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Mr. Edward Ba1·rett, State Geologist:
In the preparation of the following report on the Pleistocene
Vertebrata of Indiana I am indebted to so many persons that it
is impossible to name them all. Obligations are here acknowledged
to various museums for use of materials and assistance: to the
U. S. National Museum; the American Museum of Natural History,
New York; the Academy' of Natural Sciences, Philadelphia:
Princeton University; the University of Ohio; Earlham College,
Indiana; the University of Indiana; Field Museum of Natural
History; the Academy of Sciences, Chicago; the Public Museum,
Milwaukee,; and the University of Nebraska. I have endeavored
in the body of the report to express my obligation to individuals
who have furnished me with information, specimens, photographs
and drawings. Several of the drawings are published here with
the permission of the Carnegie Institution of Washington.
It is the hope of the writer that the report may stimulate the
collection and study of the abundant materials that it is certain
may be found within the limits of Indiana.
I must express my thanks to your predecessor for making it
possible for me to prepare this report, and to yourself for assistance, but most of all for patience while awaiting the completion of
the paper.
O. P. HAY.
U. S. Nat. Museum, Washington, D. C., March 30, 1912.
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It is not the intention of the writer to enter into the details of
Pleistocene geology, even of that pertaining to the State of Indiana.
Jl'or extended information on this subject the reader ought to consult some general work on geology and the special treatises. Especially to be recommended is the concluding half of the third volume of Chamberlin and Salisbury's Geology, published in 1906.
In this work are cited the most important papers which had appeared at that time. For details regarding important glacial deposits the reader should consult the two great treatises of Professor
Frank Leverett, constituting Volumes XXXVIII and XLI of the
:Monographs of the U. S. Geological Survey. A third monograph
by Professor Leverett dealing with the glacial epoch is shortly to
appear.
Nevertheless, it seems proper to present here a general account
of the Pleistocene period as shown by the records that it left ill
North America.
The Pleistocene is that period of geological time which immediately preceded that in which we live and which is called the Recent period. Its limits are hard to define and are not wholly
agreed upon. The mammals, those animals on which we must especially depend as the biological means of distinguishing the deposits of the Pleistocene from those of the preceding period, the
Pliocene, and from those of the succeeding period, the Recent, and
the divisions of the Pleistocene from one another, in most respects
resembled closely those that are found on the earth today; but they
differed from those of today often specifically and sometimes generically. The lower animals and the plants of the Pleistocene wer'~
identical with those now living; although in some cases the distribution of the species was different.
But the chief characteristic of the Pleistocene period is the record made by certain phenomena of the physical world; that is, by
the glaciation of a considerable portion of the northern hemisphere
and of restricted portions of the southern. In North America, dur-
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ing the Pleistocene, sheets of ice of vast but un1mowll thIckness
covered the continent as far south as a line beginning at the east
end of Long Island, thence extending to the headwaters of the AI"
leghany River; along this river and the Ohio to Louisville; across
Indiana and Illinois to the mouth of the Missouri River; thence
following in a general way this river into Montana and from therc
westward to the northwestern corner of Washington. These icesheets, or at least the later ones, proceeded from three centers, one,
the Labradorian, lying east of Hudson Bay, another, the Kewatin,
situated immediately west of Hudson Bay, and a third, the Cordilleran, in British Columbia. From these centers the ice streamed
out in all directions, even toward the north, but ('specially toward
the south. In the passage of these ice-sheets vast amounts of rock
were broken up and most of it ground to powder; and the materials
were borne onward and at length deposited over the glaciated areas.
This material consists of clays, sands, gravels, and bowlders of
widely varying sizes. The gravels and the bowlders were to a larg~ .
extent derived from igneous and metamorphic rocks, such as trap,
granite, syenite, etc. Such rocks could have been transported only
from regions situated toward the north. Often the larger stones
and the bowlders are scratched and striated, the result of movement
over other stones while held in the grasp of the flowing ice.
Usually the clays and sands are unstratified. However, where
'water has acted on them, as where streams issued from the border;;
of the ice-sheet or flowed beneath them or where lakes and ponds
\Vere formed, there may be found more or less stratification of the
materials. The thickness of the deposits, known usuaUy as the
drift, varies from a few inches to more than 500 feet. It may rest
en any of the older formations. The surface of the drift is often
not level and sometimes very uneven. The unevenness may be due to
the erosion of flowing waters that have acted on the materials
sinCe the disappearance of the ice; but in large part it resulted from
the irregular way in which the materials were laid down, or dumped
down, by the glacial sheet. Where the foot of the ice-sheet rested
for any considerable time there may be found long ridges that are
largely composed of coarse materials. Such ridges are called moraines. In the depressions of the surface, after the ice retired,
were formed lakes and ponds. After that time many of these became more or less filled up and formed marshes and low wet meadows.
'1'he Pleistocene was, in general, a time of elevation and of extension of the borders of the continent beyond these present limits.
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The changes in elevation and in the climate during that time had
a profound influence on the animal life and on the history of mankind. For these reasons the Pleistocene is regarded as a period
distinct from the Pliocene, with which, as Chamberlin and Salisbury say it would otherwise be united.
The glacial epoch was so far as we yet know the most important
part of the Pleistocene period. It is not unusual to have the name
Glacial applied to the whole of Pleistocene time, as Chamberlin and
Salisbury have applied it. Whether or not the Pleistocene period
began with the glacial epoch is uncertain. Preceding the glacial
epoch was a time known as the Ozarkian or Sierran, an epoch of
clevation of the continent, or parts of it, and of great erosion and
redeposition. The duration, the importance, and the position of
this epoch are as yet undecided. Chamberlin and Salisbury (III,
p. 315) place it at the end of the Pliocene. Osborn (Age of Mammals, p. 435) refers it to the beginning of the Pleisto<)ene and preceding the Glacial epoch.
There are similar differences of opinion as to what is to be regarded as the end of the. Pleistocene period. After the final clearing away of this ice-sheet there occurred a depression of the region
north and south of the St. Lawrence River and extending westward
to the Great Lakes. The effect of this was to allow the sea to invade Lake Champlain and probably the valley of the Hudson and
IJake Ontario. To this time is given the name Champlain stage.
By Chamberlin and Salisbury this stage is placed at the close of
the Pleistocene; by Osborn it is referred to the Recent epoch.
In the preceding remarks the glacial epoch and its awful millstone, the ice-sheet, and its product, the drift, have been spoken of
as an undivided epoch, a unique machine, a single grist. Such for
a long time was the prevailing view, and this view is still held by
a few geologists. However, it seems now to be quite demonstrated
that during the Glacial epoch there were several glacial stages and
. that they were separated by a corresponding number of interglacial
stages, during which mild climates prevailed. The investigations
made by various geologists in North America have shown that there
were either four or five glacial and three or four interglacial stages.
The names of these are given in the following section in the order
of their age. The Glacio-lacustrine stage is included as being
equivalent to an interglacial stage. This and the interglacial stages
are printed in italics; the glacial stages in roman. It must also be
stated here that there is yet some question whether or not the
Iowan glacial stage is distinct from the Illinoian. If it is not, the
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Peorian and Sangamon interglacial stages must be merged into one,
and there will remain four glacial and three interglacial stages.

10. Glacio-lacustrine.
9. Wisconsin.
8. Peorian.
7. Iowan.
6. Sangamon.
5. Illinoian.
4. Yarmouth.
3. Kansan.
2. Aftonian.
1. Nebraskan.
The glacial map of Indiana, Plate I, is intended principally to
show the southern limits of the two ice-sheets which left deposits in
the State and to show the positions of the principal moraines of
the Wisconsin stage. This map is based on Leverett's maps found
in the monographs already mentioned. The' southern edge of the
Illinoian drift lies south of or along the Ohio River from Cincinnati
to Jeffersonville, then runs northwest to north of Nashville, then
southwest to the southwestern corner of the State. The southern
edge of the Wisconsin enters the State north of Cincinnati; runs
northwest to Connersville, southwest to the northwest corner of
Jennings County, then runs northwest to near Newport, and leaves
the State west of Terre Haute. It is to be taken that the State
north of this line is covered with Wisconsin drift, and that that
part of the State south of it to the other line is covered with Illinoian drift.
THE GLACIAL STAGES.

1. The Nebraskan. The deposits of this stage have been recognized in Nebraska and Iowa. The Kansan drift sheet overlies it,
except where the former has been removed by erosion or otherwise.
It is sometimes seen where the Kansan is cut through by streams
or in the construction of railroads. In Pennsylvania and New Jersey, south of the border of more recent drift deposits, some remnants of a very old drift appear, which may belong to the Kansan
stage; but the age of this J erseyan drift has not been definitely determined. While this eastern drift lies within the Labradorian
field, the western Kansan drift is believed to have been deposited by
ice from the Kewatin center.
2. The Kansan. This drift sheet occupies a restricted area in
eastern Kansas and Nebraska, the greater part of Iowa, and the
85-29158
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northern part of Missouri. If it occurs farther eastward it is concealed beneath later formed drift-sheets. It is believed to have had
as its center of departure the Kewatin, west of Hudson Bay.
3. The Illinoian. This drift sheet, whose point of radiation
was Labrador, is found at the surface over a limited area in Wisconsin; in eastern Iowa along the Mississippi River; over nearly
the whole of western and southern Illinois; and as a band across
southern Indiana and a part of southern Ohio. East of Columbus,
in the latter State, its southern border turns north and disappears
under the Wisconsin.
4. The Iowan. This sheet of drift is recognized in the north·
eastern corner of Iowa and northwestern Illinois, extending into
Minnesota. It is supposed to have been deposited by an ice flow
from the Kewatin center.
5. The Wisconsin. This, the drift sheet occupying the largest
surface because not covered up by later ones, may be regarded as
covering the northern half of North America, coming down on the
map to, or close to, the line which marks the southernmost extension
of glacial drift, the terminal moraine, in the eastern part of the
United States as far west as central Ohio; then passing north of
the terminal moraine across southern Ohio, across the northern part
of southern Indiana, west to central Illinois; thence north to ·Wis·
consin and Minnesota, back into Iowa, forming a long lobe in the
north-central part of the State; thence, in a general way, north··
westward. Better than any of the other sheets it exhibits the
typical features of a glacial deposit. Its southern border is marked
by a heavier moraine; and as the ice-sheet receded it left several
more or less concentric moraines in front of each of its lobes.
THE INTERGLACIAL STAGES.

1. The Aftonian. The deposits of this interglacial interval,
which lie between the Nebraskan and the Kansan drifts, have been
recognized with certainty only in Iowa and Nebraska; but here at
numerous points, especially in the western part of the former State.
Here besides gravel and deposits of sand, there ha:ve been observecl
old beds of peat and muck, containing stumps and branches of
trees. In these Aftonian beds there have been discovered several
species of vertebrates, elephants, mastodons, the common and the
giant beaver, horses, camels, a moose-like ruminant, a goat-like
ruminant, species of large ground-sloths and a bear. These discoveries are of prime importance, inasmuch as they give ns a glimpse
at the life of the early Pleistocene.
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2. The Yarmouth. '1.'he only deposits known to belong to the
illterval between the Kansan and the Illinoian drift sheets are
found in eastern Iowa. At various points there have been observed
old soils containing peaty matter and sometimes considerable
amounts of wood. At Yarmouth, Iowa, where the peat has a thickness of 15 feet, there were secured also the bones of a rabbit and of
2. skunk.
3. The Sangamon. This interglacial interval followed the Illinoian glacial stage and preceded the Iowan. It is represented by
old soils and beds of muck and by leached surfaces at many points
in Illinois, where it is overlain by Iowan till or more commonly
by loess deposits, which are believed to represent the Iowan stage.
What is thought to be a Sangamon deposit of peat if{ found at Davenport, Iowa· (Leverett, XXXVIII, p. 127), and other exposures of
Sangamon are stated by Leverett (op. cit., p. 126) to occur in Indiana and western Ohio, just outside of the border of the Wisconsin
drift moraines. It is found, also, within the border of the Wisconsin when this has been penetrated by diggings and borings (Leverett, op. cit., p. 200, seq.), in northeastern Illinois, northern Indiana, and southern Michigan.
4. The Peorian. The deposits of this interval lie theoretically
between the drift deposits of the Iowan and the Wisconsin stages;
but it seems not to be certain that both drifts are anywhere present
where supposed Peorian is found. It is not always possible to distinguish the Peorian from the Sangamon, and in his recent writings
Prof. Leverett regards the two as the same. Where an old soil
occurs below Wisconsin drift and above a loess deposit, it probably
belongs to the Peorian. Such a case occurs east of Peoria, Illinois,
where a soil containing some wood was found between the loess
and the lowest sheet of the Wisconsin drift. Some important fossiliferous beds supposed to be of the same age as the Peorian, but
possibly older, have been discovered near Toronto, Canada. They
contain a considerable number of forest trees, insects, mollusks, and
some vertebrates.
Soils met with below Wisconsin drift in wells and borings may
belong to this stage or to the Sangamon.
The loess is an extremely fine deposit which has a wide extension in the Mississippi Valley and on the Plains region. The prevailing opinion at present is that jt had its origin in wind-blown
dust. In places it may reach a thickness of 100 feet, but it is usually much thinner. It is found especially along the larger streams
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THE LOESS.

and is thicker on the eastern side of these. It extends eastwarcl
somewhat beyond the Wabash River, even to West Virginia; but
in Indiana it attains no great thickness, a depth of 10 feet being
rar€ly found. It often contains fossil snail shells belonging to
species that are yet living and which inhabit dry land. This loess
is closely associated with the Iowa drift sheet. It seems always to
lie above the Sangamon soil, and, for the most part, beneath the
Wisconsin drift; although it is probable that to some extent a similar deposit has continued to be formed down to the present day.
DEPOSITS OUTSIDE OF THE GLACIATED AREA.

During the glacial stages erosion and deposition .were proceeding in the unglaciated regions in the usual way. Of most interest
in the present connection are those deposits made along the larger
streams which carried off the water that came from the foot of the
ice-sheets. This was naturally heavily charged with fine sediments,
which were at length dropped farther down the streams. The valleys of all the larger streams of Indiana contain water-formed deposits that owe their origin to the ice-sheet. There may be expected
to occur in these valleys deposits representing each of the glacial
stages, but it will require much investigation in order to distinguish
them. Leverett in his map (Monograph U. S., Geol. Survey
XXXVIII, plate VI), recognizes glacial valley deposits of two periods, those that were formed during the Wisconsin stage and those
that were made before the Wisconsin.
GLACIO-LACUSTRINE DEPOSITS.

In Chamberlin and Salisbury's Geology may be found a condensed account of the geologidal and geographical changes that
took place between the time when the glacial sheet had withdrawn
its lobes to within the beds of the present lakes Michigan, Erie, and
Ontario, and the time when the St. Lawrence River was opened to
permit the discharge of the lakes t.hrough its channel. For a considerable period the waters that collected in the ice-free part 0 f
what is now Lake Superior escaped southward into the head of the
Mississippi; those of Lake Michigan, into the Illinois River; those
of Lake Erie into the Wabash; and, when the ice had to a considerable extent withdrawn from the present bed of Lake Ontaria,
the water was discharged by the Mohawk into the Hudson. For a
considerable time the waters of these lakes stood at a much hjgher
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level than at present. To these bodies of water, standing at varying levels from time to time and reaching southward varying but
increasing distances from the ice-front, geologists have given other
names than those applied to the present lakes.
The borders of these ancient lakes are now marked by old
beaches, some of which are found many miles outside of the present
beaches and at higher levels. Naturally the higher beaches are the
older ones.
In this connection may be considered deposits formed on the
top of the Wisconsin drift in northern Indiana. Some of these
were made before the glacial sheet had retired from the beds of the
Great Lakes; some of them afterwards. Doubtless in many localities deposits have continued to be made down to the present time
or nearly so. In northwestern Indiana, in the region along the
Kankakee River, the Iroquois River, and the upper portion of the
Tippecanoe, there is an area of somewhat more than 3,000 square
miles that is more or less covered with sand and where sand dunes
occur too abundantly. In the basin of the Kankakee River the
sand-covered tract surrounds the present Kankakee marshes. The
explanation offered for this region by Prof. Leverett (Mon.
XXXVIII, p. 338) is that after the ice-sheet had withdrawn just
north of the Kankakee River, the water was ponded south of it so
as to form a broad shallow lake. Into this lake sands were washed
by waters from the foot of the ice-sheet. Probably not all the region was covered with water at the same time, and the sand may
have been more or less moved about by winds since the glacial
epoch.
After the ice-sheet had permanently withdrawn trom the State,
the surface was, in general, very uneven and not well drained.
This gave rise to numerous lakes and ponds. As time went on
many of these became filled, so as to be converted into swamps or
uven dry land; while others have continued down to our day. Artificial drainage is rapidly converting much of the swampy area of
northern Indiana into dry, cultivable land. In many cases it will
be impossible to say when certain deposits were laid down, whether
in Pleistocene or in Recent times. While these deposits, whether
Pleistocene or Recent, were accumulating, the country was inMb·
ited by vertebrate animals. If at any level there are found remains of extinct animals, such as elephants, mastodons, giant beavers, musk-oxen, etc., we may conclude that we have Pleistocene
deposits. If, on the other hand, there are found only the bones of
living species, as elk, deer or beaver, we are likely to conclude that
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the deposit is recent. 'Ve must, however, recollect that probably
all these species lived in Indiana back as far, at the least, as the
close of thn Pleistocene lwriod. 'rhe depth at whieh the bones and
the teeth occur gives little or no clue to their agn; for in some
basins deposits may accumulate rapidly, while in others they al'e
laid down very sIn-wIy or not at all. Hlephant and mnstotloJ] remains nre sometillws found very neal' the snrfac('.
TIlE COLLEC'l'ING OF FOSSIL BONES.

Before taking up the consideration of the fcssil vertebrates of
Indiana, it may be profitable to say a word about the collection and
preservation of the materials that furnish us our knowledge.
When fossil bones or teeth have been found they should, in the
first place, be carefully taken from the earth; a careful observation
ought to be made of the depth at which they occur, the nature of
the earth in which thcy are buried, and the kinds and the thicknes.;
of the overlying soils passed through. Every part should be kept
in the possession of the person to whom they properly belong, so
that thE' find may be of as high scientific value as possible. If the
l'(~mains are given or sold to any institution, complete information
ought to be furnished that institution as to matters mentioned above
[lIld the exact place where they were found, indicated in the way
that is employed in making deeds of land. This will enable persons at any time afterwards to go to that spot and make such observations as they may wish. In this way important questions rmw
sometimes be settled.
When the remains are turned over to any museum or college 01'
university, the obligation should be exacted that a permanent record of the information furnished shall be made. In almost every
museum materials have been gathered, often at much expense, and
then carelessly left without label or record and nearly, often wholly, thus deprived of their value. In case the bones are large
enough, a permanent label, giving the locality, ought to be put Oll
each one.
Sometimes fossil bones and teeth are so well preserved tha l
they may easily be taken from the earth by any unskilled person;
but even then the smaller parts may be overlooked; and these may
be the very ones that have never before been found and are the ones
most desired.
On the other hand, the bones are very likely to be soft and
easily broken. It is not unknown that a skull of an exceedingly
rare and valuable mammoth has been drawn out of the earth by
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hitching a span of horses to it; when in reality it ought to have
been lifted from its bed as tenderly as a baby from its cradle. Hardly one of our extinct animals is completely known, and every part
discovered ought to be preserved in order that knowledge may be
increased. Moreover, what may most appeal to many persons, the
money value of a specimen increases rapidly as the completeness
of the skeleton is approached. In case the prospects are fair for a
complete or nearly complete skeleton, it will be better in many
cases to leave it in the ground and allow it to be exhumed by an
expert. Most museums prefer to exhume their own skeletons. It
is not unusual, when some large bones have been found, to announce the discovery widely; so that crowds flock in from all sides,
in great excitement. The bones are dug out in feverish haste,
broken and separated from those with which they were connected.
Part of them are given away as keepsakes to people who know
nothing about them and to whom they are of no value; and after
a few years they are destroyed or lost. Many specimens of mastodons have been found in Indiana; but there is probably not a good
mastodon skeleton in any Indiana institution. Fol't.unately, however, some of them have been preserved in outside museums. There
is hardly a State that furnishes so many interesting extinct forms
as Indiana; and it is time for its intelligent inhabitants to learn to
appreciate scientific knowledge and materials as they appreciate
literature and politics.
THE PLEISTOCENE VERTEBRA'fE ANIMALS OF
INDIANA.
The Pleistocene fossil Vertebrata known to have lived in Indiana belong almost wholly to the class known as Mammalia. There were living v,ithin the limits of Indiana, without
doubt, during the whole of Pleistocene times, numerous freshwater
fishes, amphibians, reptiles, and birds. The hard parts of many of
these, we may be sure, were covered up in the deposits laid down
during interglacial times here and there over the State and at all
times in deposits left in lakes and rivers; but for many reasom
they are not collected. The bones of the smaller animals do nOl:
attract as much attention as do those of elephants and mastodons.
1'he earth in which the bones are buried, not being consolidated
into a firm rock, crumbles in being disturbed and permits the skeleton to fall apart. The bones themselves are not well mineralized
~nd break up readily. When, on the other hand, a fish skeleton
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is enclosed in a hard rock, the latter is likely to split in such a way
as to reveal the skeleton with all its bones firmly retained in the
position which they had when buried.
Nevertheless, we may expect in time to secure specimens even
of the fishes and reptiles. Some of the Pleistocene clays are compact and stratified so that they will separate in thin layers. Prof.
Frank Baker, of the Chicago Academy of Science, has shown me a
considerable part of the skeleton and scales of a bow-fin which
he found in a Pleistocene clay near Chicago. There is described
llere the shell of a box-tortoise that was found in a cave near Bloomington; and we may expect that some of the numerous caves that
occur in southern Indiana will yet furnish many valuable examples
of the creatures that lived during the geological period that preceded our own.

Class REPTILIA.
THE REPTILES.

Cold-blooded vertebrates, which breathe air by means of lungs,
whose eggs are laid on land, whose young do not pass through a
tad-pole stage, whose skull has a single occipital condyle, and
whose lower jaw articulates with the skull by means of a quadrate
bone.
Fossil reptiles are poorly represented in the known Pleistocene
fauna of Indiana. The writer knows of none except the boxtortoise that is described below. There can be little doubt, however, that careful search in the deposits of caves and in peat and
muck beds still other species of turtles might be found, as well as
of snakes and perhaps lizards.

Order TESTUDINRS.
THE TURTLES.

Short and thick reptiles, the internal organs of whose bodicR
are enclosed in a more or less perfect armor, composed of an upper
portion, the carapace, and a lower portion, the plastron.
Family EMYDIDM.
RIVER AND SWXMP 'I'UR'l'LES AND BOX-TURTLES.

Carapacc articulated at the sides with the plastron. No mesoplastron. Quadrate open behind.
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Genus TERAPENE Merrens.
THE BOX-TUR'l'LES.

Shell short and broad. Plastron as broad as the carapace; composed of two parts movable on each other and on the carapace, so
that the shell may be completely closed.
TERRAPENE CAROI-,INA (Linna:-us).
'rhis is the common hox-tortoise of the eastern part of the United
States, and it is abundant in Indiana.
Prof. J. W. Beede, of the State University of Indiana, sent the
writer some bones which he collected in a limestone cave which had
teen discovered and destroyed in some quarrying operations at· the
Rock Cliff quarry, just northwest of Williams, in Lawrence County,
Indiana. Among the bones and teeth, the writer has recognized
two species of peccaries and a box-tortoise that seems to differ in
no way from individuals now living in Indiana. Only the upper
shell is present and this is somewhat damaged (Fig. 1.). All thc

bones are united so closely that all the sutures are closed and invisible. The length of the shell in a straight line was close to 140
mm. ; the greatest width was about 105 mm. The figure will enable
comparisons to be made with recent specimens.
It is impossible to determine the geological age of this turtle.
It is not at all unlikely that it lived before the oncoming of the
however to the Pleistocene.
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Class MAMMALIA.
'rHE MAMlIIALS.

The Mammalia get their name from the fact that the females of
all the species possess organs for thc production of milk for tht~
nourishment of the young. The mammals are, too, the only animals that possess a more or less complete covering of hair. There
are many other features which characterize the group, but it is unnecessary to note them here.
The Mammalia are divided into a few groups called Superorders
and these again into Orders. Only a few of these orders are represented by remains that have up to this time been found in In·
diana.
Superorder EDENTATA.
THE SLOTH-I,IKE MAMMALS.

I<'.or this superorder the name EDENTATA is more commonly employed, but Bruta is sometimes used. In the fauna of the present
world the order is represented by the sloths, ant-eaters, and armadillos of South America. Some species of arrnadillcs extend their
range as far north as Texas. In Asia and Africa are othcr genera
which differ so much from the New World forms that they are hy
many authors rcgarded as representing a separate group, the Pholidota. "Ve need not here trouble ourselves about them. To the New
World division there is often given also the name X enarthra.
The Edentata may be defined as claw-bearing animals, with the
body covered with hair, or horny scales or bony plates, and having
the teeth either missing entirely or at a low stage of development.
They are, when present, column-like in form, without roots; and
they continue to increase in length at the base as they are worn
away at the crown, having a persistent pulp. These teeth have no
enamel, but are composed principally of dentine; but often thero
is a layer of cement. The dentine of the interior is less dense and
softer and wears away more rapidly than the very hard outer
layer.
As to their mode of life, the living New World forms vary
greatly. The sloths live among the branches of trees, hanging by
means of their great claws 'with the back downward, and devouring
the foliage. The armadillos are burrowing animals that live on
roots, worms, insects and carrion. The ant-eaters of the New World
include some terrestrial and some arboreal species, and they all
nourish themselves on insects.

555

l'LEISTOCENE PERIOD AND ITS VERTTmRATA.

During Tertiary times there existed in South America an enormous number of genera of this group, Edentata or Xenarthra.
During the Pliocene and Pleistocene periods some of these migrated
into North America and spread over the larger part of the United
States. It must be said, however, that representatives of the Edentata existed in North America as far back as the middle Eocene
and probably yet in the middle }\Iiocene. It is probable that the
group became extinct in North America before the invasion on th8
part of South American forms, in Pleistocene times.
The New World Edentata have been divided into what may be
regarded as two orders, the Pilosa., or hairy Edentates, and the
Loricata, or armored Edentates. Inasmuch as none of the latter
are known to have occurred within or near the limits of Indiana,
it will not be necessary to consider further the differences between
the two orders. It suffices to say that the IJoricata include the
nrmadillos and the extinct glyptodons, while the Pilosa include
the sloths and ant-enters. These are again sub-divided into two
clivisions, which may be regarded ns superfamilies, the Gravigrada,
the extinet ground-sloths, and the TariTigTrlcla, the tree-sloths. Onr
}ifl'air is \yith the Grl1vigrada.
Superfamily GRAVIGRADA.
TI-lE GROUND-ST"OTHS.

Eclentata having usually a heavily built skeleton alld a relatively small skull; size small to medium in early Tertiary forms.
l,,;rge in those of the Pleistocene. Number of presacral verteQra?
\'Drying from 26 to 32. Posterior dorsals and the lumbars furnished
with pairs of articular processes in addition to these of the anterior vertebra>. Skull elongated and low, nearly cylindrical, with
the part in front of the orbits short. Zygomatic arehes sometime,
complete; sometimes with a gap between the jugal and the SqU~l
mosal. ,Tugal usually with a strong deseending process. IJowcr
jaw 'with broad ascending and horizontal rami. Upper teeth fiw
or four on eaeh side; lower teeth fonr or three on each side
=~!
Radius and ulna not coossified; tibia and fibula sometimes co("issified
at the extremities. Digits five in each foot in front and behind. or
only four behind; clawed. Tail usually large. Habits herbivorou~.
Under the snperfamily Gravigrada are included three families,
the Megalonychida3; the Megatheriidal and the Mylodontidm. So
far no remains representing the second of these families has been
found in Indiana or near its borders.

I!
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Family MEGALONYCHIDJE.
Ground-sloths of small to large size, with a long and cylindrical skull, more or less constricted behind the orbits. Tooth
formula
In section the teeth are 4-sided or elliptical, sometimes slightly triangular; never lobate; in section the anterior upper one more or less distant from the second; hinder one not differing greatly from the others in size. Fore and usually hind feet
with five digits, the median ones most strongly developed.
Genera belonging to this family are known from the Santa
Cruz beds of the older Tertiary, of South America. Descriptions
and numerous illustrations may be found in Prof. W. B. Scott '8
Mammalia of the Santa Cruz Beds. In North America the family
is represented by Megalonyx and Morotheriltm.

(tl.

Genus MEGALONYX Jefferson.

IJarge North American late Pliocene and Pleistocene sloths, with
teeth {, the anterior both in the upper and the lower jaw considerably in front of the succeeding one, and much larger. The foU!'
hinder molars roughly quadrate or triangular in section, with
rounded angles and straight or convex sides; not fluted.
1'his genus was proposed by President Thomas Jefferson in 1799
on parts of a skeleton including some claws that had been found
in a cave in Greenbrier County, ,Vest Virginia.. From the form of
the claws he concluded the animal was carnivorous.
MEGALONYX JEFFERSONII Desmarest.
Although Jefferson gave name to the genus, he did not name
the species. This was done in 1822 by Desmarest, who assigned it
to the genus Megatherium and in honor of President Jefferson
named it Megatherium jeffersonii.
Jefferson had in his possession only a part of a femur, a radius,
an ulna, three claws and a few other foot bones. Since his time
portions of the animal have been found in various parts of the
country, from Big Bone Cave, Van Buren County, Tenn.; Memphis, Tenn.; Big Bone Lick and Henderson, Ky.; Natchez, Miss.;
Tuscumbia, Ala.; Wythe County, W. Va.; Peace Creek, Fla.;
Holmes County, Ohio; Evam;ville, Ind.; Galena and Urbana, Ill.;
Dubuque and Mills counties, Iowa; McPherson and Clark (or
Meade) counties, Kan.; Huerfano County, CoL i and Hardin
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County, Tex. Inasmuch as the finds have often consisted of
meager remains, a single tooth or claw or little more, it may be
that one or more other species are included; for six other Pleistocene species have been described and two from the Pliocene. None
except M. jeffersonii has been found in Indiana or neighboring
States.
The remains of the species which have been found in Indiana
were collected long ago by Mr. Francis A. Lincke, in the banks of
the Ohio River, near the mouth of Pigeon Creek, a mile or two
below Evansville. The materials were reported by Dr. Joseph
Leidy, in the Proceedings of the Academy of Natural Sciences, in
1854, page 199. They consisted of the shafts of two tibire of a
young individual, an axis, a piece of a calcaneum, one metacarpal,
one metatarsal, and one claw phalanx.
In the same deposits were found what were regarded as parts
of possibly American bison (Bison bison), the white-tailed deer
(Odocoileus virginianus) , an extinct horse (Equus complicatus),
the extinct tapir (Tapirus haysu) , and the Indiana wolf (Oanis
<

dirus) .
An examination of the map of this region given by Leverett,
(JVIonog. XXXVIII, U. S. Geol. Survey, PIs. VI and VIII) will
show that the Ohio Valley at this point is occupied by glacial terraces that are older than the Wisconsin glacial stage. This seems
to be confirmed by the occurrence there of the fossil horse, the
tapir, and the wolf. The bison may belong to some extinct species,
rather than to the living species Bison bison.
Our knowledge of this species depends principally on the remains found near Henderson, Kentucky, and 'near Millersburg,
Holmes County, Ohio. Neither lot of bones furnishes a complete
skeleton, but, to a considerable degree they supplement each other
and between them furnish us with the greater part of the framework.
.
Henderson is situated on the Kentucky side of the Ohio Rivel'
about nine miles below Evansville, Indiana. This side of the valley
is undoubtedly filled with glacial deposits: like those en the Indiana
side, and the bone bed is, as stated by D. D. Owen in letter to
Leidy (Smithson. Contrib.Knowl.;VII, art. p.7h only abOut
five or six feet below the ordinary low stage of water. We may
therefore. conclude that the remains are ofimOl-Wisconsintimes.
l!"'rom this same bone bed Owen collected many horns ana b'OJies· of·
the deer. The parts Qf the skeleton of Megalonyx i{)UJid here will he.
mentioned below.
, .
<

a
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1'he partial skeleton found in Holmes County, Ohio, was discovered on the farm of Mr. Drushell, abo:ut six miles east and a
little north of Millersburg. According to Claypole, who described
these remains, they were lying on a layer of shell marl, and this
was overlain by six feet of peat. The terminal moraine of the
Wisconsin drift-sheet runs through the county in an east by northeast direction, and this had led to the formation of a small lake
north of it, which finally became a swamp filled up with peat. By
some means the megalonyx had left his remains in the lake aftel'
the formation of the shell marl and before the growth of the peat.
It is evident that this sloth existed after the retirement of the WisIlonsin drift-sheet and long enough after it for the climate to become sufficiently warm to permit this animal to wander into Ohio.
'This post-Wisconsin existence of the megalonyx is, in a measure,
confirmed by the finding of a claw near Urbana, Illinois, on early
·Wisconsin drift; but still more satisfactorily by the discovery of
megalonyx bones in a dry cave in Tennessee, to which bones there
were yet attached remnants of articular cartilage, and even in
one case the horny sheath of the claw. The partial skeleton
discovered at Henderson, Kentucky, is now in the collection of th,~
State University, at Bloomington, Indiana, where the writer has
examined it. It was studied and described by Joseph Leidy in
volume VII of he Smithsonian Contributions to Knowledge, issued
ill 1855. Leidy's treatise took into consideration all the materials
known to him and was beautifully illustrated with 16 finely en.
graved plates. From these plates some of the illustrations her"
used have been prepared. It is not certain that the bones found
at Henderson all belong to the same individual, for they were
picked up at various times from year to year. Leidy thus enumerates the bones: "A nearly entire skull and lower jaw; the atlas,
axis, and three other cervical vertebral; two dorsals, one sacral
and two caudal vertebral; both clavicles; the glenoid articulation
of the right scapula; the left humerus; the articular extremities of
the right ulna and those of both radii; five carpal bones; four metacarpals; 11 phalanges of the forefeet; fragments of several ribs;
one sternal bone; both thighs, broken; both patellal; both tibae;
seven tarsal bones; five metatarsals; and five phalanges of the hind
feet.
The Millersburg, Ohio, specimen was described by Prof. E. W.
Claypole (Amer. Geologist, vol. VII, pp. 122.132; 149-153), but no
figures were given. He gave the following list of bones secured:
three teeth, one hyoid, three lumbar vertebral, one caudal, probably
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one broken cervical; three ribs and some pieces; one clavicle; one
radius, both femora, one tibia, both fibulm, both patellre, both calcanea, 22 carpals and tarsals, five metacarpals and metatarsals, 20
phalanges, including 11 claws.
A comparison of the two lists shows that many bones are represented in neither of these skeletons or only partially represented.

FIG. 2. Megalonyx ieffersonii. View of skeleton greatly reduced.

Many vertebrre are missing, including the sacrum; few ribs have
been secured; the pelvis is present in neither and besides is quite
unknown, except that Harlan in 1835 described an ilium from a
cave in Tennessee. Neither of the two specimens mentioned offers
a complete scapula; the humerus is represented in the Henderson
specimen by a bone without the epiphyses.
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The Henderson specimen is mounted without restoration of
missing parts. The Millersburg specimen has the missing parts
represented in plaster, following probably Mylodon where not
known in Megalonyx. The work was done by the Ward establishment, Rochester, N. Y., and the artificial parts have been made to
resemble so closely the bones that it is very difficult in some cases
to distinguish the real and the fictitious. A line drawing of this
specimen is here presented (Fig. 2), prepared from a photograph
taken by the writer. It is impracticable to indicate the parts that
a.re restored artificially, and it may be taken as representing the

FIG.

3. Megalonyx jeifersoni£.

Side view of the skull, X U.

general form of the animal and, for the most part, of its elements
as determined from all known materials.
The total length of the specimen as mounted in 3,510 mm. (11
ft. 6 in.). The height of the sacral region from the floor is 1,500
mm. (4 ft. 11 in.), and this is likewise the length of the fore and
of the hinder limbs, following the front of the bones. The descriptio:q. of the more important portions of the skeleton will be taken
from both skeletons and from other known materials.
. The Bkttll. Figures are presented of this skull, prepared from
those made for Dr. Leidy and published in Vol. VII, of the Smithsonian . Contributions to Knowledge. Figure 3 shows the skull
from the left side and of one-fourth the natural size. It is nearly
complete, but the malar bones are ·gone and the pterygoid processes.

-------
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The lower jaw is mostly present. The teeth of the upper jaw are
all present, except the second of the left side and the fifth one of
the right side. As will be seen, the skull is long, low, and, leaving
<Jut of view the zygomatic arches, narrow. (Fig. 4.) The anterior
region is higher than the brain-case. The upper border is nearly
straight. The rear forms nearly a semicircle, whose center is just
below the upper border of the foramen magnum. The length from
front of first tooth to the rear of the occipital condyles is 355 mm.;
from the hard palate to the highest part of the snout is 152 mm.;
breadth at the rear of the orbits, 125 mm. The orbits are shallow
and are indicated abDve and in front by a high ridge ascending
from the root of the molar process; behind by a slight ridge which
separates it from thp r()u~h tp'1'lporal fossa. Tn front of the malar

FIG. 4.

A1ega?onyx J:!ifersonii. View of tlle skull from above.

X 74.

process on each side is a groove which extends downward on the
sides of the upper jaw between the first and second teeth. It will
be observed that the part of the face in front of the orbit is extremely short, and it narrows towards the nasal openings. ThE;
anterior nares form a very large opening, abDut 75 mm. in diameter.
In front of the hinder roots of the zygomatic arches the skull
is constricted. The rear of the skull slopes rapidly downward to
tIle occipital condyles. There is a low but well-defined sagittal
crest; whereas, in Mylodon there is a broad, smooth surface be··
tween the two temporal fosslE.
As shown by the skull of another species, Megalonyx leidyi,
found in Kansas, the zygomatic arch was quite certainly complete.
In the living sloths and in Mylodon there is a gap about its middle.
In M. leidyi there runs downward and backward from the anterior
root a long process which would reach quite to the lower border of
36-:~n53
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the lower jaw at the middle of the laUer. From the middle of the
arch another shorter process extends upward and backward. These
processes offered an extensive attachment for the muscles which
rlloved the lower jaw.
On the lower surface of the skull (Fig .. 5), there are to be seen
behind the occipital condyles, various openings for nerves and
bloodvessels, processes for muscles, the auditory processes, and at
the root of each zygomatic arch, the articulation for the lower jaw.
'1'his is about 28 mm. long and 50 mm. wide, the long diameter being
directed outward and forward. The hard palate begins at the
hinder border of the last molars. Here it is about 33 mm. wide and
is still narrower between the third molars. Between the thre~
hinder pairs of molars it is convex and with the middle of i1:& width

FIG. 5. Megalonyx jejjersonii. View of

,he

,kul! from below.

X M.

about on a level with the worn surfaces of the teeth. Further forward it rises, flattens and widens to about 110 mm. near the anterior teeth. Between the teeth just mentioned is a large anterior
palatine foramen.
Five teeth are found in each row above. Those of the anterior
pair are considerably larger than the others and somewhat caninelike. They extend high up in the jaw to the root of the malar
process, having a length of 125 mm. and being strongly curved. The
section is elliptical, with a swelling on the inner face. The diameters are 38 mm. and 19 mm. Between the teeth of this pair is
a distance of 60 mm.; while between them and the second molars
there is an equal space. The hinder four molars of each side have
only a slight space between the adjoining ones. Figure 6, taken
from Leidy, presents the sections and positions of these teeth. The

------~<~
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length of the row of four hinder teeth is 80 mm. From the front
of the first tooth to the rear of the fifth is 172 mm. In the figure
this distance is less than in nature. The triturating surface is
worn so as to present a concavity surrounded by a border of harder
dentine. It is most worn towards its hinder border.

FIG. 6.

Megalonyx jeffersonii.

Teeth shown in section; the anterior one at the right hand. X %.

The premaxillaries are consolidated with the maxillm, but not
with each other on the midline. They measure about 19 mm. in
width and 50 mm. in height.
The lower jaw (Fig. 7) is high in front; much lower at the midline of its length and provided behind with three processes. The
length from front to extreme rear is 317 mm. The height of the
symphysis is 105 mm., and this symphysis is directed strongly down\yard and somewhat backward. The height of the bone a little be
hind the anterior tooth is 100 mm.; at the third tooth, 90 mm.; at
the coronoid process, 158 mm.; at the condyle, 105 mm. The outer
f:;ce of the body of the bone is convex; the inner face, flat. In the
tipper border were placed the four teeth, of which only the second
and the fourth were present. Between the first and the second is
a diastema of 42 mm. At the rear of the jaw is the strong angular
process. The condyles for union with the skull are about 50 mm.
from side to side. The alveolus for the first tooth has a depth of
about 88 mm., and its diameter shows that this tooth was of a 8im

FJG. i.

Megalonyx jejfersonii.

L:n~rer

jaw seen from above.

X %:.

fully as large as the corresponding upper tooth. It was directed
upward, forward, and outward. The last three teeth formed a row
about ~5 mm.long. The second and fourth teeth measured, in section, 18 mm. from front to back; 24 mm. from side to side. These
sections are quadrate with rounded angles and somewhat convex
sides. The worn face of each is concave, bounded by a sharp bor-
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der which bounds a valley running somewhat obliquely across the
tooth.
The atlas is present in the Henderson skeleton and was figured
by Leidy in two positions. '1'he greatest width is 170 mm.; the
width of the lower arch, 32 mm.; the width of the spinal canal, 48
mm. There is a very tortuous canal for the vertebral artery.
Leidy figured the axis. The body of the bone with the odontoid
process is 88 mm. long. On the lower surface of the obtuse odontoid
is a surface for union with the atlas. Behind the anterior zygaphysis is the opening of the canal for the vertebral artery.
There are three cervical vertebrre, being, as Leidy thought, the
third, the fifth, and the seventh. The fifth, measured from the

FIG. 8. lIfegalonyx ieffersonii. Part of scapula, showing the glenoid cavity.

