transverse diameter, through zygomatic arches, 0.285

(Greatest transverse diameter, through post-glenoid processes, 0.25

Length of palate, from end of premaxillaries to posterior narcs, 0.35

Length of palatine bone, on median line, ...... - - - 0.030

Length of maxillary bone, on median line, 0. 1 S-'>

Width of palate, between last molars, 0.050

Width of palate, between first molars, O.OG-j

Width of palate, between first premolars, . - 0.050

Width of palate, across diastema, -- 0.07

Width of palate, between canines, .-. 0.105

Antero-posterior diameter of zygomatic fossa, . — 0.165

Transverse diameter of zygomatic fossa,— <'.08

Distance from top of parietal protuberance to end of post glenoid process,.. _ 0.37

Distance from top of maxillary protuberance to end of canine, 0.4 1

5

Vertical diameter of foramen magnum, ... 0.05

1

Transverse diameter of foramen magnum, 0.066
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Measurements of Skull. [Tinoceras iiigens. No. 1041.)

m.

Total length of skull from nasals to occipital crest, . 0.87

Total length, from premaxillaries to occipital condyles, . 0.815

Greatest transverse diameter, through i>arietai protuberances, 0.47

Greatest transverse diameter, through parietal angles of crest,. . 0.33

Greatest transverse diameter, through maxillary protuberances, 0.35

Least transverse diameter, behind maxillary protuberances, 0.21

Greatest transverse diameter, through zygomatic arches, 0.37

Greatest transverse diameter, through post-gleuoid processes, 0.30

Length of palate, from end of premaxillaries to posterior nares, 0.40

Width of palate, between last molars, 0.064

Width of palate, between first molars, 0.065

Width of palate, between first premolars, 0.056

Width of palate, across diastema, 0.09

Width of palate, between canines, 0.10

Antero-posterior diameter of zygomatic fossa, 0.19

Transverse diameter of zygomatic fossa, ._. 0.08

Distance from top of parietal protuberance to end of post-gleuoid process, 0.52

Vertical diameter of foramen magnum, 0.075

Transverse diameter of foramen magnum, 0.045

Measurements of Skull. (Tinoceras pufjna.i-. No. 1044.)

m.

Total length of skull fr< im nasals to occipital crest, 0.77

Total length, from premaxillaries to occipital condyles, ... 0.665

(jrreatest transverse diameter, through parietal protuberances, .. 0.425

Greatest transverse diameter, through parietal angles of crest, 0.305

Greatest transverse diameter, through maxillary protuberances,. _ . 0.255

Least transverse diameter, behind maxillary protuberances, 0.19

Greatest transverse diameter, through zygomatic arches, . 0.34

Greatest transverse diameter, through post-glenoid processes, 0.28

Length of palate, from end of premaxillaries to posterior nares, 0.33

Width of palate, between last molars, ... 0.084

Width of palate, between first molars, 0.084

Width of palate, between first premolars, -. 0.056

Width of palate, across diastema, _. 0.096

Width of palate, between canines, 0.1-32

Antero-posterior diameter of zygomatic fossa, 0.12

Transverse diameter of zygomatic fossa, . 0.096

Distance from top of parietal protuberance to end of post-glenoid process, 0.37

Distance from top of maxillary protuberance to end of canine, about - . 0.48

Vertical diameter of foramen magnum, 0.050

Transverse diameter of foramen magnum, 0.075

5





CIIAPTER II

THE LOWER JAW.

(Plates VIII, . XII, XIII, XIX, LV, and LVI.)

The lower jaw in Binoceras is as remarkable as the skull. Its most

peculiar feature in the male is a massive decurved process on each ramus,

extending downward and outward. These long- pendent processes were

apparently to protect the iii)})er canine tu.sks, which would otherwise he

\'ery liable to be broken (Plate XIII, figures 1 and 2, j/). Indications of

similar ])rocesses are seen in Smilodon, and in some other extinct carnivors

with long canines.

In JDiiwceras mirahile (number 1212), the process is concave from above

downward on its external surface, and its lower extremity is somewhat

thin, and narrowed longitudnially. In D'moceras hiticcps (Plate XIII,

figures 1 and 2, p), this process is more massive, and more rounded below.

In the female, this process is much reduced in size, but is quite

sufficient to protect the diminutive tusk, which overlaps it.

With the exception of these processes, the lower jaw is comparatively

small and slender. The symphysis is completely ossified, and deeply

excavated above.

Another remarkable feature in the lower jaw of the Dinoceruta is the

posterior direction of the coitdyles, hitlierto miknown in Ungulates (Plate
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VIII, figure 1, cd). The position of the condyles was e^adently

necessitated by the long upper tusks, since with the ordinary unguhite

articulation the mouth could not have been fully opened. The low

position of the condyle, but little above the line of the teeth, is also a

noteworthy character. In some Marsupials and Insectivors, the condyle

has the same position as in the Dinocerata, but in no other Ung-ulates,

living or extinct, has this position been observed.

FiGTiKE 36.—Lower jaw of Tiitoceras annecteiis, Marsh (No. 10431; seeu from lUi; left.

Figure 37.—The same jaw, seen from above.

c. alveole of lower canine; d. diastema; i. alveole of iucisor; m. mental foramen; j). process for

protection ol' canine tusk ; s. symphysis.

Both figures are one-fonrtli natural size.

In Dinocems lafk.cps (Plates XII and XIII), the entire lower jaw is

more massive than in Bii/oceids mlrabilc. The angle of the jaw is stouter,

and distinctly inflected (Plate XIII, figure 2, a.)
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The coronoid process of the lower jaw in Dinoceras is large and

elevated, somewhat curved backward, and pointed a,bove (Plate VIII,

figure 1, cr). The angle of the jaw is rounded in outline, and projects

downward somewhat below the main portion of the ramus. The dental

foramen is large, and bounded above by a ridge, which extends upward

and backward to the condyle. The mental foramen is of moderate size,

and situated near the base of the anterior pendent process.

Figure 38.—Lower j:i\v with U|iper caniiiL- in positiou of Tinortruf: luwiia-ps. Jlui-sh (Xu. l-oij), female ; seen

from the left.

a. angle of jaw ; c, upper canine tnoth in its natural position ; c'. lower canine tooth ; cd. comJyle
;

cr. coronoid process; d. diastema; p. process for protection of canine tusk.

One-fourth natural size.

In the genus Tinoceras, the same general characters of the lower jaws

are seen. In tlie male, the pendent process is large and elongate, but less

massive than in the genus Dinoceras, and its lower outline less regularly

rounded (Plate XIX, figui-e 1, cp). This corresponds with the position of

the large upper canine tusk, which it protects.

In the female of Tinoceras, the pendent process is much reduced, its

size in all cases corresjionding to the size of the canine tusk above. In

the female of Tii/nri'ras Im/i/ireiis (figure 3S, above), the lower jaw is

remarkably long and slender, and the pendent ])rocess nearly obsolete.



38 DINOCEHATA.

Tliat tlie same relation in size between tlie tusk and process below

it holds equally in both the genera Dmocerns and T'moceras, is

conclusively shown by various specimens in the Yale ]\Iuseum.

Figure 39.—Lower jaw of Dinoceras mirahile. Marsh (No. 1251); seen from the left.

Figure 40.—The same jaw; seen from the front.

c. alveole of <';miMe; /. anterior foramen; di. deeidnous incisor; i. alveole of incisor; in. mental

foramen; ;). process for protection of tnsk.

Both fior\ires are one-fourth natural size.

In the genus Dinoceras, there are three incisor teeth, and a small

incisiform canine on each side forming a continuous series at the front

extremity of the lower jaw. These are all of moderate size, and inclined

well forward, as in the ruminant mammals. Behind this series, and

immediately over the dependent process, is a long diastema (Plate VIII,

figure 1, d). Furtlier back, there are tliree j)remolars, and three

molars, forming together a close series. This is the dentition, essentially,

in the lower jaw of both Dinoceras and Tinoceras, and will be described

more fully in the following eliapter.

In a lower jaw found near the locality of tlie type of Uintatheriwn

rohustum, and here referred to that genus, there are four premolars instead

of three. The first pj-emolar, wanting in Dinoceras and Tinoceras, is of

small size, and is ])laced just liehind the lower canine. It is separated

from the second premolar by a diastema, as shown in figures 41 and 42,

page 39.
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In the present state of knowledge of the Dimcerata, tliis first lower

premolar may be regarded as a distinctive feature of the genus
Uintafherium, the type specimen of wliich, unfortunately, is too

fragmentary for a complete identification of its principal characters.

f^h — ^' ^ ---STC^jVn

FiGnRE 41.—Lower jaw of Uinlatherium segne. Marsh (No. 1194); seen from the left.

Figure 42.—The same jaiv; seen from above.

a. angle ; c. alveole of canine ; cr. corouoid ]irocess ; cd. condyle ; d. diastema
;
p. process for protection

of tusk
;
pm. alveole of premolar

Both figures are one-fourth natural size.
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The principal dimensions of three of the lower jaws described in this

chapter are as follows

:

Measurements of Lower Jaw. {D'uioceras laticeps, No. 1039.)
m.

Greatest length of ramus, ... 0.54

Extent of symphysis, . 0.18

Height of coronoid process from bottom of ramus, _

.

0.235

Depth of ramus at last molar, 0.09

Depth of ramus at tusk process, 0.185

Extent of diastema, "-

_ 0.10

Extent of molar series, ...._. _.. . 0.18

Greatest width across condyles, . . .. __ 0.295

Transverse diameter of condyle, _. 0.087

Vertical diameter of condyle, — .. 0.048

Measurements of Lower Jaw. {Uintathfriinu sct/in-. Marsh, No. 1194.)
m.

Greatest length of ramus, .. 0.49

Extent of symphysis, 0. 165

Height of coronoid process from bottom of ramus (a]iproximate), 0. 1

9

Depth of ramus at last molar, . - 0.075

Depth of ramus at tusk process, 0.17

Extent of molar series (functional),. _ ... 0.145

Transverse diameter of condyle, 0.076

Vertical diameter of condyle, ... .... 0.040

Meastirements of Lower Jaw. (Thioceras lon<iiceps, Marsh, No. 1256, female.)
m.

Greatest length of ramus (approximate), . . _ 0.57

Extent of symphysis, i . . . . . _ 0. 1 8.5

Height of coronoid process from bottom of ramus, 0.26

Depth of ramus at last molar, . 0.084

Depth of ramus at tusk process, 0.10

Extent of diastema, 0.145

Extent ,of molar .scries, ... .. . 0,175

Transverse dianu'ter of condyle, .. .. 0.070

Vertical diameter of condyle, 0.045



CHAPTER III.

THE TEETH.

(Plates I-V, VII-X, XII-XIX, LV and LVI.)

The teeth of the JJinocerofa constitute one of their most interesting

features, dift'ering widelj^ in form and dentition from most of tlie other

Uti(/ulata.

In the genus Dinoceras the dentition is represented by the following

formula

:

T . .1 ,3,3
Incisors — , canines —

,
premolars — , molars — ^r 34.

3 1 3 3

So far as now known, the same formula applies equally well to the

genus Tinoceras.

In UintafJicriuiii, the dentition is apparently as follows

:

T . .1
,

••
, ^5

incisors — , canines —
,

premolars — , molars — 36.
3 1 4 3

The Incisors.

In none of the Dhiocerata have any ujiper incisors been found, even

In tlie youngest specimens. Tlie premaxillary bones appear to be

entirely edentulous, although in some specimens, especially in Dinoceras

laficrps (number 1039), there are shallow depressions at irregular intervals

that strongly suggest the probability of embryonic teeth in very young, or

foetal individuals.A fortunate discovery in the future may, perhajjs, settle

this point.



i-J DINOCERATA.

In the lower jaws of all the known Diiiocerutd, there are three well-

developed incisors on each side. Thev are inserted, each l)v a single root,

and are procumbent, all directed well forward. Their inner surfaces

Figure 43.—Incisor of Dinoceras mirabUe, Marsh (No. 1191).

Figure 44 —Incisor of Dinoceras mirahile (No. 1492).

Figure 45.—Incisor of Dinoceras miraliile CSo. 1490).

a. side view; h. top view ; c. antero-posterior view.

All the figures are of n.Tdiral size.

\Iy
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continue the deep groove on the upper part of the lower jaw, above the

synaphysis. The position of the sockets for these teetli in Bhioceras is

shown in Phites XII and XIII, and tlie form of tlie teeth, in Plate VIII,

figure 1. The crowns of these incisors are covered with enamel, and the

special features of both crown and root are shown in figures 43-45, page 42.

In the genus Tinoceras, the incisors are similar in form, but have a

less inclined position, as indicated in Plnte XIX, figure 1.

FicnuE 4ii.—Uiipor canine of Duiuceras lucare, Marsh (No. 10.^8): male. h. lateral vievr, inner surftice;

b'. outline of section of tooth ; b". section of tooth showing: pulp cavity ; c. front view of lootli.

FiQURB 47.—Upper canine oi THnoceras laticeps, Marsh (No. 1202); female, a. outer surface; h. inner

surface; b'. outline of see ion ; c. front view.

Figure 48.— Upper canine of Tiitorenis hmgiceps, Marsh (No. 125G); female, a. outer surface; 1i. inner

surfiiee ; c. front view of tooth.

The dotted line on tlie teeih marks the position of the alveolar iiorder, below wliicli the tusk

was exposed.
All the figures are one-fourth natural size.

The Canines.

The superior canines of Dhtnceras are long, recurved, trencliant tusks.

The crown is covered with enamel, and the root extends upward into the

base of the maxillary ^^I'otuberance, or horn-core. When the animal is
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young, these tusks grow from a persistent pulp, but in old age the cavity

becomes neai-ly closed. In the male, these tusks are large and powerful,

and extend downward nearly or quite to the extremity of the pendent

process of the lower jaw

.

Figure 49.—Upper cauiue of Tinoceras ijraiule, Marsh (Xo. lOiO); male.

Figure 50.

—

Upper camne of Dinoreras latirejis, Marsh (No. 1222); male.

a. lateral view showiag outer surface; h. inner surface; I', b". sections; r. front view.

The dotted line on the teeth marks the position of the alveolar border, below which the tusk

was exposed.

All the figures are one-fourth natural size.

In Dinoceras mirahile (number 1036), the canine tusks are oval

in section, where they emerge from the jaw, then become somewhat

constricted, before expanding into a wide, thin, Ltnceolate extremity, as

shown in Plate I. On the outer surface of these tusks, there is a distinct

ridge in tlie lower half exposed, giving there a subtriangular, or bayonet-

like form.
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In Bmoceras lucare, the upper canines are not constricted, but taper

to the lower end, which has, also, a bayonet form (Plate IX, figure 1, c).

In the female of Dii/fjcfras, tlie upper c;i nines are small and slender,

and protrude but little l)elo\v the jaw (Plate XIV, fiL;urc 1, c).
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In Tinoceras, the upper canines are much more curved than in-

Dinoceras, and the end of the root, instead of being- inserted in the

base of tlie maxillary horn-corej starts well back of it, so that the

general direction of this elevation is nearly at right angles to the tusk.

The general form of the upper canine tusks in the Dinocerata is

shown in figures 49-52, on pages 44 and 45.

In the lower jaw of Dinocera^, the canine is very small, and very

similar in form to the incisors, which it adjoins (Plate VIII, figure 1, c).

The same is true in the genus Tinoceras, where the lower canine, as well

as the incisors, has a more erect position than in Dlnoceras.

The Upper Premolars.

The crowns of the premolar and molai- teetli in iJiiioccrav, and, in

ffict, in all of the known JJii/oceruta, are remarkably short, witli the roots

well developed, forming a true brachyodout dentition, as in all early

Tertiary ungulates. These teeth are all inserted b>' thi-ee roots, two small

ones on the outer side, and a larger one on the inner side.

In the type of Dhivrcrds iiiirdhile (number 10."!6), the up[)er molar

series is renuirkably well ju'eserved. The entire set of premolars and

molars is in position, indicating that the animal was fully adult, and yet

the amount of wear sliown by these teeth is so slight as not to obscure in

the least their essential characters.

The form and relative position of the series on tlie two sides is Avell

shown in Plate VII, figure 2. There are three premolars, and three true

molars on each side, forming together a close series. There is, in this

skull, no trace of w hat may be regarded as the first j)remolar. If present

during the immature condition of the animal, it has entirely disappeared.

In one specimen of this genus (number 1039), the alveole of this first

upjier premolar remains, but no other trace of the tooth has been seen.

The first premolar of THi/orrras miniJulr in jdace, which would

correspond to the second in the complete ungulate dentition, is tli<B
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smallest of the present series. Its crown is subtriangular in outline, with

the apex in front. The antero-exterual face is cordate in outline,

somewhat concave, with the point below. On the inner side, there is

an elev^ated lobe, somewhat inside of, and separated from, the apex of the

external face. On tlie inner and posterior faces of this premolar, there

is a strong basal ridge, which is nearly or quite obsolete on the anterioi'

face.

Figure 53.—Upper molar .series of Tinoceras stenops. Marsh (No. 1567); seen frum below.

Figure 54.—Lower molar series of same specimen ; seen from above, m. molar
;
pm. preaiolar.

The figures axe three-fourths natural size.

The second upper premolar in this series is much larger than the

one last described. The crown is sub-cordate in outline, the apex pointing

inward, and somewhat backward. The essential features of the crown

consist of two transverse ridges, which meet internally, forming a

V-shaped figure. This is the characteristic type of the upper niolai-

series in the Dinocerata. The anterior transverse ridge of this tooth lias

its external extremity somewhat curved backward. This premolar has a

well marked baSal ridge, entirely surrounding it, although somewhat thin

near the middle of the anterior border.
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The last upper premolar is very similar to the one just described.

Its crown is somewhat more triangular in outline, and the crests of the

transverse ridges are straighter. The basal ridge is continued and well

developed.

The Uppek Molars.

The first ti-ue molar is much like the last premolar in general form.

It shows by its greater wear that it made its appearance before the last

premolar, and in this way its true position in the series is indicated. The

anterior transverse crest in this tooth is considerably larger than the

posterior crest, and the valley between them is much Avider than in the

premolars. Behind tlie posterior crest, moreover, there is, on tlie iiuier

posterior angle of the crown, a distinct tubercle. This is seen in all of the

true molars in JJinocenis, and will distinguish them, at once, from pre-

molars of similar general form. Tlie basal ridge of this first molar is well

developed, except on the outer side, opposite the outlet of the transverse

valley.

The second, or penultimate, upper molar is much larger than the first,

but similar in general form. The ti'ansverse and antero-posterior

diameters of the crown are nearly equal, tlie former being somewhat

greater. The basal ridge is well developed on the posterior side of the

crown, and distinct on tlie internal and anterior faces, Ijut is obsolete on

the external face, near the middle.

Tlie last up[)er molar is much tlie largest of the series, and the

transverse diameter of the crown is considerably greater than the

antero-posterior diameter. The anterior crest is larger than the posterior,

and considerably curved, with the convexity in front. The posterior crest

is nearly straight, but does not join the anterior crest closely at its inner

extremity, the two forming a U-sliaped figure. Back of the crest, on the

posterior, internal border, there are two distinct tubercles in this specimen,

as shown in Plate VII, figure 2. The basal ridge is continuous, except

between the outer margin of the lateral crests, where it is lost in the

depression on this part of the crown.
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In Dinoceras lucare (number 1038), the iipper molar teeth agree with

those already described, in their main characters, but as this individual

was considerably older than the type of Dinoceras niirahUe, the teeth

show a greater degree of wear, as represented in Plate IX, figure 2.

In the genus Tinoceras, the upper molar series is essentially the same

in position and structure as in Dinoceras.

In Tinoceras ingens (number 1041, Plate XVIII, figure 2), the upper

series of molar teeth is shown, with a still greater degree of wear than in

those above described. In figure 53, page 47, the upjjer molar series

of Tinoceras stoiops is represented.

The Lower Premolars.

In each ramits of the lower jaw of Dinoceras, there is a close series of

six teeth, three of which are premolars, and three true molars. These are

all inserted each by two roots. This is also true of the genus Tinoceras.

In these two genera, so far as known, there is no indication of any

prenu)lar in front of this series.

The first premolar of the typical inigulate dentition has not been

detected in any specimen, young or old, of these genera. In the lower

jaw of Uintatlieriniii, as this genus is here defined, there were four

premolars. The first lower premolar is here present, situated somewhat

in front of the others, and but little separated from the lower canine. It

was a small tooth, inserted b}' two roots, and in all probability had no

predecessor. The position of this tooth is shown in fig-ures 41 and 42 on

page 39.

The second lower premolar, tlie first of the series in Dinoceras, was

inserted by two roots. Its crown consists of a large anterior lobe, and a

small posterior one. There is a distinct basal ridge on the external

surface, wliich curves around upon the anterior and posterior faces, but

is wanting on th6 inner surface.
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The second premolar of this series, representing the third premolar,

is considerably larger than the one in front of it, and its crown is less

compressed transversely. The anterior and posterior lobes of the crown,

especially the former, are here elongated in the transverse ridges,

approximating to the V-shaped figure in the corresponding upper

premolars. The basal ridge is here on the external face, and curves

around behind, so as to enclose the posterior tubercle.

The last lower premolar is very similar in form and size to the one

before it, but is somewhat larger. The basal ridge has a similar position.

The Lower Molars.

The first true lower molar is smaller than the last premolar, but is

similar in the general form and composition of its crown. It shows a

greater degree of Avear than the tooth in front of it, thus indicating that it

appeared earlier, and is the first of the true molar series. The inner end

of the anterior lobe, or ci'est, has its summit divided by a distinct notch,

a trace of which was seen in the corresponding part of the last lower

premolar. The basal ridge is distinct on the outer face, and likewise

curves around behind the postei'ior lobe.

The second, or penultimate, lower molar is much lai-ger than the first,

and has the transverse ridges much more strongly developed. The

anterior one is considerably elevated, and the two do not meet closely

on the inner side. The basnl ridge is here distinct on the outer surface,

and swells in front into a distinct ridge, and behind into a broader crest,

or heel.

The last lower molar in Dinoceras is much the largest of the series.

The anterior crest is nearly straight transversely. The posterior crest is

inclined inward and forwai-d, the two meeting on the inner face, forming a

distinct V-shaped pattern. The posterior lobe, or heel, is here largely

developed, and more distinctly separated by a deep valley, from the two

crests just described.

The position and general form of the lower molar teeth in Dinoceras

laticeps is shown in Plates XII and XIII.
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The corresponding teeth in the genus Tinoceras are well shown in

Plate XIX. The posterior transverse crest of the penultimate and last

lower molar have here a distinct tubercle at their inner extremity, at the

apex of the typical V-shaped pattern. This is shown especially in figure

2 of Plate XIX. In figure 54, on page 47, the lower molar series of

Tinoceras stenops is represented.

All of the incisors, canines, and premolars in Dinoceras and Tinoceras

appear to have been preceded by a series of temporary teeth. The

incisors, and lower canines sometimes made their appearance before

their small predecessors had disappeared. In one specimen, I'epresented

in figures 39 and 40, page 38, these immature teeth are seen in place in

small cavities in the sides of the alveoles of the permanent dentition.

The lower incisors and their accompanying canines ai-e usually more

or less worn. This is due mainly to the food consumed, and in part to the

attrition of the upper canines, and, perhaps, also to a heavy, coarse, upj^er

liji. The premaxillaries, being edentulous, probably supported a pad, as

in ruminants.

The ujjper canines show distinct ti-aces of wear on their inner surface

near the base, and, also below, near the aj^ex of the crown. This wear is

jjrobably due to the action of the agencies just described.

A more difficult problem is presented by the worn surface

sometimes seen on the outer face of these tusks, somewhat below the

insertion in the jaw, as shown in figure 51, page 45. This is probably

due to the wearing action of a heavy upper lip.

The molar teeth in Dinocerata appear to resemble more closely the

corresjionding teetli in the genus Coryphodon than those of any other

animal. The general dentition, however, is quite distinct. Cury])lioclon

has Avell developed upper incisors, and a medium-sized upper canine, thus

differing widely in these features from the Dinocerata. The jiosition and

size of these tpeth in Coryphodon are shown in figure 66, page 63. The

upper and lower molar se_ries are shown in figures 55 and 56, page 52.
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Figure 55.—Upper molar series of Goryphodon Jiamatus, Marsh (No. l.'!:il); seen from below-.

Figure 56.—Lower inolar series of same specimeu ; seen from above.

Both figures are one-half natural size.



CHAPTER lY.

THE BRAIN.

(Plate VI.)

The brain of the Dinocerata is one of the most peculiar features of the

group. It is especially remarkable for its diminutive size. It w;is

proportionally smaller than in any other known mammal, recent or

fossil, and even less than in some reptiles. It was, indeed, the most

reptilian brain in any known mammal. In IHiiocrras mirahile (number

1036), the entire brain was actually so diminutive that it could apparently

have been drawn tlirough the neural canal of all the presacral vertebrae,

certainly through the cervicals and the lumbars.

The size of the entire brain in Dimceras, as compared Avith that of the

cranium, is shown in the accompanying cuts, figures 7 and 8, page 15, and

figures 57 and 58, page 54. The size of the brain-cavity, and its position

in the skull in Tiiioceras, also, is represented in figure 9, page 16, and

figure 67, page 63.

The most striking feature in the bi-ain-cavity itself, is the relatively

small size of the cerebral fossa, this being l)ut little larger than the

cerebellar portion. This is well shown in Plate VI, the figures of which

are drawn froln the cast of the bi-ain-cavity of Diitoccras mirahUe, the type

of the genus.
~'
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The cerebral hemispheres did not extend at all over the cerebellum or

the olfactory lobes, 'i'lie latter were large, and continued well forward.

The hemispheres were probably convoluted, and the sylvian iissure

appears to be distinctly marked.

Figure 57.—Skull of Dinoceras laticeps, Marsli (No. 1039); ranle ;
with brain-cast in position.

FiGORE 58

—

SkuW of Dinoceras laticeps {So. 1202); female; with braiD-cast in position.

/. frontal bone
;

j/i. maxillary bone ;
?))'. maxillary prolulier.mce

; ra. nasal bone ;
it', nasal proliibera

p. parietal bone
;
p'. parietal protuberance ; «. supraoccipilal crest.

Both figures are one-eighth natiu-al size.

The cerebellar fossa is but little laro-ei-, transversely, than the

medullar canal, and has lateral cavities, wliicli were probably occupied

by flocculi. Tliere was a rudimentary tentorial ridge. The pituitary

fossa is nearly round, and of moderate depth. There are no clinoid

processes.
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The Cranial Nerves.

The nerves passing- off from the brain were larg-e, and can be made

out with reasonable certaiut}-. The olfactory lobes were separated in

front by an osseous septum, the position of which is shown distinctly in

Plate VI, figure 2

Fie;, '

Figure 59.

—

Cast of hrain-eavity of Tinoceras iiiyens, Marsli(No. 1041); sidi; view.

FlQURE CO.—The same ; superior view.

c. cerebral hemispheres; ch. cerebelhini: /. Hiecuhis; m. ineiUilUi ; nt. olfactory lobes; op. optic nerves:

V. fifth nerve; XII. twelfth nerve.

Both fionres are three-fourths natural size.
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The cribriform plate, bounclin<<' these lobes in front, is thin and easily

displaced, but its position in the specimen is shown approximately by the

extremity of the olfactory lobes represented in Plate VI. In front of this

plate the olfactory nerves were spread ont in a large cavity, which is

represented in figures 30 and 31, page 29. The nasal canals extend

forward from this cavity to the external nares, as indicated in the .same

figures. In these canals there were thin, well developed, ethmo-turbinal

bones, which were easily displaced, and l)roken uji. The presence of

these bones is strong evidence that there was no pi'oboscis.

The optic nerves, or second pair, were well developed. Their

position, size, and place of exit, are shown in Plate VI, figure 3, op.

The fifth pair of nerves, or tri-geminals, were very large, and Avere

given off on either side, behind the optics, and opposite the depression for

the pituitary body, as shown in Plate VI, figure 3, v.

The sixth pair of nerves passed off immediately behind and below the

last pair. Their position and relative size are shown in Plate VI, figure

3, / The twelfth pair, or hj^poglossal nei'ves, passing off through tJie

condylar foramina, were large, and their ])osition is given in Plate VI,

figure 3, XII, and cf. The position and exit of the other nerves sent off

from the brain cannot be determined with certainty.

In the genus Thtocerns, the brain was similar in its general characters

to that of Dinoceras, but appears to have been somewhat more highly

developed, as shown in figures 59 and (!0, i)age 55. The hemispheres

were more elongate, and the olfactor}- l()])es relatively smaller. The

cavities for the flocculi were quite large, and directed well fi)rwai'd.

The twelfth pair of nerves were largely developed.

In Uintatlierhim, the brain of the type specimen was nearly, or quite,

as small as in Dinoceras. The hemispheres were short, and moderately

expanded transversely. The olfactory lobes were separated by a wide

septum, and were much more divergent than in Dinoceras or Tinoceras.

These characters are shown in figures 61 and 62, page 57, which are of

the same relative size as the fiirures in Plnte VI.
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Fig. 6:.

\^
FlGTTRS GI.—Cast of brain-cavity of Uintatherium ruluetura, Leidy; lyije .-ipeci.uuii, la(,(.i;il w'xaw.

Figure 62.—The same ; superior view.

c. cerebral hemispheres; ch. cerebellum; /. Hoceulus; m. medulla; ol. olfactory lobes; op. optic nerves;

V. fifth nerve ; XII. twelfth nerve.

Both figures are three-fourths natural size.

Brain Growth.

The Dinocerata are, by far, the hiro-est of all known Eocene land

animals, and that they have, also, a very diminntive l)raiii is a noteworthy

fact, which attracted the aratlior's attention soon after their discovery.
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'^riie comparison of the brain in this group with that of other mammals

from the same formation soon showed that the Dinocerata, although most

remarkable in this respect, were not alone in diminutive capacity of brain

power. A more extended comparison led to the fact that all of the

early Tertiary mammals had very small brains, and in many of them

the brain was of a low, almost reptilian, t\-})e. As the comparison

was extended to include tlie mammals from the higher divisions of the

Eocene, and from the Miocene, the same fact became more apparent, but a

gradual increase In size and quality of the brain soon became evident in

extending" the Investlo-ation to the animals of more recent "eoloolcal aye.

In bringing Into the Investigation the mammals from tlio Pliocene and

Quaternary, tlie improvement in brain ])ower became still more apparent,

and the outline of a general law of brain growth was soon determined.

In tracing thus the different groups of mannnals, each from the early

Tertiary to tlie ])resent time, it Avas found tliat in every series where the

material was sufficient to make a fair comjjarison, the brain-growth had

been constant, and followed the same law.

The results of this investigation Avere embodied b}' the author In a

general law of brain-growth in the extinct mammals throughout Tertiary

time. This law, briefly stated, was as follows :

1. All Tertiarv mammals had small brains.

2. There was a gradual Inci-ease in the size of the brain diu'ing this

period.

o. This increase was confined mainly to tlie cerebral hemispheres, or

higher portion of the brain.

4. In some groups, the convobitlons of the brain have gradually

become more complex.

f). In some, the cerebellum and the olfactory lobes have even

diminished in size.

6. There is some evidence that the same general hiw of brain

growth holds good for lilrds and Keptlles from the C^retaceous to the

present time.'

^American Journal of Science and Ar/s, Vol. VIIT, p. GO, July, 18'74; and Vol. XII,

p. 61, July, 1876; see also the author's Monograph on tlie Odontornithes, p. 10, 4to,

Washington, 1880.
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The author has since continued this line of investigation, and has

ascertained that the same general law of brain growth is true for Birds

and Reptiles from the Jurassic to the present time.

To this general law of brain growth two additions may now be

made, which briefly stated are as follows

:

(1.) The brain of a mammal belonging to a vigorous race, fitted for a

long survival, is larger than the average brain, of that period, in the same

group.

(2.) TJie brain of a mammal of a declining race is smaller than the

average of its cotemporaries of the same group.

An example of the first of these statements is seen in figure 70,

page 64, representing the genus Colonoceras, one of the Eocene ancestors

of the Rhinoceros. The second case is illustrated by figure 82, page 67,

of the Hippopotamus, evidently one of the last members of a long line.

A study of a larger number of extinct and recent specimens will make

these conclusions more apparent.

The results of this study of the whole subject of brain growth, tlie

author intends to bring together in a separate memoir. Some of the

principal facts, however, may be appropriately presented in the present

volume in connection with the brain characters of the Dinocerata, which

naturally form the beginning of one series in the investigation.

In any comparison of the size of the brain in different animals,

whether in the same group or in others widely diflterent, it is important

to bear in mind that

:

1. The brain of small animals is proportionall}^ larger in bullc than

that of large animals.

2. The brain of young animals is proportionally larger than in those

fully adult.

In a general comparison of brain growth of manmials, the first of

these facts can have only a limited eifect, which would not change,

essentially, ther general results. The effects of the second fact may be

readily eliminated by confining the com2)arison to adult animals.
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In this comparison, moreover, of the extinct forms with those of more

modern time, inclnding recent mammals, it may be taken for granted tliat

the brain-cavity of the extinct forms, as well as of those now living-, was

entirely tilled b}' the brain ; since, with a possible single exception, no

mammal is known in which this is not the case.

In comparing the size of the brain in manunals with tliat of reptiles

and fishes, an important point to be borne in mind would be the fact, that

in the two latter classes the brain-cavity is not always entirely filled by

the brain. Tlio present comparison deals with mammals alone, and this

restriction is here of no importance.

The fact that among existing mammals there, are some anomalous

features in the size of the brain in allied grou])s has not been forgotten,

but such instances, even if they occurred among extinct mammals, would

not materially aifect the general comparison here proposed.

In the following pages a series of figures is given, showing the

comparative size of the brain, and its position in the skull in a number

of the larger ungulate mammals, recent and extinct. To make the

comparison a fair one, the skulls are all dr;i\\n of the same absolute

size, thus showing, at once, the relative proportion of the brain in each.

The skulls are placed lioi'izontally, the plane of the molar teeth being as a

rule taken as a base. In the case of the foiu- artiodactyls, figures 80 to

83, page 67, this position has been somewhat changed, as, in this group

of ungulates, the brain is more or less inclined backward in the skull. In

these cases, the skull is represented as somewhat inclined forward, thus

raising the posterior part of the brain. The angle of inclination of the

face and of the brain, is made equal, thus giving to both the best position

for comparison, and not materiall}- aftectiug it for the present jjurpose.

A striking illustration of the development of the brain from the early

Tertiary to the present time may be seen in figures 63-65, page 61, where

is shown, first, the skull of Dinoceras, the largest land mammal of the

Eocene, with the brain in position ; second, the skull of the gigantic

Miocene Brontotheriuni, with the brain also in position; and third, the skull of

the recent horse. Otlier comparisons, equally striking, can readily be made.
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FlGtTHE 63.—Outline of skull of Dinoceras mirabile, Mur^h; with cast of liraiu-cavity iu positiou- about one-

cifrlitli natural size. Eocene.

FiGCiiE Gl —Outline of skull of Brontotherimn ingeiis. Marsh; witli cast of lirain-ra\ity in fiosiiioii; one tenth

r.atural size. Miocene.

KiouUE R.'i.-^Outline of skull of horse, £^««.5 cabalhis, Lincaiis; with cast of brain-cavity in position; about

one-sixth natural size. Recent.



62 DINOCEUATA.

The small size of the brain in early Tertiary niannnals will be

indicated by an examination of the Dhiocerata skulls, with the brain in

position, shown in figures 57 and 68, page 54. This is further shown by

figure QQ, page 63, which represents the skull and brain of Coryphodon,

the largest mammal in tlie lower Eocene, from beds of earlier age than

those containing the Dinocerafa, as shown in the section, figure 2, page 7.

The size of the brain in the middle Eocene genera PaJceosijops,

Lijmnohyus, (_'<jJoiioceras, and Hyrachyus are shown in figures C8 to 71,

pages 63 and 64. Aiiu/nodoii from the upper Eocene is represented in

figure 72, page 64.

The larger brain of the Miocene mammals is indicated by the figure

64, page 61, i-epresenting the skull of Brotitofheriioii, which is found at the

base of the Miocene, as shown in figure 2, page 7. JElotherium from the

same horizon is represented in figure 75. The skull of Eporeodon, with its

brain in jiosition, figure 73, page 64, also affords a good illustration of a

mammal from this formation. This genus is found in the middle Miocene,

as shown in the section, pag'e 7.

The still more developed brain of the Pliocene mammals is seen in

figure 74, page 65, which gives a view of the skull of the Mastodon, with

the brain in position. In figure 76, page 65, the skull and brain of an

extinct Pliocene peccary further illustrates the same law of brain-growth.

On comparing these various figures with those representing the brains

and skulls of the existing Ungulates, as shown by the succession in figures

77-83, on pages 66-67, the reader will have before him a series of facts

which illustrate the laws of brain-growth given on page 58. The

comj)arison, here confined to the representative ungulate mammals, might

easily be extended much farther, but Avould not come within the scope

of the present volume.

The author has made similar comparisons in other groups of mammals,

including those that can be followed from the early Tertiary to the present

time, and the results are uniformly the same. These results the author

hopes to present fully elsewhere at no distant day.
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Fig. 66.

FiGtJHE 66.— Corypliodon hamaiu^, Mars'i. Eocene.

Figure GS.—Paitxosyops laliceps. Marsh. E icene.

FiorRE 67.— Tiiioceras pwgnax, Marsh. Eocene.

Figure G9.—Limnohyiis robuslus, Marsh. Eocene.
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Figure 10.— Colonoceras agresUs, Marsh. Eocene.

B'iGURE 1).—Ilyrachyus Bairdianwi, Marsh. Kocene.

Figure 72.

—

Amynodon advenm, iiar&h. Eocene.

Figure 7^..

—

Eporeodon socia/ts,'i,\iirsh. Miocene.
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Fig. 1i.

65

Figure 74.

—

Mastodon Amerkanus, Cuvier. Tliocene.

Figure 'ih.—Elotherium crassum, ^larsh. Miocene. FiGCRE 76.—/'.W^^/yomw cowy)»«™s, LeConte. Pli.
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Fig. 11.

FiGrRE 7S.

—

Tapinis terrestris, Linn:i-iis. Fkut.e 70 —Rliinoccros Sumalrcnsis, Cuvier.
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Pig. 81.

Figure 80.

—

Auchenia vicugna, Molina.

FlGUBB 82.

—

Bippopolamus ampihibitis, Linn;riis.

Figure 81.

—

Ctrvus Virgimanus, Boddaut.

FiGUKE a,'!.

—

Dicotyles iorquatus, Cuvier.





CHAPTER V.

THE CERVICAL VERTEBRAE.

(Plates XX, XXT, XXII, LV, and LVI.)

The cervical vertebnie of the D'uiocerata, in their main characters,

resemble tliose of the Proboscidians. The athis and axis are somewhat

similar to those of the elephant. The rest of the cervicals are jjroportionally

longer. I'lie entire neck was about one-third longer than in the elephant,

thus rendering a proboscis unnecessary, as the head coidd readily reach

the ground.

All the presacral vertebra", beliind tlie atlas and axis, have the

articular faces of the centra nearly Hat, as in the typical Proboscidians.

In other respects, they present no strongly marked characters of

importance.

The Atlas.

(Plate XX ; and woodcuts 84, 85, and 86, below.)

The atlas in the Dhiocerata is a massive bone, presenting the ordinary

articular faces of this vertebra. The anterior pair of these, for the

reception of the occipital condyles, are well separated above and below.

The three posterior ftices, for ;irticnlation with the second vertebra, or axis,

are also widely separated from each other. All these three faces are

sub-circular iu outline, and the lateral ones are somewhat emarginate

69
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along the inner side. The median facet, for articulation with the odontoid

process, is flattened in front, or slightly convex in antero-posterior

direction, and extends longitudinally over the greater part of the inferior

arch of the atlas. Its boundaries are well marked on all sides, as are

also those of the lateral faces. Hence the articulation between the atlas

and axis admitted but little rotary motion to the head.

The spine of the atlas is not well marked, although the superior arch

is massive, and its anterior surface is rough and tuberculated. This arch

is pierced on each side anteriorly by a foramen (figure 84, d ), the inner

opening of which is just above the inner and upper angle of the condylar

articular surface. Externally, this foramen is connected Ijy a more or less

evident groove with one piercing the transverse ])rocess lengthwise. This

groove runs vertically down the side of the atlas, and through a deep notch

in the anterior margin of the transverse process. In the tapir, this groove

passes through a foramen, instead of a notch in the anterior part of the

transverse process. A similar arrangement is seen in the horse, ox, sheep,

camel, and in various other Ungulates.

The transverse processes of the atlas are short, and strong. They are

moderately flattened, thicker and stouter behind than before, and placed

obliquely, so as to slant strongly downward and backward. Anteriorly,

the outer margin runs rapidly down to the lateral arch of the atlas, but is

separated from it at the base of the process by the deep notch, mentioned

above. Posteriorly, they are thickened and rugose. The base of each

lateral process is perforated by a foramen, directed somewhat downward,

and forward. The under surface of the atlas (figure 86) is smooth and

even, with no rugosity to mark the median line.

The atlas of Dinoceras mirabiJe is shown in Plate XX, and that of

Tinoceras grande, in the woodcuts below, figures 84, 85, and 80. The

position of the atlas, with reference to the skull, is represented in the

restorations in Plates LV and LVI.
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Fig. S6.

Figure 84.—Atlas of Timceras grande, Marsh (Xo. 10-10); front view.

FiGL'RE 85.—The same vertebra ; back view.

Figure SC.—The same vertebra ; bottom view.

a. faoe for axis; b. fare for odontoid process of a.xis; c. face for occipital coudyle of .skii

in neural arch for spinal nerve; nc. neural canal.

All the fii'ures are oiie-fo\irth natural size.

The following- measurements give the j)rincipal dimensions of the

atlas in one specimen of iJinoccras :

Measurements of Atlas. {D/norer-is miruhle. No. 1251.)

m.
Greatest transverse diameter of atlas, . _ . .20.5

Greatest vertical diameter of atlas, 14 2

Transverse diameter of neural canal, .090

Vertical diameter of neural canal, ' '. .
-'. OSO

Antero-posterior diameter of sujjerior arch, . __ .067

Vertical diameter of superior arch, .034

Antero-posterior diameter of inferior arch, .149

Diameters of faces for occipital condyles, ,. .072-.052

Distance between faces for occipital condyles, above, . . _ .080

Distance between faces for occipital condyles, below, .058

Diameters of faceJ^or odontoid process, .

.

.043-.035

Diameters of lateral faces for axis, _ 063-.056

Distance between lateral faces ftJr axi.s, .065
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The Axis. (Plate XXI.)

The axis in Dinoceras mirahilc (number 1036) is robust, and

proportionally shorter than the corresponding vert3bi-a in the tapir. The

centrum is moderately flattened below, but not excavated as in the tapir,

and presents, medially, a tuberculation at the union of its centrum with

that of the first vertebra. The odontoid process is distinctly conical, and

not at all excavated above. Its perpendicular diameter, moreover, exceeds

its transverse. It is pointed in front, and bears, on its under surface, a

saddle-shaped articular face for union with the atlas. This surface is not

confluent with the lateral surfaces, as in the elephant, tapir, and most

Ungulates, but is perfectly distinct, as in the kangaroo, and in man. The

lateral articular faces are moderately convex in both directions, and have

their longest diameter neai'ly transverse.

The neural arch is massive, and its lateral walls are not pierced by

foramina, agreeing, in that respect, with those of the kangaroo. On the

lateral surfaces of the centrum, the vertelirarterial, or lateral, foramen was

present, and circumscribed by bone. Its u[)per Avail was much weaker

than the lower, instend of subequal, as in the tapir. The neural arch is

surmounted by a short and stout neural spine, low in front, and rising

behind, though less rapidly than in tlie tapii-, and becoming rather

indistinctly bifid at the top. The neural spine is deeply excavated behind.

The posterior zygapophyses are robust, slightly convex, and look

more downward than outward, and onh' sliglitlv liackward. Tlie

posterior face of the centrum is transvei-se, and broadly oval in outline.

The floor of the neural canal is flattened, and [)resents a number of

vascular foramina leading into tlie centrum.

The transverse processes of this specimen are imperfectly preserved,

but were evidently pierced, above the middle, by a large lateral foramen.

The processes appear to have been directed rather less strongly backward

than in the tapir.

The principal dimensions of the axis in three specimens of Dinoceras

are as follows

:
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Measurements of Axis. {Dinocerns mlrahile, No. 1036.)
m.

Length of axis, on floor of neural canal (approximate), 150

Length of odontoid process, . - . .056

Transverse diameter of odontoid process, .035

Vertical diameter of odontoid process, .. .052

Transverse diameter of anterior articular face, .068

Vertical diameter of anterior articular face, _ 065

Transverse diameter of vertebra, .across anterior articular faces, .. .148

Transverse diameter of neural canal, .053

Vertical diameter of neural canal, . .042

Transverse diameter of vertebra, across post-zygapophyses, _ 122

Transverse diameter of posterior face of centrum, .._. .093

Vertical diameter of posterior face of centrum, . . .072

Height of axis, to top of neural spine, . . .175

Transverse diameter of neural spine, _ . .048

Antero-posterior diameter of neural spine, 085

Measicrements of Axis. {Dinocerns rnirahile, No. 1255.)

m.

Length of axis, on floor of neural canal (approximate), .125

Length of centrum, along under surface, .140

Length of odontoid process, from lateral articular faces, .045

Transverse diameter of odontoid process, ... . .037

Vertical diameter of odontoid process, __.. 038

Transverse diameter of articular face of odoiiloid jirocess, .035

Antero-posterior diameter of articular face of odontoid process, .042

Transverse diameter of neural canal, . .039

Vertical diameter of lateral foramen, __ .012

Measurements of Axis. (Dinoceras lucare, No. 1038.)

m.

Total length of axis, .170

Leiigtli, from end of odontoid process to end of neural canal,. . . . _ . .148

i'ransverse diameter of odontoid process, .035

Vertical diameter of odontoid process, 046

Greatest diameter of anterior articular face, .. .070

Transverse diameter, across anterior articular faces, . .142

Antero-posterior diameter of face on odontoid process, 044

Transverse diameter of face on odontoid process, . . .033

Distance between antero-lateral articular faces, , .050

Transverse diameter of centrum, behind faces, .125

Transverse diameter, across post-zygapophyses, .115

Transverse diameter of posterior face of centrum, .093

Vertical diamete>' of posterior face of centrum, ... .080

Diameters of lateral foramen, .01 3-.O20

Diameters of neural canal (approximate), 040-.050

10
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The Third Vertebra. (Plate XXII, figures 1-5.)

The third cervical of Dinoceras mirahUe (number 1036) is shown in

Plate XXII, figures 1-5. This vertebra, in the type specimen, is not in a

good state of preservation, but represents fairly the main characters of the

third cervical in this genus.

The pre-zygapopliyses are somewhat concave, to fit the convex

post-zygapophyses of the axis. The neural canal is large, and the arch

above it is only moderately developed, and without a spine. The lateral,

or vertebrarterial, foramen is oval in outline, and is protected by a strong-

transverse process. The uiuler surface of the centrum is marked by a

median kmgitudinal keel, as shown in figin-es 3 and 5.

The third cervical vertebra of D'moccras mirahik (number 1255) is

short, and the articular faces of the centrum are both somewhat concave.

The anterior face is slightly less excavated than the posterior. The length

of the centrum is less than its vertical diameter, and the latter is greater

than the transverse diameter. The epiphyses are incompletely ossified,

and only imperfectly united to the centrum. These general characters

apply also to the remaining cervical vertebrae

The principal dimensions of the third vertebra in one specimen of

Dinoceras are as follows :

Measurements of Third Cervical Vertebra. {Dinoceras mirabile, No. 1255.)
m.

Length of floor of neural canal (approximate), . . - .055

Length of centrum, along under surface, — -058

Vertical diameter of posterior epiphysis, 078

Autero-posterior extent of zygapophyses, . _ . . _ - -092

Diameter of lateral foramen (approximate), .020

The Fourth Vertebra. (Woodcuts S7 and SS, below.)

The fourth cervical, vertebra in Dinoceras resembles, in its main

characters, the one last described. The pre-zygapophyses are nearly flat.

The neural canal is somewhat smaller. The process to protect the lateral

foramen is more sti-ongly developed, and the under surface of the centrum

is without a distinctly marked keel.
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The fourth vertebra in Tinoceras f/rande is siiTiilar, in its more

important characters, altliongh proportionally shorter, and its principal

features are well shown in fijjures 87 and 88, helow.

Figure 87.—Fourth cervical vertebra of Tinoceras grande, Marsli (No. 104(1); front view.

Figure 88.—The same vertebra; side view.

/. lateral foramen; nc. neural canal; z. .nulerior zygapophyais ; z'. posterior zygapophysis.

Both figures are one-fourth natural size.

The main dimensions of the fourth vertebra in one species each of

IHnoceras and Tinoceras are given below.

Measurements of Fourth Cervical J^ertebra. {Dinoceras mirahile^ No. 1255.)
m.

Length of floor of neural canal, .__. .055

Length of centrum, along under surface, . .054

Tran.sverse diameter of anterior epiphysis, 079

Vertical diameter of anterior epiphysis, .075

Transverse diameter of posterior epiphysis, ._, .091

Vertical diameter of posterior epiphysis, .075

Antero-posterior extent of zygapophyses, ... .089

Diameter of lateral foramen, .024

Transverse diameter of neural canal, ._ .04.3

Measurements of Fourth Cervical Yertehra. [Tinoceras t/rande, No. 1040.)

Length of floor of neural canal, __ .042

Length of centrum, on under surface of vertebra, _. .045

Transverse diameter of anterior face, .100

Vertical diameter of anterior face, .094

Transverse diameter of neural can.al, .055

Vertical diameter of neural canal, _ .040

Diameters of lateral foramen, .025-015
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The Fifth Vkrteijra. (Woodcuts Si» und 90, lielow.)

In the fifth cervical vertebra of Dinoceras mirahile (number 1255),

the centrum is nearly round. The articular faces are distinctly concave,

especially the posterior one. The neural canal is sub-triang-nlar in

transverse section, 'i^'he arch to protect the lateral foramen is more

depressed than in the preceding- vertel)ra. Tlie more important features

of this vertebra are shown in figm-e 8'J, below.

FiGUBE 89 — Fifth tLr\ It il %Viteljia of l'iH"Caras );i'r(i5i7e, Marsh (Xo. 12."i.'j|; front view.

Figure 90.—The same ^eitcbia, side view

/. lateral foramen; nc. neural canal; z. anterior zygaiioplivsis ; z'. posterior zygapophysis.

Both fignres are one-fourth natural ei/.e.

The principal measurements of the fifth A'ertel)ra in this specimen of

Dinoceras mirahile are tlie following:

Measurements of Fifth Ceroical Vertebra. [THnoccras mirahile. No. 12.55.)

m.

Length of floor of neural canal, ('52

Lens^th of centrum, along under surface, _ - .— -"'SS

Transverse diameter of neural canal, , -O-^C

Vertical diameter <>f neural canal, ,

' -^35

Transverse diameter of anterior epiphysis, -OVO

Vertical diameter of anterior epiphysis, '.
. -

.""^^

Transverse diameter of posterior epiphysis, . 089

Vertical diameter of posterior epiphysis, . — -080

Antero-posterior extent of zygapophyses, -
08.3

Transverse diameter, across pre-zygapophyse.?, . -
-1-0

Transverse diameter, across post-zygapophyses, — .1-3

Diameter of lateral foramen (aiiproximate), - - .020
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The Sixth Vertebra. (Woodcuts 91-IU, below.)

The sixth cervical verte])ra of Dinoceras mirahih (number 1255) has

the articular faces of the centrum more transverse tlian in the preceding

vertebra. The neural canal is sub-cordate in outline, and tlie transverse

processes, to protect tlie lateral foramen, are more strongly developed

than in the vertebra last described.

Figure 91.—Sixth cervical vfitc:)ia vi'JJinocenis mirabile, Marsh (No. 1255); back view.

Figure 92.—The same vertebra ; side view.

nc. neuraLcanal; z. anterior zygapophvsis ; z'. posterior zygapophysis.

Both figures are one-foiutli natural size.

Figure 93 — Sixth cervical vcriebra of Linoceras cunemii, Marsh (Xo. 1012); frout v

Figure !U —The same vertebra; side view.

nc neural canal; z. aaterior zygapophysis; z'. po.=terinr zygapophysis.

Both figures are one-fourth natural size.

In the sixth vertebra of Dinoceras cimeani, there is a distinct neural

spine, and the centrum is slightly quadrate in outline, as sIkiwu in tig-iiro

!)3. I1i(j Litter is s^horter tlian in the corresponding- vertebra of 7>/'//otcr«.s

iiur((bi!r, as seen hv a comparison of figures 92 and 94.

i\Ieasurements of the sixth cervical vertebra in two individuals ot

DiiwccrdN are as follows:
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Measurements of Sixth Cervical Vertebra. (Dinoceras niirabile. No. 1255.)
m.

Length of floor of neural canal, .049

Length of centrum, along under surface, .055

Transverse diameter of neural canal, ... . .051

Vertical diameter of anterior epiphysis, _. .076

Transverse diameter of posterior ejHphysis, : . .088

Vertical diameter of posterior epijjhysis, .. 078
Antero-posterior extent of zygapophyses,. ., . .087

3feasure?nents of Sixth Cervical Vertebra. {^Dinoceras ciineum, No. 10-12.)

m.
Transverse diameter of centrum, ^ .111

Length of centrum, along under surface, .. .05.3

Transverse diameter of neural canal, _. .071

Vertical diameter of neural canal (approximate), .044

Transverse diameter of anterior face of centrum, .100

Vertical diameter of anterior face of centrum, .. .092

Diameter of vertebra, across pre-zygapophyses (approximate), . _ .170

Diameters of lateral foramen, . . .022-034
Antero-posterior diameter of pedicel, .026

The Seventh Vertebra. (Plate XXII, figures 6-10.)

The seventh cervical vertebra of Dinoceras ndrabile (number 1255)

has the anterior fece of the centrum nearly circular. The posterior face

is expanded transversely, and its lateral margins are cut by the facets for

tlie head of the first rib. The neural canal is distinctly sub-cordate in

outline, and there is a rudimentary neural spine. The lateral foramen

has disappeared, but the transverse process is notched below for the

passage of the vertebral artery. These characters are shown in Plate

XXII, figures S and 10.

Measurements of Seventh Cervical Vertebra. {Dinoceras tnirabile. No. 1255.)

m.
Length of floor of neural canal, .046

Length of centrum, along under surface, 051
Transverse diameter of neural canal, .061

Vertical diameter of neural canal (approximate), .046

Transvei'se diameter of anterior articular face (approximate), .076

Transverse diameter of posterior articular face (approximate), 075
Antero-posterior extent of zygapophyses, ,084

Diameters of articulation for first rib, 022-035
Diameter, across transverse processes (approximate),. 185
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THE DORSO-LUMBAR VERTEBRAE.

(Plates XXIII, XXIV, XXV, XXVI, LV and LVI.)

The trunk vertebne in tlie Dinocerata are jiroportionally longer than

those in the cervical region. The articular faces of the centra are likewise

nearly flat, the most of them being distinctly concave. The epiphyses are

usually loosely imited to the centra, and thin, or imperfectly ossified, near

the center. The number of trunk vertebra- in Dbioccias was apparently

twenty-three.

The First Dorsal Vertebra. (Woodcuts 95-98, below.)

The first dorsal vertebra in Dinoceras mirahile (number 1255) has a

slender, but elevated, neural spine, as shown in figm-e 95, below. It is

distinguished from the adjoining elements of the colunni In- the presence

of elevated and <»l)li(pie pre-zygapophyses, for articnlation with the

last cervical. These processes are much farther apart than the post-

zygapophyses, and look obliquely upward, inward, and slightly backward,

while the latter look almost directly downward. Tlie pedicels of this

vertebra stand mostly on the anterior half of the centrum. They are

about twice as great in transverse as in antero-posterior diameter, and are

directed well outward. l^lie lamina' form a much greater proportion of

the neural arch than in the tapir, and are depressed at the middle, giving

a somewhat triangular outline to the large neural canal. The epiphyses

in this specimen are unossified for more than half their diameter, and

imperfectly imited to the centrum.
79
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The transverse processes are sliort, and strongly tuberculated at the

end. The articular surfaces for the heads of the first and second ribs are

of about equal size, and sub-oval in outline. Thev are approximate at

the sides of the centrum, being separated from each other by less than

half their diameter. The face for the tubercular articulation of the first

rib is of moderate size, oval in outline, concave from liefore liaekward, and

much less so transversely. These articulations are about on a level with

the floor of the neural canal, instead of below it, as in the tapir.

Figure 95.—First dorsal vei'teljra o£ Dinoceras mirahile, Marsh (No. I'Jl'i); front view.

Figure 9U.—Ttie same vertebra; side view.

n. neural canal; r. face for head of rib; r'. face for tubercle of rib; «. neural spine; z. anlenor

zygapophysis ; z'. posterior zygapophysis.

Both figures are oue-lburlh natural size.

Figure 97.— First dorsal vertebra of Tinuctras anceps, Marsh (No. 103fi); front view.

FijURE 9S —The same vertebra; side view.

nc. ueural canal; z. anterior zygapophysis; z', posterior zygapophysis; n. neural spine.

Both figures are one-fourth natural size.
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The first dorsal in the type specimen of Tinoeeras anceps (number

1030) is shown in fignres 97 and 98,-on j^age 80. In other sjiecimens

of Tinoeeras, this vertebra presents the same general characters.

The principal dimensions of a first dorsal vertebra of Dinoceras, and

of this vertebra in the tvj)e specimen of Tinoeeras, are given below.

Measurements of First Dorsal Vertebra. {^Dinoceras ndrabile. No. 1255.)
m.

Length of centrum, along floor of neural canal, .048

Length of centrum, along inferior surface, .058

Vertical diameter of anterior face of centrum, .072

Transverse diameter of anterior face of centrum, .075

Vertical diameter of posterior face of centrum, .073

Transverse diameter of posterior face of centrum, .. .073

Vertical diameter of neural canal, .. .046

Transverse diameter of neural canal, .065

Greatest diameter, across transverse processes, _ _ .210

Diameter of pre-zygapophyses, .0.30

Distance across pre-zygapophyses, _.. 140

Diameter of post-zygapophyses, . .03

1

Distance across post-zygapophyses, .115

Diameters of anterior face for head of rib, .030-.03S

Diameters of posterior face for head of rib, .-. .. .0'27-.037

Diameters of face for tubercle of rib, .- _. ..._- .025 -.032

Transverse diameter of pedicel, .. .044

Antero-posterior diameter of pedicel, . -. .022

Distance between faces for head of rib, .015

Measurements of First Dorsal Vertebra. [Tinoeeras anceps, 'Ho. 1030.)
m.

Length of floor of neural canal, _... .056

Length of centrum, along under surfa.ce, .. .050

Transverse diameter of anterior face of centrum, . _. .070

Vertical diameter of anterior face of centrum (apjjroximate), _ _ .063

Transverse diameter of posterior face of centrum, .080

Vertical diameter of j)osterior face of centrum, -.. . 066

'i'ransverse diameter of neural canal, . 068

Vertical diameter of neural canal (approximate), .. 037

Diameters of anterior capitular face, .031-035

Diameters of posterior capitular face, ._ .033-040

Antero-posterior diameter of pedicel, .030

Transverse diameter of pedicel, . ._.. .029

Diameter of vertebra, across transverse processes, .175

11
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Thk Second Dorsal Vertkbra.

(Plate XXllI; and Avoodcuts 1)9-100, below.)

The second dorsal vertebra in Dinoceras mirabile (number 1255) is

especially distinguished from the one last described by the neural spine,

which is massive, and more inclined backward. The neural canal is

sub-triangular in outline. The pre-zygapophyses are much smaller, less

elevated, and look more dii-ectly upward. The centrum is somewhat

longer than that of" the lirst dorsal, and more ex2)and(!d transversely.

This vertebra is represented in Plate XXIII.

The second dorsal vertebra of Dinoceras mirabile (nundjer 1212) has

the ]ieural spine still more massive, tlie neural canal more expanded

transversely, and the articular faces of the centrum more neai'l}' circular,

as shown in figures 99 and 100, below.

In the genus Tiiioceras, the second dorsal presents the same general

features as in the vertebra above described.

Figure 99.—Secoud lioibal vcitcbra of JJinoteras mirahk, Marsh (Xo. 1212): frout view.

Figure 100.—The same vertebra ; siJe view.

n. neural canal ; s. neural spine ; z'. posterior zygapophysis.

Both figures are one-l'ounh natural size.

The more important measurements of the second dorsal vertebra of

one specimen of Diiweeras are as follows :
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Measurements of Second Dorsal Vertehra. {Dinoceras niirabile, No. 1255.)
ni.

Length of centrum, along floor of neural canal, 048

Length of centrum, along under surface, ...__ .060

Transverse diameter of anterior face of centrum, ._ .073

Vertical diameter of anterior face of centrum, . . . . .075

Transverse diameter of posterior face of centrum, .075

Vertical diameter of posterior face of centrum, __. _. .070

Transverse diameter of neural canal, . ._ .065

Vertical diameter of neural canal, ... .057

Diameters of anterior capitular face, 029-.033

Diameters of posterior capitular face, .. J 9-.040

Antero-posterior diameter of pedicel, _. .025

Transverse diameter of pedicel, . ... .040

Diameter of vertebra, across transverse processes, .200

Diameter of vertebra, across post-zygapophyses, .. .080

Least transverse diameter of neural spine, .035

The Third Dorsal Vertebra. (Woodcaits 101 and 102, below.)

The third dorsal vertebra in the genera Dinocems and Tiiioceras differs

from the vertebra in front of it, in having the nenral spine less robust, and

the transverse processes, and the faces for the heads of the ribs on the

centrum, more elevated. The centrum itself is less e.xpanded transversely,

and its length is greater.

Fig. 101. . Fig. 1C2.

FiGPEE 101.—Third dorsal vertebra of Uiukitherium segne, Marsh (No. 1194); front view.

Figure 102.—The same vertebra; Hide view.

d. transverse process; nc. neural caual ; r. face for head of rib; r'. face for tubercle of rib; s. neural

spine.

Both figures are one-fourth natural size.

The third dorsal in Uintatherium segne (number 1194) shows

essentially the same characteristics, and is represented in tigures 101 and

102, above.
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The Median and Posterior Dorsal Vertebrae.

(Plate XXIV; and woodcuts 103-105, below.)

In the dorsal vertebrti3 of Dinoceras, behind the third, the neural

s})ine gradually becomes shorter and weaker, and the neural canal,

ti-ansversely oval in outline.. Tlie transverse processes are more elevated,

and shorter. The centrum becomes more compressed below, so that

the articular faces are sub-triangular in outline, as shown in Plate

XXIV, figure 2.

In the posterior dorsals, the neural spine is quite short, and weak.

The anterior zygapophyses have their articular faces recurved, as in the

nuninant mammals. The neural canal is a broad oval in transverse

outline. The transverse processes are much elevated, and the articular

faces for the ribs on these, and on the centrum below, gradually become

smaller. The centrum is longer, distinctly keeled below, and its articular

faces are triangular in outline, the three sides being nearly equal. These

features are shown in figures 103—105.

The last dorsal vertebra of Dinoceras mirabile (number 1215) is

represented in I'late XXIV, figures 5-0. A posterior dorsal of another

species is shown below.

Fig. 103. Fig. in-l. FiG. 105.

Figure 103.—Posterior dorsal vertebra of Dinoceras lucare, Marsh (^fo. 1038); front view.

FlGDRE 104.—The same verlebra
;
side view.

Figure 10 j.—The same vertebra ; back view.

n. neural canal ; r. face for head of ril> ;
)•'. face for tubercle of rib

;
s, neural spine ; z. anterior

zygapophyses ;
z'. posterior zygnpophysis.

All the flgiires are one-fourth natural size.
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The Lumbar Vertebra.

(Plates XXV and XXVI.)

The last four lumbar vertebra^ of the type specimen of Dinoceras

mirahUe (number lO.'JG) are preserved, and are figured in Plates XX^^ and

XXVI. The centra are ])ro|)Oi'tionally much longer than in the mastodon,

and the most anterior of tlie four is excavated at the sides, and keeled

below, so as to be nearly triangular in a vertical section near the middle.

The excavation becomes less decided in the succeeding vertebra^ whicli

are more nearly circular in section. The keel disappears upon the last

lumbar, which has its under surface strongly roughened, especially near

the posterior margin.

The epiphyses of all these vertebrfe. are imperfectly united with the

centra, and are deficient in ossification near the center, forming only thin,

and, in some cases, narrow rings of bone. The deficiency of ossification

increases the apparent concavity of the artieidar faces of the centnmi.

These faces akso become more oval transversely on the posterior vertebra^,

and especially upon the last lumbar vertebra.

The neural canal in all the lumbar vertebrae is large, but has been

considerably reduced, in the vertebra of this specimen, by crushing-.

The zygapophyses in the lumbar region are strongly articulated

together. The pre-zvgapophyses present a curved surface, bending

around, and firmly grasping, the semi-cylindrical post-zygapophyses,

which are inserted into them. This form of articulation is found among*

living Artiodactyls, and existed also in the Oreodons of the Miocene

;

while in the Perissodactyl group, and in Proboscidians, the zygapophyses

of this region are loosely applied to each other by nearly flat surfaces.

The keel on the under surface of the centrum is stout and short on the

second vertebra from the sacrum, where it first appears in this specimen,

and is strongest on the anterior part of the centrum. On the next

preceding vertebra, it is somewhat thinner, Inxt more elongated, extending

along the who^le under surface of the centrum. On the fourth vertebra

from the sacrum, it becomes thin, and even sharp in front.
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The transverse processes are flattened, especially above, and directed

nearl}^ horizontalh' outward. They are much more elono;ated than in tlie

mastodon, and appear to have been proportionally much stronger than in

the tapir.

The principal dimensions of four lumbar vertebrae of the tvpe

specimen of IHnoceras mirahile are as follows :

Measurements of Foiirfh Zitiiifxir Vertebra from Sacrum. [Dhioceras tnirabiIe,l^o. 1036.)

III.

Length of centrum (anterior ejiiphysis wanting), .nSO

Vertical diameter of centrum, . .087

Vertical diameter of posterior face of centrum, ... _. .075

Transver.se diameter of ])osterior face of centrum (approximate), .088

Measurements of Third Lumbar Vertehrafrom Sacrum. (Dinoceras mirabile. No, 1036.)

ra.

Length of centrum, , , _ . .( i85

Transverse diameter of anterior epiphysis, . .091

Vertical diameter of anterior epiphysis, . . _ , .080

Transverse diameter of posterior epiphysis, _. ... .091

Vertical diameter of posterior epiphysis, ... .078

Measurements of Second Lumbar Vertebrafrom Sacrum. {Dinoceras mirabile, ^o. 1036.)

m.
Length of centrum, . .086

Transverse diameter of anterior epiphysis (approximate), .090

Vertical diameter of anterior epiphysis, . .. .080

Transverse diameter of posterior epiphysis (approximate), .095

Vertical diameter of posterior epiphysis, .083

Measurements of last Lumbar Vertebra. {Dinoceras mirabile, No. 1036.)

m.
Length of centrum, __ .083

Transverse diameter of anterior epiphysis (approximate), .095

Vertical diameter of anterior epiphysis, .080

Transverse diameter of posterior epiphysis (approximate), .
' .105

Vertical diameter of posterior epiphysis, .075



CHAPTER YTI.

THE FORE LIMBS.

(Plates XXVII-XXXVIII, LV, and LVI.)

The limb bones in the Diiwcerata are nearly or quite solid, and this

is true of all the skeleton, a portion of" the skull alone excepted.

Tlie fore limbs in the Dinocerata have a general resemblance to those

of Proboscidians. The different segments, however, are more inclined to

each other, and the bones that compose them are stouter, and more

massive.

The Scapula. (Plate XXVII.)

The scapula of TMiioceras viirahilc, in its general form, is similar to

that of the elephant. It is triangular in outline, with the anterior, or

coracoid, border slightly longer than either of the other t^^•o margins,

which are about equal to each other, if the glenoid border be considered as

including the glenoid cavity. The coracoid border is excavated by a

broad rounded emargination, just above the coracoid process, but beyond

this sinus, it runs nearly straight to the apex of the bone, which is more

acute than in the mastodon.

The supra-scapular border is moderately curved throughout, and the

posterior angle appears to be less acute than in the Proboscidians. The

glenoid border is nearly in a line with tlie glenoid cavity, so that the

constriction above the cavity is scarcely evident in the posterior margin of

the bone.
~

87
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The external surface of the scapula is divided into two unequal fossse.

The anterior of these, or pre-scapular fossa, extends the entire length of the

bone, bnt is less than half as wide as the post-scapular fossa, from which it

is divided by a thick and stout spine. The latter is less elevated than in

the elephant and mastodon, and less expanded, but extends farther

downward, nearly to the level of the glenoid cavity. It is destitute of the

curved posterior })i-ocess seen in the elejdiant and mastodon.

The ])Ost-scapular fossa is strongly roughened near the jjosterior angle,

which is I'ounded.

The glenoid cavity is only moderately concave transversely, and

somewhat broader behind than before.

The inner surface of the scapula is for the most part smooth, except

over a large quadrilateral area in the region of tlie apex. The supra-

scajjular border is ossified separately from the bodv of the bone.

The coracoid is firmly miited to the scapula in Dhinceras mirabile

(number 1215), and forms a rounded salient ju'oeess, projecting freely in

front of the glenoid cavit}^ Seen from the front, it appears to be tri-lobed

in outline.

The main dimensions of the scapula in one specimen of Binoceras

mirabile are as follows

:

Measurements af Left Scajmhi. {Binoceras mirabile. No. 1215.)

m.
Aiitero-posterior diameter of glenoid cavity, 115

Transverse diameter of glenoid cavity, .. .090

Greatest vertical diameter of scapula, 575

Greatest horizontal diameter, .480

Length of coracoid border, _ _ . .570

Tjength of supra-scapular border, . _ . _ _ ^ .390

Length of glenoid border, .__. ... ... _.., .350

Height of acromion above glenoid cavitv, .120

Greatest diameter of pre-scapular fossa, _ .140.

Greatest diameter of post-scapular fossa, .310
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The Humerus.

(Plate XXVIII; and woodcuts 106-107, below.)

The luinierus of DiitocriKs is a .strong' bone, pre.senting roughened and

tuberculated surfaces, evidently for the attachment of powerful muscles.

In this respect, it is in strong contrast with the comparatively smooth

femur, and a glance at the structure of the skeleton, as shown in the

restorations in Plates LV and LVI, will suggest a reason for tliis

difference.

The hind leg of Dinoccras, like that of the elephant, could be

straightened, so that the weight of the hinder part of the body was

supported by a vertical column of bones, rising from the ankle joint to the

pelvis, and comparatively little muscular action was required to keep the

bones in the requisite position. Tlie elbow joint, on the contrary, was not

capable of sufficient extension to bring the radius and ulna into a line

with the humerus, but the weight of the fore ])art of the Ijody was

supported, as in ordinary quadrupeds, by a long column with more or less

flexure near the middle. Constant muscular action was therefore necessary

to sustain the weight of tliis part of the body. The heav\- and strongly

armed head added still more to the muscular efforts recjuircd of the fore

limbs, during progression, or even while standing at rest.

The proximal end of the humerus (Plate XXVIII, figure 3,rt) presents

a large rounded articular face, or head, moi'e convex antero-posteriorly

than from side to side. The axis of the head of the humerus forms an

angle of nearly 30° with that of the shaft. This angle, while greater than

that seen in the same bone of the elephant, is much less than in most

quadrupeds.

The great tuberosity of the humerus is prominent, but not elevated,

and is separated, by a shallow and narrow bicipital groove, from the low

lesser tuberosity. The great tuberosity is about as large as in the

elephant, but does not extend so high, not rising to the head of the

humerus. It is stiongly tuberculated and roughened, and is continued

down the anterior and outer part of the shaft into a prominent ridge below

12
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the middle of the bone. Here it unites witli the oblique, and well

developed, deltoid ridge, then descends rapidl}-, and ends in a roughened

surface just above, and inside of, the coronoid fossa. The deltoid ridge is

strong, oblique, and elongated, as is well shown in the back view of the

humerus, Plate XXVIIl, figure 3. It does not, however, rise into a

hook-like process, as in the rhinoceros. The bicipital groove is single,

as in the elephant, and presents no median ridge. The lesser tuberosity

is small and low, and wholly below the head, which is broad and

extensive, covering much the greater part of the superior aspect of the

bone, and extending- forward to the bottom of the bici^aital groove.

The shaft of the humerus is most constricted at a point nearly tliree-

fourths of the way toward the distal end, and here is distinctly triangular

in section, one of the angles projecting forward, as seen in Plate XXVIIl,

figure 1. Above and below this point, the sliaft expands, and is more

flattened, especially distally. Here it is excavated in front, as usual, by a

large rounded and deep coronoid fossa, ^jhiced well toward the outer, or

radial, side, as shown in Plate XXVIIl, figure 1. The posterior surface

is hollowed out, medially, by a comparatively shallow anconeal fossa, as

shown in figure 3 of the same Plate. The coronoid fossa in some

specimens (number 1224) is even deeper than the anconeal, and is always

distinct and rounded. The anconeal fossa is also rounded in general

outline, median in position, and is carried but little below the trochlear

articular face.

The posterior surface of the humerus is bounded, on the inner side,

by a ridge running almost the entire length of the shaft. This ridge

commences above, near the posterior part of the lesser tuberosity, and the

postero-intemal angle of the head, and runs nearly straight down the sliai't

of the humerus, terminating in an expanded and tubercular tract, on the

inner condyle. On this ridge, and about the middle of the shaft, nearly

opposite the strongest part of the deltoid ridge, is another roughened area,

often, as in the specimen figured (Plate XXVIIl, figures 1, 2 and 3),

rising into a distinct trochanter-like eminence, apparently for the insertion

of the latissimus dorsi muscle. At the lower end of the humerus, this ridge
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ends in a large and prominent inner condyle, which does not, however,

extend far back of the trochlear snrface, as seen in Plate XXVIII, fig-ure l,a.

The onter condyle is nearly on the same level as the inner, and

extends to about the same distance laterally, from the axis of the bone, as

seen in Plate XXVIII, figures 1 and 3. Above, it descends rapidly to the

shaft of the bone, and presents only a short and moderately rugose, or

nearly smooth, supinator ridge.

The trochlear articulation considerably resembles that of the

elephant, but is placed a little more obliquely to the axis of tlie bone.

The radius articulated, during life, with the whole of the anterior part of

this surface, and the ulna, with the whole of the posterior part, the former

bone being, at the proximal end, in front of the latter, and scarcely at all

on the outer side. The outer part of the trochlear surface is more rounded

in both directions than the inner, the surface of which is only moderately

curved in a transverse direction.

The shaft of the humerus is more or less cancellated within, as shown

in the woodcuts, figures 106 and 107, but is destitute of any medullary

cavity.

FisuBE 106.—Section of humerus of Dinoceras mirabile, Marsh (Xo. 1215) ; near proiimal end.

FlGTORE 107.—Section of humerus of Dinoceras iniruhlle (Xo. 1208); below middle.

Both tigures are one-fourth natural size.

Measurements of the humerus in four individuals of Dinoceras are as

follows

:

Measrirenients of Left Hunierus. [Dinoceras mirabile, No. 1245.)
m.

Total length of hiimerus, . ._- _. -.-- — -SSS

Antero-posterior diameter of head, .136

Transverse diameter of head, .120

Greatest diametet of proximal end, .-.. _ - -220

Least antero-posterior diameter^ of shaft, .- — ^'^f

Least transverse diameter of shaft, -080
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m.

Transverse diameter, through condyles, ._ 200

Transverse diameter of trochlear surface, __ .127

Antero-posterior diameter of trochlear surface, ulnar side, .109

Antero-posterior diameter of trochlear surface, radial side, .091

Antero-posterior diameter of trochlear surface, least, 078

Thickness of bone between eoi'onoid and anconeal fossae, .-' .016

3Ieasuremenis of Left Humerus. [Di/wreras mirafnle, No. 1208.)
m.

Least antero-posterior diameter of shaft, _ ,.- . . .064

Transverse diameter, through condyles, __.. .184

Transverse diameter of trochlear surface, . . _ _

.

_ .124

Antero-posterior diameter of trochlear surface, ulnar side, .100

Antero-posterior diameter of trochlear sxirface, radial side, . .095

Antero-posterior diameter of trochlear surface, least, . . .080

Thickness of bone between coronoid and anconeal fossae, .Ola

Measirronenis of Jiight I/iimrrus. [T>i)ioccras 7n!r<iblle, No. 1212.)
m.

Least antero-posterior diameter of shaft, 058

Transverse diameter through condyles, . .183

Transverse diameter of trochlear surface, .115

Antero-posterior diameter of trochlerir surface, ulnar side, 098

Antero-posterior diameter of trochlear surface, radial side, .080

Antero-posterior diameter of trochlear surface, least, _ .072

Thickness of bone between coronoid and anconeal fossa>, . _ .014

Measttreiuents of lUglt Ifumerus. [Dinoceras mirabile, No. 1215.)
m.

Antero-posterior diameter of head, _ .140

Transverse diameter of head, 138

Greatest diameter of proximal end, .220

Antero-posterior diameter of trochlear surface, ulnar side, .116

The Forearm. (Plates LV and LVI.)

Tlie two bones of tlie tbrearni in the Blnocerata are quite distinct

throughout in all the specimens observed, and, exclusive of the olecranon

process of the idna, differ but little in size. The articular surface for the

humerus is formed in about equal parts by each bone, except that it is

medially ])roduced backward on the ulna upon the beak of the olecranon.

The distal articular face fen* the carpus was borne more b}' the radius

tlian the ulna, but the iuecpiality, in size, of the articular faces was

comparatively slight. The lunar articulated distinctly with both bones.
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Tlie articular surfaces of the radius and the ulna for each other were

nearly parallel with the axes of those bones, and allowed of little else than

a sHg'ht antero-posterior gliding motion. The roughenoil and co-adapted

surfaces of the bones indicate that, during life, all movements of pronation

and sujunation were prevented by j)0werful ligaments.

The radius does not appear so distinctly to cross the ulna as in the

Proboscidians, being, at the upper end, iu front of that bone, and

proportionally much larger, then passing down obliquely inward to a

position within the distal end of the ulna.

The pro])ortion of the two bones to each other is much nearer that

seendn'the rhinoceros and hippopotamus, than that in the elephant.

The Radius. (Plate XXIX; and woodcuts lOS-lO'l, below.)

The radius in Dinoccras is a strong bone, with its shaft about equal in

size to that of the ulna. It is considerably larger than that bone at the

lower end, and smaller at the upper end.

The head, or superior articular face, occupies the entire surface of the

proximal end. This surface is elongate oval in outline, the long diameter

being placed transversely, and nearly twice as great as the short diameter.

The latter is antero-posterior in direction, in the ordinar\-, nearly vertical

position of the bone. It crosses the surface of the bone nearlv in the

middle, instead of toward the inner side of the middle, as in most

Ungulates. Antero-})osteriorlv, the articular surface is concave

throughout, but transversely, it is convex on the inner side, and concave

on the outer side of the middle line. The inner half of the articular

surface is thus traversed by a low fintero-posterior ridge, or elevation,

which moves upon the groove in the distal articular face of the humerus.

The proximal surface of the radius differs from that of the elephant in

being proportionally nuicli larger, and extending quite across the humeral

articular surface. It differs from that of the tapir, and tlie hi[)[)Opotamus,

in having only a single antero-posterior ridge, as in the rhinoceros. It

still differs from that of the -rhinoceros, in the fact, that a transverse section
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is concave in its outer luilf, juid convex in its inner linlf, while in the

rliiTioccros, siicii ;i section is concave at each end, and convex only near

the iiiciliiiii iMirlioii.

( >u tli(^ side of the radius toward the idna, is a narrow articnlar

smracr Inr tii;it lione, IxM-oniiiiy broiider toward the outer end.

Tlic sliiiri of iIk^ riidiiis is smallest at a point about one-third of the

wiiv from tlic proximni, toward the (list;il end. Above this jtoint, the

bone cxiijiiids riitiicr rii|)idly toward llic head. It is nuch roughened,

espcciidh on llie side toward the ulna, with which, however, it forms no

boii\' union; nor arc tln^ bones I'ou^liened, or j^rooved for close adaptation

to each otiier, as in tiie tapir and riiinoceros The bicipital tuberosity is

\\('ll developed, and |i!aced I'atlier low down on the side of the shaft,

instead of on tlie front part of it. The distal end of the shaft is large,

roug'h, and oblique, and presents no smooth grooves for tendons.

The distal articular face is divided by a median ridge into two

sub-equal facets, for the scaphoid and lunar bones of the carpus. Tiiese

facets are confluent along the summit of the median ridge. That for the

scaphoid is semi-circular in outline, and concave in both directions, while

that for the bniar is foui'-sided, niucli bioader in front than behind, and

concave througliout. Ncuir the back part of the ulnar side of this facet,

the articular liu-e is continued into a, small tract on the lateral surface of

the radius, where it. comes in contact witli the ulna.

The shaft of tlie radius has an interior cancellated structure, as shown

in the hgurcis below, but no medullary cavity

Figure 108.

—

Section of nii'ms of Dinoceras mirahile, Marsh (No. I19B).

FlGDRE 109.—Section o( nxdinti oi JMuoctras mirahik, Marsli (No. 12:!4).

Botli tignrus aro mio-foiirtli natural .size.