X

lr nearly.

lower surface of the body to the tip of the spine is about 140 mm.;
the seventh, about 175 mm. An anterior vertebra has the hinder
end of the body transversely elliptical and with a diameter of 38
mm. and 50 mm. A posterior dorsal has the hinder end of the
body 75 mm. high and 88 mm. wide.
.
Leidy described a part of a sacrum to which he had access.· In
the Henderson specimen there is present only the last of the five
sacrals. The body measures from side to side 85 mm.; up and
down, over 50 mm. From the extremity of one lateral process to
that of the other is 260 mm. These processes extend outward and
backward and are rough on their front border for union with the
processes of the preceding sacral. There are two caudals present.
The hyoid bone is described and figured by Leidy. It is not present in either of the two skeleto:p.s h~re described.. It a V-sha:ped

'l\
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bone, which articulated to the skull by its apex. The length of
each arm is about 65 mm. In the skeleton at Columbus the writer
recognized one actual rib, but Claypole stated that there were three
of them. A rib on the specimen at Indiana State University has
a width of 46 mm. and a thickness of 26 mm. Harlan described
what he regarded as one of the anterior false ribs, and this had a
length of 29 inches. It is remarkable that a greater number of
such thick and strong ribs has not been preserved.
Neither scapula is present in the Millersburg, Ohio, specimen;
and in the Henderson specimen there is present only the region
dout the gi(llciu cavity of em f'capula. Leidy figures (op. cit. PI.
VIII, Fig. 2) the articular region of a scapula that \Vas found in
the vicinity of Natchez, J\lississippi. This figure reproduced here
(Fig. 8) shows the glenoid cavity which measured 83 mm. in length
and 60 mm. in width. It shows also that there was an arch of bone
that connected the acromion process with the coracoid process of
the scapula. Furthermore, the anterior border of the scapula sent
forward a process that joined the coracoid process so as to form
a foramen in the front portion of the bone. These structures are
found in some of the now living sloths.
Richard Harlan figured a scapula of "~legalonyx which had been
found in a cave in Tennessee. (Med. and Phys. Res., PI. XIII, Fig.
12. ) In this bone the acromion had no connection with the coracoid, but this may have been due to injury to the bone or to the
youth of the animal. The distance from the glenoid cavity to the
middle of the suprascapular horder was about 310 mm.
Both clavicles are present in the Henderson specimen; only one
in that from Millersburg. This bone in the former specimen has a
length of 220 mm. and a width of 70 mm. It is a compressed bone,
with one surface convex lengthwise, the other concave. The end
that joined the sternum is larger and presents an articular head.
Both humeri are lacking in the Ohio specimen and the right
one in that from Henderson, Ky. The left one of this specimen
was figured by Leidy and his figure has furnished the one presented
here (F'ig. 9). The bone is large, with a nearly cylindrical shaft
and a greatly expanded lower end. The total length is 520 mm. ;
the greatest diameter of the head, fore and aft, 100 mm. ; the other
diameter, 85 mm. The two tuberosities are of about the same size
and are placed one on each side of the front of the head. . The
bicipital groove is shallow. The shaft is slightly flattened in front.
At the middle of the length of the bone the diameter from side to
side is 85 mm.; from front to rear l 62 mm. Figure 10 gives a sec-
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tion at this part. The expanded lower end of the bone measures
258 mm. across the condyles. The inner condyle projects farther
beyond the corresponding trochlea than does the outer condyle beyond the trochlear surface for the radius. At the upper part of
its base is the entepicondylar foramen. The outer condyle has its
upper border convex. The hinder face of this lower end is slightly
concave and there is a shallow depression for the anconeal process

j
FIG. 10. klegalonyx Jeffersonii. Section across the middle of the humerus. The front of the bone is
above, the radial border toward
the left.

tj'IG.

9. k[egalonyx jeffersonii. Left humerus seen ITom front. X t.

FIG. 11. ,Vega/onyx je/jersonii. Left radius
and ulna seen from
front.

X!t.

of the ulna. The articular surface for the radius is much larger
than that for the ulna.
J~'igure 11, after Leidy, represents a front view of the left radius
and ulna. This is a composite figure. The skeleton found at Henderson furnished only the articular extremities of the right ulna
and that of both radii. The figure is probably based on bones that
were in the collection made by Jefferson. The extreme length of
the ulna in a straight line is given as 20 inches, 500 mm. The
breadth from the summit of the coronoid process to the opposite
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side was 128 mm.; the breadth at the middle of the shaft, 75 mm.;
that at the distal end, 75 mm. At the upper end are concave articular surfaces for the humerus and the radius. The distal end
articulated at the side with the radius and at the extremity with
the cuneiform. Neither ulna was present in the Millersburg specimen. The radius that Leidy described and figured was 17.56 inches
(445 mm.) long; the greatest breadth at the distal end was 89 mm.;
at the middle of the shaft, 81 mm. This bone is present in the
right arm of the Millersburg skeleton, and it is considerably larger
than that of the Jefferson specimen, having a length of 520 mm.:
diameter of the head, 65 mm.; width at the middle of the shaft, 87
mm.; thickness at this point, 35 mm.; width, near the distal end,
in the humerus. At the distal end the bone articulated with the
humerus, and on the rim of this is a smooth surface for the notch
in the humerus. At the distal end the bone articulated with the
scaphoid and the lunar. The palmar face of the bone is concave
on the upper half, fiat on the lower portion. The opposite face if;
convex, there being a ridge that runs the whole length of the bone
at the middle of the surface. 'rhe border on the side of the first
digit is thin; the ulnar border is thick and rounded.
For the description of the bones of the wrist the reader may
consult Dr. Leidy's monograph, which has already been cited.
In the Henderson specimen there were and are present the
metacarpals of the second, third and fourth digits of the left arm,
and the fourth of the right. None of his specimens furnished the
first metacarpal. This is represented on the right arm of the restoration of the l\lillersburg skeleton and appears to be actual bone.
Its length is 46 mm. and its breadth is the same. The second metacarpal in the Henderson skeleton is 95 mm. long and 44 mm. wide.
Its distal end has a prominent vertical median ridge which fitted
into a corresponding groove on the proximal end of the first pha13nx. The third metacarpal has a length of 100 mm., and the shaft
is 38 mm. wide. The distal end has a vertical articular ridge quite
like that of the second digit.
The fourth metacarpal is the largest of all, having a length of
125 mm. Its distal end has the usual vertical ridge. The fifth
IIletacarpal is not present in the Henderson specimen, but it is found
in the Millersburg skeleton. It has a length of 120 mm. and a width
of 26 mm. at the middle of the shaft. Leidy gives a figure of one
of these bones which was in the Jefferson collection. The phalanges
of the first row, so far as known, are short thick bones, varying in
length from 41 mm. in the third digit, to about 37 mm. in the fifth.
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As mounted, all the first phalanges are present in the right hand
of the Millersburg specimen.
In the Henderson specimen there were present the second phalanges of the second, third, and fourth digits. Those of digits three
and four are present in the right hand of the Millersburg specimen.
'1.'hat of the second digit has a length of 58 mm.; that of the third
digit, 62 mm. ; that of digit three, 67 mm. The terminal phalanges
are each modified to support a claw. In the Henderson specimen all
these were present, except that of the thumb; but a few are apparently now missing. Leidy figures a thumb claw bone that belGnged to the ,Jefferson collection. It was small in comparison with
the others, being 88 mm. long. Leidy's figure appears to be only

FIG. 13.

FIG. 12.

FIG. 15.

FIG. 14.

FIGs. 12-15. Megalonyx jeffersonii.

Lateral and upper views of a claw of the front foot,
with sections. X Y2.

2-5 the natural size. Each terminal phalange consists of a compressed claw-core, with an upper convex border and a concave
lower face (Figs. 12, 13). From the tuberosity which occupies
the hinder half or more of the lower face of the bone, there rise,
and surrounds about the hinder half of the claw-core a bony
sheath which enclosed and protected the base of the horny claw.
This sheath is also attached to the base of the bone on the sides and
above. The base of the phalange is occupied by an articular surface which consists of two vertical grooves separated by a prominent ridge. Each groove forms a vertical f3emicircle. The tuberosity on the underside of the bone is pierced near its middle by a
pair of foramina for blood-vessels. The length of the ungual phalange of the second digit is given by Leidy as 150 mm.; its depth,
62 mm. The third digit is 175 mm. long; 81 mm. deep. The fourth
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ungual phalange is 144 mm. long; 62 mm. deep. In the case of this
phalange in the fifth digit, the length is 62 mm. ; the height, 37 mm.
The core for the claw is, toward the base, obtuse on the upper
border, but farther forward it becomes rather acute. Figure 14
represents a section of the claw-process of the third digit, taken at
the middle of its length; while figure 15 is a section taken at the
same place in the second digit.
The forefoot had a length of nearly 300 mm. The horny claws
would doubtless have made the length fully that much.

FIG. 16. J[ylodon robustus.

Vimv of pelvis as seen from behind.

X

lto nearly.

The pelvis of this animal is not yet well known. The last sacral
bone has been mentioned above. Dr. Leidy seems to have had no
part of the innominate bones for study. The pelvis was wholly
lacking in the Henderson specimen and likewise in that found at
Millersburg. Harlan (Med. and Phys. Res., p. 336, pI. XVI) mentions and figures an ilium that had been found in Big Bone cave,
Tennessee; but he gave little description and no measurements.
'I'he pelvis in the restoration of the Millersburg specimen has been
modeled probably after that of Mylodon, as figured by Owen. In
this animal (Fig. 16) the ilium stands out at nearly right angles
with the vertebral column, like that of an elephant, thus making
the basin very shallow. In the Mylodon described by Owen, an
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animal about the size of the megalonyx, the greatest breadth of the
pelvis was three feet five inches, 1,031 mm. As in the elephants,
the acetabulum, for articulation with the head of the femur, looked
nearly directly downward.
The femur (Fig. 17) of Megalonyx jeffersonii, as that of the
other great ground-sloths, is a powerful bone. It is broad and flat,

FIG. 18.

FIG.

17.

FIG. 19.

FIGS. 17-19. kfegalonyx feffersonii.
x l;.
Fig. 17-Left femur seen from behind. Fig. IS-Left tibia seen from left side. Fig. 19-Patella,
showing the hinder face.

with the head directed nearly upward. Both of the femora' were
rescued 'in the Henderson specimen, and both in that found at
:Millersburg. Figure 17 is taken from that furnished by I.Jeidy. He
gives the length as 21.5 inches, 546 mm., which agrees with my own
measurement. The head of the bone has a diameter of 120 mm.;
the breadth across the middle of the shaft is 180 mm.; and here
the thickness is 62 mm. The breadth of the lower end, across the
at'ticular surfaces, is 260 mm.
The greater trochanter does not rise as high as the head. On
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the hinder face of this is a deep slit-like pit. The lesser trochanter
is on the inner border of the bone, about 75 mm. below the head.
On the outer border there is a tuberosity which represents the third
trochanter. At the lower end there are two smooth surfaces for
articulation with the tibia, and between these, more on the front
of the hone, a smooth surface for the patella.
The tibim are both preserved in the Henderson specimen, and
the left one in the Millersburg specimen. Figure 18 presents an
outer view of the left one of the Henderson specimen. The tibim
are short bones with relatively slender shaft and much expanded
ends. The length of the bone is 310 mm., taken along the inner
border; but the greatest length, taken obliquely, is 370 mm.; the
greatest breadth at the upper end is 205 mm.; the greatest breadth
of the lower end, 150 mm. At the upper end are articulatory surfaces for the femur, and on the hinder face of the outer extension
of the bone, a surface for the fibula. At the distal end there is a
surface 88 mm. wide for union with the astragalus, and another
one, adjoining it 011 the outer side, forms an oblique surface for the
end of the fibula. The tibia of the Millersburg specimen is 40 mm.
longer along the inner border than the same bone in the Henderson
lllegalonyx. The lower end is likewise wider, about 180 mm.
The patella is a triangular bone (Fig. 19), 125 mm. long and
100 mm. wide at the upper end. The broader end, on the hinder
face, is occupied by a smooth surfaee for movement on the femur.
The anterior face is convex and rough.
'1'he fibula is a relatively slender bone, articulating above with
the tibia, and below with both the tibia and the astragalus. The
bone is not present in the Henderson specimen, but both the right
and the left are in the Millersburg skeleton. The bone, in the middle
of its length, stands out so as to leave a wide space between it and
the tibia; but its enlarged lower end is bent inward so as to join
the tibia by a surface looking upward and inward, and the astragalus by a large surface which looks inward. The bone is 350 mm.
long; 87 mm. wide, fore and aft; at the upper end, 67 mm. transversely. Where slenderest the two diameters of the shaft measure
31 mm. At the lower end the fore and aft diameter is 87 mm ..
Neither of the tarsi of the Henderson specimen is complete, an~l
some bones are lacking from both; the right .foot presented the
astragalus, the external cuneiform, and the cuboid; the left foot
furnished the calcaneum, the a.stra.galus, and the navicular. Of
the metacarpals there were the second of the left foot, and the
fourth and fifth of both feet. Of the phalanges there were pre-
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served the first and second of the third digit I.'onsolidated into a
single bone, the claw phalange of the same toe, the claw phalanges
of either the second or fourth toe of both feet; and the nrst phalange of the last toe.
It will be impossible here to describe all these bones. 'rhe
reader will have to consult Leidy's monograph.
Neither are all the bones of the ankle and feet present in the
Millersburg specimen. Both calcanea are represented, one astragalus, both naviculars, all four of the bones of the distal row of
tarsals in the right foot, four metacarpals, and three ungual phalanges. On account of the manner of restoration of lost bones ancl
parts of them it is sometimes difficult to decide between the real
and the fictitious.
The extreme length of the hind foot, as shown in the Millersburg specimen, is 670 mm., nearly 27 inches. The presence of the

FIG. 2J. MegaZonyx jeffersonii. Left heel bone seen from left side X b.

internal cuneiform bone seems to indicate that the foot has been
correctly restored with nve digits.
The most remarkable bone of the foot is the heel-bone, the calcaneum. Figure 20, taken from Leidy, gives a view of the one of
the left side seen from the outside. The broad end is directed
backward in the position represented. This part is relatively thin.
The anterior end of the bone is thickened, and is furnished with
two smooth surfaces for articulation with the astragalus and a
smaller one for union with the cuboid.
The fifth metatarsal has a process standing directly out from
its outer edge, and this process, more than half as long as the body
of the bone, is also broader than the rest of the bone. Probably
the fifth digit had only two phalanges. The first was described by
Leidy as a 4-sided ~odule which had a smooth surface for the second
phalange, which was not preserved.
The claw phalanges seem to have resembled closely those of the
fore feet. Leidy figures the one of the third, or median, digit. 'fhe
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tip is missing. This phalange in the Millersburg specimen is 230
mm. long, along the upper curve, and the sheath at the base occupies nearly one-half of the length of the bone, being 108 mm. long
above. It is likewise 105 mm. high and 60 mm. thick, from side to
side. Where the core of the claw emerges from the sheath, it is 70
mm. high and 25 mm. thick below. The upper border is obtuse
posteriorly, but becomes more acute towards the distal end.
As to the habits of these animals, it is certain that, like modern
sloths, they devoured vegetable matter, probably the foliage of
trees; but their more powerful teeth doubtless enabled them to
crush and eat likewise the smaller branches. Their weight made it
impossible for them to climb trees, but they were probably able to
pull down trees of considerable size and possibly, in case of need,
to uproot them.
Family MYI,ODONTIDlE.

*,

Ground-sloths with teeth 1. c. %, m. i; the teeth of the upper
jaw, especially the hinder ones, more or less triangular in section,
with some of the sides concave; the front tooth usually planted
near the second; the hinder tooth of the lower jaw larger than the
others and- with one or more wide grooves along its inner face,
making the section lobate. Humerus with foramen above the inner
condyle. Hinder feet with four digits.
Genus MYLODON Owen.

Skull rather elongated; snout longer and broader than in Megalonyx. Zygomatic arch interrupted. Front upper tooth not larger
than the second. Fore foot with five digits; hind foot with four .

.

MYLODON HARLANI Owen.
This species is not well-known, for only scanty remains of its
skeleton have up to this time been found. The species was based
on a part of the right side of a lower jaw which was found many
years ago, before 1831, at Big Bone Lick, Kentucky. The specimen
is now probably at the American Museum of Natural History, having been a part of the collection of the Lyceum of Natural History
of New York. Inasmuch as Big Bone Lick is separated from Indiana by only the Ohio River, it seems not unreasonable to describe
the species here. Other meager portions of this animal have been
found in various parts of the country. Among these are parts of the
skeleton of a half-grown animal that were discovered near Natchez,
Mississippi; a tooth found near Charlestown, S. C. ; some bones and
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teeth found in Benton County, Missouri; a humerus and a tooth
from Oregon, which, however, may belong to another species. Two
other closely related species have been described from the Pleistocene of Louisiana and a third from the same epoch in Oregon.
Figure 21 represents a view of the
fragment of a jaw found at Big Bonc
Lick. The jaw is seen from above, so
that the forms of the crowns of the teeth
are .represented. The figure is fourfifths of the natural size. '1'he length of
the fragment is 210 mm.; the height, at
the front of the hinder tooth, 84 mm.;
the thickness, 37 mm. The figure indicates that the jaw from front to rear of
the tooth-line was somewhat concave on
the outside. There were originally, as
in Megalonyx, four teeth in the jaw, but
the front one was, lost from its socket.
The tooth-line measured 142 mm.
The size and form of the first, or
front, tooth may be determined sufficiently well from the socket. A section
of it is somewhat like that of a kidney.
The long diameter is directed fore and
aft and is 25 mm.; the transverse, 16
mm. The second has a section more irregular in form, somewhat quadrate,
with rounded angles, and with the outer
and the hinder sides concave. The lon~
axis, oblique to the jaw, measures 29
mm.; the one at right angles to this, 20
mm. The third tooth also has its 10m:'
axis oblique to the jaw, and measures 33
FIG. 21. Mvlodon harlani. Part of
mm. The axis at right angles to the
~eh\~~: h~nld:re~.!.;'ti;, !~dW;h~ middle of the long axis measures 16 mm
socket of the front one. X~.
The fourth tooth is much the larger of
the teeth, having a length of 56 mm. Its section is constricted in thn
middle, indicating a broad groove on the inner side and another on
the outer side, running the length of the tooth. This tooth is very
characteristic of Mylodon. As to the other teeth, it will be observed
that they are likely to have more concave sides than those of M egalonyx. Figure 22 represents a palatal view of the skull of Mylodon
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robustus, and a comparison of this with the same view of JJ1egalonyx
will show important differences. In Megalonyx the rows of teeth
are nearly parallel with each other; in !Iylodon, they converge
backward. In Megalonyx the front \poth is the largest and is placed
far in front of the next one; while in Mylodon the front one is small
and not far removed from the second, and the hinder one is the
largest. In M egalonyx the hinder tooth is near the middle of the
length of the skull; in Mylodon, near the hinder end of the front
third.

FIG. 22.

}vlylodon robustus.

Shows the lowar surface of the cranium and the palate.

X l.

Figure 22 shows the lower side of the skull, while Fig. 23 represents the lower jaw of Mylodon robustus, a species that once lived
in Buenos Aires, South America. It will be observed that the teeth
resembled closely those of the North American species, but that
there were nevertheless differences. Figure 23 shows also the spoutlike form of the front of the jaw.
In 1843 Harlan described some parts of the skeleton of this
species under the name of Orycterotherium missouriense (Amer.
Jour. ScL XLIV, p. 69, pIs. I-III), These had been found in Ben-

9
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FIG. 2;{.

Mylodon robustus. Lower jaw. seen from above.

X~.

ton County, Missouri, by Albert Koch. Among these remains was
one humerus. A copy of this rather crude drawing furnished by
Harlan, is here presented (Fig. 24). The humerus had exactly

FIG. 24. Mylodon harlani. Humerus. after Harlan. X f. nearly.
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the length of that of the megalonyx described and figured by Leidy,
~O inches (508 mm.). In the M egalonyx, the diameter across th'~
condyles is 10.5 inches; in the Mylodon, it is 11 inches. In Megalonyx the shaft is much slenderer than in M ylodon; the diameter
of the former, at the middle, being 3.25 inches (82.6 mm.) ; in the
latter, five inches (128 mm.). The humerus of Mylodon has no
foramen just above the inner condyle, while Megalonyx does have
the foramen. Another large bone of Mylodon described by Harlan
is the ulna. Compared with that of M egolonyx, it if; shorter and a

FIG. 25.

Mylodon robustus.

Left tibia and fibula. seen from in front.

X~.

stouter bone. Its total length was 16 inches (406 m.). According
to Harlan)s figure and his measurements) the distance from the
coronoid process to the hinder end of the bone was a little more
than .4 the whole length of the bone, while in Megalonyx this distance is only about .3 the length of the bone.
Harlan had also two tibias, and these contrast strongly with
the same bone in Megalonyx, being much shorter and thicker. It
8g'reed closely with that of the South American Mylodon robust1tS.
of whose tibia and fibula a figure is here shown copied from Owen
(Fig. 24). This was only 8.5 inches long. The larger tibia de37-29153
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scribed by Harlan, had a length of lOt inches (255 mm.) ; while
the diameter at the middle of the shaft was one-fourth that of the
length. In M egalonyx the tibia described by Leidy is a little over
13 inches (335 m.) in length, measured along the axis of the shaft;
the diameter at the middle of the shaft is about one-fourth tht
length.
~I ;~
There were four claws in the collection examined by Harlan; but
his figures do not give one a clear idea of the details. They seem to

II

FIG. 27.
FIG. 26.
Figs. 27, 28. Mvlodon robustu8. Front and hind feet of leit side; upper view.
Fig. 27. Forefoot. Fig. 28. Hind foot.

X

ls-

have been straighter than those of the llIegalonyx and smaller.
They appear, too, to have been less acute along the upper border of
the core of the claw than in ltJegalonyx. Figures 26 and 27 give
views of the fore and hind feet of Mylodon robustus.
It is evident that the fore-arm and the lower part of the hinder
legs of Mylodon were shorter and heavier than in the case of Megalonyx.
Mylodon harlani resembled closely Mylodon robusttts, but there
were specific differences between them.

-----------------------------------
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Megatherium is a genus of ground-sloths which was represented
in North America during the Pleistocene; but no remains of it
have been found in Indiana. It is known from South Carolina,
Georgia, and Texas. Harlan states that remains belonging to it
were found with JJfylodon in Benton County, Missouri; but he does
not state what parts of the skeleton were found.
Superorder MONODELPHIA.
'rhis group includes all the Mammalia that are known to have
lived in North America since the Tertiary times, except the opos··
sums. With the exception of the Sirenia (manatees) and the Cetacea (whales, porpoises and dolphins), which inhabit the sea, the
teeth are differentiated into four sorts, the incisors, the canines,
the premolars, and the molars. The typical number is 44; that is)
11 in each side of each jaw, except in the Cetacea. The tooth
formula, when all the teeth are present, is i. :t, c. t, pm. t m.1.
However, the number of each kind may be reduced, even wholly
suppressed; although all are never so, at the same time, except in
the whalebone whales. In most of the groups the incisors, the
(~anines, and the premolars, are preceded by what are known as
milk teeth.
There are other characteristics which distinguish this greil t
group from the Didelphia, but they need not be enumerated here.

Order UNGULATA.
THE HOOFED MAMMALS.

This order contains herbivorous animals whose feet, front anll
hinder, are developed for walking, and whose toes end in a hooflike covering. 'l'here is a set of milk teeth which are retained
until the animal reaches its maturity. The molars, and often the
premolars, have broad crowns which are tuberculated, or variously
ridged. Clavicles are not present. Sometimes, as in the swine-like
forms, the diet may be of a mixed nature, animal matter not being
rejected, and the teeth are modified for its preparation; but even
in such cases, the bulk of the diet is of vegetable origin. As the
superorder is here accepted, it is divided into two suborders, the
Perissodactyla and the Artiodactyla.
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Suborder PERISSODACTYLA.
'I'APlRS, HORSES, RHINOCEROSES, ETC.

Ungulata whieh have the middle digit of all the feet most
strongly developed; astragalus with the distal end fiat; fibula
usually not artieulating with the heel-bone; femur with a third
trochanter.
'l'his group, or suborder, of hoofed animals is represented today by only the horses, the tapirs, and the
rhinoceroses; but during Tertiary times there existed
a host of related forms. The group may therefore be
looked upon as a decadent one.
The characters which especially distinguish the
animals of this suborder from other Ungulata is the
relatively large size of the third or middle toe. In
all specimens, fossil or living, the first toe is missing;
in nearly all, the fifth also. Among living genera the
tapirs have the fifth present in the fore feet, but it is
much reduced in size; the middle toe is, however,
much larger than any of the others. In the living and
in the Pleistocene horses only the middle digit is present, but remnants of the second and fourth toes exist
in the form of splintbones. Figure 28 represents the
right hind foot of the domestic horse.
In all the Perissodactyla the femur has an out·
standing process, the third trochanter on the outer
side of the bone. That ankle bone on which the shin
j<'IG.28. Equu8cabal- bone rest'l, the astragalus, is semicylindrical at the
IU8. Right hinder
foot of the domes- upper end, with a deep furrow, while the lower end is
tic horse. X f·
cut off squarely.
Family EQUIDA-i}.
THE HORSES AND HORSE-LIKE UNGULATES.

Teeth t, }, 1- or t, t; the cheek-teeth in the older forms lowcrowned, in the most recent, high-crowned; the upper molars show·
ing on the unworn grinding surface two outer, two inner, and two
intermediate cusps, each inner cusp joined to the correspondin'l'
intermediate by an oblique ridge. The worn molars showing an
internal column (protocone) and two inner crescents separated
from two outer crescents by two" lakes" of cement; lower molars
with two outer crescents, two inner cusps, and an inner meilian
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column (mesostylid). The premolars, except the first, of the
higher genera, becoming molariform. Incisors chisel-like; the
canines and first premolars often wanting, especially in the females.
The numerous relatives of the domestic horse that belong to
other genera than Eq1l1ls and which are now extinct need not be
described here. It suffices only to say that as we go further and
further backward in Tertiary times the species and genera lose
gradually the distinctive characteristics of our horses. The feet
come to have three functional toes, and the whole foot becomes
shorter. The teeth oome to have shorter and shorter crowns, the
enamel is less complicated in its disposition, and the premolar
teeth come to resemble less and less the true molars. The animals
have no longer the great size of our horses; and the earliest forms
may be no larger than a fox.
Of this family there have been found in the Tertiary deposits
of North America a dozen or more genera and many species; but
of these only equtls and N eohipparion, so far as we now know,
came into the Pleistocene.
Genus EQUUS Linn.
THE TRUE HORSES.

'1'eeth high-crowned and prismatic; premolars like the molars;
in the upper jaw the inner loop (protocone) attached by a slender
neck to the anterior inner crescent. Feet each with only one digit.
Of the genus Equlls, about a dozen species are known from the
Pleistocene of North America, 'north of Mexico. At some time
during the Pleistocene horses occupied the country from the Atlantic Ocean to the Pacific, and from the Great Lakes to the Gulf
of Mexico and far down into Mexico. Even in Alaska their remains are not uncommon. Unfortunately, many of the specie'>
are known to us from their teeth only and, in many cases, the
teeth of different species resemble one another so closely that it is
difficult to distinguish the species from one another and from the
domestic horse. The finding of bones of fossil horses, especially
whole skeletons, or large parts of them is greatly desired.
Inasmuch as few bones of fossil horses have been found in Indiana, no attempt will be made here to describe the skeleton minutely. If bones have been found that are suspected to be those
of a fossil horse, they may be compared with those of the domestic
horse. Even in country localities, bones of this animal may usually be found for comparison. Figure 29 represents the skeleton

582

REPORT OF STATB GEOLOGIST.

FIG. 29. Equus scotti. View of restored skeleton. After Gidley's illustration.

of a fossil horse Equus scotti. The drawing has been prepared
from a figure published by Gidley. It differs only slightly from
the skeleton of the domestic horse.

FIG. 30. Equus caballus. Side view of the skull of the domestic horse. c, canine; iI, i', i', the incisor teeth. upper ani lower; Fr, frontal bone; L, lachrymal; ml, m t , m a, the molars. upper and
lower; Mat malar; Mx, maxilla; Nat nasal; Dc, occipital condyles; Pa, parietal; pml, pm', pm',
the premolars. upper and lower; pp, paroccipital process. The IO'Yer first premolar is missing.
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Figure 30 represents a side view of the skull of a horse. In
this the bone has been cut away, so that the cheek-teeth may bl:'
sren in their full length. Of these great teeth there are six on
each side of each jaw. All except the one in front and the one
hehind are long and nearly square prisms. A smaIl first premolar
is represented in this figure, but it is often absent.
Pigure 30a reproduced from Gidley's illustration, shows the appearance of the grinding face of the upper teeth of Equus scotti.
These and other figures show how complicated is the pattern assumed by the enamel of the teeth in horses, and the relatively
small differences seen among the various species.
Figures 32, from Gidley, is lettered to show the various regions
of the teeth, as seen on the worn face. The regions marked pr.,
pa., me., hy., pl. and ml. were, before the tooth began to wear down,
projecting cusps. The space below me., surrounded by the irregu-

FIG. 30 Q. Equu8 scotti. Left first upper molar.

lar wall of enamel in the worn tooth forms a "lake" of cement;
that below pa., forms another.
The three hinder premolars have, in the horses, assumed the
form and structure of the true molars so thoroughly that they are
almost indistinguishable from them. They are, however, slightly
larger and the column at the outer anterior angle is a little broader
and is somewhat channeled the whole length of the tooth. ThE'
hinder true molar is smaller than the others and its hinder border
is not so squarely cut off as in the case of the other teeth. The
second premolar (the anterior of the three so far considered), is
the largest tooth and the anterior end of the grinding face is
pointed. In front of this tooth there may sometimes be found a
very small first premolar. It is the "wolf tooth" of veterinarians.
Far in front of the premolars are located the incisors, six in
number (Figure 31). When not too much worn they display on
the grinding face an outer and an inner ring of enamel. Within
the inner ring is a cavity, the "mark" of veterinarians. At some
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distance behind the incisors a canine tooth may occur, but it is
often missing.

FIG. 32.

FIG. 31.

FIG. 33.

Figs. 31-33. EqUU8; the teeth.
Fig. 31. Palate, to show positions of incisors, premolars and molars.
Fig. 32. A right upper molar. to show the grinding surface. The outer face of the tooth is
above; the front face to the right; lty., hypocone; me., metacone; ml., metaconule;
pa., paracone; pI paraconulej pr., ptotocone.
Fig. 33. Three premolars and the first molar of the left side of the lower jaw of a fossil horse
from Idaho. The enamel shown by the heavy black lines.

The inferior molars (Fig. 33) are much narrower than are the
upper ones, being nearly twice as long fore and aft as wide. The
lower premolars also have the form and structure of the true mo-
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lars, but are usually slightly larger. The hinder true molar is
pointed behind, the second premolar is pointed in front. The first
premolar is usually missing. There are six incisors and a pair of
canines, the latter sometimes not developed.
'1'he three hinder premolars, both above and below, are preceded by milk te~th, which have general structure of the permanent teeth but have a smaller transverse diameter; although the
fore and aft diameter may be even greater than in the adult horse.
rt may be desirable sometimes to identify and determine the
position of teeth of the horse. 'l'hey may be known from the teeth
of other animals by a peculiar arrangement of the enamel walls.
If the teeth have the grinding face nearly square, they belong to
the upper jaw; if they are nearly twice as long on the worn face
as broad, they are to be assigned to the lower jaw.

FIG. 33a. Eqults. Right lower molar, enlarged from Osborn's figure. X 173". end, entoconid; end,
entostylid; hyd, hypoconid; me d , m3taconid; mad, meso3tylid; pr d , protoconid; psd, protostylid.
The front end (f tha tooth is at the left, the outer face above.

In both jaws the outer border of the tooth has a continuom:
wall of enamel; this wall bending inwards at only two points in
the upper teeth (Fig. 32) and in the lower teeth more deeply at
the middle of the length (Fig. 33). The enamel of the inner
border of both upper and lower teeth bends inward to the very
center of the tooth. In the upper, there is one such inlet, whicll
lies behind the loop of enamel marked pr in figure. This inlet,
or valley, is directed outward and forward toward the center of
the tooth.
In each lower tooth (Fig. 33) there is, on the inner border, i1
double loop of enamel (metaconid and mesostylid). In front of
this, starting at the inner anterior angle of the tooth, is an inlet
of enamel, filled with cement, that runs backward nearly to the
center of the tooth. Behind the double loop of enamel is another
inlet of enamel that runs forward nearly meeting the anterior one.
Observations of these features will lead to the placing of the teeth
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il,l the proper jaw and on the proper side. In Fig. 33 the outer
thin line represents the outline of the face of the tooth; the meandf'ring thick lines the enamel. The space between the thin and the
thick lines is occupied by cement. The area enclosed by the thick
line is filled by dentine.
In the upper jaw the second premolar may be distinguished by
its large size and pointed front end; the hinder true molar by its
small size and its narrower hinder end. The other four teeth are
more difficult to locate and it is not usually necessary to do so.
'rhese same observations apply to the lower teeth.
There appear to be pretty well established ten species of the
genus Equus that were inhabitants of the United States during the
Pleistocene; although a number of others have been named. Much
better materials of nearly all the species must yet be found and
studied before our knowledge will be satisfactory.
Inasmuch as no authentic specimens of fossil horse remaill'3
have been reported from any deposits overlying the latest sheet of
drift, the Wisconsin, the writer believes that at least in that region,
so well fitted for the mammoths, the mastodon, peccaries, and the
giant beaver, there existed no species of horse. It, further, seems
fxtremely doubtful whether any remains of a fossil horse have been
f{lund in any late Pleistocene deposit in the region outside of that
oecupied by Wisconsin drift. However, future investigations must
settle this question.
EQUUS COMPLICATUS Leidy.
This species of fossil horse was described in 1847 by Joseph
Jjeidy under the name of Eq1t1ts americanus, but this name had
already been employed for a species of fossil horse found in South
America. Therefore, Leidy, in 1858, chose for his species the specific name complicattts. The materials used by Leidy consisted
of 12 teeth that had been discovered at Natchez, Mississippi. In
1901 Gidley selected as the type of the species the tooth which
JJeidy had figured.
This species has been reported from many States and even
from Alaska; but the determinations cannot always be relied 011.
Teeth certainly belonging to this horse have been found at Big
Bone Lick, on the Kentucky side of the Ohio River, about 20 miles
below Cincinnati, in a straight line. Also a jaw was found many
YEars ago in Illinois, about 75 miles northeast of St. Louis. In
1854 Leidy reported that he had examined some bones and teeth

-,
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of various animals that had been found near Evansville, Indiana,
and that among these bones was found the last dorsal vertebra of
a horse. Whether or not this had belonged to Equtts complicaitts
we cannot be certain; but since no other species has been found
in the same region, the vertebra probably belonged to the one here
described. With this bone there were found remains of a bison
supposed then to be the one now living, but more likely to belong
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FIG. 34. EqUU8 complicatu8. Two views of the type tooth of the species. The one figure shows the
grinding surface; the other the tooth from in front. X 1.

to some extinct species. There were also remains of the whitetailed deer Odocoiletts virginianus, of the extinct tapir Tapir11.~
haysii, of the megalonyx Megalonyx jeffersonii and of the dog,
Canis dirus. It is very probable that all these were animals that
had been buried there before the Wisconsin glacial stage. Figure
34 presents a front view of the tooth which has been chosen as the
type of this species. The tooth is one of the true molars of the
left side, probably the second one. The tooth is larger than the
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same tooth usually is in the common horse; but not larger than
that of some large draught-horses. The height of the tooth in a
straight line is 96 mm.; but it must be recollected that the height
varies with the amount of wear. The length of the tooth, that is,
its fore and aft extent, is 30 mm.; its transverse width is 27 mm.
On observing the enamel wall that surrounds the two "lakes" it
will be seen that this follows a very tortuous course; and this com·
plication is what especially characterizes this horse, it being only
rarely that teeth of this size have such strongly crimped enameL
In volume XXXIV of the Proceedings of the American Philosophical Society, pI. XI, Fig. 8, is represented a palatal view of
a part of an upper jaw that was described by Cope and which was
found at Petite Anse, in southern Louisiana. It can hardly be
doubted that the jaw belonged to E. complicatus. Five teeth are
represented, the third and fourth premolars and the three molars
of the right side. It will be observed that the enamel is nearly as
complicated as in the type tooth. The length of the row of five
teeth, in a straight line, is 143 mm. ; that of the three molars is 86
mm. The individual teeth measure as follows:
MEASUREMENTS OF CROWNS OF UPPER TEETH.

Toom.

Pm. •...................
Pm. ~..................
M. l

Length of Grinding Face.

Width of Grinding Face.

30
29
26

M.

z....................

M.

"...................

31
30
29

34
-

I --._

Protocone.

15
18

~

16
15

23

16

--- ----

Professor Cope's measurements are somewhat different, but he
probably included the cement.
A considerable quantity of bones and teeth of this species have
been found, especially in Louisiana, but it is to be regretted that
not enough of the skull is yet known to enable us to characterize
properly the species. While differences between the known bones
and those of the common horse seem to exist, more and better materials are needed and a more detailed examination of them.
The jaw above mentioned as having been found in Illinois shows
that the canIne. tooth was placed 82 mm. in front of the small first
premolar. In a large specimen of the domestic horse examined
this tooth is placed only 70 mm. in front of the premolar.
L6idy described five lower cheek-teeth from Petite Anse, La.,
which probably belong to this species, but they did not belong
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probably to the same individual. The following measurements of
four of these teeth are here presented.
MEASUREMENTS OF CROWNS OF LOWER TEETH.

TOOTH.

Length.

34

Pm .•...
Pm. ,.

31.5

Width.

18
18

16
28
M.
T.'
16
28
M.
~ ...
-----.---- ------------'---------'-.----

It will be seen that in length these teeth agree with those of
the upper jaw of E. complicatus. Figure 35 represents the third

FIG. 35.

Equus complicatus. View of the grinding surfaces of two left premolars.

X}.

and fourth left premolars. In none of these cheek-teeth does the
inlet of enamel from the outer face of the teeth press itself in between the contiguous ends of the two long bays which occupy the
middle of the tooth. In some of the lower teeth of the common
horse (molars) and of some of the extinct species, the outer inlet
reaches to the middle of the tooth.
The limb bones, supposed to belong to E. complicatus, indicate
a horse fully as large as the common horse, perhaps larger.
Family T APIRIDM.
Heavily built and short-limbed Perissodactyla, with compresseil
skull. Teeth, i.~, c. t, pm. t or t, m. t. Cheek-teeth short-crowned,
the grinding surface crossed by two prominent ridges. In the
upper jaw the two ridges of each tooth connected at their outel'
ends by a wall of enamel. Forefeet with four digits; the hinder
ones, with thret'.
The tapirs of the present aay inhabit two widely separatt'd
regions, tropical America and tropical Asia. Formerly, however,
genera belonging to the family occupied large parts of both North
America and Europe. The earliest known forms belong to the
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Lower Eocene of both North America and Europe. The genus
Tapirus is known first in Europe in the Miocene; in North America
in the Pleistocene. Probably therefore it migrated hither from
Europe by the way of Eastern Asia and Alaska. Figure 36 repre·
sents the right forefoot of the existing tapir; while Fig. 37 shows
the structure of the right hind foot.

FIG. 36.

FIG. 37.

Figs. 36, 37. Tapiru8. Right fore and hind feet. Fig. 36, forefoot. Fig..37, hind foot. Reduced.

Genus TAPIRUS Brisson.

Tapirs having a short flexible proboscis. Teeth, i.t, c.t, pm.t, m.t;
the front lower premolar not present. The transverse crests of
cheek-teeth crossing the crown perpendicularly to the axis.
Two species of fossil tapers have been accredited to the United
States. One of them is believed to be the species Tapirus terrest ris living now in the forests of South America; the other extinct
species Tapirus haysii. The latter differs from the former in having teeth and probably skeleton of somewhat greater size. Although
the smaller species cannot, by means of the scanty materials known,
be distinguished from the South American tapir, it is probably, as
IJeidy long ago expressed his opinion, really a distinct species that
no longer exists. Cope, in the last paper that he published, expressed the view that all remains of tapirs found fossil in the east·
ern United States belonged to Tapirus haysii. Thesolut~on of this
problem must be Jeft to the future.

---------

-

-

PLEISTOCENE PERIOD AND ITS VERTEBRATA.

591

TAPIRUS HAYSII Leidy.
Although Leidy had previously mentioned by this name the
species here considered, it was not until 1860 that he described and

FIG. 37 a.

Tapirus terrestris.

Upper left promolars.