Measurements of the radius in thre(^ iiulividuals of J>i»oceras are the

followiii"'

:
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Mt/JUPirtnuintti of I^,J~t li'i/linsi. { Ijin'j':':r'ui rf,ir'i}/ilt,'So. 1208.)
m.

Total IferigtL of radin", , -380

Greatest dizuteter of proximal end, ,098

Anter<'>-posterior diameter of proximal end, .0«>1

Leairt diameters of shaft, , 032-.053

Transverse diameter of diirtal end, ., . ., .102

Antero-posterior diameter of distal end, . . .OftO

Wameters of articnlatiori for bnmeni*, ... ,032-,094

Antero-posterior diameter of face for scaphoid, .., .. .0.5.0

Trans^-erse diameter of fa/;e for scaphoid, , 03&

Anterf>-jj';sterior diam»rter of face for lunar. .056

Transverse diametrrr of face for lanar, 0*5

Traasverse diameter of distal articular surfaceit, .082

Me^nrnreroerif* of Left Jiadh/n. {Jj>n'>rf:r"j! uiiraf/ile, Z-'i. l'Z<>*j.)

lii.

Total length of ra^Iifw, 2-54

Greatest diameter of proximal end, .116

Antero-posterior diameter of proximal end. ,071

I>ea#t diameters of shaff, . .062-.041

Tran-sver-* diameter, di.stal end. ,,- .011

Ant«ro-posterior diameter, di.stal end, ,0S7

Diameters of articulation for bnmeras, 06O-. 108

.Antero-posterior diameter of articulation for .a<-:raphoid, . .065

Tran.«veT*e diameter of artietilation for scaphoid, .040

Antero-posterior diameter of articulation for lunar, - 065

Transverse diameter of articulation for lunar, 055

Trani^verse Aiameter of distal articular tnirfac-es, .

.

.Od3

Mfi^nrenienVt of Right Iiadiv».. Dirur':eTO»,'S*j. Mih.)
m.

Length of radius, .400

Greatest diameter of proximal end, .112

Antero-posterior diameter of yraxmtaX end, .. .070

I>ea«t diameters of shaft, : ..*J«2t-.035

Transverse diameter of distal end, -. .108

Antero-posterior diameter of di.'tal end, - . - .090

Diameters of articulation for humems, , .'f6O-.104

Tran.sTerse diameter of arti^rulation for scaphoid, -.- .047

AnteTO-po*terior diameter of articulation for lunr;.-. ... .0-55

Tran.sver^e diameter of articulation for lunar, .. .045

TraDAvene diameter of distal articular surfaces, .092
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The Ulna. (Plate XXX; and woodcuts 110-111, below.)

The iilna in the iJinocerata is a solid and heavy bone, longer than the

radius, as usual, by the length of the olecranon process. Except near the

distal end, it is larger and stouter than that bone, to which it was united in

life bv ligaments only, but in such a manner as to allow of little motion

between them. The shaft of the ulna always made, even at its utmost

extension, a distinct angle with that of the humerus.

The idna in Dinoceras is proportionall}- less robust than in the

elejihant. Its distal end is comparatively smaller than in that animal, and,

at the ])roximal end, a much smaller jirojjortion of the articular surface for

the humerus is furnished by the ulna.

The olecranon process is robust, as in the Proboscidians, but it is

carried farther above tlie articular surface, and less directly behind it, than

in that grouj). It is much higher within than without, and posteriorly, it is

strongly roughened as low down as the middle of the humeral articulation.

It is only moderately produced backward, and descends into a broad

ridge, insensibly blending below with the shaft of the bone.

Below the humeral articular surface, the shaft of the ulna is

sub-triangular in section, or, near the distal end, some\\hat quadrilateral.

Along the posterior and outer side of the bone, is a rounded ridge, running

from the olecranon process above, to the outer angle of the articular face

below.

The face by Mhich the nlna is applied to the radius is broadly

excavated, and strongh' roughened above, where it is nearly on the front

surface of the bone. It is moderately flattened along the shaft of the

bone, and is carried around to the inner surface toward the distal end,

where it is Ijroad, Hat, and distinctly roughened.

The anterior face of the bone is also flattened near the distal end,

and separated from the outer face by a ridge, which extends upward to

near the middle of the shaft. The postero-external face of the bone is

flattened, or only moderately rounded, and is somewhat excavated behind

the lower part of the humeral articulation.
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This articulation presents a striking difterence in direction from that

seen in the corresponding face on the ulna of the elephant and mastodon.

It is so placed on the shaft of the bone as to look almost directly forward,

and only very slightly upward, instead of looking nearly upward, as in the

mastodon. It forms, comparatively, a much smaller part of the face for

the humeral trochlea.

In shape, this articulation is distinctly tri-lobate. One rounded lobe,

convex from side to side, runs backward and upward to the summit

of the beak of the olecranon. A second, and Large lobe, moderately

concave in both directions, runs inward, articulating with the ulnar portion

of the trochlea of the humerus. An outer, small and flattened, lobe

articulates with the ]iosterior part of the radial surface of the trochlea.

The front, or lower, outline of the articular face is moderately concave,

and adapted to the surface of the radius by a narrow face, becoming wider

toward each extremity.

The distal end of the ulna is terminated by an articular surface, which

is somewhat quadrant-shaped. The inner and })Osterior outlines are

nearly sti'aight, and meet at a right angle, while the anterior and outer

margins are formed by a curved line.

This face is convex in an antero-posterior direction, strongly so behind.

In a transverse direction, it is moderately concave, except near the inner

edge, where it is broadly beveled olf, for union with the lunar bone of

the carpus.

Much the larger part of the distal articular face of the ulna articulated,

during life, with the pyramidal bone, or the cuneiform bone of man\

anatomists.

Posteriorly, a surface was presented for the pisiform, and, on the

inner side, a narrow beveled surface united with the liuiar bone.

Farther within, and on the surface of the shaft of the bone, a small

surface was presented to the radius, although the two bones, as ah-eady

stated, were strongly iixed, during life, in their relation to each other.

13 ^
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The innei' texture of the shaft of the xihia is similar to that of the

radius, as indieatod in tlie sections represented below, ligures 110 and 111.

Figure 110.—Section of ulua of Dinoceras Ittcare, Marsh (No. lO.^S').

FlGUHE 111.—Section of ulna of Dinoceras mirahik, Marsli (Xo. ID4S).

Bolh figures are one-fourtli natural size.

The principal dimensions of the ulna in three individuals of Dinoceras

are as follows

:

Measurements of Left Ulna. (Dinoceras mirabi/e. No. 1206.)
m.

Totalleugthof ulna, 530

Diameter,? of proximal end, .095-140

Transverse diameter of shaft, Iteliind humeral articular face, .055

Diameter of .shaft, through humeral articular face, 097

Diameters of shaft, near the middle, (i57-.081

Antero-jjosterior diameter of shaft, ne.ar distal end, -. .-. .085

Transverse diameter of shaft, near distal end, — .0(37

Transverse diameter of humeral .articulation, greatest, _ .148

Transverse di.ameter of humeral articulation, least, — .060

Antero-posterior diameter of humeral articul.ation. at the middle, .085

Antero-posterjor diameter of humeral articulation, inner lobe, _ . - _ .06.3

Antero-posterior di.ameter of humeral articulation, outer lobe, . .045

Transverse diameter of distal articular surface, .076

Antero-posterior diameter of distal articular surface, . . . . _ _ . _ .070

Least and greatest diameters of di-ital articul.ar surface, , . .i)67-.097

Measurements of Right Ulna. [Dinoceras mirahile, No. 1'28'2.)

ra.

Total length of ulna, 555

Diameters of proximal end, - . .098-130

Transverse diameter of shaft, behind humeral articulation, .065

Diameter of shaft, through humeral articulation, . 1 03

Diameters of shaft, near the middle, . - .067-.O77

Antero-posterior diameter of shaft, ne.ar dis'. al end, .095

Transverse diameter of shaft, near distal ei:d, .084

Least transverse diameter of humeral articulation, ..._..-- .058

Antero-posterior diameter of humeral articulation, at the middle, 086
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Antero-posterior diainefer of humt-ral articulation, inner lobe, 060

Transverse diameter of distal articular surface, .. 0*73

Antero-posterior diameter of distal articular surface, 061

Greatest diameter of distal articular surface, — .090

Measurements of Ri(iht Ulna. [Dinoceras Incare^'Ho. 1038.)
m.

Diameters of proximal end of ulna (approximate), 070-. 103

Diameter of shaft, behind humeral articulation, _ .05;!

Diameter of .shaft, through humeral articulation, .088

Greatest transverse diameter of humeral articulation, _ . — . . . _ 125

Least transverse diameter of humeral articulation, . .Oo2

Antero-posterior diameter of humeral articulation, at the mid<lle, .. 090

Antero-posterior diameter of humeral articulation, inner lobe, ... . .062

Antero-posterior diameter of humeral articulation, outer lobe, __ .038





CHAPTER YIII

THE FORE LBIBS. (Continued.)

(Plates XXXI-XXXVIII, LIV, LV and LVI).

The fore foot in all the Dmocerata is larger tlian the hind foot. The

bones composing- it are comparatively short and massive. There were

five well developed digits, as in Proboscidians, but the carpal bones were

interlocked with the metacarpals, as iji Perissodactyls. The general

appearance of the fore foot in D'moceras mlrahUe is well shown in Plate

LIV, figure 1. The hind foot is represented in figure 2 of the same Plate.

The feet Avere plantigrade, as in the elephant, and in their more important

characters were much like those of ConjpliodoH.

The Carpal Bones.

(Plates XXXI-XXXIV; and woodcuts 112-124, below.)

There are eight separate carpal bones in the fore foot of all the

Diiwcerata, ancl, a ninth, the central bone, may be separate in very

young animals, and,- in jidults, either lost or consolidated with the

scaphoid, or the trapezoid.

101
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The Scaphoid.

(Plate XXXI, figures 1-6, Plate LIV, figure 1, s;

and woodcuts 112-113, below.)

The scaphoid in tlie D'mocerata is a ^^eculiar bone of characteristic

shape. It is quite large, its length, along the axis of the limb, being

greater than that of any other bone of the carpus. Proximally, it presents

a strongly rounded, almost hemispherical surface, for articulation witli the

radius. This articular face covers the entire proximal end of the bone,

and is oblique to its axis, the side toward the lunar being much higher

than the opposite side. The ulnar side, in apposition with the lunar,

has a proximal articular surface confluent with the radial sui-face, and

extending less than one-fourth the length of the bone.

Distally, the scaphoid presents two confluent articular faces, one for

the trapezium, and a second smaller one, somewhat in front of the other,

for the trapezoid. Tliese two faces are but indistinctly separated from

each other, and are, for most of their extent, convex in both directions.

The ulnar side of the bone also presents two confluent, but well

marked, articular surfaces, making an obtuse angle with each other. Of

these, the anterior is nearly flat, and joins the lunar. The })Ooterior is

more convex, and adapted to the magnum. This face does not reach

the anterior angle f)f the bone, so that the magnum is supported in front

by the lunar alone, Ijut articulates behind with the scaphoid also.

The projection supporting- these two faces may perhaps represent the

central bone, coalesced with the scaphoid. The latter shows no face for

a separate central bone.

The two proximal articular faces are well separated from the four at

the distal end of tlie scaphoid bone by a large area, of non-articular

surface. This tract becomes elevated, and strongly tuberculated, on tlie

exterior side of the bone, while it is smoother, and somewliat excavated,

on the side turned toward the lunar and the magnum.

In Plate LIV, figure 1, the scaphoid and lunar bones are slightly out

of position, but every anatomist will see their true relations to each other.

The scaphoid in Dhwceras laticeps (number 1264), like most others

(except number 1208), shows, near the distnl portion of the radial side,

below the rugose surface, a det^p a:i;l s ):new]iat oblique depression.
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The scaphoid in two specimens of Diuoceras are represented in the

fignres bek)w.
Fig 112

Figure 112.—Left scaphoid of Diuoceras laticeps. Marsh (120i); sid. .
. ..

.

PiGnRE 113.— Riglit scaphoid of Diuoceras minibile, Marsli (1200) ; sido view.

r. face for radius; tm. lace for trapezium; ir. face for trapfzoid.

Both figures are one-half natural size.

The principal dimensions of the scaphoid in three individuals of

Dinoceras are as follows

:

3Ieasureme)its of Left Scuplwid. (iJiiunxnix mirahiic. No. I20S.)

m.

Length of longitudinal axis of scajiboid, — .('77

Length of transverse axes, -'- ()40-.0-19

Antero-jjosterior diameter of radial articular surf.ace, _ - — 05

1

Transverse diameter of radial articular surface, 04.t

Antero-posterior diameter of distal articular surface, .070

Transverse diameter of distal articular surface, — -- — — .044

3Iea.mrci)ients of Iliijlit ."Scaphoid. [Diuoceras mirahilc. No. 1200.)

m.

Length of longitudinal axis of sca|)hoid, ..-- .071

Length of transverse axes, - .073-0.54

Antero-posterior diameter of radial articular surface, — . 046

Transverse diameter of radial articular surface, 03

8

Antero-posterior diameter of distal articular surface, .006

Transverse diameter of distal articular surface, .038

Measurements of Left Sraphoid. (lyiioieras lafii-ej's. No. 1-J64.)

m.

Length of longitudinal axis of scaphoid, .086

Length of transverse axes, .051 -.060

Antero-posterior diameter of I'adial articular surface, .060

Transverse diameter of radial articular surface, .046

Antero-posterior diameter of distal articular surface, — .082

Transverse diameter of distal articular surface, .050
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The Lunar.

(Plate XXXI, figures 7-12, Plate LIV, figure 1, I; and

woodcuts 114-116, below.)

The lunar bone in the Dinocerata (Plate XXXI, figures 7-12) bears

some resemblance to the corresponding bone in the elephant, but differs

widely from it in having its proximal surface, for articulation with the

radius and ulna, convex throughout, instead of being- for the most part

concave. The distal surface, also, presents two distinct articular faces,

instead of being covered with a single large face, as in the elephant.

The exterior surface of the lunar, or the face seen in front ^\hen

the bone is in its natural position with the other bones of the foot,

is represented on Plate XXXI, figure 7. This surface is coarsely

roughened, and is widest above. Only a small portion of the edges of

any of the articular surfaces can be seen in this view.

The inner angle of the distal end of the lunar in I)ii/oceras (numbers

1215, 1229, and 1230) is truncated by a small face i'vv articulation with

the trapezoid bone, as shown in figure 7, and also in woodcut 114, below.

On one specimen (number 1575), wliich may belong to UintatJierhini, this

face is hirge and convex. In number 1254, the fiice is smaller than in

the specimens figured. The articulation of the lunar with the trapezoid,

or perhaps the trapezo-central bone, occurs also in CorypJiodon, Mastodon,

and the elephant, especially the African species.

The lateral surface of the bone turned toward the scaphoid, and

articulating with it, is shown on Plate XXXI, figure 8. This side has two

faces for articulation with the scaphoid. The upper one of these runs

along nearly the whole extent of the superior margin of the bone, and is

confluent with the surface for articulation with the radius, and hardly to be

distinguished from it. A second articular face for union with the scaphoid

is broader and more flattened than the first, and extends along rather

more than half of the distal margin near its front, or anterior, end. Behind

this articular surface, the bone is produced into a short, hook-shaped

process sustaining the concave portion of the distal articulations.

The posterior surface of the lunar is shown on the same Plate, figure

'J, and presents no articular faces. 'i'lie lateral surface turned toward the
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l^yramidal is shown in fig-ure 10. Two narrow and approximate faces

are seen on this surface, becoming someAvhat Avider, and approaching each

other l)ehind. These faces vary greatly in the degree to wliich they are

devehiped in different specimens.

The upper, or proximal, surface is confluent with the ulnar fticet,

while the lower, or distal, one is continuous with the face for the

uncifiirm, liut usually well distinguished from it b}- a ridge.

The proximal surface (figure 11), articulating with the radius, is

more or less quadrangular in outline, broader in front, sometimes so

much so as to become sub-triangular in outline (number 1218). It is

well rounded in both directions throughout, the smooth articular face

for radius and ulna being carried over on each side to join both the

scaphoid and the pyramidal fj'.ces.

Fig. 114.

i>i '

FiGCHE 114.— Riglit lunar of Dhwceras mnabile, Jhirsli (Xo. 12J0); front view.

FlGtjuE 115.—Left lunar of Tiuoceras ingens, Marsh (No. 1504); bottom Tiew.

Figure 116.—Left lunar of Tinoceras ingens (No. 1219) ; front view.

m. face for magnum
;

]). face for pyramidal ; r. face for radius ; s. face for scaphoid ; tr. face for trapezoid

;

wn. face for unciform.

.\11 the figures are one-half natural size.

The distal surface (figure 12) is divided into two articular faces,

supporting in part the magnum and the unciform. Tliese faces are

confluent, and sometimes hardly to be distinguished in front, Init, on the

posterior part of the surface, they are separated by a more or less distinct

rounded ridge. Both these faces are nearly flat transversely in front, and

somewhat concave behind. In an antero-posterior direction, they are

convex in front, and concave l)ehind.

U
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In the right kinar of Dinoceras mirahUe (number 1230), the distal face

for articulation with the scaphoid makes less than a right angle with the

face for the magnum, instead of an obtuse angle, as in most other

specimens.

The lunar bone in Tinoceras presents no articular face for the

trapezoid, and is much produced posteriorly, thus distinguishing it from

the lunar in the genus Linocenis. Its main features are shown in the

woodcuts, 115 and 116, above.

The more important measurements of the lunar bone in four

individuals of the IJinocerata are as follows

:

Measurements of Right Lunar. {Dinocerus mirabile, No. 1230.)
m.

Length of longitudinal axis of lunar, .050

Antero-posterior diameter of proximal end, .n.5 9

Transverse diameter of proximal end, .056

Antero-posterior diameter of distal end, .... . .075

Transverse diameter of distal end, .... ... .046

Measurements of Left Lunar. {Tinoceras inr/ens, No. 1503.)
m.

Length of longitudinal axis of lunar, . __ .051

Antero-posterior diameter of proximal end, .061

Transverse diameter of proximal end, __ .053

Antero-posterior diameter of distal end, _. 083

Transverse diameter of distal end, .047

In this sj^ecimen, the distal face for the fecaphoid is quite large, and

encroaches on the face for the magnum.

Measurements of Rigid Lunar. [Tinoceras ingens^'Ko. 1504.)

m.

Length of longitudinal axis of lunar, .054

Antero-posterior diameter of proximal end, .062

Transverse diameter of proximal end, .. .065

A'ltero-posterior diameter of distal end, 088

Transverse diameter of distal end, .050

Mei/sureme?its of I^ift Lunar. [Tinoceras ingens. No. 1246.)
rn.

Length of longitudinal axis of lunar, . _ .061

Antero-posterior diameter of proximal end, _ .ooii

Transverse diameter of proximal end, ,. . .o60

Antero-posterior diameter of distal end, _ .092

Transverse diameter of distal end, .. .05:!
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The Pyramidal.

(Plate XXXII, figures 1-6, Plate LIV, figure l,p;

and woodcuts 117-118, below.)

The pyramidal bone in the Dinocernta bears a considerable

resemblance to the corresponding bone in the elephant, and has, in

general, a similar shape, and similar arrangement of articular faces.

Plate XXXII, figure 1, represents the outer, or dermal, sm-face of the

bone, as seen in its natural position in the foot, and shows a portion only

of the saddle-shaped articular face for the nlua.

Tlie anterior view of the bone (figure 2) shows but little of the

articular faces, although, on the side turned toward the lunar, may be

seen a short articular face running along the distal portion of the surface.

This face is seen more clearly in figure 3, and is confluent with the lower,

or distal, face supporting the unciform, but makes a considerable angle

with it.

In the posterior view of the bone (figure 4), the oblique articulation

for the jiisiform is sliown. This articular face, like most of the lateral

ones among the carpal bones, is of variable shape, and often fails to show

the deep emargination at the side, seen in the specimen figui-ed. Along

the upper margin, where this face is confluent with the ulnar articular

face, the two are separated by a nearly straight, prominent, rounded ridge.

The proximal surface of the bone (figure 5) shows principally the

sub-triangular saddle-shaped face for articulation witli the ulna.

The distal surface of the bone (figure 6) presents, also, a somewliat

triangular and saddle-shaped face, for the suppoi't of the unciform bone,

and, in the specimen figured, an additional, distinct, oval, and convex face,

giving support to the metacarpal of the fifth digit.

In other specimens, this face is present, and well developed, but

confluent with that sup})orting tlie unciform, as sliown in the woodcuts

below, figures 1,17 and 11<S.
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The pyramidal bone in a second specimen of Dinocems, and in one

of Tinoceras, is shown in figures 117 and 118, below.

Figure 111.—Left |.yramidal of Tinoceras ingens, Marsh (No. 1577); distal end.

Figure 118.—Left pyramidal of Dtnoce/'as mw-afti'k, Marsh (No. 1230); distal end.

mcY. face for fifth metacarpal; un. face for unciform.

Both figures are one-half natural size.

The following' are tlie more important dimensions of the jjyramidal

bone in three specimens of Binoceras and Tinoceras :

Measweiiients of Left Pyramldnl. (Dinoceras inivabile. No. 1208.)
m.

Greatest length of longitudinal axis of pyr;iinid;il, .. .045

Total length of bone, .098

Least transverse diameter, .054

Greatest diameter of ulnar articular surface, — — .073

Antero-posterior diameter of ulnar articular surface, . . . .049

Greatest diameter of articular face for unciform, 004

Antero-posterior diameter of articular face for unciform, .05 1

Diameters of face for fifth metacarpal, 01 8-.0'29

Measurements of Left Pijraniidal. (^Dinoceras minihile, No. 1230.)
m.

Greatest length of longitudinal axis of pyramidal, - 042

Greatest diameter of bone, -100

Least transverse diameter, -- -062

Greatest diameter of ulnar articular face, _ . _ _

.

.083

Antero-posterior diameter of ulnar articular face, __. .'49

Greatest diameter of face for unciform, .067

Antero-posterior diameter of face for r.m-iform, .••57

Diameter of face for fifth metacarpal, _ 020
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3reasurements of Left Pyramidnl. [Tinoceras lugens. No. 1577.)
m.

Greatest length of longitudinal axis of jiyramidal, __ _ .050

Greatest diameter of bone, .113

Least transverse diameter, . .009

Greatest diameter of ulnar articular surface, 092

Antero-posterior diameter of ulnar articular surf :ice, .062

Greatest diameter of articular face for unciform, .080

Antero-posterior di.ameter of articular face for unciform, 066

The Pisiform. (Plate XXXII, figures 7-12.)

The pisiform in the D'ntO(erat(( is a short, stout hone, pre.senting, as

usual, two continent articular faces, one for the ulna, and the second for

the pyramidal.

Plate XXXII, figure 7, represents the surface of the pisiform seen

from the side of the skeleton, when the bone is in its natural position,

except that the long axis has been placed in a vertical, instead of an

oblique, position. Neither of the articular faces can be seen in this figure.

The inner side of the bone, or that turned toward the pyramidal

(figure 8), shows, at its proximal end, a large and somewhat triangular face,

flattened, or slightly concave or convex, and extending, in the specimen

figured, over more than half the length of the bone, but, in some specimens,

it is proportionally shortei".

Figure 9, which gives the view opposite to that in figure 7, shows

this articular face, seen obliquely.

The proximal end of the bone (figure 11) is nearlv covered by a

triangular articular face for union with the ulna. This face, in the

specimen figured, is flat in one direction, and distinctly convex in the

other, but another specimen of the same bone has this face distinctly

convex in both directions.

Distally, the pisiform is strongly roughened and tuberculated, with

the end rounded, as shown in figure 12.

The pi'inclpal measurements of two specimens of the pisiform bone in

Dinoceras mirabile are given below.



110 DINOCERATA.

Measureiuents uf Right Pisiform. [Dinoceras mimbile, Xo. 1211.)
m.

Length of pisiform bone, _ -06

1

Greatest transverse diameter, ._ -050

Least transverse diameter, — — 030

Greatest diameter of ulnar articular surface, .038

Least diameter of ulnar articular surface, .02

1

Greatest diameter of face for pyramidal, . _ .047

Least diameter of face for pyramidal, — - -- .029

Meiisuremeuts of Right Pisiform. {Binoceras mirabile, No. 1520.)
m.

I .ength of pisiform bone, -065

Greatest transverse diameter, 045

Least transverse diameter, .033

Greatest diameter of ulnar articular surface, .042

Least diameter of ulnar articular surface, . - 021

Greatest diameter of face for pyramidal, .044

Least diameter of face for pyramidal, .023

The Trapezium.

(Plate XXXIII, figures 1-G, and Plate, LIV, figure 1, tm.)

The trapezium in the IHnocerata is well developed, being

considerably larger than the trapezoid. It presents at each end a large

articular face, and a third smaller and much less regular one, for

articulation with the trapezoid, on the side turned toward that bone.

The outer, or dermal, surface of the bone (Plate XXXIII, figure 1),

when viewed in its natural position in the foot, is rough and tuberculated.

The p< sterior view (figure 2), and the anterior view (figure 4), likewise

show no articular faces. Figure 3, representing the sui'face turned toward

the trapezoid, presents an in-egular, smooth face along the upper margin.

This face diff'ers in size and proportions in different specimens, and in life

moved upon a corresponding surface on the trapezoid.

The proximal end of the bone (figure 5) is almost entirely covered by

the articular face for the scaphoid. This face, nearly semi-circular in

outline, is flattened in one direction, slightly concave in the other, and

confluent along the straight margin with the face for the trapezoid.



THE FORE FEET. HI

The distal end (figure 6) presents a semi-oval articular face, not

extending quite to the anterior part of the bone, and supporting in life the

well developed, sliort, first metacarpal. This articular face is somewhat

saddle-shaped, being convex along its short diameter, and slightly concave

lengthwise.

The main dimensions of the trapezial bone in two specimen* of the

Diiiocerata are given below.

Measurements of Left Trapezium. {Dhtoceras ndrahile, No. 1208.)
m.

Length of longitudinal axis of trapezium, .._.... .036

Greatest horizontal diameter, _ .062

Least horizontal diameter, ......_ .03fi

Longest diameter of proximal articular face, 04 4

Transverse diameter of proximal articular face, .026

Longest diameter of distal articular face, __ .048

Transverse diameter of distal articular face, .026

Measurements of Right Tra2}€ziuu). {Tinoceras lngens,Tso. 1219.)
m.

Length of longitudinal axis of trapezium, 03

7

Greatest horizontal diameter, .068

Least horizontal diameter, _ _ .031

Greatest diameter of proximal articular face (approximate), . .045

Transverse diameter of proximal articular face, ... .032

Greatest diameter of distal articular face, ...__. .0.')3

Transverse diameter of distal articular face, 030

The Trapezoid.

(Plate XXXTII, figures 7-12, Plate LIV, figure 1, tr

;

and woodcuts 110-120, below.)

The trapezoid is a small bone in tlie Dhiorerata, being- much the

smallest (if the carpals, with the exception of the pisiform, and perhaps

also of llie central, if separate. The general shape of the bone is that of

a blunt, nearly square, wedge, the large end being presented to the

suj)erior, or anterior, surface of the foot.

Tliis end of the bone is represented in Plate XXXIII, figure 7, and

shoMS nearly all that can~l)e seen of it when in its natural position with
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the other bones o-f the foot. The surface is strongly rugose, and, in this

view, notliing- can be seen of the articular faces.

The lateral surface turned toward the trapezium presents an articular

face for luiion with that bone. An ordinary form of this face is shown

in figure 8, but it is of variable form and size. Sometimes it even extends

obliquelv across the lateral surface of the bone, and becomes more or less

widely confluent with the articulation for the metacarpal, along the

anterior pai-t of its lateral border, as in woodcut 11!) below.

Figure 119.— LelX trapezoid of Dinoceras mirabile, Marsh (No. 12.S0); side view.

Figure 120.—The sairre bone ; distal end.

mvJJ. face for second metacarpal ; s. face for scaplioiii; tm. face for trapezium.

Both figures are one-half natural size.

The posterior, or palmar, aspect of the bone (figure 9) shows its

wedge-like form, but the articular faces visible are seen only obliqueh'.

The side turned toward the magnum (figure 10) lias an articular

surface extending across the bone. Usually, this surface is near the

anterior part of the bone, and sometimes, as in the specimen figured, is

more or less interrupted at the middle by a ridge. This surface may

also be broadly continued to the posterior, or palmar, end of the scaphoid

articular face, as in number 1505.

The upper ulnar angle of this specimen is rounded for articulation

with the lunar. This portion of the bone may represent the central,

coalesced with the trapezoid, as in the existing Dendrohijrax.

The proximal articular face (figure 11), joining the scaphoid bone, is

narrowly oval in outline, broader in front than behind, and more or less

concave in both directions.

The distal face is somewhat similar in shape to the proximal, but

sometimes shorter and broader, and is slight!}' convex in one, or both

directions.
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The principal dimensions of the trapezoid bone in two individuals of

Binoceras, and one of T'moceras, are as follows

:

Measurements of Left Trapezoid. [Dinoceras mirabile, Xo. 1208.)
m.

Greatest vertical extent of trapezoid, .03&

Length of vertical axis, .022

Greatest (antero-posterior) diameter, .058

Transverse diameter, near the middle, ._ .029

Antero-posterior diameter of proximal articular face, ._ 049

Transverse diameter of proximal articular face, .027

Antero-posterior diameter of distal articular face, 05

1

Transverse diameter of distal articular face, .025

Measurements of Left Trapezoid. (Dinoceras 7nirabile, 'No. 1230.)
m.

Greatest vertical extent of trapezoid, .034

Length of vertical axis, .023

Greatest (antero-posterior) diameter, . .067

Transverse diameter, .035

Antero-posterior diameter of proximal articular face, .050

Transverse diameter of proximal articular face, .029

Antero-posterior diameter of distal articular face, .043

Transverse diameter of distal articular face, .. .035

Measurements of Right Trapezoid. {Tinoceras ingens,'No. 1219.)
m.

Greatest vertical extent of trapezoid, .038

Length of vertical axis, _. .025

Greatest (antero-posterior) diameter, .. .063

Transverse diameter, near the middle, .033

Antero-posterior diameter of proximal articular face, .048

Transverse diameter of proximal articular face, .030

Antero-posterior diameter of distal articular face, 050

Transverse diameter of distal articular face, .- - .029

The MAGxrii.

(Plate XXXIV. fig-ures 1-6, Plate LIV, figure 1;

and woodcuts 121-122, below.)

The magnum in the Binocerata is proportionally a much smaller bone

than in the elephant, and has a much greater difference in the length of

the vertical axis in the anterior and posterior parts of the bone, than

in that animal.
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An anterior view of the niagnuni, when in its natural position among

the other bones of the carpus, is seen in Phite XXXIV, figure 1. The

dermal surface is pentagonal in outline, rough and tuberculated, while

behind and above it, is seen obliquely a portion of the smooth articular

face by which the bone articulates with tlie lunar and scaphoid bones of

the preceding carpal series.

The lateral surface of the magnum (figure 2) turned toward the

trapezoid varies in the shape and structure of its articular face for that

bone. This face is frequently more or less divided, as in the specimen

figured, or the articular face may be on the distal part of the bone, not

extending across to the scaphoid face. A large proportion of the posterior

part of the face for the scaphoid is seen in the same figure. This face is

strongly saddle-shaped. In the same view, is seen a third articular face,

for the support, in part, of the second metacarpal. Tliis face is narrow,

and elongated from before backward, and, in the natural position of the

bone, is directed obliquel}' downward, towai'd the radial side of the foot.

The posterior, or palmar, surface of the magnum (figure 3) is rough,

but rounded over, and shows at the upper, or proximal, end a portion of

the articular face for the lunar, carried well over on the posterior face of

the bone.

The lateral surface (figure 4) turned toward the unciform presents

a considerable, but varying, articular surface for imion with that bone.

In the specimen figured (number 1208), there is a large ai'ea extending

along the entire length of the proximal, or lunar, articular face, contracting

near the middle, but ex2:)anding anteriorly, so as to extend nearly, or quite,

across the lateral surface of the bone. In many specimens (numbers

1195, 1218, 1219, 1230, 1616), this area is confluent with the distal articular

face for the third metacarpal. In the specimen figured, however, it is,

interrupted by a sliglit ridge at tliis point, beyond which, it is continued

well along the margin of tliis articular face posteriorly. This distal

backward extension of the ai-ticular face is not present in all s[)ecimens

(numbers 1195, 1230), and is often much narrower than in the specimens

figured (numbers 1211, 1219)
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The proximal surface of the magnum (figure 5), by which it bears

upon the scaphoid and lunar bones, is much elevated posteriorly in the

region of the face for the lunar, but the two facets are so perfectly

confluent as scarcely to be distinguished. The face for the scaphoid is

strongly saddle-shaped, and does not extend quite to the anterior margin

or the bone.

The face for the lunar is nearly flat, or slightly convex from side

to side, sigmoid from before backward, and is carried well over to the

posterior face of the bone. The variation in the form of this curve is

considerable, but the specimen figured on the Plate may be regarded as a

fair average, while extreme forms are represented in woodcuts 121 and

122, below.

Figure 121.—Right magnum of DinoCKias mirabile, Marsh (No. 1211); side view.

FiGCKE 122.

—

'Right magnum oi Dinoceras miraiile, {So. 1230); side view.

/. face for lunar; mcIII. face for third metacarpal; un. face for unciform.

Both figures are one-half natural size.

The distal face of the magnum (Plate XXXIV, figure 6) is mostly

occupied by an elongated articular face for the support, in great part, of

the third metacarpal. This face is more or less moderately concave from

before backward, slightly convex transversely, and is usually a little

broader in front than behind. It is separated by a rounded ridge from the

confluent, narrower and oblique, face lying along its radial side, and

aiding in the support of the second metacarpal.

The dimensions of the magnum bone of four individuals of the

Dinocerata are as follows :
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Measurements of Left 3Tagnum. {Dinoceras mirahile, No. 1208.)
m.

Lengtli of longitudinal axes of magnum, _ ,__ 033-062

Aiitero-posterior diameter-, .... 066

Transverse diameter, . .038

Antero-posterior diameter of proximal articular face, -. ._ 058

Transverse diameter of proximal articular face, - - 030

Antero-posterior diameter of face for second metacarpal, _ .046

Transverse diameter of face for second metacarpal, -. .018

Antero-posterior diameter of face for third metacarpal, .057

Transverse diameter of face for third metacarpal, .025

Measurements of Might Macpmiu. [Dinoceras mirabile. No. 1211.)
m.

Length of longitudinal axes of magnum, .03G-.069

Antero-jjosterior diameter, _ - .080

Ti ansverse diameter, -.. .039

Antero-posterior diameter of proximal articular face, .. .073

Transverse diameter of ])roximal articular face, .032

Antero-posterior diameter of face for secoTid metacarpal, .060

Transverse diameter of face for second metacarpal, _ _ .020

Antero-posterior diameter of face for third metacarpal, ._ 064

Transverse diameter of face for third metacarpal, _ . _ 027

Measurements of Right Magnum. {Dinoceras mirahile. No. 1195.)
m.

Length of longitudinal axes of magnum, _ 032-.062

Antero-posterior diameter, .063

Transverse diameter, .034

Antero-posterior diameter of proximal articular face, _ .065

Transverse diameter of proximal articular face, 027

Antero-posterior diameter of face for second metacarpal, 050

Transverse diameter of face for second metacarpal, .018

Antero-posterior diameter of face for third metacarpal, ... .055

Transverse diameter of face for third metacarpal, .022

Measurements of Left Magnum. [Dinoceras mirabile, No. 1218.)

m.

Length of longitudinal axes of magnum, 033-.069

Antero-posterior diameter, — .075

Transverse diameter, _ .041

Antero-posterior diameter of proximal articular face, 068

Transverse diameter of proximal articular face, .034

Antero-posterior diameter of face for second metacarpal, _ _ • 049

Transverse diameter of face for second metacarpal, .018

Antero-posterior diameter of face for third metacarpal, . .063

Transverse diameter of face for third metacarpal, .031
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The Uncifoem.

(Plate XXXIV, figures 7-12, Plate LIV, figure 1, un

;

and woodcuts 123-124, below.)

The unciform in the Dinocerata is similar, in general shape and

proportions, to that of Proboscidians, but is less oblique, and presents three

sub-equal articular faces on its distal surface, instead of two, as in

the elephant.

The exterior, or dermal, surface of the bone (Plate XXXIV, figure 7)

is moderately roughened and pitted, and is regidarl}- rounded, in the

horizontal direction, through an arc but little short of a quadrant. From
above downward, the surface is nearly plane.

The inner surface (figure 8), or that turned toward tlie magnum,

is bordered above, in part, and partly below, by a smooth articular

face for union with that bone. The amount and disposition of this

surface vary in a manner corresponding with the faces for its union

with the magnum, as before described. The proximal and anterior

portions of this face are the most constant, and may be confluent along

the whole margin of the proximal articular face, or mav be interrupted

near the middle (number 1195). The proximal part of this face may
extend quite across, so as to become confluent with the face for the third

metacarpal, and may then, as in the specimen figured, border that face

throughout its extent, or it may even fail to reach the lower, or distal,

margin of the bone at all (numbers 1509, 1525).

The posterior, or postero-interior, face of the unciform (figure 9) is

quite irregular, and, when not encroached upon by articular faces, is

moderately roughened.

The outer side of the bone (figure 10) is short from above downward,

allowing the articular face for the pyramidal to approach tliat for tlie fifth

metacarpal, as in the elephant. These faces may even be confluent for a

short distance across this surface (number 1211), as in figure 123, below,

or may be separated (numbers 1509 and 1525), as in figure 124.
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The i^roximal face (Plate XXXIV, figure 11) is obliquely saddle-

shaped, and presents two confluent, but distinguishable, faces, one for the

lunar, and one much larger, for the pyramidal.

The face for the lunar lies along the inner, or radial, side of the

proximal surface, and is sigmoid from before backwards, and transversely

more or less convex. Its posterior half is considerably elevated above

tlie anterior, to fit into a corresponding excavation in the lunar.

The face for articulation with the pyramidal is somewhat in the form

of a quadrant, one side being confluent with the face for the lunar, the

other side running along the outer, or j)osterior, margin of the bone, while

the curve forms the upper limit of the dermal surface. This face is

strongly saddle-shaped, concave anterq-posteriorly, and convex from side

to side.

The distal surface of the unciform (figure 12) bears three concave

articular faces for the support of the third, fourth, and fifth metacarpals.

Of these, the inner is the smallest, triangular in outline, only slightly

concave, and aids the magnum in the support of tlie middle, or third,

metacarpal.

The second, or median, articular face is tlie largest, and is more

deeply concave than the first. It extends antero-posteriorly quite across

tlie distal end of the bone, but is much broader in front than behind.

It supports the fourth metacarpal.

Tlie third articular face, situated upon the outer, or ulnar, side of

tlie distal end of the unciform, is more strongly concave antero-posteriorly

than either of the others, and is nearly as broad behind, or on its jialmar

margin, as in front. It is oblique to the axis of the bone, and, as already

mentioned, may even be confluent for a short distance with the proximal

face for the pyramidal, as shown in figure 123, below.

The unciform bone in two individuals of the Dinocerata is represented

in the woodcuts below. The specimens figured show marked difi'erences,

but whether these are constant in all the species of the t^^•o genera cannot

at present be determined. Tins is the ease, also, with other carpal bones.
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FiGnRE 123.—Right unciform of Dinnreras viirahile, Marah (No. 1211); side view.

FiGUKE 124.— Rig-ht UDcifnira of Tinacerus ingens, Mareh (N'o. 1509); side view.

7?i['V. face for fifth metacarpal; p. face for pyramidal.

Both figures are one-half natural size.

Four specimens of the unciform bone from different individuals of

Dinocerata have the following dimensions :

3fecisureme>its of Left T^ncifomi. (Dinoceras nih'ahile, Xo. 1208.)
m.

Length of longitudinal axes of unciform, . .041-.068

Antero-posterior diameter, .._. 068

Transverse diameter, .086

Antero-posterior diameter of lunar articular face, .062

Transverse diameters of lunar articular face, .020-024

Antero-posterior diameter of face for pyramidal, .- -. 060

Transverse diameter of face for pyramidal, _.. , .055

Antero-posterior diameter of face for third metacarpal, Ood

Transverse diameter of face for third metacarpal, 025

Antero-posterior diameter of face for fourth met.acarpal, . .056

Transverse diameters of face for fourth metacarpal, .. . _- .021-.043

Antero-posterior diameter of face for fifth metacarpal, 048

Transverse diameters of face for fifth metacarpal, .020-025

Measurements of Right Unciform. (^Di)ioceras mirahi/e, 'No. 1195.)
m.

Length of longitudinal axes of unciform, -.038-.06'>

Antero-posterior diameter, .067

Transverse diameter, .079

Antero-posterior diameter of face for lunar, .059

Transverse diameter of face for lunar, .019

Antero-posterior diameter of face for pyramidal, — .06

1

Transverse diameter of f.ace for pyramidal, - 068

Antero-posterior diameter of face for third metacarpal (approximate), _ .052

Transverse diameter of face for~third metacarpal, .026
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m.

Antero-posterior diameter of face for fourth metacarpal .055

Transverse diameters of face for fourth metacarpal, .01 3-.04

1

Antero-posterior diameter of face for fifth metacarpal, .04

1

Transverse diameter of face for fifth metacarpal, .023

Measurements of Right Unciform. [Diuoceras iiurahile, No. 124(.)
m.

Length of longitudinal axes of unciform, .046-073

Antero-posterior diameter, ._- . .084

Transverse diameter, — ... .091

Antero-posterior diameter of face for lunar, 070

Transverse diameter of face for lunar, . - . .023

Antero-posterior diameter of face for pyramidal, .073

Transverse diameter of face for pyramidal, . . _ .0L3

Antero-posterior diameter of face for third metacarpal (approximated, . . .057

Transverse diameter of face for third metacarpal, .029

Antero-posterior diameter of face for fourth metacarpal, . - .070

Transverse diameters of face for fourth metacarpal, _..__ .019-.04S

Antero-posterior diameter of face for fifth metacarpal, ._.. ..- .055

Transverse diameter of face for fifth metacarpal, 025

Measurements of Right Unciform. {Tiiwceras ingens, 'No. 1509.)
m.

Length of longitudinal axes of unciform (approximate), 051-085

Antero-posterior diameter, .080

Tranverse diameter, ,_ — .._ .. .098

Antero-posterior diameter of face for pyramidal (approximate),— .070

Transverse diameter of face for pyramidal, 077

Antero-posterior diameter of face for third metacarpal, 057

Transverse diameter of face for third metacarpal, .027

Antero-posterior diameter of face for fourth metacarpal, - 067

Transverse diameters of face for fourth metacarpal, .016-056

Antero-posterior diameter of face for fifth metacarpal, -. .056

Transverse diameter of face for fifth metacarpal, _. 030

The Metacarpal Bones.

(Plates XXXV, XXXVI, XXXVII, and Plate LIV, ^gure 1.)

The metacarpal bones in the Binoceratn are sliort and robust. They

are five in number, and each represents a well developed dig-it. Their

general form and position in the foot of Dlnoceras mirahUe are shown in

Plate LIV, figure 1, and also in the restoration of this species, Plate LV.
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The First Metacarpal. (Plate XXXV, figm-es 1-6.)

The metacarpal bone of the first, or inner, digit, the pollex, is a

robust, and usuallv short bone, proportionally much stronger than in

the elephant. In all the specimens preserved, the epiphyses, whether

present on one end only, or on both ends, as in the elephant, are firmly

codssified with the shaft of the bone. The surface of the bone, as shown

in Plate XXXV, figures 1-4, is rough and very irregular.

The proximal articular face (figure 5) is nearly elliptical in outline, and

is flattened, but elevated, near the middle of the palmar side of the margin.

On some specimens, there is a distinct oval face for contact with the

second metacarpal. This face is raised upon a large tubercular elevation,

and may, or may not, be in contact with the proximal articular face.

The distal end (figure 6) presents a flattened, and somewhat concave,

face for the phalangeal bone, and two broad, oblique grooves for the

sesamoids.

Three first metacarpals of Dinoceras have their principal dimensions

as follows

:

Measurements of First Metacarpal. {Dinoceras mirahile, No. 1208.)
m.

Total length of first metacarpal, _ _ .063

Diameters of proximal articular face (approximate), .025-.044

Diameters of face for phalanx, 027-.034

Measurements of First Metacarpal. {Dinoceras mirahile. No. 1211.)
m.

Total length of first metacarpal, ._ _ .098

Diameters of proximal articular face (approximate), .030-050

Diameters of face for phalanx, .037-043

Diameters of face for second metacarpal, 020-.022

Measurements of First Metacarpal. {Dinoceras, No. 1526.)
m.

Total length of first metacarpal, . .056

Diameters of proximal articular face (npproximate), 026-.044

Diameter of face for phalanx, ,030

16
~
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The Second Metacarpal. (Plate XXXV, figures 7-12.)

The metacarpal supporting the second digit in the Dinocerata is

nearly twice as long as the first, but not greatly wider, nor thicker. The

shaft is strongly roughened and tuberculated near each end, as shown in

Plate XXXV, figures 7-10, while the middle portion is much smoother.

The proximal end of the bone presents three distinct, but confluent,

articular faces, of which the fii'st, beginning on the radial side, is the

largest. It met the trapezoid, and furnished the principal support of that

bone. This face, shown in figure 11, is oblique to the axis of the bone,

throwing it, in its natural position, well toward the radial side of the

manus. It is a little broader, and more oblique, above than below, and is

slightly concave in both directions.

A second adjoining face, shorter and smaller, shown also in figure 11,

is nearly perpendicular to the axis of the bone, slightly narrowed behind,

and convex in both directions. In life, this face articulated with the

oblique distal face of the magnum.

A third face, on the idnar .side of the bone at the proximal end, shown

best in figure 10, articulated with a similar face on the adjoining third

metacarpal.

The distal end of the bone (figure 12) bears a broadly oval, only

slightly convex, articular face for the phalanx. This is encroached upon

below, by the broad, shallow grooves for sesamoid bones.

I'he principal dimensions of the second metacarpal repi'esented in

Plate XXXV are as follows

:

Measurements of Second Metacarpal. (Dinoceras mirabile. No. 1208.)
m.

Total length of second metacarpal, J - .102

Diameters of pro-vimal end, 039-.065

Diameters of distal end, _ .046-058

Diameters of sbaft, _ _ _ - . .030-040

Antero-posterior diameter of face for trapezoid, .. .050

Transverse diameters of face for trapezoid, - -- .020-023

Antero-posterior diameter of face for magnum, - .046

Transverse diameters of face for magnum, _ _ .012-.018

Antero-posterior diameter of face for third metacarpal, . .040

Diameters of face for phalanx, .025-.041



THE FORE FEET. 123

The Third Metacarpal. (Plate XXXVI, figures 1-6.)

The third metacarpal resembles the second in general size and shape,

but may be readily distinguished from it by the presence, on the proximal

«nd, of four, instead of three, articular faces. Like that bone, it is rough

and tuberculated, especially near the ends. It bears, also, a rugose surface

not far above the middle of its shaft on the ulnar side, best shown in

Plate XXXVI, figures 1 and 3.

Of the four proximal articular faces, the first, beginning on the radial

side is almost entirely on the lateral surface of the bone, as represented

in figure 2. In life, it moved upon a corresponding face on the adjoining-

second metacarpal. It is confluent, along its proximal margin, with the

second articular face, which is the largest of the four, and articulated with

the principal distal face of the magnum.

This face, shown in figures 2 and 5, extends with parallel sides across

the proximal end of the bone, from before backward. It is concave

from side to side, though slightly convex antero-posteriorly, and formed,

during life, the principal support of the bone. Its plane is more inclined

to the axis of the bone than is that of the third face, which, in life, rested

on the unciform.

The third face, best shown in figure 5, is large and triangular, the

apex of the triangle being turned posteriorly, or toward the palmar surface

of the manus. This face articulated with the unciform. It is convex in

both directions, and, being more nearly perpendicular to the axis of the

metacarpal than is the face foi- the magnum, must have contributed,

during life, nearly as much to its support.

The face for the unciform is confluent along its entire outer, or ulnar,

margin with a fourth, broad articular face on the side of the bone (figure 4j,

which, in life, met a corresponding face on tlie fourth metacarpal.

The distal end of the bone (figure (!) supports a moderately convex

face for the ]lialangeal articulation, placed well upon the upper surface of

the bone, and 'scarcely extending as low as the middle of the distal end.

Here, it is met by the teoad and shallow^ grooves, in which a pair of
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sesamoid bones moved during life. The ridge between these grooves is

nearly obsolete in front, but well developed posteriorly.

The more important measurements of two third metacarpals of

Dinoceras are given below.

Measurements of Third Metacarpal. [Dinoceras mirahile, No. 1208.)
m.

Total length of third metacarpal, . .1 14

Diameters of proximal end, . - r)2-.062

Diameters of distal end, _. 044-054

Diameters of shaft, _ .- .031-042

Antero-posterior diameter of face for second metacarpal, ... .040

Transverse diameter of face for second metacarpal, _

.

.015

Antero-posterior diameter of face for magnum, _ .056

Transverse diameter of face for magnum, . . _ .022

Antero-posterior diameter of face for unciform, ,- _ .050

Transverse diameter of face for unciform, . 030

Antero-posterior diameter of face for fourth metacarpal, ...... .050

Transverse diameter of face for fourth metacarpal, .025

Diameters of face for phalanx, ._ .0-.'o-.042

Measurements of Third Metacurpal. [Dinoceras niirabile. No. 1529.)
m.

Diamieters of proximal end of third metacarpal, .044-073

Diameters of shaft, .032-040

Antero-posterior diameter of face for second metacarpal, .043

Transverse diameter of face for second metacarpal, . . .014

Antero-posterior diameter of face for magnum, '.. ... .069

Transverse diameter of face for magnum, . .. .__. 025

Antero-posterior diameter of face for unciform (approximate), . . . .055

Transverse diameter of face for unciform, _ .. .030

Antero-posterior diameter of face for fourth metacarpal, 059

Transverse diameter of face for fourth metacarpal, .015-.018

The Fourth Metacarpal.

(Plate XXXVI, figures 7-9, and Plate XXXVII, figures 1-3.)

The fourtli metacarpal in the Dinocerata is a robust bone, like tlie

second and tliird of the series. It may be easily distinguished by the

broad, sub-triangular, convex articular face, at right angles with the axis of

the bone, and covering its entire proximal end.
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The surface of the bone is roughened towards the ends, but smoother

along the sliaft, as shown in Plate XXXVI, figures 7 and 8, and Plate

XXXVII, figures 1 and 2. It is considerably extended antero-posteriorly

near the proximal end, but is constricted at the middle.

The ])roximal end (Plate XXXVII, figure 3) is almost completely

covered by the articular face for the unciform bone, bv which the fourth

metacarpal was entirel}- supported. This face is convex in both

directions, and broad in front. It becomes much narrower behind, or

toward the palmar side of the manus, so as to appear triangular, but does

not come quite to a point. Along each side, it is confluent with narrow

faces, nearly at right angles with the main surface, which joined, during

life, corresponding faces on the third and fifth metacarpals.

The largest of these lateral faces, shown in Plate XXXVI, fig-ure 8,

extends along the entire margin of the uncifoi-m face on its radial side,

and was adapted to the third metacarpal.

On the opposite, or ulnar, side (Plate XXXVII, figure 2), a smaller

and shorter face, sometimes, as in the specimen figured, much larger

anteriorl)^, was adapted, during life, to the fifth metacarpal.

The distal end of the bone (Plate XXXVI, figure 9) presents a

rounded, and but slightly convex, face for the phalanx, and below are

shallow grooves for the two sesamoid bones.

Measurements of the fourth metacarpal bone in four specimens of

the Dinocerata are as follows :

3Ieasurements of Fourth Metacarpal. (Dinoceras ?nirabile, No. 1211.)

m.

Total length of fourtb metacarpal, .131

Diameters of proximal end, .0.50-.n81

Diameters of distal end, 052-044

Diameters of shaft (approximate), _ - 0-38-.041

Antero-posterior diameter of face for unciform, .076

Transverse diameters of face for unciform, .022-.048

Antero-posterior diameter of face for third metacarpal, 062

Transverse diameters of face for third metacarpal, .013-.022

Antero-posterior diameter of face for fifth metacarpal, ._ .052

Transverse diameters of face for fifth metacarpal, .060-.022

Diameters of face for phalanx,-^^ — . .-- .()35-.040
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Measurements of Fourth Metacarpal. (Dmoceras lucare, No. 1038.)

m.

Total length of fourth metacarpal, -. .117

Diameters of proximal end, _ _ 047-.064

Diameters of distal end, .... . 054-.041

Diameters of shaft (a])proximate), . _ _ _ _ 02T-.039

Antero-posterior diameter of articular face for unciform (approximate), .060

Transverse diametei's of articular face for unciform (approximate), 021-040

Antero-posterior diameter of articular face for third raetacarj)al (approximat \ 050

Transverse diameters of articular face for third metacarpal (approximate), . . _..012-.020

Antero-posterior diameter of articular face for fifth metacarpal, ,_.. 042

Transverse diameters of articular face for fifth metacarpal (approximate), . _ . . ..080-.018

Diameters of articular face for phalanx, ..032-042

Measurements of Fourth Metacarpal. {Dinoceras, No. loUS.)

m.
Total length of fourth metacarj)al, .096

Diameters of proximal end (approximate), ._ 040-.061

Diameters of distal end, 045-034

Diameters of shaft (approximate), - 020-.033

Antero-posterior diameter of articular face for unciform, . .. .058

Transverse diameter of articular face for unciform, . _ _ . . .040

Antero-posterior diameter of articular face for fifth metacarpal, ... .042

Transverse diameters of articular face for fifth metacarpal, 040-017

Diameters of articular face for phalanx, 023-039

Measurements of Fourth Metaciirpal. {Tinoceras ingens. No. 1219.)

m.
Total length of fourth metacarpal, 117

Diameters of proximal end, __ 054-071

Diameters of shaft (appi'oximate), . _ _ 028-.04()

Antero-posterior diameter of articular face for unciform, 064

Transverse diameter of articular face for unciform (approximate ' 048

Antero-posterior diameter of articular face for third metacar})al, _ . .055

Transverse diameters of articular face for third metacarpal, 014-019
Antero-posterior diameter of articular face for fifth metacarpal, .047

Transverse diameter of articular face for fifth metacarpal, 020

Diameters of articular face for phalanx, 030—042
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Thj: Fifth Metacarpal. (Plate XXXVII, figures 4-9.)

The specimens of the iitth metacarpal in the Yale Museum are,

unfortunately, all more or less distorted b}' pressure, and hence fail to

fully represent this element of tlie manus. The bone is well developed,

scarcely smaller than the third and fourth, and considerably surpasses the

first in lenyth. Like the other bones of the metacarpal series, it is rough

and tubercular, especially toward the ends.

The proximal end (Plate XXXVII, figure 8) presents three articular

faces, of which the main and middle one, for the support of the bone upon

the unciform, is strongly convex. The convexity is carried through a

considerable arc in the antero-posterior direction, to correspond with the

outer, and most concave facet, on the unciform bone, to which it is adapted.

This su!-face is bordered, on the inner, or radial side, by a face, broadest

anteriorly, for motion on the fourth metacarpal. Behind, and on the outer,

or ulnar, side of the principal articular face, is a much smaller face, which,

in life, moved upon a corresponding articulation on the distal end of the

pyramidal.

In some specimens, the shape of the unciform, as shown on page

119, figure 124, would seem to make this impossible, and doubtless this

face will not be found to be constantly present on the fifth metacarpal.

The distal end of the bone (Plate XXXVII, figure 9) presents, as

usual, a round, or oval, face for articulation with the phalanx, and sliallow

grooves below for a pair of sesamoids.

The specimens preserved are so much distorted that measurements

would be of comparatively little value.

The Phalanges. (Plate XXXVIII, and Plate LIV, figm-e 1.)

The i)halanges in the fore foot of the iJinocerata are very short, and

comparatively ''small. Their general characters ai'e shown in the Plates

cited above, as well as in the restorations given in Plates LV and LVI.
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The proximal phalanges (Plata XXXVIII, figures 1 and 2) are much

the larg-est. The proxhiial surface has no central groove, and is adapted

to the comparatively smooth face on the distal end of the metacarpals.

Tlie median phalanges (figures 3 and 4) are much shorter than those

described above. Their proximal articular faces are nearly flat, and the

distal ones, smaller, and more concave transversely.

The ungual phalanges (figures 5 and 6) are larger than those of the

median series, and, with the exception of the small articular face, their

surfaces are very rugose.



CHAPTER IX.

THE RIBS AND STERNUM.

(Plates XXXIX, XL, LV, and LVI.)

The ribs in tlie Dinocerata present no special characters of importance.

Their general features are well shown in the illustrations above cited,

especially in the restorations at the end ot" the volume.

The First Rib.

(Plate XXXIX, figures 1-3.)

The first rib in the Dinocerata has a general resemblance to the

corresponding bone in the mastodon. It is, however, proi)ortional]\'

shorter, and more flattened at the sternal end.

This rib presents a well rounded articular face to the first dorsal

vertebra, and, confluent with this, on the anterior side of the head, is

another strongly convex face, for articulation with a. well develo])ed facet

near the posterior margin of the last cervical vertebra.

The tubercular articulation is but little elevated above the capitular.

It is convex from before backward, concave from side to side, and looks

almost perpendicularly upward, being directed but very slightly backward.

The tubercle of the rib extends outward beyond tlie articular face.

The shaft is moderately roughened,^ more especially on its anterior,

or outer, surface. The sternal face is so strongly flattened and expanded

that the external border of the rib shows only a very moderate degree of

curvature. The inner border, however, is strongly ciu'ved, mostly in the

upper half of the bone.

17 129
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The Anterior Dorsal Rics. (Woodcuts 125-132, below.)

The second rib in one species of Uiiifathrriiiin is represented in tlie

figures below.

Fii:. 12.-. Fig. 120. Fir,. 127.

* H' (i

Figure 12j —stiomi iib of Uinlatherium latijrons, Marsh (No. 12:il); [justerioi view.

FiGURK 12(j- llicsiUR 111); IVoiit view.

Figure 127 — I lie iiiii uli; ininT view.

Figure lis — ihe '-iur mIi; in-n.^iiual end.

Ji. head ;
I. liilierde.

All the tigiiira are oac-foiirth natural size.

The secoiiil rib is niucli longer, and less robust, than the first, above

described. '^Fhe head is large, and the two articular faces on it are

confluent. The tubercle is well developed, and at nearly the same level

as the head. The .shaft is only moderately curved, and considerably

compressed. The distal end is flattened, and wider than the shaft.
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The ril)s l)cliiii(l the second gTiuhially increase in lengtli, and become

more curved. The head remains hir<^-e, and its articidar faces are usually

separated from each other, as shown in tii;ures 12!)-132, below.

\\\

Figure r2;i.—Autciior rili of Dinocera.? mirabik. Marsh (Nu. 1212); postprior view.

Figure 13ij.— Tlie same rilj ; inner view.

FiGURS 131.—The same rib ;
front view.

Figure 132.—The same rifj
;
pro.ximal end.

h. head ; t. tnbercle.

All tlie figures are oue-foiirth natural size.



132 DINOCERATA.

The main dimensions of the first rib in one individnal of Dinoceras

niirabile are as follows

:

3Ieasurements of First Rib. [Dinoceras niirabile. No. 1251.)
m.

Total length of rib, .320

Greatest diameter of head, .. . .038

Transverse diameter of head, .032

Diameters of tubercular articulation, _ .020-.030

Diameters of shaft, near the middle, .021-. 040

Diameters of .shaft, at sternal end, .027-.095

The principal ineasm-ements of the second rib of Uintatlierium are

given below.

3Ieasi(rements of Second Rib. (Uintatherinm lati/rons. No 1231.)
m.

Total length of rib, in straight line, _ _ . - - .410

Greatest diameter of head, -- .055

Transverse diameter of head, - .030

Diameter of tubercular articular face, -._ --- .024

Diameters of shaft, near the middle, _ — .020-.039

Diameters of shaft, at lower end (approximate), .. --. .025-. 060

The dimensions of two dorsal ribs of Dinoceras are as follows

:

Measurements of Anterior Rib. [Dinoceras mirabile. No. 1212.)
ID.

Total length of rib, in straight line, 500

Greatest diameter of head, — . -048

Transver.se diameter of head, - -036

Diameter of tubercular articular face (approximate), .. — .. — .023

Diameters of shaft, near the middle, .022-060

Diameters of shaft, at lower end (approximate), . _ 025-.038

Measurements of Median Rib. [Dinoceras mirabile, No. 1210.)

Total length of rib, in a straight line, .. — -60.5

Diameters of head, .O47-.o58-.005

Diameters of neck, - - 034-.039

Diameters of shaft, 017-.057
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The Posterior Ribs. (Plate XXXIX, figures 4-9.)

The posterior ribs gradually diminish in length, and become more

slender, but the curvature is still sti-ongly marked. In most of them, the

head is large, and the two articular faces on it, distinct. The tubercle

diminishes in size, and toward the last is a mere sessile articular tiice.

The sternal riljs are not preserved in any of the known specimens of

the Diiiocf'rata, and they were probabl}^ unossified. TJieir general form

and position are indicated in the restorations. Plates LV and LVI.

The more important dimensions of two postei'ior ribs in the type of

Dinoceras mirahUe are the following :

3feast(reiiieiifs of Dorsal Rib. {Dinoceras rnirahile. No. 1036.)
m.

Totnl length of rib, in st raight line, .530

Greatest diameter of head, .. . - .-. .- .052

Transverse diameter of head, .037

Least diameter of shaft, near the middle, .015

Diameters of shaft, at broadest point, .- — 0-25-.060

Measurements of Posterior Rib. {Dinoceras niirahile, No. 1036.)
m.

Total length of rib, in straight line, __ .520

Greatest diameter of head, — -. .056

Transverse diameter of head, -- .062

Diameters of shaft, at broadest point, .016-051

The Sternum.

(Plate XL; and woodcut 133, below.)

Sternal bones are preserved in a number of individuals of the

Dinmerata in the Yale Museum, but the entire series in any one

individual has not been recovered. The general form and character of

these bones are' shown in the figures, Plate XL. A series in the natural

position is represented in the woodcut below.
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The most, marked cliaracter of these hones in the Dinorernta is that

they are flat aiul liorizontal, as in the Artiodactyls, and not vertical, as in

the Proboscidians, and tlie Perissodactyls. Tlie first bone of the series, or

the pre-sternmn, is compressed, pointed in front, and, at tliis end, has two

distinct facets for the first pair of ribs. Tliis bone is shown in Phxte XL,

figures 1, 2, and 3.

The bones wliicli folh)w, and compose the meso-sternum, are broad

and flat, somewhat constricted near the middle, with the ends more or

less convex. The anterior ends are usually strongly convex, while the

posterior extremities may be nearly flat.

Two examples of these median sternal bones are shown in the same

Plate, figures 4-9, as well as in the woodcut belo\\^

FiucRE \3?,.—Sternum cif Dinorerns miralih, Miirsli; top viuw.

One-flftli natural size.

The last sternal bone of the series, or the xiphi-sternum, is also broad

and flat, but has the posterior extremity pointed. This bone is shown in

figures 10-12, of the same Plate.

The surface of all the sternal bones is quite rugose, and the

extremities are deeply pitted fiir union with the cartilage that held them

in position.

No indication (_)f clavicles has been observed.
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THE PELVIC ARCFI AND TAIL.

(Plates XLI, XLII, XLIII, LV, and LVI.)

The Pelvis.

(Plates XLI-XLII; and woodcuts l.'U-l.-'.f), lielow.)

In all the known specimens of tlie DiiKicemtd in wliicli the ])elvic

arch is preserved, tlie iliiuii, ischium, and puln's are firndy cdiisiHed with

each other, but not with the sacrum. The three pelvic bones on each

side nnite with eacli othc^r earlier, and much more closely, than they do

with the sacrum above, or with the opposite pelvic boiuss below. The

sutures for the latter union remained open until the animal Avas fully adult,

and, even then in some specimens, were readily separated. These

features are well shown in Plate XLI.

Tlie pelvis of Dinoceras may be compared Avith that of the ele|)haut,

to which it bears a considerable resemblance, but from which it ditifers in

many important particulars.

The ilia are nnich expanded, and nearly quaclrant-sha|ied in outline,

the supra-iliac border being very regularly curved, ami only moderately

thickened near its union with the acetabular border, wliich it joins at about

a right angle. The iliac surface is moderately concave in liotli directions,

especially near the surface for union with the sacrum.

The gluteal surface is nearly flat where most ex])anded, but becomes

convex in the acetabular region. It rises but little above the sacral

articular surface, winch is short, somewhat triangular in outline, and
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presents a strong' union with the tnuisverse processes of the first two sacral

vertebrae.

Tlie ilia, are more rounded in outline, and the pubes are less firmly

united at the symphysis, than in the mastodon. The ischia, also, do not

unite at all, as in that animal, but are lounded off, and distant from

each other.

]''I0. ]?,i

Figure \?A.—Pelvis of Tinoceras imjtf.is, .M.irslj (No. I J 97); sceu from btlow

Figure 135.—Tlie same; front view

a. acetabulum; /. thyriiiJ foramen; il. il

s'. posterior end of saerum.

Butli fijiures are oue-ei'jIUh natural si/j

schium : yi. jnibis ; s. aulerior eud of sacruiu;
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The pelvic arch in Tinoceras is similar, in its general features, to that

of JJinoceras, but presents various differences which are apparent in

comparing the figures 134 and 135, above, with the corresponding views

of the type specimen oi' DiiKJcenis mirahile represented in Plate XLI.

The sacrum in Dinoceras differs from that of Mastudon Americauus in

having four sacral vertebrae instead of five, and mucli larger transverse

processes, for articulation with the ilia. The foramina between these

processes are also proportionally much larger. Only the first two of the

processes unite strongly with the ilium, instead of four, as in the mastodon.

Both the sacrum, and the face for attachment to the ilium, are

proportionally much shorter than in the mastodon.

The more important dimensions of the pelvic arch in the type

specimen of Dinoceras iiilnibilr, and in one individual of Tinoceras ingens,

are the following

:

Measurements of Pelvif:. (Dinoceras mirable. No. 1036.)
m.

Greatest transverse diameter, across ilia, — 1.120

Horizontal diameter of pelvic opening (approximate), — .350

Vertical diameter of pelvic opening (approximate), . .250

Diameter across acetabula, - - — ---• — .660

Diameters of acetabulum, .110-125

Diameters of thyroid foramen, . .075-. 1 50

Length of symphysis pubis, ._- : -- -140

Length of four sacral vertebra; (approximate), .245

Extent of transverse processes of first sacral, — 330

Horizontal diameter of anterior face of first sacral, ^110

Vertical diameter of anterior face of first sacral, .075

Length of first sacral centrum, 075

Measurements of Pelvis. (Tinoceras ini/ens, No. 1497.)
m.

Greatest transverse diameter, across ilia, 1.180

Horizontal diameter of pelvic opening (approximate), - . .400

\'ertical diameter of pelvic opening (approximate), . . . .300

Diameter across acetabula,.. .. — -700

Diameters of thyroid foramen, - .060-150

Length of symphysis pubis, -. -. 140

Length of four sacral vertebra}, -. --- --95

Extent of transverse processes of first sacral, .. -- 355

Horizontal diameter of anterior face of first sacral, .117

18
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m.

Vertical diameter of anterior face of first sacral, 072

Length of centrum of first sacral, 085

Length of centrum of second sacral, . . . .075

Length of centrum of third sacral, - . 065

Length of centrum of fourth sacral, . — .067

The Caudal Vertekr.e.

(I'late XLIII ; and woodcut 136, below.)

The anterior caudal vertebni? of the JDinocerafa have the centra short

and Hat, witli loiiy and depressed transverse processes. The neural spine

is only moderately developed. The neural arch is low, and situated on

the anterior two-thirds of the centra. The zygapophyses are weak, and

their articular faces usually curved.

In the median eaudals, the transverse processes become shorter, and

gradually disappear.

The distal eaudals are cylindrical, and of moderate length. They

are without zygapophyses, or neural arches, as seen in figure 136, below.

FlGDRE laC— Cau(l:il \erlebra of Dinoceras lotkeps, Marsh (Xo. Ui::9).

a, prozimal end; b. side view; c. illslal end.

All the figures are one-half natural size.

The under surface of the caudal vertebrje is rugose, and there are

no chevron bones.
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THE HIND LIMBS.

(Plates XLIV, XLV, XLVI, LV, and hVl.)

The Iiind liniljs of tlie D'liioccrata liave a general resemblance to those

of Proboscidians, bnt the bones composing- them are comparatively

shorter, and more robnst. When the animal was standing at rest, the

posterior limb formed a strong and nearly vertical column. The contrast

in this respect between the hind and the fore limb has already been stated,

in the description of tlie latter in Chapter VII.

The Femur, (Plate XLIV; and woodcuts 137-138, below.)

The femni' in tlie Dhioccrdta is proportionally shorter than in the

elephant. It is much smoother throughout tlian the humerus, and is also

somewhat longer than that bone.

The head of the femur is hemis))herica], and its axis makes an angle

of about fifteen degrees with the axis of the shaft of the bone. The

diameter of tl>e head is contained about five and one-half times in the

length of the femur. Tliei'e is no indication of any pit for the round
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ligament, as is seen in Plate XLIV, figure 3 a. The great trochanter

scarcely rises above the base of the head. It is flattened, and posteriorly

is excavated below.

The upper end of the shaft is broad, flattened in a fore and aft

direction, and is excavated behind, especially below the great trochanter.

It contracts in transverse diameter gradually to a minimum, near the

middle of the shaft, and just below the trochanter minor, where it is

flattened behind, but strongly rounded in front. Below this point, it

becomes flat behind, and, lower still, is excavated, while the anterior

surface is rounded throughout. The anterior and ])osterior surfaces of the

bone, .(long the inner side, pass into eacli other by gradual curvature,

except in the region of tlie trochanter minor. The latter process is less

than one-thii'd of tlie wav down the shaft, and somewhat stronger than in

the elephant. There is no third trochanter.

The curved front surface of the femur is separated from the flattened

posterior face b\' a i-ounded ridge, extending along the outer and posterior

sides nearly the entire length of the shaft. This ridge sharply separates

the two faces, but nowhere rises conspicuously above the general surface

of the bone, and disapjiears near the proximal end. Near the distal end,

the surface is roughened, but is destitute of the conspicuous fossa above tlie

outer condyle, seen in the horse and the hippopotamus.

The condyles resend)le those of the elej)hant, and, as in that animal,

are so placed itpon the end of the shaft as to permit the knee-joint to be

straightened when standing at rest, and in walking. The characteristic

elephantine gait must, therefore, have been assumed by the Diuocrraia.

The inner condyle is a little greater than the outer in transverse

diameter, but much less in antero-posterior dimensions. The two are

separated from eacli other by a deep narrow sulcus, but both are

completely confluent above with the shallow and short groove for the

patella. This groove is broadly rounded from side to side, and less

distinctly pulley-shaped, than in the elephant. It is near the middle of

the anterior surface of the bone, and does not rise above the general

surface, except to a very small extent along- its lateral margins, Avhich are

acute, and sub-ecjua) in height
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There is no medullary cavity in the femur, tlie inner texture of the

shaft being merely somewhat cancellated, as shown in the woodcuts below.

PiGUBE 137.—Section of femur oi Binoceras mirabile, Marsh (No. 1200).

Figure 138.—Section of same bone (No. 1210).

Botli figures are one-fourth natiinil size.

The main dimensions of the femur in one specimen of Dinoceras are

given below.

Measurements of Might Femur. [Dinoceras mirabile. No. 1206.)
m.

Length of femur, . ._. - -- .690

Diameters of head, .12.3-.126

Distance from summit of head to trochanter minor, ... .. .200

Height of trochanter minor, — .015

Transverse diameter through great trochanter,— .215

Least diameters of shaft, .. .O67-.093

Transverse diameter of distal end, _ — - .170

Greatest antero-posterior diameter of distal end, 160

Least antero-posterior diameter of distal end, . — - .100

Transverse diameter of inner condyle, ..._ .065

Transverse diameter of outer condyle, . ._ - .070

The Tibia. (Plate XLY.)

The tibia in the Dinoceratu is much shorter than the femur, as in the

elephant and the mastodon, and considerably resembles the same bone in

these animals. It differs noticeably in the greater prominence of the

tuberosity for the attachment of the patellar ligament.

The proximal articular surfaces for the condyles of the femur are

confluent, or very nearly so, being sejiarated b}' only a low, smooth and

rounded ridge,- as seen in Plate XLV, figure 3 a. The inner face is

larger in antero-posterior diameter than the outer, and is concave
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throughout in both directions, except for a very small area ne.ar its posterior

margin. The outer face is shorter, but nnicli broader than the inner, and

posteriorly is much more convex, and thus ada|)ted, in extreme flexion of

the leg, to a concave face on the outer condyle of the femur. These faces

may indicate the presence of a flabella.

Below the outer and posterior part of this articular surface, is a small

flattened facet, looking nearly downward, and somewhat outward and

backward, for articulation with the fibula.

The upper end of the shaft presents in front a deep rounded

excavation, bounded nt the sides and below by a roughened curved ridge

for muscular attachment. The shaft is contracted in the middle, but

expands below, and has its distal end nearh- covered by the broad surface

for articulation with the astragalus.

This articular face is confluent along its outer margin with a small

oblique face for the distal end of the fibula. It is concave antero-

posteriorly, but, in transverse section across the middle, is at first slightly

convex on the internal nuxlleolus, then concave, and again moderatel}"

convex to the margin of the fibular articulation. This face is represented

in Plate XLV, figure 1 a.

The tibia is nearly, or quite, solid, as shown in figure 5 of the

same Plate.

Measurements of Tibia. {Dinocerns inirabile. No. 1208.)
m.

Total length of tibia, .390

Greatest diametei', proximal end, _ .140

Antei'o-posteiior diameter, below patella, .096

Antero-.posterior diameter of inner proximal articular surface, . _ . . .080

Transverse diameter of inner proximal articular surface, . _ - - . _ . - . . _ .062

Antero-posterior diameter of outer proximal articular surface, _ - . .070

Transverse diameter of outer proximal articular surface, . .075

Greatest diameter of fibular articular suiface, . - _ . . - - .033

Least diameter of fibular articular surface, .027

Least diameters of shaft, . — - _ 052-057

Greatest diameter, distal end, - 107

Antero-posterior diameter, distal end, - .093

Greatest diameter of astragalar surface (approximate), .-. .095

Antero-posterior diameters of astragalar surface, ... 067-.OSO

Antero-posterior diameter of distal fibular surface, .035

Least diameter of distal fibular surface, . . _ - _ . . _ — . . .015
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The Fibula. (Plate XLVI, figures 1-4.)

The fibula is slender, aud entire, witli artienlar faces well marked at

each extremity. The proximal end is sonicwliat .'X))anded, and has the

articular face for union with the tibia obli(|ue, and sub-oval in outline.

The shaft is somewhat twisted, ;ind sub-triangular in transverse section.

The di.stal end of the filnda is larger than that above, and quite rugose.

Tlie articulation for union with the astragalus is large, and |)laced

obliquely, as shown in Plate XLVI, figure 4.

In some specimens of the Dinocerafu, and probably in all, tlie fibula

met the calcaneum, as in Conjpliodon, and the Ai'tiodact} Is.

Measurements of the fibida in two individuals of Dinoceras are as

follows

:

3Teasw\iueiiff: nf Fihuhi. [Dinoceras mirabi/e, No. 1208.)
m.

T.ciigtli of fibula (approximate), .350

1 )iameter.s of proximal end, - . . .040-045

Diameters of proximal articular surface, 028-033

3Ieasiirenients of Fibula. [Dinoceras mirahile. No. 1210.)

Diameters of shaft, .028-.020

Diameters of distal end, .040-.0T0

Diameters of distal articular surface (approximate), .050-045

The Patella. (Plate XLVI, figm-es 5-8.)

The patella in the Dii/orrrafa is a large bone, and resembles, in its

general features, that of the elephant. Its external surface is quite

rugose. The articular surface fm- union with the condyles of the femur

is sub-oval in outline;, concave 1'rom above downward, and transversely

convex in consecpience of tlie usual median swelling. The general

characteristics are well )-epresente<l in Plate XLVI, and its jxisition in the

skeleton is shown in tlu^ I'cstorations at the end vi' the \'olinne. Plates LV
and LVI.





CHAPTER XII.

THE HIND LIMBS. (Continued.)

(Plates XLVII-LVI.)

The hind feet in the iJmocerafa were considerably smaller than those

in front. Their component parts are short and robust, forming together a

strong support fur the massive hind limbs. Tiiere were tive digits, as in

the Proboscidians, and the axis of the foot was through the third, or

middle, digit.

The general appearance of the hind foot in Diiioceras mirahile is

represented in Plate LIV, figure 2. The fore foot, or manus, is

seen in figure 1 of the same Plate, and both feet are shown in difterent

positions in the restorations. Plates LV and LVI.

The Tarsal Bones.

(Plates XLYII-L, Plate LIV, figure 2 ; and woodcuts

139-146, below.)

There are seven well developed tarsal bones in the Dinocerata, and

their relative position in the hind foot is seen in Plate LIV. These bones

are described in detail below. An eightli tarsal bone, the tibiale, appears

to have been present.
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The Astragalus.

(Plate XLVII, Plate LIV, tigiire 2, a; ami woodcuts 139-142, below.)

'i'lie astragalus in the D'mocerata considerably resembles that of the

elephant, the bone being, as in that animal, very short, along the axis of

the leg and foot. The articular faces are, moreover, but little cvirved,

indicating comparatively sliglit freedom of motion in the ankle joint.

The superior, or proximal, face of the bone, articulating with the tibia,

is shown in Plate XLVII, figure 1. This surface is sub-quadrate in

general outline, with rounded angles, but is prolonged posteriorly on the

inner, or tibial, side into a large convex lobe.

The surface of the tibial articulation is moderately convex from

before backward, and, in front, nearly flat from side to side, but,

posteriorly, it Ijecomes somewhat excavated, this being the only indication

of the conspicuous groove common in Ungulates. The tibial articular

surface is confluent, along the posterior part of its outer margin, with a

somewhat convex, rounded face for the fibula, as shown in figure 4.

The inner surface of the bone (figure 2), or that which is presented

upon the tibial side of the foot, is excavated by a large, rounded

depression, encroaching above upon the margin of the tibial articular face.

Below this depression, the bone is expanded, and presents a rounded

and convex articular surface, in close relation with the adjoining, and

nearly or quite confluent, tVice for articulation \\\\.\\ the navicular, as shown

in figiu'e 140, t' below. This convex facet apparently supported a separate

bone, as in the existing- H//ia.r (figure 155, C'hapter XIV). This bone,

as Baur has suggested, probablv represents the til)i;de, or inner tarsal of

tlie proximal row. The same bone exists also in Hi/sfrij., and many other

Rodents, and is regarded by Flower as a sesamoid.

The inferior surface of the astragalus (Plate XLVII, figure 3)

articulated with three bcmes; below, Avith the upper faces of the

calcaneum, and, in front, with the navicular and the cuboid. All these

articular faces niay be confluent, as in the specimen figured on the Plate,

and the mode of union with the calcaneum is subject to con.siderable

variation.
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In the specinieu there ligured, the lace for the oaleaneum may be

briefly described as in the form of a horse-slioe witii tiie hiteral branches

so broad as to leave only a narrow interval between them.

Tlie lateral portions, or branches, present two oval, concave faces,

and they are united behind by a broad band, running around the

posterior end of a deep, narrow groove, dividing the anterior parts of the

articulation, and leading backward to a foramen tlirough the bone. In

the speciniLni figured, this foramen is small and obli([ue, and no opening-

is seen through the bone. Along the outer, or fibular, margin of the

bone, the articular face is confluent for a short distance with that for the

fibula on the side of the astragalus. Near the center of the inferior surface,

the inner ramus of the calcaneal articular facet is confluent at the end with

tlie face for the cuboid.

Anotlier, and more couunon, form of articulation with the calcaneum

is shown in figure 140, below, wliere the lower surface of the astragalus

presents two distinct faces for tlie cahtaneum. The outer of these is broad

and rounded, nearly flat transversely, concave from before backward, and

separated by a deep groove from the inner, more elongated surface. This

groove leads backward into a large foramen, passing through the posterior

part of the bone. The inner portion of tbe calcaneal face is longer than

the outer, and more concave from betVtre backward. From side to side, it

is nearly flat, and, in front, it is more or less confluent witli the face for the

cuboid, and often also with that for the uaviculai-. In a few specimens,

the usual foramen near the liiuder border of the bone is represented by a

notch only, as in figures 141 and 142, below.

The anterior part of the under surface of tlie astragalus presents two

flattened, moderately convex, and verv une(pial, articular taces. The

larger one of these is for articidation with the navicular, and the smaller,

for the cuboid bone.

Tlie presence of a face for the cuboid is in strong contrast with the

structure of the foot of tlie elephant, in which the cuboid is supported by

the calcaneum, and the navicular wliicli covers the whole anterior face of

the astragalus, not allowing the cuboid to come in contact with that bone.

In the D'u/.ocerafa, this specialization does not oci-ur.
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The face for the navicular is fully twice as large as that for the

cuboid. It is somewliat convex from side to side, but is nearly flat

from before backward, and is bounded along its outer, or fibular, and

posterior side by a low rounded ridge, indicating the limit of the cuboid

face. This facet is more or less triangular in outline, the apex pointing

backward and inward. It is only moderately convex.