X i.

figured it in Holmes' Post-pliocene Fossils of South Carolina, page
106, pI. XVII, Figs. 7 and 8. The type is a single lower molar
tooth, probably m. 2 , that was supposed to have been found at Big
Bone Lick, Kentucky. This tooth is in the
Academy of Natural Sciences, at Philadelphia.
It is described as having a length of 12! lines
(26 mm.) and a width of lO} lines (21.3
mm.), being thus somewhat larger than those
of the South American species. The corresponding tooth of a Brazilian tapir at hand
measures only 23 mm. in length and 18 mm.
in width. Leidy, in the same paper, describes
and figures a lower molar that had been found
on the banks of the Ohio River, near the mouth
of Pigeon Creek, just below Evansville, Indiana. On this, up to the present, rests the
claim of Indiana to having once been inhabited
by tapirs. Two figures are here given of this
tooth "(Figs 38 and 39). It had been found by
Mr. Francis A. Lincke and had been sent to
Leidy by Dr. J. G. Norwood, the geologist. It
is not known where this tooth now is.
FIGS. 38 AND 39.
Tapirus
Plate II represents, half the natural size,
haysii. Side and upper
views of the type tooth. the upper and the lower jaws of a tapir which
X t.
was found with a vast lot of bones and
teeth of about 60 species of mammals, in Port Kennedy cave, a few
miles from Philadelphia. The teeth were well preserved but the
bones were very fragile, and the whole skull had been badly
crushed. The incisors and the canine teeth are not well shown.
The upper jaw is on the left; the lower on the right in the plate.

PLATE II.

TapirU8 haysii.

Upper and lower jaws.

X!.
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The following are the measurements of these teeth:
---~-~------~----------- - - - - - - - - - - -

UPPER TEETH.

Teeth.

-

------

-----

J,OWER TEETH.

Length of
Crown.

Width of
Crown.

21

20
26
26

Teeth.

I Length
of
Crown.

Width of

Crown.

________ I- - - - 1 - - - - 1 - - - - - - - - : - - - - 1 - - - Pm.

1

Pm.

2.

Pm .•...
Pm . •

::::\

M.

20 . .5
22.5
26
25
26
28

28

28
3J..5

lIf.

26
24
25
29

18
24
26
21

M.
M.

31

22

31

21

Pm.
Pm. , ...
Pm. 4 ••

M.
'
32
M.
--------"---------'-----"---

I'

______ ___
'.

~---'------

The distance from the canine to the front of pm. ~ is 50 mm.
In the lower jaw the distance between the two teeth is 69 mm. The
length of the lower premolar-molar series, obtained here by adding
the lengths of the various teeth, is 166 mm.; the premolar series,
75 mm.; the molar series, 91. In like manner the length of the
npper premolar-molar series is 170 mm. ; the length of the premolar
sl'ries, 89 mm.; that of the molar series, 81 mm.
'l'here are on each side of each jaw three incisors and a canine.
Tn the lower jaw the distance from the canine to the first premolar
present (pm. "), is 50 mm. The depth of the jaw at the hinder molar,
is 68 mm. In the upper jaw this distance, the diastema, is 50 111m.
It is to be noted that in the upper jaw the first premolar is present,
while it is absent in the lower jaw.
This species has been reported from eastern Pennsylvania, Virginia, Tennessee, South Carolina, Mississippi, Kentucky, Indiana
and Texas. It had therefore a wide range. Professor Cope stated
(Jour. Phila. Acad., Vol. XI, 1899, p. 253) that some part of a
tapir had been found neal' Richmond, Indiana; but the present
writer has been unable to learn on what authority this statement
was made. If we leave out of the account this very doubtful find,
we mny observe that no tapir remains have belm di~covered above
the Wisconsin drift. From this the provisional eoncln'lion may be
drawn that the tapir or the tapirs that had once inhabited this
region had either become extinct or had been driven out of th"
drift region and did not return.
The smaller ferm of tapir, referred to Tapin~s terrestris has
been reported from Pennsylvania (with doubt), Ohio, South Carolina, F'lorida, Louisiana and Texas. In size of its teeth it agrees
more closely with the South American form than with T. haysii;
although there seem to be teeth intermediate in size. To enable
38-29153
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comparisons to be made the following measurements were taken
from a specimen of T. terrestris from Brazil:
MEASUREMENTS OF TEETH OF

Tapiru8 terrestris.

UPPER TEETH.

Leng;th of
Crown.

Teeth.

Pm.
Pm.
Pm.
Pm.

M.
M.
M.

I

.,

............

............
............

................
................
.................

17
17.5
20
20
21
22
22

LOWER TEETH.

I Width
of
Crown.
15
19
22
25
24
17
26

Tooth.

Pm.
Pm.
Pm.

M.
M.
M.

I

I .•••...••.••••••

I •••• · . . . . . . . . ·.·
t •••••••••••.

1 •••• • • . • • • . . • . • .
t ••••••••••....•.

8 ••• ••••••••••••·

Length of
Crown.
22
20
21
21.5
22.5
23

Width of
Crown.
16.5
16
17
17
18
18

Length of whole upper premolar-molar series, 137 mm.; of the
premolar series, 74 mm.; of the molar series, 66 mm. The length
of the lower premolar-molar series is 131 mm.; of the premolar
series, 63 mm.; of the molar series, 66 mm. The distance between
the third incisor and the first premolar in the upper jaw is 46 mm.
In the lower jaw the diastema is 58 mm. It will be observed that
these measurements differ markedly from those of the Port Kennedy specimen of '1'apir'Us haysii.
Suborder ARTIODACTYLA.
THE EVEN-TOED HOOFED MAMMALS.

Hoofed mammals with the third and fourth digits of each limb
equally developed. Second and fifth digits more or less reduced,
sometimes ending in hoofed phalanges, sometimes wholly missing.
Presacral vertebrm always 19. Femur without third trochanter,
the astragalus with a grooved trochlear surface for the tibia and
another for the navicular and cuboid. Fibula articulating with
the calcaneum. Teeth variously modified; sometimes in full number, 44; sometimes with some of those in front of the second premolar wanting.
The Artiodactyla include, besides a considerable number of extinct families, the swine, the hippopotami, the camels, the deer, the
giraffes, the antelopes, the sheep, the musk-oxen, the goats, and the
oxen. All the continents have been occupied by members of the
group; but Australia only through recent introduction by man.
The oldest forms are found in the Lower Eocene. In the Upper
Eocene and succeeding epochs the group is represented by inI'rel'lsing numbers.
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As to their food habits, all nourish themselves on vegetable material; but some of them, as the swine, do not refuse animal matter.
In the Pleistocene of North America the following superfamilies
are represented: Suoidea (pig-like ungulates), Tylopoda (camels),
and Booidea (deer, sheep, goats, and oxen).
Superfamily SUO IDEA.
THE HOGS AND PECCARIES.

Even-toed ungulates with usually four functional digits in each
foot; but in the recent peccaries there are only three in the hinder
feet; and in Platygonns there are only two in each of the feet.
'I' 00 th ~ormu
l'
l
1 pm. 4
to:3
3
Th e rnaI
' h ed
a, '1. 3 or2 2' c. -1'
4 or
3' m. 3'
ars f
urnlS
with four conical cusps and sometimes with more or less numerous
intermediate cuspules. Canines usually large and trenchant.
Although remains of true hogs, Suid::e, have been reported from
the Pleistocene deposits of the United States, the remains have
probably in all cases belonged to the introduced domestic swine.
On the other hand, the peccaries are numerously represented.
Family TAYASSUIDJE.
THE PECCARIES.

Hog-like ungulates, with two or four digits in the forefeet and
two or three in the hinder. The third and fourth metacarpals
and metatarsals coossified at the upper end. Tooth formula,
.
2
3
3
I ,0".er InCIsors
.'
d'lrecte d f orwar,
d t h e up1. 30r2'
C. l1 ' pm.;:),
m. 1f'
per ones downward. Canines large, the upper ones with hinder
border sharp; the lower ones with the anterior border subacute.
Molars with four principal cones and often with intermediate
cuspules and tubercules.
Analysis of Genera Here Describeu.

lOne premolar or none like the molars; cusps short and conical; diastema between canine and premolar not one-half the length of the
premolar-molar series, and palate here wider than diastema.
Taya8~u.

2.

No premolars like the molars; cusps high and those of each pair forming a crest across the tooth; diastema about two-thirds premolarmolar series; the palate here nearly as wide as length of diastema.

3.

Two

P~atygonu8.

three premolars like the molars; cusps very much as in Tayassu,' diastema about two-thirds the length of the premolar-molar
series; palate here about one-half as wide as length of diastema.
01"

Mylohyus.
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Genus TAYASSU Fischer.

(The genus Dicotyles of older authors.)
Peccaries with four digits in front, three behind. Metatarsals
3 and 4 coijssified in the upper half. Teeth, i. t, c. -i, pm. -i, m. i.
Molars with four low cones and weak accessory conules. The cones
of each pair separated by a longitudinal valley. Lower molars like
the upper but longer; the hindermost one with a well developed
heel. Upper incisors directed downwards.
The members of this genus inhabit, at the present day, the
region extending from the Red River of Texas, through Central
and South America, to Patagonia. Several species have been est1!blished and these have been divided into two genera or subgenera,
Tayassu and OlidosU8. Certain fossil remains of a peccary, found
at several localities in the United States, have been assigned to the
living species, under the names Dicotyles torqttatus and D. tajacu >'
but (as Leidy finally concluded) it is probably an extinct species.
Hence, Leidy's specific name lenis is here adopted for it.
TAYASSU LENIS (Leidy).
Nothing that is to be referred with certainty to this species has
been discovered as yet in Indiana; but remains assigned to it have
been reported from South Carolina, V{est Virginia and Maryland.
Hence, it is likely to occur within our limits. Only a brief description will be given. This is the peccary recorded in the author's
Bibliography and Catalogue of the Fossil Vertebrates of North
America, page 159, under the name Tayassu tajaC1t. Of course,
some of the literature there cited refers to the living peccary.
Tayasstt lenis was based by Leidy (Jour. Phila. Acad. 1869, vol.
VII, p. 384) principally on two teeth that had been found near
Charleston, South Carolina, and which had been described and
figured in 1860 (Holmes' Post-Pliocene Fossils of S. C., p. 108,
pJate XVII, Figs. 13, 14). One of these teeth is the second, the
ether the third lower molar. Inasmuch as it is not wholly certain
that both teeth belonged even to the same species, it seems best to
choose as the type of T. lenis the third true molar. Judging from
the figure this has a length of 18 mm. and a width of 12 mm. The
same tooth in a specimen of T. angu,zat1tm from Mexico (the same
species as the Texas animal), measures in length 17 mm. and in
width across the anterior cones hardly 11 mm. The tooth of the
living species measures across the second pair of cones not quite
10 mm.; the fossil specimen, 11 mm. The heel of the fossil tooth
is broader than in the tooth of the living species considered here,
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and seems to consist of a single tubercle, instead of three. If we
consider the second molar, we find its length 15 mm., width 13 mm. ;
whereas in T. angulattlm these dimensions are respectively 13 mm.
and 11 mm.
Other remains of a true peccary resembling some of those now
living have been found in the lead region of Wisconsin, Iowa, and
minois, but the locality is not clearly indicated; also, in Charles
County, Maryland, and in Wythe County, West Virginia.
To this species the writer refers provisionally some jaws (with
scanty remains of teeth) and bones that have kindly been sent by
Prof. J. W. Bee<l~,Qf the State University of Indiana. The materials consist of ap~ri of left lower jaw with roots of the three
premolars and the first molar. This fragment of jaw is greatly
like the same part in a specimen of Tayassu labiatum from Costa
Rica, but of slightly·less height, 37 mm. below the first true molar,
instead of 40 mm. The space occupied by the first true molar and
the two premolars in front of it is :n mm. long; in T. labiatum
these teeth occupy only 35 mm. A fragment of the limestone deposit of the cave contained a part of another left ramus of the
lower jaw, with a good first true molar and impressions of tIle
succeeding molars (Plate IV, Fig. 2). This molar has short-coned
cusps, intermediate tubercles, all much like those of the living
peccaries. The length of the crown is 14 mm., the width, 12 mm.
In the same cave were obtained a last upper molar and a part of a
second upper molar that are here described under Platygonus
vetus.
Professor Beede states that this material, together with some
bones of probably a peccary but not yet worked out of the matrix,
and most of the carapace of a box-tortoise, Terrapene carolina,
were found in the stalagmitic deposit of an old cave that had been
exposed in quarrying operations at the Rock Cliff quarry just
northwest of Williams, in Lawrence County, Indiana. This place
is southeast of Bedford. The cave had all been quarried away
except one corner. This was from 20 to 30 feet below the surface
at that point. Professor Beede says that the top of the cave must
have been nearly on a level with the high terrace of White River,
about 100 feet above the present level of the river.

a

Genus PLATYGONUS Le Conte.

Peccaries with moderately elongated snout. No premolars with
more than one pair of cusps. Molars with the four primary cusp,
mQre strongly developed and the accessory cusps less developed

PLATE IV.

Fig. 1. Platygonus Detus. Right third upper molar. X t.
Fig. 2. Taya88u leni.. Part of lelt side of lower jaw, with first molar and impressions of the
two succeeding molars. -......::I
Figs. 3-6. Platygonu. COmPl"e••U8.
__ . - . . . .
Figs. 3, 4. Two views of the upper premolars andmolars.
Figs. 6, 6. Two views of the 10W8l' premol~d'mola"s.

,-.=
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than in Mylohyus and Tayassu, forming distinct cross-crests. Incisors two on each side of upper jaw; three on each side of the
lower. All the feet with only two digits.
The type of the genus is P. compressus, the species described
immediately below.
PLATY GO NUS COMPRESSUS Le Conte.
This is, so far as yet known, the most widely distributed species
or extinct peccary. Remains referred to it have been found in
Illinois, Indiana, Ohio, Kentucky, New York, Missouri, Iowa, Kansas, and probably in Mexico. At Columbus, Ohio, a collection of
12 individuals were found, six smaller animals in one nest eight
feet below the surface, and six larger ones about six feet away
from the first lot and at a depth of 12 feet. The individual'! of
each nest were lying side by side and with their snouts pointing
howard the southeast. These materials have never been adequately
described.
In the 14th Annual Report of the Geological Survey of Indiana,
page 20, Cope and 'Wortman stated that there was in the Survey's
collection the symphysial portion of the lower jaw and a large part
of the left ramus supporting all the premolar teeth, except the
last. 'I'his had been found at Laketon, in Wabash County. There
were given no further details and the writer failed to find thf
specimen in the collection. In the collection of Earlham College.,
Richmond, are photographs of probably this specimen and of a
part of the upper jaw. The latter bone shows three premolars and
the first molar; the lower jaw, the symphysis, the right canine and
the two anterior premolars. The photographs are labeled as having
been identified by Cope as Platygon1~s compressus and as having
been found in Wabash County.
This species was described in 1848 by Dr. John L. LeConte.
His materials had been found in the lead region, near Galena,
Illinois, at a depth of 50 feet. The materials consisted of parts of
the skull and jaws, with teeth and some limb bones.
Other teeth and scanty bones he described under the names
llyops depressifrons and Pr()tochmrlls prismaticus; but these
were afterwards shown by Leidy to be the same as Platygonus compressus.
In 1853 (Trans. ArneI'. Philos. Soc., vol. X, pp. 330-341, pIs.
XXXVI, XXXVII), Leidy described under the name of EuchmI"US macrops, a nearly complete skull of a fossil peccary that many

PLATE III.

Platygonus compreS8US.

Three views of the skull. After Leidy. X

A.
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years before had been found in a saltpeter cave in central Kentucky. Leidy afterwards concluded that this specimen belonged
to Platygonus cornpreSS1f,s. The beautiful figures furnished by
Leidy are here reproduced (PI. III). These show better than any
descriptions the form of the skull and of its various parts.
The following measurements of this skull are taken from Leidy's
description, his inches and lines being reduced to millimeters.
Some other measurements are introduced, taken from Leidy's illustrations :
Length of head from occipital condyle to alveoli for incisors .. . 286 mm.
Length of head from occipital condyle to end of the snout ..... . 296 mm.
Length of frontal bone on midline ........................... . 26 mm.
Greatest breadth of the forehead ................. '" ........ . 108 mm;
Breadth at second upper molar ............................. . 51 mm.
Breadth at sockets for canines .............................. . 60 mm.
Height from between fronts of orbits to palate ............... . 87 mm.
Height of inion (rear of skull) from occipital foramen ....... . 89 mm.
Length of hard palate...................................... . 190 mm.
Length of uppe'r premolar-molar series ...................... . 77 mm.
Length space from canines to premolar ...................... . 46 mm.
Lower jaw from condyle to front ............................ . 225 mm.
Height of lower jaw at first true molar .. , ....... " ... , ...... . 37 mm.
Length of symphysis of lower jaw........................... . 72 mm.
Length of lower premolar-molar series ....................... . 80 mm.
9 mm.
Upper premolar 2, length .................................. .
9 mm.
[~pper premolar 2, breadth ................................. .
rpper premolar 3, length .................................. . 10 mm.
Upper premolar 3, breadth ................................. . 10.3 mm.
Upper premolar 4, length ........... "., ................... . 10 mm.
Upper premolar 4, breadth .... ,.,., ........................ . 11 mm.
T'pper molar 1, length ...... , ... " .... , ................ , ... . 13 mm.
Upper molar 1, breadth .. ,.,., ... , ......................... . 12 mm.
Upper molar 2, length ..................................... . 16 mm.
Upper molar 2, breadth .................................... . 14 mm.
Upper molar 3, length ..................................... . 19 mm.
Upper molar 3, breadth .................................... . 14 mm.
8 mm.
Lower premolar 2, length .................................. .
7.6mm.
Lower premolar 2, breadth ................................ .
Lower premolar 3, length ........................ , ......... . 10 mm.
S mm.
Lower premolar 3, breadth .............' .................... .
Lower premolar 4, length .......... , ....................... . 11 mm.
Lower premolar 4, breadth , .......................... , ..... . 10 mm.'
Lower molar 1, length ......... " ................ , ....... , .. 14.5 mm.
Lower molar 1, breadth ................. , ................. . 10 mm.
Lower molar 2, length ..................................... . 16 mm.
Lower molar 2, breadth ................................... . 11 mm.
Lower molar 3, length .. " ...... , .................. , ....... . 20 mm.
Lower molar 3, breadth ...... ,., .. , ......... , ... ,., ... , .. ,. 12 mm.
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The figures of the skull show that it resembles considerably that
of a common hog. It differs, however, in many points. Seen in
profile the region between the eyes is convex, instead of being concave as it is in the hog. It is also convex from side to side between
the eyes; whereas, in the hog it is flat. The front of the orbit is
half way between the rear of the skull and the foramen over the
fourth premolar; in the hog the front of the orbit is much nearer
the foramen. In the hog there is hardly any space between the
canine teeth and the first premolar. In the peccary the first premolar is missing entirely and the second one is far away from the
canine. In the hog there is a pair of very long processes in front
of the occipital condyles; in the peccary these are of very moderatp
size. The molars of the hog are far more tuberculated than are
those of the fossil peccary.
Leidy's figures of the teeth of this specimen are here reproduced (PI. IV, Figs. 3-6). On the left are those of the right upper
jaw presenting their grinding surfaces and a view of the outer
faces. On the right are the lower teeth showing the grinding surfaces and a view of the outer faces. It will be observed that each
of the true molars is crossed by two prominent ridges or crests, and
that a lcmgitudinal cleft divides each of these into two cones. These
crests and cones are much more prominent than in the living pecearies. Likewise, the transverse valley separating the two crests
of each tooth are less obstructed by tubercles than in either Tayassu or Mylohyus.
The hinder upper molar has a considerable projection, heel, or
talon, at the rear; and this is composed of tubercles. From the
inner cone of each crest, both in front and behind, there descends
a buttress to the middle of the width of the tooth. At the base of
the cones, especially on the outer border of the tooth and at its
anterior end, there is a tuberculated shelf, or cingulum. The two
other molars are without the talon, but they have a well developed
cingulum and some tubercles in the valley between the two crests.
The premolars have only one cross-crest. They possess each a
well defined cingulum and buttresses descending from the main
cones.
The lower teeth resemble, in general, the upper ones, but they
are narrower. The molars are crossed each by two crests, the premolars by only one each. The hinder molar has a considerabl(;
talon, and the hinder cingulum of the other molars and of thE"
hinder premolar, resembles a talon. The lateral view of the upper
and lower teeth illustrates the height of the cones before they hav"
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suffered any wear. Later in life these teeth would present a different aspect. In 1903 George Wagner published (Jour. Geol.,
vol. XI, p. 777) a description of a skull belonging to this species
which had been found near Belding, Kent County, Michigan. This
had been found in a peat bog with a lot of bones which were supposed to belong to five individuals.
Some years ago two well preserved adult specimens of this
species were found in a gravel bank, near Rochester, New York.
Most of the remains are now in the Philadelphia Academy of Sciences. Leidy ( Trans. Wagner Institute, vol. II, p. 41) described
them and figured a complete skull.
Undoubtedly this species belonged with the fauna which took
pussession of our northern States soon after the withdrawal of the
last, or Wisconsin, ice-sheet. The remains found in Wabash
County, Indiana, at Columbus, Ohio, and at Rochester, New York,
Hre all within the region occupied by the Wisconsin drift, and
there is little probability that any of these remains were in deposits laid down preceding the Wisconsin epoch. The remains
found in the region about Galena, Illinois, may belong to an earlier
time; but of this we cannot be certain. The species has been identified by Matthew among materials collected at Hay Springs, N ebraska, and these deposits were certainly laid down early in the
Pleistocene. The species seems, therefore, to have lived during the
whole of this epoch.
In order to illustrate the structure of the peccaries of this
genus, the writer has had a drawing (PI. V) prepared of a specimen of Platygonus leptorhinus Williston. The drawing was made
by Mr. R. Weber, from a photograph kindly furnished by the
American Museum of Natural History, New York, and shows :.1
specimen mounted in that museum. This fine skeleton is one of It
number of individuals that were found together near Goodland.
Sherman County, Kansas, and which were afterwards described by
Williston. It will be observed that the animal has longer legs than
the hog has. It seems to have had a height, at the shoulders, of
somewhat more than two feet six inches (750 mm.).
Leidy (Trans. 'Wagner Institute, Vol. II, p. 41), gave the dimensions of some of the bones that had been found at Rochester,
New York. A part of his measurements is here given:
Extreme length of the
Extreme length of the
Extreme length of the
Length of femur head

humerus .............................
ulna .................................
radius ...............................
to inner condyle ......................

190
196
156
193

rum.
mm.
mm.
mill.
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Length of tibia internally .................................. 196
Length of metacarpals ...................................... 93
Length of metatarsals ...................................... 100

mm.
mm.
mm.

f<'igure 40 represents the structure of
the fore leg, Fig. 41 that of the hind leg
of P. leptorhinus, and those of P. Gompressus were probably almost exactly
the same. These figures are taken from
,¥illiston's paper (Kan. Univ. Quart.,
VoL III, pp. 38, 39). It will be observed that the second and fifth digits
are greatly reduced in size.
PT~A'l'YGONUS

VE'l'US Leidy.

From Prof. J. W. Beede, of the State
University of Indiana, the writer has received remains of two extinct species of
pecca.ry. One of these has already been
mentioned under Tayasstt lenis. The
remains here described appear to belong
to PlatygonttS vettls. All that indicates
this species is the hinder upper molar of
the right side and a part of the next
tooth in front of it (PI. IV, Fig. 1).
The hinder tooth had not yet come into
use and its roots are not developed. The
length of the tooth is 26 mm. ; the width
across the base of the anterior crest is
20 mm.; across the second crest, 17 mm.
FIG. 41.
FIG. 40.
The crown of the tooth greatly resemFigs. 40, 41. Plaiygonu8 lepiorhinus.
Fore and hind feet seen from bebind. bles that of Platygonus compressus, as
X!.
It is, howFig. 40. Forefoot R, radius; U, ulna; shown by Fig. 3, plate IV.
II, second metacarpal; III, third
ever,
a
much
larger
tooth.
It
is evident
metacarpal, a short stylf"t; I V,
fourtb metacarpal; V, fifth metaalso
that
the
main
CU8pS
were
not so
carpal. a nodule- of bone; 1. lunar; m,
magnum; p. pisiform; s, scaphoid;
high
as
in
that
species,
and
there
ar:'
td, trapezoid; u, unciform. .
Fig.41. Hind foot. II, .econd meta· other differences. The size of the tooth
tarsal, a short stylet; III, third metatarsal; IV, fourth metatarsal; V, agrees with that of PlatygontlS veins, as
fifth metatarsal, a nodule of bone;
a, astragalus; c, calcaneum; e in- as shown in Leidy's figure (Ann. Rep.
ternal cuneiform; c middle cuneiform; cb, cuboid; n, navicular.
Penn. Geol. Survey, 1887, PI. II, Figs.
1, 2). The tooth differs from that in having stronger anterior and
external cingula, and in having a broader and more complicated
l

2

,
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talon. In the type of P. vetus, just referred to, the talon is eight
mm. long and narrowed and rounded off behind. In the specimen
from Bloomington the talon is only five mm. long and is broad and
truncated behind. It consists of two large tubercles in the rear of
the tooth measuring together, from side to side, 11 mm. Between
these and the hinder of the two main crests, there is a strong tubercular ridge that enters from the outer side of the tooth. On the
front of the anterior inner cone (protocone) there descends a
strong buttress to the anterior cingulum; and on the hinder face
of the same cone a feebler buttress descends to the middle of the
transverse valley. Similarly, there are anterior and posterior buttresses on the hinder cone (hypocone).
The fragment of second true molar presents strong external
and hinder cingula.
The specimen was found in Rock Cliff quarry, northwest of Williams, in Lawrence County. It was accompanied by some bones,
probably of the skeleton, but these have not been worked out of the
matrix. In the same quarry were found Terrapena carolina and
Tayassu lenis.
It is thought better to refer this tooth provisionally to Platygonus vet'lts than to name and describe a new species on such inadequate materials. Leidy's type of this species was found in a
crevice in a limestone quarry in Mifflin County, Penn. It consisted
of a palate with molars and damaged premolars and a left ramus
of the lower jaw with the last premolars.
This species has been reported from Hay Springs, Nebraska,
and the molars and premolars have been figured by Gidley (Bull.
Amer. Mus. Nat. Hist., Vol. XIX, p. 479) ; but it is not certain
that the identification is correct. None of the finds of this species
give us any certain indications of the time during the Pleistocene
that it existed, unless it be the specimen from Hay Springs, Nebraska.
Genus MYLOHYUS Cope.

Peccaries with narrow and elongated snout; second, third, and
fourth premolars present above and below, and molariform; that
is, provided each with two pairs of primary cones. Two incisors
on earh side above and below. Forefeet with second and fifth
digits present, with all their elements; the hinder apparently
wholly lacking the second and fifth digits.
The type of this species is Leidy's Dicotyles nasutus, of which
only the snout with an incisor, a canine, and two premolars are
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known. Cope referred to the genus other species, one of which
showed two incisors only on each side of each jaw. Far more needs
to be learned yet regarding the skeleton of some species of the
genus.
The greater part of our knowledge of this genus is derived from
remains found by Mr. Barnum Brown in the Conard fissure, in
northwestern Arkansas (Mem. Amer. Mus. Nat. Hist, IX, p. 200).
MYLOHYUS NASUTUS Leidy.
The type specimen of this species comprises the snout extending
backward so as to include two premolar teeth on the right side.
The specimen was found many years ago in Gibson County, Indiana, the more exact locality not having been published. The specimen was sent to Leidy for examination by Dr. David Dale Owen.
·Where it is now is not known to the writer. It was discovered in
digging a well, at a depth of between 30 and 40 feet below the
surface.
Besides the two premolars contained in this piece of upper jaw
there is present the right canine and the inner of the two upper
left incisors. There are sockets for the three missing incisors and
for the left canine.
Two of the figures which illustrated Leidy's description are
here reproduced. (Figs. 42, 43.) Leidy has stated that this fragment of skull indicates an animal larger than any of the living
peccaries and larger than Platygonus compressus. The snout is
much longer and narrower than that of any of the living peccaries, and somewhat longer than in Platygonus compressus.
The following measurements are taken from Leidy's figures:
Distance from front of snout to line even with rear of second
premolar ......................•........................ 140 mm.
Distance from front of snout to line joining hinder border of
canines ............................................... . 55 mm.
Distance from rear of canines to front of the first premolar .. . 60 mm.
Width of jaw across sockets for canines ................... . 59 mm
Width of jaw where narrowest ............................ . 32 mm.
Width of jaw at front of first premolar .................... . 35 111111.
\)
mm.
Length of crown of first premolar .........•.................
S.5 111m.
\Vidth of crown of first premolar ........................... .
Length of crown of second premolar ........................ . 13 mm.
Width of crown of second premolar ......................... . 11.5111m.

The incisors were smaller than those of the living peccaries.
The diameter of the anterior incisor is hardly 5 mm., while the
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socket for the second is barely 4· mm. in diameter. In Tayassu
a smaller animal, the incisors are somewhat larger.
The canine has a height of 55 mm., the crown occupying 29 mm.
of this. It is therefore somewhat shorter than in the living peccarIes. The fore-and-aft diameter of the base of the crown is 14
mm. There appears to have been a wide and well-marked groove
a.ngu~at1vm,

FIG. 43.

FIG. 42.

Figs. 42, 43. Mylohyus nasutus. Palatal and side views 01 the type specimen.

X ~

+.

on the outer face and a number of narrower grooves on its both
faces.
The hinder of the two premolars has the structure of a true
molar of the living peccaries, having two pairs of cusps, with accessory cusps in front, the center and the rear (protoconule, metaconule, hypoconule). The anterior premolar is more simply con-

--

-

--

--------

}'LEISTOOENE I'ERlOn AND ITS VERTEBRATA.

-~-~----

609

siructed. The Conard fissure specimens show that the second premolar was molariform, although smaller than the others.
It would be of value to know exactly where in Gibson County
this specimen was found. A part of this county, the eastern and
southeastern, lies outside of the drift-covered region. A strip along
the river is occupied by river deposits belonging to the Recent
epoch. Outside of this again is another strip that Leverett regards as made up of sand and gravel plains and terraces of Wisconsin age. The remainder of this county is covered with Illinois
drift forming a strip 10 mileS or more in width, running across
the middle of the county in a direction from southwest to northeast. In case the well in which the fossil was found was dug in the
area of the Illinois drift, a depth of 30 feet or more would probably pass through this drift and thus make the age pre-Illinoian.
Professor Cope identified, as belonging to this species, some teeth
which had been found in Port Kennedy cave, in southeastern PennI',ylvania. From the fact that a large percentage of the animals
found in this cave are now extinct, one may conclude that they belonged to an early period in the Pleistocene. With our present
knowledge of the locality where the Gibson County specimen was
found, we cannot be certain of its geological age. Leidy referred
(Jour. Acad. Nat. Sci., Phila., VII, 1869, p. 387) to this species
fl second molar tooth which had been found in Monmouth County,
New Jersey. Cope identified as belonging to this species some
molars and canine teeth which he had found in cave breccia in
Wythe County, West Virginia. With these were found remains
of Tapirus haysii, an extinct horse, and various other extinct
species, as well as remains of yet existing species.
'l'he writer believes that the animals found in the Conard fissurt~
lived during the Illinoian stage.
SUPERFAMILY BOOIDEA.
TIlE DEER,

GIRA~'FES,

ANTELOPES, SHEEP, MUSK-OXEN, OXEN.

Artiodactyla with the third and fourth metapodials consolidated into one mass. The lateral digits reduced or wholly missing. Fibula appearing only as a small bone at the lower end of
the tibia. Tooth formula, i. -~, c. 0 O{ \ pm. t, m. -}. The lower
canines close to and resembling an incisor. Cusps of the molars
and often of the premolars wearing into crescents, whose extremities are directed outward in the upper jaw, inward in the lower.
Habits herbivorous.
39-29153
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The earliest members recognized of this group are found in
the Lower Miocene. From that time they appear in increasing
numbers.
FAMILY CERVIDJE.
THE DEER.

Second and fifth digits of all the feet usually present, but
much reduced. Head sometimes without frontal appendages, but
often, especially in the males, furnished with antlers which, with
rare exceptions, are found only in the males and which are periodically shed and reproduced. Teeth usually short crowned and with
large roots. Upper canines usually present.
At the present day species of deer are found in North and
South America, Europe, Asia, and Africa north of the Sahara.
In time they range from the Lower Miocene to the present. From
the Pleistocene of North America seven or eight extinct species are
known, besides remains of several oE the species yet living. The
genera represented are Odoooileus, CerV1ls, Cerva,zoes, Aloes, and
Rangifer. These all belong to the following subfamily:
SUBFAMILY CERVINJE.
Antlers with short pedicel; periodically shed and in all genera
except Rangifer found only in the males. Upper canines usually
wanting or feebly developed. Cheek-teeth short crowned, the
enamel more or less wrinkled.
Genus ODOCOILEUS Rafinesque.

Antlers in the males only; with a short pedicel, the bases rising
nearly in the plane of the face, turning outward then strongly forward; furnished with a sub-basal snag; the tines arising from the
hinder border of the main stem. No brow tine. Metacarpals 2
and 5 having only the distal end preserved. Lateral hoofs well
developed on aU the feet. Canines usually absent. Gland pit of
face small. Hinder nares divided into 2 passages by the vomer.
The deer of this genus inhabit the New World. The type of the
genus is the common Virginia, or white-tailed deer, which occurs
also in the Pleistocene.
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ODOCOILEUS VIRGINIANUS Zimmermann.
This is the Virginia, or white-tailed deer which, at the coming
of white men to this continent, inhabited the country from the Atlantic Ocean to the Rocky Mountains and from southern Canada to
the Gulf of Mexico.
It has been reported as occurring in Pleistocene deposits from
Pennsylvania, New York, West Virginia, Michigan, Illinois, In·
diana, Missouri, and elsewhere.
Since the skeleton of this species may be procured and .employed for comparison of extinct species, some parts will be briefly
described.

FIG. 44. Odocoileus virginianu8, the White-tailed deer. View of the right antler from the left side;
nose toward the left hand.

The face is rather low and narrow. The antlers (Fig. 44) show
a main stem which at first proeeeds from the skull upward, outward and backward. The stem then turns outward strongly, then
forward and upward, ending in well-developed males far in front
of the orbits. Besides, the backwardly directed sub-basal snag
there may be three or four tines rising from the upper border of
the stem. Of course, no antlers occur in the females and the skulls
of males may be found without them, but these will present the
pedicels. The antlers of young males are smaller and have fewer
tines than those of adults. The length of the skull, from the occipital condyles to the front of premaxillre, will measure about 285
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mm.; the breadth across the rear at the mastoid process, is about
100 mm. The length of the upper premolar-molar series is 80
mm.; of the premolar series, 36 mm.; of the molar series, 48 mm.
The length of the lower premolar-molar series is 85 mm.; of the
premolars, 38 mm.; of the molars, 51 mm. These measurementfl
and the following ones of the individual teeth are taken from a
specimen in the U. S. National Museum, No. 17452. The width i!'
taken at the base of the crown:
MEASUREMENTS OF 1'HE TEETH.
I

UPPER TEETH.

Pm.
Pm.
Pm.

M.
M.
M.

,
,a....
,
,..
,..

Length of
Crown.

II
11
. . .. .... I 11

····1
..

mm.
mm.
11.5 mm.
14 mm.
16 mm.
16.5mm.

Width of
Crown.
11
13
14
14
15.5
16

mm.
mm.
mm.
mm.
mm.
mm.

Pm.
Pm. a··
Pm.

M.
M.

Ill.

..

Width of
Crown.

Length of
Crown.

LOWER TEETH.

I
···1

10
12
12
14
16
. .. .....'1 22
•• 1

mm.
mm.
mm.

mm.
mm.
mm.

I

6
7
9
10
11
11

mm.
mm.
mm .
mm.
mm .
mm .

In the upper molars there is often a small tubercle on the inner
face between the two lobes, and a similar one on the outer face of
the lower molars between the two lobes.
In the upper jaw the distance from the front premolar to the
front of the premaxilla, is about 95 mm. In the lower jaw the distance from the front of the jaw to the anterior molar, is 85 mm.
The height of the lower jaw at the first true molar, is 22 mm.
To aid in the recognition of remains of the Virginia deer, measurements are here presented of some of the principal bones of the
skeleton. They are taken from a young but mature male, No.
35139, U. S. National Museum. The measurements are taken in a
straight line:
Skull, length from condyles to front of premaxillfP ........... .
Atlas, width across hinder end ............................. .
Axis, total length ......................................... .
Axis, width of anterior end across articulation .............. .
Scapula, length parallel with its spine ...................... .
Scapula, width of upper end ............................... .
Humerus, extreme length .................................. .
Humeruiil, from head to surfaf'e for ulna .................... .
Hadins, total length ....................................... .
Ulna, total length ......................................... .
Anterior cannon bone ..................................... .
PelviS, total length ........................................ .
Pelvis, width at acetabula ................................. .
Pelvis, width at hinder end of ischia ........................ .
}<'ell1ur, total length ....................................... .

245
73
65
48
170
115
187
173
200
240!c
200
230
117
148
230

mm.
mm.
mill.
1lI1l1.

mm.
mill.
mm.
IlIm.
mnL
mm.
mm
mm.
mm.
mm.
mm.
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{<'emur, from head to outer condyles ......................... 215
'£ibia, total length .......................................... 270
Hinder cannon bone ........................................ 235

613
mm.
mm.
mill.

Remains of this deer have been reported from many localities
within the area occupied by it in historical times. We cannot always be sure that the identifications have been correct, nor sure
that the remains belonged to Pleistocene timcs. Cope, in 1869, reported that remains of this species were abundant in the cave
breccia of West Virginia. He also found in the collection made in
Port Kennedy cave, in eastern Pennsylvania, teeth which he could
not distinguish from that of the Virginia deer. It is the present
author's opinion that the deposits made in that cave were made
early in the Pleistocene. Hildreth (Amer. Jour. Sci., Vol. XXIX,
:1.835, p. 147) reported the finding of bones of the deer, probably
this species, in cave stalagmite, in Wood County, W. Virginia.
Leidy found, in Peace Creek beds, Florida, regarded as early Pleistocene or even Pliocene, antlers, bones, and teeth of a deer, that he
could not distinguish from 'corresponding parts of the Virginia
deer.
In Indiana reports of discovery of deer remains have come
from a number of places. In 1854, Leidy (Proc. Phila. Acad., p.
200) published a list of bones that had been found near Evansville, at the mouth of Pigeon Creek, by Francis 'A. Lincke. There
were parts of two tibiae, part of a metacarpal, parts of two metatarsals, parts of two scapulae, a piece of rib, a mutilated cranium
of a doe, a part of the cranium of a buck which had shed his antlers, parts of three lower jaws of different ages and containing
some of the molars. With these remains were found parts of a
Mega~onyx, a vertebra of a horse, scant remains of a bison, of a
tapir, and the jaw of the wolf, Canis dirus. It is the opinion of
the writer that these remains antedated the Wisconsin ice-sheet.
In the 17th Annual of the Indiana Geological Survey, page 241,
Elrod and Benedict reported that in 1882, Mr. Rantz, while digging a ditch on the farm of William Ruckle, three and a half mile;;
north of Roann, Wabash County, unearthed at a depth of nine feet
the antlers and part of the skeleton of a deer, O. virginian us. [
have a letter from Mr. B. E. Golthy, of Roann, who tells me that
Mr. Ruckle stated to him that many bones were found at the time
mentioned, shin-bones, ribs, and antlers. All those bones have disdisappeared. The deposit in all probability was laid down after
the retirement of the Wisconsin ice.
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ODOCOILEUS DOLICHOPSIS Cope.
This species was based on the left side of a lower jaw which,
we are told, was discovered by John Collett of the Indiana Geological Survey, in a late lacustrine deposit in Harrison County, Indiana. It is to be regretted that those concerned in this matter did
not think it necessary to give more exact information regarding the
locality where the jaw and the ulno-radius of a bison that accompanied it were discovered. Had we this information it might be
possible for some one to determine with some probability the time
in the Pleistocene when these animals lived. To add to the confusion, Cope, in Volume IV of the Bulletin of the Hayden Geological Survey, page 379, states that the jaw was found in Vanderburgh County. The specimen was described first by Cope in the
American Naturalist, Vol. IV, p. 189; then in the Bulletin of the
U. S. Geological Survey, Vol. IV, p. 379. In the 14th Annual Report of the Geological Survey of Indiana, Cope and Wortman
further described the jaw and gave figures illustrating it and the
teeth. These figures are reproduced here (PI. VI). From the
description and the figures it seems quite certain that the species is
distinct from O. virginianus. The length of the jaw from front to
rear of the angle is given as 250 mm. In the specimen of O. virginianus whose measurements are given on page 612, this length is!
only 225 mm. Notwithstanding this, the length of the series of
molars and premolars is the same in both, 85 mm. Using Cope's
illustration, figure 2, of plate VI, which is a very little less than
seven-tenths of the natural size, we find that the last molar was
placed 70 mm. in front of the angle of the jaw; while in the specimen of O. virginianus it is only 56 mm. in front of the angle. In
the fossil the space between the front of the jaw and the anterior
molar measured 100 mm.; in O. virginianus it measures only 80
mm. We see therefore that this deer had, in proportion to the
length of the series of cheek-teeth, a considerably longer lower jaw
and doubtless a larger head; more especially a longer nose. The
length of the premolar series is given as 34 mm. The length of the
last premolar is stated to be 21 mm.; its width 11 mm. Cope's
figure 2a seems to indicate that the dimensions were greater. In
the figure the series of grinding teeth is made too large, 90 mm.;
but this does not account for all the differences. Perhaps Cope
measured only the worn surface of the teeth.
In the 14th Annual Report of this survey, Cope and Wortman
described and figured a left maxilla with all of its teeth present.
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The hinder one had, however, lost its crown. They say that the
bone was in the collection and that it probably belonged to the
same species; but seemed to offer no differences when compared to
the same part in O. virginianus. In the absence of the materials
it is impossible to add any remarks on this matter.
Genus CERVUS Linn.

Antlers in the male only; with a pedicel short, large and cylindrical; with a brow tine and two other tines on lower half of shaft.
The tines springing from the front of the main shaft. Canine
teeth present; upper molars with an accessory flattened column on
the inner side. Antorbital gland pit of moderate size.
The members of this genus inhabit central Europe and central
~illd northern Asia and central North America.
Formerly the
American species occupied the United States from the Atlantic to
the Rocky Mountain region and to northern California and Yukon
'l'erritory, south to Tennessee and probably even western Florida
in the Eastern region.
CERVUS CANADENSIS Erxleben.
THE WAPITI; AMERICAN ELK.

The American Elk, or Wapiti, is a stately and splendid species
of deer which, on the coming of white men to this continent, occupied the more temperate parts of the country from the Atlantic to
the Pacific, extending its range north to about 57° latitude and
south to North Carolina, Tennessee, Arkansas, Texas, and New
lIIexico. It is now on the verge of extinction. It is a much larger
- animal than the Virginia deer, having a length of about eight feet
from the nose to the root of the tail, a height of nearly five feet at
the shoulders and somewhat more at the rump. The female is
somewhat smaller. The antlers are large, (Fig. 45), reaching sometimes four feet 6 inches, measured along the curve, and sometimes
probably they were still larger. They extend upward, outward and
somewhat backward. The tines, five to seven in number, project
from the front of the main shaft. Other details of the structure
are given below.
Remains of the Wapiti in a fossilized or semi-fossilized condition have been reported from various parts of the eastern half of
the United States, Vermont, New York, New Jersey, Maryland,
North Carolina, South Carolina, Kentucky, Indiana, Michigan,
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Wisconsin and Illinois, and from Ontario, Canada. Certainly some
of the remains reported belong to the recent epoch; others are certainly of Pleistocene times; about others there must remain great
doubt. More finds of its remains have been made in Indiana than
in any other State, and all these belong to the northern half, in
deposits evidently overlying the Wisconsin drift. There seem to
be no remains that prove the presence of this animal in our country
during the earlier part of the Pleistocene, none that seem to be as
ancient as some of the finds of the Virginia deer. I agree with Osborn that so far as we can now determine the Wapiti was a late

FIG. 45.

Cervus canadensis, the Wapiti. View of right antler from (eft side; nose toward the (eft
hand. After Baird.

comer to this region; but it was probably here before the extinction of the mastodon.
In the 22d Annual Report of this Survey, page 90, Professor
Blatchley reported that antlers of a large elk had been found near
Kouts, in Porter County, and that they were lying close to teeth
of a mastodon. So far as it goes, this account indicates that the
antlers were in Pleistocene deposits; but it is to be regretted that
the finders did not furnish more detailed information.
In the same report Professor Blatchley stated that antlers of
this species had been found in Lake County.

()] 8

REPORT OF STATE GEOLOGIS'f.

In the collection belonging to the Geological Survey at Indianapolis, there is a part of an elk antler which had been presented
by Dr. Loughridge, of Rensselaer, Jasper County, and which had
presumably been found near that place. The piece is 400 mm. long
and forms the base of the antler. The greatest diameter of this
base is 90 mm., and at 200 mm. above the base the diameter of the
shaft is 55 mm.
In the collection at Indianapolis is a left antler which has a
length of 1,200 mm. It presents five tines. The base has a diameter of 94 mm. It appears to have been found about 1884, near
l!-'oresman, Newton Oounty, and it is credited to D. E. Dowe. We
know nothing regarding the depth or the kind of deposit in which
it was found.
Messrs. Elrod and Benedict (17th Ind. Rep., 1892, page 290),
stated that, near the western border of Wabash Oounty, the head
and antlers of an elk h.ad been unearthed by a Mr. Longnecer on a
swamp which he was draining. The statement is made that the
antlers measured eight feet from tip to tip. It seems probable that
in making the measurement the antlers were laid out with their
shafts in the same line; for no elk is known to have had antlers of
this extent. Here again, we must lament the fact that the material
was not preserved.
In the 12th Annual Report of the Indiana Geological Survey,
page 169, Mr. McOaslin reported that in Jay Oounty the bones of
the mastodon and post-glacial deer or elk had been frequently met
with. The gigantic antlers of the latter have been found in size
indicating an animal eight or nine feet high and 10 or 11 feet in
length. These antlers are said to have been picked up in a bog
north of Oamden, in Penn Township. Unless these antlers belonged to an animal yet unknown, they certainly were those of
Gervus canadensis. The bearer of the bones was probably not so
large an animal as imagined.
In the 12th Annual Report of the Survey, page 181, Dr. A. J.
Phinney stated that in draining swamps in Randolph Oounty, elks'
fossil antlers had often been found, some very large and having a
spread of six feet. No other details are given.
In the geological collection at Earlham Oollege, Richmond, Indiana, there is a small lot of elk bones that were secured in May,
1893, by Messrs. Shoemaker, Grave and Moore in a ditch that was
being put through a swamp in Randolph Oounty, known as "The
Dismal. " Among these bones is a humerus, which has a total length
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of 300 mm. There is a scapula which appears to belong with it.
Mr. Caswell Grave, now of Johns Hopkins University, informs me
that these bones were found in a long ditch or canal that had been
made in a swamp about one or two miles southeast of Winchester.
They were found outcropping in the sides of the ditch for the space
of half a mile. Only a few of the bones seen were brought back to
Earlham College. It is to be hoped that somebody will soon make
extensive collections here. The writer has reason to believe that
"The Dismal" is located some miles east of Winchester.
This animal has been found likewise in Wayne County. In the
Earlham College collection there is a skull of an elk, No. 5070 of
the catalogue. It is labeled as having been presented by Lee Ault,
superintendent of schools in Cambridge City. It is stated to have
been found one mile northeast of Cambridge City, in Little Simonds Creek. It lay partly exposed in a bed of gravel four rods
below the mill-dam and one-fourth of a mile above the place where
the creek empties into the West Fork of White River. It is not
at all improbable that the skull belongs to some part of the Recent
epoch. The specimen is pretty thoroughly mineralized and stained
with iron oxide.
In the same college there is the rear portion of the skull of an
elk, with the bases of the antlers. It is recorded as having been
found at Franklin City, Wayne County, on Nolan's Fork, and received from Mr. Isaac Thomas. The catalogue number is 5069. The
animal appears to have been a large one and the skull furnishes the
following measurements:
Height of the occipital crest above the bottom of the OCCipital
foramen ............................................... . 100
Width of the skull behind ................................. . 150
Width of the skull just in front of the pedicels ............. . 145
Antero-posterior diameter of the pedicels ................... . 50
'I'ransverse diameter of the pedicels ........................ . 52

mm.
mm.
mm.
mm.
mm.

The antlers are broken off at the point where the first, or brow,
tine was given off. In order to identify fossil remains of this noble
animal we must compare bones and teeth with those of prepared
skeletons.
The following measurements are made from three skulls in the
U. S. National Museum, No. 86417, a young adult male from Jackson Hole, Wyoming; a young adult female, No. 24217, from Yellowstone Park, and a second larger male, No. 171889, from Jackson
Hole:

)
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MEASUREMENTS.

Male,
86,417.

Female,
24,217.

Male,
171,889.

----------------------------------:--------1-------------Length [rom condyles to front o[ premaxillae ....... .
Breadth at ear openings ............................ .
Breadt.h across zygomatic arches. . . . .. . . . . . . . . . . .. ..
Breadth on rim o[ orbit at Ironto-lachrymal suture ..
Breadth just above antorbital ................. .
Breadth at sockets o[ canines ................... .
Distance from front of premaxillae to palatines ..... .
Distance from front of premaxillae to hinder nares. '. . ...
Distance from front of premaxillae to anterior premolar ..
Width of palate at front premolars. . . . . . . . . .. . .....
Width of palate at front of hinder molars. . . .. .
Length of lower jaw from front to rear of angle ..
Length of symphysis .................. .
Height at first true molar...... . ........... .
Length of upper premolar-molar series ....... .
Length of upper premolar series ........ , .. .
Length of upper molar series ................. .
Length of lower premolar-molar series ........ .
Length of lower premolar series .............. .
Length of lower molar series ................... .
Distance from last incisor to anterior premolal' ..
Pm.', length .. .
Pm. 2, width .... .
Pm. a, length .. .
Pm.', width .. .
Pm.', length .. .
Pm. 4, width.
M.' length ....
1\1.', width ..
M. 'l, length.
M. 2, width ...
M. 3, length ..
M.', width ... .
Pm." length .. .
Pm." width .. .
Pm. 3, length .. .
Pm .• , width .... .
Pm. " length .... .
Pm. 4, width ... .
M. " length .... .
M." width ............... .
M. " length ..... .
M.·, width ..... .
M. 3, length ...... .
M .• , width ...... .

408
123

177
132
88
86
192

255
126

50
70
332
52
44

133
59
78
144

57
87
96

21
17
22

19.5
18
20
23
24

29
25
27
23
16
10
19
13
23
15
24

16
30
18
35
17

25
17
31
19

!:::::::::.::

In the case of the female skull measured above, the milk teeth,
much worn, are yet in position. Although their individual measurements are not given,. they are included in the lengths of the
series. The lower hinder true molar is not sufficiently extended
for accurate measurement. In considering the measurements of
the teeth of this species, as in the other, it must be taken into the
account that as they are worn down they become slightly shorter
and the worn face broader. The latter fact does not affect the
measurement given of the breadth, for this is taken at the base of
the tooth.
The antlers of the elk rise from the pedicels, passing upward,
Hnd outward, and having between them an angle of less than 90
degrees. Toward the extremity the main stem turns forward and
a little inward. The tines rise from the front of the main stem,
not from the hinder border as they do in Odocoileus. There is a

PI,lUSTOOENE PERIOD AND ITS VERTEBRATA.

621

brow tine and two others in the lower half of the shaft, and two or
three others in the upper half. In the specimen at hand, from
Wyoming, the main shafts are about four feet long, and the tips
of the two antlers are three feet apart.
To assist in identifying any bones that may be found, the following measurements are given. They are taken from a fully
grown male individual in the U. S. National Museum. All measurements made in a straight line:
Axis, total length of the centrum .............................
Axis, width of the anterior end across the articulation. . . . . . . . ..
Bcapula, length parallel with its spine ........................ ,
Scapula, width of the upper end ..............................
Humerus, total length ........................................
Humerus, from head to surfrrce for ulna .......................
Radius, total length ..........................................
Clna, total length ............................................
Anterior cannon bone ........................................
PelviS, total length ....................................... : ..
I'elYis, breadth at acetabula ..................................
Pelds, breadth at hinder end of ischia ...... , ..... , ....... , .,.
I<'ellllll', total length ..........................................
b'CUlUl', from head to inner condyle ..... " ., ., .................
Tibia total length ............................................
Posterior cannon bone ........................................

130 illm.
88 illIll.
350 mm.
205 mm.
340 mm.
300 mm.
345 mm.
430 tum.
313 mm.
430 mm.
205 1111l1.
310 mm.
400 mm.
375 mm.
445 mIll.
345 mm.

In the female which furnished the measurements of the skull
and teeth, the bones are considerably shorter. The femur, from
the head of the surface for the ulna, is 260 mm. long; and the total
length of the tibia is 385 mm. Allowance must therefore be made
for individual variation, for sex and for age. In case that the
antlers are not found with remains of the elk, it may be necessary
to rely On the teeth for identification, or teeth only may be found.
The size of the teeth of the elk will distinguish them easily from
those of the Vlrginia deer. They need to be carefully studied to
distinguish them from those of the moose (Alces arnericanus).
Scott's moose (Cervalces scotti), the musk-oxen and the varions specles of bison.
A comparisDn of the measurements of the teeth of Cervus cana··
densis with those of Alces americanus shows at once that those of
the latter are larger, being especially broader. The greatest differences are found between the premolars of the two species, those of
the moose being both much longer and much brDader. There is not
so great difference between the second upper molars of the two
species, the lengths heing nearly the same; but at the base that of
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the moose exceeds considerably the breadth of the same tooth as the
elk. The upper true molars of the elk have, on the inner face, at
the summit of the cleft between the two lobes, a little column. In
the moose this is extremely small or absent. In the upper molar
teeth of these species there are prominent folds of enamel on the
outer face of each tooth. There is one at the front of the tooth.
(parastyle of Osborn), one where the adjacent horns of the anterior
and the posterior crescents meet (mesostyle), and one at the rear
(metastyle). There is also a less prominent fold between the parastyle and the mesostyle, and another between the latter and the
metastyle. In the moose the principal styles, especially the parastyle and the mesostyle, are broader and more prominent than in
the elk; the fold between the parastyle. and the mesostyle in the
moose diverges perceptibly from the parastyle, while in the elk the
two are parallel. In the premolars there are on the outer face three
folds or styles. In the moose the median makes a greater angle
with the front one than in the case of the elk.
Usually the greater length of the tooth and always the greater
breadth will serve to distinguish the lower premolars and molars
of the moose from those of the elk.
The greater size of the teeth of Cervalces scotti distinguish
them readily from those of the elk.
The teeth of the bisons must be considered. If unworn or little
worn upper molar teeth of the bison and of the elk are compared,
the former may at once be distinguished by the far higher crowns,
perhaps twice as high as those of the elk. If the teeth are worn
down those of the elk will have the inner and the outer face sloping
strongly toward each other, while in the bisons they will be nearly
parallel. The worn faces of the molar teeth of the bisons are more
nearly square than those of the elk. Those of the bisons have, on
the inner face, instead of a little, freely projecting column, like a
little stalactite, a large column that adheres to the tooth nearly the
whole length and nearly fills the cleft between the two lobes. As to
the premolars, the measurements must be applied, or those of the
f'lk may be compared with the same teeth in the skull of the domestic ox. In regard to the lower teeth comparisons of the measurements of the elk teeth with those of the bisons will usually settle the
matter. The lower true molars of the bison have, on the outer face,
a strong fold of enamel, forming a style or column in the cleft between the two lobes.

-/
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Genus CERVALCES Scott.

Antlers dichotomous and palmated; the base of the shaft much
longer than in Aloes. Nasals and premaxilhe far less reduced than
in the latter genus and the former bones in contact with the latter.
'l'his genus appears to differ essentially from Aloes, that containing the moose, in having the anterior nares, as shown in the
skeleton, much smaller, an indication that the prehensile upper lip
was not so greatly developed.
CERVALCES SCOTTI Lydekker.
SCOTT'S EXTINCT MOOSE.

This is the species that Prof. W. B. Scott (Proc. Phila. Acad.,
1885, p. 181, pI. 11), described under the name Cervaloes americanus. Lydekker, in his Deer of All Lands, p. 60, pointed out
that the specific name was preoccupied, and he therefore named
the animal in honor of Professor Scott.
The first known remains of this species were found at Big Bone
Lick, Kentucky, and were described and figured by Wistar in 1818,
(Trans. Amer. Phil. Soc., Vol. I, p. 375, pl. X, Figs. 4, 5). He
mentions it as a "Cervtls." Cooper, Smith, and Dekay, in 183],
referred it with doubt to the living species of moose. Harlan, in
1834, gave it the name Cervns americanns. The descriptions and
figures were based on the hinder part of the skull which bore the
bases of the antlers. Leidy (Jour. Phila. Acad., Vol. VII, 1869, p.
378), expresses some doubt regarding the place where the skull was
found. With the skull in the Academy of Natural Sciences in Philadelphia Leidy found the bases of the antlers of another specimen
and two metacarpals, all in the same friable and abraded condition.
About the year 1884 there was discovered in a shell-marl deposit, under a bog, at Mt. Hennon, New Jersey, a nearly complete
skeleton of a moose which is referred to this species. The only
bones missing are five tail bones, two ribs, the right scapula and
humerus, and a few foot bones. Excepting the bones of the tail,
every bone is represented on one side or the other of the animal.
The bones are beautifully preserved and look as if they had been
obtained from a recently killed animal. They belonged to an animal that was adult, but not old. They have been mounted, and
the skeleton forms one of the attractions of the natural history
collection at Princeton University. From Scott's plate, representing this skeleton as mounted, has been prepared the line drawing
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here presented (PI. VII). The other figures also are from Scott '8
memoir.
The only certain identifications of this moose are those of the
materials found at Big Bone Lick and at Mt. Hermon, New Jersey.
It has been reported with doubt from Kansas and from the interglacial deposits fit Toronto, nanada. It is impossible to determine
PLATy.; VII.

Cprvalcl'8 scotti.

View of the skeleton.

the age of the Big Bone Lick remains. Animals left their remains
there probably from the time of the retirement of the Illinois icesheet up to the present. The Toronto formation may belong to the
Sangamon interglacial stage. There is more certainty about the
time when this fine specimen at Princeton University lived. The
whole country about Mt. Hermon, N. J., is, according to Salisbury's
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map of the glacial deposits of New Jersey (Geol. Surv., N. J., Vol.
V), covered with what is called late drift. 'rhis is regarded as
equivalent to the Wisconsin. The specimen was found in a bog on
this drift, and may be regarded therefore as post-Wisconsin in age.
A study of the measurements of this specimen, as presented by
Scott, seems to the writer to show that the proportions of the extinct species were almost exactly those of the moose, the legs being
little if any longer and the neck rather longer than shorter, all as
compared with the length of the animal. This moose was thought
by Scott to have stood higher on its legs than does the living species. He has given comparative measurements of this specimen and

FIG. 46. Cervalces scotti.

Skull and antlers seen from in front.

Compare with Fig. 47.

of one of the moose. The latter is said to have had a height of
1,695 mm. at the withers and 1,565 mm. at the sacrum. The extinct species showed 1,810 mm. and 1,680 mm. as the corresponding measurements. That is, the extinct species had a height of
about six feet at the shoulders. The living species of Alces furnish
still larger specimens.
In order that it may be possible to recognize remains of this
species if found, the following descriptions and measurements are
presented:
The skull has a length of 550 mm. from the condyles to the
front of the premaxillre. 'rhe width across the paroccipital processes is 150 mm.; at the hinder borders of the orbits, 252 mm.; at
the flnterior premolar, 132 mm. From the front of the premaxillfl
to the front of the nasals is 185 mm., one-third the length of the
skull; in the moose this is 285 mm., one-half the length of the skull.
40-29153
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Along the midline, between the back of the head and the antlers,
there is a slight depression i between the antlers a convexity i in
front of the antlers, a slope downward. In the male moose there
is a high knob of bone between the antlers. The nasal bones of
Cervalces scotti nre 181 mm. long, and extend forward in advance
of the hinder end of the premaxillffi. In the living moose the
nasals are very short and lack much of reaching the premaxillffi.
The antlers start out laterally at nearly right angles with the
plane of the midline of the skull (Fig. 46). .At a distance of 100
mm. from the base the diameter of the shaft is 55 mm. At about
170 mm. the shaft begins to flatten and soon divides into two palmations. One of these may be said to continue the main axis outward, then somewhat upward ending in the outer snag. Its hinder
border is thickened, and the width of the palmation amounts to as
much as 300 mm. The other branch is directed upward and is soon
divided into an anterior division and a posterior one. Each of
these divides and subdivide!'! into terminal snags. The length of
the antler, measured on the outside of the curve, is 863 mm.; the
distance between the outer extremities of the two antlers is 1,620
ram., over five feet.
All the tel:lth are pre!'!ent except the lower incisors and canines.
'fhe following measurements have been taken by the writer:
Length of the premolar-molar series, 168 mm. ; of the premolar
series, 74 mill.; of the molar series, 90 mm.
MEASUREMENTS OF THE TEETH.

I

UPPER TEETH.

Measurements.

L_o_W_E_R_T_EE_T_H_._ _ I__
M_ea_s_ur_em_en_ts_._

1_ _ _

Pm.! ....

Length, 23 mm.
Width, 23 mm.

Pm.' ... .
Pm.2 .... .

Length. 21 mm.
Width, 14 mm.

Pm.· .... .

Pm.· .... .

Length, 26 mm.
Width, 24 mm.

Pm.3 .. .
Pm.3.

Length, 23 mm.
Width, 17 mm.

Pm.· ....... .
Pm ....... .

Length, 26 mm.
Width, 27 mm.

Pm.4. .
Pm.4.

Length, 27 mm.
Width, 20 mm.

M.I ...... .
M.' .... ..

Length, 29 mm.
Width, 27 mm.

M.! .... .

M. I • . . . . . . • .

Length, 28 mm.
Width, 20 mm.

M·...... .
M.· ...... .

Length, 28 mm.
Width, 29 mm.

M ...... .
M .... .

Length, 30 mm.
Width, 22 mm.

M.· .... ..
M.· ..... .

Length, 31 mm.
Width, 27 mm.

M .......... .
MB.I ...... .

Length, 41 mm.
Width, 21 mm.

Pm!,

The width of the molars, upper and lower, except M'l is taken
across the anterior lobe.

-----------------------------~-----

-

1'1EISTOCENE PERIOD AND ITS VERTEBRATA.

627

'1'here may be in the upper molars minute accessory pillars or
columns at the base of the valley between the two lobes, on the
inner side of the tooth. On the outer face of the premolars there
ate two strong pillars, of which the anterior is the broadest. Both
rise below the anterior root of the tooth, and the hinder swings
backward to the middle of the face of the tooth. On the outer face
of the molars there are three strong pillars. Two of these rise below the anterior root and diverge little. The third root rises between the two roots of the tooth. This swings somewhat backward.
In front of it is a strong excavation; behind it a shallower one. In
the hinder molar there is a fourth pillar into which the hinder
crescent sends an extremity.
In the lower molars there is a rather thick pillar on the outer
face in the interval between the two lobes. It is, however, short. On
the inner face the molars are deeply and obliquely notched between
the lobes, and the notch penetrates the anterior cement lake. The
inner face of each lobe has a pillar which subsides toward the base
(lr the crown. The hinder molar has a large heel or third lobe.
Pm. 4" resembles a molar, but it has a little external pillar. The
inner face of the two anterior premolars is strongly folded and
notched.
The following mea::mrements are given of some of the principal
hones:
Rcapula, length along the spine ...............................
Scapula, width at upper end ..................................
Humerus, length from tuberosity ..............................
Humerus, least fore-and-aft diameter ........................ "
Humerus, least transverse diameter ...........................
Radius, length ...............................................
~fetacarpal bone .............................................
Metacarpal, transverse diameter at middle. . . . . . . . . . . . . . . . . . . . ..
Femur, length from the head .................................
Tibia, length .................................................
Metatarsus ...................................................

445 mll.
255 mm.
425 mm.
55 mm.
44 mm.
450 mm.
355 mm.
40 mm.
440 mm.
412 mm.
421 mm.

Genus ALCES Gray.

The antlers broadly palmated. Base of the shaft relatively
short. Nasals very short, far removed from the reduced premaxmm and leaving the bony anterior nares open a distance equal to
nearly one-half the length .of the head. With a long prehensile
upper lip.
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ALCES AMERICANUS Clinton.
THE MOOSE.

This magnificent animal, still in existence, ranges from Labrador to Nova Scotia and west to the Rocky Mountains and north to
Great Slave Lake.
The only claim that Indiana can at present make on this animal
iil that some remains of it have been found at Big Bone Lick, Kentucky. Inasmuch as it was during probably either the Illinoian 01'
the Wisconsin glacial stages, more probably during both, crowded
down as far as Kentucky, its remains arc very likely to be found in
Indiana.

FIG. 47. ..4.lces americanus, the Moose. Left antler seen from in front.
After Baird.

Compare with Fig. 46.

The endeavor will be made here to present enough of description and of measurements to enable students to determine with
some certainty the teeth and some of the principal bones of the
moose.
In bulk this deer is about equal to a horse. The height at the
shoulders may be as much as 2,440 mm. (8 feet) ; its length, 2,190
mm. (7 feet). It is, however, usually smaller.
The skull is long and narrow, the part of the upper jaw in front
of the front premolar being considerably longer than the series or
molar and premolar teeth. In this respect it resembles Cervalce:;,
but differs from the American elk, CerV1t-s americanus. The nasals
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are extremely short, so that the anterior ends are behind the front
premolars. The skull of a specimen in the U. S. National Museum,
No. 111671, from Manitoba, is 560 mm. long, from the exoccipital
condyles to the front of the premaxillre; 165 mm. in width at the
c:ar-opening; 218 mm. wide at the zygomatic arches; 232 mm. wide
at the hinder border of the orbits; 100 mm. wide just above the
,mtorbital forami.na; from the front of the premaxillre to the front
of. the nasals is 255 mm.
The antlers are,' of course, absent in the female. In the grown
males they form two enormous expansions which are furnished on
their anterior borders with numerous tines or snags (Fig. 47). The
bases are directed outward approximately at right angles with the
median plane of the skull. The base is short. The antler divides
into a smaller palmation directed forward and a much larger one
directed outward, upward and backward. In size and form there
is great variation. The extent from outside to outside of the antlers
may be more than four feet.
The following measurements of the teeth are taken from the
specimen mentioned above:
Length of the upper premolar-molar series, 147 mm.; of the
premolar series, 67 mm.; of the molar series, 82 mm. Length of
the lower premolar-molar series, 163 mm.; of the premolar series,
67 mm.; of the molar series, 93 mm.
MEASUREMENTS OF THE TEETH.

~feasurernents.

UPPER TEETH.

'II

Pm.'.! ...... .
Pm.'.! ..

Pm,'.,
Pm. 3 ..

i

Length, 24 mm.

'1 Width, 21 mm.
.

,

.

1

Measurements.

LOWER TEETH,

Pm.'.!.
Pm.:!

.1
• I

Length, 23 mm.
Width, 25 mm.

Length, 19 mm.

'1 Width, 14 mm,
Length, 23 mm,
Width, 17 mm.

Pm.4.: ..

Pm ..' .....

Length, 23 mm.
Width, 28 mm,

Pm.4.
Pm.4 ..

Length, 27 mm.
Width, 18 mm,

M.I ...... .
M,' .. .

Length. 26 mm.
Width, 27 mm.

M" .

Md ...

Length, 25 mm,
Width, 20 mm,

M,' ...... .
M,' .. .

Length, 28 mm.
Width, 29 mm.

M" .. "."
M" ...

Length, 27 mm.
Width. 22 mm.

M,o"",.,
M,o ...

Length, 28 mm,
Width, 30 mm,

M, ... .
M" .. .

Len~th, 39 mm,
Width, 22 mm,

The following measurements of the bones are taken from Scott's
paper on C ervalces:
Length of the' scapula, 443 mm.; total length of humerus, 405
mm.; length of radius, 415 mm.; length of metacarpus, 318 mm.;
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length of femur, 435 mm.; length of tibia, 485 mm. ; length of metatarsus, 385 mm. It must be recognized that all measurements will
vary somewhat in different individuals.
Genus RANGIFER

Fri~eh.

Antlers present in both sexes, placed nenrer the hinder outer
angle of the skull than to the orbits, more or less palmated, furnished with brow tine. The brow tines of the two sides usually
unlike, one large and nirected in front of the face. A bez, or second, tine present. Axis at middle of length bent forward and ending in a snagged palmation. Lower tines on front of shaft; upper
ones on its hinder border. Canine teeth present. Rather heavily
built animals.
RANGIFER CARIBOU Gmelin.
THE CARIBOU.

Fossil remains of one or more species of caribou have been reported from many parts of North America, usually under the name
Rangifer tarandus, which properly belongs only to an Old World
species, or the name R. caribou, the Barren Ground Caribou of the
colder parts of North America. Such remains have been found in
Connecticut, New York, Ontario (Oanada), New Jersey, Pennsylvania, Kentucky, Iowa, Nevada, Yukon, and Alaska. Inasmuch as
the caribous of North America have been shown to belong to several
species it is not at all improbable that the fossil remains do not all
helong to R. caribou. Indeed, it is quite certain that the bones and
teeth found long ago at Muscatine, Iowa, belong to what is now an
('xtinct species.
As to the age of the caribou remains found in the United States
we cannot always be certain. Some of them undoubtedly belonged
to Wisconsin or post-Wisconsin times. The scanty remains found
at Toronto prohably lived at some time between the Illinois and the
Wisconsin glacial stagrs. The same may be true of the Muscatine
jaws and pieces of antlers.
The finding of remains of a caribou, possibly R. caribou, at Big
Bone Lick, Kentucky, seems to justify a brief description of the
raribou. It is, indeed, rather remarkable that remains of tbis animal have not been found in the northern half of Indiana. After
the withdrawal of the Wisconsin ice-sheet there must have beeu a
long period when the climate was favorable for the existence of
these animals. Most frequently, perhaps, it is the antlers that will
be found. As shown by Figure 48, the form of these is quite differ-
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ent from that of any other deer. This antler is that of R. groendtnndiC1ls. If the rear of the skull accompanies the antlers the identity of the animal is shown by the nearness of the bases of the
antlers to the rear of the skull. AB to the teeth there is a good deal
of range in the size. There are given here measurements from a
f;pecimen of the subspecies R. caribou sylvestris, from Manitoba,
No. 111700, U. S. National Museum. It is, however, larger than the
I!aribou of Labrador.

FIG. 48. Rangifer groendlandicus, the Barren GrDund Caribou. View of two antlers of the right
side. seen from the left side. The one in front belonged to a male and shows the palmated brow
tine; tbe other. supposed to have belonged to a female. has a very short brow tine. The brow
tines are directed forward. After Baird.
MEASUREMENTS OF 'IRE TEETH.

III

LOWER TEETH.

- - - - 1'I - Premolar~molar
UPPER TEEm.

1

1 ' --

Premolar-molar series, length...
Premolar series.......
Molar series. . . . . . . .

.
.

106
49
59

1

-

-

108
45
64

series, length ..... .
Premolar series .. .
Molar series .... .

I Pm .• , width .... .

Pm.,. length .... .

11
8

17
16

Pm.s.length ...
Pm .•• width ..

18
10

Pm .., length ... ,
Pm.'. width ..

17
16

Pm .• , length .... .
Pm .• , width .... .

18
11.5

M.l.length .... .
M.'. width ..... .

19
16

M. , • length ...... .
M.l, width ..... .

20
11

M.'.length ..... .

20
16.5

M .• , length.. ...............

20
16

::::

Pm.',length...
Pm.'. width....

18.5
15.5

Pm.', length ... .
Pm.', width .. .

M.', width .....

<

M.'.length ... .
M.·.width ...... .

I

:~:::::

I

············1

: ::: ::: : : ::: : ............ 1

M .•• width ...... , .......

20
11.5
24
12
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The bones of the limbs of the reindeer are relatively shorter and
thicker than in other deer. The following measurements are taken
from a skeleton of a caribou in the U. S. National Museum, No.
4-176:
Length of scapula along the spine, 280 mm.; width across upper
end, 175 mm.; humerus, total length, 256 mm.; length from head,
~36 mm.; radius, length, 330 mm.; ulna, length, 280 mm.; metaearpal, length, 210 mm.; femur, total length, BOO mm.; from head
to lo,ver end, 285 mm.; tibia, length, 325 mm.
Family BOVID.2E.
SHEEP, GOATS, ANTELOPES, MUSK-OXEN, OXEN.

The second and fifth metacarpals and metatarsals rarely present
separate elements; but the extremities of these digits usually
present and furnished with small hoofs. The third and fourth consolidated into a single cannon bone. Males and often females provided with horns, which are outgrowths of the frontal bones and
f!overed with a corneous sheath. Teeth, i. j, c. t, pm. t, m. t. The
cheek teeth usually high-crowned and with moderate or small roots.
'l'he earliest known relatives of this widely distributed and
numerously represented family are found in the Lower Miocene.
Antelopes, sheep, and oxen all existed in the Pliocene and abounded
fluring the Pleistocene. So far as known, none of the family has
ever reaehed A ustra1ia or South America, except through the
agency of man.
Subfamily OVIBOVIN.2E.
Hi"

'l'HE MUSK-OXEN.

Bovidre with the horn-cores rising close behind the orbits and
directed outward and more or less downward and forward. Premaxillre not reaching the nasals. Teeth high-crowned, but with the
styles not as strongly developed as in the Bovinre.
These animals appear always to have inhabited the colder parts
(If the Northern Hemisphere. Five genera are probably to be recognized: Preptocerros, E1wemtherium, Symbos, Bootherium, and Omllos. The first two are known only from the Pacific Coast.
Genus BOOTHERIUM Leidy.

Horn-cores diverging outward and downward from the skull;
the rough surfaces for the horn forming a circular burr at the bases
of the cores and not encroaching on the forehead. Space between
the bases of the horn-cores smooth and convex. Teeth formula as
in other Bovida>, but their Rpecial structure unknown.
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BOOTHERIUM BOMBIFRONS Harlan.
Little is known about the species except from thc original specimen which was found nearly a hundred years ago near the Ohio
River, at Big Bone Lick, Ky. This specimen is now preserved in
the Academy of Natural Sciences in Philadelphia. It was described
PLATE VIII.

Bootherium bambi/rang. Front and side views of the type skull.
fourth the natural size. After Leidy.

I:llightly less than onc-

in 1818 by Casper Wistar, without systematic name. In 1854 Dr.
IJeidy described and figured it under the name which it now bears.
In 1905 Mr. W. H. Osgood made the species the type of the genus
Bootherium , which had been made by Leidy to include likewise the
species described below under the name of Symbos cavifrons.
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Two of Leidy's figures are here presented somewhat reduced
(PI. VIII). These figures show well the direction taken by the
horJ?-cores; the burr at the bases, resembling that in the oxen; the
nearly equal diameters at the bases; the short but distinct pedicel
between the forehead and the burr; and the wide, convex, and
smooth surface between the two horn-cores.
The following measurements have been taken by the writer from
the skull at Philadelphia:
Length of the skull from oCcipital condyles to notcb for the nasals.
Length of the skul1 from occipital crest to notch for the nasals. "
Height of tbe rear of the skul1 above lower border of the occipital condyles ............................................
Width of skull at the occipital crest ..........................
Width of the skul1 ut the ear-opening .........................
Widtb of face at front of the orbits ...........................
Diameter of the orbit, forc :md a it. ..... , . . . . . . . . . . . . . . . . . . . . ..
Oircumference of base of horn-core ............................
Diameter of base of born-core on plane of face .................
Diameter of base of horn-core at right angles to preceding ..... "
Length of horn-core along upper curve ....................... "
Distance between tips of horn-cores ...........................
Distance between bases of horn-cores .........................

263 mm.
240 mm.
137 mm.
117 mm.
170 mm.
180 mm.
80 mm.
225 mm.
70 mm.
67 mm.
225 mm.
440 mm.
150 mm.

Remains of Bootlw1"ium bomb7/rons may be expected with confidence to occur within the limits of Indiana.
This species has by some authors been regarded as the female
of Symbos cavifrons, but the writer does not share in this opinion.
Genus SYMBOS O~good.

Horn-cores directed outward, downward and forward; the upper
face flattened at the base. 'l'he exostoses of the two sides coalescing
nt the midline, extending backward to the occipital crest and forward to or beyond the orbits. Space between the horn-cores concave. Borders of orbits not so much produced as in Ovibos. Teeth
Eot well-known, but as far as known essentially like those of Ovibos,
hut larger.
The type of this genus is Osgood's Scaphoceros tyrrelli, later
raIled Symbos tyrrelli, found in Yukon Territory. This was based
on a nearly complete skull, lacking, however, the lower jaw. In the
same genus he included the species long known as Boiitheri1lm cavifrons, originally described by Leidy.
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SYMBOS CAVIFRONS Leidy.
'1'he type of this species was found many years ago near Fort
Gibson, Indian Territory, near the junction of the Neosho River
with the Arkansas. When discovered it was used as a seat in the
hut of an Indian. It is now in the collection of the Academy of
Natural Sciences of Philadelphia. It was described and figured by
IJeidy in 1853 (Smithson. Cont. Knowl., Vol. V, Art. 3). Figures
of the same skull were published by W. H. Osgood in 1905 (Smithmn. Misc. ColI., Vol. XLVIII, pIs. XL-XLII). The skull was represented by only the hinder part, extending forward only to the
notch for the hinder end of the nasal bones. However, the tips
would have extended to the rear of the orbits. The base of the
horn-core is flattened on the upper surface, so that the one diameter
i~ much greater than the other. Between the horn-cores the fore1lead is rough and pretty deeply concave, with a slight median
longitudinal ridge. In Ovibos there is, between the rough hornsupporting surfaces of the two sides, a narrow but distinct groove,
and in life this groove is occupied by a streak of hair. It is probable that in the members of the genus Symbo8 the horns of the two
sides coalesced across the forehead.
The following measurements were taken by the writer from this
skull at Philadelphia:
M easurernents.

Skull, length from the condyles to the fronto-nasal suture ......
Skull, length from occipital crest to fronto-nasal suture, straight.
Height of the occipital crest from bottom of condyles ............
Width of skull at occipital crest ..............................
\Vidth of skull at ear-opening ................................
Width of skull at front of orbits ..............................
Diameter of orbit, fore and aft....... . . . . . . . . . . . . . . . . . . . . . . . ..
Circumference of base of ho'rn-core ............................
Diameter of base of horn-core, on plane of face ..............
Diameter of base of horn-core, at right angles to preceding. . . . .
Length of horn-core along upper curve, estimated ...............
Distance between tips of horn-cores ...........................

3()() mIll.
285 mm.
220 mm.
140 mm.
210 mm.
210 mill
95 mm.
300 mm.
110 mill.
75 mm.
300 mm.
575 mm.

The finest known specimen of this species is a skull which was
discovered about the year 1904 by some workmen while digging for
the foundations of a railroad bridge across a slough, about six miles
east of Hebron, Porter County, Indiana, about 60 miles southsoutheast of Chicago. The more exact location given is the N. E.
corner of Section 16, Township 33, north, Range 6 west of the
Second Principal Meridian. This, according to the map, would be
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FIG. 49.

not far north of the Kankakee River. The depth was about seven
feet and the soil is stated to have been a mixture of sand and clay.
This specimen lacks the lower jaw, a part of each of the nasals,

FIG. 50.
Figs. 49. 50. Symbo8 cavifrons. Front and side views of the skull from Hebron. Indiana; DOW in the
American Museum of Natural History, New York. Drawing by R. Weber. About 1- the
natural size.
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the premaxillm, the extremities of the maxillm, all the teeth except
nne, and the tips of the horn-cores. For many years this specimen
had been in the merchandise store of Mr. J. W. Dowd, in Hebron,
by whom the writer was kindly permitted to take photographs and
measurements. From the photographs figures 49 and 50 have been
prepared. The extremity of the right maxilla was present when the
specimen was found, as is shown by a photograph taken at that
time, but has not been included in the drawings here presented.
The specimen is noW in the collection of the American Museum of
Natural History, New York.
From occipital condyles to the maxilIo-premaxillary articulation.. -178 mill.
Height of occipital crest above lower face of condyles ........... 223 nnn.
Width at opening of ear ............................... . . . . . .. 191 mm.
'Width at hinder end of temporal fossre ........................ 134 mm.
Lateral extent of occipital condyles ............................ 118 mm.
Tip to tip of horn~cores, as preserved .......................... 525 mm.
Medinn length of rough surface of forehead .................... 267 mm.
'Width of the concavity, taken at middle of horn-cores _......... 125 mm.
Depth of the concavity between horn-oores, greatest ........... , 36 mill.
J!'ore-and-aft width of bases of horn-cores ...................... 118 mm.
Length of horn-cores, as preserved ............................ 225 mm.
Length of horn~cores, originally, calculated .................... 380 mm.
From rear of skull to hinder border of orbit . . . . . . . . . . . . . . . . . . .. 191 mm.
Diameter of orbit ............................................ 63 mm.
J!'rom occipital crest to fronto-nasal suture ..... , ............... 275 mm.
Height of skull above alveolar border at front of rough surface in
forehead ................................................. 228 mm.
Width of face at rear of articulation of maxilla and premaxilla ... 116 mill.
Width of face 50 mm. in front of orbits ....................... , 203 mm.
Width of face between horn-cores and orbits ................... 141mm.
Width across zygomatic arch.es ............................... . 223mm.
Width of hinder end of basiOCCipital eminence ................. . 82mm.
From rear of occipital condyles to front of hinder Ilare~ ....... . 263mm
Greatest width of hinder nares .................... , .......... . 58mm.
Width of palate between the molars ......................... . 95mm.
Width of palate betwe'en front premolars .................... . 70 mm.
Length of tooth series, as shown by alveoli .................... . 182mm.

The exostosis which occupies the forehead is greatly developed.
It extends backward to the occipital crest and forward to the line
joining the fronts of the orbit"!. It is very rough. '1'he space occupied by it is concave from side to side. There is no median ridge
and no ridges bounding it in front and in the rear.
The horn-cores are flattened above, and wide fore and aft. Away
from the base the upper sl1l'tace becomes more and more convex.
The lower surface is more conycx than the upper. From the bases
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these cores are directed forward and downward. Their extremities
fell below the orbits and reached fully to the front of the orbits.
In front of each orbit there is a considerable excavation for a
gland. The orbits do not have their borders built out so extensively
as in Ovibos.
The alveolar border of the maxilla appears t{) be unusually convex, as seen from the side. The antorbital foramen is above the
second tooth from the iront, pm.1i. The palatine bones extend forward to the space between the first and the second true molars. One
looth, the left first upper molar, is present. It is considerably
worn, but yet rises 25 mm. above the root. The crown has a fore
lind aft length of 38 mm. and a width of 28 mm. It is thus considerably larger than the same tooth in Ovibos moschatus. The
Ftructure of the tooth resembles that in the latter musk-ox; but the
external pillars seem to be less strongly developed.
In the geological collection at Earlham College, Richmond, there
i<; the rear of the skull of an individual of this species. This was
found in Randolph County, but at what place is not known. The
skull has been somewhat eroded and thereby injured.
The following measurements were taken:
Height of occipital crest above foramen magnum .............. ,
Width at hinder ends of temporal fossa! .......................
Width at ear-openings ........................................
Width of concavity between bases of horn-cores ................
Length of concavity between base,s of horn-cores ...............
.\<'ore-and-aft width of bases of horn-cores .....................
Length of left horn-cores, on upper curve (some gone) ..........