The relation of the navicular face to the articulation for the tibiale

bone is well shown in woodcuts 140 and 142, below.

The outer, or fibular, side of the astragalus (Plate XLVII, figure 4)

presents a convex articulation for the fibula. This face is confluent above,

with the tibial surface, and usually, also, in a mvich less degree, with the

outer face for the calcaneum. In some specimens, however (numbers

1248, 1528, 1531), these faces are quite separated.

In an anterior view of the astragalus (figure 5), the exterior, or

dermal, surface is seen to be very short, ^jroportionally shorter than in the

elephant, but varying within such limits that the longest in the Binucerata

may nearly or quite equal in length the shortest in the elephant.

Posteriorly, the astragalus extends backward much farther on the

inner, or tibial, side than on the outer side, and is tuberculated. This

surface of the bone is, in some specimens, deeply notched near the middle,

as in figures 141 and 142, below, but more commonly the notch is

converted into a foramen by a bridge of bone, as in Plate XLVII, figure

6, and figures 139 and 140, below. The tibial articular surface is not

usually confluent with the calcaneal surface, as is sometimes the case in

the elephant. A near approach to confluence is seen in one specimen,

number 1209.

The astragalus in Conjphodon is very similar in form to that in the

Dinocerata, but is shorter. It has essentially the same articular faces, and

the facet for the tibiale is equally well marked. The hind foot of

CoryphodoH is shown in figure 151, in Chapter XIV. Its general

resemblance to the corresponding foot in Dmoceras is striking, and the

structure of the two is essentially the same. The resemblance between

the fore foot of Dinoceras and that of Coryphodon is equally marked.
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The astragalus in one individual of D'ninrerns, and in one of

Tinoceras, is represented in the Avoodcuts below.

Fig. 139. Fro. 1 m.

Figure 139 —Left astragalus of Diiwc-rifi laticeps, Marsh (No. 1197); top vimv ; sljowini;- fur:iiiiiii.

Figure 1 40.—Tlie same bone ; bottom vieT.

b. face for fibula; c. and c'. faces for calcaneum; rh, face for ouboiil ; n. face for naricnlar; t. f;ice for

tibia, i'. face for tiliiale.

FiiiLTRE Ml.— Left astraf^aliis of Tinoceras ijujetii, Marsh (No. 1209); top view.

FiGURK 142.—The samS'bone ; bnttom view.

c. aud c'. faces for calcaneimi ; ch. face for ciilioiJ
;
/. face for filjula ; «. face for navicular, t, face for tibia.

All the tigurea are oue-lialf natural size.
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Measurements oF the astragalus in four individuals of tli(^ Diuncerntn

are as follows

:

Jfedsuremeiits off/ie Jy'iff Astr(i;/aliis. (Diiwceras inirabile, No. 1210.)
m.

Greatest anteiM-posterior (liamotcr of astragalus, .. .112

Greatest transverse diameter, ..._ .121

Greatest vertical diameter, . .. .070

Greatest diameter of articular face for tibia, .110

Antero posterior diameters of articular face for tibia, __.. .072-.066-.09'2

Transverse diameters of articular face for tibia, _ .... . .OVii-.OT 1-085

Anf ero-posterior diameter of articidar face for fibula, .044

Vertical diameter of articular face for fibula, .... .036

Antero-posterior diameter of articular face for caloaiu>uni, .054

Transverse diameter of articular face for calcaneum, . . _ ^ _ .OHO

Transverse diameter of articular face for calcaneum, onl or lobe, .o:?3

Transvei-se diameter of articular face for calcaneum, inner lobe, .040

Diameter of band connecting lobes, _ - . .018

Antero-posterior diameter of united faces lor navicular and cuboid, . .056

Transverse diameter of united faces for navicular an<l cuboid, .107

Diameters of face for navicular, .. .056-082

] )iameters of face for cuboid, .. : .035-062

ISIinimum length of neck, ... 014

Me/'i»ire»ienf.<! of Left Astrar/nhix. (Dhioceras laticeps. No. 1197.)
m.

Greatest antero-posterior diameter of astragalus, .128

(iieatest transverse diameter, -. .128

Gieatest vertical diameter, .080

(Jreatest diameter of articular face for tibia, .127

Antero-posterior diameters of articular face for tibia, (iS9-.080-.105

Transverse diameters of articular face for 1 ibia, .090-.085-.09

1

Antero-posterior diameter of articular face for fibuhi, .055

Vertical diameter of articidar face for fibula, ._ .. .031

Antero-posterior diameter of outer articular face for calcaneum, .053

Transverse diameter of outer articular face for calcaneum,. .048

Antero-J30sterior diameter of inner articular face for calcaneum, 06

1

Transverse diameter of inner articular face for calcaneuru, . _ .035

Distance between iniTer and outer faces for calcaneum, _ 009

Antero-posterior diameter of united faces for navicular and cuboid, 072

Transverse diameter of united faces for navicular and cuboid, .113

Diameters of face for navicular, _ __ .064-09

1

T^iameters of face for cuboid, .031 -.071

Minimum length of neck, --• 016
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Measurements of Left Astrar/alus. {Tinoceras ingens, No. 1209.)
m.

Greatest antero-posten'or diameter of astragalus, _ .122

Greatest transverse diameter, .147

Greatest vertical diameter, ._ .083

Greatest diameter of articular face for tih'.a,. . . . _ .125

Antero-posterior diameters of articular face for tibia, _. 00 1-.082-. 1 04

Transverse diameters of articular face for tibia, .()04-.096-.095

Antero-postorior diameter of articular face for fibula, .000

Verticil diameter of articular face for fibula, ... .039

Antero-posterior diameter of outer articular face for calcanetim, . . .050

Tran.sverse diameter of outer articular face for calcaneum, .050

Antero-posterior diameter of inner articular face for calcaneum, .058

Transverse diameters of inner articular face for calcaneum, .033-050

Distance between inner and outer faces for calcaneum, .018

Antero-posterior diameter of united faces for navicular and cuboid, .068

Transverse diameter of united faces for navicular and cuboid, .130

Diameters of face foi' navicular, , .068-. 1 05

Diameters of face for cuboid, 04--'-.oT7

Minimum length of neck,. _ _ . . . .019

Meiisiin'Dieiits of Rigid Astragdhis. [Dinoceras niirahile. No. 1528.)
m.

Greatest antero-posterior diameter of astragalus, .100

Greatest transverse diameter, _ . .... .108

Greatest vertical diameter, .063

Greatest diameter of articular face for tibia, . . _. 100

Antero-posterior diameters of articular face lor t ibia, .... .070-.060-.093

Transverse diametei's of articular face for tibia, .067~.067-.070

Antero-posterior diameter of articular face for fibula, .. .040

Vertical diameter of articular face for fibula, .. .030

Antero-posterior diameter of outer articular face for calcaneum, 035

Transverse diameter of outer articular face for calcaneum, .039

Antero-posterior diameter of inner articular face for calcaneum, 04(j

Transverse diameter of inner articular face for calcaneum, .040

Antero-jjosterior diameter of united articular faces for navicular and cuboid, .053

Transverse diameter of united articular faces for navicular and cuboid, _ _ .093

Diameters of face for navicular, ... 076-.053

Diameters of face for cuboid, .026-055

Minimum length of neck, .015

The Calcaneum.

(Plate XLYIII, Plate LIV, figure 2, r; and

woodcuts 143-144, below.)

The calcaneuiu in \\\q' B'mocerata is short, and com]iaratively more

robust, than in the elephant. As in that animal, it is strongly tuberculated
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below, where, during- life, it doubtless supported a thick pad, resting- on

the ground.

The calcancuni articulated mainly with two bones, the astragalus and

the cuboid. Some specimens, and perliaps all, present a small face where

the fibula touched this bone.

The articulation with the astragalus is, in most specimens, divided into

two distinct facets (figures 144, a and a') by a deep groove. In some

cases, however, these facets are coalescent posteriorly, as in Plate XLVIII,

figures 1 and 5, and in figure 143, corresponding with a similar coalescence

of faces on the astragalus.

The foce for the cuboid is small, and irregularly rounded, or oval, as

seen in Plate XLVIII, figure 1, and is usually more or less confluent with

the inner face for the astragalus, but is well separated from the outer face

for that bone.

The great tuberosity for the attachment of the tendo Achillis is

very short, proportionally shorter than in the elephant.

FiGl-RE U!.— Calcaneuui of DiMicenis niinthile. M.irsli (N^n. 1210); tn|. view.

FiGUUE 144.—•CalcaDeum of Dinoreras minOnle. (No. 120.8); top view.

a. and a', faces for astragalus.

Both figures are one-half natural size.

Two specimens of the calcaneum in different individuals of Dinoceras

are represented in the woodcuts above.

Measurements of three specimens of the calcaneum in the Dinocerata

are as follows

:
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Measurements of Left Calcaneum. {Dinoceras mirabile. No. 1210.)
m.

Length of calcaneum, from great tuberosity to face for cuboid, .096

Transverse diameter, _. .- ._-- .090

Vertical diameter, • .070

Antero-posterior diameter of inner lobe of articulation for astragalus, _ 050

Transverse diameter of inner lobe of articulation for astragalus, -. .043

Antero-posterior diameter of outer lobe of articulation for astragalus, . .043

Transverse diameter of outer lobe of articulation for astragalus (approximate), .039

Medsuretnents of Right Calcaneum. (Dinoceras mirabile, l^o. 1225.)
m.

Length of calcaneum, from great tuberosity to face for cuboid, .107

Transverse diameter (approximate), -. .086

V ertieal diameter, . . .074

Antero-posterior diameter of inner face for astragalus, .053

Transverse diameter of inner face for astragalus, . .037

Antero-posterior diameter of outer face for astragalus, 1 .045

Transverse diameter of outer face for astragalus (approximate), .. .037

Distance between inner and outer faces for astragalus, ^ .010

Measurements of Left Calcaneum. {Dinoceras iniraMlf, No. 1208.)
m.

Length of calcaneum, from great tuberosity to face for cuboid, . .093

Transverse diameter, -. .086

Vertical diameter, .074

Antero-posterior diameter of inner face for astragalus, .044

Transverse diameter of inner face for astragalus, .. .042

Antero-posterior diameter of outer face for astragalus, . . 050

Transverse diameter of outer face for astragalus, - .032

Distance between faces for astragalus, .070

Transverse diameter of face for cuboid, .
.' .035

Vertical diameter of face for cuboid, 019

The Cuboid.

(Plate XLIX, figure.s 1-6, Plate LIV, figure 2, ch; and

woodcuts 145-140, below.)

The cuboid in the Dinocerafa corresponds in general with that- of the

elephant, and presents similar articular faces, though not to the same

bones. It is also more elongated in the line of the axis of the foot, thus

appearing less flattened than in the Prohoscirlea. In genei'al shape, the

bone is triangular, the longest side being nearly straight, and lying along

the inner, or side for the navicular, while the shortest side is somewhat

curved, and is presented to the exterior, or dorsal, surface of the foot.

20
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This si^rface (Plate XLIX, figure 1) is moderately roughenerl,

especially at the edges, for attachments of ligaments. The outer, or

fibular, side, shown best in figure 4, is short along the line of the foot, being

encroached upon by the articular face for the calcaneum on the proximal

end, and one for the fifth metatarsal on the distal end.

The plantar aspect of the bone (figure 3 ) presents a single, or bifid,

tubercle, and, on the inner face (figure 2), is an elongate articular surface

fill- union with the navicular. This surface is confluent with the face for

articulation with tlie astragalus, and thus serves to distinguish the proximal

from the distal end of the bone, which often closely resemble each other.

The proximal surface (figure 5) is covered ])y two articular facets.

The inner one, large and sub-triangular, concave In both directions, and

nearl}' perpendicular to the axis of the Ijone, moved, during life, upon the

outer distal face of the astragalus. This face is, in the specimen figui-ed

on the Plate, widely confluent Avith a smalkn- oval face for the calcaneum.

In figure 14G, below, the face for the calcaneum (c) is much less widely

confluent with that for the astragalus, being nearly separated from it.

In both specimens, the calcaneal fixce is slightly convex transversely, and

somewhat inclined to the axis of the bone.

Figure 145.—Right dilioid of nhwceras mirdhik, Marsli (No. 1528); side view

FlCHRE 146.—The same bone
;
proximal end.

a. face for astragalus; c. face for calcaneum ; rat IV. face for fourth metacarpal ; n. face for navicular.

Both figures are one-half natural size.

Tlie cuboid bone In one hidividual of Dinoceras is represented in the

two cuts above.

The distal face (Plate XLIX, figure (J) also presents two articular

surfaces, for the support of the fourth and fifth metatarsal bones. The
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face for the fourth metatarsal is mncli the largfer. It is narrow, or pointed,

below, and moderately concave, or, in the lower part, slightlv convex,

from above downward, and is at riyht ang-les witli the axis of the bone.

The smaller outer face, sixpporting- the tifth metatarsal, is turned somewhat

outward, and is slightly convex in both directions.

The ])rinci)ial dimensions of the two cuboid bones above described

are as follows

:

Mensurements of Left Cxhold. (Dinoefras mirtibile^l^o. 1208.)
m.

Length of cuboid, along axis of foot, _ .(i:?5

Transverse diameter, . -. . .054

Antero-posterior diameter, -.. . .- __ .060

Antero-posterior diameter of face for astragalus, _ . .0,5.5

Transverse diameter of face for a.stragalus, ... .034

Antero-posterior diameter of face for culioid, .035

Transverse diameter of face for cuboid, .__ .OiiO

Antero-posterior diameter of face for fourth metatarsal, .049

Transverse diameter of face for fourth metatarsal, . . - _ .033

Antero-posterior diameter of face for fifth metatarsal, . .035

Transverse diameter of face for fifth metatarsal, ... . . .022

Measurements of Right Ciihoul. [Dtnoeeras ntirahile. No. 1528.)

ra.

Length of cuboid, along axis of foot, ...- .037

Transverse diameter, — 066

Antero-posterior diameter, .._. . .. .. .065

Antero-posterior diameter of face for astragalus, --. 058

Transverse diameter of face for astragalus, ._- • . .036

Antero-posterior diameter of face for cuboid, .032

Transverse diameter of face for cuboid, 026

Antero-posterior diameter of face for fourth metatai-sal, .049

Transverse diameter of face for fourth metatarsal, . .035

Antero-posterior diameter of face for fifth metatarsal, .039

Transverse diameter of face for fifth metatarsal, . .032

The Navicular.

(Plate XLIX, figures 7-12, and Plate LTV, figure 2, n.)

The navicular is a short bone in the Binorerafa, strongly flattened

vertically, much as in the elephant. It is supported b}^ the astragalu.s,

and does not usually, as in that animal, touch the calcaneura. It supports

oiilv the three cuneiform bones in front, but presents a narrow, lateral,

artievdar face to the cuboid.
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The surface of the navicular exposed upon the dorsal aspect of the

foot (Plate XLIX, fig-ure 7) is short vertically, more or less rounded

from side to side, and varies much in the degree of smoothness, or

tuberculation, in different specimens.

I'he under, or plantar, surface, shown in figure 9, projects into a

large rounded tubercle, and is of considerably greater extent along the axis

of the foot than above.

The outer surface (figure 10), presented to the cuboid, is more or less

covered b}" an articular face, extending along the proximal margin of tlie

bone, confluent with the astragalar face, and, in life, moving upon a

corresponding face upon the inner side of the cuboid.

The proximal surface of the bone (figure 11) is mostly occupied bv a

large articular surface, for union witli the astragalus. This surface is

somewhat saddle-shaped, being distinctly concave transversely, but

somewhat convex from above downward. Below the articular face, the

bone usually extends into a strong plantar tubercle, which may, however,

(number 1218) be much less developed than in the specimen figured.

None of the specimens present any indication, on the proximal face,

of a surface for articulation with the ealcaneum, such as is found on the

corresponding bone of the elephant.

The distal surface of the navicular (figure 12) presents three articular

faces, one for each of the cuneiform bones. These faces are confluent

with each other, and the inner one, for the entocuneiform, may be small,

and indistinct. Usually, it Is of considerable size, and elongated from

above downward. It is oval in sha])e, moderately convex in Ixitli

directions, and oblique to the axis of the bone, looking some\\hat outward.

The median of the three faces is sub-quadrate in outline, a little broader

above than below, and confluent, on each side, Avith the adjacent faces.

This face is slightly concave from side to side, and from al)ove downward,

nearl}' flat.

The face for the ectocuneiform is sub-quadrate, tapering below, concave

in both directions, or nearly flat from above downward.
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These faces may all be considerably shorter and broader than in the

specimen figured, and the face for the entocuneiform may be very greatly

reduced.

The following measurements of three specimens of the navicular in

Dinoceras show the more imiiortant dimensions of this bone :

Measurements of Left Nmiicidar. (Dinocerns mlrahUe, No-. 1247.)

m.
Transverse diameter of navicular, .085

Antero-posterior diameters (axial), . .015-029

Transverse diameter of face for astragalus, _. . .080

\'ertieal diameter of face for astragalus, .060

Transverse diameter of face for entocuneiform, 020

Vertical diameter of face for entocuneiform, _. ._ .050

Transverse diameter of face for mesocuneiform, . ... .025

Vertical diameter of face for mesocuneiform, .045

Transverse diameter of face for ectocuneiform, ._ .035

Vertical diameter of face for ectocuneiform (ap])roximate), .. .055

Measurements of Lfft Kameular. {Dinoceras mirahile, No. 1208.)
m.

Transverse diameter of navicular, . . .067

Antero-posterior diameters, . .015-.025

Vertical diameter, .._ _. .069

Transverse diameter of face for astragalus, . . .058

Vertical diameter of face for astragalus, .05

1

Transverse diameter of face for entocuneiform, .022

Vert ical diameter of face for entocuneiform, ... .033

Transverse diameter of face for mesocuneiform, .026

Vertical diameter of face for mesocuneiform, .043

ransverse diameter of face for ectocuneiform, _ .. . 032

Vertical diameter of face for ectocuneiform, .040

Mensure)nents of Left N^avicular. {Dinoceras mirabile, No. 1218.)
m.

Transverse diameter of navicular, .082

Antero-posterior diameters, . .. .015-.022

Vertical diameter, .. .. ..._ _ -065

Transverse diameter of face for astragalus, .065

Vertical diameter of face for astragalus, .050

Transverse diameter of face for entocuneiform (approximate), _ .012

Vertical diameter of face for entocuneiform, 028

Transverse diameter of face for mesocuneiform, .029

Vertical diameter of face for mesocuneiform (approximate), . .045

Transverse diameter of face for ectocuneiform, 037

Vertical diameter of face for ectocuneiform, ...". 052
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The Entocuneiform.

(Plate L, figures 1-6, and Plate LIV, figure 2, en.)

The entocuneiform in the Biriocerata bears but slight resemblance to

the corresponding bone in tlie elephant. It is much less elongated in the

line of the axis of the foot, and even less so than appears in the general

view jf the hind foot on Plate LIV, since the elongation apparent in

that figure is, to a great extent, in front of the articular surfaces. These

surfaces are, at their nearest points, scarcely more widely separated in the

direction of the axis of the foot, than are those of the other cuneiform

bones.

The dermal surface of the bone (Plate L, figure 1) is rough and

tuberculated, often much more so than represented in the figure. It is

also usually more elongated in the axial direction, in front of the articular

surfaces.

Tlie opposite surface of the bone (figure 3) is flattened, and

moderately roughened, and presents a small area only for articulation

\\ ith the mesocuneiform. This articular face is confluent with the face

for the navicular, and lies along the anterior part of its margin.

The proximal articular face (figure 5) is of a semi-oval form, and is

more or less concave in a direction from the dorsal toward the plantar

side of the foot, while transversely it is moderately convex.

The distal face (figure 6) is much more distinctly saddle-shaped. In

some specimens, it is strongly curved forward in the superior region of

tlie Ijone, so as to extend through a considerable arch in the direction

from the dorsal toward the plantai- side of the foot. Transversely, the

articulation is moderately convex throughout.

The Mesocuneiform.

(Plate L, figures 7-12.)

The mesocuneiform is ;i small, somewluit wedge-shaped bone, tapering

toward its })lantar extremity, and having its shortest dimension in the line

of the axis of the foot. It is much less oblique than the corresponding

bone in the elephant, and also less decidedly wedge-shaped.
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The dorsal surface of the bone (Ir'late L, figure 7) is rugose and

tubei'cuhited, and the plantar extremity (figure !)) also presents a rather

promiuent protuberance.

Of the lateral faces, the inn?r (figure 8), turned toward the

eiitocinieiforni, presents, along the proximal part of its margin, a more

or less elongated facet, for articulation with that lione. The opposite side

(figure 10) turned toward the ectocuneiform, is moderately rough, and

destitute of any articular face.

'I'he proximal articular face (figure 11) is nearlv flat, slightly l)roader

above than below, and, along the inner margin, conHuent with the lateral

face for articulation with the entocuneiform.

The distal face (figure 12) is also nearly flat, and, in life, supported

in part, but not entirely, the second metatarsal bone. The latter presented

nearly as large a face to the ectocuneiform, as to the mesocuneiform.

The following measurements give the principal dimensions of this

bone in two specimens of Dinoccras iiiirabile :

Measurenieitts 'of Left J/esocu/ieform. {I>i)ioceras m/'rabile. No. 1210.)

Greatest diameter of mesocuneiform, 058

TransA'erse diameter, .032

Antei'o-posterior diameters (axial), ,._. . .014-020

Measwemcnts of Left Meso<Miiie/form. (Diiioceras mirahile, No. 1208.)

m.
Greatest diameter of mesoeuneiform, .053

Transverse diameter, .026

Antero-posterior diameters (axial), ., 014-018

The Ectocuneiform.

(Plate L, -figures 1P.-1 8.)

The ectocuneiform is triangular in outline, tapering distinctly, and

in most specimens nearly to a point, toward the }jalmar surface of the foot.

It is much less oblique than the corres])ondiiig bone in the elephant, and

usuallv has the two distal faces more distinctly marked. It is also

proportionally less elongated from the dorsal toward the plantar side oi

the foot.
"^
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The dorsal, or dermal, face (Plate L, figure 13) is roughened for

ligamentary attachment, and on the opposite, or plantar, side, the bone

is produced into a more or less prominent tubercle (figure 15). In the

natural position, during life, this elevation was just back of the proximal

end of the third metatarsal.

The lateral surfaces of the ectocuneiform (figures 14 and 16) are

moderately roughened, and do not present articular surfaces for either

the mesocuneiform on the inner side, or for the cuboid on the outer side.

The proximal articular face (figure 17) is nearly flat, or slightly

convex transversely, while, in a dorso-plantar direction, it may be more

or less concave.

The distal surface (figure 18) presents two confluent, but usually

well marked, articular surfaces. Of these, the inner is narrow and oblique,

and supported, in life, the outer part of the second metatarsal. The

principal articular face of the distal end is nearly flat, sub-triangular in

outline, and narrowed toward the plantar end. In life, it supported the

third metatarsal bone.

The tubercle upon the plantar side of this bone differs considerably

in size and form (numbers 1202 and 1229). The degree of distinction

between the two distal faces also varies in different specimens (numbers

1208, 1232, and 1199).

The more important measurements of the ectocuneiform in fom-

specimens of Dinoceras are given below.

Measurements of Right Ectocuneiform. [Dinoceras mirabile, No. 1199).
m.

Greatest diameter of ectocuneiform, .066

Transverse diameter, 045

Antero-posterior diameters, . J .014—026

Diameters of proximal articular face, .0.30-.048

Measurements of Left Ectocuneiform. [Dinoceras laticeps. No. 1202.)
m.

Greatest diameter of ectocuneiform, ._ . - .060

Transverse diameter, __ — .040

Antero-posterior diameters, . - .01 7-.024

Diameters of proximal articular face, .033-.050
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Measurements of Left Ectocuneiform. {Dinoceras mirabile, No. 1208.)
m.

Greatest diameter of ectocuneiform, _ 055

Transverse diameter, .- 035

Antero-posterior diameters, _ .016-021

Diameters of proximal articular face, - .028-039

Ileasiirements of Left Ectocuneiform. {Dinoceras mirabile. No. 1232.)

m.

Greatest diameter of ectocimeiform, .064

Transverse diameter, .044

Antero-posterior diameters (axial), . _ .. - .014-022

Diameters of proximal articular face, .. .032-046

The First Metatarsal.

(Plate LT, figures 1-6, and Plate LIV, figure 2.)

The first inetatarsal bone of the Dii/ocerafa is the slu)rtest and smallest

of the five, but is comparatively much better develo})ed than in the

elephant.

The first metatarsal in Dinoceras inirahile is short and stout, and

strongly roughened on all sides throughout its length, as seen in Plate LT,

figures 1-4. As in the otlier metatarsals preserved, thei'e are no distinct

indications of e])iphysial sutures.

This bone does not appear, during life, to have been in very close

relation with the adjoining metatarsal, and accordingly presents, on its

proximal end (figure 5), only a single articular surface, which is distinctly

saddle-shaped, and joined the entocuneiform.

The distal end (figure (>) presents a flattened, and somewhat concave,

face for the first phalanx, and immediately below this, are grooves for a

pair of sesamoid bones.

The Second Metatarsal.

(Plate LI, figures 7-12, and Plate LIV, figure 2.)

The second metatarsal in Dinoceras is the most robust of the series,

and is a short, aixl very stout bone.

The surface of the shaft, as seen in Plate LI, figures 7-10, is

21
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roughened at both the proximal and distal ends, but medially it is

smoother and constricted, especially below, where a large, and prominent,

tubercle occupies the proximal portion of the under sui'face of the bone.

This tubercle is shown in figure 9, and also, in profile, in fig>ures 8 and

10, where it is seen to project considerably beyond the j^roximal articular

face.

The proximal end of the bone (figure 11) is oblique to its axis, and

presents two distinct articular faces ; the larger on the inner, or tibial,

side of the bone, for the mesocuneiform, and the outer, on the fibular side,

for tlie eetocuneiform. The latter face is also confluent with a lateral

facet, where the bone, during life, touched the third metatarsal. This

face is well shown in figure 10.

The distal end (figure 12) is large, rounded, and somewhat oblique

to the axis of the bone. The articulation for the phalanx is flattened, but

may be slightly convex, or, in a transverse direction, more or less concave.

Two well developed sesamoids moved in broad sliallow grooves below,

the faces for these bones, taken together, being about as large as that for

the phalanx.

The Third Metatarsal.

(Plate LI, figures 13-15, Plate LII, figures 1-3, and Plate LIV, figure 2.)

The third metatarsal is of about the same length as the second and

the fourth, and is a little less robust than the second.

It lias a distinct shaft, which is smooth and constricted niediall}', but

more or less roughened and tubercular toward the extremities, especially

near the distal end.

The ])rt)ximal face of the bone (Plate LII, figure 2) is somewhat

oblique tt) its axis, and presents a sub-triangular articular face for the

outer facet of the eetocuneiform. This facet is confluent, along its inner

margin, with a small lateral face for union with the second metatarsal, as

shown in Plate LT, figure 14. Ojiposite this, tliere is also an oval face

(Plate LII, figure 1) supported on a flattened tubercle, and meeting,

during life, a similar face on the fourth metatarsal.
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Tliu dicitul end (Piute Lll, ligure 3) is large and rounded, and, in

seme specimens, distinctly oblique. It supports the usual face for the

first plialanx, and below, two shallow grooves for a pair of sesamoid

bones. The phalangeal face is, iu all the specimens preserved, distinctly,

though slightly, convex in both directions.

The Fouktii Metatarsal.

(Plate LII, figures 4-!), and Plate LIV, figure 2.)

The fourth metatarsal is of about the same size as the third, and

consideraljly resendjles it in structure This reseuiljlance is nuich greater

than in the elephant, where the fourth is decidedly shorter than the third

metatarsal.

The shaft of the fourth metatarsal is* strongly constricted medially, as

seen in Plate Lll, figures 5 and 7, and bears on the luider side, at the

proximal end, a lai'ge projecting tubercle.

The proximal end (figure 8) bears a nearly flat articular surface,

sub-triangular in outline, and nearly perpendicular to the long axis of the

bone, and articulating, during life, with the cuboid bone. This surface

is confluent on the outer side with a small lateral tacet shown in figure 7,

which corresponds with a similar face on the fifth metatarsal. On the

opposite, or inner side, is an oval fiicet (figure 5) articulating in life, with

a prominent face on the third metatarsal.

The distal end of the fourth metatarsal (figure 9) is but little oblique

to the axis of the bone, and bears the usual faces, for articulation with the

phalanx, and the sesamoids. The j)lialangeal articulation.may be concave

from side to side (number 1191:)), but is usually slightly convex in both

directions.

The Fifth Metatarsal.

(Plate LII, figures 10-15, and Plate LIV, figure 2.)

The fifth metatarsal in IHnoceras is shorter than any of the others

except the first," but is robust, and evidently afforded its full share of

support to the foot.
~
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Its surface is strongly tuberculated, especially on the under and outer

sides, as shown in Plate LII, figures 12 and 13. The shaft, being short,

does not 2^i"'i*'6nt a median constriction, as in the three preceding

metatarsals.

The proximal end (figure 14) bears a comparatively small articular

face for supjjort on the cuboid bone. Tliis face is nearly flat, and

somewhat quadrangular in outline, and is confluent, on the inner margin,

with a small lateral face for the fom-th metatarsal, as seen in figure 11.

The proximal articular face is nearly at right angles to the axis of

the bone.

The distal face (figure 16) for the proximal phalanx is turned strongly

outward, and is more or less concave. The sesamoid grooves, also, look

strongly out^'ard, and the inner is larger than the outer.

The Phalanges.

(Plates LII-LVI.)

The phalanges of the hind foot in the Dlnocerata are very similar to

tliose of the fore foot, althoug-h smaller, and hence need no detailed

description. In Plate LIII, these bones are well represented, and with

them, some of the sesamoid bones of the same feet. In Plate LIV, figure

2, the phalanges are shown in position, and other views of them may be

seen in the two restorations on Plates LV and LVI.
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RESTORATIONS OF DINOCERAS AND TINOCERAS.

(Plates LV and LVI.)

The 2:)receding- chapters of tliis memoir, and the illustrations given in

Plates I-LIV, will make known to anatomists nearly all the important

cliaracters in the skeleton of the g-igantic mammals of the order Dinocerata.

In Plate LV, a restoration is given of Dinoceras mirahile, the type of the

group, and, in Plate LVI, one also of Tinoceras ingens, a characteristic,

and more specialized form of an allied genus.

The remains available for these restorations consist of portions of

more than two hundred individuals of the Dinocerata. As none of the

skeletons of the species here represented were complete when found, it

has been necessary to use, in both restorations, the bones of other

individuals which could not be distinguished from the type specimens.

Some of these bones may, perhaps, belong to allied forms, but it is

believed that the restorations, as here given, fairly represent the skeletons

of the species named.

In the restoration of Dinoceras mirahile on Plate LV, the remains of

the type specimen of the species, a fully adult, but not old individual,

have been used for the more important parts, and the remaining portions

taken from other individuals. This restoration is one-eighth natural size.

165
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The animal is represented as walking, and the position of the head,

and the feet, has been chosen to show, to the best advantage, these

jDortions of tlie skeleton as they were in life. In this restoration, only

those portions are shaded which are represented 1)}' actual specimens in

the Yale Museum. Tlie parts in outline are either wanting, or so poorly

preserved that only their main features can be given with accuracy.

In the restoi-ation of Tinoceras inf/ens, Plate LVI, the animal is

represented one-sixth natural size, and standing at rest. The position

here chosen shows the massive and majestic form of one of the largest

individuals of this remarkable group. Here, likewise, the shaded portions

are represented by specimens in the Yale Museum. Some of these bones

were used also in the first restoration.

In comparing Dinoceras, as here restored, with some of the largest

ungulate mammals of the present day, a certain resemblance to the

rhinoceros on the one hand, and to the elepliaut on the other, will

naturally suggest itself In size and proportions, Dinoceras was

intermediate between these two existing animals, and in various points of

its structure, it resembled the one quite as much as the other. In still

other features, Dinoceras resembled the hippopotamus, and its affinities

with the groups represented by these three types will be discussed in

the succeeding chapter.

In its stature and movements, Dinoceras probably resembled the

elephant as much as any other existing form. Its remarkable skull,

longer neck, and more bent fore limbs, gave it, however, a very different

appearance fi-om any knowm Proboscidian. The high protuberances on

the head, the long trenchant canine tusks, and the peculiar lower jaw

modified for their protection, are features seen together only in this group.

The neck was long enough to permit the head to reach the ground,

and hence a proboscis was quite unnecessary. The horizontal narial

opening, the long overhanging nasal bones, and the well developed

turbinal bones, are likewise proof positive against the presence of such

an organ. There is some evidence of a thick flexible lip, resembling,

perhaps, that of tlie existing rhinoceros.
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The reniarka))ly small brain, and the heavy massive limbs, indicate

a dull, slow-moving animal, little iitted to withstand sudden chang-es in its

environment, and lienoe it did not survive the alterations of climate with

which the Eocene period closed.

That the Dhiocrrata were very abundant for a long- time during the

middle Eocene is proved, conclusively, by their numerous remains in

deposits of this age. That the animals lived in herds is also suggested by
the position in which the remains are found. Their favorite resorts would

seem to have been around the borders of the great Eocene tropical lake

described iu the Introduction of the present volume. Here, they found

an abundance of food, which was evidently the soft succulent vegetation

which flourished, then as now, in such localities.

In Tinoceras, represented in Plate LYI, Ave liave the skeleton of a

larger, and still more imposing animal, but with essentially the same

characteristics. The remains of this genus are found in the same

lake-basin as those of Dinoceras, but at a higher level, and the evidence

is clear that Tinoceras is a later, and more specialized form.

Both the animals chosen for these two restorations were evidently

males, as shown by the lofty protuberances, or horn-cores, on the skull,

and the powerful canine tusks. In the females, these parts are but

feebly developed, as seen in the specimens described in the preceding

chapters. The individuals here restored were certainly thrice-armed, and

well fitted to protect themselves, and their weaker associates, from any

of their Eocene enemies.

The exact form and nature of the off"ensive weapons which surmounted

the head of the Dinocerata cannot, at present, be determined with certainty.

That the paired osseous elevations on the skull in all the known species

of this group did not supjjort the kind of horns seen in the tyjjical

Ruminants is evident from their external surface, which lacks the vascular

grooves so distinct on the horn-cores of those animals.
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Possibly the Dinocerata may have been armed with horns similar to

those seen in the American antelope (AntilocapraJ, since, in this animal,

the horn-cores are even smoother than in the order here described. More

probably, however, the bony protuberances on the skull were covered

with bosses of thick skin, hard enough to be effective in combat.

Evidence of such contests has apparently been recorded in the injuries

to the horn-cores of some individuals, received during life. None of the

covering of these elevations, or horn-cores, has, of course, been preserved

;

yet a fortunate discovery may, perhaps, reveal their nature by the form

of a natural cast, as the eye-ball of the Oreodon is sometimes tluis clearly

indicated in the fine Miocene matrix which envelops these animals.

The short robust feet of the Dinocerata were doubtless covered below

with a thick pad, as in the elephant, since the whole under side of the

foot clearly indicates such a protection. No portion of this covering has

been preserved in any of the known specimens, and no foot-prints,

indicating its form, have been discovered in the Eocene deposits in which

the Dinocerata were entombed.

The size of Tinoceras ingens, as he stood in the flesh, was about

twelve feet (3.65 M.) in length, or sixteen (4.9 M.), measured from the

nose to the end of the tail. The height to the top of the back was about

six and one-half feet (2 M.), and the Avidth across the hips about five

feet (1.5 M.). The weight, judging from that of existing mammals, was

at least six thousand pounds (2.75 T.).

Dinoceras mirahile was about one-fifth smaller. The neck was

longer, but, in other respects, the proportions were nearly the same.

Dinoceras mirahile when standing at rest would have a general

resemblance to a very large rhinoceros. When walking, the movement

of the hind limbs would at once suggest the elephant, as we know it

to-day. The movement of the head in Dinoceras was much freer than

that in the elephant, as the neck was longer, and arched upward, and

the vertebrae admitted of much more freedom of motion. The eye was

small, and deep set, as in the rhinoceros. The head of Dinoceras must

have had some resemblance to that of the hijipopotamus, but was very

different from that of any known animal, living or extinct.
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CONCLUSION.

(Plates LIV-LVI, and woodcuts ]47-ir]0, below.)

The more important characters of the Binocerata, so far as known,

have been given in the preceding chapters, and the anatomist can now

form a fair picture of characteristic members of the group. It remains to

consider what the relations of this peculiar group are to the nearest allied

forms, and, especially, to ascertain, if possible, whether the evidence

Ijefore us throws any light on the origin of the Duiocerafa, and, more

remotely, on the genealogy of all Ungulate Mammals.

The oldest known mammals are of Triassic age, but the few

specimens yet discovered give little information as to the primitive forms

of this class. During Jurassic time, mammals were very abundant, and

deposits of this age now ofter a promising field for exploration.

Of Triassic and Jurassic mammals, the author has studied with some

care every known specimen in this country, and in Europe, and some of

the conclusions here given are based upon this examination. Special

attention has been paid to the Jurassic mammals of this country, which

the author first discovered in the Rocky IVIountain region. Remains of

nearly four hundred individuals, representing many genera and species,

have already been secured, and their investigation ])romises to clear up

many doubtful points in the early history of this class.

No Cretaceous manmials are known, and it is this great break in the

series of ancient forms that renders any satisfactory clas.sification of the

class, living and extinct, at present impossible.

22 169
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At the very base of the Tertiary, we find the cLiss of Mammals well

represented by many widely separated groups, which point back to a

common ancestry, only in a very remote pei'iod.

Our j^resent knowledge of the Mammalia, living and extinct, clearly

indicates that they must go back at least to the Permian. The generalized

mammal of that period, or of still earlier time, was probably quite small,

and, in many respects, like an Insectivor. This primitive type would

naturally possess all the general characters found in later forms in the

various orders of mammals. The characters therefore we should expect to

find in this ancestral mammal would be essentially the following

:

(1.) Brain, small and smooth.

(2.) Teeth, more than forty-four.

(3.) Vertebrae, biconcave.

(4.) Trunk vertebra3, more than tliirty.

(5.) Sacral vertebrae, separate.

(6.) Intercentral bones.

(7.) Chevron bones.

(8.) Cervical ribs, free,

(9.) Clavicles, free.'

(10.) Coracoids, free.

(11.) Sternal bones, flat.

(12.) Humerus with supra-condylar foramen.

(13.) Feet, plantigrade.

(14.) Five digits in manus and in pes.

(15.) Carpal and tarsal bones not interlocking.

(16.) Separate central bone in carpus.

(17.) Pelvic bones, separate.

(18.) Epipubic bones.

(19.) Acetabular l)ones.

(20.) Femur witli tliird trochanter.

(21.) Tln-ee bones in first tarsal row.

(22.) Astragalus, fiiit.

(23.) Fibula articulating with calcancum.
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Tliis generalized mauunal would belong to the group named

Hiipothciia by Huxley, who has laid a sure foundation for investigation in

this line of research.

Genealogy of Ungulates.

From this primitive type of mammal, a special line apparently led off

through the Triassic and Jurassic to the Cretaceous, where it formed a

well marked group, which may be called the Protnngnhita, the probable

ancestors of all succeeding Ungulate Mammals.

The characters of this type would be somewhat as follows

:

(1.) Brain, small and smooth.

(2.) Teeth, forty-four or more.

(3.) No frontal appendages.

(4.) Odontoid process, conical.

(5.) Vertebma, flat.

(6.) Trunk vertebrae, thirty or more.

(7.) Chevron bones.

(8.) Clavicles present.

(9.) Sternal bones, flat.

(10.) Humerus with supra-condylar foramen.

(11.) Feet, plantigrade.

(12.) Five digits in manus and in.jies.

(13.) Carpal and tarsal bones not interlocking.

(14.) Separate central bone in carpus.

(15.) Femur with third trochanter.

(16.) Three bones in first tarsal row^

(17.) Astragalus, flat.

(18.) Fibula articulating with calcaneum.

From this generalized ungulate, the skeleton of which we now know^

almost as well apparently as if we had it before us, a direct line woidd

appear to have continued up to the present day, and be represented bv

the living Hyrax. Severttl divergent lines passed off probably from the

same stem, and three of these have continued to the present time, the

survivors being the Prohoscidea, the Artfodacti/Ia, and the Perissodacti/Ia.
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The Proboscidian line apparently went off from the main ungulate

stem in tlie Cretaceous. One branch ended in the later Pliocene in

Binotheritim ; another, in Mastodon ; while the genus Eleplias alone

survives, to represent this old group.

Another strong branch, represented by a group which may be called

the HolodacUjla, probably also led off in the Cretaceous, and its typical

members, at least, had the following general characters

:

(1.) Brain, small and nearly smooth.