170 mm.
130 mm.
190 mm.
120 mm.
170 mm .
95 mm.
200 mm.

In the American Museum of Natural History, in New York, is
a part of the skull of a musk-ox that is to be referred with necesRarily some doubt to thi<; species. The specimen was reported to
have fallen out of the bank of White River, near Walesboro, Bartholomew Connty, Indiana, in 190:1:. It was presented to the American Museum by Dr. J. J. Edwards of Columbus, Indiana, in 1908.
A tooth of Elephas is reported to have been found previously in the
same gravel.
The specimen is a much damaged one consisting of the rear of
the skull, with only stuuips of the horn-cores, and it has been somewhat waterworn. Between the bases of the horn-cores there is a
great concavity nearly 100 mm. wide and rough. This narrows
backward and forward.
The following measurements were taken:
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Height of occipital crest above upper lip of foramen magnum ......
Width across the rear of skull at ear-openings ....................
Width of occiput at constriction below horn-cores. . . . . . . . . . . . . . ..
Diameter of horn-cores on plane of face. . . . . . . . . . . .. ............
Diameter of horn-cores at right angle a to preceding .. , ..........

170
200±
114
120±
73±

mm.
mm.
mm.
mm.
mm.

Frank H. Bradley (Geo1. Surv. Ill., IV., 1870, p. 375), stated
that remains of "Bootheri1tm" had been found at Beaver Lake,
Newton County, Indiana. He mentioned that a Dr. Keyser, of
Momence, Illinois, had found the bones. It is more probable that
the remains belonged to the species here described. Still another
~,pecimen is known from Indiana. This is now in Earlham College,
Richmond, and was found at some point in Randolph County. The
rear of the skull is present with the 'horn-cores, which have lost
their distal ends. The .rear of the skull is high and the horn-cores
are broad at their hases. The width of the ear-openings is 190
mm. ; that at the hinder ends of the temporal fossffi, 130 mm. ; width
of the concavity between the horn-cores, 120 mm.; length of the
rough surface between the horn-cores, 170 mm.; length of portion
remaining of left horn-core, 200 mm.
It is impossible to say exactly to what stages of the Pleistocene
either the Big Bone Lick specimen or that from Bartholome'w
County belongs. The former place is located on the southern margin of the Illinois drift sheet; the latter on the margin of the Wiseonsin drift. And with our present knowledge we cannot be certain
in regard to the relations of the specimens to the drifts in, below
N' above, which they may have been buried.
We need be in no such doubt concerning the epoch of the Hebron
f'pecimen. All that region is covered with deposits of Wisconsin
drift. According to I~everett's map (Monogr. XXXVIII, U. S. Geol.
Surv., pI. VI), the specimen must have been in a deposit overlying
what he calls Iroquois till, belonging to the late Wisconsin. It is
possible that the animal 'waR living near the foot of the glacier
which left the Valpar;liso moraine. The Randolph County specimen must likewise be looked on as belonging to post-Wisconsin
time.
Attention ought to be directed to the recovery of the bones of
the trunk and limbs of this and other species of extinct musk-ox.
GenU3 OVIBOS Blainvillc.

Musk-oxen with horn-cores directed forward aILd strongly down·
ward, clol"c to the sides of the skuH; the bases broad and flat above
nnd with the horn supporting surface extending nearly to the mid·

~

t-<

>
>-l

M

.....

><

FIG. 1.

FIG. 2.

Fig. 1. Ovibos moschatus, the Musk-ox. No. 14413, U. S. Nat. Mus.; from photograph furnished by Dep't Agriculture. X!±.
Fig. 2. Ovibos moschatus. Front view of the imperfect skull at Earlham College, Indiana. Xl.
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line of the forehead, leaving, however, a narrow space between
them. 'l'eeth, with rather high crowns. Lower incisors and canine::;
small.
At the present day this genus contains two species, O. mos(;hattts, of the shoreR of the Arctic Ocean eRst of the Mackenzie
River, and n. wardi, of northern Greenland and Elsmere Land.
'£he latter may, however, be only a subspecies of O. moschatus.
In prehistoric time what has been regarded as O. mosckatus extended from Great Britain across Europe to northern Asia and into
Alaska and Yukon Territory.
OVIBOS MOSCHA'l'US Zimm.
Within historical times this species has been found in the Aretic
regions of North America from the Mackenzie, on the lands and
islands washed by the Arctic Ocean, south to Hudson Bay and
north to Jones Sound. Its rang'e has now become much more ref,tricted. It, or a species not yet distinguished from it, was during
late Pleistocene times forced southward by the Wisconsin ice-sheet
and again followed this as it 'withdrew towards the Hudson Bay
region. Pla.te IX, Ji-'ig. 1, presents a front view of a skull of a recent specimen of the musk-ox for comparison with figure 2 of the
same plate.
The writer has knowledge of three specimens of a musk-ox belonging to the genus Ovihus and at present not distinguishable from
O. moschattls. One of these is now in the geological collection at
the University of Ohio, at Columbus. This was found in 1894, by
,v. A. McGinnis, at Youngstm,-n, Ohio. The statement is made
that it was discovered under 60 feet 0.£ gravel. The horn-cores had
been eroded off' to their very bases.
The writer has photographs of a part of a musk-ox skull that is
in the possession of Dr. Frederick Becker, of Clermont, Iowa, and
which was found in that region. His son, Mr. A. G. Becker, has
kindly sent me photographR of it. It seemR to belong to Ovibos
moschatus.
A third specimen is in the collection at Earlham College, Richmond, Indiana. Photographs of this have very kindly been sent to
the present writer by Prof. D. W. Dennis, who secured the specimen from the workmen who unearthed it near Richmond. From
one of these Fig. 2 of plate IX has been made. The writer has also
been permitted to examine and take measurements of the specimen.
41-29153
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Only the hinder end of the skull is preserved, and, when found,
this was in a very fragile condition. The horn-cores are broken off
close to their bases.
The following measurements were taken of this specimen;
Height of the upper surfaces of bases of horn-cores above the
lower surfaces of the occipital condyles ....................
Width across skull at hinder ends of temporal fossa- ...........
Width across skull at ear-openings ............................
Width across skull just behind the orbits .....................
Length of exostoses of bases of horn-cores .....................

165 mm.
140 mm.
160 mm.
160 mm.
180 mm.

The upper surfac'ls of the exostoses are concave in all directions.
A rather prominent ridge bounds each of them next to the median
!lrOove. The suture between the squamosal and the frontal bones
was yet open; that between the supraoccipital and the parietal was
closed. The close resemblance of this skull to that of the living
f'pecies of musk-ox will be noted on comparing figure 1, plate IX,
with figure 2 of the same plate.
Inasmuch as other specimens of this musk-ox are likely to be
found, some of them, it is to be hoped, furnishing skulls with both
jaws and teeth and bones of the trunk and limbs, it is thought well
to give measurements of the skull and teeth and of some of the
principal bones of the skeleton of a specimen of a recent Ovibos
moschatus. These measurements may serve in the identification of
the fossil remains. The measurements of the skull and teeth are
taken from a skull, No. 108722, belonging to the Biological Survey
of the U. S. Department of Agriculture. The other measurements
were obtained from a skeleton belonging to the U. S. National Museum.
Length of skull from condyles to front of premaxillre ..........
Length of skull from condyles to front of hinder nares ........
Height of occipital crest above the occipital condyles ...........
Width of occipital at just behind ear-openings .................
Width of occipital at hinder end of temporal fossre ............
\Vidth of ()('cipital .across middle of zygomatic arches ..........
\Vidth of OCcipital across orbits, lower border .................
Width of OCCipital above second true molars, greatest ..........
'Vidth of occipital front of above anterior premolar, greatest. ...
Distance from lower jaw to anterior premolar ..................
Depth of lower jaw at first true molar. . . . . . . . . . . . . . . . .. . . .. ...
Length of upper premolar-molar series ........................
Length of upper premolar series ..............................
Length of upper molar series .................................
Length of lower premolar-molar series ........................

435 mill.
191 mIll.
116 mIll.
160 mIll.
120 mm.
165 mm.
230 mm.
137 mm.
95 mIll.
106 mm.
42 mm.
1.30 mm.
45 mm.
84 mm.
136 mm.

648

l'T.mS'I'OCEN g l'EtHOI) AN II ['1'8 VElrrEBRATA.

L0ngth of lower premolar series ..............................
Length of lower molar series .................................
Scapula, length along the spine ................................
Scapula, width of upper end .................................
Humerus, total length ........................................
HUmerus, from head to iUller side of distal end .... , .............
Humerus, transverse diameter at middle of shaft ..............
Hadius, total length ..........................................
Hadius, transverse diameter at middle of shaft .................
Ulna, total length ............................................
Anterior cannon-bone, length ................................. .
Auterior cannon-bone, transverse diameter of middle of shaft ... .
Pelvis, length ............................................... .
Pelvis, width at acetabula ................................... .
Pelvis, width at hinder end of ischia ..........................
Femur, total length ..........................................
Fel11nr, length from head to inner side of distal end ............
'1'ilJill, total length ............................................
Tibia, transverse diameter at middle of shaft ........... , . " . ..
'[ibia, width of distal end ....................................
Hinder cannon-bone, length .................................. ,
Hinder cannon-bone, transverse diameter at middle of shaft.. . . ..

46 mm.
90 mm.
335 mm.
200 mm.
325 mm.
285 mm.
36 mm.
298 mm.
37 mm.
31'S mm.
172 mm.
36mm.
410mm.

195 mm.
325 mm.
S38 mm.
33S mm.
340 mm.
37 mm.
58 mm.
187 mm.
27 mm.

MEASUREMENTS OF TEETH

Measurements.

UPPER TEETH.

I.OWER TEETH.

Measurements.

i

i

Pm.!

Pm.! ..

Pm.· ...... ........... . ....
Pm.· .......

I

Pm.· .....
Pm ......
M.I ..........
M.I ....
M.' ....
M.' ...
M.· ....
M.' ..

I

Length. 14 mm.
Width, 11 mm.

I Pm.!.
I Pm.2 ......

Length, 18 mm.
Width, 15mm.

Pm .......

Length, 16mm.
Width, 9mm.

Length, 18 mm.
Width, 16mm.

Pm.4 .....
Pm .•...

Length, 19 mm.
Width, 13 mm.

Length, 26 mm.
20mm.

M. I . .
M.I ..

Length, 24 mm.
Width, 16mm.

Length, 30 mm.
Width, 19mm.

M ....
M.2 ..

Length. 28 mm .
Width 15 mm.

Length, 32 mm.
Width, 19mm.

M .....
M ....

Length. 38 mm.
Width, 13mm.

....'1
...I Width,
....

I
I

Pm.3 ......

Length, 1l.5mm.
Width, 7mm.

The shaft of the anterior cannon-bone is broad and fiat; that of
the hinder cannon-bone nearly square. In the male of the living
::.nimal the horn passes close to the skull, downward and forward
below the eye, then upward and slightly outward in front of the
"ye, and finally upward, outward and backward. The orbit is thus
nearly surrounded by the horn. When the horn is removed from
the core, the latter is found to be about one·half the length of the
horn. It is sometimes, however, much less than one-half the length
of the horn.
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The upper teeth of Ovibos differ in fleveral respects from· those
of Bison, and of Bos (the common ox). The teeth of Ovibos have
no cement. This may, of course, be missing in fossil teeth of the
bisons, for it dissolves more easily than the other elements. The
teeth of Ovibos are not nearly as broad as those of the bisons, but
the crowns of the molars are fully as long, fore and aft. Ovibos,
like Bison and Bos, has, on the outer face of each premolar, an
~mterior and posterior style; and, on the true molars, an anterior,
n medu1l1, and a posterior style. However, in Bison and Bos there
are in the premolars and in the molars two intermediate styles which
exceed in breadth and prominence the main style; while in Ovibos
these appear as mere swellings of the enamel. Bison and Bos have
on the inner face of the true molars a large column between the
two lobes. This is not present in Ovibos.
In Ovibos the lower premolars and molars are both shorter
along the crown and narrower than those of the bisons. The true
molars of the latter have on the outer face, between the lobes, a
large column of enamel which is missing in the species of Ovibos.
The styles on the inner faces are more strongly developed than in
the bisons and the common ox.
'fhe teeth of the elk, Cen'us canadens'is, are lower-crowned and
hroader than the corresponding ones of Ovibos " and they have the
styles, especially the intermediate ones, better developed than in
Ovibos.
These remarks are to be applied with still stronger force to the
teeth of Alces when compared with those of Ovibos.
Subfamily BOVINJE.
THE BlSONS, BCFFALOES, AND OXEN.

Bovidm wi1.h the horn-cores placed well behind the orbits, sometimes at the hinder outer angles of the skull; directed upward and
outward. Frontal bOD es developed posteriorly at the expense of
the parietal. Premaxillre not reaching the nasals. Teeth highcrowned, prismatic, with strongly developed styles and accessory
r:olumns, and covered with a coat of cement.
The earliest known members of this group appeared in the Pliorene of India. They are known also from the same age in Europe.
They were well represented in Europe, Asia and America during
the Pleistocene. All the species native to America belong to the
genus Bison. The common domestic ox belongs to the genus Bos.
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Genus BISON H. Smith.

Horn-cores cylindrical, directed outward and upward, usually
somewhat backward, rising nearer the hinder outer angle of the
skull than to the orbit. Forehead short and unusually broad, the
muzzle narrowed.
The type species of this genus is Bison bison, the American
Bison, or American Buffalo, that once occupied a large part of our
continent, but which is now on the verge of extinction. Besides
this species, there Ofi(~e existed in North America several other
flpecies of the same genus, as Bison antiquus, B. occidentalis, B.
crassicornis, B. aUeni, B. ferox, and B. latifrons.
BISON BISON Linnffius.
THE AMERICAN BISON; AMERICAN BUFFALO.

Inasmllch as this species has been reported from the State as II
Pleistocene fossil, and as it.'! structure is thoroughly known, and
may therefore serve as standard for the comparison of remains of
other fossil bisons, a rather detailed description of it and measurements will be given. These are taken from a mounted skeleton at
the U. S. National Museum, No. 12456. Measurements of other
specimens are to be found in Dr. J. A. Allen's monograph on American bisons. Figures are here presented, taken from Allen's monograph (PI. X, Figs. 1-4). Figures 1 and 2 give views of the skull
of an old male from Kansas. Figure 3 represents, of two-thirds
the natural size, the teeth of the right lower molars of a middleaged specimen; while 1<'ig. 4 represents the upper cheek-teeth of
the same specimen.
i\fEASURI~i\fENTS

OF THE SKELETON.

Length from front of head along the face and straight to hinder
end of pelvis ........................................... 2,E08 mm.
Height at the shoulders .................................... , 1,660 mm.
Sl;:ull, length from premaxillm ............................... 528 mm.
Distance from occipital crest to front of nasals ............... 445 mm.
Distallce from front of premaxillm to front of hinder nares. . . . . 315 mm.
Distance from front of premaxiI1m to first premolar. . . .. .. . . . . . 154 mm.
Width at hinder ends of temporal fosS!.\)..... .. .. .. .. .. .. .. ... 177 mm.
Width between bones of horn-cores ......................... . 260mm.
Width above first true molar, greatest ...................... . 212mm.
Width above anterior premolar, greatest .................... . 128mm.
Width of palate between last molars ............... '" . " ... , 115mm.
93mm.
Width of palate between anterior premolars .... , ., .......... .

PLATE X.

Bi80n bi8on. Fig.1. Skull of old male, side view. Xi. Fi,.2. Same skull seen Ircm behind
Fig. 3. Upper premolars and molars of left side of a middle-aged specimen, showing
the grinding surfaces. Xl. Fig. 4. Right lower molars of same specimen. Xi. After Dr
I._A. Allen.
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Length of horn-core along upper curve ....................... .
Length of horn-core along lower curve ..................... .
Oircumference of base of horn-core ......................... .
Diameter of base of horn-core on plane of faCe , .............. .
Distance between tips of horn-cores ......................... .
Diameter of base of horn-core at right angles to latter ........ .
Length lower jaw from front to angle ...................... .
Length lower jaw from front to condyle, straight line ...... .
Breadth of atlas ........................................... .
Breadth of axis, in front .................................. .
Height of spine of first dorsal vertebra ..................... .
I,ength of scapula along the spine ........................... .
Width of upper end of scapula ............ , .. -.. " ..... , .... .
Humerns, total lImgth ..................................... .
Humerus, length from head to inner side of distal end ... " ... .
Humerus, diameter at middle of shaft, side to side ........... .
Humerus, diameter at distal end, side to side ................ .
Hadius, total length ....................................... .
Hadius, diameter at Illiddle of shaft, side to side ........... .
Hadius, diameter at middle of shaft, fore Hnd aft. ........... .
Ulna, total length .......................................... .
Anterior cannon-bone, total length .......................... .
Anterior cannon-bone, diameter at middle of shaft, side to side.
Anterior cannon-bone, diameter at middle of shaft, fore and aft
Pelvis, total length ........................................ .
Pelvis, width at acetabula ................................. .
PelviS, width at hinder end of ischia ....................... .
}<'emur, total length ........................................ .
I"emur, length from head to inner side of distal end ......... .
I"emur, diameter at middle of shaft, side to side ............. .
Tibia, total length ......................................... .
Tibia, diameter at middle of shaft, side to side .............. .
Tibia, diameter at middI~ of ~haft, for€' and ~ft ............. " .
Calcaneum, total length .................................... .
Hinder cannon-bone ........................................ .
lfinder cannon-bone diameter at middle of shaft, side to side .. .
Hinder cannon-bone diameter nt middle of shaft, fore and aft ..
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222mm.
275mm.
275mm.
93mm.
610mm.
83mm.
415mm.
436mm.
220mm.
127mm.
495mm.
490mm.
300mm.
375mm.
315mm.
60mm;
110mm.
335mm.
57mm.
36mm.
435mm.
206mm.
52mm.
33 mill.
555mm.
280mm.
295mm.
450mm.
400mm.
53mm.
412 mIll.
60mm.
46mm.
162mm.
255mm.

40mm.
38mm.

Inasmuch as the teeth of the specimen measured above were too
much worn to give satisfactory measurements, use is made of a
~:kull of a male bison from northern Alberta, British America, No.
172689, U. S. Nat. Mus. The length of this skull is 566 mm., and
therefore somewhat larger than that of the mounted skeletori.
Length,
Length,
Length,
Length,
Length,
Length,

upper
upper
molar
lower
lower
lower

premolar-molar series ......................... 143 IllIll
premolar series ................................ 60 mm.
series ......................................... 87 mm.
premolar-molar series ........................... 154 mm.
premolar series ................................ 53 mm
molar series ................................... 102 mm.
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MEASUREMENTS OF THE VARIOUS TEETH.

Measurements.

UPPER TEETH.

LOWER TEETH.

:Measurements.

Pm.'... .
Pm.'..

Length:21 mm.
Width,.'i..14 mm.

Pm.' .... .
Pm.' ...... .

Length, 14 mm.
Width. 10 mm.

Pm.'..
Pm.'...

Length, 22 mm.
Width, 20 mm.

Pm .•....
Pm .•..

Length, 19 mm.
Width, 11 mm.

Length, 18 mm.
Width, 25 mm.

Pm .•..
Pm

Length, 20 mm.
Width, 13 mm.

. ....

Length, 24 mm.
Width, 26 mm.

M., .....
M., ..

Length, 25 mm.
Width, 19 mm.

...

Length, 30 mm.
Width, 28 mm.

M., ..
M., ..

Length, 31 mm.
Width, 22 mm.

Length, 33 mm.
Width, 27 mm.

M., .....
M .•.....

Leng:t.h, 47 mID.

Pm.·... . .
Pm.'.....
M.'.....
M.'.....
M.'.......
M.'..... .
M.'.
M.'..

....

<-

Width, 20 mm.

The premolars of the specimen, especially the lower ones, are
much worn and the measuremE'nts are not reliable.
The intermediate styles on the outer faces of the upper teeth,
those between the horns of the crescents, are strongly developed,
ueing broader than, and fully as prominent as, the primary ones.
'f'hese intermediate styles project beyond the rest of the crown. On
the inner side of the upper molars, between the two lobes, is a
strong column, which, as the tooth becomes worn, appears on the
worn surface as a strong fold of enamel filling up the valley between the lobes. 'When the tooth becomes worn down to near the
roots, this fold disappears.
In the lower molars the intermediate styles are on the inner
side of the teeth and project strongly upward. On the outer face,
filling up the valley between the two lobes, is a column, like that
of the upper teeth, which, on wearing down, produces a similar folo
of enamel.
In his monograph on the American bisons, Dr, J. A. Allen has
given measurements and figures which show that the cannon-bones,
hoth of the front and of the hinder limbs, are extremely variable,
especially in the side to side diameter. The horns of this species
are short and stout, the circumference at the base being considerahly greater than the length along the upper curve. They are
sometimes onl.Y slightly curved, usually rather strongly so. They
are directed outward, more or less downward and backward, then
somewhat upward. Usually a line drawn from the tips of one horncore to the other will fall behind and about on a level with the
occipital crest. Often the forehead is more or less inflated, and
then the horn-cores are directed more strongly downward. The
speeies may be distinguished in general by the short, stubby hOl'n-
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cores directed outward and backward. 'rhe horn-cores of the female are "maller and slenderer than those of the male.
Remains of the American buffalo, as it is called, Bison bison,
were reported from Jasper County by the State Geologist, John
Collett, in the 12th Annual Report of the Geological Survey, 1883,
p. 73. He stated that in tbat county the bones of the buffalo,
heaver, and bear, are common. It is to be regretted that no details
were presented as to exact localities and the nature of the materials
found. We are wholly unable to determine whether these remains
might belong to Pleistocene deposits or to those of rather recent
times.
At the mouth of Pigeon Creek, Vanderburgh County, Mr. l!'rancis A. Lincke, some time previous to 1854, found what were supposed by Leidy to be probably remains of this bison, in company
with remains of the megalonyx, an extinct horse, a tapir, the Virginia deer, and the wolf, Canis dirus. It is not at all unlikely,
however, that the bison remains belonged to some one of the extinct
species. While teeth and some other parts of a bison which can
not yet be distinguished from those of the American bison occur in
,teposits belonging to the very beginning of the Pleistocene, we can
not rely on the identifications. We are not yet able to distinguish
the teeth of this bison from those of various other species. At least
one good rea.;;on for this is that we have not good teeth of all the
Rpecies in skulls that can be identified. The trend of the evidence
is toward the conclusion that the existing bison was a late migrant
into the region east of the Mississippi River.
If we cannot be certain regarding the discovery of fossil remains of Bison bison in Indiana, there is no such doubt about its
occurrence at Big Bone Lick, Kentucky. Numerous bones ane!
teeth, including some skulls, have been exhumed there. Unfortunately it is not certain that these remains were contained in actual
Pleistocene deposits. Some of these skulls and various teeth and
hones from this place are described and figured in Dr.J. A. Allen's
monograph already referred to.
BISON ANTIQUUS Leidy.
This species was founded in 1852, by Dr. Joseph Leidy, on a
right horn-core and the attached part of the cranium extending- to
the midline. It lacked the distal end and was somewhat damaged
otherwise. It had been found at Big Bone Lick, Kentucky, and
was a part of the collection presented to the American Philosophical Society by President Jefferson. It was described and figured
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by Leidy and again by Lucas in the 21st volume of the Proceedings
of the U. S. National Museum, p. 759, pIs. LXVII and LXVIII.
Though thousands of bones of the living bison have been found at
Big Bone Lick, no other parts of B. antiquus have ever been diseovered there. Dr. IJeidy afterwards referred to the same species

FIG. 50.

Bison antiquu8. View of face of specimen at Earlham College.

X .115.

a fossil skull that had been found in Oalifornia, associated with
bones of elephant, a mastodon, a horse, and a camel. This specimen, as well as the Big Bone Lick specimen, is in the collection of
the Philadelphia Academy of Sciences. On account of injuries to
the horn-core it is difficult to determine the dimensions in life.

FIG. 51.

Bison _antiquus.

View of rear d skull of same specimen as

Fig.~50.

Professor Lucas estimated the circumference at the base as having
been 364 mm.; the diameter on the plane of the face, 128 mm.; the
one at right angles with this, 120 mm.; the length along the upper
curve, 213 mm.; that along the lower curve, 252 mm. The writer
made the same· measurements respectively, 385 mm., 127 mm., 100
mm., 290 mm., and 326 mm. Dr. J. A. Allen gives the circumfer-
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ence of the base as 370 mm. At any rate, the specimen shows that
the horn-core~ were rather short and stout, with the circumference
(ll the base greater than the length of the upper curve; also, that
they were directed outward at right angles with the median plane
or the skull, that the tips did not get behind the plane of the occiput and that, seen from behind, they sagged somewhat; but that
nowhere did the lower face fall below the occipital condyles, while
the tip" rOSH somewhat above the plane of the forehead.
In the geological collection of Earlham College, Richmond, is
the larger part of the skull of a bison which seems referable to this
species. 'fhis was found in 1896 by a Mr. Brower, a few miles
from Vincennes, Indiana, in a ditch at a depth of six feet. The
writer has not been able to ascertain the exact locality.
It 'vYas described and figured by Mr. W. G. Middleton and Prof.
,} oseph Moore in the Proce8dings 01 the Indiana Academy of Science
for 1899, pp. 178-181, with a plate. Through the kindness of Prof.
A. D. Hole, of the department of geology in that college, the writer
was pf'rmitted to study and photograph this valuable specimen,
From the photographs taken, Mr. R. Weber has made line drawings (Figs. 50, 51).
In this specimen the whole face is present except the premaxillre
ond the extremities of the maxjUre. 'fhe lower jaw also is missing,
as well as all the teeth of the upper jaw except M l and M~; but
these are worn down to their roots and are of no value. The tip of
the right horn-core is gone.
The following measurements have been taken:
From the OCCipital crest to the front of the nasals ..............
From the occipital crest to lower border of occipital condyles ....
Width across the occipital condyles ..........................
Width across the skull at hinder ends of the temporal fossre ....
Width across the skull at ear-openings .......................
Width across the skull between the orbits and bases of homcores .....•.......................... : ........... :.......
Width of skull across real" of orbits ...........................
WIdth of face immediately in frout of orbits ..................
Length of nasal bones ........................... ,...........
·Width of both nasals near upper end ..........................
Space between bases of horn-cores ...........................
Space between tips of horn-cores ............................
Circumference of base of hm"n-cores ..........................
Diameter of horn-cores on plane of face ......................
Diameter of horn-cores at right angles to the latter. . . . . . . . . ..
Length of hom-core along upper curve .......................
Length of horn-core oJon~ lower CUITe ••• , •••••••••••••••••••

530 mm.
160± nun.
137 mm.
205 mm.
310 mm.
310 mm.
360' mm.
182 mm.
255 mm.
80 mm.
400 mm.
880·10 mm.
290 mm.
103 mm.
90 mm.
290 mm.
355 mm·
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From the alveoli it is seen that the length of the series of true
molars was 110 mm. Comparison of this and other measurements
with corresponding ones taken from the skull of the Athabascan
specimen of Bison bison, the measurements of which are given on
page 645, indicates that the fossil skull was still larger than that of
the large subspecies of the living species. It will be observed that
in this specimen referred to B. antiquus, the horn-cores are slenderer than they appear to have been in the type, the circumference
at the base being equal only to the upper curve. It is possible that
this specimen was a female; or there may have been in this species,
as in the living bison, a good deal of variation in the form of the
horns. The horn-cores resemble those of B. occidentalis, but in the
latter species they project at the base, not directly outward, but
outward, backward, and upward.
As regards the geological age of this species, only this can be
}3aid: No extinct bison appears yet to have been found in deposits
oyerlying the Wisconsin drift; and we may therefore draw the
provisional conclusioJ.l that they had become extinct before the
close, pOSSIbly before the beginning, of this Pleistocene stage.
BISON LATIFRONS Harlan.
This is a species of bison which inhabited the Mississippi VaIley
during a part of the Pleistocene epoch and which was characterized
by the possession of rather straight horns of immense size. The
first known remains of the animal were discovered more than a
hundred years ago in the bed of a creek which empties into the
Ohio River 12 or 14 miles above Big Bone Lick, Kentucky, and
were described and figured by Rembrandt Peale in 1803. The name
Hos latifrons was given to the species by Harlan in 1825, but now
it is regarded as belonging to the genus Bison instead of the genus
Bos.
The part known to the early investiga.tors consisted of the real'
of the skull bearing the basal portion, 14 inches in length, of the
left horn-core. This specimen is now in the collection of the Academy of Natural Sciences, in Philadelphia. Dr. Leidy stated that
the breadth of the forehead between the horn-cores was 15 inche8
(375 mm.); the circumference of the horn-core at its base, 20~
inches (508 mm.) ; circumference at 10 inches from the base, 17i
inches (432 mm.). Lucas gives as the diameters of the base of the
horn-core 175 mm. for that in the plane of the face, 150 mm. for
that at right angles to this. It will be observed that the diameter
decreases slowly away from the base. A far more satisfactory

§
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FIG. 2.

Bison lati/rons.

X

iIO'

Fig. 1. View of horn-cores from rear of skull. Fig. 2. View of horn·cores wit.h the plane of the face toward observer ~
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specimen of this species was discovered about the year 1869 on
Brush Creek, Adams County, Ohio, while some workmen were
digging a foundation for the abutments of a bridge. The specimen
was found at a, depth of 18 feet below the surface, in gravel. The
remains consisted of both horn-cores in nearly perfect condition,
together with the portions of the frontal bones belonging to each.
These horn-cores are now ill the collection of the Cincinnati Sopiety of Natural History. Figure 1 of plate XI presents a front
view, as seen at right angles to the faee. while Fig. 2 of the sam!'
plate presents a view from behind.
Dr. J. A. Allen and Dr. F. A. Lucas have both described the
specimen, and they give slightly different measurements. Dr. Allen
pstimates the width of the skull between the bases of the horn-cores
at 16 inches, or 407 mm.; the length measured along the uppeT'
eurve as 813 mm. (Lucas, 784 mm.) ; along the lower curve, 853
mm. (Lucas, 840 mm.) ; circunlference at t~e base, 510 mm. (Lueas, 520 mm.) . Lucas gives as the diameter at the base in the plane
of the face, 166 mm.; at right angles to this, 146 mm.; as the distance between the tips of the horn-cores when in their natural position, 1,775 mm. This would be 61 feet. If we allow for the projection of the horn beyond the horn-cores, we must conclude that
in life the animal had a spread of the horns equal to probably 9
or 10 feet.
In size ot horns this species resembled Bison alleni, but the
horns of the latter were far more curved; so much so that the distal
ends were directed upward and even somewhat inward. In B. latifrons the horns were curved little and were directed strongly outward and a little backward.
Specimens referred to B. latifrons have been reported with con"iderable certainty from widely separated localities, Florida, Mississippi, Texas, and Arizona. Other reports have been based on
finds of teeth and are not to be relied upon too confidently. Nor
must it be forgotten that some autbprs, following Leidy, have referred to B. latifrons the species now known as B. antiquus.
There is no certainty that Bison latifrons has ever been found
in Indiana. In a footnote to Cope and Wortman's paper in the
14th Indiana Survey Report, Prof. John Collett stated that remains
of the species had been fonnd in Vanderburgh County. We are
unable either to confirm or refute this statement. Inasmuch, however, as the animal lived in Ohio and in Kentucky along the Ohio
River, it is to be inferred with certainty that it occurred also in
Indiana.
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PROBOSCIDEA.

'rIfE ELEPHANTS AND THEIR KINDRED.

:'llammals mostly of large size; the feet all with five digits, and
with these bound together into one mass; the terminal phalanges
(;ncased in hoofs. Not more than one pair of incisors in each jaw,
sometimes in one jaw only. Sometimes both pairs and sometimes
only one pair developed into great tusks. Premolars and molars
with two or more pairs of cones or, in more advanced forms, composed of from 4 to 27 thin pla.tes. Snout usually developed to form
a proboscis.
The animals that are included in this order are the elephants,
the stegodons, the tetrabelodons, the mastodons, the dinotheres, the
palreomastodons, and the mceritheres. All these forms are extinct
except the elephants, living species of which are found now in
southern Asia and in Africa south of the Sahara Desert. Fos. "i!
Proboscidea are known from all the great divisions of the globe,
except Australia. The earliest true elephant known is found in the
1::pper Miocene of India.
We have reason therefore to believe that the original home of
the order was the continent of Africa. From here they made their
way into Europe and southern Asia, meanwhile undergoing continual transformations. From southern Europe their descendants
migrated over Europe as far west as Ireland, and as far north as
Scotland, Denmark, and Russia. From India certain species extended probably northeastward into Siberia and crossed over a land
bridge that was located probably in the region of Bering Strait.
Thence they spread over the whole of North America, through
Central America, and over South America.
Family ELEPHANTIDJE.
THE MASTODONS AND ELEPHANTS.

Proboscidea in which the outer nares are placed somewhat behind the orbits; symphysis of the lower ja.w, short, usually without
tusks; if present, they are small; the upper tusks curved more or
less strongly upward and with or without a band of enamel; cheekteeth six in each side of each jaw, the later ones succeeding the
earlier from behind.
This family is represented in North America by several species.
Th~ best known of these are the common mastodon, lIfammut amer-
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icanurn, and the mammoths Elephas prirnigenius, E. columbi and
E. il1tpcrator.
'rhe characters whic-h distinguish this family are numerous and
many of them very striking. The members of the family have
a Imost always been animals of great size. However, certain elephants found in caves of the island of Malta are small, some not
exceeding three feet in height. All are large of body, thick-skinned,
straight-limbed, and heavy-footed. 'I'he skull is la.rge, not from the
magnitude of the brain, but because of the enormous development
of air-cells between the outer and inner plates of all the bones of
the brain-case and of most of those of the face. All these air-cells
open finally into the nasal cavity. The external nares of the bony
skull are large and are placed high up, somewhat above the eyes.
The nOSe and the upper lip have coalesced and been extended into
the long and extremely flexible proboscis. This is traversed by
t IVa canals which open above into the external nares of the bony
skUll. '1'he eyes are small. the ears are large.
'rhe teeth are remarkable for their form, structure, and manner
of appearance in the jaws. In the upper jaw there is always present (at least in the males) a pair of incisors, which project from
the mouth as tusks and sometimes reach an enormous size. There
may be another pair in the lower jaw, but if. so, they are unusually
small. There are never any canine teeth. During life, if sufficiently prolonged, there appears on each side of each jaw six cheekteeth; but not more than four of these are in place at once, sometimes only one. The earliest formed teeth are small, and of simple
structure. One after another younger, larger, and more complex
teeth come up behind the first formed teeth and displace them, the
sixth appears last of all, being retained until advanced age. The
anterior three'in each side of each jaw are really milk teeth.
In the vertebral column there are seven neck vertebrre; twentyt.hree presacrals, nineteen or twenty of which bear ribs; four sacrals, and as many as thirty-one caudals. 'rhe shoulder-blade is
broad, and it has a much (~xpanded spine. The humerus is long;
the radius is slender and crosses the front of the large ulna. The
carpal, or wrist bones are broad and flat, and they and the short
metacarpals for the most part form vertical series, not interlocking
as they do in most hoofed animals. '1'here are five digits, all with
short phalanges and terminating in small hoofs. The bones of
each of the four feet are bound together into one mass. Beneath
and behind the digits is a great pad of elastic tissue.
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The pelvis is large and the nearly fiat hip bones stand out vertically and at right angles with the vertebral column. The socket
lor the femur looks nearly downward. The femur is long and is
without the third trochanter, the process so conspicuous on the
inner side of the thigh bone of the horse. The straight and slender
fibula runs down on the outer side of th6 large tibia, and it articulates with the massive but short calcaneum, or heel-bone. The
hind foot resembles in form the fore foot, but in life the toes do
not stand so nearly perpendicular.
Genus MAMMUT Blumenbach.
THE MASTODONS.

Elephant-like animals which differ from the true elephants in
the character of their teeth, the grinding surface of the tooth being
erossed by from two to five roof-like ridges separated by wide, open
valleys; each ridge, in the little-worn tooth, divided by a sharp,
longitudinal furrow into an inner and an outer cone. In some
species the ridges consist of more numerous and more distinctly
separated cones, while the valleys may be more or less choked up
by smaller cones. Crown not so high as it is in the elephants.
Upper jaw with well-developed tusks; the lower jaw sometimes
with one or two short tusks.
The genus is represented in the Pleistocene of North America
by at least two species, M. arnericamtm and M. mirific1tm.
MAMMU'l' AMERICANUM Kerr.
THI:. AMERICAN MASTODON.

Teeth of simple pattern, the grinding surface being crossed by
from two to tlve ridges which are ;separated by open transver8e
valleys. Lower jaw sometimes furnished with one or two short
tusks.
Habitat, the whole of the United States; most if not the whole
of British America and Alaska. Range in time probably from beginning to end of Pleistocene.
This species is by far the best known of any of those belonging
to the genus. Hundreds of specimens have come to light in th£::
('(jurse of the development of the resources of the country. The
first published mention of its bones was made by the celebrated
divine, Cotton Mather. Every year new finds are reported in the
42-29153
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newspapers or in the scientific journals, as a result or excavations
and draining operations. Plate XVIII shows the location of all the
specimens fo.und in Indiana, repo.rts of which the writer has been
(; ble to. co.llect.
. '1'he masto.don was an animal resembling in general form the
living elephants; but it was at the same time more heavily built
and had thicker, shorter legs, a deeper chest and much bro.ader
hips. A co.mparison o.f the mounted skeleto.n of mastodon in the
United States Natio.nal Museum with that of the mo.uuted Indian
elephant, a male twenty years o.ld, shows that the average length
(If the bodies o.f the dorsal vertebrm of the mastodon is somewhat
greater (about 8 mm., or ! of an inch), than that of the dorsals of
the elephant. As to the bones of the fore limbs, the depth of chest
and breadth of the hips, we find the following comparative measurements:
-~-~----

~--~.-

I

Mastodon.

I~Pha~_

Humerus, length ............... .
Humerus, least circumference, .

727
355

962
310

Ulna, length .................. .
Ulna, least circumference ... .

640
258

730
248

Femur, 1 length .............. .
Femur, least circumference .

930
327

995
298

Tibia, 'length.. .. .. . . .. .
Tibia, least circumference.

535
255

622
215

850
1,500

730
1,030

Depth of chest at 6th rib.. . ...
Width across ilia ..... .
-~~-----------

1 It must be kept in mind that the femur and the tibia of the mastodon measured above belong
to another individual supposed to have been of about the same size as the one furnishing the other
bones. Furthermore, this mastodon is a very small specimen; but the proportion of the various
parts of the framework are probably about the same as in larger specimens.

Dr. Warren, in his monograph on the mastodon (pp. 97-109),
gave comparative measurements of the Cambridge mastodo.n and
the skeleton of an elephant, probably the Asiatic species. The
elephant had a height of about ten feet, the mastodon a height of
eight feet six inches. His measurements confirm, in general, those
given above. They indicate, also, apparently that the circumferences of the extremities of the long bones of the elephant are rela1ively somewhat greater than in the mastodon. This seems to be
true in many cases, especially in that of the lower end of the
humerus.
It is the wish of the writer to present here such a description
of the. anatomy of the common mastodon as will enable students,
c(lllectors, and accidental finders of remains, to identify the species.

""~
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~

Mammut americanum, the American Mastodon.

From a specimen found in Miami County, Indiana, and now mounted in the Public Museum at Milwaukee.
From a photograph furnished by Director H. L. Ward, of the Public Museum of Milwaukee. Drawing by Mr. R. Weber.
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Of course, if some of the teeth have been found, either alone or
with other parts of the skeleton, these at once reveal the nature of
the remains. However, bones without teeth come to light sometimes, and even single bones, and these should, if possible, be made
distinguishable from bones of any of the species of elephants occurring in our region.
'ro illustrate the structure and the appearance of the mastodon
the writer has had prepared a drawing (PI. XII) of a skeleton
which was found near Denver, Miami County, Indiana. This is
now mounted in the Public Museum, Milwaukee, Wisconsin.
Skull.--The skull of the common mastodon resembles in a general way that of the true elephants, but on close comparison presents important differences. For the most part these differences
reveal a lower stage of modification than is seen in the elephants.
Comparisons will be made with the skulls of Elephas pl'irnigenius
Imd E. col1lrnbi.
The cranium is less elevated than in the species of EZephas just
named (PI. XII). This is due to the fact that the diploic laye 1.
of the bones of this region is less developed than in the elephant~
in general. If in a profile view of the skull of a mastodon a lint'
Jx drawn from the occipital condyles to the lower border of the
orbit, it will be found that the height of the vertex of the skull
above this line equals only about two-thirds the distance to th\
front of the orbit; whereas, in the elephants mentioned, the height
of the vertex equals, or nearly so, the distance to the hinder borner
of the orbit.
The alveolar border or the upper jaw lies below the line mentioned a distance of only about one-third the space between th...,
condyles and the front of the orbit; in the elephants, a distance
{~qual to nearly one-half the interval between the condyles and the
front of the orbit. This great depth of the upper ja.w of the ele- .
phants is due to the necessity of making room for the great molars.
In the mastodon the external nares are thrown back on the face
to a position between the orbits. In the elephants they are placed
above the orbits. In the mastodon the hinder face of the cra,nium
is fiat, its surface somewhat undulating, with a rough depression
in the midline for the great ligament that supported the head, and
this occiput stands at nearly right angles with the palate and with
the upper surface of the cranium. This upper surface descends at
a moderate slope to the external nares and then more rapidly to
the front ends of the premaxillaries. The greatest width of the
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Palatal view of skull of a mounted skeleton in the U. S. National
Museum. XT\.

skull is close to two-thirds its length. The premaxillaries contain
the bases of the great upper tusks, while the maxilhe support the
grinding teeth (Fig. 52). These will be described below.

FIG. 53. Mammut americanum. View of lower jaw of specimen shown by Fig. 52.

Xix-
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The lower jaw is relatively more elongated than in the elephants,
diminishes slightly in depth toward the front end, and the angle
i~ rather sharply rounded. The horizontal part of the jaw is deepf.st behind. The mandible supports the lower molar teeth and
sl)metimes one or two small lower tusks. In many cases these
tusks were probably never present; in others, had fallen out so
early in life that no traces are left of their sockets. In still other
cases both sockets are present, but they present evidences that the
teeth had been shed before death. In some adult specimens, probably males, one or the other or both of the tusks remains (Fig. 54).
If the tusks had disappeared early, the jaw may end in a sharp,

FIG. 54. M ammut americanum. Sid" view of skull, to show especially the tusk in the lower jaw.
After a sketch by Falconer and Cautley.

spout-like beak; otherwise its termination is more or less truncated.
The lower jaw of the mastodon differed in many respects from that
of the mammoth. The coronoid p~ocess rises as high as the condyle of the jaw; whereas, in the elephants, the coronoid does not
rise so high.
The teeth are more frequently found than any other part of
the skeleton and are its most useful parts for identifying the animal. For that reason, they will be described and carefully figured.
Among the teeth are included the upper and the lower tusks, inasmuch as they are greatly modified and enlarged incisors.
Tusks.-The upper tusks are the most striking part of the skeleton of the mastodon, as well as of the elephant, and the discovery
vf these tusks often occasions much excitement in the neighborhood
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where found. While they are often complete when found, they are
<;eldom secured in good condition, and perfect ones are rare objects
iIi museums. Usually too much haste is exercised in getting them
out of the ground, so that they are broken into pieces. Then, on
exposure to the air, they dry out, the ivory is likely to shrink and
tc break into fragments. The tusks ought to be left in the ground
until the finders are prepared to treat them properly. If the tusks
are uncovered or partly so, they should be kept wet. It is not the
l1ir that causes the ivory to break, but the drying. If they must
be taken up, they should be strengthened by rods or strips of wood
bound to the tusks with wrappings, so as to support the weight and
prevent breaking. Then a good supply of shellac varnish, such as
is used by painters, should be provided, and perhaps somewhat
thinned by strong alcohol. Then as the tusks begin to dry out, and
especially if cracks begin to appear in the ivory, the shellac should
be applied and allowed to soak into the ivory. If liberally applied
this material will prevent shrinkage and cracking of the ivory and
will enormously strengthen the tusks. A solution of common glue
or of gum arabic may be used, but in this case there is still some
([anger of shrinkage and cracking. If these substances last mentioned are employed, the tusks ought to be tightly wrapped with
cloths and cords, and these should not be removed until the whole
mass is thoroughly dry.
The tusks vary greatly in size, according to the age and probI! bly sex of the animal; for it is probable that, as in the elephants,
the females carried smaller tusks than the males. Warren, in his
monograph on the mastodon, states that the tusk of his specimen
had a length of ten feet and eleven inches; but, as is usual, these
were soon broken. At the base these tusks were slightly oval, having one diameter of seven and one-half inches and the other of
seven inches. In form these tusks had a double curve. .As found.
they curved outward then turned inward, so that the points approached each other, but they had probably turned somewhat after
burial. The skeleton figured by Dr. Warren as the "Baltimore
skeleton," has large tu!'ks that are curved into almost a half circle.
Usually the tusks are rather gently curved. Dr. Joseph Moore
(Proc. Indiana Acad. Sci., 1876, p. 277 [?]) gave as the length of
a tusk found near Richmond, Indiana, but in Ohio, nearly eleven
feet, with a diameter of ten inches at the base.
The tusks are composed of ivory, and there is no enamel present.
There was originally in the ivory a large per cent. of animal mat-
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tor. As shown by many fossil tusks, the ivory is deposited in
layers which form hollow cones, one within the other, whose bases
are directed toward the skull. Figure 54a represents a part of a
tusk of a mammoth that was found in Alaska. It has been split
along the middle and somewhat weathered, so as to show well the
layers of ivory. In broken sections of tusks many faint lines may
be seen passing from the center of the tusk obliquely toward 'the
circumference. As some of these are directed obliquely in one
direction, and others in the opposite, they cross and produce an
appearance like the "engine-turning" often seen on watch-cases.
At the base of the tusk there is usually a large conical cavity which
was during the life of the animal occupied by the massive pulp.
In extreme old age, however, this cavity might have become filled
with ivory.

FIG. 54a. Elephas primigenlUs: Fragment of tusk, split and weathered so as to show the structure.
The pulp cavity is seen on the right.

The great tusks of mature age were preceded in early life by
pair of small "milk tusks. ' , Warren states that these were found
on cutting into the tusk-socket of a calf elephant's head. They are
occasionally found fossilized.
At present the writer knows of no means of distinguishing with
certainty the upper tusks of the common mastodon from those of
the mammoth or of the other elephants. 'rhe tusks of the latter,
when large, are, however, likely to be more bent in a spiral form
than those of the ,mastodon. The latter also may be spirally
twisted. See description of the Randolph County tusk now at Earl11am College. Eighty years ago, E. Grant and A. Nasmyth investigated the microscopic Rtructure of the tusks and published figures
illustrating their results, but they concluded that there were specific and even generic differences in specimens that are now regarded as belonging to a single species.
The tusks are sometimes furnished with narrow longitudinal
ridges and grooves, as in the tusk just mentioned as being in Earl11
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ham College. It is possible that this feature may sometimes serve
to distinguish them from those of .the mammoths.
The tusks that not infrequently are found in the lower jaw of
the mastodon are short and usually straight or slightly bent. The
one in the left jaw of the mastodon described by Dr. Warren had
a diameter of two inches at the base and a length of eleven inches.
The point was worn considerably, but it may never have been any
longer, for growth at the base may have jnst kept pace with the
wear. It is evident that the animal found use for the organ. Warren stated that the tusk was directed downward and forward at an
angle of 45° with a horizontal line, but his figure shows it directed
horizontally. The lower tusks are usually smaller than the one
just mentioned, but they are sometimes larger. Occasionally they
are twisted spirally. Often one or the other is missing, but both
\\"ere sometimes present. It is certain that some very young mastodons had no tusks; it is equally certain that some very old ones
had at least one tusk; sometimes the right one, sometimes the left.
Much importance has been attached to these lower tusks and much
has been written about them. Long ago the specimens possessing
such tusks were put in a separate genus called l'etracaUlodon and
n considerable number of species described. All these are now
regarded as belonging to the species Mammut americanum. Dr.
Albert Koch, who was a great collector of mastodon remains, and
apparently also a good deal of a romancer, described some of these
species of l'etracaltlodon. One specimen found by him had the
lower tusks distinctly fiattened, with the edges directed up and
down; another had the lower tusk directed perpendicularly. Koch
stated that tusks found by him were covered by a layer of enamel,
and this by a layer of cement; but it is quite certain that he was in
Error, the layer being only a denser ivory.
It is certain that the ancestors or the mastodons and elephants
possessed wen-developed tusks in the lower jaws. In the tetrabelodons these were very large. In the mastodons they were disappearing organs; in the elephants they have wholly disappeared. It
is to be expected that such organs as these would be somewhat
capricious in their appearance, sometimes not being developed in
the young, often falling out early in life, but sometimes retained,
especially by males, until old age.
The Cheek-teeth.-The cheek-teeth of the mastodon, those employed in the mastication of the food, may 'rise in number, during
111c life of the animal, to twenty-four, six on earh side of each jaw.
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Of these six, not more than four of the ones appearing first are in
use at the same time; often not more than two of the later ones
and probably in old age only one remained. The first tooth to
appear is very small, the succeeding ones are successively larger,
and the last and hindermost is very large. The three front teeth
of the six are known as milk, or deciduous, molars; the hinder
three, as permanent molars. In great numbers of mammals the
milk molars are displaced by a second set, known as premolars. In
the tetrabelodons some or all of the milk molars were thus displaced
and succeeded by premolars; but no premolars have ever been observed in our mastodon.
Each new tooth that appears, both of the milk series and of
the so-called permanent series, coming up behind its predecessor,
pushes it forward; and by the time the older tooth is well worn
down, it is pushed out of the jaw by the newer one. There is
usually to be found on the front and hinder ends respectively of
the tooth a polished a·rea produced by contact with the predecessor
and the successor.
Each tooth consists of the crown and the roots. The crown is
in proportion to its size rather low. In its unworn state, it is
crossed by from two to five prominent ridges, whose apices are at
first sharp. However, soon after appearing through the gums, the
ridges begin to be worn down by attrition against the teeth of the
other jaw and against the food. This usually continued until the
crown was worn down to the roots. Inasmuch as the front end of
each tooth first appeared outside of the gums and began to wear,
this is always worn down more than the hinder end. As the wear
continued, the valley between the ridges gradually became shallower and finally disappeared, or nearly so. An examination of a
new or little worn tooth shows that there is a very shallow longitudinal valley which crosses all the ridges and divides each of them
into an outer and an inner portion. These two portions may be
known as the outer and the inner cones. Each cone may, when
nnworn, show two or three conules at its summit.
In nearly all cases one end of each transverse ridge is nearly
perpendicular to the grinding face of the tooth, while the other end
slopes away less steeply from the apex to the base. The side of the
tooth on which the sloping ends of the ridges are found is, in the
lower jaw, the one next the cheeks, while in the upper jaw it is the
one next to the tongue:
Both in the lower teeth and in the upper ones the cones which
>
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have the sloping sides are buttressed by two strong ridges, om~
which descends on the front face from the apex to the base and
Imother which descends on the hinder face of the cone. At the
bottom of each transverse valley, the ridge descending from the
rone in front and that from the cone behind meet. There might
be said to be a ridge running from the front of the tooth to the real'
Ciyer the peaks and across the valleys. In unworn teeth these de·
»('ending ridges are sometimes sharp-edged or tuberculated, or they
may be nearly smooth. From the disposition of the cones it comes
about that when the upper tooth was brought against the lower, the
strongly-buttressed cones of each tooth fell between the cones having feeble or no buttresses. In the lower jaw the weakly-buttressed
cones, that is, those with steep sides, are the highest; in the upper
jaw the strongly-buttressed cones are the highest. As the teeth
l,ecame worn do,,'n in mastication, it was the strongly buttressed
cones that suffered most; that is, the outer side of the tower teeth
Ilnd the inner side of the upper teeth became worn down most.
In the common mastodon the transverse ridges of the upper
teeth are directed straight across the tooth, that is at right angles
with its longitudinal axis; in the lower teeth the ridges are directed
more or less obliquely to the longitudinal axis, the inner end being
somewhat in advance of the outer. This arrangement appears to be
due to the fact that the right and left rows of upper teeth converge
backward, while thol5e of the lower jaw are parallel.
In the common mastodon of our country there are two cr088ridges on the first and second milk molars; three on the third;
three on the first a,nd second true molars; and four or five on the
third. This arrangement is indicated by the formula t, t, t, t, ~.
4-5
4-5'

The Roots of the Tooth.-Each tooth of the mastodon, even the
relatively small first milk molars, has at least two roots. The larger
ones may have three or four roots, and some of these are partially
divided by deep lateral grooves. There is a tendency toward the
formation of two distinct roots for each transverse ridge, but this
trndeney is only partially achieved. The roots of the lower teeth
cliffeI' in some respects from the upper ones, inasmuch as they
spread laterally to a less extent. The roots of each of the teeth
be described below.
Development of tlw Teeth.-A complete tooth consists of three
kinds of material, rfhe greatest part consists of dentine, or ivory.
Over thil5 on the crown is a layer, five millimeters more or less
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FIG. 1.
Mammut americanum.

Fig. 1. Third upper molar of right side. showing the unworn grinding surface.
side, seen from left side. X t.

FIG
X!. Fig. 2. Third upper molar of left
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thick, of a harder substance, the enamel. Over the latter, or a. part
of it, there may be a thin layer of cement.
.
Each tooth took its origin from a mass of soft tissue, the pulp,
which had the size and the form of the completed tooth. This pulp
'was enclosed within the jaw bone. On the pulp was deposited first
the dentine of the apices of the cones and this spread gradually to
form the crown. On the outside of the dentine of the crown was
deposited the enamel. Constant additions were made to the inner
Rnrface of the dentine by calcification of the pulp. From the crown
the dentine spread to the roots, but even when the crown began to
appear through the gums the dentine formed only a thin layer on
the surfaces of the roots. The tooth was considerably worn down
before the pulp was mostly converted into dentine. Figure 6, PI.
XV, shows the crown of a tooth that was not yet cut when
the animal died. Figure 2, PI. XVI, is the same tooth seen from
the opposite side. No roots had yet become developed and the
crown contained a great cavity that was filled with pulp.
In the emergence of the tooth from the gums the front end first
appeared and consequently it is this end that is always the most
deeply worn.
DE8CRIP'I'ION OF THE SERIES OF TEE'I'H.

Last '['rile Upper lIlol.xr.--'l'he teeth of the upper jaw will be
first described; and, inasmuch as the last or hindermost molars
are the ones most often found, the description will begin with
these. In the upper teeth the ridges. of the crown run directly
across the tooth, and there are two roots at the front of the tooth,
except in the case of the first and second milk teeth.
Figure 2, Plate XIII (No. 2220, U. S. N. lVI.), presents a side
yjew of a tooth, so that both crown and roots are seen. The extremity of the large hinder root is broken off and is replaced in
outline. In this tooth there are three roots, viz., outer anterior,
which belongs to the outer end of the first crest; an inner anterior,
which belongs to the inner ends of the first and second cross-ridges ;
and a posterior, which supports the inner ends of the third and
fourth crests and the outer ends of the second, third and fourth
crests.
Figure 1, P~ate XIII (No. 2218, U. S. N. lVI.), from Afton,
Oklahoma, shows the crown of a large third upper molar of the
right side. This tooth had not yet been cut and is therefore wholly
unworn. The buttresses on the front and rear faces of the inner
cones are well shown; also the subdivision of the outer cones into a
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FIG.!.
Mammut amencanum.

Fig. 1. Last right lower molar; crown view.

X!. Fig.~.

FIG. 2.
Same tooth, showing pulp cavity. X!.
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FIG 2.

FIG. 1.
Mammut americanum.

Fig.!.

Upper left second molar. X t. Front of tooth toward the left.
face. X t. Front of tooth above

Fig. 2.

Upper left second :molar .showing inner
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larger outer and a smaller inner conule. The talon is rather
large. There are many minor ridges running down the faces of
all the cones, and the inner ends of the transverse valleys are
hlocked by tubercles. The cingulum is not conspicuous but is seen
on the right~hand side of the figure. A small amount of cement
appears on the crown, but it has been mostly dissolved away during
hurial. The roots of this tooth were wholly undeveloped, and the
Jiulp cavity presents an appearance resembling that of Figure 2 of
Plate XVI.
The second upper molar is represented by Figures 1-2 of Plate
XIV. Figure 2 (No. 2261 U. S. N. M.) shows the internal surface of a left molar from Afton, Oklahoma. This tooth had only
recently been cut and is worn just through the enamel on the cones
of. the firsL transverse crest, and very slightly worn on the second
crest. The third crest is untouched. The length of the tooth is
118 mm.; its width, 96 mm. The corrugated character of the
enamel is well shown. The inner ends of the transverse valley are
obstructed slightly by the cingulum. Figure 2 represents a view
of. the inner side of the tooth, showing both crown and roots. The
extremities of all the roots are damaged somewhat, but they had
not yet been completed.
It will be seen that the roots were originally covered with a
thin layer of cement. During burial this became black in color
and much of it was dissolved off.
Figure 1, Plate XIV (No. 2258 U. S. N. M.), shows the grinding face of a second true molar of the right side. This tooth is
worn on all the cross-ridges, so that islands of dentine appear on
all the cones. On the first two ridges the bottom of the longitudinal valley had been passed, so that the islands of inner and outer
cones had coalesced. Had the wear proceeded a little further, the
islands of the inner cones of the first and second ridges would have
joined.
F'igure 2, Plate XV (No. 2243 U. S. N. M.), representing the
first upper molar, is taken from a considerably worn tooth found
at Afton, Oklahoma. It is 87 mm. long and 68 mm. wide at the
second ridge; 71 mm. at the third. It is considerably worn by mastication. The position of the first crest forms one great island· of
dentine surrounded by an ellipse of enamel. The two islands of
dentine of the second ridge are joined by an isthmus. Four small
islands are seen on the hinder crest, one of them belonging to the
hinder buttress of the inner cone.
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FIG. 6.

FIG. 1.
Mammut americanum.

FIG. 4.
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Fig.!. Last left lower molar. X!. Fig. 2. First right upper molar. X~. Fig. 3. Third right upper milk molar. X t. Fig. 4. Second right upper milk
molar. X ~-. Fig . .5 S:lme as fig. 4: outside face. X l- Fig. 6. Third right lower molar; outer face. X t. Sam€' as that of Plate XVI.

674

REPORT OF STATE GEOLOGIST.

The upper third deciduous molar is usually smaller than the
first true molal', but sometimes there is little difference; and oceasionally it is difficult to distinguish this tooth from the last mentioned tooth. The third deciduous upper molar is illustrated by
Figure 3 of Plate XV, of a tooth almost unworn (No. 2230 U. S.
!'\. 1\1.), from Afton, Oklahoma. It has a length of iO mm., an
extreme width of 61 mm. 'I'here are here three transverse crests;
the longitudinal valley is very distinct; the buttresses not conspicuous, except the one f}n the hinder face of the last crest. The
enamel is corrugated and the cingulum well developed. There was
yet a large pulp cavity.
Upper Second Milk Molar.-This tooth is represented by a specimen in the U. S. National Museum (No. 6689), belonging to the
right maxillary. It is only slightly worn, but the islands of dentine belonging to the anterior of the two cross-ridges have coalesced.
The tooth is shown half the natural size by Figures 4 and 5 of
Plate XV. The enamel is broken away from the inner border and
in two places in front. The length is 40 mm., the width at hinder
end is 14 mIll. 'l'he cingulum is moderately developed at the sides,
strongly so at the hinder end.
Figure 5 is a view of the tooth from the outer side. The roots
of this tooth are nearly complete, the hinder one having a length
of 50 mm., measured from the base of the crown.
'rherc is at hand no upper first milk molar that can be used
for illustration. Such a tooth would belong only to a very young
animal.
LOWER JAW.

Lower' Third Trtre Molar.-In the case of the lower teeth the
ridges of the ,crown cross the tooth somewhat obliquely, and there
is a singh~ root crossing the anterior end of the tooth. All the
other roois are' united in a single mass.
An umvorn last true molal' of the right side is represented by
Figure 6 of Hate' XV and ~Pigs. 1 and 2 of Plate XVI. Figure 1,
Plate XVI, shows the grinding face of No. 2221 U. S. N. M., a tooth
from Afton, Oklahoma. 'l'here are four distinct ridges that cross
the axis of the tooth obliquely from the inside outward and somewhat backward. Behind the fourth crest thue is a distinct heel
of two tubereles. The cingulum is little developed. Here and there
on the surface of the enamel is seen a thin layer of cement. This
may originally have covered the whole tooth. Figure 6 of Plate
XV gives a view from the right side, while Figure 2, Plate XVI,
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:-;hows the under surface of the tooth. No roots, or only thin shells
of them, had been developed at the death of the animal. The pulp
cavity is very large.
The length of the tooth is 185 mm., the breadth at the second
crest 107 mm.; the height of the third inner cone, 76 mm. This
tooth is unusually broad for a lower molar.
The Third Lower Molar.-Figure 1, Plate XV (No. 2384 U. S.
N. M.), from Afton, Oklahoma, presents a considerably worn tooth
of the left side that possesses five cross-ridges and a talon, instead
of the usual number of four ridges. It will be observed that the
first crest was worn down so that there is a single ellipse of dentine surrounded by enamel; also, that at the place where the buttresses of the first and second outer cones meet, the dentines of
these two cones are about to coalesce. The hinder half of the
second inner cone has been broken away, as a result of which this
island of dentine does not have its normal shape. A section of the
roots would show four lobes in the hinder tooth, instead of three.
This tooth has a length of 182 mm., and a width of 95 mm. at the
Recond crest.
Second True Lower Molar.-Figure 1, Plate XVI A (No. 342 U.
S. N. M.), is taken from a wholly unworn second lower molar of
the right side. It is said to have been found in South Dakota. It
shows finely the three crests and the intervening valleys, the buttresses of the outer cones, the corrugations of the enamel, and the
cingulum well developed in front and behind, and at the outer ends
of the valleys. The summits of all the crests are provided with
rlenticles. While the tooth had evidently been pressing strongly
on its predecessors, there is no indication that its successor was
exerting pressure on it. There are thin patches of cement on the
enamel. There was yet a great pulp cavity. The roots, which
probably had already pretty thick walls, have been broken off. The
tooth is 121 mm. long, 92 mm. wide at the hinder crest, and 64 mm.
high from apex of the hinder inner cone to the base of the enamel.
The lower first true molar is represented by Figure 2, Plate
XVI A (No. 2233 U. S. N. M.), taken from a wholly unworn left
tooth found at Afton, Oklahoma. The specimen is complete, ex('ept that the apex of the anterior inner cone and that of the interior hjnder cone have been broken off. There is a large pulp
cavity and it is doubtful whether the roots had begun to form.
The buttresses of the outer cones are not strongly developed, and
some of the ridges on the other cones are nearly as prominent. The
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FIG. 2.
Second right lower molar. X -1-. Fig. 2. First left lower molar. X t.
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C'lngululll shows in front and behind. The tooth is 92 mm. long,
[i6.5 mm. wide at front crest, 62.5 mm. wide at second crest and
62 mm. at third crest.
Warren (Monograph, p. 67) stated that this tooth has two
fangs, one which supported the first ridge, and a large posterior
supporting the two remaining ridges.
The lower third milk molar, like the first and second true molars,
has three cross-ridges and, in general, resembles the first true molar.
It is to be distinguished from the latter principally by its smaller
size; but, as there is variation in size in both these teeth, there may
sometimes be some difficulty in the matter. Warren gave as the
length of the first true molar figured by him three and a quarter
inches, 83 mm.; the milk molar which is represented by Figure 1,
Plate XVII, is 80 mm. long. Usually, however, there is more difference in the ·lengths of the two teeth and the true molar is always
hroader. 'rhe tooth figured by Warren was two and a half inches
wide, 63 mm.; the widest milk molar at hand, Figures 2 and 3,
Plate XVII, from Virginia, is 57 mm. wide. The ridges of the
third milk molar seem to he somewhat more compressed, or thinner
from front to back, than in the first true molar; the enamel is somewhat thinner than in the true molar; the outer end of the anterior
valley is often, b11t not always, blocked by a heavy ridge of the
eingulum. Notwithstanding these observed differences, specimens
may possibly be found which cannot be certainly identified.
Figures 2 and 3, Plate XVII, are from an unworn tooth found
somewhere in Virginia. The enamel is broken off all around the
l)ase of the crown and from the inner side of the first and third
innet' cones. The roots are perfectly preserved. The tooth is 78
mm. long, 48 mm. wide at the front ridge (making allowance for
the missing enamel), and 59 mm. at the third ridge. The enamel
i~ considerably wrinkled. There was no dam across the outer end
of the first transverse valley; the buttresses of the outer cones are
Hot conspicuous. There is a large pulp cavity, and the roots are
widely open below. The dentine of these roots is thin. Figure 2
shows the outer faee of the tooth.
Figure 1, Plate XVII (No. 2231 U. S. N. M.), represents a considerably worn last right milk molar. It was found at Afton, Oklahoma. Its length is 80 mm.; the width at the third crest, 36 mm.
The cingulum had been considerably worn away in front, but it is
strongly developed behind and there is a strong ridge across the
outer end of the anterior valley. As will be seen in the figure, the

PLATE XVII.

FIG. 2.

FIG. 1.

FIG. 6.

Fro, 2.

FIG. 7.

FIG. 4.
FIG. 5.
Mammut americanum. Fig.1. Third right lower milk molar. X!;. Fig. 2. Third right
lower milk molar; outer face. X l. Fig. 3. Same as fig.2; crown view. X t. Fig. 4.
Second right lower milk molar X t. Fig. 5. Second left lower milk molar; much worn.
X t. Fig. 6. First right lower milk molar; seen from right side. Fig. 7. Crown view
of Same tooth as Fig. 6.
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attrition of the anterior cones has reached through the hard dentine into the softer; also, the island of dentine corresponding to the
fil'st outer cone had just united with that of the inner cone and
with that of the second outer cone. The latter has in like manner
joined by a narrow isthmus that of the third outer cone. The outer
islands are united through wear of the buttresses. There is even
in this tooth a considerable pulp cavity within the hinder root.
The walls of this root vary in thickness from 7 mm. to 14 mm.
The smallest third milk molar at hand is 71 mm. long, and 48
mm. wide behind.
Second Milk Lower Molar.--'-The first and second milk molars
are distinguished from all the others by having two instead of three
cross-ridges. These teeth, especially the first, are rare and would
be known only from individuals that had died early in life. On
account of their small size also, they are not so likely to be collected.
Figure 4, Plate XVII, (No. 6690 U. S. N. M.), represents the
second deciduous molar of the right side of the lower jaw. It came
from Afton, Oklahoma. l\lost of the anterior root has been lost
and the whole of the hinder one, and with the last, a part of the
hinder cingulum is gone. On the front of the tooth is a poEshed
area, which shows that the tooth had been urging on its predecessor.
The length of this tooth is 41 mm.; but it must originally have
heen slightly longer. '1'he width in front is 32 mm.; at the second
crest, 38 m. The fissure that separated the inner from the outer
rone of each crest is scarcely indicated. There seems to have been
a pretty strong anterior cingulum, and the outer end of the crossyalley has a ridge across it. How broad and high the hinder cingulum was cannot now be determined. Warren figures one of these
teeth and represents the hinder cingulum as standing up like an
incipient crest.
Figure 5, Plate XVII (No. 6701 U. S. N. M.), represents the
second milk molar in a much worn condition-so deeply worn that
• the dentine areas of the front and hinder crests, and of the front
and hinder cingula have coalesced into one area. "The length is 42
mm.; the width in front, 32 mm.; at second crest, 39mm.
Lower First Milk Molar.-Specimens of this tooth are very
rare. Figures 6 and 7, Plate XVII (No. 4986 U. S. N. M.), represent, as is supposed, the first lower milk molar of the right side.
It was found at Kimmswick, Missouri. It is pretty well worn, so
that the two islands of dentine of the anterior cones are united,
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and those of the hinder crest on the point of uniting. The tooth j"
33 mm. long front to rear, and 29 mm. wide at the hinder crest.!
The 'width in front was greater than appears, for the enamel at each
end of the front crest is broken off. The inner cones appear to
have been much smaller than the outer ones. The transverse valley
is wider at its outer end than at the inner, and seems to have been
blocked by a ridge of the cingulum. The front and rear portions
of the cingulum are present and moderately broad. There is a
pressure area on the rear of the crown. There are two roots on
this to0'th, the hinder one being the larger. The roots were at one
time doubtless longer. The apices may have been broken off after
burial, or possibly absorbed preparatory to being shed.
Having described the teeth of the common mastodon, it may be
n convenience to give some short rules for distinguishing these
teeth from those of other animals, and for locating the po~ition of
any tooth in the jaw that may he found.

To distinguish the teeth of the common mastodon from those
of other ani'rnals.
The great ~ize of the teeth will at once distinguish most mastodon teeth from those of all other animals, except the elephants
and perhaps 501l1e other mastodons. From the teeth of all elephants
they may be distinguished by the fact that the teeth of the latter
are composed of thin plates. For illustrations, see Plates XIX.
XX. Other mastodons and tetrabelodons have the valleys between
the ridges more or less obstructed by great buttresses and supplementary cones.
The rarely found first and Recond milk molars of the mastodon
might he mistaken possibly for the teeth of tapirs or other smaller
animals. The teeth of the tapirs have sharp cross ridges, but these
are not divided by a longitudinal valley or fissure into inner and
(luter cones; besides, the cross-ridges of the tapir's upper teeth are
nnited at their outer ends by a longitudinal ridge, wholly closing
the valley. The same remark applies to the teeth of the rhinoceroses.
1.

2.

disting1tish the upper teeth from the lower.
The upper teeth of the common mastodon have the crests of the
grinding surface running across the face at right angles with the
long axis of the tooth, while the ridges of the lower teeth are ob']'0

1

Warren states (p. 65) that the first lower milk molar figured by him had a width of only Ya

or an inch.
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lique to this a.."is. Excepting the small first and second upper milk
molars, the upper teeth have two roots to support one cross-ridge
I)f the crown, whereas all the lower teeth and the first two upper
milk molars have a single root running across both ends of the
tooth, one of them, the hinder, being much larger than the other.

3.

To dist-ingttish which end of the tooth is the front end.
a. If the tooth has been cut and subjected to wea.r this wear
occurs first on the front of the tooth, and this end is, with very
rare exceptions, worn down most deeply.
b. In the case of the three milk molars of each jaw, the front
end is the narrower. In the C8.'le of the last true molar, the nar-.
rower and rounded end is the hinder one.
c. Leaving out of consideration the first two milk mola.rs of
cach jaw, aid may be found in the disposition of the roots. In the
upper teeth that end which has the crest supported by two roots,
the inner of which i'>upports also the inner end of the next crest, is
the front end. In the lower teeth, that end which has a root supportillg the terminfll crest and unconnected with the root of the
next crest is the front end. All the other crests are supported by
one other root.
4.

To distinguish to which side of the jaw any tooth belongs.
Hold the tooth with the grinding face upwards, and with the
hinder end directed towards you. '1'hen the sloping side of the
(-rown, that on which are the cones with the buttresses, will look
toward the side to which the tooth belongs. This rule applies to
the upper and to the lower teeth alike.
5.

To distinguish the place of any tooth in the series.

a. If the tooth has two transverse· crests on the crown, it is
either the first or the second milk molar. If it has three crests it
may be either the third milk molar, the first true molar or the
second. If it has four or five crests, it is the third true molar.
b. '1'he first milk molar is smaller than the second, being about
33 mm. long, whereas the second is about 45 m. long. The anterior
crest of the first is likely to be less complete than that of the second.
Of course, the first tooth is narrower than the second.
c. The three intermediate molars, that is, the third milk molar
and the first and second mola.rs may be distinguished most easily
by their relative sizes; the third milk molar varying from 70 to 83
mm. ; the first true molar from 80 mm. to 95 mm.; the second true
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molar, from perhaps 105 mm. to 132 mm. The width of the third
milk molar varies from about 49 mm. to 63 mm.; that of the first
true molar from about 60 mm. to 71 m.; that of the second true
molar from about 70 mm. to 97 mm. It will be seen from the above
measurements that the greatest difficulty comes in distinguishing
the last milk molar from the first true molar.
d. 'l'here should be no difficulty in identifying the last true
molar, with its four or five transverse ridges and its great hinder
root.
VERTEBRAL COLUMN.

The vertebral column of the mastodon consisted of seven cervicaIs, twenty dorsals, three lumbars, and of about 25 or 30 caudals;
but no specimen has probably been found with all the caudals preserved, or at least with all rescued. It is probable likewise that the
number of caudals varied somewhat in different individuals.
The neck of the mastodon, when compared with that of most
other mammals, is extremely short. It was, of course, as in the
elephants, impossible for the animal to bring his mouth .to the
ground when he was standing up.
The cervicals, except the last one, may be distinguished from all
the other vertebrm by the fact that there is on each side, in the
transverse process, a foramen for the passage of an artery. The
seventh has no such foramina, but it differs from the dorsals in
having a short, slender spinous process, and in having, just behind
the base of the transverse process, a smooth concave surface for the
head of a rib, and no such surface in front of the process.
With the exception of the second, the vertebrm of the neck were
shorter than those of the dorsal region. They were, however,
broader than the dorsals.
.
The first one behind the head, the atlas, is the broader of all the
cervicals, and its lateral portions form the largest part of the bone.
1!'igure 55 represents this bone, seen from the front, drawn from
the mounted specimen in the U. S. National Museum. At the anterior end are seen the great, smooth, concave articular surfaces for
the condyles of the skull. At the hinder end are somewhat similar
surfaces for articulation with the next vertebra, the axis. As will
be seen, there is a great opening in the atlas, and this is divided
into an upper portion and a lower. The spinal cord traversed the
upper division, the odontoid process of the axis occupied the lower.
In the specimen figured, the width of the bone is 335 mm.; the
height, 215 mm.; the fore and aft extent on the lower face of the
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bone, 73 mm. The opening is 111 mm. high, that part for the spinal
cord is 80 mm. wide.

FIG. 55.

Mammut americanum.

Front view of atlas.

X

t.

This bone differs from that of the mammoth in having a much
larger opening for the spinal cord and the odontoid process, and in
having a different section at the midline of the neural arch.

\';.",

FIG. 57.
FIG. 56.
Figs. 56, 57. ...iJ1ammut americanum. Front and side views of the axis. X i.

The axis differs from all other vertebrre of the spinal column in
having a large nipple-shaped process on the front of the centrum,
and a large, almost cubical neural spine. (Figures 56 and 57.) On
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the front of the centrum there is on each side a large smooth articular surface for the atlas, and these meet below the odontoid
process. Each surface is 95 mm. high. The front end of the centrum is 166 mm. from side to side. '1'he hinder end of the centrum
is somewhat concave and somewhat broader than long.
The spinal canal is large, 72 mm. wide and fully as high. The
neural spine is about 85 mm. long and wide.
The bone figured by Warren in his monograph on the mastodon
as the axis of this animal certainly belonged to a very different
species.
The axis of the mastodon differs much from that of the mammoth. In the latter the spinal canal is broader than high, the
neural arches are shorter and thicker, and the neural spine is considerably longer than thick. Compare ~-'igures 56 and 57 with
the two views furnished by Figure 67.
The remaining cervicals are short, and they have short, slender
spines. The third, fourth, fifth and sixth cervicals Df the U. S.
National Museum mounted specimen are each 47 mm. long, and the
!':eventh, 54 mm.
The dorsal vertebrm are those to which were attached the ribs.
They are twenty in number; but it may occasionally have happened
that the hindermost rib was not developed, thus throwing the corresponding vertebra into the lumbar series. The dorsals may be
known from their having short, thick, transverse processes which
are not pierced by a foramen, and which arise from the arches;
long, medium or short neural spines, which are mostly rather broad
from front to back; and from having on each side one or two concavities fm the heads of ribs. In the case of the anterior fourteen
or fifteen of these vertebral there are on each side two concavities
for ribs, one in front for the rib which belonged to that vertebra,
and one behind for the rib which belonged to the next vertebra behind. In such vertebrm the hinde'r cavity of one centrum fitted
against the anterior cavity of the succeeding centrum, so as to make
one hemispherical concavity for the reception of the head of a rib.
In this way each rib articulated with two vertebrm at their junction.
In the case of the hinder six Dr seven dorsal vertebrm, the articular
cups for the rib-heads moved back from the front end of their respective centra" so that the hindermost rib articulated about the
middle of the length of its centrum.
All the dorsals of the mounted specimen in the U. S. National
::\1 menm have a width of close to 125 mm. They vary in length
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from 56 to 70 mm. Those of the anterior half of the dorsal series
werage 59 mm. in length; those of the hinder half average a length
of 68 mm. These measurements do not include anything for the
intervening cartilages that were present in life.
The centra of the dorsals of the mounted Indian elephant in the
U. S. National Museum, a male animal twenty years old, with a
height of a little more than eight feet, vary in length from 52 mm.
to 63 mm. The animal therefore had a shorter back and longer
legs than the mastodon.
About six or eight of the anterior dorsals of the mastodon have
very long neural spines, and these are directed upward and backward. In the U. S. National Museum specimen the third dorsal has
the spine 381 mm. long (15 inches). The succeeding spines gradually became shorter, so that the hinder ones are very short.
The lumbar vertebrre ar~ three in number. They resemble
g-reatly the hindermost dorsals, but have no excavations on the sides
of the centra for rib-heads. Their transverse processes are longer
than those of the hinder dorsals and stand more directly outward.
While the first lumbar centrum has about the same breadth as the
last dorsal, the third lumbar is considerably wider, about 150 mm.
in the U. S. National Museum specimen. Each lumbar in the specimen mentioned is 70 mm. long on the lower face.
In the Warren mastodon (Warren, PI. XXIII, Fig. 3), the tirst
lumbar had the transverse processes much longer than those of the
last dorsal and longer than those of the other two lumbars.
The sacrum is that part of the vertebral column that is articulated beb>veen the two ilia, or hip-bones. It consists of five vertebrre,
but three, in old age at least, are so thoroughly consolidated as to
form a single mass. It appears that the first and the last of the
vertebrre may remain, even to adult age, unconsolidated with the
others, and one or the other may be missing from the specimen
found. In old age the sacrum becomes wholly consolidated with the
hip-bones, and then the bones of the pelvis form a single mass.
The lower surface of the sacrum i~ smooth and nearly flat. It
is pierced hy four pairs of holes, which are on the boundary lines
between the originally distinct vertebrre. The upper surface is
rough, with various processes. The anterior end joined the last
lumbar vertebra; the hinder end, the first caudal. The sacrum of
the mounted specimen in the U. S. National Museum is 400 mm.
long. Its width in front is 275 mm.; behiild, 220 mm.
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The number of caudals is somewhat doubtful, no specimen having been found with all present. The number varied probably
somewhat in different individuals. There were probably about 25
or 30 in number.
'I'hey are naturally smaller than those of the trunk. The first
are largest and have all the elements of a vertebra; those toward the
tip of the tail are much reduced in size, and lack all pa.rts except
the centrum. Those of the upper half of the tail have long, fiat,
outstanding transverse processes and short neural spines. The second caudal of the U. S. National Museum specimen has the centrum
70 mm. long, 86 mm. wide in front, while from the extremity of one
transverse process to that of the other is 230 mm. The base of the
processes occupy nearly the whole length of the centrum.
RIBS.

As already stated there were in the mastodon twenty pairs of
ribs. Of these, about the anterior six were connected directly with
the sternum by cartilages. Of the others, all but the hinder six or
seven sent forwards from their lower ends strips of ca.rtilage to join
the cartilage of the next rib in front.
Below the upper fourth, the first rib is nearly straight, fiat, and
paddle-like in form. Its length, in the U. S. National Museum
specimen, is 540 mm. At one-third of its length from the upper end
the width is 47 mm.; the thickness, 23 mm. At two-thirds the length
the width is 87 mm. and the thickness 20 mm.; and at the distal end
the width is 120 mm. The third, fourth, and fifth ribs are unusually
broad in the upper third of the length. The fifth of the U. S. National Museum specimen is 78 mm. wide. The sixth is much narrower, as are all behind it.
In the U. S. National Museum mounted specimen the longest rib
is the seventh, and is 1,063 lilli. long. In the Warren mastodon the
longest rib is stated to be the ninth and the length 54! inches, 1,390
mm.; but the ribs from the seventh to the tenth, inclusive, differ
in length not more than an inch.
The longest rib of the Indian elephant in the U. S. National
Museum equals 915 mm. The greatest width of the abdomen is
1,000 mm. In the mastodon described here, the width of the abdomen is 1,113 mm. wide, as mounted.
The ribs of the mastodon are slenderer than those of the Indian
elephant. All, except a few in front, are less flattened on the inner
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surface than those of this elephant. There are indications that the
same difference exists between the mastodon and the mammoth.
The ribs of the elephants maintain their width, or even become
broader toward the distal end.
STERNUM.