(2.) Teeth, forty-four.

(3.) Post glenoid process.

(4.) Odontoid process, conical.

(5.) Vertebra?, flat.

(6.) Trunk vertebra?, twenty-three or more.

(7.) Chevron bones.

(8.) Pelvic bones, tirmly united.

(9.) Femur with third trochanter.

(10.) Ulna and fibula, complete.

(11.) Fibula articulating with calcaneum.

(12.) Five digits in manus and in pes.

(13.) Carpal and tarsal bones more or less interlocking.

(14.) Astragalus, nearly or quite flat.

This line evidently divided near the base of the Eocene into the

great groups of Perissodactyls and Artiodactyls, each with many

off-shoots, and still existing. The former are now on the decline, and

have but three living rejjresentatives, the horse, the tapir, and the

rhinoceros.

One off-set from the Perissodactyl line separated near the top of the

Eocene, where it is represented by Diplacodon, and perhaps ended in the

extinct Brontotherium, of the lower Miocene, although this line ma\' have

been continued somewhat later in the genus ChalicotheriuDi.

From the Artiodactyl line, a peculiar group branched off in the early

Eocene, and in the Miocene was represented by Oreodon and allied genera,

and by later forms in the Pliocene. The Artiodactyls, now the dominant

ungulates, have numerous families, and many living genera and species.
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Another order, also, which may be termed the Amhlydactyla, passed

off apparently from the main ungulate stem in the Cretaceous, and became
extinct in the Eocene. One branch terminated in Corypliodon, in the lower

Eocene, and the other, represented by tlie Dinocerata, here described, came
to an end in the Middle Eocene.

In figure 147, below, a diagram is given, whicli shows graphically

these lines of descent, and the most probable genealogy of modern
Ungulates. The diagram, being on a plane, can only indicate the general

position of these divergent lines.

Figure 147.—Diagram to illustrate the genealogy of XjDgulate Mammals.

A comparison of this diagram with the section on page 7 of this

volume will make clear the special geological horizons of each group here

referred to.

The Hyracoidea are represented by the existing Hyrax, and no fossil

remains of the group are-known. The principal characters of the order

are as follows

:
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(1.) Brain, large and convolnted.

(2.) Canines, absent.

(3.) Incisor tusks.

(4.) Maxillo-turljinal bones.

(5.) Premolar and molar teeth, similar.

(6.) l\Ialar bone articulating with lower jaw.

(7.) Alisphenoid canal.

(8.) Post-glenoid process.

(9.) Odontoid process, conical.

(10.) Cervical vertebrae, convexo-concave.

(11.) Trunk vertebra;, twenty-nine or more.

(12.) Scapula, spatulate.

(13.) Iliac bones, parallel.

(14.) Femur with third trochanter.

(Ifj.) Femur and tibia not in line.

(l(j.) Ulna and fibula, complete.

(17.) Feet, plantigrade.

(18.) Axis of foot through third digit.

(19.) Carpals and tarsals not interlocking.

(20.) Central bone in carpus.

(21.) Three bones in first tarsal row.

(22.) Astragalus, grooved.

The Proboscidians, recent and extinct, may all be placed in a single

order, Avith the following distinctive characters :

(1.) Brain, large and convoluted.

(2.) Canines, absent.

(3.) Incisor tusks.

(4.) Maxillo-turbinal bones, rudimentary.

(5.) Malar bone forming middle of zygomatic arch.

(6.) Post-glenoid process, absent.

(7.) Alisphenoid canal.

(8.) Odontoid process, conical.
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(9.) Vertebra?, flat.

(10.) Scapula, acuminate.

(11.) Sternal bones, flat.

(12.) Iliac bones, transverse.

(13.) Femur and tibia in line.

(14.) Ulna and fibula, complete.

(15.) Femur without tliird trochanter

(16.) Feet, plantigrade.

(17.) Axis of foot throuyh thii'd digit.

(18.) Five digits in manus and pes.

(19.) Two bones in first tarsal row.

(20.) Carpals and tarsals, slightly interlocking.

(21.) Astragalus, flat.

(22.) Fibula articulating witli calcaneum.

The Holodacfi/la were the direct ancestors of the great group to which

both the Perissodactyls and Artiodactyls, living and extinct, belonged.

The two latter form togetlier a well marked order, which may be called

the CUnodactyla. Their more important characters are as follows

:

(1.) Brain, moderate in size, and convoluted.

(2.) Lower canines.

(3.) Maxillo-turbinal bones.

(4.) Malar bone forming front of zygomatic arcb.

(5.) Post-glenoid process.

(6.) Cervical vertebra^ mon; or less convexo-concave.

(7.) Trunk verteljra', not more than twenty-three.

(8.) Scapula, spatulate.

(9.) Iliac bones, parallel.

(10.) Femur and tibia not in line.

(11.) Feet, digitigrade.

(12.) Carpals and tarsals, strongly interlocking.

(13.) Central bone, absent.

(14.) Scaphoid articulating with magnum.

(15.) Astragalus, grooved.
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Returning now to the Amhli/daefi/la, or the group from which the

Dinocerata were evidently derived, and to wliich they belong, we may
safely assign to them general characters as follows

:

(1.) Brain, small and smooth.

(2.) Teeth, not more than forty-four.

(3.) Post-glenoid process.

(4.) Odontoid process, conical.

(5.) Cervical vertebrae, flat.

(6.) Trunk vertebrfe, twenty-three or more.

(7.) Scapula, acuminate.

(8.) Feet, plantigrade.

(9.) Five digits in manus and in pes.

(10.) Axis of foot through third digit.

(11.) Carpal and tarsal bones, somewhat interlocking,

(12.) Three bones in first tarsal row.

(13.) Astragalus, flat.

(14.) Fibula articulating with calcaneum.

(15.) Cuboid articulating with astragalus.

From this group came off", evidently in the late Cretaceous, first the

CoryjjJiodonfia, having nearly all the above characters, and becoming

extinct in the early Eocene. The Dinocerata probably branched off" about

the same time, and survived to the Middle Eocene, thus becoming much

more specialized before their extinction.

Classification of Ungulates.

Accepting this general view of the origin of the Ungulates, living and

extinct, their classification has been outlined in the diagram on page 173,

and little more can now be done.

The attempts hitherto made to give a detailed classification of all the

Mammalia, living and extinct, have signally failed, mainly because only a

small part of even the extinct forms now known were included, and almost

every new discovery tended to break down the definitions so systematically
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recorded. The time for such an exhaustive chissification has not yet

arrived, and all tluit can be safely ventured upon in the present state of

knowledge is to indicate the main groups, and their afKnities, and await

future discoveries.

Excluding the aberrant aquatic Sirenians, now regarded as of ungulate

ancestry, and leaving out also Toxodon and other little known extinct

forms, the Ungulate Mammals may then be arranged in natural groups,

as follows :

CLASS MAMMALIA.

Sub-Class MONOUELPHIA.

Super-Order Ungulata.

(L) Order Hyracoidea.

(2.) Order Proboscidea.

Dinocerata.
(3.) Order Amblydactyla

Coryphodontia.

/I \ /^ 1 r\^• 1 i. 1 ^ Mesaxonia (Perissodactyla).
(4.) Order Chnodaetvla < ^^ . h • i i x

( L araxonia (Artiodactyla).

Before proceeding to discuss the relations of the Dinocerata to allied

forms, it is important to first consider the relative value of the charactei's

they share with these allies, and with groups stillniore remote.

The characters found in existing mammals, and, to a great extent, in

the extinct forms from the 'JVrtiary to the present time, are clearly of two

kinds
;

general characters, derived from ancestral forms, and special

characters, acquired in adaptation to their environment. Some of the

latter niay be negative characters, acquired by the disuse, or loss, of

parts once advantageous.

The first series of characters are of most importance, as they indicate

a genetic connection, perhaps remote, with the different groups that share

them. Special characters, on the other hand, however closely they may

correspond in different groups, do not necessarily indicate affinities, but

may have been acquired by^ adaptation to peculiar surroundings, in groups

quite distinct from each other.

23
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These facts lie at the foundation of classification, and it is only by

keeping the two series of characters sejaarate, that the true relationship

between different groups of animals can be made out, and their genealogy

indicated with any probability.

Bearing this in mind in considering the Dinocerata, we must first seek

to ascertain what general characters they have inherited from ancestral

forms, and next what special characters they have since acquired. The

relation of the group to the orders of existing Ungulates will then be

indicated by ascertaining what characters, derived from a common

ancestry, they share with each other, and what special characters, due,

perhaps, to influences of similar nature, they possess in common.

We have seen that the primitive Mammals (Hi/potJicria) must have

possessed a large number of general characters, some of which have

already been given in the list on page 170. The primitive Ungulates

(Protungulata), starting off" on a particular line from the preceding type,

would naturally retain nearly all these general characters, as indicated

in the list on page 171. Each of the great branches that passed ofi" from

this 2^iirent stem retained a certain number of these primal characters, and

some of them we find in the Ungulates of to-day.

The characters possessed by the Holodactyla were most of them still

the ancestral features, and the Amhlydactyla, on the line toward the

Binocerata, shared many of the same characters.

The Binocerata, representing a further stage of progress, had still as

their inheritance a number of persistent general characters. Some of

these characters are the following

:

(1.) Brain, small and smooth.

(2.) Orbit open behind.

(3.) Post-glenoid process.

(4.) Alisphenoid canal.

(5.) Vertebra?, flat.

(6.) Odontoid process, conical.

(7.) Sternum, flat.

(8.) Feet, plantigrade.
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(9.) Five digits in maims and in pes.

(10.) Three bones in first tarsal row.

(11.) Astragalus, flat.

The specialized characters of the Dinoccnita, acquired, doubtless, since

this line separated from the I'rofioiffulata, are as follows

:

(1.) Pi-e-nasal bones.

(2.) No upper incisors.

(3.) Canine tusks.

(4.) Skidl surmounted with protuberances.

(5.) Condyle of lower jaw, posterior.

(6.) Pendent processes on lower jaw.

(7.) Iliac bones, transverse.

(8.) Femur and tibia in line.

If we now compare the Dinocerata with the Cori/jihodoiitia, we find

they agree in the following characters

:

(1.) Brain, small, and nearly smooth.

(2.) General form of teeth.

(3.) Temporal fossil?, widely separated.

(4.) Post-glenoid process.

(5.) Odontoid process, conical.

(6.) Vertebra;, flat.

(7.) Scapula, acuminate.

(8.) Feet, plantigrade.

(9.) Five digits in manus and in pes.

(10.) Axis of foot through third digit.

(11.) Three bones in first tarsal row.

(12.) Astragalus, flat.

(13.) Fibula articulating with calcaneum.

(14.) Cuboid articulating with astragalus.

In comparing the Dinocerata with living forms, and first with the

Proboscidians, we find certain characters common to botli, some of which

at least, are general features, derived from a remote conmion ancestry.

The more importajit of tliese characters are as follows:
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(1-

(2

(3.

(4.

(5.

(6.

(7-

(8.

(9.

(10.

(11.

(12.

(13.

(U.

Alisphenoid canal.

Odontoid process, conical.

Vertebive, flat.

Scapula, acuminate.

Sternal bones, flat.

Iliac bones, transverse.

Fibula, complete.

Femur and tibia in line.

Femur without third trochanter.

Five digits in manus and pes.

Axis of foot through third digit.

Fibula articulating with calcaneum.

Astragalus, flat.

Digits enclosed in a common integument

The characters found in the Dinocerata, and not in the existing

Prohoscidea are more important, and more numerous. Among these

characters are the following

:

(1-

(2.

(3.

(4.

(5.

(6.

(7.

(8.

(9.

(10.

(11.

(12.

(13.

(14.

Brain, small and smooth.

No upper incisors.

Canine teeth above and below.

Anterior nares in front.

Pre-nasal bones.

Maxillo-turbinal bones, well developed.

Sknll surmounted with protuberances.

Premaxillaries not meeting frontals.

Malar bone forming anterior part of zygomatic arch.

Post-glenoid process.

Condyle of lower jaw, posterior.

Neck of medium length.

Three bones in first tarsal row.

Astragalus articulating with cuboid.
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If now we compare tlie Dinocerafa witli the Perissodactyls, ^^ e iind

an ag-reement in the following characters

:

(1.) Premolar and molar teeth similar in form.

(2.) Nasal bones expanding posteriorly.

(3.) Malar bone forming front of zygomatic arch.

(4.) Alisphenoid canal.

(5 ) Posterior nares between last molars.

(6.) Post-glenoid process.

(7.) Carpal and tarsal bones, more or less interlocking.

(8.) Axis of foot through third digit.

(9.) Astragalus articulating with cuboid.

With the typical Artiodactyls, the Binocemfa have the following

characters in common :

(1.) Cranial protuberances in pairs.

(2.) No upper incisors.

(3.) Premaxillary bones uniting with maxillaries and nasals.

(4.) Premaxillaries with palatine plates.

(5.) Lower incisors and canine in continuous series.

(6.) Sternal bones, flat.

(7.) Femur without third trochanter.

(8.) Cari)al and tarsal bones, more or less interlocking.

(9.) Fibula articulating with calcaneum.

(10). Astragalus articulating with cuboid.

Modification op the Ungulate Foot.

The characters of most importance in Ungulate iMannnals are found

in the teeth, the brain, and the feet. The hist are of special interest in

the present connection, as they mark the stages of development in each

group from tire primitive Ungulates to the highly modified forms existing

to-day. A brief statement of this development will make more cleai- the

relation of the Dimcerata to other groups of Ungulates, with which we

have already compared them.
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The most generalized limbs in any vertebrates, above the class of

fishes, are seen in some of the extinct aquatic reptiles, especially in forms

allied to Ichthyosaurus. Here, as the author has shown, i we may find in

one group,

(1.) Each limb a simple fin, or paddle,

(2.) Fore and hind limbs identical in structure,

(3.) Axis of limb through intermedial bone and third digit,

(4.) Single bone (humerus or femur) in propodial, or first, segment,

(5.) Three bones, including intermedial, in epipodial, or second,

segment,

(6.) Mesopodial bones (carpals or tarsals) circular disks,

(7.) Number of digits six or more,

(8.) Metapodial bones and phalanges circular disks,

(9.) Phalanges, very numerous.

This is a primitive aquatic limb, flexible, but without joints, and

adapted to swimming only. An example of such a limb is seen in

figure 148, below.

For progression both in water and on wet ground, an essential

modification of such a limb would be required, and a type seen in some

of the living reptiles would gradually be developed. This limb would

be jointed at two points, and have five digits, with the axis through the

middle one. The foot in this limb would be very similar to the

generalized foot of the primitive Mammal, and may here be taken as its

representative. An example of such a foot is shown in figure 149.

In the true Ungulate Mammals, the modifications of the feet have

undoubtedly taken place very nearly in the following manner

:

(1.) The primitive Ungulates {Protungulata) must have had

plantigrade, pentadactyl, feet, with the carpals and tarsals not interlocking,

either with the metapodial bones, or with their own adjoining series.

This Avould give a weak foot, adapted especially to progression in soft

' Limbs of Sauraiiodon, etc., American Journal of Science, 1880.
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swampy ground. This type of foot would be somewhat like that

represented in figure 149, below.

OOO^Oo°000^0°
" o o o

I o °
V o

FiKURK 148.—Left hind limb of Bapianodon discus, Marsh; seen from below; one-eighth natural size.

Figure 149.—Right fore foot of Cli£lydra serpentina. lAnuieus, ; front view (after Gegenbaur).

F. femur; F'. fibula; i. intermedium; c. central bone
; / Qbulare; m. metatarsals; R. radius; r. radiale;

T. tibia
;

t. tibiale ; TJ. ulna ; u. ulnare.

The Roman numerals denote the ordinal number of each digit present, counting from the inner side

of the pentadactyl foot.

(2.) For locomotion on dry hard ground, a stronger foot was

required, and a modification would soon take place, in the interlocking of

the metapodials with the second row of carpals or tarsals that supported

them. Examples of nearly this stage are seen in the fore feet of

Conjplwdon and Dinoceras, as shown in figures 150 and 152, below. The

fore foot of the elephant (figure 156) will also serve to illustrate the same

stage.

(3.) A still stronger foot was produced by the further interlocking

of both the first and second row of carpals and tarsals, as well as the

latter row witli the metapodials below. This general type of foot belongs

to the Holoilactyla, and is~seen. also in some of the early Perissodactyls.
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During- tliese two stages of modification, or at a later period, a

reduction in tlie luimber of digits in some forms also took place, evidentlv

as a result of the same causes. As progression on dry land with the

plantigrade five-toed foot began, the first digit, being the shortest of the

series, soon left the ground, and was gradually lost.

yiODRE 150.—Left fore foot of Coryphodon hamatn.f, Marsh, front view.

Figuhe ]51 — Left liind foot of same.

Bolli liy-iires are one-tliird natural size.

Fk;. 152.

m
Figure 152.— Lc-(t lore foot of Bin

Figure 153.— Left hind foot of same,

Both fi,i,'iircs .ore one-fifth natural size.

The four remaining digits, luning to do the work of five, were

strengthened by the interlocking alread}- mentioned, and also bv coming

nearer together.

(4.) In the next change that occurred, two kinds of reduction

began. One leading to the existing Perissodactyl foot, and the other,

apparently latoi', resulting in the Ai-tiodactyl type. In the former, the

axis of the foot remained in the middle of the third digit, as in the
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pentadactyl foot. In tlie latter, it .shifted to the outer side of tliis dif>it,

or lietween the third and fourth toes. An example of the former is seen

in the fore foot of Bron fofIktIkdi and lihiiioccros, figures 158 and IGO,

below, while Oreodon and the hippopotamus, figures 162-l(i5, show the

latter type.

Fig. 155.

Figure 154.—Left fore foot of Ifyrax capatsis, .Scbrelir.

Figure 155.— Loft liiml foot of same.

c. central bone ; cT. entocuneiforni
; p. pisiform ; t. tiliialc.

Both figures are natural size.

Fig. 15G.

Figure 156 —Left fore foot of E'.ephas Indicus, Linua-us.

Figure 157.—Left liiud foot of same.

Both figures are one-eiglith natural size.

24
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The position of the axis is the distinctive feature between these two

types of feet, and not the number of toes, as the names usually applied

to them indicate. In this respect, the terms Artiodactyl and Perissodactyl

are misleading-, and hence the names Faraxonia and Mesaxonia were

proposed by the author, as substitutes, to express the true axial relation.

FiorRE 158.—Left fore foot of Rhinoceros hicornis, LinnKus.

FlGUKE 159.—Left hind foot of same.

Both figures are one-eighth natural size.

Figure IGO —Right fore foot of Brontothe-iium mgens. Marsh.

Figure IGl.—Right hind fool of same.

Boih figures are one-sixtli natural size
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(5.) In the further reduction of tlie Perissodactyl foot, the fifth digit,

bein"- shorter than the remaining three, next left the ground, and

Figure 162.—Left fore foot of Eporeodon socialis, \farsh.

Figure 1 63.—Left hind foot of same.

Both tigures are one-third natnral size.

17 n
Figure 16-1.—Left fore foot of JJippupotanius arnphibius, Linuaius.

Figure 1 (55.—Left hind foot of same.

Both figures are one-eiglilh natural size.

gradually disappeared. Of the tliree remaining toes, tlie middle, or axial,

one was the longest, and retaining its supremacy, as greater strength and

speed were required, finally assumed the chief support of the foot, while
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the outer dig-its left the ground, ceased to be of use, and were lost,

except as splint hones. The foot of the existing horse (figures 1G6 and

1G7) shows the best example of this reduction in the Perissodactyls, as

it is the most specialized known in the Ungulates.

H M M IV M N
Figure 1G6.—Left fore foot of horse (S^wm cafcaWus, Linnrtiis).

FiGlTRH 107.—Left liind foot of same.

Both figures are one-eighth natural size.

FiiiURE 1G8.— Left fore foot of goat (Copra /nVcjts, Linnaius).

Figure 169.—Left hind foot of .same.

Both figures are oue-lifth natural size.

(G.) In the Artiodactyl foot, the reduction resulted in the gradual

diminution of the two outer of the four remaining toes, the third and

fourth doing all the work, and thus increasing in size and power. The

fifth digit, for the same reasons as in the Perissodactyl foot, first left the

oTOund, and became smaller. Next, the second soon followed, and these

two gradually ceased to be functional, or were lost entirely, as in some

of the Artiodactyls of to-day. The feet of the goat, figures 1G8 and 1G9,

above, show this extreme reduction.

As the author has shown elsewhere, these reductions of the feet, and

of the entire limbs, led to greater strength and speed, as the motion,

before irregular, gradually came to act in a single plane.
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The liiub of the modern race-horse is a nearly perfect piece of

machinery, especially adapted to great speed on dry, level, gronnd. The

limb of an antelope, or deer, is likewise well fitted for rapid motion on

a plain, but the foot itself is adapted to rough mountain work, as well,

and it is to this advantage, in part, that the Artiodactyls owe their present

supremacy.

The plantigrade, pentadactyl, foot of the primitive Ungulate, and

even the Perissodactyl foot that succeeded it, both belong to the past

humid period of the world's history. As the surface of the earth slowly

dried up, in the gradual desiccation still in progress, .new types of feet

became a necessity, an'd the horse, antelope, and camel, were gradually

developed, to meet the altered conditions.

The Proboscidians and Perissodactyls now living, except the horse,

are doomed to early extinction, but the Artiodactyls, with their greater

])0wer of adaptation, will replace them, and perhifps develop new forms.

The genealogy of the special Ungulate lines which ended in the

horse, tapir, and rhinoceros, of the Perissodactyls, and of the pig, camel,

and deer, among the Artiodactyls, has already been marked out by the

author elsewhere, ^ and need not here be repeated, especially as the

subject will be fully discussed in a future volume.

Extinction of Large Mammals.

During the Mesozoic period, all the mammals appear to have been

small, and it is not probable that any of large size existed, as reptilian

life then reig-ned supreme. With the dawn of the Tertiary, a new era

began, and mammalian life first found the conditions for its full and

rapid development.

In the lower Eocene, the largest land mammal was Coryphodon, more

than the equal, in size and power, of any of the I'eptiles of that time.

Dinoceras and its allies, in the middle Eocene, were much larger, and were

' Introduction artd Succession of Vertebrate Life in America, 1877. See also

New Equine Mammals, etc., 1874, and Polydactyle Horses Recent and Extinct, 1879.
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clearly the monarclis of the region iu which they lived. In tlie upper

Eocene, Diplacodon, about the size of the rhinoceros, was the largest

mammal, but each of these thi'ee died out in the period in which it

flourished.

At the base of the Miocene, the huge BrontotheridcB, nearly as large

as the elephant, suddenly appear in great numbers. They remained for

a short time the dominant land animals, and then became extinct.

The Proboscidians were the giants of the Pliocene, and hold the

supremacy in size to-day, but are evidently a declining race, and must

soon disappear.

The cause of the successive disappearance of each group of these

large Tertiary mammals is not diflicult to find. The small brain, highly

specialized characters, and huge bulk, rendered them incapable of

adapting themselves to new conditions, and a change of surroundings

brought extinction. Smaller mammals, with larger brains, and more plastic

structure, readily adapt themselves to their environment, and sm-vive, or

even send off new and vigorous lines.

The Dinocerata, with their very diminutive brain, fixed characters, and

massive frames, flourished as long as the conditions were especially

favorable, but, with the first geological change, they perished, and left

no descendants.

Classification of Dinocerata.

The relations of the Dinocerata to other orders of mammals have now

been fully considered in the preceding pages, and the main conclusions

reached are given on pages 173 and 177. The generic sub-divisions of

this group do not appear widely separated from each other, although at

least three types, from successive geological horizons, can be distinguished.

The species are numerous, and well marked, and there is strong evidence

that many, if not all of them are from separate horizons. The differences

due to age and sex are also manifest, and have been duly considered in

estimating distinctive characters.
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The Dinocerafa now known may be placed in three genera : Dinoceras,

Thioceras, and Uintafherium. These may be separated by characters of

tlie skull, vertebra?., and feet. There are also indications of several

intermediate forms, which may, perhaps, be found to represent sub-genei'a,

when additional specimens in good preservation are secured for comparison.

Twenty-nine species may be distinguished, mainly by the skull alone,

which, at joresent, offers the best distinctive characters.

Sub-order DINOCERATA, Marsh.

Family Tinoceratid/E, Marsh.

Uintatherium, Leidy.

Teeth, thirty-six.

Lower premolars, four.

Base of canine tusk,

nearly vertical.

Parietal protuberance

above post-glenoid

process.

Cervical vertebrae of

moderate length.

Lunar articulating with

trapezoid 1

Dinoceras, Marsh.

Teeth, thirty-four.

Lower premolars, three.

Base of canine tusk,

nearly vertical.

Parietal protuberance

above post-glenoid

process.

Cervical vertebrte less

elongate.

Lunar articulating with

trapezoid.

Tmoceras, Marsh.

Teeth, thirty-four.

Lower premolars, three.

Base of canine tusk,

horizontal.

Parietal protuberance

behind post-glenoid

process.

Cervical vertebras short.

Lunar not articulating

with trapezoid.

These three genera clearly represent three stages of development of

the Binocerata, and these stages correspond to the successive horizons of

the middle Eocene in which the remains of these animals were entombed.

Uintatherium, the most generalized type, is found at the lowest level

;

Dinoceras is from a somewhat higher stratum ; and Tinoceras, the most

specialized of all, occurs in the latest deposits.

Lit the Synopsis which follows this chapter, a systematic list of all the

species of the Diuocerata is given in detail. In connection with the

preceding pages, and the Plates at the end of the volume, this will place

before the reader everything of importance now known in regard to the

Binocerata.





APPENDIX.

SYNOPSIS OF DINOCERATA.

The present synopsis contains a list of all tlie known species of the

Dinocerata, and at least one characteristic figure of each species not

elsewhere illustrated in this volume. Full references, also, are given to

all the important literatxu-e. The complete titles of the works cited will

be found in the Bibliog-raphy, which follows this synopsis. A brief

history of the discovery of each specimen of importance, with the locality,

geological horizon, collector, date, the natui-e of the remains, and where
now preserved, is likewise placed on record under each species, as an
essential pai-t of a Monograph of the group.

The dates of publication of the various papers on the Dinocerata have
been carefully reexamined, and those here given are substantiated by
conclusive evidence.^ ^ The^ names adopted for genera and species are

based on priority alone, except in the cases of those already used. For
the higher groups, the new names proposed are to replace those previously

applied, or to gain appropriate terms for nomenclature. Amhlydactijlu has

thus been substituted for Amblypoda, and Coryphodoutia, for Fantodonta,

the names replaced being both essentially pre-occupied. The last term,

moreover, has no significance when applied to the group of which
Coryplwdon is the original and characteristic type. The names Profiuigidata,

Holodactyla, Aud Clinodadyla, express, respectively, a prominent feature of

the groups they represent, and hence have been introduced in the

preceding chapter.

25 193



IQ4, DINOCERATA.

DINOCERAS,' Marsh, 1872.

Diiioceras mirabile. Marsh.

(Hates I-VIII, XX-XLII, XLIV-LV.)

Marsh, American Journal of Science and Arts (3), Vol. IV, y. 3U, October, 1SV2; \ ol.

V p 119, Plates I and II, February, 1873; Vol. XI, p. K54, Plates Il-IV, February,

187(5; Vol. XXII, pp. 31, 32, Plate II, July, 1881.

American Naturalist, Vol. VII, p. 148, Plates I and IT, March, 1873.

Proceedings of the American Philosophical Societj, Vol. XII, p. 579, 1872; \ ol. XIL,

p. 256, 1873.

Fifth Annual Report of the TJ. S. Geological Survey, (figures from present volume,

viz) fiiT. 38, p. 256; 39, p. 257; 40, p. 258; 44, p. 260; 50, p. 263; 61, p. 268;

69, 70, p. 272; 76, 77, p. 275; 80, 81, 82, p. 278; 100, p. 289; 116, 117, p. 295;

120-123, p. 296; 134, 135, p. 301; 130, p. 302, 1884.

Garrod, Journal of Anatomy and Physiology, Vol. VII,
i)]).

267, 268, June, 1873.

The same, Comi>k'te Writings, pp. 121, 122, 1881.

Nature, Vol. VII (skull figured), p. 366, March 13, 1873.

Gaudry, Les Enchaincnients du Monde Animal, p. 74, fig. 86, 1878.

Nicholson, Manual of PaUeontolugy, Vol. II, pp. 37o-373, figs. 656, 657, 1879.

Dana, Manual of Geology, 3d ed., Plate VII, figs. 1-4 (from present volume), 1880.

LeConte, Elements of Geology, pp. 525, 526, figs. 845, 845a (from present volume), 1882.

Flower, Encyclopiedia Britannica, Vol. XV, p. 426, tig. 105, 1883.

Cope (Uintatherium mirabile).—llayden's Report U. S. Geological Survey of

the Territories for ls72, ]<]>. 581, 584, 1873.

Proceedings of the Philadel})hia Academy of Natural Sciences, Vol. XXV, p. 102, 1873.

Proceedings of the American Philosophical Society, Vol. XIII, pp. 61, 65, 1873.

Leidy (Uintatherium mirabile).—Extinct Vertebrate Fauna, pp. 97, 108, 332,

333, 1873.

Osborn (Uintatherium mirabile).—Memoir upon Loxolophodon and Umtatlierium,

pp. 24, 25, 1881.

The type specimen (number 1036) of tliis species Avas obtained in

1872 and 1873, by Messrs. B. D. Smith, J. W. Chew, and the author, from

Big Bone Buttes, ;ibout twenty miles east-southeast of Fort Bridger, and

twenty-five miles west of Green River, Wyoming.

' Jeivdi, terrible, and utpixi, a horn.
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This specimen consists of a skull, complete except the lower jaws,
cervical and lumbar vertebni?, ribs, pelvis, limb bones, etc.

Other specimens here referreVl to this species are as follows:

Number 1105, collected by Mr. J. W. Chew, near Sage Creek, aljout

twelve miles southeast of Fort Bridger, and over tliirty miles west of Green
River, Wyomin<i-, and consisting of bones of the fore leg and foot.

Nunibei- 1109, collected by Mr. F. S. ^icks, in 1873, near Henry's
Fork, about ten miles below Lone Tree, and twenty miles west of Green
River, Wyoming, consisting of bones of the feet, etc.

Number 1200, collected by the author, in August, 1873, at the Divide
near Henry's Fork, nearly twenty miles southeast of Fort Bridger, and
thirty miles west of Green River, Wyoming, consisting principally of

carpal bones.

Number 1206, collected by Mr. 0. Harger, in 1873, from the Divide
west of Henry's Fork, and consisting of a radius, ulna, femur, etc.

Number 1208, collected by Mr. J. W. Chew and Mr. B. D. Smith, in

1873, near Sage Creek, about tifteen miles southeast of Fort Bridger, and
nearly thirty-five west .of Green River, Wyoming, and consisting of bones
of the feet, etc.

Number 1210, obtained by Mr. J. W. Chew, November, 1874, in

Wyoming, and consisting of sternum, femur, patella, tibia, feet bones, etc.

Number 1211, collected by Messrs. H. G. Cheney and H. A. Oaks,
in August, 1873, at Old Hat Mountain, Henry's Fork, eighteen miles

southeast of Fort Bridger, and about thirty-five west of Green River,

Wyoming, and consisting of a fore foot, etc.

Nimiber 1212, obtained by Messrs. S. Smith and J. W. Chew,
November, 1S73, near Sage Creek, Wyoming, and consisting of lower

jaws, vertebra', humerus, etc.

Number 1215, collected by Messrs. S. Smith and J. W. Chew, in 1873,

at Cattail Springs, nearly thirty miles east-southeast of Fort Bridger, and
about eighteen miles west of Green River, Wyoming', and consisting of a

scapula, jiortions of the pelvis, etc.

Number 1218, collected by Messrs. S. Smith and S. Pearson, in

October, 1875, about four miles below Lone Ti'ee, on Henry's Fork, and
twenty-five miles west of Green River, Wyoming, and consisting of a large

part of a skeleton, especially bones of the feet and legs.

Number 1225, collected by Mr. J. W. Chew, near Henry's Fork, about

twenty-five miles west of Green River, Wyoming, consisting of portions of

the skull, vertebrne., bones of the feet, etc.

Number 1226, collected in 1873, by Messrs. S. Smith, J. W. Chew,
and the author^ at Big Bone Buttes, Wyoming, and consisting of portions

of the skull, etc. _
Nimiber 1230, collected by Mr. E. S. Lane, in August, 1873, on the

Divide west of Henry's Fork, Wyoming, and consisting of carpal bones.
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Number 1232, collected by Mr. J. W. Chew, in 1874, in Wyoming,
consisting of pai"ts of a pelvis, and various limb bones.

Number 1234, collected by Mr. L. Lamotte, at Camp Springs,

Wyoming, in 1873, consisting of limb bones, caudal vertebi-te, etc.

Number 1245, collected in 1872, by Messrs. B. D. Smith and J. W.
Chew, at Big Bone Buttes, Wyoming, and consisting of a humerus, etc.

Number 1247, collected in November, 1873, by Messrs. S. Smith and
J. W. Chew, at Tula Springs, near Sage Creek, Wyoming, and consisting

of tarsal bones, etc.

Number 1248, collected by Mr. B. D. Smith, in 1871, at Henry's Fork,

Wyoming, and consisting of axis, femur, tibia, etc.

Number 1251, collected by Mr. J. Heisey, May, 1876, eight miles

south of Dug Springs, near Haystack Mountain, about sixty-live miles

east of Green River, and twenty-tive miles south of the Union Pacific

railroad, Wyoming, and consisting of vertebrae, etc.

Number 1252, collected by Mr. S. Smith, in February, 1875, north of

Leavitt's Ranch on Henry's Fork about twenty miles west of Green River,

Wyoming, consisting of parts of the skull, a tibia, fibula, etc.

Number 1255, collected in June, 1874, by Mr. L. Lamotte, at Big-

Bone Buttes, and consisting of part of the lower jaws, showing milk

incisors in position, cervical and dorsal vertebrpe, ribs, and limb bones, etc.

Number 1490, collected by Mr. L. Lamotte, in Wyoming, and
consisting of incisor teeth.

Number 1514, collected by Mr. J. Heisey, May, 1876, eight miles south

of Dug Springs, AVyoming, and consisting of lower jaws with molars.

Number 1520, collected by Dr. J. V. A. Carter, in Wyoming,
consisting of fragments of a skull, carpal bones, vertebra;, etc.

Number 1528, collected by Mr. J. W. Chew, in 1875, near Henry's
Fork, Wyoming, consisting mostly of tarsal bones.

Number 1529, collected in Wyoming, by an Indian, called Shoshone
John, and consisting of a considerable number of bones from several

difFei'ent skeletons.

Number 1548, collected by Messrs. S. Smith and J. W. Chew, in

November, 1873, near Sage Creek, Wyoming, consisting of a parietal

horn-core, leg bones, etc.

The geological horizon of all these specimens is in the Dinoeeras, or

Bridger, beds of the Middle Eocene, as shown in the section on pnge 7.

The remains of the specimens here described are preserved in the

Museum of Yale College.
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Diuoceras agreste, Marsh, n. s.

Woodcut: 15, p. 19.

In this species, the nasals are separated in front by a distinct suture,

extending- back beyond the anterior projection of the premaxillary bone.
They taper to a blunt conical point, which is much roughened, but
presents no certain evidence of the attachment of prenasals.

The diastema behind the upper canine is nearly straight, and of

moderate length (about 7 cm.), and, in this region, the palate is strongly

vaulted. The palato-niaxillary foramen is opposite the first premolar.

The posterior end of the malar bone was received into a shallow j)it,

in front of the glenoid cavity of the squamosal.

The occiput (figure 15, page 19) has the upper angles well rounded,
and presents a median tubercle in the line of the vertical ridge. The
foramen magnum is broad, and rises somewhat above the level of the

condyles.

The type specimen (number 1221) of this species was discovered in

1873, by Mr. L. Lamotte, near Spanisli John's Meadow, about thirty miles

east-southeast of Fort Bridger, and fifteen miles west of Green River,

Wyoming
This specimen consists of a skull, scapula, ribs, etc.

The geological horizon of this species is in the Dinoceras Ijeds of tlie

Middle Eocene.

The known remains of this species are jjreserved in the Yale College
Museiim.

Dinoceras cuneum, Marsh, n. s.

Woodcuts 93, 94, p. 77 ; 170, 171, below.

Fig. no.

h.

Figure HO.—Nasals nf X)mocera« c«nra»i. Marsh (No. 1207).

a. side view; 6. top view; c. front view.
'' One-fifth natural size.

The skull in this species tapers in front, but, in the type-specimen
(numlier 1042), the nasal protuberances are not well preserverl. The
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maxillaiy protuberances are well developed, divergent, and connected by
a moderate ridge. The top of the skull beliind this is flattened, and
separated from the lateral surface by a more or less prominent ridge,

rising well on the front surface of the elevated parietal processes. These
processes are over the post-glenoid processes. They are high, and,

toward the apex, flattened antero-posteriorly, while they expand in

transverse diameter. The ridge connecting them across the surface of the

skidl is present, but not elevated.

The foramen magnum is slightly higher than the occipital condyles.

The palate is excavated in the region of the diastema.

Figure 111.—Skull of Dinnceras miiieum, Marsh (No. 1042); seen from above.

One-eiglitli natural size.

Another specimen (number 1207, figure 170) has the s^iout very
tapering in front, and the nasal protuberances small, though rather

prominent. The median suture is entirely obliterated, and the prenasals,

if present, are thoroughly co-ossified with each other, and with the nasal

bones.

The maxillary prominences are rounded, and not very divergent.

The parietal protuberances are connected l)y a transverse ridge. The
zygomatic process of the squamosal is not excavated for the posterior

end of the malar.

The type specimen (number 1042) of this species was secured in May,
1875, by Messrs. S. Smith and J. Heisey, near Haystack Mountain,
about sixty-five miles east of Green River, Wyoming.

The specimen consists of a skull, with a nearly complete series of
dorso-lumbar vertebne, sacrum, pelvis, etc.

The second specimen (number 1207), consisting of ])ortions of the

skull and vertebrae, was found by J. W. Chew and the author, in 187o,
near Big lione Buttes, Wyoming.

The geological horizon is in the Bridger beds of the I\riddle Eocene.
The only known specimens are in the Yale Museum.
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Diiioccras distaiis, Marsh.

Woodcuts: 4, p. 13; 8, p. 15; 10, p. 16; 31, p. 29.

Marsh, Fiftli Annual Report U. S. Geological Survey (figures from the present volume,
viz :) fig. 41, p. 25S; 45, p. 260; 66, p. 270, 1884.

The skull in the type specimen of this species (number \2l\!')) has
nearly tlie same g-eneral shape as in the type of Dinoccras mirahile, but is

somewliat more robust, tliouyh pertaining- to a young animal, as shown by
the general!}" ojien sutures. The nasals taper in front, and bear a pair of

low rounded oblicpie tul)ercles, much as in number 1036. They are

terminated, as in that specimen, by flattened, nearly vei'tical, and deei)ly

pitted, sutiu-al surfaces, from which the prenasals have fallen away.
The maxillary elevations are stout and conical, and are connected

across the median line of the skull by an elevated ridge. The naso-
maxillary suture curves inward between the maxillary protuberances, and
is strongly marked on their inner surfaces.

Beliind the maxillary protuberances, the top of the skull is flattened,

and jiresents two low oblique ridges, converging behind, along the lines of
tlie frouto-nasal sutures. At the sides, the superior surface is separated
from the lateral by a ridge, which rises nearly to the top of the parietal

jn-otuberances. Tiiese are well developed, triangular in section, and
directed upward and outward, and are situated above the post-glenoid
processes. The foramen magnum is below the upper margin of the

occipital condyles.

In the type specimen, the post-glenoid process is robust. Tlie
zygomatic process of the squamosal is deeply excavated in front of the
glenoid cavity, for the posterior end of the malar bone, which is

peculiarly blunt, and rounded behind. Tlie palato-maxillary foramen is

rounded, and placed o^jposite the posterior half of the first premolar.

The cavity for the brain is exposed in this specimen, and shows a
nasal septum just in front of the anterior constriction. The short olfactory

lobes were bounded in front by thin cribriform plates.

The young specimen (number 1601) agrees with the type (numljer

1235) in the general shape of the skull, in the form of the maxillary
protuberances and connecting ridge, in the shape, and position of the

parietal protuberances, and in the j^osition of the palato-maxillary foramen.
Also in the deep excavation for the end of the malar bone. The known
diflerences may be attributed to age.

The type of this species (number 1235) was collected by Mr. S. Smith,
in 1874, near Lone Tree, on Henry's Fork, Wyoming.

The second specimen (number 1601) Avas found by Mr. Smith in 1882,
near Haystack Mountain, Wyoming.

The geological horizoa of this species is in the Dinoceras beds.

The type specimen of this sjiecies is j)reserved in the Yale Museum.
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Dinoceras laticcps, Marsh.

(Plates X-XIV, XLIII.)

Woodcuts: 14, p. 19; 22, p. 25; 27, p. 26; 33, p. 30; 47, p. 43; 50, p. 44; 57, 58, p. 54;
and 112, p. 103; 136, p. 138; 139, 140, p. 149.

Marsh, American Journal of Science and Arts (3), Vol. VI, p. 301, October, 1873; Vol.
XI, p. 164, Plate V, February, 1876.

Osborn and Speir (Uintatherium laticeps).^American Journal of Science and
Arts (3), Vol. XVII, pp. 304, 305, 307, April, 1879.

The type of this species possesses the main characters of Dinoceras,
but, in the premaxillaries, palate, and brain-cavity, shows an approacli
to Tinoceras, especially Tinoceras pugnax. It apparently represents a
sub-genus of Dinoceras, which may be called Paroceras.

The type specimen of this species (number 1039) was obtained in

August, 1873, by Mi*. L. Lamotte and the author, near Spanish John's
Meadow, Wyoming.

This specimen consists of a skull, lower jaws, vertebrae, etc.

A second specimen, a female (number 1202), consisting of a skull and
other ])arts of the skeleton, was found by the author, in August, IS 73, near
Henry's Fork, about thirty miles west of Green River, Wyoming.
Additional specimens are numbers 1197, 1222, 1239, and 1264.

The geological horizon of this species is in the Dinoceras beds of the
Middle Eocene.

Tlie known remains of this species are in Yale College Museum.

Dinoceras liicare, Marsh.

(Plate IX.)

Woodcuts: 46, p. 43; 103, 104, 105, p. 84; 110, p. 98; 172. 173, below.

Figure 172.— >Jasals of Dinoceras lucare, Marsh (No, )0.S8).

a. side view ; b. top view ; c. front view.

One-fiflh nntiiral size.
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Figure 173.—Nasals of Diiweeias Iticare, Marsli (Xo. l.'iGS).

a. side view; b. top view; c. front view.

One-liftli natural .size.

iMarsh, American Journal of Science and Arts (3), Vol. V, p. 408, May, 1873.

Fifth Annual Report of the U. S. Geol. Survey, (figures from the present volume, viz:)

tiff. 83, p. 279; 124, 125, p. 296, 1884.

Lei(ly''(Uintatherium).—Extinct Vertebrate Fauna, p. 334, 1873.

The type specimen of this species (number 1038) was obtained by
Messrs. B. D Smith, J. W. Chew and the autlior, two miles east of Big-

Hone Buttes, Wyoming, September, 1872, and September, 1873.

This specimen consists of a skull, and numerous parts of the skeleton.

The geological horizon of this species is in the Bridger Beds of the

Middle Eocene.

The remains of this specimen are preserved in Yale College Museum.

Diiioceras reflexuin. ]\Iarsli, n. s.

Woodcut : 174, below.

Figure 174 —Nasals of D\:oceras reflexum. Mar

a. side view ; h. top view ; c. front view.

Oae-fifth natural size.

In the type of this species (number 1229), the nasal protuberances are

small, but prominent, and are directed strongly upward. The nasal bones

are completely united to the end, but are there terminated by sutural

surfaces, looking nearly downward, and indicating the position of tlie

prenasal bones, which have fallen away. The suture between tlie nasal

and the premaxillary is evident, behind and below the nasal protuberance.

26
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The post-glenoid process is large and strong, and the zygomatic

process of the squamosal presents a pit for the end of the malar bone just

in front of the glenoid cavity. Tlie occipital crest shows a median keel

on its posterior surface.

A cervical centrum, from which the epiphyses have nearly separated,

shows that these vertebrns Avere proportionally shorter than in niunber

1255. The vertical diameter is to the longitudinal as 1 to .55, while in

number 1255 these dimensions are about as 1 to .6.

A pyramidal bone, accomjianying these specimens, has the face for

the fifth metacarpal confluent with that for the luiciform, as in figures 117

and 118, page 108, instead of distinct, as on Plate XXXII, figure 6.

The specimen (number 1229) upon which the species is based was
collected in October, 1873, by Messrs. J. W. Chew and S. Smith, at Tule

Springs, Wyoming.
This specimen consists of fragments of the skull, limb bones, etc.

The geological horizon of this species is in the Bridger beds of the

Middle Eocene.
The known remains are preserved in Yale College Museum.

TINOCERAS,' Marsh, 1872.

Tiiioceras aiieeps, ]\larsh.

Woodcuts: 97, 98, p. SO; IVTi, ]?(!, HT, l)elow.

Figure 175.— Nasals of K/ioeera.! ajicejos, Itarsh (No. 12Ci;).

a. side view; h. (op view; c. front view.

Oue-fiflh natural size.

Marsh (Titanotherium ? anceps.)—American Journal of Science and Arts (3),

Vol. II, p. 35, July, 1871.

(Mastodon anceps.)—-American Journstl of Science and Arts, Vol. IV, p. 123,

note, August, ls72.

(Tinoceras anceps.)—American Journal of Science and Arts (3), Vol. IV
p. 322, October, 1872. (The name Ti/ioceras was published in advance, August 19.

1872, see Bibliography.) Vol. IV, p. 323, October, 1872; Vol. IV, p. 504, Decem-
ber, 1872; Vol. V, pp." 117, 122, February, 1873; Vol. V, p. 296, April, 1873.

' Tivoo, to tear, and utpa?, horn.
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X

Figure 17G —Left ]>ini,til )jrijtub(_i mcc of Tinocera.s imce2)s. Marsh (Xo. 103U); side view.

PiGUUE 177 —Ihe ^imo speoiiiun, front view.

a. anterior crest , 6 posterior crest.

Both tigiires are one-half n.Ttura! size.

Marsh, American Naturalist, Vol. VIT, p. 52, .Tanuarv, 1873; pji. 147, 152, March, 1873;

p. 218, April, 187.'5; Vol. VII, Ap])endix, p. viii, June, 1873.

Proceedings of the American Philosophical Society, Vol. XIT, p. 57s, lor 1872, 1873;
Vol. XIII, p. 256, 1873.

Coj)e (Uintatherium anceps.)—Proceedings of the American Philo.sophical

Society, Vol. XIII, p. Gl, 1873.

The type specimen of tliis species was of small size, and evidently

a female. The occiput is elevated, and has a median vertical rid<>'e.

The lateral crests extend from the front nearly to the summit of the

parietal protuberances. The latter are connected by a strong- ridoe jiassino-

directly over the brain-cavity. The j^ost-g'lenoid processes are trianoular

in horizontal section, with the apex outward.

A second specimen (number 12fi()) has the na.sal j)rotuberances of

moderate size, and resemblinj^* those of Thioroyts qramJe. The prenasal

bones are firmly co-ossified with the nnsals.

The type specimen (number lOaO) Avas discovered by Lieut. W. N.

Wann, in September, 1.S70, on the Divide near Sage C'reek, fifteen miles

southeast of Fort Bridger, Wyoming-.
The remains of this specimen consist of portions of the skull, cervical

and dorsal vertebra^, and a tibia,.

The second specimen (number 12GG) was found by Messrs. J. W.
Chew and L. Lamotte, in Augnist, 1874, in Wyoming. It consists of

portions of a skull, and a few other bones.

The geological horizon of this species is in the Dinoceras beds of the

Middle Eocene^
The known remains of this species are preserved in the Yale College

Museum. "~
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Tinoceras affiiie, Marsh, '}>. s.

Woodcuts: 16, 1). 10; and 178, 179, Ijelow.

Figure ITS.—Vertical eection through cranium of Jinoceras affme. Marsli (No. 1074).

Figure 110.—The same specimen ; seen from above.

ps. parietal supra-occipital sutme; /]) fronto-parietal suture; o. ocei|)it:il cduilyle: o?. olfactory lobes of

brain
;
p'. parietal protuberance ; s. supra-occipital crest.

Both figures are one-eighth natural size.

In the type of this species (number 1574), the snout tapers, and the

nasals are divided by a. distinct median suture.

The nasals are well preserved, and much resemble those of number 1041,

but are more perfect. As in number 1040, they are thoroughly co-ossified

to the extreme point, which is directed obliquely downward. The nasal

protuberances are placed obliquely, and are flattened on their outer

anterior surface. They are directed outward and upward, and are elongate-

oval in section, the long axes of the ovals making about a right angle with

each other in front of the snout.

The maxillary protuberances are elevated, but of moderate size, and

are connected across by a rounded ridge. The parietal protuberances

present a moderately sharp ridge on their anterior faces, and are somewhat
club-shaped. They were connected across the top of the skull by a

rounded ridge.

The foramen magnum is transversely oval, and rises nearly to the

same height as the occipital condyles. The post-glenoid ])rocess is robust.

The occipital crest bears a rather ])rominent, but rounded, ridge along

the median line, above the foramen magnum.
The palate is moderately excavated in front, and the palato-maxillary

foramen is opposite the first premolar. The diastema is thick, strong,

short, and straight. The vomer is ])reserved in this specimen, firmly

lodged in a groove in the upper surface of the maxillaries
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The face on the zygomatic pi'ocess of the squamosal for the malar is

broad and flat, and does not end in a pit, for the posterior end of the

malar bone.

In this species, the brain occupies a very oblique position in the skull,

as shown in the accompanying woodcut, figure 178. In the section of the

cranium, the sutures defining the anterior and posterior limits of the

parietal bones along the median plane of the skull are clearly shown.
The fronto-parietal suture also (figure 178) is apparent on the superior

surface of the skull, above the anterior part of the cavity for the cerebral

hemispheres, as in Dinoceras distans (number 1601). The suture limiting

the parietal posteriorly is evident in the same section. It is behind the

cerebral cavity, but cannot be traced with certaintv on the upper surface

of the skull.

The type specimen (number 1574) of this species was obtained by
Mr. J. Heisey, eight miles south of Dug Springs, Wyoming, in 1876.

This specimen consists of a skull, etc.

The geological horizon is in the Dinoceras beds of the Middle Eocene.
The only known remains of this sjjecimen are in Yale College Museum.

Tiiioceras aimecteiis, Marsh.

Woodcuts: G,
J).

13; 21, p. 21; 36, 37, ]'. 36.

Marsh, Fifth Annual Report JJ. S. Geological Survey, (fitjures fnnn the present Tohime,
viz:) fig. 43, p. 258; fig. 56, j). 264; tig. 73, 74, p. 274, 1884.

The skull in the type of this species (number 1043) agrees generally

in size and form, as far as preserved, with that of Thioccras btgens, (number
1041). The canine tusk runs somewhat forward in number 1043, and the

premaxillaries appear less robust. The palato-maxillary foramen is near

the front premolar, not well in front of it, as in Tinoceyus hifjens. The
upper canine (page 21, figure 21) has, on its outer side, a large, somewhat
heart-shaped, Avorn surface.

The lower jaw in tins species is slender, and bears a well developed
process running downwai'd and forward, and terminating in an oblique,

nearly straight margin. Tlie coronoid process is pointed.

The first dorsal in this sjiecimen is proportionally shorter than in

Tinoceras anceps, with the lateral faces for its ribs more a})])roximate. The
length of the flooi" of the neural canal is to the length of the under surface

of the centrum as 3 to 4, and a similar proportion in the adjoining

vertebra indicates an upward^ciirvature in the neck at this point.
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The tyjje of this species (number 1043) was found by. Mr. J. Heisey,
in May, 1874, near Haystack Mountain, Wyoming.

The remains consist of a skull, and other portions of the skeleton.

The geological horizon is in the Bridger beds of the Middle Eocene.
The only known specimen of this species is in the Yale College

Museum.

Tinoceras coi'iiutiim. Cope, sp.

Woodcutis: 180, isi, liflou-.

Fig. 180.

Figure 1 80.—Skull of Tinoceras cornulum, Cope, sp.

This figure and the following were photograj)lied on wood from Prof.

Cope's original photographs, for which the author is indebted to the late

Prof. Louis Agassiz. These i)hotograplis, although both marked ^g, are not

of the same size. The present figures are copies, both reduced in the

same proportion. . The white iiortion at the base of the tusk is plaster, and
the tooth is thus made to aj)pear longer than in nature. The tusk itself

belono-s on the other side.



SYNOPSIS. 207

FisuRF Ibl —Skull of Time L I ' 1 'I 1 'een from Ijelow

Both U>rures are about one-eighlh natural size.

Cope (L,efalophodon dicornutus).—Proceedings of the American Philosojihical

Society, Vol. XII, p. 515, for 1872. 1873.

Telegram from IMack Buttes, Wyoming, October, 1872.

The same, Paheontological JJuIletin, No. 5, i^econd Edition, 1873.

(Eobasileus cornutus.)—Notices of new Vertebrates from tlie upper waters of

Bitter Creek, Wyoming, November, 1872.

Proceedings of the American Pliilosoj>hical Society, Vol. XII, p. t86, for 1872, 1873.

The same,"Pala3ontological Bulletin, No. 6, 1873.

American Naturalist, \'ol. VI, p. 774, December, 1872; Vol. VII, p. 49, January, 1873;

Vol. VII, pp. 158, 159, March, 1873.

Hayden's IJeport of the U. S. Geological Survey for 1873, p. 457, 1874.

(Loxolophodon cornutus.)—Proceedings of the American Philosophical

Society, Vol. XII, pp. 488 and 580, for 1872"^, 1873; Vol. XIII, pp. 45-54, Plates

I-IV, 1873.

American Naturalist, Vol. Vll. \k 291, Plates IV, V, May, 1873; Vol. XIII, p. 334,

May, 1879; Vol. XVI, Plate XVII (Restoration), December, 1882.

IIay<b'M"s Keport of the U. S. Geological Survey for 1872, ]ip. 5G8-575, Plates 1-4, 1873.

Oshorn, Memoir upon Loxoloi)ho(lou and Uintatherium, ]ip. lf<, 20, 21, 27, 37, 44, 1881.

Osboru and Speir, American .lournal of Science (3), ^'ol. XVII, pp. 304-309, Plate I,

April, 1879.

Leidv (Uintatherium eornulum).—Extinct Vertebrate Fauna, i)p. 333, 334,

1873.

Marsh (Tinoceras cornutus).—American Journal of Science and Arts (3), Vol.

V, j.p. 290, 311, April, 1873.

(Tinoceras grande.)—American Journal of Science and Arts (3), Vol. V, j). 294,

April, 1873.

American Naturalist, Vol. VII, p. 217, April, 1873; Vol. VII, p. 300, May, 1873;

Vol. VII, Appendix, ji. ii, June, 1873.

Proceedings of the American Philosophical Society, Vol. XIII, p. 255, 1873.

In the restoration of this species as given by Professor Cope

in the America^i Naturalist, Vol. XVI, Plate XVII, the skull used is

the male one here fio-ured, Avith the tusk much elong-ated. The lower jaw

below it belong-ed to a female, possibly of another g-enus. The scapula,

as restored, is unlike that of any of the known Dinocerata, and the entire

fore limb is in a position anatomically impossible.
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The type of the 2:)resent species was obtained by Prof. E. D. Cope and
Mr. S. Smith, in August, 1872, at Haystack Mountain, Wyoming.

The remains consist of portions of a skull, and other parts of the

skeleton.

The skull as here figured is in the collection of Prof. Cope. Some
other portions of the same skull and skeleton, subsequently collected by
Mr. S. Smith, are in the Yale Museum

Tinoceras cr.assifruiis, Marsh.

Woodcuts: 30, p. 29; and 182, below.

FiauBE 182.—Nasiils of Tinoceras crassifrons. Marsh (Xo. 123G).

a. side view; 6. top view; c. front view.

One-flfth natural size.

Marsh, Fifth Annual Report of the U. S. Geological Survey, (figure from the present
volume, viz:) fig. 65, p. 270, 1884.

The nasals in the type of this species (number 123G) bear small, but
prominent, tubercles, directed well upward and outward, and placed well

back. In front of these elevations, the nasals are produced, and terminated

by oblique, but nearly vertical, sutural surfaces for the pre-nasals.

The maxillary protuberances are high and prominent, and connected
by a transverse, elevated, and sharp, ridge.

The upper surface of the skull is flattened, and well separated from
the lateral surfaces by a ridge, gradually rising into the parietal

protuberances. These protuberances are connected by a distinct

transverse ridge, and are elevated, and, in section, somewhat triangular.

The olfactory lobes of the brain were short, and the olfactory

chambers Avere not divided by a transverse bony sejjtum.

The type specimen (number 1236) of tliis species was collected by
Messrs. L. Lamotte and J. W. Chew, at Cattail Springs, about twenty-five

miles southeast from Fort Bridger, and about eigliteen miles west of Green
River, Wyoming, July, 1874.
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The remains of this specimen consist of \ m-ious portions of a skull.

The o-eological horizon is in the Dinoceras beds of the Middle Eocene.
The known remains of this species are in the Museum at Yale College.

Tiiioceras sjjileatiim, Cope. sp.

Woodcuts: IS:j arid 184, below.

KiG. IS). Fui. 183.

f^'^^PQ-t..

i4^!^

\ftA

Figure 183.—VisaK nt Tmuinns / </ ,t „, (.ilier Cope); o. side view; h. toji view.
Figure 184.— 1 osteiioi biiilace of same skull.

Both figures are one-eighih natural size.

These ti-^iires were photograjjhed on ^\((o(l from the lithographic plate,

cited below.

Cope (Eobasileus galeatus).—Hayden's Report U. S. Geological Survey for 1S'?S,

pp. 4.3(i, 4.".7, Pbite I, 1S74.

Proceedings of the American Pliilo. ojihical Society, Vol. XIV, p. 17, 1874.

(Loxolophodon galeatus.)— Havden's Rejiort I/. S. GeoJofjical Survey for 1873,
Plate I, 1874.

Osborn, Memoir upon Loxolophodon and Uintalherinm, pp. 21, 22, 1881.

The specimen upon which this species was based was obtained by
Prof. E. D. Cope, in 187."'), in the liad Lands of South Bitter Creek,
Wvoming.

The remains consist of various portions of the skull.

The geological horizon is in the Hridger beds of the Middle Eocene.
The known remains are preserved iu Prof. Cope's collection.

27
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Tiiioceras graiide, Marsh.

Woodcuts: 20, p. 21; 49, \>. 44; 84, S5, 86, p. 71; 81, 88, p. 75; and 185, below.

Figure 185.—Nasals of Tiiwceras grande, Marsh (No. 1040).

a. side view ; l. top view ; c. Iront view.

Oiie-fiflli natunil size.

Marsh, American Journal of Science, Vol. I\', ]>. :i2:i, October, 1872; Vol. V, pp. 295,

311, April, 1873.

American Naturalist, Vol. VII, \>. 217, ,\pril, 1873.

Proceedings of the American Philosophical Society, Vol. XIII, p. 256, 1873.

Fifth Annual Report of the U. S. Geological Survey, (figures from the present volume,

viz:) fig. 55, p. 264; 86, p. 280 ; 1 13, 114, 115, 1 18, 119, p. 295, 1884.

Cope, Proceedings of the American Philosophical Society, Vol. XIII, pp. 54, 61, 1873.

(Loxolophodon cornutus).—Hayden's Report IT. S. Geological Survey for

1872, p. 575, 1873.

The type specimen (number 1040) of this species was collected at

Barrel Springs, about seventy-five miles east of Green River, Wyoming,
in 1872, by Messrs. J. W. Chevi^ and K. D. Smith.

The remains of this specimen consist of portions of the skull, and

cervical vertebra.

The geological horizon of this sijecies is in the Middle Eocene, in the

Dinoceras beds.

The known remains are preserved in Yale College Museum.

Tinoceras liians, Marsh.

Woodcuts: 32, p. 30; and 186, below.

Fig. ISO.

Figure 186.—Nasals of Tinoceras Mans, Marsh (No, 1499),

a. side ^^ew; b. top view; c. front view.

One-tifth uatunil size.
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Marsh, Fifth Annual Report of the U. S. Geological Survey (figure from the jireseni,

volume), fig. (37, p. 271, 1884.

The snout in tlie type of this sj^ecies (number 1499) tapers in front,

where the nasals are divided by persistent sutures, and bear low rounded
tubercles. The nuixillary protuberances are connected by a low rounded
ridge. The upper surface of the skull behind these protuberances is

flattened, and, in the region of the fronto-nasal sutures, elevated. It is

separated from the lateral surface by a ridge, rising gradually upon the

parietal protuberances, which are connected by a transverse elevation

across the skull, above the brain case.

The olfactory chambers were divided transversely by a bony septum
as shown in figure 32, page 30.

The palato-maxillary foramen extends back nearly to the middle of

the second premolar. The premaxillaries are proportionally larger than
in Binoceras laticeps (number 1039), and straighter than in Dinoceras

niirahile (number 1036). They present pits, as if for rudimentary teeth,

as in number 1039.

This species is based upon a s])ecimen (number 1499) collected in

June, 1874, by Mr. L. Lamotte, at Cattail Springs, Wyoming.
The remains of this specimen consist of a skull, vertebme, etc.

The geological horizon is in the 1 )inoceras l)eds of the Jliddle Eocene.

The known remains of this species are preserved in tlie Museum of

Yale College.

Tinoceras iiig:ens, Marsh.

(Plates XV-XYIII, LVI.)

Woodcuts: 9, j). 16; 17, p. 19; 23, p. 25; 28, p. 27; .t1, p. 45; 59, p. 55; 115, IIK, p. 105;

117, p. 1U8; 124, p. 119; 134, 1.S5, p. 136; 141, 142, p. 149.

Marsh, Fifth Annual Report of the U. S. Geological Survey, (figures from the present

volume, viz:) figs. 46, p. 261; 52, p. 263; 58,"p. 267; 63, p. 269; 88, p. 281; 96, 97, p.

286; 126, 127, p. 297; 137, p. 302, 1884.

The type specimen (number 1041) of this species was collected by
Mr. S. Smith, near Haystack ]\Iountain, Wyoming, in May, 1X75.

This specimen consists of a skull, in excellent preservation.

The geological horizon of this species is in the Dinoceras beds of the

Middle Eocene. ^

The known remains of this species are in Yale College IMuseum.
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Tiiioferas juftiim, Marsh.

AVooileut: is 7, Ijelow.

FiSDRE 187.—Nasals of Tinoceras jugum, Marsli (No. 15U0).

o. side view ; h. top view ; c. front view.

Oiie-fiflh natural size.

In this s^jecies, tlie snout tapers forward, and bears a pair of small

flattened tubercles, directed well outward and forward. The nasals are

thoroughly coossified, and ])roiect in front beyond the tubercles. The
maxillary protuljerances are high, and strongh' divergent. They 'Avq

connected by a high sliarp ridge, which suggested the speciflc name.

The type of this species (number 1500) was found by I\Ir. L. Lamotte,

in Septen\ber, IS 74, in Wyoming.
The specimen consists of portions of the skull, and fore lindjs.

The geological horizon is in the Bridger beds of the Middle Eocene.

The only remains known are in the Yale Museum.

TiuOClTaS lilCllstre, Marsh.

Woodfut: ls8, below.

Fig, 188.

Figure IffS.—I'pper molars of yinoceras /(/tusire. Marsh {No. UlHTi; seen from below.

rii. first true molar,; pm. first premolar.

Three-fourths natural size.

Marsh (Dinoeeras lacustris).—Ameriean Journal of Science and Arts (3), Tol. IV,

p. 344, October, 1872.

Proceedings of the American Philosophical Society, Vol. XIII, p. 256, 187.1.

Cope (Uintatherium lacustre).—Hayden's Report IT. S. Geological Survey for

1872, pp. 581, 584, 187:!.

Proceedings of the American Phil(>s(i]]liical Society, Vol. XIII, pp. 01, 66, 1873.
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The type specimen (number 1037) of this species was discovered by
JMfssrs. J. W. Chew and B. D. Smith, near Bitter Greek, Wyoming, in 1872.

This specimen consists of upper premoUirs, molars, and a radius.

The geological horizon is in the Bridger beds of the Aliddle Eocene.
The known remains of this species are preserved in the Museum of

Yale College.

Tiuoceras latum. Marsh, n. s.

"Woodcuts: 1S9 :inil 190, below.

Figure 189.—Nasals of Tinoceras latum. Marsh (No. 1242).

a, side view ; 6. top view ; c. Iront view.

One-fifth natural size.

FiGDRE 190.
—

'S:isaiso{ 7woceras latum. Marsh (No. 1533).

a. side view ; i. top view ; c. front view.

One-fiftli natural size.

The snout in the type specimen of this species tapers toward the end,

but bears a pair of low rounded tubercles, directed iienrly forward, and
only slightly outward or upward. They are separated in front, along the

median line, by an open suture between the nasal bones, 'i'liese ]iroject

forward beyond the protuberances, and tei-minate ditierently on the two
sides, the left coming' nearly to a point, while the right is a little shorter,

and ends with an oblique sutural surface.

The skull presents a trainsverse ridge abo\e tlie In-aiii cavity, uniting

the parietal protuberances.
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'i lie teeth preserved are but little worn, indicating a fnlly adult, but

not old, animal.

Another specimen (number 1533) referred to this s])ecies is quite

unlike any other in the collection in the t"oi-m of the nasal bones so far as

preserved, but, unfortunately, the specimen is considerably eroded. The
snout, instead of tapering-, expands forward, and presents on each side a

broadly i-ounded, horizontal ])rotuberance, scarcely- I'ising at all above the

general level of the nasal bones. They, also, project forward, far beyond
the end of those bones, which were thoroughly consolidated, and directed

somewhat downward, underneath the broad shelving protuberances.

The left maxillary protuberance preserved with this specimen is of

large size, and flattened on its outer side.

This species, with Tinoceras rnnnifitni, forms a distinct sub-genus of

Tii/ocera.s, ^\hich may be called Phitoccias.

The type of this species (numl)er 1242) was obtained in September,

1873, by Mr. Ij. Lamotte and the author, near S]janish John's Meadow,
Wyoming.

The remains of this specimen consist of portions of the skull, and teeth.

A second specimen (number 1533), apparently a very old individual

of the same species,- -was found in May, 1875, by Messrs. S. Smith and

S. Pearson, at Haystack Mountain, Wyoming.
This specimen consists of portions of the skull. The extremity of

the nasal bones is figured above.

The geohigical horizon of these specimens is in the Bridger beds.

The known remains of this species are preserved in Yale College

Museum.

Tinoceras loiigiceps, Marsh.

Woodcuts: 38, p. 37; 48, p. 43; and 191, 19-2, below.

Fic. 19->.

Figure 191.—Loft maxillary pi-utiilifiMnci' of Tinoceras longiceps, Marsh (No. 1256, female); side view.

Figure 192.—Left parietal protiiberanee of same skull; side view.

The dotted line shows the outline of the cavilies (a and b) at the base of each specimen.

Botii figures are one-lourth natural size.



SYNOPSIS. 215

Marsh, Fifth Amiiial Report of the U. S. Geolooical Survej', (figures from the present

volume, viz:) tig. 75, p. 275; 85, p. 279, 1884.

The skull in this species presents some striking- peculiarities. The
maxillary protul)erances are placed well back, and are much above the

socket for the weiik and slender canine tooth (figure 48, page 43). They
are directed upward and outward, and are greatly excavated within, and
below, as shown in figure 191. The parietal protuberances are well

developed, and are also excavated near the base. The anterior face, as far

as preserved, shows no distinct indication of a sharp ridge rising- on the

frontal bone in front of the protuberance, as in Dinoceras laticeps (number
1202), but the parietal protuliernnces seem to have risen abruptly, as in

Thioceras infjens. They are fiattened behind, but are scarcely expanded
transversely, as in the males of this t3'pe. The zygomatic process of the

s(iuaniosal is slender, and presents a decided pit for the posterior end of

the malar, just in front of the glenoid cavity.

The lower jaw (figure 38, page 37) is elongated, and presents a small

and weak pendent process, for the protection of the small and slender

canine tusk (figure 48, page 43). This tusk has a nearly straight root,

which suddenly contracts at the apex into a small orifice. The position

of its socket is well in front of, and below, the maxillai-}' horn-core, and
unlike that of any other specimen in the Museum.

This species is based upon a specimen (number 1256, female) obtained

by Mr. J. Heisey, at Red Dog Jiuttes, Wyoming, in June, 1876.

The remains of the type of this species consist of portions of the

skull, lower jaws, etc.

The geological horizon is in the Dinoceras beds of the Middle Eocene.

The known remains of this species are in Yale College Museum.

Tiiioceras puftiiax, Marsh.

(Plate XIX.)

Woodcuts: 5, p. 13; 18, p. 19; 19, p. 21; 24, p. 25; 29, p. 27 ; 52, p. 45; 67, p. 6.3.

Marsh, Fifth Annual Re])ort of the \J. S. Geological Survey, (figures from the present

volume, viz:) fig. 42, p. 258; 5::), p. 26.3; 54, p. 264; 59, p. 267; 64, p. 269; 89,

p. 282; 104, p. 290, 1884.

The type specimen of this species (numl)er 1044) was an individual

of moderate size, and a male. The skidl is short, and, seen from above
strongly Avedge-shaped. The nasal protuberances are small, high, and
widely separated. The maxillary elevations are somewhat in front of the

diastema. They are robust and reciu-ved. The parietal jjrotuberances are

of moderate height, and transversely compressed at their summits. The
premaxillaries are widely separated in front. The palato-maxillary

foramen is opposite the second premolar. The posterior nares open
iipAvard through oval apertures, but little behind the bony palate. The
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palate is much expanded between tlie ("uiinc tnsks. I'lie lower jaw has

the alveoles of the incisors and canines ncarh- a ertical. The tlant;e for

protection of the tusk is lono;, and. rounded in front (Plate XIX, li^ure 1 ).

This specimen represents a distinct sul)-i;einis of Tii/oecras, wliicli uku'

be called Laoceras.

The type specimen (nnnilier 1(144) of this s])ecies was found by Mr.

S. Smith, May, 1875, at Haystack Mountain, W\-oininii'.

'I'liis specimen consists of a skull in good condition, and various other

bones of the same individual.

The gvological horizon of tliis s|)ecimen is in tlie Dinocei'as beds.

The known remains of this s])ecies are preserved in the Museum of

Yale College.

Tiuocerns 8peiriainim, Osborn, sp.

Woodcut: l'.i:i, Ik'Iow.

Fm. 193.

iCUUE ig^i—SI llll of i -idL \u u ( il (.1 o hon 1

One eierhtb u itiii li bizt

.

Osborn (Loxolophodon Speirianum).—Memoir upon Loxolophodon and
Uintatheriuni, [ip. 18, 20, 21, 22, 24, 41, 44, Plate I, 18S1.

This figure was photog-raphed on wood from the lithographic plate

cited above. The restorations of this skull do not allow some of its

important features to be determined, but the g-eneric characters ai'e distinct.

In the restoration of this species, as given in the work cited above,

the skull belonged to a male, and the lower jaAV to a female. The bones

of the fore limb, also, are in a position impossible in life.

The type specimen of this species was discovered bv Mr. Francis

Speir, in 1878, in Wyoming.
This specimen consists of the skull here figured.

The geological horizon is in the Bridger beds of the Middle Eocene.

The known remains of this species ai-e in the I'rinceton Museum.
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Tlnocei'jis steiiops, Marsh.

Woodcuts: 5:5, 54, p. 47; and 194, Tjelow.

Fig. 194.

FiGHRE 194.—Skull and lower jaw of Tinoceras strnopf:, Marsli (No. 1.5(;7l.

c. condyle of lower jaw; d. diaslema; m'. maxillary protuberance; n'. nasal protuberance; 0. occipital

condyle; p'. parietal protuberance; p»i. premaxillary lioiie.

One-eighth natural size.

Marsh, Fifth Annual Report of the U. S. Geological Survey (figures from the present

volume, viz:) figs. 90, 91, p. 283, 1884.

The skull in the type specimen of this species (number 1567) is

narrow, and elongated. The nasal protuberances are flat below, and

above. They appear to have been divergent, but of moderate size,

th(iug]i situated Avell forward. The ma.xillarv jirotuberances were

prominent, directed well forward, and connected by a transverse ridge.

Behind them, on each side, stands a pnimiiient protuberance over the

orbit. Back of this, the superior and lateral surfaces of tlie skull jiass

into each other by regular curvature in front of the origin of the lateral

ridges, which 'rise abruptly upon the parietal protuberances. These

elevations are imperfectly preserved, but are flattened in front, and

situated behind the post-glenoid processes.

28
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The palate is excavated in tliu region of the diastema, and the

palato-maxillaiy foramen is just in front of the first premolar, but not

so far in front as in Tinoceras ingeiis (number 1041).

The lower ]a\v is slender, and expands rapidly in the region of the

symphysis for the formation of the flanges protecting the canine tusks.

When seen from a'nove, the angle at which the rami meet at the

symphysis is distinctly rounded in front, tluiugh somewhat less strongly

than in Dinoceras hiticeps (Plate XII, figure 1).

The type sjiecimen (number 15G7) of this species was collected by
Mr. S. Smith, at Haystack Mountain, Wyoming, in May, 1882.

The remains of tliis specimen consist of a skull, with lower jaw, etc.

The geological li(_)rizon of this species is in the Dinocei-as beds of the

Middle Eocene.

The known remains of this species are in the """ale College Museum.

TiiKK-eras yniians, iVlarsh.

Wu.jikut: I-', \K K.

Marsh, Fifth Annual Report of the U. S. Geoloc;ieal Survey, (figure from the present

volume, viz:) fig. 49, p. 262, 1884.

The snout in tlic ivyo id' this species (inmd:ier 1241) tapers somewhat

in front, and the nasal protuberances are flattened and directed forward,

outward, and upward. The nasal bones are vmited throughout. The
maxillar}' protidjerances are slender, Ijut prominent, and united across by
a low rounded ridge. The ujjper surface of the skull is separated from

the lateral surface, above and liehind the orbits, by a ridge, which rises

upon the parietal protuberances. These are prominent, and are flattened

antero-posteriorly. The}' Axere connected across the top of the skull by

a low transverse elevation.

The type specimen (number 1241) of this species was discovered by
Mr. S. Pearson, at Red Dog Buttes, Wyoming, in July, 1875.

This specimen consists of ])ortions of tlie skull, etc.

The geological horizon is in the Dinoceras beds of the Middle Eocene.

The known remains of this species are preserved in the Yale Museum.
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UINTATHERIUM,' Lei.ly, 1S72.

Uiiitatheriiim r<»l)iistiim, Leidy.

WoodfUls: (11, (J2, ]i. 57; ami 19."), below.

Ik, 1'i5

II
' !•( •( '' ;

FicURE 195.—Skull of Uintatherium robuxtuin, Leidy (type speeiineu); bottom view of back part of skull.

/.foramen maguuiii; /'. occipilal foramen; (/. stylo-ma.stoi(l foramen; /(. foramen iacerum ; i. vascular
foramen in basisplienoid.

One-fourlh natural size.

I^eidy, Proceet
American J

jdings of the Philadt'lphia Academy of Natural Sciences, jip. 169, 241 1872
Journal of Science and Arts (.S), Vol. IV, p. '.UO, Sejitembcr, 1872.

Extinct Vertebrate Fauna, pp. 9."?, 96, 333, 334, Plate XXV, Plate XXVI, figs. 1-8
Plate XXVII, figs. 30-34, 1.^^73.

" '

Cope, Proceedings of the Philadelphia Acadeni}- of Natural Sciences, ]>. 102, March, 1873-

p. 29.T, for 1882, 1883.

Hayden's Re])ort U. S. Geological Survey for 1872, pp. .581, 583, 1873.

American Naturalist, Vol. VII, p. 159, March, 1873; Vol. XVII, p. 68, January, 1883.
Proceedings of the American Philosophical Society, Vol. XIII, ])p. 62, 64, 1873.

.\Iarsh, American Journal of Science and Arts, Vol. V, p. 296, Ajiril, 1873.

American Naturalist, Vol. VII, p. 147, March, 1873.

Proceedings of the American Philosophical Society, Vol. XII, p. 578, 1872.

Osborn, Scott and Speir, Paloeontological Keport, 1877, pp. 62, 71, 82, 1878.
< >.sborn. Memoir upon Loxolophodon and Uintatherium, pp. 18, 28, 1881.

Leidy (Uintamastix alrox).—Extinct Vertebrate Fauna, pp. 94, 107, 333, 1873.

The type specimen of this species Avas collected in 1872, by Drs.

J. V. A. Carter and J. K. Corson, fifty miles east of Fort Bridger,

Wyoming.
The remains of this specimen consist of the cranial portion of a skull,

with fraoments of both jaws, and ])ortions of limb bones.

The geological horizon of this species is in the Bridger beds of the

Middle Eocene.

This type specimen is preserved in Prof. Leidy's collection.

' Uinta, Indian name, and (9//p/o<', a wild beast.
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Uiiitatlieriuiu fissidens, Cope, sp.

^V(loJcut.s: 19ti and 197, below.

Figure 193.—Lower jaw of Uintatherium fissidens (aftrr Oope); top view.

Figure 107.—The same specimeu ; front view.
Both figures are two-lhirJs natural sizp.

The above fig-ures were made by a direct transfer from the original

^^oodcuts cited below.

Cope (Bathyopsis fissidens).—Bulletin of the TJ. S. Geological Survey of tlie

Territories, Vol. VI, No. 1, pp. 194-106, February, 1881.

Proeeeilings of the American Philosophical Society, Vol. XX, pp. 176, 177, 1882.

American "Naturalist, Vol. XV, p. 75, January, 1881; Vol. XVIII, p. 1115, fig. 7,

November, 1884.

The type .speciuieii of this species was collected by Mr. J. L. Wortman,
in ISSO, in the Wind liiver Basin, Wyoming;.

This specimen consists of portions of the lower jaws here figured.

The geological horizon of this species is not known with certainty,

but is a])parently in tlie Bridg-er beds of the Eocene.
The type specimen is preserved in Prof. Cope's collection.

Uintatlierium latifrons, Marsh.

Wodilciits: 11, p. 17; l'J5, lL'6, 127, 128, p. l.SO.

Marsh, Fifth Annual lle])()rt of the Tl. S. Geological Survey, (figure from the jireseut

volume, viz:) fig. 48, p. 261i, 1884.

In this species, the snout tapers in front, wliere the nasals are divided

by an open suture. The nasal protulierances are of moderate size,

broadly oval at the base, apjiroximate, and moderately divergent. The
nasals project well forward beyond them. The maxillar}^ protuberances

are large, and rounded, and are connected by a very low transverse
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ridge. The parietal protuberances were robust, and broadly oval in

section near the top, and are connected by a Ioav transverse ridge across

the top of the skull. All these protuberances in this specimen are smooth,

and regularly rounded.

The type specimen (number 1231) upon whicli this species is based
was collected by Mr. J. W. Chew, in 1S74, two miles from Big Bone
Buttes, Wyoming.

The remains of this specimen consist of a skull, etc.

Tlie geological hoi-izon of this species is in the Dinoceras beds of the

Middle Eocene.

The known remains of this s[)ecies are preserved in Yale College

Museum.

Uilltathei'iuill Leidiaimm, Osborn, Scott, and Speir.

Woodcut: 19S, Lelow.

Fig. 19S.

Figure 198.

—

Skull of Cintnthflrmm Leidiannm (after O^hom, Scott, and Speir) ; obli([iie siite view.
About oue-eighth natural size.

This figure was photogra|)hed on wood from the original lieliotype

plate, cited below.

Osborn, Scott, and Speir, Palwontological Report, pp. 63-80, Plates YI-YIII, ISTS.

Osborn, Memoir upon Loxolophodou and Uintatheriuiti, pp. 18, ]9, 22-24, Plate II, 1881.

Cope, American Naturalist, Yol. XYIII, p. 1117, tig. 10, November, 1884.

The type specimen -erf this species was collected in 1877, near Drv
Creek, in AVvoming.



222 DINOCERATA.

This specimen consists of a skull, and portions of the skeleton.

The geological horizon of this species is in the Dinoceras beds of the

Middle P^ocene.

The type specimen is preserved in the Princeton Museum.

Uiiitatlieriuiii sea;iie, Marsh.

Woodcuts: 41, 42, p. 39; 101, 102, p. 83; and 199, 200, below.

Fir, 2U0

-*«*^^^^

FiGUBE lay.— il.ixillaiy protuberances of Uinlatherium seijm:. Marsh (Xu. 1194); seen frcjm above

FiGUKE 200.—The same specimen; seen from in front.

to', maxillary protuberance ; n. Das?,l bone.

Both figure.? are one-fourth natural size

Marsh, Fifth Aimual Report of the U. S. Geological Survej-, (figures from the present

volume, viz:) figs. 78, 79, p. 276, 1884.

The maxillarv protuberances of the skull of this specimen are

peculiar for their robust form. They are connected by a well developed

transverse ridge. The parietal protuberances are massive, and somewhat
club-shaped, an-d present a ridge in front, as in Dinoceras imrabile and

Tinoceras ingens, evidently formed by the frontal bone rising nearly to

the top of the protuljeraiues.