The sternum, or breast bone, of the mastodon, as that of the elephant, was composed of three segments of bone. The largest of
these was in front and to it was attached by an interval of cartilage
the broad lower ends of the front pair of ribs. The ribs of the second pair were attached at the interval between the front piece and
the second; while the ribs of the third pair were attached at the
junction between the middle and the hinder pieces of the sternum.
In the U. S. National Museum specimen the anterior piece is missing, while the second and third pieces are consolidated into one bone.
'rhis is 190 mm. long, 90 mm. high in front, and 50 mm. behind. It
is 42 mm. thick in front and 60 mm. behind. The upper surface is
fiat, while the bone is reduced below to a sort of keel.
Having described the axial structures and their appendages, the
limbs and their supporting bones will next be considered.
The scapula of the mastodon, like that of the elephants, is very
large and of an approximately triangular form, the sides of the triangle being nearly equa1. The lower angle is greatly thickened, and
the bone behind the angle excavated to form the glenoid fossa, for
the head of the humerus. Another angle was directed upward and
was placed opposite the basal portions of the neural spines of three
or four anterior dorsal vertebrm. The third angle was directed
backward. On the outer surface of the scapula and just above the
glenoid fossa there arises a great spine whose greatest height above
its origin on the bone is, in the U. S. National Museum, as much as
160 mm. This spine continues on to the upper angle of the scapula,
its height becoming gradually reduced. The free border of the
spine is expanded and at its lower end it gives off two great processes, one extending downward and forward, the other downward and
backward. On the side of the bone that was applied against the
ribs a strong ridge ascended from the glenoid fossa to the upper
angle of the bone.
In the case of the scapula of the U. S. National Museum specimen, the anterior border measures 730 mm.; the border directed
downward and backward, 660 mm.; the one directed backward and
upward, including the glenoid fossa, 570 mm., of which 175 mm.
belongs to the glenoid fossa. This fossa has a width, from side to
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side, of 100 mm. The anterior border and the glenoid border are
smooth and thin, while the upper border is thick and rough from
an edge of epiphysial bone.
A comparison of the scapula of the mastodon with that of the
Indian elephant shows that in the mastodon the spine arose much
farther behind the anterior border of the bone than in the elephants.
When the scapula is stood with the glenoid fossa downward and
the border nearest to the spine forward, the spine will be directed
toward the side to which the bone belongs.
The general form of the humerus may be seen in Plate XII. It
is one of the great bones of the body and one of those the most
likely to be preserved. It may be easily recognized from its greatly
enlarged ends, the slender middle part, the rounded head for articulation with the scapula, the semi-cylindrical articulation for the
ulna, the massive deltoid ridge, and the broad supinator ridge. 'l'he
length of the humerus of the specimen in the U. S. National Museum measured in a straight line from the summit of the head to
bottom of the trochlea, is 727 mm.; the trochlea measures from side
to side 200 mm. The supinator ridge rises above the lower end of
tIle humerus 270 mm. -Where the shaft is most constricted the diameters are 95 mm. and 120 mm. The humerus of the Miami
County, Indiana, specimen mounted in the Milwaukee Public MuseuIn, is 900 mm. long.
The length of the humerus of this specimen equals that of the
centra of eleven and one-half dorsal vertebr&; whereas, in the Indian elephant the humerus nearly equals the length of 15 vertebr&.
To determine to which side the bone belongs, stand it with the
head upward, the bicipital groove directt'd forward and the deep
cavity at the lower end into which the olecranon of the ulna fits
looking backward; then the supinator ridge and the great deltoid
ridge will be directed toward the side to which' the bone belongs.
The ulna is the principal bone of the forearm. It may be recognized by the great sigmoid cavity for articulation with the lower
end of the humerus, the enormous rough process standing backward
from this articulation, the triangular shaft, and the rounded articulation at the lower end for some of the bones of the wrist. Plate
XII shows the general form of the bone. In the case of the mounted
specimen in the U. S. National Museum, the ulna is 640 mm. long,
in a straight line. The line adjoining the hinder with the front end
of the greater sigmoid cavity, that which receives the humerus, is
130 mm. long. At the lower end of the cavity is a notch that receives the upper end of the radius. The shaft is triangular, the
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outer face, at the middle of the length of the bone, having a width
of 85 mm., the front face 87 mm., the inner or hinder face 95 mm.
The lower end articulated with the lunar, the cuneiform, and the
pisiform bones of the wrist. The bone is crossed in front by the
radius.
To determine the side to. which the bone belongs, stand it with
the upper end upward, the rough olecranon and the concavity of
the length of the bone backward, the great sigmoid cavity looking
forward; the olecranon process will incline more toward the side
to which the bone belongs; on that side too will be the sharp ridge
which descends from the olecranon to form the hinder outer border
of the bone; the smaller of the two processes that enclose the upper
end of the radius will be on the same side; at the lower end of the
bone the rough face with two eminences separated by a groove will
look toward the same side; while the flat surface for the lower end
of the radius will be directed toward the opposite side.
The ulna of the mammoth E. prirnigenius differs in being slenderer, in having the outer face divided by a ridge which, starting
at the outer of the two processes which embrace the upper end of
the radius, runs downw~rd and backward to the outer eminence at
the lower end of the bone. The upper half of the front face is
more excavated than in the mastodon.
The radius is a relatively slender bone and is much twisted and
bent. It occupied a position in front of the ulna, bending around
below to the inner side of the latter. The head of the radius lay, in
life, in a notch on the great sigmoid cavity of the humerus, and its
upper extremity forms a smooth concave surface which articulated
with the lower end of the humerus. The lower and larger end of
the bone is flattened on the outer face for union with the lower end
of the ulna. '1'he lower extremity has a large, smooth articular
surface, the greater part of which is applied to the lunar bone, but
a small part thereof to the scaphoid. In the U. S. National Museum
mounted specimen this bone is 600 mm. long; the upper end is 103
mm. wide, its lower end 133 mm. The diameters at the middle of
the shaft are 43 mm. and 52 mm. respectively. The radius of the
specimen mounted in the Milwaukee Public Museum is 725 mm.
long.
Place the larger end of the bone downward, with the sharper
edge of this lower end forward and the lowest process of the bone
toward the rear, the smooth articular face for the upper end of the
ulna 'backward; then the flattened face of the lower end will look
toward the side to which the bone belongs.
44-29153
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The forefoot of the mastodon was greatly like that of the elephants. See Figures 58 and 59. It was a foot that in most respects
\vas very primitive, in that it retained all of the elements typical of
the wrist and all five of the digits. Besides this, none of the metatarsals is lengthened, as we find them in most of the hoofed animals.
The foot was very short and was certainly furnished with a pad of
connective tissue behind the digits, with the result that these, III

FIG. 58.

Mammut americanum. Forefoot. After Warren. R, radius; V, ulna; I, first digit; V, fifth
digit; 8, scaphoid; I. lunar; c, cuneiform; P, pisiform; td, trapezoid; m, magnum; u, unciform; me i-me 5, the metacarpals.

walking, were directed strongly downward, as well as forward; that
is, the animal was digitigrade. There were certainly small hoofs at
the end of each digit, as in the elephants.
The bones of the wrist, with the exception of the pisiform, are
short and fiat, with broad upper and lower smooth articulatory
surfaces for movable union with one another, with the bones of the
forearm, and with the metacarpals. The bones of the first, or upper,
row of carpals are, commencing on the inrlerborder of the foot, the
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scaphoid, the lunar, the cuneiform, and the pisiform. The connections of these may be seen from the figures, reproduced from Dr.
Warren's monograph. The terminal phalanges of the digits are
represented only in outline, inasmuch as they have probably never
yet been found. They were certainly much reduced in size and
may not have been present. It would require too much space to
describe all these bones in detail. As to distinguishing them from
the corresponding bones of the various fossil elephants the means
for doing this hardly exist as yet; at least, the work has not yet
been done. Where mastodon remains are found, care should be

/

FIG. 59. Mammut americanum. Forefoot. After Warren. Explanatory letters same as Fig. 58.

taken to collect the smaller, as well as the larger bones. If the feet
are present the bones of each foot, if not mixed with the bones of the
other feet, should be kept separate, and, if possible, the bones of
each digit separate from those of the others.
The pelvis, Figure 60, consists of the sacrum, which has been
already described as a part of the vertebral column, and the two
innominate bones. Each of the latter was composed, in early life,
of three bones, the ilium, or hip-bone, the ischium, and the pubis,
which joined one another at the acetabulum. These three became
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(;onsolida,ted into one bone, and in old age, at farthest, an the pelvic
bones became ankylosed into one mass.
The pelvis of the mastodon was enormously widEr-much wider
than that .of the mammoth and that or the living elephants. Like
those of the elephant, the ilia are nearly fiat on the front face,
that face that c.orresponds t.o the inner face .of most animals, and
they stand out at nearly right angles with the spinal column. In
the case of the mounted specimen in the U. S. National Museum,
the distance from the outer extremity of one ilium to that of the
other is 1,425 mm. (56 inches). The width of the pelvis in the

;8
:F'IG. 69.

Pelvis seen fr:.Jm behind Xl'!J' After Warren. fem, lemur;
is, iechium; pu, puti3; sac, saCIum.

Afammut americanum.

specimen in the lUilwaukee Public Museum is 1,625 millimeters.
The Randolph County specimen at Earlham CDllege has the pelvis
] ,900 mm. wide. In the Warren mastodon the width is given as
6 feet 2 inches. :F'igure 60, redrawn after Warren, represents the
pelvis as seen from behind. In this specimen all the bones are
th.or.oughly cDnsolidated.
It will be seen that the ilia form the great wings of the pelvis
and extend on each side from the sacrum to the acetabulum. The
pubic bone extends in front frDm the acetabulum t.o the mid-line;
while behind, an ischium runs dDwnward and backward to meet its
fellow .of the other Ride at the mid-line. Each pubic bDne sends
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backward, close to the mid-line, a branch which meets and becomes
ankylosed to a forwardly directed branch from the ischium of its
side. This results in producing on each side of the pelvis an opening, the obturator foramen, which is enclosed by the ischial and
pubic bones.
The right and left sides of the pelvis enclose a large, nearly
circular, opening, the pelvic strait. The roof of this is formed by
the sacrum, the sides by the ilia, and the floor by the pubes and
the ischia. In the U. S. National Museum specimen the depth of
the anterior end of this opening is 564 mm; its diameter from side
to side, 517 mm. The width is therefore about 92 per cent. of the
height. In the mounted specimen at the Milwaukee Public Museum
the depth of the opening is 470 mm., the width is: 425 mm. Thl'
mounted specimen at Earlham College has the pelvic opening 520
mm. deep and 500 mm. wide. In the Warren mastodon the height
is 21 inches, the width 22, the latter, 105 per cent. of the height.
The latter animal has been regarded as a male, the one in the U. S.
~-Jational Museum as a female, and it is possible that the difference
in the form of the pelvic strait is due to difference in sex; but this
is not yet certain. In the U. S. National Museum specimen the
width of the pelvic strait is 36 per cent. of the width of the pelvis;
in t.heW arren, it is 30 per cent., the opening being thus much
smaller in the laUer. It is to be observed that the opening in the
U. S. National Museum spe'cimen is almost as great as it is in the
Warren mastodon, which was a much larger animal.
The longitudinal and transverse diameters of the obturator
foramina in the U. S. National Museum specimen, are 185 mm.
and 116 mm. respectively. The upper edges of the ilia are usually
very rough from the preEcnce of a border of epiphysial bone. In
the younger animals this was not yet consolidated with the body
of the bone and it may therefore in some specimens be missing.
The hinder ends of the ischia are much thickened and usually
very rough.
The acetabulum, which received the head of the femur, is a cupshaped cavity, looks nearly directly downward. In the U. S. Na,tional Museum specimen its diameter is 150 mm. (6 inches).
The pelvis of the mastodon differs greatly from that of the
mammoth and other elephants. Especially is it distinguished by
the greater breadth, as compa,red with the centra, of the dorsal
vertebra. In the 'case of the U. S. National Museum specimen thp
width is equal to 22.4 vertebrre of average length, while in the
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Indian elephant the width is equal to 19.4 do,rsals of average
length.
If, however, the width of the pelvis be compared with the length
of the femur a grCJ1t difference is observed. In the Indian elephant (probably, too, in the other elephants) the femur has the
length almost exactly equal to the width of the pelvis; while in the
mastodon, the femur is only 60%, or 65% of the width of th"
pelvis.
In the elephants the supra-iliac border descends from its articulation with the sacrum to its outer angle in a uniform curve, a
part of a circle; while in the mastodon the border is nearly straight
in most of its course to near the outer angle.
'fhe femur is a long and relatively slender bone, with a flattened shaft and expanded ends. At the upper end, on a neck that
projects inward and upward, is the head of the bone, with a hemispherical smooth surface that fitted into the acetabulum of the
pelvis. Outside of the neck is the great trochanter, to which were
attached powerful muscles. 'fhe shaft is flattened on the hinder
face, passing into a concavity behind the great trochanter and into
another at the lower end of the bone. At the lower end of the bone
are found the inner and outer condyles, with smooth surfaces for
articulation with the tibia. 'fhe inner condyle is the more promi·
nent. Posteriorly these condyles are separated by a deep notch.
Just above each condyle, on the outer and inner faces, is a rough
prominence for attachment of ligaments. Above the condyles in
front is a smooth surface for the patella.
'fhe general form of the femur may be seen from Plate XII.
In the U. S. National Museum specimen the femur is supplied
from an animal found at Kimmswick, Missouri. 'fhis has a length
of 970 mm. The head has a diameter of 140 mm.; at the middle of
the shaft, the greater diameter is 130 mm.; the least, 70 mm. 'fhe
greatest thickness of the bone at the lower end is 230 mm. A
femur described by Blainville appears to have been a stouter bone
than the one described, inasmuch as the' greater diameter at the
middle of the shaft was contained in the length of the bone only
61-3 times, instead of nearly 71-2 times. In the mounted specimen in the Public Museum, at Milwaukee, the femur is 1,070 mm.
long.
'l'he femur appears to be but little, if at all, stouter than that
of the mammoth. In the latter the greater diameter, 146 mm., at
the slenderest part of the bone, is contained in the length, 1,110
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mm., 7.6 times; while in the femur of mastodon above described the
diameter given is contained in the length 7 .46 times.
To determine to which side the femur belongs, stand the bone
with the head upward, with the hollow behind the great trochanter
backward and with the surface for the patella forward. Then the
great trochanter will point to the side to which the bone belongs.
At the lower end the st.raighter border, as.cending from the condyles, will be on that side.
'I'he patella, or knee-pan, is a solid bone of considerable size
that is very likely to be preserved. Its length, in the leg from
Kimmswick, Missouri, is 120 mm.; the width,
116 mm.; the thickt
ness, 80 mm. The surface which was applied to the lower end of
the femur is smooth, conca.ve up and down, convex from side to
side. The other surfa.ces of the bone are convex and rough.
The tibia is one of the larger bones of the skeleton. It is
straight and has the ends considerably enlarged. The upper end,
cut off nearly at right angles with the length of the bone, presents
two smooth concave surfaces for articulation with the condyles of
the femur. These surfaces are separated by a prominent ridge.
In front, below the surfaces mentioned, is first a concavity followed
by a strong and rough tuberosity, continued downward nearly onethird the length of the bOone. The remainder of the shaft is mostly
smooth, convex from side to side in front, concave from side to
side in the upper half of the hinder face, flat on the lOower half.
The hinder face is bounded on the outer and inner sides by two
sha,rp ridges which descend frOom the inner and outer condyles.
The upper end of the outer face of the bone is concave. On the
rear of the outer condyle is a smooth surface for the head of the
fibula. '1'he lower end of the tibia has a smooth articular surface
which fitted against the astragalus. It is concave from front to
rear. On the inner side of the lower end an eminence, the internal
malleolus, extended dow'll against the inside of the astragalus.
Outside of this surface is another, looking downward and outward,
for union with the fibula. The U. S. National Museum specimen,
the tibia of which is from Kimmswick, Missouri, presents the following measurements:
Length in a straight line ..................................... 550 mm.
Transverse diameter of upper end .:........................... 200 mm.
Greatest diameter of shaft where smallest ..................... 90 mm.
Shorter diameter of shaft where smallest ...................... 65 mm.
Diameter from side to side at lower end ............... , .. " .. , 160 mm.
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In the mounted mastodon at the Milwaukee Public Museum, the
tibia is 635 mm. long.
1'0 determine the side to which a tibia belongs, place the bone
with the large end upward, the tuberosity for the extensor muscles
forward and the great concavity in the upper half of the bone
directed ba,ckward; then, at the upper end, the concave surface
that is at the lower level will be on the side to which the bone
belongs, as will also the smooth surface for the fibula. At the
lower end the sloping surface for the lower end of the fibula will
also be on that side.

FIG. 61. Marnmut a.nerica1Jum. L}~~ hin:l f.:»t S~:3n frJm fr.:>nt. After Warren. a8. astragalus;
c1 , c2, c3, inter~la,l. middli3. exter.lll.l cuneiform bones; ca, calcaneum; F, fibula; I, first or inner
digit; mtJ-mt5, m3tataraals; nav, navicalar; ses, sesamoid bones; T, tibia; V, fifth or outer digit.

The fibula is a long slender bone, with flattened faces and sharp
ridges, and with one end moderately enlarged, the other considerably so. At the smaller, upper, end is a smooth surface which
looked forward and was applied against a smooth surface on the
back of the outer condyle of the tibia. The lower end of the bone
has articular surfaces for three bones, the tibia, the astragalus, and
the calcaneum. That for the tibia is on the inner fa.ce of the
fibula and looks inward and upward. That for the astragalus is
just below that for the tibia, is long and narrow and looks inward.
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That for'the calcaneum is larger and looks inward and downward.
The length of this bone, from Kimmswick, Missouri, forming a
part of the mounted specimen in the U. S. Na,tional Museum, is 520
mm. long; the length of that of the Warren mastodon is 26 inches,
or 660 mm.
In order to determine to which side a fibula belongs, place the
larger end downward with the process that descends the lowest in
front; also, with the smooth surface that articulates with the tibia
in front. Then the rough external malleolus will look toward the
side to which the bone belongs.
The hinder root (Figures 61 and 62) is made up of the tarsal,
or akle bones, the metatarsals, or instep bones, and the phalanges,

FIG.

62. Mammut americanum. Left foot seen from left side.

Same explanation as for Fig. 61.

the bones of the toes. The foot, like the hand, is primitive in its
construction, but the digits have become shortened and the position known as digitigrade.
The tarsns consists of the astragalus, the calcaneum, or heelbone, the navicular, the three cuneiform bones (internal, middle,
and external) and the cuboid. These resemble closely those of th'~
dephants, but doubtless close comparison would enable one to establish dif'fexences.
The astragalus is a flattened bone whose smooth upper surface
articulated with the lower end of the tibia. Its lower surface
articulated with the navicular in front and with the calcaneum
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The calcaneum is a great irregular bone, a rough process of
which formed the heel of the foot. It articulated with the fibula,
the astragalus, the cuboid and the navicular.
The navicular is a flattened bone which articulated with the
astragalus above, the calcaneum outwardly and behind, and with
all the bones of the second row of tarsals.
Each of the three cuneiform bones articulated with the navicular bone above and with principally its own metatarsal bone below.
The cuboid is on the outside of the foot. It articulated with
the navicular and calcaneum above and with the fourth and fifth
metatarsals below.
The metatarsals, five in number, are short thick bones, which
resembled the corresponding bones of the fore feet. The third and
fourth are the largest.
There are supposed to have been two phalanges in the first
digit and three in each of the others, but the terminal ones have
not been found, and it is possible that some or all of them had
become abortive.
As in the case of the fore foot, there are in the hind foot certain small nodular bones that are known as sesamoids. They were
placed below the articulation of the metatarsals. There was a pail'
of these to each of four toes.
COVERING OF HAIR.

In his book, "Animals Before Man in North America," Professor Frederick A. Lucas published a restoration of the American
mastodon, in which the animal is represented as being covered with
a coat of hair. The pla.te is a reproduction of a painting, nnw in
the U. S. National Museum, that was made by Mr. J. M. Gleeson.
Whether or nnt this animal was clnthed with hair may be regarded as an undecided question. Or, rather, it may be questinned
to what extent they were thus clothed; .for even the living elephant;
have some hair nn their bodies.
The belief that the mastodon was a hairy animal rests on a
very few and not wholly convincing observations. Unfortunately
no cadaver has yet been discnvered preserved in frozen soil, as in
the case of the hairy mammoth. In 1801 (Medical Repository,
New York, IV, p. 213 or 214), Hon. James G. Graham wrote a
letter to Dr. S.L. Mitchill, in which, speaking of some mastodon
remains found in Orange County, New Ynrk, he stated that "in
Montgomery there was found hair of the mastodon three inches
long and of a dun cnlor."
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A judge, Sylvanus Miller, writing to Dr. S. 1..1. Mitchill in the
same year and in the same journal, pages 211-213, announced the
discovery and appearance of a skeleton found in Ulster County,
New York. He wrote: "Around and in the immediate vicinity
""ere locks and tufts of hair of a dun brown, of an inch and a half
io two and a half inches long, and, in some instances, from four
io seven inches in length."
In volume III of Blainville's Osteographie des Mammiferes, on
page 340, is a statement that some bones of a mastodon had been
found near the mouth of the Wabash River at a depth of 60 feet.
It is further said that with these bones were found some portions
of skin and hair. So far as is known none of these specimens of
hair were preserved.
Prof. James Hall, in describing the finding of a small molar
tooth at Stafford, Genesee County, New York, stated as follows':
"Its situation was beneath the muck and upon a deposit of ~lay
and sand. A large quantity of hair-like confervre, of a dun brown
color, occurs in the locality, and so much does it resemble hair,
that a close examination is required to satisfy oneself of its true
nature."
As to the food of the mastodon, not much is known that is
wholly satisfactory. From the numerous sharp cusps on the teeth,
it was by the earliest observers concluded that the mastodon was
a carnivorous animal, but that idea was soon abandoned. About
1806 some remains of a mammoth were discovered in Wythe
Oounty, Virginia. Bishop Madison reported that at a depth of 51
feet the finders had struck upon the stomach. The contents of the
viscus were carefully examined and found to be perfectly preserved. 'rhey consisted of half-masticated reeds (" a species of
Arundo, or Antndinaria" still common in Virginia' '), of twigs of
trees, and of grass and leaves. The bishop was very positive on
the subject, but admitted he had not seen these things himself.
In 1846 Prof. Asa Gray, the botanist, reported (Proc. Bost.
Soc. Nat. Hist. II, p. 92;, on some materials that had been found
occupying the place of the stomach of a mastodon skeleton discovered on Schooley Mountain, New Jersey. He found pieces of
wood, evidently of branches one, two and three years old, broken
quite uniformly into bits of half an inch or so in length, with only
now and then traces of bark remaining. The wood was not fossilized and only partly decayed. From the examination of thin
slices Professor Gray concluded that the wood was that of som·?
conifer, a spruce or fir, rather than a pine. The structure agreed
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quite closely with that of similar branches of the common hemlock
spruce.
In 1874 Dr. J. G. Hunt, of Philadelphia, gave the results of
his examination of some substances which had been supposed to
come from the stomach of a mastodon found at Wayland, New
York. He found abundant remains of cryptogams and flowering
plants, stems and leaves of mosses, and'll, fragment of probably a
rush. Pieces of woody tissue and of bark of herbaceous plants and
spiral vessels were abundant. "It thus appears that the animal
ate his last meal from the tender mosses and boughs of flowering
plants growing on the banks of streams and margins of the swamps,
rather than fed on submerged plants; and it is probable, moreover,
that the pines, cedars, and their allies formed no part of the mastodon's food."
From Gray's and Hunt '8 results one may conclude that mastodons varied their diet according to their tastes and circumstances.
Other observations, or supposed stomach contents of mastodons
have been made, but they lack accuracy of observation and of determination.
J.lIST OF LOCALITIES WHERE INDIANA MASTODONS
HAVE BEEN FOUND.

Allen County.-Richard Lydekker (Foss. Mammals British
Museum, Pt. IV, p. 17), states that there is in the British Museum
a cast of the left half of the brain of an immature specimen from
}1't. Wayne. The cast had been sent by the Chicago Academy of
Science.
Prof. C. R. Dwyer (16th Ann. Report Geo1. Surv. Ind., p. 129),
statcd that five skeletons of mastodons had been found in that
county. No particulars were given. A note from Professor Dwyer
informs me that he had been able to obtain no additional information.
All these mastodons must have lived after the clearing away
of the ice of the Wisconsin stage.
Clark County.-In the Fifth Annual Report of the Geological
Survey of Indiana, on page 176, Mr. Wm. W. Borden related the
finding of a skeleton of the mastodon on tract 55 of the "Illinois
Grant." This is not far from Charleston Landing, which is situated on the Ohio River, above Louisville. The bones were found
in a sandbank. A pRrt of the skeleton was sent to the qld Louisville museum, the remainder were then in the possession of a Mr.
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J. COOllS. A tusk which belonged to this specimen is said to have
been six feet in length, but it soon fell to pieces. Borden stated
that mastodon re1Jlains and wood were often found in deposits of
altered drift of that region at a depth of 30 feet.
The whole of trad 55 is quite level and seems to be covered
with a thin layer of Illinois drift. There is no stream indicated
on it on Siebenthal's map of this region (25th Ann. Rep. Geo!.
Surv. Ind.), and the river terraces do not reach back on this tract.
It is possible, therefore, that the sandbank in which the mastodon
skeleton was found was an Illinoian deposit; but it is more proba.bly of a later date.
In the report just referred to, Mr. Borden stated that mastodon
remains had been frequently found in the bank of the Ohio River
at New Albany in the same position. It is probable, however, that
the deposits along the Ohio at New Albany are of later date than
the Illinoian ice-sheet.
Dearborn County.-~In 1872, Prof. R. B. Warder (Third and
Fourth Ann. Report Geol. Surv. Ind., p. 402), mentioned briefly
some remains that had been found in this county. A part of a
pelvis, belonging, as it was supposed, either to the mastodon or the
mammoth, had been found at a salt spring, on Tanners Creek,
below Guilford. A mastodon's tooth is said to have been found on
high ground on George Randall's farm, five miles west southwest
from Aurora. It was lying on a stratum of blue clay, eight or nine
feet from the surface. Where these specimens now are, if in existence, is not known.
The greater part of this county is covered with Illinois drift,
but the Ohio Valley contains deposits that resulted from glacial
drainage, most of it of Wisconsin age; and this extends up the
valley of Tanner's Creek. In this deposit was probably lying the
pelvis mentioned above. Besides the Wisconsin drift of the terraces along the Ohio River in this region, there are some deposits
beneath the Wisconsin that are suspected to be of Illinois age
(Leverett, Monogr., U. S. Geol. Surv. XLI, p. 265).
DeKalb County.-Dr. W. J. Holland (Ann. Carnegie Museum,
III, 1905, p. 464) stated that th~re is in the Ca.rnegie Museum at
Pittsburg a nearly complete individual of this species. This wail
found in a peat-bog about five miles west of Waterloo. Dr. Holland rega.rded it as one of the most complete and largest hitherto
discovered in North America. No details regarding the conditiom
under which it was entombed have been furnished, nor anything-
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about the structure except that of the hyoid bone. According to i1
letter sent to the State Geologist, Prof. W. S. Blatchley, by Mr. F.
W. Willis, of Waterloo, Indiana, this skeleton was found in 1897
by a Mr. Spindler. One tusk was nearly 9 feet long and 6 inches
in diameter. There were two teeth on ea,ch side of each jaw.
According to Leverett's map of this region (Monogr. XLI, U.
S. Geol. Surv., pI. II), this peat bog mentioned would be on late
WiS'Consin drift, between two moraines.
Delaware Gounty.-In 1881 Dr. A. J. Phinney (Eleventh Ann.
Report Geol. Surv. Ind., p. 131), stated that remains of the mastodon had been found in different parts of Delaware County. He
mentions first a tooth whose grinding face measured four by five
and a half inches and whose depth was seven inches. It had been
found four and a half m~iles west of Muncie, by Edward Tuhey,
on the farm of Edward McKinley. No other data were furnished.
A foot bone, which might belong to either the mammoth or the
mastodon, had been found in the easltern part of the county and
was owned by Dr. G. W. Kemper. About three miles south of
Muncie, on the farm of P. Carmichael, parts of a skeleton, the ribs
and some of the larger bones were found, all in an advanced stage
of decay. It jg not known whether any of these were preserved.
They might, quite as well, have been bones of one of the mammoths.
The whole of this county is, according to Leverett (Monogr. U.
S. Geol. Surv. XLI, p. 485, pI. II), covered with late Wisconsin
drift, and the bones which were found lay in deposits, probably
swamp muck, that were formed after the last glacial ice-sheet had
disappeared from the county. It is, of course, possible that the
edge of the glacier existed yet within the State, farther toward the
north.
Dubm's Gounty.-(a) In the Fourth Annual Report of the
Geological Survey of Indiana, 1872, page 214, Prof. John Collett
stated that a Colonel Edmonston had found a part of a mastodon
skeleton near t.he mouth of Wolf Creek, at "Rock Hous:e" ford of
White River. This appears to be in Harrison Township. One or
the teeth had been presented to Dr. Owen, the State GeologiBit, and
was supposed to be in the cabinet of the State University.
No details were given as to the exact place of discovery, its
depth or the character of the deposits. According to Leverett
(Monogr. XXXVIII, U. S. Geol. Surv., pI. VI), the locality is on
or near the border of the Illinois drift sheet. The valley is indicated as being occupied by alluvial terraces older than the Wis·
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consin drift deposits. The skeletDn may have been in some of these
terraces.
(b) Somewhere near this IDcality it prDbably was that another
specimen of mastodon was found many years previously. Samuel
J. Mitchell, in his" Observations on the Geology of North America, " page 363, stated that a part of a mastodon had been found
in July, 1817, on the east branch of White River. The report of
the specimen had been sent by a man who lived" near the falls of
the east branch." The specimen consisted, among others, of the
upper jaw whose width from outside to' outside was 20{- inches.
'['he length of the posterior grinder was 7! inches and there appears
to havc been five transverse ridges on the third true molar. This
~ccount was quoted in Godman's American Natural History, volume II, page 239.
FOtlntain Connty.-In the Second Annual Report of the Department of Geology and Statistics, 1880, p. 386, Professor John
Collett, then State Geologist, stated that, at some time not men·
tioned, a skeleton of a mastodDn had been found a few miles nDrth
of Covington, imbedded in wet peat. It was found while excavations were being made for a canal. It is not stated at what depth
the remains occurred. The teeth are said to have been well preserved. Collett quotes a statement that when the long bones Were
split open it was found that the marrow had been preserved and
it was used to' grease boots. There were also chunks of adipocere
present. The indications are that the remains were destroyed,
apparently being Df more value to the finders for furnishing bootgrease than as a source of scientific knowledge.
While this report was in press the writer received a letter written by Mr. J. E. Walker, of Attica, Indiana, which stated that a
lower jaw of a mastodon was found about October 1, 1895, near
Newtown. On further inquiry a letter was received from Mr.
Charles R. McKinney, Newtown, who says that the jaw was found
in the bank of CDal Creek, about 4 rods frDm where it crosses into
Montgomery County. The location is on the N. E. -1, S. 9, T. 20,
R. 6. The soil is described as a very black loam, and the jaw was
about 3 feet from the surface. It has been found impracticable to
enter this locality on the map.
'fhis regiDn is, according to Leverett's (Monogr. XXXVIII,
U. S. Geol. HuTY., pl. VI), covered with the deposits of the Champagn till sheet Df the early Wisconsin glacial ice-sheet. All that
we can be certain of is that the animal lived after the withdrawal
of this early Wisconsin time.
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Franklin Connty.-Dr. Rufus Haymond, in 1869 (First Annual Report Geo1. Surv. Ind.), reported that parts of three mastodons had been found in the vicinity of Brookville. One of them
had been discovered half a mile below the town, another three and
a half miles below. These were both found in the gravel in th(~
upper river terrace, some eight or nine feet below the surface. The
third skeleton was found three and a half miles northeast of Brookville, on the farm of David Barnard, in a piece of marshy ground
which he was ditching.
While most of the region south of Brookville is covered with
Illinois drift, the valley of the Whitewater River itself contains
deposits that were laid down by water coming from the glacial ice
that belonged to the Wisconsin stage.
From Haymond's account it is to be believed that in each case at
least several bones were found. If this is so, it is not probable
that these had been relaid from earlier deposits. The animal must
have lived at the time the gravels were laid down, either where the
bones were found or somewhat nearer the edge of the glacial sheet.
From Mr. A. E. Taylor's account of this region (Thirty-fourth
Ann. Report Geol. Surv. Ind., p. 125), the terrace in which the
mastodon oones were found is 100 feet above the bed of Whitewater
River. Since, therefore, those gravels were deposited, with the
bones in them, the river has cut down a distance of 100 feet. The
writer is inclined to believe that this upper terrace dates from a
time considerably prior to the close of the Wisconsin stage.
In the case of the skeleton found in the peat-bog, it is quite
certain that the animal lived after the ice had withdrawn which
produced the outer moraine of the early "Wisconsin; for the locality
must be on this moraine. '{'he mastodon may have lived at a time
considerably later, even after the close of the glacial period. Dr.
Plummer (Amer. Jour. Sci., Vol. XIJIV, 1843, p. 302), de~cribe(l
two objects called by him "horns," which he found in gravel near
Brookville. One of these was figured.' They were 10 inches long,
nn inch and a half in diameter at the base; solid, gently tapering
towa,rds the smaller end, and slightly furrowed longitUdinally. It
is not unlikely that these were the lower tusks of a mastodon or
the upper tusks of a young' mastodon. The writer has observed
tusks of the mastodon which were thus furrowed.
Gibson County.-In 1910 three teeth of a mastodon were founJ
in Princeton, Gibson County, whilst an excavation was being made
for a sewer in West Chestnut street. They Were met with at a
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depth of six feet. Three teeth were secured. Of these, two, probably the hinder true molars, are reported to have weighed each
three pounds; while another, probably second true molar, weighed a
pound and a half. The teeth were in the possession of the City
Engineer, Mr. H. H. Neikamp.
In Blainville's Osteographie des Mammiferes, Volume III, p.
340, mention is made of the finding of a lower jaw of a mastodon
at some place between Vincennes and New Harmony. This would
be Knox County or in Gibson County. The jaw had in it the last
two molars of one side. It was placed in the library of the city
of Vincennes by M. Badollet, one of its curators. It ought to be
now in the University of Vincennes.
Grant County.-In 1883, Dr. A. J. Phinney, on describing the
geology of Grant County (Thirteenth Ann. Report Ind. Geol.
Burv., p. 14B), reported that some years previously the tooth of a
mastodon had been found in one of the marshes south of the lake
in Fairmount Township. No data were furnished and were perhaps at that time unattainable.
After the clearing away of the ice-sheet of the Wisconsin stage
a large part of this region was left in a condition of small lakes
and ponds. These gradually filled up with vegetable debris, and
with some soil carried in by the water and winds, and at length
were converted, 'partially at least, into swamps. Around these
and in them lived mastodons, mammoths, great beavers (Castoroides), common beavers, and undoubtedly many other animals. It
is just north of this that was found the fine specimen of Elephal;
primigenius that is in the American Museum of Natural History,
New York, and near here, at Fairmount, was exhumed a specimen of Castoroides that is now in the Field Museum, Chicago. We
cannot doubt that all these animals were contemporaries.
Hendricks COtlnty.-In the collection of the State Museum, at
Indianapolis, there is a second lower molar, much worn, with pact
of the crown missing, and with strong roots. It was found near
Danville and is credited to Dr. Vinnage.
Henry County.-In the collection belonging to Princeton University there are two teeth, the first lower molars, right and left.
The length of each is 95 mm. No da,ta are given regarding the
exact locality or regarding the condition under which the teeth
were found. On the map the dot indicating these specimens is
placed arbitrarily.
45-29153
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Jackson C01tnty.-In 1874 (Sixth Annual Report Geol. Surv.
Ind., p. 59), Prof. E. '1'. Cox reported that Mr. James Duncan
found a large molar of a mastodon on the bank of Judah Creek, a
branch of Mill Creek. This was on Section 9, T. 4 N., R. .4 E.,
and not far north of the Muscatatuk River. Other bones were seen
but on exposure they crumbled to pieces. The tooth is said to have
been sent to the State cabinet. The locality seems to be an area
covered by valley deposits of Illinoian age (Leverett, U. S. Geol.
Surv., Monogr. XXXVIII, pI. IX). It might even yet be possible
for a competent geologist to determine whether or not these bones
were found in this Illinoian material, or in some more recent deposit. Cox reported further that teeth and ribs of a mastodon had
been found some years previously at Sparksville, in ,Jackson
County, in the bank of the White River. According to the map
referred to above, this valley is occupied by Wisconsin valley drift.
Jasper Connty.-John Collett, then State Geologist, reported
in 1882 (Twelfth Ann. Report, p. 73), that remains of a mastodon
had been found at some point in this county. He indicates that
this, as well as a mammoth found in the same county, were buried
in deposits of peat. It is quite certain that the animals, if correctly
identified, both existed after the clearing away of the Wisconsin
ice-sheet.
Jay C01lnty.-In the Twelfth Annual Report of the State Geologist of Indiana there is, on page 169, a mention by Mr. David
McCaslin of various remains of mastodon that had been found in
Jay County. In particular, he mentions fragments that had been
found in the western part of Penn T?wnship, and which seemed
to indicate a complete skeleton. A shoulder-blade of this skeleton
was in the possession of Dr. B. G. Arthur. In the same township
had been found the antlers of a gigantic elk.
All such remains must have been buried in the soils that accumulated after the clearing away of the last ice of the glacial epoch.
Lagrange COtlnty.-Professor Donaldson Bodine, of Wabash
College, Crawfordsville, informs the writer that in 1910 one of the
students sent to Wabash College some teeth, a part of a jaw, and
other fragments of a mastodon that had been discovered during
some dredging operations near Lagrange, in Lagrange County.
Mr. F. H. Ward, of Ward's Natural Science Establishment,
Rocllester, N. Y., has informed me that there is in the stock of that
concern a lower jaw .of a mastodon from this county. The exact
locality where it was found is unknown.
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Madison County.-In the Indianapolis Star of July 30, 1911,
there appeared an account of the finding of parts of the skeleton
of a mastodon on the farm of Louis Webb, near Anderson. An
illustration, reproduced from a photograph showed a portion of a
jaw with four teeth, apparently the second and third true molars.
The remains were found in what had been a swamp and were covered by about three feet of soil.
Marion C£,unty.-In the State Museum at Indianapolis there is
a lower last right molar which is labeled as having been found at
Indianapolis at Pennsylvania and Thirtieth streets, while workmen
were excavating for a sewer. It was presented to the museum by
Mr. Charles Dennis, of Indianapolis. This tooth has five well developed crests and a distinct talon. It is slightly worn on all the
crests and has pretty good roots. The length of the tooth is 195
mm.; the width at the third crest, 85 mm.
In the collection there is a tusk about 600 mm. long and 100
mm. in diameter which had been found near the Belt Railroad by
Americus Fish. It is probably the tusk of a mastodon.
Jiarshall COllnty.-Since this report was put in the press the
~uthor has received from Rev. A. M. Kirsch, professor of geology
in Notre Dame University, notes and photographs of mastodon remains collected by him in the region about South .Bend. In 1911,
while a ditch was being made near the line between Marshall and
St. Joseph counties (Sec. 19, Tp. 35 N., R. 3 E.) mastodon bones
'were thrown out by the steam shovel. There were secured the
lower jaw nearly complete, with the second and third molars; all
the cervical vertebrm and some dorsals, lumbars, sacrals and caudaIs; a humerus, a femur and other bones; also a tusk somewhat
more than 4 feet long. These remains are in the collection of the
University of Notre Dame. The locality could not be entered on
the map. Plate XVIII.
Martin Cotmty.--Prof. E. T. Cox, in 1871 (Ind. Ann. Report
Geol. Surv. Ind., p. 103), stated that remains of both mastodon
and mammoth had been found in Martin County, imbedded in
marsh clay, resting on drift. He mentions especially that some
years previousiy a large tooth and probably some other bones of
the mastodon had been obtained by Hon. W. E. Niblack, from
near Hindostan, and were presented by him to Dr. D. D. Owen,
who transferred them to the State University. Hindostan is on
the east bank of the East White River, about four and a half mile.s
in a direct line southwest of Shoals. Without data as to the exact
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locality where the tooth was found it is impossible to determine its
g'eological level. According to Leverett's map, pIs. VI and IX of
Monogram XLI of the U. S. Geological Survey, the country east
of the river at Hindostan is without drift, but the valley is filled
with a deposit of Illinoian age. Of course the mastodon may have
lived and been buried at some later time.
Prof. Geo. K. Greene, of New Albany, informs me by letter that
in 1878 he bought a mastodon's tooth which had been brought out
of White River, nea,r Shoals, on a fishing line. Mr. Greene sold
this tooth to Prof. John Collett.
Miami County.-There is in the Milwaukee Public Museum a
mounted skeleton of a mai'!todon that was found at Denver, in IV[jami County, in 1902. It was discovered under five or six feet of
muck. The greater part of the skeleton is present. From a photograph of it the drawing (PI. XIII), has been prepa,red. The
height at the shoulder of the skeleton, as mounted, is about 2,570
mm. (8 feet 3 inches). The humerus is 900 mm. long; the radius,
725 mm.; the femur, 1,070 mm.; the tibia, 635 mm. The pelvis is
1,625 mm. wide; the pelvic opening is 470 mm. wide and 425 mm.
high. There are three teeth in each jaw, but the hinder OTIe had not
yet come into use. The tusks have been mounted with the tips of
the tusks directed inward.
JIIiontgomery County.-Prof. Donaldson Bodine, of Wabash
College, has informed the writer that about 1885 some remains of
a mastodon were found on the farm of Mr. Milton N. 'Vaugh, in
the northeast part of this county. The exact locality is said to be
Se,ction 12, T. 20 N., R. 3 W. These bones were unearthed by a
::'Ifr. Parrish, who exhibited them at the county fair.
Another specimen is supposed to be near the cellar of a house,
on the farm of Mr. George Lynch, Section 8, 19 N., 3 W. One end
of a tusk was exposed on digging the cellar, but it was not un
earthed. It may, of course, well be that this is the tusk of a mammoth.
Newton CDttnty.-In 1870 Mr. Frank H. Bradley stated (Geol.
Surv. Ills., IV, p. 229), that in draining Beaver Lake, in Newton
County, Indiana, some mastodon remains had been found, in company with Bootherium; but no particulars were furnished. Where
the specimens now are is unknown.
Inasmuch as the region where these remains are found is now
or was until recently, a g'reat marsh and probably has been such,
or even at times part of a great lake, ever since the clearing away
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of the Wisconsin ice-sheet, the comparatively late existence of the
mastodon and of the Bootherium cannot be doubted. It is conceivable that these animals perished even at a time when the region
was a lake, through having ventured out on the ice and either died
there through hunger and cold or as a result of breaking through
the ice and drowning.