The type specimen (number 11!:)4) of this species was collected by
Messrs. S. Smith and J. W. Chew, east of Fort Bridger, Wyoming, in

October, 1873.

The remains of this species consist of a lower jaw, and other parts of

lhe skeleton.

The geological horizon of this species is in the Dinoceras beds of the

Middle Eocene.
The known remains of this species are preserved in Yale College

l^fiiseum.
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Amblypoda, see AlUblydactyla.

Bathyopsis fissidens, see Uilltatlieriuill flssideilS.

Dinocerea, see DillOCerata.

Dinoeeras laeustris, see TillUCeras lacUStre.

Eobasileus cornutus, see TillOCei'aS COrilUtlllU.

Eobasileus furcatus, see TillOCeraS.

Eobasileus gaieatus, see Tiuoceras 2;aleatiim.

Eobasiliidae, see TillOCOl'aticljP.

Lefalophodon bifurcatus, see TillOCeraS.

Lefalophodon exeressicornis, see TillOCCraS.

Lefalophodon diseornutus, see TiuOCeraS COrilUtlim.

Loxolophodon anceps, see TillOCei'as aiiceps.

Loxolophodon cornutus, see TillOCeraS COrillltum.

Loxolophodon furcatus, see TillOCei'aS-.

Loxolophodon gaieatus, see TillOCei'aS Si'aleatUin.

Loxolophodon grandis, see TillOCeras JiTailtle.

Loxolophodon pressieornis, see TillOCd'as.

Loxolophodon Speirianum, see TillOCeraS Speil'iailUlll.

Mastodon anceps, see TiuOCtM'aS ailceps.

Pantodonta, see Corypliodoiltia.

Titanotherium? anceps, see TillOCevaS aiH'epS.

Uintamastix atrox, see Uilltatlieriuill robustlllll.

Uintatherium cornutum, see TillOCeraS COriUltUlU.

Uintatherium lacustre, see TillOCei'aS lacUStre.

Uintatherium laticeps, see DillOCeras latioeps.

Uintatherium princeps, see Uilltatll(?riUllK

Uintatherium lucare, see IMlUU'OraS lucai'e.

Uintatherium mirabile, see DillOceras lllirabile.

Uintatheridee, see TillOCeratidW.
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PL^TE 1.

DINOCERATA.

Skull of DiNOCERAS MiRABiLE, Marsh.

Two-fifths Natural Size.

Skull: obliauc view, type specimen (No. 10:30, Yale College Musenm,) _ _ 11

This skull, from which the figures on the next six plates are also drawn, belonged to

an animal fully adult, as shown by the teeth, but not so old as to have the cranial sutures

oliliterated. The right canine is restored from the left, which is perfect.
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E Cnsand, lith- New Haven

RABILE, Marsh %





DINOCERAS IW Habile, Marsh '
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I^LA.TIil II.

DINOCERATA.

Skull of DiNOCKRAS MiRABiLE, Marsh.

One-fourth Natural Size. Pai^e.

Skull; lateral view, seen from the left, 11

n —Nasal bone.

'pm—Premaxillary.

c —Canine tooth.

m —Maxillary hone.

m'—Maxillary protuberance.

I —Lachrymal bone.

/ —Frontal.

tna—Malar.

pi —Palatine.

2)t —Pterygoid.

as —Alisphenoid.

s —Post-glenoid process of squamosal.

hs —Basisphenoid.

ho —Basioccipital.

o —Occipital condyle.

p —Posterior crest.

p' —Posterior protuberance.
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r^L^TE III.

DINOCERATA.

Skull of DiNoCEKAS MiUABiLE, Miirsh.

One-fourth Natural Size. Page.

iSkull; front view, ... . . ^_.. 11

NoTK.^The surface covered by oblique bars in tliis and the following plates indicates portions coQcealed by
(lie adheriijft matrix or otherwise obscured.
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DINOCERAS MIRABILE, Maxsh V^
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DINOCERATA.

Skull of DiNOCKKAS MiKABiLE, Marsh.

One-fourth Natural Size. Pa"o

Skull; superior view, - .. 11
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DINOCEIIATA.

Skull of DiNOCERAs MiKABiLE, Marsh.

One-fourth Natural Size. l'a"i'

Skull ; inferior view, _ '2i

n —Nasal bone.

pm—Premaxillary.

c —Canine tooth.

m —Maxillary bone.

m' —Maxillary protuberance.

ma—Malar bone.

pi —Palatine.

pt —Pterygoid.

s —Post-glenoid proces.s of .squamosal.

o —Occipital condyle.

p —Posterior crest.

J)'
—Posterior protuberance,
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DINOCERATA.

Brain-cast of Dixoceras mirabilk, Marsh.

Three-fourths Natural Size. Page.

Fig. 1.—Cast of Brain-cavity ; lateral view, seen from the left, 53

P'iG. 2.—The same ; superior view, _ 54

Fig. rs.—The same ; inferior view, 55

oi or I-—Olfactory lobes,

c —Cerebral hemispheres.

s —Sylvian fissure.

op or II-—Optic nerves.

F" —Trigeminal, or fifth, nerve

F —Pituitary body.

f —Flocculus.

y —Sixth nerve.

eh —Cerebellum.

cf or XII—Condylar foramen for twelfth nerve.

Ill —Medulla.
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DINOCERAS MIRABILE, Marsh V-i
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DINOCERATA.

Molars of Dinocekas mikabile, Marsh.

Natural Size, P.^r,.

Fi<i. 1.— ITpjicr molars; cxtorior view, from leftside, .J(J

Fill. 2.—The same; showing urimliiiii; surface, 48



PLATE VII

P Berger, del
E.Crisand, lith New Haven

DINOCERAS MIRABILE, Marsh. Vi





PLATE VIII.



FL^TJi] VIII.
DINOCERATA.

Lower ja-w and teeth of Dinocehas jukabile, Marsli. pim,-.

Fig. 1.—Right lower jaw ; lateral view, inner side, one-third natural size, iS)

i —First iiu-isor tooth.

c —Canine tooth.

d — Diastema.

s — Section through symphysis.

cp —Process for protection of canine tusk.

« —Angle of jaw,

/ —Dental foramen.

cd —Condyle.

cr —Coronoid process.

Fig. 2.—Left lower molars ; superior view, natural size, 5y

Fig. 3.—The same; lateral view, natural size, 50

l])m—First premolar.

im —First molar.

The lirst and second iiremohirs in figures 2 and 3 are restored from a second specimen.
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DINOCERAS MIRABILE, Marsh
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DINOCERATA.

Teeth of Dinoceras lucare, Marsh.

Natviral Size. p
Fig. 1.-Upper molars and canine; type s,,ecimon, (No. 1038,) lateral view, seen from tlie left, 45
Fig. 2.—Upper molars; showing grinding surface,

c —Canine tooth.

d —Diastema.

lj»—First premolar.

Im—First molar.

f —Posterior palatine foramen.
/' —Palato-maxillary foramen.
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DINOCERATA.

Skull of DiNocERAS LATiCEPS, Marsh

One-fourth Natural Size.

Skull; type specimen, (No. 10.39,) lateral view, seeji from the left, og"'
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PL^TE XI.
DINOCERATA.

Skull of DiNocERAS LATiCEPS, Marsh,

One-fourth Natural Size. Pg^„g

t^kull; (No. 1039,) superior view, . _. . 26
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PLATE XII



I^L^TE XII.
DINOCERATA.

IiOAver jaw of Dinoceras laticeps, Marsh.

One-third Natural Size. Py„.,

Fig. 1.—Lower jaw; (No. 10.39,) superior view, .,,-

Fig. 2.—The same; front view, ,. _
^^
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PL^TE XIII.
DINOCERATA.

Lower jaw of ITixocekas laticeps, Marsh.

Oue-tliird Natural Size.

Fig. 1.—Lower jaw; (No. 10.39,) seen from the left,

Fn;. 2.—Lower jaw; posterior view,

c —Socket for canine tootii.

m—Mental foramen.

P —Process for protection of canine tusk.

« —Angle of jaw.

c<?—Condyle.

cr—Coronoid process.

<? — Dental foramen.

s —Symphysis.



PLATE xnr.

"<;'
,yi£

^^^1

iii^leii^MtiimigSe/^s
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DINOCERAS LATICEPS, Marsh. Vs.
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PLA.TE XIV.
DINOCERATA,

Skull of DlNOCERAS LATICKPS, Marsli, (female.)

One-fourth Natural Size. _
Fiu. 1.—Skull; (No. 1202,) lateral view, seen from the left 'T'

iO
h iG. 2.—The same; superior view,

c —Canine tusk.
"^

m'—Maxillary protuberance.

p' —Posterior protuberance.
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PLATE XV



DINOCERATA.

Skull of TiNOCERAs iXGENS, Marsh.

One-fourth Natural Size. Page.

Skull; type specimen, (No. 1041,) lateral view, seeii from the left, 14
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PL^TE :svi.
DINOCERATA.

Skull of TiNOCERAS INGENS, Marsh.

One-fourth Natural Size. Page.

Skull; (No. 1041,) front view, 1 14
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E-Cnsand, lith New Haven

TINOCERAS INGENS. Marsh. y4.
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DINOCERATA.

Skull of TiNOCERA.s INGENS, Marsh.

One-fourth Natural Size. Page

Skull; (No. 1041,) superior view, 1(!
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DINOCEIIATA.

Teeth of Tinocekas ingens, Marsh.

Natural Size. Paye,

Fig. 1.—Upper molars; (No. lOtl,) lel't side, latenil view, seen from the loft, -Hi

Fig. 2.—The same; showing grinding surface, 40
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DINOCERATA.

Lower jaw and teeth of Tinoceuas pugnax, Marsh. p.^.,,,

Fig. 1.—Lower jaw; lateral view, seou from tlie k'ft, one-third natural size, 35

i —^Incisor tooth.

e —Canine tooth.

d —Diastema.

y —Mental foramen.

«/) —Process for protection of canine tusk.

a —Angle of the jaw.

cd —Condyle.

cr —Coronoid process.

Fig. 2.—Lower molars ; superior view, natural size, 41

Fig. 3.—The same; lateral view, natural size, 41

Iptn—First premolar

Im —First molar.
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TINOCERAS PUGNAX, Marsh.
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DIlSrOCERATA.

Atlas of DiNOCEUAS mirabile, Marsh.

One-fourth Natural Size. p.,,,,.

Fig. 1.—Atlas; lateral view, seen from the left, OO

Fig. 2.—The same ; superior view, .... gf)

Fig. .3.—The same ; anterior view, gf)

Fig. 4.—The same; inferior view, .. __ GO

Fig. !}.—The s.ame; posterior view, 69
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DINOCERAS MIRABILE, Marsh V4.
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DINOCERATA.

Axis of DiNOCERAS MiRABiLE, Marsli.

One-fourth Natural Size. Pagf,

Fig. 1.—Axis, lateral view, seen from the left, ._ - 72

Fig. 2.—The same; superior -view, 72

Fig. 3.—The same; anterior view, 72

Fig. 4.—The same; inferior view, . . 72

Fig. 5.—The same; posterior view, . 72
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DINOCERAS MIRABILE, Marsh. ^A
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PL^TE XXII.
DINOCERATA.

Cervical Vertebrae of Dinoceras mi habile, Marsh.

One-fourth Natural Size. Pa"e.

Fig. 1.—Third cervical vertebra; lateral view, seen from the left, 7i

Fig. 2.—The same; superior view, 74

Fig. 3.—The same; aiitei'ior view, - 74

Fig. 4.—The same ; inferior view, 74

Fig. 5.—The same; posterior view, 74

Fig. 6.—Seventh cervical vertebra; lateral view, seen from the left, 78

Fig. 7.—The same ; superior view, 78

Fig. 8.—The same ; anterior view, 78

Fig. 9.—The same; inferior view, - 78

Fig. 10.—The same; posterior view, 78
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DINOCERAS MIRABILE, Marsh. V4:,
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DINOCERATA.

Dorsal Vertebra of Dinoceras mirabile, Marsh.

One-fourth Natural Size. Pa^e

Fig. 1.—Second dorsal vertebra; lateral view, seen from the left, S2

Fig. 2.—The same; superior view, ..__J ._ §2

Fig. 3.—The same; anterior view, 82

Fig. 4.—The same ; inferior view, -_ .. 82

Fig. 5.—The same; j)Osterior view, 82
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E Orisand, lich New Haven.

DINOCERAS MIRABILE. Marsh 'A.
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DINOCERATA.

Dorsal Vertebrae of Dinoceilvs mirabile, Marsh.

One-fourth Natural Size. tiPage,

Fig. 1
.—Median dorsal vertebra; later.al view, seen from the left, g^

Fig. 2.—The same; anterior view, o

,

Fig. 3.—The same; inferior view, _ e.

Fig. 4.—The same
;
posterior view, . . _ . c. •

Fig. 5.—Last dorsal vertebra; lateral view, seen from the left, §4

Fig. 6.—The same; superior view, ci

Fig. v.—The same; anterior view, • oa

Fig. 8.—The same; inferior view, ._ g<

Fig. 9.—The same; posterior view, . qa
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DINOCERAS -MIRABILE, Marsh V^.
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DINOCERATA.

Lumbar Vertebrae of Dinoceras mikabii.e, Marsh.

One-fourth Natural Size.
1 age.

Fig. 1.—Lumbar vertt'ljra, fourth from sacrum; lateral view, _ or

Fig. 2.—The same ; superior view,

Fni. 3.—The same; anterior view, ^r

Fig. 4.—The same; inferior view, _ cr

Fig. 5.—The same; posterior view, __ or

Fig. 6.—Lumbar vertebra, third from sacrum; lateral view, S5

Fig. 7.—The same; superior view, gr

Fig. 8.—The same; anterior view, cr

Fig. 9.—The same ; inferior view, __ _ gg

Fig. 10.—The same; posterior view, ._ .. ._ ^5
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£ Crisand, lich New Haver.

DINOCERAS MIRABILE, Marsh V^
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DINOCERATA.

Lumbar Vertebrae of Dixocekas mikabile, Marsh.

One-fourth Natural Size. tiPage.

Fig. 1.—Lumbar vertebra, second from sacrum; lateral view, seen from the left, . 85
Fig. -2.—The same; superior view, . „_

Pig. 3.—The same; anterior view, _ . „,.

Fig. 4.—The same: inferior view, oir
' - 00

Fig. 5.—The same; posterior view. ok

Fig. 6.—Last lumbar vertebra; lateral view, seen from the left, gg

Fig. 1.—The same; superior view. ^ . . o-

Fig. 8.—The same; anterior view,
, ^^

Fig. 9.—The same; inferior view, „,.

Fig. 10.—The same; ]iosterior view. -.._._ _ e-
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DINOCERAS MIRABILE, Marsh V^.
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DINOCERATA,

Left Scapula of Dinoceras mirabile, Marsh.

One-fourth Natural Size. Page

Fig. 1.—Scapula; exterior view, 87

ch—Coracoid border,

c —Ooracoid process.

ge—Glenoid cavity.

gh—Glenoid border.

ss —Sujjrascapular border.

Fio. 2.—llio same; inner view, 87

Fig. 3.—Tlie same; inferior view, . 87

a —Acromion.

s —Spine.
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ECnMndliii-.NfwH***

DINOCEHAS MIRABILE, Marsh V^
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DINOCERATA.

Humerus of Dinoceras :\iikakile, Marsli

One-fourth Natural Size. „
1 age.

Fig. 1.—Lt'it Iluinerus
; auteriur view, _ . ,

Ui—Distal end.

Fui. 2.—Tile same; inner view,.
89

Fig. 3.—The same
; posterior view,

3a—Proximal end.
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DINOGERAS MIRABILE, Maxsh. V'^
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DINOCERATA.

Radius of Dixoceras mirabile, Marsh.

One-fourth Natural Size. p
Fiii. 1.—Left Radius ; anterior view, qo

]«—Di.stal end.

Fig. 2.—The same; inner view, qo

Fig. :).—The same; posterior view, showing surface aj^plied to uhia, 93
3a—Proximal end.

Fig. 4.—The same; exterior view,.
93
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DINOCERAS MIRABILE, Marsh. V^^
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DINOCERAT \.

Ulna of DiNOCEUAS mi habile, Marsh,

One-fourth Natural Size. Page.

Fig. 1.—Left TJlna ; anterior view, showing radial surface, 96

la—Distal end.

Pig. 2.—The same ; inner view, .._ ... 96

Fig. 3.—The same
;
posterior view, 96

Fig. 4.—The same; outer view, 96
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DINOCERAS MIRABILE, Marsh. Vt.
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DINOCERATA.

Scaphoid and Lunar of Dinoceras mirabile, Marsh. (Left foot.)

One-half Natural Size. Page.

Fig. 1.—Scaphoid; outer view, 102

Fig. 2.—The same
;
posterior view, lOli

Fig. 3.—The same; inner view, showing face adjoining hinar, .. 102

Fig. 4.—The same ; anterior view, 102

Fig. 5.—The same
;
proximal view, showing face for radius, 102

Fig. 6.—The same ; distal view, showing faces for trajjezium and trapezoid, 102

Fig. v.—Lunar; anterior or outer view, . 101

Fig. 8.—The same; lateral view, showing face adjoining scaphoid, 104

Fig. 0.—The same
;
posterior, or palmar, view, 104

Fig. 10.—The same; lateral view, showing face adjoining joyramidal, 104

FiG. 11.—The same; proximal view, showing face for radius, 104

Fig. 12.—The same; distal view, showing faces for articulation with magnum and unciform,.. 104



PLATE. XXXI

" Berger, del

E Crisand, lith HewHaT

DINOCERAS MIRABILE, Marsh. y2.





PLATE XXXII



MNOCERATA.

Pyramidal and Pisiform of Dinoceras mirabile, Marsh. (Left foot.)

One-half Natural Size. Paii-e.

Fig. 1.—^Pyramidal (or Cuneiform) bone; outer view,- . . .. ]()7

Fig. 2.—The same; anterior view, .. 107

Fig. 3.—The same; inner view, showing face adjoiuiny lunar, .. 107

Fig. 4.—The same; posterior view, .... 107

Fig. 5 —The same; proximal view, .showing faces for ulna and pisiform, 107

Fig. G.—The same; distal view, showing faces for unciform and for fifth nietacar])al, 107

Fig. 7.—Pisiform; anterior view, ._ 100

Fig. S.—The same; inner view, showing aiticulation with jjyrainidal, _. 109

Fig. 9.—The same; 2)Osterior view, 100

Fig. 10.—The same; outer view, , 100

Fig. 1 1
.—The same

;
proximal view, showing articulation with ulna, 109

Fig. 12.—The same; distal view, 109



PLATE XXXII.

10

i Cnsanii, lith NewifA-.eu

DINOGERAS MIRABILE, Maxsh Vz.





PLATE XXXllI



DINOCERATA.

Trapezium and Trapezoid of Dinoceras mirabile, Marsh. (Left foot.)

One-half Natural Size. Page.

Fig. 1.—Trapezium; lateral view, showing outer surface, 110

Fig. 2.—The i^ame; posterior view, -. . 110

Fig. 3.—The same; lateral view, showing inner surface, articulating with trapezoitl, 110

Fig. 4.—The same; anterior view, .. . - 110

Fig. 5.—The same
;
proximal view, showing articulation with scaphoid, 110

Fig. 6.—The same; distal view, showing metacarpal articulation, 110

Fig. v.—Trapezoid; front view, showing external surface, 111

Fig. 8.—The same; lateral view, showing face adjoining trajjezium, ... 111

Fig. 9.—The same
;
jjosterior view, 111

Fig. 10.—The same; lateral view, showing face adjoining magnum, . 111

Fig. 1 1.—The same; proximal view, showing articulation with scaphoid, 111

Fig. 12.—The same; distal view, showing metacarpal articulation, .. m



PLATE. XXXm

12

10

E.Crisand, lith New Haven.

DINOCERAS MIRABILE, Marsh Vs.





PLATE XXXIY



DINOCERATA.

Magnum and Unciform of Dinoceras mirabile, Marsh. (Left foot)

One-half Natural Size.

Fig. 1.—:\ragnum
; front view, showing external surface,

_ _

Fig. 2.-The same
;
lateral view, showing face adjoining trapezoid,

"
^^3

Fig. 3.—The same; posterior, or palmar, view^ ' ' .- j^23
Fig. 4.—The same

;
lateral view, showing face adjoining unciform,

"
^
^3

Fig. 5.—The same
; superior, or proximal, view,

Fig. 6.-The same; inferior, or distal, view, showing face for metacarpal articulation,. .^.^^ 113
Fig. v.—Unciform; lateral view, showing external surface,

Fig. 8.—The same; front view, showing face adjoining magnum,
'

^^
Fig. 9.—The same

; lateral view, showing inner surface,

Fk;. 10.—The same;
j oste -ior view,

Fig. ll.-The same; superior, or proximal, view, showing faces for lunar and pyramhlaK' ^^^ 117
Fig. 12.-The same; inferior, or distal, surface for metacarpal articulations.

ll'i



PLATE HXXW

11 12

10

E.Cnsand.lithN9vrHavei;.

DINOCERAS MIRABILE, Marsh Vb





PLATE XXXV.

/



DINOCERATA.

Metacarpals of Dinocekas mikabile, Marsh. (Left foot.)

One-half Natural Size. Pa^e.

Fig. 1.—First metacarpal; front view, jo^

Fig. 2.—The same; lateral view, showing inner, or tibial, side, . 12I

Fig. 3.—The same; posterior, or palmar, view, _ 121

Fig. 4.—Tlie same ; lateral view, showing outer, or ulnar, side, ._ 12I

Fig. 5.—The same; proximal end, 121

Fig. 6.—The same; distal end, 121

Fig. 1.—Second metacarpal; front view, 122

Fig. 8.—The same; lateral view, showing inner, or radial, side, 122

Fig. 9.—The same
;
posterior, or palmar, view, 122

Fig. 1 0.—The same ; later.al view, showing outer, or ulnar, side, 122

Fig. 1 1.—The same
;
proximal end, 122

Fig. 12.—The same; distal end, 122



PLATE XXXV

V"?

10

12

L C^sand, lilh IJewHave:.

DINOCERAS MIRABILE, Marsh Vz.





PLATE XXXYI



DINOCERATA-

Metacarpals of Dinocekas mirabile Marsh. (Left foot.)

One-half Natural Size. Page.

Fig. 1.—Third metacarpal ; front view, _. 123

Fig. '2.—The same ; lateral view, inner, or radial, side, .._ . 123

Fig. 3.—The same; posterior view, 123

Fig. 4.—The same; lateral view, outer, or ulnar, side, 123

Fig. 5.—The same; proximal end, . 123

Fig. 6.—The same; distal end, ... 123

Fig. 1.—Fourth metacarpal; front view, 124

Fig. 8.—The same; lateral view, inner, or radial, side, 124

Fig. 9.—The same; distal end, . ]24



PLATE XXXVI.

' —^*Mb

f*(i m-

F Berger.fiel

E Cnsand, lith New Haven

DINOCERAS MIRABILE. Marslr V^s





PLATE XXXVII



DINOCERATA.

Metacarpals of Dinoceras mirabile, Marsh. (Left foot.)

One-half Natural Size. Page.

Fig. 1.—Fourth metacarpal
;
posterior, or palmar, view, 124

Fig. 2.—The same; lateral view, showing outer, or ulnar, .side, 124

Fig. 3.—The same
;
proximal end, . 124

Fu;. 4.—Fifth metacarpal ; front view, 127

Fig. 5.—The same; lateral view, showing inner, or radial, side. 127

Fig. (5.—The same; posterior, or palmar, view, . -, 127

Fig. 7.—The same; lateral view, showing ulu.ar side,.. 127

Fig. 8.—The same; proximal end, . .-- 127

Fig. 9.—The same; distal end, _ - ,_ 127



PI,ATE. XXXVII

E Crisand. Sich. New Kaien

DINOCERAS MIRABILE, Marsh Vs





PLATE XXXVIII



DINOCERATA.

Phalanges of Dinoceras mirabile, Marsh.

Pagi'.
One-half Natural Size.

Fig. 1.—Proximal phalanx of a median digit; front view, 127

la—Lateral view.

lb—Posterior view.

Ic—Proximal end.

Id—Distal end.

Fig. 2.—Proximal phalanx of a lateral digit ; front view, 127

2«—Lateral view.

25—Posterior view.

2c—Proximal end.

2f?—Distal end.

Fig. 3.—Median phalanx; front view, 128

3a—Posterior view.

3b—Proximal end.

3c—Distal end.

Fig. 4.—Median phalanx; front view, 128

4a—Lateral view.

4b—Posterior view.

4c—Proximal end.

4d—Distal end.

Fig. 5.—Ungual phalanx of median digit; front view, 128

5a—Posterior view.

Sb—Proximal end.

5c—Distal end.

Fig. 6.—Ungual phalanx of lateral digit; front view, 128

6a—Lateral view.

Gb—Posterior view.

6c—Proximal end.

6c?—Distal end.

Fig. 7.—Sesamoid lione from metacarpo-phalangeal articulation; lateral view, 121

7«—Articular surface.



PLATE XXXVIIT

Id

2b

Jb

n

3c

Jb

6dL

6a

%
6c

E Cnsand. lith New Haver.

DINOCERAS MIRABILE, Marsh Vz.





PLATE XXXIX



DINOCERATA.

Ribs of DiNOCERAS MiRABiLE, Marsh.

One-fourth Natural Size. Patrt

Fig. 1.—First rib; anterior view,. 120

Fig. 2.—The same; inner view, li'O

Fig. 3.—The same; superior view, showing head and tubercle,. ... 129

Fig. 4.—Dorsal rib; posterior view, _ 133

Fig. 5.—The same; inner view, ... 133

Fig. 6.—The same; superior view, showing head and tubercle, 133

Fig. v.—Posterior rib ; anterior view, 133

Fig. 8.—The same; outer view, . 133

Fig. 9.—The same; superior view, showing head and tubercle, . _ — 133



PLATE XXXIX.

FBevger.ddl,

E.Cnsand, litli New Haven

DINOGERAS MIRABILE, Marsh 'A





PLATE XL



DINOCERATA.

Sternum of Dinoceras mirabile, Marsh.

One-fourth Natural Size. Page.

133
Fig. 1 .—First segment ; lateral view, seen from the left,

Fig. 2.—The same ; superior view, , o..

Fig. 3.—The same; inferior view, . o..

Fig. 4.—Second segment; lateral view, seen from the left,. ^3^
Fig. 5.—The same; superior view,

^ .,

,

Fig. 6.—The same; inferior view, , ,,

,

Fig. 7.—Third segment; lateral view, seen from the left, 134
Fig. 8.—The same ; superior view, -, .,

,

Fig. 9.—The same; inferior view,
^

Fig. 1 0.—Last segment ; lateral view, seen from the left, I34
Fig. 11.—The same; superior view, ... ^ o<

Fig. 12.—The same; inferior view, -. o

,



PLATE XL

12

10

F Beirger, del

E Crisand, lith New Haver,.

DINOCERAS MIRABILE, Marsh Vt





PLATE XLI



ii

PL^TE XLI.
DINOCERATA.

Pelvis of DiNOCERAS MIRABILE, Marsh.

One-tourth Natural Size. Page.

Fig. 1.—Pelvis; anterior view, .- - 135

Fig. 2.—The same; inferior view, 135

a—Acetabulum.

/'—Obturator foramen.

il—Ilium.

is—Ischium.

p—Pubis.

s —Anterior end of sacrum.

s'—Posterior end of sacrum.





riNOCERAS ^



PLATE 'XLI.

%.

E-Cnsand, lich Ne-* Haven.

^ILE, Marsli.H.





PLATE XLl.

DINOCERAS MIRABILE,
Mars^,

E Cnsaiid. litii New





PLATE XLII



DmOCERATA.

Pelvis of DiNOCEBAS MiEABiLE, Marsh

One-fourth Natural Size. Page.

Fig. 1.—Pelvis; lateral view, seeu from the left, .. 135

Fig. 2.—The same; lateral view, showing inner sufaee, _ 135

Fig. 3.—^The same; posterior view, 135

Fig. 4.—Sacrum; inferior view, ' 137

a—Acetabulum,

f—Obturator foramen.

i —Sacral face for ilium.

il—Ilium.

is—Ischium.

p —Pubis.

s —Anterior end of sacrum.

s'—Posterior end of sacrum.





DINOCERAS MIR



PLATE XLII.

E Cnaand, lich New Haven

ILE, Marsh V^





PLATE XLU

DINOCERAS MIRABILE, Maxsh V^





PLATE XLIII



PL^TE XLIII.
DINOCERATA.

Caudal Vertebrae of Dinoceras laticeps, Marsh.

One-fourth Natural Size.
Pj^ ,

Fir.. ].—First caudal vertebra; later.al view, seen from the left, 133
la—Superior view.

lb—Anterior view.

1c—Inferior view.

1 d—Posterior view.

Fig. 2.—Second caudal vertebra; lateral view, seen from the left, 138
2a—Superior view.

2b—Anterior view.

2e—Inferior view.

2c?—Posterior view.

Fig. 3.—Third caudal vertebra
; lateral view, seen from the left, . 138

3a—Superior view.

Sb—^Anterior view.

3c—Inferior view.

3d—Posterior view.

Fig. 4.—Fourth caudal vertebra; superior view, _ . . . _ ^
oq

4«—Inferior view.



PJ.ATB XLIU

Ja ps

.£3SS=£^

Id

3c

F Berger, del
E Cnsand. lith New Haven

DINOCERAS LATICEPS, Marsh V^





PLATE XLIY.



DESrOCEKATA

Femur of Dinoceras mirabile, Marsh.

One-fourth Natural Size.

Fig. 1.—Left Femur; front, or superior, view,
t —Great trochanter.

""

t' —Lesser trochanter.

I a—Distal end.

Fig. 2.—Tlie same; iimer view
„ ^

'

139
tiG. 3.—The same; baclv, or inferior, view,

.
3a—Proximal end.

' ^^^



PLATE, XLTV

3a

F Berger, del
E Cnsaiid, lith New Haven.

DINOCERAS MIRABILE, Marsh V^.





PLATE XLV



11

DINOCKUATA.

Tibia of Dxnooeras mikabile, Marsh.

One-fourth Natureil Size.
Page.

Fig. 1.—Left Tiliia; anterior view,
j^j^

la—Distal eud.

Fig. 2.—The same; Literal view, inner side, _ 14]^

Fig. 3.—The same
;
posterior view,

. 2^4 j^

3rt—Proximal end.

Fig. 4.—The same ; lateral view, outer side, 141

Fig. .5.—Section of shaft of Tibia,
. 141



PLATE XLV

la

3a

F BeTger, del.

DINOGERAS MIRABILE, MaTsh ^4.





PLATE XLVI



DINOCERATA.

Fibula and Patella of Dinoceras mirabile, Marsh.

One-fourth Natural Sizft Page.

Fig. I.—Left Filmla; outer view, ._ 14.3

]«—Distal end.

Fig. 2.—The s.ame
;
posterior view, 143

Fig. ,S.—The samp; iiinerYiow, ... 143
3ii— Proximal end.

Fig. 4.—The same; anterior view, 143

Fig. 5.—Left Patella; front view, 143

Fig. G.—The same; Lateral view, showing inner side, . 143

Fig. 7.—Tlie same; posterior view, 143

Fig. 8.—The same ; later.al view, sliowing outer side, 143



PLATE XLVl

r

3a

Onsand, Iith NewHavoi!-

DINOCERAS MIRABILE, Marsh. V4





PLATE XLVII



DINOCERATA.

Astragalus of Dinoceras mirabile, Marsh. (Left foot.)

One-hall Natural Size. p.i,„.

Pir,. 1.—Astragalus; superior view, showing face for articulation with tihia, 14fi

Fig. 2.—The same; lateral view, tibial side, . . i u-

Fig. 3.—The same; inferior view, _ -,in

Ftg. 4.—The same; lateral view, fi1)u]ar side,_ _ jjd

Fig. 5.—The same; front view, i .(^

Fig. C.—The same; posterior view, _. -iif



PLATE XLVII.

^J'. '^'-SMtiffliafei-^

F Berger. del E Crisand, lith New Haven

DINOCERAS MIRABILE Marsh V'2.





PLATE XLVIII



I

Fig.



PLATE xLvnr.

DINOCERAS MIRABILE, Marsh Vz.





PLATE XLIX



DINOCEliATA.

Cuboid and Navicular of l)iNOCEitAS mikabile, Marsh. (Left foot.)

One-half Natural Size. Pa^e

l^'iij. 1.—Ciilto'ul; front, or outer, view, 253

Fi(i. '2.—Tlie same; lateral view, siiowiiig faee ailjoining navicular, 233

Fiii. n.
—

'J'lie sanu'; posterior, or plantar, view, 253

Fui. 4.—The same; lateral view, showing fibular side, 15,j

Fig. 5.—The same; proximal surface, .. 253

Fio. 6.—The same; distal surface, supporting fourth and fifth metatarsals, 153

Fig. 7.—Navicular (or Scaphoid); front view,
2.55

Fig. 8.—The same ; lateral view, . . _ 2^g_rj

Fig. 9.—The same; posterior, or plantar, view,. 255

Fig. 10.—The same; lateral view, showing face adjoining cuboid, , . .. ... 255

Fig. 1 1.—The same; ])io\imal end, articulating with astragalus,. 255

Fu;. 12.—The same; distal end, articulating with ennei formes, __... 155



PLATE XLIX

F Berger.del

E Cnsand, lithNevr Haven.

DINOCERAS MIRABILE-, Marsh V2.





PLATE I



DINOCERATA.

Tarsal bones of Di.n'ockiias mirabile, Marsh. (Left foot.)

One-half Natural Size. Patrp

Fig. 1.—Entocuuciform; outer view, ,-^

Fit;. 2.—The same; posterior view, .. __ ^ _ ire

Fh;. :?.—The same; inner view, showing face adjoining mesociineiform, . ... i5,s

Fir;, -t.—^The same ; anterior view, -ir.o

Fig. 5.—The same; proximal surface, articulating with navicular, _ . _ ifis

Fig. G.—The same ; distal surface, supporting first met.atarsal, ] "j.s

Fig. v.—Mesocuneiform; outer, or front, view,. _. _ ]5,s

Fig. S.—The same; tibial surface, adjoining entocuneiform, _ _ 15,S

Fig. 9.—The same; i)Osterior, or plantar, view,. .. __ 15,S

l<'iG. 1 0.—The same; fibular surface, adjoining ectocuneiform, 15,S

Fig. 1 1.—The same; proximal surface, articulating with navicular, ..... ]5.S

Fig. 12.—The same; distal end, supporting second met.atarsal, ]5S

Fig. 1 :].—Ectocimeiform; outer, or front, view, J59

l''iG. U.—The same; tibial surface, adjoining mesocuneil'orm, ],f-,0

Fig. l.i.—Tlie same; posterior, or plantar, view, _. .. ]5i)

Fig, U'i.—The same; fibular surface, adjoining cuboid,
l,-,;)

Fig. 17.—Tlie same; proxim.al end, articulating with navicular, 15!)

P'iG. 18.—The same; distal end, sup]iorting third metatarsal, 15<j



PLATE L

Borgei, del
E.Orisand, lith-NewHavan.

DINOGERAS MIRABILE, Ma.rsh Vs.





PLATE LI



I^LA.TE LI.
DINOCERATA.

Metatarsals of Dinocekas mirabile, Marsli. (Left foot.)

One-half Natural Size. Pii"-e.

Fig. 1.—First Metatarsal ; front view, Kjl

Fig. 2.—The same; lateral view, showing tibial surface, . . ._ ICl

Fig. 3.—The same; posterior, or plantar, view, _ jg]^

Fig. i.—The same; lateral view, showing fibular surface, _. _ kjj

Fig. 5,—The same; proximal end, _ .._ _ ici

Fig G.—The same ; dist.al end, ]qi

Fig. 7.—Second Metatarsal; front view, ._ . lOl

Fig. S.—The same; lateral view, showing tibial surface, , ._ lOL

Fig. 9.—The same
;
posterior, or plantar, view, ._ . .. JCl

Fi(i. 10.—The same; lateral view, showing filiular surface, 101

Fig. 11 .—The same
;
proximal end,... 101

Fig. 12.—The same; distal end, . 101

Fig. 1 3.—Third .^[etatal•s.al; front view, . _ . _ _ _ _ lOU

Fig. 14.—The same; lateral view, showing tibial side, _ lou

Fig. 1 S.^The same
;
posterior, or ])lantar, view, 102



PLATE LT.

F Barget, del

DINOCERAS MIRABILE, Marsh Vs.





PLATE Lll



PL^TJil LIT.
DINOCERATA.

Metatarsals of Dinocekas mikabile, Marsh. (Lefl foot.)

One-half Natural Size. T>„„ax-<ige.

Fi(i. 1.—Third Metatarsal ; Lateral view, showing fibular surface, __ 1(J2

Fici. 2.—The same; proximal end, j(j2

Fig. 3.—The same ; distal end, .. 2(j2

Fig. 4.—Fourth Metatarsal; front view, _. 1(J3

Fig. 5.—The same; laterjil view, showing tibial surface, 1(J3

F'lG. 6.—The same
;

}iosteri(jr, or plantar, view, 103

Fig. 7.—The same; lateral view, sh(jwing fibular surface, 1(J3

Fig. S.—The same; proximal end, '

...._ 163

Fig. 0.—The s.ame; distal end, 1(J3

Fig. 10.—Fifth Metatarsal; front view, 163

Fi(i. 1 1 .^The same; lateral view, showing tibial surface, .. 163

Fig. 1 2.—The same
;
posterior, or plantar, view, _. 163

Fig. 13.—The same; lateral view, showing fibular surface, 163

Fig. 1 4.—The same
;
proximal end, .._ 163

Fk;. 15.—The same; distal end, . 163



PLATE Lll.

13

Beiger, del

E Crisand, iithNewHavan

DINOCERAS MIRABILE, Maxsh Vz.





PLATE LITI



I^L^TE LIII.
DINOCERATA.

Phalanges of Dinocekas mirabile, Marsh.

One-half Natural Size. „
i^iG. 1.—Proximal phalanx of medum digit; front view,

III —Lateral view,

li —Posterior view.

Ic —Proximal end.

Id —Distal end.

Fig. 2.—Proximal phalanx; front view,

2a —Posterior view.
*

26 —Proximal end.

2c —Distal end.

Fig. 3.—Proximal phalanx of lateral digit; front view,
3a —Posterior view.

36 —Proximal end.

3c —Distal end.

Fig. 4.—Median phalanx; front view,

4ffl —Posterior view.

46 —Proximal end.

4e —Distal end.

Fig. 5.—Median ])halanx; front view, ._

Sa —Proximal end.
-^^*

56 —Distal end.

Fig. 6.—Ungual ])halanx; front view,.. ,,..

6a —Posterior view.

66 —Proximal end.

6c —Distal end.

Fig. 7.—Ungual phalanx; front view,

7a —Posterior view.

76 —Proximal end.

7c —Distal end.

Fig. 8.—Sesamoid bone from raetatarso-phalangeal articulation ; lateral view, uu
Sa —Articular surface.

Fig. 9.—Sesamoid bone from metatarso-i)h,dangeal articulation ; lateral view, nu
9« —Articular surface.

Fig. 1 0.—Sesamoid bone, probably from hallux ; lateral view, . j ,.

,

lOrt—Articular surface.
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2b

3h

lo.

13.

2c

4c

PLATE Llir

6h

A
7h

F Berger, del

5h

Sa

fO

€
8

I

7a.

#

E Criaani lith New Haven.

DINOCERAS MIRABILE, Marsh Vs.





PLATE LIV,



itINOCERATA.

Feet of DiNOCERAS mirabile, Marsh.

One-half Natural Size. Pii"-e.

Fi(j. 1.—Mamis, or fore foot (left), ..- 101

s —Sciplioid.

I —Lunar.

p —Pyramidal.

tm —Trapezium.

f)- —Trapezoid.

/i(n —Unciform.

I —First digit, or pollcx.

// —Second digit.

7/i—Third digit.

7F—Fourth digit.

V —Fifth digit.

Fig. 2.—Pes, or hind foot (left), . ., _ 145

a —Astragalus.

c —Calcaneum.

cb —Cuboid.

n —Navicular.

en —Entocuneiform.

I —First digit, or hallux.

7Z —Second digit.

777—Third digit.

7r—Fourth digit.

V —Fifth digit.



PLATE LTV

E Onsand lith NewHaven

DINOCERAS MIRABILE, Marsh Va.





PLATE LV



DINOCERATA.
Page.

Restoration of Dinoceras mirabilf,, Marsli. IfiS

One-eighth Natural Size.





Borger, del

DINOCERAS ^



PLATE LV.

E Cnsand. lith New Haven

LABILE, Marsh M





£ Crt><ui4 luh Nfw Haren I

DINOCERAS MJRABILE, Marsh





PLATE LVI



DINOCERATA.

u 4.
Page-

Kestoration of Tinocekas ingens, Marsh. -^gg

One-sixth Natural Size.






