Orange Gounty.~In a letter, Mr. Marion F. Mathers, of Orleans, Orange County, informs the writer that in 1903 he found on
his place, five miles west of Orleans and six miles east of the Martin
and Orange County line, and two miles south of the line between
Orange and Lawrence counties, one-half of the lower jaw of a mastodon with the teeth in it. This is now in the State collection
at Indianapolis. In the collection the writer found this jaw, which
contains the three true molars. The m' l is 93 mm. long and ha.3
the crests slightly worn; the m."2 is 115 mm. long and has the two
anterior crests slightly abraded; m. 3 had not yet come through the
gum. It has five crests and a small heel.
Mr. Mather has in his possession some teeth and part of a tusk
of two other individuals. I t appears that all these specimens. were
found in a valley at a depth of about four and a half feet below
the surface.
'l'hese remains having been found outside of the drift-covered
area, it is impossible to assign them to any particular stage of the
Pleistocene period.
Parke Gounty.--In the Forty-first Annual Report of the State
Museum of New York, it is reported that, by purchase from L. A.
Boyd, there had been received, about 1888, the tooth of a mastodon.
It had been found at the junction of Raccoon Creek and Little
Raecoon Creek.
In the absence of any data as to the conditions under which
this tooth was diseovered, it is impossible to determine at what
stage of the glacial period it was buried.
Porter C01~nty.--In the Twenty-second Annual Report of the
Geological Survey of Indiana, Prof. W. S. Blatchley reported mastodons from four localities in Porter County. However," in each
case but a few teeth and one or two bones were exhumed while
ditching. " Professor Blatchley probably did not see the remains
and the identifications must be regarded as doubtful. Nevertheless,
it is more probable that the remains belonged-to mastodons than to
either of the elephants.
One locality was in the Kankakee marsh, on section 25, town-
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ship 33 north, range 7 west, three miles southeast of Hebron; another in a marsh by the side of Cobb's Creek, just east of Hebron;
the third near Sandy Hook Creek, northwest of Kouts:; the fourth
on the southwest quarter of section 27, township 35 north,· range
6 west, 2 miles southwest of Valparaiso. The first two localities
would, according to Professor Leverett's map (Plate VI, Vol.
XXXVIII, Monographs U. S. Geol. Surv.), be on territory occupied by late Wisconsin till; the fourth locality would be on the
Valparaiso moraine system of the late Wisconsin; the third locality
is not exactly determined, but it is certainly above Wisconsin
drift. A letter received from Mr. C. H. Wolbrandt, of Kouts, informs me that the tooth discovered near that place was found at
a depth of about two feet beneath the surface.
Professor Blatchley reported that with this tooth were unearthed the antlers of a large elk. On the same page cited above
Professor Blatchley reported a mammoth skeleton that was found
between Crown Point and St. Johns, and this would also be on the
Valparaiso moraine.
The present writer has photographs of a tooth which almost
certainly is that of Elephas columbi and which was found by Mr.
J. H. Knapp, of Chicago Heights, Illinois, in a creek, 2i miles east
of this place. This would be on the same moraine already mentioned. These facts seem to show that both the mastodon and the
Columbian elephant lived after the disappearance of the Wisconsin ice-sheet. Other cases are known.
The writer has been informed that Mr. Jacob Davis, of Hebron,
Indiana, in dredging a.t a point about five miles southeast of Valparaiso ran into the skeleton of a mastodon and secured a large
number of the bones, but some were carried off by curiosity hunters. The bones were found at a depth of about eight feet. This
locality is on the Valparaiso moraine.
Posey County.-In the second edition of Warren's monograph
on Mastodon giganteus, page 170, in a quotation from Blainville'i>
(Osteographie des Mammiferes, volume III, p. 340), it is staten
that some bones of the mastodon, a fine vertebra, a femur with
epiphyses (drasv-ings of which had been shown to Blainville by Lc
Sueur), had been found near the mouth of the Wabash River and
had been deposited in the library of the city of Vincennes. These
remains had been found at a depth of more than 60 feet, in digging a well. According to M. Badollet, a curator of the Vincennes
library, some portions of skin and hair had been found with these
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bones. Pres. Horace Ellis, of Vincennes University, has informed
the writer that some bones, supposed to be these, are now in Vincennes University.
While the locality is not indicated exactly, it was probably in
Posey County. All this region, both in Perry and Gibson counties,
is overlain by Illinoian drift or by glacial terraces. If the well
noted above had been sunken in Illinois drift, it would have penetrated it or nearly so. The glacial terraces are believed to be the
outwash from the Wisconsin ice-sheet. It seems, therefore, that
this mastodon was of rather early Wisconsin time, or of a stage
still older.
David Dale Owen (Report Geol. Recogn. Indiana, 1862, p. 19),
stated that mastodon and mammoth remains had been found in
both Vanderburgh and Posey counties, but no details were furnished.
Pttinam COttnty.-In the State Museum at Indianapolis there
is a lower right last molar which was found near Greencastle and
presented to the geological collection by John G. Sweeney. It has
four crests and a talon so large that it may be regarded as a fifth
crest. The roots are mostly broken off. The length of the tDoth
is 187 mm., the width 90 mm. at the first and second crests.
'Vhether the tooth was found on Wisconsin drift or Illinoian is
not known.
Randolph County.-Prof. ,Joseph Moore, in the Proceedings of
the Indiana Academy of Science for 1896, page 277, described and
furnished a figure of a mastodon that had been obtained in a peat
bog near Losantville. It was discovered while digging a ditch to
drain the bog. The head and tusks were complete, but in exhuming
1hese and other parts, as the pelvis, some damage was done them.
They were afterwards repaired by Ward and Company, Rochester',
New York. Finally the skeleton was mounted and is now on exhibition in Earlham College at Richmond. The tusks in the
mounted specimen are modeled from other specimens, but one be··
longing to the Randolph County remains is preserved in the collection. It is ] ,970 mm. long on the convex border and the diameters at the base are 170 mm. and 155 mm. It is strongly curved, the
upper surface at the middle of the length being 525 mm. remDved
from the line joining the extremities. It is likewise spirally twisted,
more SD than the tusk of the elephant found at Fort Wayne. It
is also finely fluted longitndina.lly. About half of the vertebrre
were secured and about one-half Df the ribs. The pelvis has a
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width of six feet two inches. Both scapulre were present, the radius
and ulna of both sides, one good femur and many foot bones. As
mounted, bones of one or more other specimens were introduced.
The tusks are artificial, but modeled from the originals. From the
pedestal to the top of the highest spine, the height is 11 feet, less
half an inch.
Losantville is, according to IJeverett (Monogr. n. S. Geo1. Surv.
XLI, p. 306, pI. XI), on the outer moraine of the late \Visconsin,
where it overrides the moraines of the earlier Wisconsin. Hence,
the mastodon in question left his bones in a depression on the top
of the later Wisconsin drift sheet, and later they became overlain
by a deposit of peat.
In Nautilus, volume IV, page 131, Elwood Pleas, of Dunreith,
Indiana, gave a list of six species of mollusks that had been found
Hssociated with the mastodon. All are yet living.
Dr. A. J. Phinney (Twelfth Ann. Report Indiana Geo1. Surv.,
p. 18]), stated that mastodon bones had been met with in this
connty, but no details were furnished.
In his a.ccount noted above, Professor Moore gave a description
of a part of a mastodon which had been found at New Paris, Ohio,
located very close to the Ohio-Indiana line and a few miles farther
north than Richmond. One tusk entire was taken out and this
measured nearly 11 feet in length and 10 inches in diameter at the
base. On drying it crumbled, so that only 31 feet of the base was
preserved. This, with a pair of molar teeth, half a dozen vertebrre, a femur, a humerus, and some other parts, are now in the
collection of Earlham College. This loeality is on late Wisconsin
drift.
St. Joseph County.-Rev. A. M. Kirsch has sent the author information regarding mastodon remains found in this county.
About six years ago some bones, a humerus, radius, ulna-femur,
some dorsal and lumbar vertebrre, and a lower third molar were
found in the Kankakee marsh, in Olive Township, about 10 miles
west of South Bend. About 20 years ago a tooth, fragments of the
skull, vertebrre, ribs, and a scapula were found in Portage Township. All these remains are in the collection of Notre Dame. It
has n9t been found practicable to represent these localities in Plate

XVIII.
Steuben County.--In the American Museum of Natural History, New York, there is an unusually fine skull of a mastodon
that was found in 1908, in Steuben County, near Ashley, by Mr.
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Walter Deller. The lower jaw and the tusks are IDlssmg. The
length of this skull, from the occipital condyles to the front of the
premaxillary sheaths, is 1,110 mm., about 44 inches. The width
across the back of the head is 780 mm., and the height from the
basioccipital, 505 mm. On the right side of the upper jaw there
are present the second and third true molars, with a socket for the
first. On the left side all these true molars are present and this
line of teeth measures 385 mm., or about 15 inches. Mr. Deller
has informed the writer that this skull and some bones were found
at a depth of five feet from the surface, in what was, until drained,
a swamp. The remains were mostly inclosed in a marl and this
was overlain by muck. With the skull were found two shoulderblades, a leg bone three feet three inches long, and about one dozen
ribs. These bones are yet in the possession of Mr. Deller.
Switzerland County.-Warder, as cited above, has recorded the
finding of a piece of femur and other fragments in a gravel bank
at the mouth of Grant's Creek. He was informed that a piece of
tusk, five or six feet long, somewhat curved, and about six inches
in diameter had been found on the river bank near Patriot; while
n tusk 14 feet long, supposed to be that of a mastodon had been
found on the river bottom five miles below Vevay. In all these
cases there is doubt whether the objects found really belonged to
the mastodon; also, while they are probably found in the deposits
laid down during the prevalence of the Wisconsin ice-sheet, they
may really be somewhat older. Warder was informed by Dr. J.
W. Baxter, of Vevay, that bones of some kind of a sloth had been
found at Vevay.
Professor Warder has mentioned the occurrence of a tusk of
a mastodon or mammoth on Laughery Creek, above Hartford, and
of a tooth found on the river bank at Rising Sun. We are left in
the same state of doubt as to the identity of the remains and of thf'
level as in the other cases noted by Warder.
Tipton County.-In a l~tter to the writer, Mr. W. P. Gates
states that in 1875 he found on his farm one-half mile west of New
T..Jancaster, 'ripton County, n tusk which was about five feet long,
with some of the tip missing. The diameter at the large end was
five inches; that at the smaller end, three inches. Mr. Gates arranged that the tusk should be prepared and sent to the State
Geologist. At the surface, where the tusk was found, there was a
black chaffy soil, underlain by a white marl. The age of the tusk,
whether it was that of a mastodon or of a mammoth, was quite
Wisconsin.
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Wabash Gounty.-(a) In the Seventeenth Annual Report of
the Geological Survey of Indiana, page 240, Messrs. Elrod and
Benedict stated that a nearly complete mastodon skeleton had been
found, in 1872, two miles west of Laketon, near Silver Creek, on
the farm of Jesse L. Williams. This farm occupied a part of section 8, township 29, range 5. 1 A ditch was being made at the
roadside and in it the bones were met with. After some litigation
the skeleton was set up and put on exhibition at Ft. Wayne. What
became of this skeleton is not known. It appears from Leverett '8
map of this region that this mastodon must have been found in or
on Wisconsin drift.
(b) Messrs. Elrod and Benedict report also that Mr. Simon S.
Morrow discovered a jawbone of a mastodon, with two teeth in it.
in the northwest quarter of the northeast quarter of section 1, township 29, range 7, in this county, and three miles due east of North
Manchester. Evidently the teeth were the second and third true
molars. The finder reported that the jaw was found beneath 2t
feet of solid blue-clay, where an elm tree had blown out of root.
Wayne C01mty.-In the Twelfth Volume of the American Geologist, page 73, Prof. Joseph Moore, then of Earlham College,
stated that some sound teeth and decayed bones of a mastodon had
been found two miles east of Richmond, in scooping out a fish pond.
According to a label on a lower last molar the remains were found
on the Floyd farm. With them were found a fragment of an incisor of Casto1"oides. According to Leverett (Monogr. XLI, p. 354,
pI. XI), the locality would be on the outer moraine of the late
Wisconsin drift. Dr.•John '1'. Plummer (Amer. Jour. Sci., ser.
i, Vol. xr~rv, 1843, p. 302), stated that he had obtained near
.Tacksonburg, 18 miles west of Richmond, a tooth. It had four
cross-ridges and was so well preserved that a dentist attempted to
make artificial human teeth from it. According to Leverett's map,
the tooth was probably on the surface of early Wisconsin drift.
It could, therefore, have lived not earlier than the close of theWisconsin stage and may have lived after this time. In the Earlham
College collection there is It lower jaw which was found near Dal·
ton, in Nettle Creek. It contains the two last molars. The last
one has five crests and a talon. The front of the symphysis is
rough, but there are no alveoles for tusks.
1

It seems WQre probable tbat the mnge is 6.
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Genus ELEPHAS Linnreus.

Proboscidea whose teeth are composed of deep pockets of enamel
enclosing each a compressed core of dentine, the various plates thus
formed held together by intervening plates of cement, which also
covers the whole exposed part of the teeth. The number of platrs
varying in the different teeth and in the different species. No tusks
in the lower jaw. Skull, high and arched.
Although the teeth of our modern elephants and of most extinct
forms differ greatly from those of the American mastodon, there
have been found in southern Asia species whose teeth show intermediate conditions. There can be no doubt that the teeth of the
elephants have been evolved from teeth resembling those of the
mastodon. If the transverse ridges of the latter should continue
to increase in height and in number, and to be compressed more and
more, and the amount of cement should increase, a tooth would
result like that of the elephants.
The skull of the elephants is more elevated, giving the animals
a more intellectual appearance; but this is not due to any great
increase in the size of the brain, but to the greater development of
the air-cells in the bones of the roof of the skull, thus elevating
the forehead.
Inasmuch as the structure of the skeleton of the elephants is
in general like that of the mastodon, which has been explained, the
various bone;; will not be deSICribed, especially since characters for
accurately distinguishing the bones of the two genera have not yet
been discovered. It is proper, however, to deal somewhat more in
detail with the teeth.
Thf' tusks win not be described, since they ref:lemble only too
closely thtlSe of the mastodon. They are often more curved spirallY,
lmt this seems not to be a character that can be relied on. The
teeth of the elephants belong to the' kind called hypsodont, or highcrowned; that is, the height of the tooth is great in comparison
with it" length along the plane of wear. 'l'he roots are rather feebly
developed. 'fhe result is that the tooth has a large body that must
be worn down before the tooth is no longer useful. If one shall
examine an elephant tooth that has been somewhat worn by usc.
cne may se,' that the worn face is crossed by bands of three differcnt kinds of mait'riaJR. There are thin pla,tes, often running mort'
or less zigzag aeross the tooth and standing a little ahove the othel'
bands. These are composed of enamel. They are arranged ill
pairs and between the two plates of each pair is a plate of dentine.
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or ivory. The ivory is not quite so hard as the enamel and is worn
down a little deeper. The two plates of enamel and the enclosed
flat core of dentine form a composite mass that is often called au
"enamel plate" or a plate. Here they will be called ridge-plates.
These are really flattened tubes, or pockets, of enamel filled with
dentine, and the teeth are called "th~ck-plated" or "thin-plated,"
according to the thickness of the ridge-plates. They are separated
from one another and at the same time bound together by plates
of a softer material, the cement. On the sides of the tooth, especially where the cement has been dissolved off, as it is usually ill
fossil teeth, the ridge-plates appear as rounded ridges rising frou1
the base of the tooth to the summit.
As in the mastodon, there exist in the course of the animal's
life six teeth on each side of each jaw. The three anterior of these
correspond to the milk-teeth, or deciduous molars, of most othel"
mammals; the hinder ones to the true molars. '1'he three deciduolls
molars are not succeeded by premolars coming up beneath them.
Early in life the front, or first, one appears and begins to wear.
Soon afterwards the second one appears behind it and graduall.v
pushes it forward; i"O that, by the time it is worn down to the
roots, it is pm,hed out of the jaw. The third one comes up behind
the second and at length replaces it; and so on with the others
until the last one, late in life, has taken sole possession of its side
of the jaw. Naturally, the first tooth is small and is formed of a
small number of ridge-plates. The succeeding teeth are in their
turn larger and have a greater number of ridge-plates. In the
A frican elephant, the first tooth has three plates; the second, six;
the third, seven; the fourth, seven; the fifth, eight or 9; 'the sixth,
10 or 11. In the mammoth, Elephas primigenitts, the teeth are
much more complicated, and the ridge-plates are represented by the
formula, d.l,4;d.2.:=:; d.3,:=~~; m.l,:=~!; m.2,~!=-~:; m.S,
H=: ~. Thus, it is seen, any teeth in the series may, in different
individuals, vary in number of ridge-plates; but the extremes in the
formula are rare. In the Indian elephant and the mammoth, the
formula is usually given as 4, 8, 12, 12, 16, 24 for both upper and
lower teeth. As far as possible, the teeth of our fossil species are
here illustrated; so that the student may determine the species ann
the place of the tooth in the series. Difficulties, however, are likely
to arise when the observer has in his hands only a part of a tooth.
A tooth may lack a part for one or both of two reasons: It may
have been broken after the death of the animal; or, it may have
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lost its anterior end from being worn down too near the roots ill
life and breaking off and falling out of the mouth bit by bit.
It is usually possible to distinguish an upper tooth from a lower
one by the shape of the worn face. In the upper teeth this face is
likely to be convex from before backward; while in the lower teeth
it is likely to be concave. The upper teeth are likely to be larger,
especially higher-crowned, than a lower one of the same number
in the series. A lower tooth is likely to be pretty concave from
front to rear on one face, and convex on the other; the upper teeth
less so. As to the side of the jaw to which any tooth belonged, in
the lower tooth the concave side was directed outward; in the upper
tooth the concave or flattened side was directed inward. The front
end of a tooth may be known by its being worn down more than
the hinder end.
In the United States there existed during Pleistocene times at
least three distinct species of mammoths, or elephants. These are
known as Elephas primigenius, E. columbi, and E. imperator. The
former appears to have been confined mostly to the glaciated region, ranging thence north to Alaska; but teeth belonging to it
occur also in North Carolina. E. columbi occupied especially thr:
Southern States, but also its remains are found in the glaciated
area and even in Alaska. E. imperator was a large species that
has been found only in the region of the Great Plains, east to
western Iowa. It existed in the early Pleistocene and may have
become extinct soon afterwards. The other two species are found
in deposits overlying the Wisconsin drift and probably existed
until the close of the Pleistocene. Both have been found in Indiana.
ELEPHAS PRIMIGENIUS Blumenbach.
THE HAIRY MAMMOTH.

==: :=:

Tooth formula, 4, t:t
~,
=, ~ !=i-~, :-t::~~. The ridgeplates thin, varying from 7 to 12 in a line 100 mm. long. The
plates, of at least the upper teeth, parallel with one another. The
rear of the upper molars strongly arched. The sheaths for thl)
base of the tusks very long.
This species is better known than any other fossil elephant.
During the Pleistocene it had a range greater than that of almost
any other mammal that has not been dis!tributed by man. Its remains occur from Ireland and England across the continent of
Europe and Asia to Bering Strait, and from Alaf>ka to the Atlantic
Ocean and south over the glaciated region and to North Carolina.

---------------------------------------
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It is the species whose cadavers have in numerous instanc~ been
found in the frozen soils of Siberia, so perfectly preserved that
it could be eaten by dogs.
Outside of the frozen regions its remains occur usually only in
a scattered condition; and it is usually only a tooth or a few of
them, or a tusk, that is found. Sometimes scattered limb-bones are
discovered. It is only rarely that anything like a considerable
part of a skeleton is found; and then this is treated with little re-

FIG, 63.

Elephas primigenius. Oblique view of a skeleton found ~·n Grant County, Indiana, and now
in the American Museum of Natural History, New York.

spect. While there are in the United States, as Prof. Frederick
A. Imcas has said, at least fifteen mounted skeletons of the mastodon, the writer kno'ws of but one mounted skeleton of Elephas
primigenius. This is the one that was found in Grant County, Indiana, near Fairmount, and is now in the American Museum of
Natural History, in New York. Thr<.mgh the liberality of this museum the writer is enabled to produce here a drawing of that splendid skeleton (Fig. 63). Unfortunately there is some difference
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of opinion regarding the species to which this skeleton belonged.
Prof. Henry F. Osborn has published a brief description of it, in
which he called it Elephas columbi. The present writer, who has
examined this skeleton and teeth with much care, regards the specimen as Elephas primigenius. The evidence for this will be stated
below. It is proposed first to describe the skeleton. As regards
the conditions under which it was found, the facts known are
g'iven on page 718.
In this skeleton the skull had been damaged slightly, but not
so as to injure it for study. All the feet, wrist and ankle bones
were gone and both ulme and radii. These parts have been restored as seemed to be justified from other species. It seems probable that the radius and ulna have been made too long, with the
result of lifting the animal somewhat too high at the shoulders.
The shoulder joints stand about 200 mm. higher than the hip
joints. In the living elephants these joints are about on the same
level. As to the tusks, it has usually been supposed that they
curved so as to direct the points outward; but, in mounting th,:,
animal, it was found that they would not enter the sockets in any
other way than to throw the extremities inward; and this arrangement agrees with recent determinations in Siberian specimens.
'l'he following measurements are taken from the explanatory
label of this specimen:
Base of tusks to drop of tail. . . . . . . . . . . . . . . . . . . .. 13 ft., 3~
Length of right tusk, outside curve ......... '" ... 11 ft., 4~
Height at the shoulders .......................... 10 ft., 6
Length of thigh bone............................ 4 ft., 1!
Width across the pelvis. . . . . . . . . . . . . . . . . . . . . . . . .. 4 ft., 10

in.=5.43 m.
in.=3.47 m.
in.=3.20m.
in.=1. 24 m.
in.=1.47 m ..

. It may be noted that in taking the oblique photograph, the
hinder pa.rts of the skeleton are made to appear smaller, and the
tusks and foreparts larger, than they should appear.
The following measurements were taken by the writer:
WIdth of the skull behind .....................................
From postorbital processes to ear-opening ............... , ......
From ear-opening to line extended from occipital condyles .......
From nas:al opening to bott·om of sheath for tusk ............ '"
From bottom of nasal opening to summit of crown .............
From summit of crown to ~cipital foramen ....................
From condyle of lower jaw to the beak, following curve of jaw ...
Height of the lower jaw under middle of rna' ..................
Thickness of the lower jaw under middle of m .................
Greatest width of the lower jaw ..............................
Lateral extent of the atlas ....................................
Vertical diameter of the atlas .................................

750 mm.
335 mm.
210 mm.
715 mm.
570 mm.
500 mm.
900 mm.
170 mm.
160 mm.
555 mm.
400 mm.
21.0 mm.
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The bodies of the anterior dorsal vertebrm are close to 66 mm.
long. Gradually they lengthen, until the hinder ones become
about 75 mm. long. Twelve of the hinder dorsals, including the
intervening plates that represent the intervertebral cartilages,
measure 1,CJ30 rum., the average being 86 mm. each. The length
of the longest rib, the seventh, is 1,470 rum.; length of first rib, in
a straight line, 625 mm.; its distal end, 155 mm. vvide.
Length of the front of the scapula ............................ 910 mm.
\Vidth from the hinder angle to the front at right angles to the
spine .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 mill.
Length of humerus from head to bottom of inner articulation .. 1,135 mm.
'l'ransverse width of upper end of humerus. . . . . . . . . . . . . . . . . . . . 300 mm.
Transverse width of lower articulation ....................... 250 mm.
Width of pelvis ............................................. 1,470 mm.
Widtb of pelvic opening ................................ :..... 395 mm.
Height of pelvic opening .................................... 445 mm.
Length of pubic symphysis .................................. 482 mm.
From tip of .acetabulum to uppermost point of ilium ........... 660 mm.
Femur, length from head to distal end ........................ 1,240 mm.
Greatest diameter of middle of the shaft. . . . . .. .. . . . . . . . . . . . . 155 mm.
92mm.
Least diameter of middle of the shaft ....................... .
}1'emur, extent of lower articulation from Slide to side ......... . 230mm.
T'ibia, length .............................................. . 735mm.
'Pibia, side-to-side width of upper end ....................... . 245mm.
Tibia, side-to-side diameter, middle of shaft ................. . l06mm.
'l'ibia, fore-and-aft diameter, middle of shaft ................ . 100 mm.
Tibia, side-to-side diameter of lower end .................... . 205 mill.
'l'ibia, fore-and-aft diamete'l' of lower end ................... . 155 mill.
FibUla, length .............................................. . 710 HUH.
78 mm.
Fibula, width of upper end ................................. .
l<'ibula, width of lower end ................................. . 123mm.
48mm.
I"ibula, greatest diameter of middle of shaft ................. .

'{'he teeth are placed in the jaws sO that little except their worn
faces can be seen. The worn part of the crown of the upper one,
the last molar, measures about 285 mm. in length; that of the
lower last molar, about 255 mm. Fortunately, shortly after the
specimen had been discovered, Prof. A. D. Hole, of Earlham College, visited the locality and took photographs of two of the teeth,
apparently, both of them upper ones, and he has allowed the reproduction of the photograph here (Fig. 64). The watch leaning against the tooth has a diameter of 51 mm. It will be seen
that the teeth ha.d been relatively little worn, about to the fifteenth
ridge-plate~)eaving the arched hinder boundary of the tooth intact. If this is compared with simila.r teeth from Alaskan speci-
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mens of E. primigenius, they will be seen to agree in form; while
the rear of this tooth differs from that of teeth of E. columbi.
It is proposed here to give descriptions of the various teeth 01'
this species:
The First Milk-Tooth.-The writer knows of no American
specimen of this. It would belong to an elephant that had died
probably before it was two years old. Being a small tooth it would
be less likely to be observed and saved than the larger teeth. An
upper one was figured by A. Leith Adams (Palreontog. Soc., vol.
XXXIII, pI. IX, fig. 3), which had been found in England. The
length of the crown was 20 mm. and its width 15 mm. It had only
four ridge-plates, and a small imperfect plate (talon) in front

FIG. 64. Elephas primigenius. Last upper molars-of the Grant County specimen. About
natural size.

lr;

and another behind. The same writer on the same plate figured
the corresponding lower tooth, which resembled closely the upper
one.
The second milk-rnolar teeth are nearly as rare as the first ones.
No specimen of the upper second milk-molar is at hand. It would
have about the size and number of ridge-plates that belong to the
lower tooth. In the U. S. National Museum there is a lower tooth
of this order (PI. XIX, Figs. 1, 2), brought from Alaska. There
are eight ridge-plates, with front and rear talons. The length of
the crown is 73 mm.; the greatest width, 48 mm. There are two
fangs in the root; the anterior short, apparently mostly absorbed
and supporting the inner ends of the three front plates. The
hinder fang is long and bent backward, and it supports nearly
the whole of the crown.

"'"

t"'

~
i:'J

><i

~

FiG 1

FIG. 2.

31

!"

!'"

FiG. 3.
Elepha8 primigenius. Figs. 1, 2. Lower left second milk molar; views from the side and from above. X!. Fig. 3. Upper right second molar, with some parts 01 the
jaw; view from outside. X t. Fig. 4. Same tooth, showing grinding surface. Xi.

PLATE XX

FIG. 1.

FIG. 3.

FIG. 2.
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The third milk-molar is less rare in collections. The length is
about 130 mm., the width, about 60 mm. There will be found
usually t~lve plates. In Figure 1, Plate XX, taken from No. 6,656,
U. S. National Museum, a specimen found in Alaska, the hindel'
part of the third upper milk-mola:t::'i~.'$tilhill:fthe jaw; but the
greater part of it had been worn down and had fallen out of the
jaw before the death of the animal. In a lower molar from Alaska
there appear to have been fourteen plates. The length was prob ..
ably 120 mm.; the thickness, 56 mm.; the height of the crown,
97 mm.
The first true ttppe·r molal' is represented in Figure 1, Plate
XX, taken from a part of a right upper maxilla from Alaska, No.
6,656, U. S. National Museum. This tooth is 132 mm. long from
front to rear and 60 mm. wide. The outer surface, as in many
teeth from Alaska, still retains its covering of cement, which has
cracked somewhat. There appear to be thirteen ridge-plates with
a talon in front and another behind. The wear has extended back
on nine ridge-plates. As will be observed, the outer bce of the
tooth is more convex than the inner. There are ten ridge-plates in
a line 100 mm. long. The cement is thin and only slightly crimped.
A. 1..Ieith Adams stated that the length of this tooth may vary from
125 mm. to even 175 mm. Certainly the extremes are rare.
The corresponding lower molar will have about the same dimensions as the upper one, but they will be worn concave on the grinding face and will be more or less bent laterally.
The second tr1tC molal' will naturally be larger than the ones
which preceded them; but the smaIl est may not exceed in size the
larger second molars; while the largest ones may equal some of
the third molars.
The upper second molar is represented by Figures 3 and 4,
Plate XIX, taken from No. 6,556, U. S. National Mus1eum; also, an
Alaskan specimen. It is to a considerable extent covered with cement, which cracked on drying. There appear to be sixteen ridgeplates besides front and rear talons. Posteriorly the tooth has a
backward projection, hehind which and the base, or root, is a concavity agninst which pressed the third molar. The height of this
tooth is 205 mm.; the length of the crown, ] 88 mm. ; the thickness.
80 mm. The surface of wear extends back to about the thirteenth
ridge-plate. At the base of the tooth is seen a portion of the cellular bone of the maxilla. Had this animal lived long enough the
tooth would have been worn down to below the occiput-like protllherance.
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Figure 65 represents one view of a nearly complete lower jaw
from Alaska, No. 6,666, U. S. National Museum. In it are both
second lower molars and behind them, concealed in tht jaw, are
both third molars. The ridge-plates of these had not united at the
base, but are now loose in the cavity of the jaw. Some of them are
seen through the opening broken in the jaw. The second molars
here are well worn down, every ridge-plate having conie into use.
In front the ridge-plates are worn down to the base. A few of
these are lost. The length of the grinding face, before the loss of
any plates, was prohably 165 mm.; the breadth is 75 mm. Fourteen ridge-plates are present and at least two or three are missing.

FIG. 65.

Elephas primigenius.

Lower jaw of a specimen from Ala..9ka.

Weare to expect abollt sixteen ridge-plates. Measuring across
these plates, we find nine in a line 100 mm, long. This rather
small number may be due partly to their being worn down to near
the base of the tooth, "yhere the plates ate slightly thicker.
The third molars a~e the ones that are most often found. They
are, of course, the largest teeth of the series:, and they contain the
greatest number of ridge-plates, typically twenty-four. It is stated
that the number may vary from eighteen to twenty-seven, but these
extremes are of rare occurrence. Figures 2 and 3, Plate XX, are
representations of a third upper molar, No. 6,564, U. S. National
Museum, from Alaska. The length of the tooth, measured along
the baseS of the ridge-plates, is 228 mm.; the greatest breadth, 82
mm. On the lateral faces of the tooth there is yet a good deal of
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cement. At the base in front is seen some of the bone, with its
large cells. At the rear is seen the main root of the tooth. In
front is a small fang, 30 mm. wide, and four smaller ones. There
appears to be twenty-four ridge-plates, besides a front and real'
talon. The ridge-plates are thin, a 100 mm. line extending across
ten or eleven of them. The summits of the hinder ones are slightly
bent forward.
It is to be observed that the hinder border of the tooth is
strongly arched just as it is in the same tooth shown in Figure 64,
the third upper molar of the Madison County specimen.
In the side view of this tooth there is seen no such occiput-like
projection as is seen in :B~igure 3, Plate XIX. The reason for this

FIG. 66. Elephas premigenius. Atlas, seen from in front. Xl·
III that there was no tooth behind the third molar to press
against it.
Figure 3, Plate XX, presents a view of the grinding face of
the tooth. It shows the ridge-plates and the intervening plates of
cement. Other third molars of this species reach a larger size,
that of the Madison County specimen having a length of Over
285 mID.
The third lower molars have about the same length as the upper ones, but they are usually bent pretty strongly, so tha:t the
outer face is distinctly concave, the inner face strongly convex.
The worn grinding surface becomes concave. The ridge-plates
cross the face rather diagonally, passing from the inner face outward and somewhat backward. The hinder ridge~platessome
times lean forward at"their summit, making an angle with the anterior plates.
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Figure 66 presents a view of the atlas of what is very probably

R. primigeni'Us. It was brought from the Old Crow River, Yukon,
near the Alaska line. The view is from the front. Figures 67a
and 67b give views of an atlas from the same region. These are to
be compared with similar views of the atlas and axis of the mastodon (Figs. 56 and 57).
As to the form, size, external appearance and habits of the
mammoth, we know more than we have learned 0.£ these characteristics in any other extinct animal. This comes about from the
fact that many more or le&'l complete cadavers have been discov-

FIG. 67b.

FIG. 67.

Elephas primigenius.

FIG. 67a.

View of axis, at from trol)t; b, from left side. Xi.

ered in the frozen regions of Siberia. .\U,.some time during the
Pleistocene the mammoth inhabited in ~~! numbers those seemingly inhospitable regions and left ther~;i~eir tusks, teeth, and
bones, sometimes nearly whole skeletons, amd occasionally their
frozen bodies. So abundant and so well· pteserved are the tusks,
that for two hundred years they have been an article of commerce
as a source of ivory.
Probably the most instructive cadaver that has been discovered
is that known as the Beresowka mammotb,!;·;·The details of the securing of this specimen and of the resul~ ·()f its examination may
be found in the reports made by O. Herz (Report of Smithsonian
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Institution, for 1903, pp. 611-625), by W. Salensky (6th Internat.
Congress Zool., Berne, 1904, pp. 67-86), and by E. Pfizenmayer
(Report Smithson. Instit., for 1906, pp. 321-333). This cadaver
was discovered in . 190ij -:on the banks of the Beresowka River, a
branch of the Kolyma; in eastern Siberia. An expedition was sent
(lut and the remains were secured and brought to St. Petersburg.
It appears that this mammoth, while quietly grazing, had fallen
into a hole in the trel1cherous soil and had been injured so badly
that it died within a few minutes. The body was soon frozen and
had ;'emained so for tlIOtlsands of years. So well had it been preserved that the internal organs have been studied by dissection
and the histology by means of microscopic sections. Of course,
much had been leamed from previously found cadavers. Salensky
states that it may be concluded that the hairy mammoth was somewhat larger than the Hving elephant, and that the skull was somewhat longer in ratio to the length of the body than it is in the
living elephants, being somewhat more than half as long as the
body. The greater sIze of the head would naturally give a somewhat different appearance to the living animal. The head was
also somewhat broader than in the living elephants. The feature
that must have rendered the mammoth a striking object, even
alongside of our elephants, was the thick covering of hair. The
whole body was covered with hair, that on the breast and sides of
the neck being long. It has been thought that there was present
a mane; but this is not yet certain. Three kinds of hair have been
recognized. These may be called wool, hair, and bristles. The
wool formed a dense coat over the whole body and consisted of
fine filaments two inches or less in length, sometimes crinkled,
sometimes straight. According to Pfizenmayer, this was sometimes
four inches long. The coarse hair was scattered over the body, in
the wool. In places, as on the cheeks, under the chin, on the shoulders, on the thighs, and on the belly, the coarse hairs seem to have
been rather dense; and, according to Salensky, it formed on each
side a fringe extending from the cheeks to the hind feet and resembling the fringe seen on the yak. These hairs had, in some
cases, a length of 20 inches. Apparently what was called bristles
were found only at the end of the tail. They were flattened filaments from 14 to 20 inches long. As to color of the hair, Salensky
says that in general it may be regarded as yellowish-brown, varying from light blond to almost brown. Pfizenmayer says that the
bristles must originally have been of a rusty hrown.
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The Beresowka cadaver shows that there was present a very
thick subcutaneous layer of fat, attaining, for example, under the
belly a thickness of nearly four inches. Such a layer must have
furnished a great protection against the cold to which the animal
was subjected. The tnle skin, too, was extremely thick, more than
twice as thick as that of the living elephants, being in some places
30 mm. With the thick epidermis the thickness of the skin was in
places 41 mm. The tusks of the animal were larger than those of
the African elephant. 'l'hey were often spirally twisted, so that
the free end was sometimes directed inward, sometimes downward.
One in St. Petersburg has a length of 4.17 meters (13 feet 8

.

FIG. 68. Elepkas primigenius.

Skeleton of the mammoth found on the Beresowka River, Siberia.
After Salensky.

inches). It is supposed that the proboscis resembled that of the
living elephants, but it appears that in all the known cadavers
this organ has been destroyed. The ears appear to have been
smaller than in the living elephants, only about fifteen inches long
and half as wide. 'l'hey were densely hairy. The tail is described
as being rather short but broad, forilling a sort of cover for the
hairless parts beneath it.
The stomach of the Beresowka mammoth was filled with the
food it had just eaten; and between the jaws there was a mass
which the animal had not had time to swallow before it died. It
had been conjectured that formerly, while that country was oc-
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cupied by the mammoths, the climate was considerably warmeJ'
than it is today. The Russian botanists examined with care the
vegetation found in the Beresowka mammoth, and they found that
the plants were identical with those that grow in that region today.
'l'his means that the climate h"as not changed since that time, and
that the mammoths were adapted for a severe climate. This fact
p-xplains why the remains of this species are found in our own
country seattered over the glaciated portion. They probably lived
around the border of the great glaciers and enjoyed the cool and

Flo. 69. Vi~w of locality, about four mihs east of F J.irmount, Grant County, where was found the
skeleton of Elephas pri~igeniu8, now in the Am3rican Museum of Natural History, New York.

the cold winds that descended from the fields of ice. Even those
found not far from the coast in North Carolina had, at the height
of one of the glacial stages, been probably driven down from the
mountains during a winter. No whole cadavers have yet been
found in Alaska, but portions of one, furnishing some bones, flesh,
skin, and hair, were discovered there by L. S. Quackenbush a few
years ago. Figure 68 is a drawing made from a plate in a work by
Salensky and others giving the scientific results of the expedition
after the Beresowka mammoth. This work is printed in Russian.
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In Indiana remains of the hairy mammoth have been found at
several places. From the reports furnished it is in most cases impossible to determine whether the materials found belonged to this
mammoth or to Elephas Golumbi. Nor have we yet learned how to
distinguish the limb bones of the one species from those of the
other. The few finds that can be with considerable certainty referred to E. primigenius are indicated on the map (Plate XXI)
by a black parallelogram I. '.['he most important of these finds is,
of course, that of the large mammoth which was found in Grant
County and which has been already described and figured. This
skeleton was found by some farmers while making a deep ditch for
draining land. The bones were found in a mucky clay at a depth
of about 10 feet. The whole country thereabout is level or gently
undulating. The figure here presented, engraved from a photograph furnished me by Prof. A. D. Hole of Earlham College, will
give the reader an idea of the surroundings. The skeleton was found
where the slender pole is standing near the right hand side of the
ditch. In the Academy of Natural Sciences in Philadelphia there
is a large lower last molar of the right side that was presented by
Dr. Hallowell in 1840 and which had been found near Madison,
.Jefferson County. Its length is 245 mm. and there are nine plates
in a 100 mm. line. This tooth was mentioned by Dr. Joseph Leidy
in 1869. Prof. Ernest Danglade, of Vevay, Indiana, has shown me
a tooth considerably weathered which was found a mile and a hall'
below Vevay, on the shore of the Ohio River. It appears to be an
upper tooth, probably the second true molar. Another tooth was
found with it, but this the writer has not seen. They were found
by Mr. Wm. La,wson, of Vevay. In the collection of the State
Museum at Indianapolis there is a tooth which appears to be the
last lower molar of the right side. It was found in 1893, in the
bed of Stony Creek, near Windsor, Randolph County. It was presented by S. B. Templin. There are six plates in 50 mm; so that it
appears to belong to E. primigenius.
After this report was sent to the printer, the author received
from the Rev. A. M. Kirsch, Professor of Geology in the University
of Notre Dame, a photograph of a tooth of Elephas primigenius,
which had been found in Liberty Township, in St. Joseph County.
This is about sixteen miles southwest of South Bend. The tooth has
a length of 215 mm. and has about 20 ridge-plates. It is in the collection at Notre Dame.
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ELEPHAS COLUMBL Falconer.
THE COLUMBIAN MAMMOTH.

'l'ooth formula not exactly known; in general like that of E.
prirnigenills, but the tI"Ue molars probably not so variable; may,
for the present, be taken as t ~ H it H. The ridge-plates usually
much thicker than those of E. prirnigenius j the enamel thicker and
more crimped. Teeth relatively and absolutely larger than those of
the hairy mammoth. The sheaths for the base of the tusks shorter
than in E. prirnigem·us.

FIG. 70. Elephas columbi. Side view 01 a skull now in the American Museum 01 Natural History
New York.

This species, which has often been confounded with the hairy
mammoth, is entirely distinct from it. Instead of being a rare
species, its remains are, even in the glacia.ted region, fully as abundant as those of the hairy mammoth; while in most of the Southern
States it is the only species found. On the Great Plains it is more
often found than the Imperial mammoth, E. imperator. Teeth
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found in the Pacific Coast seem to belong to it; while several teeth
in the U. S. National Museum indicate its presence at some time
during the Pleistocene in Alaska.
Notwithstanding the wide distribution of the species and the
numerous remains that have come to light, nothing like a complete
skeleton has yet been found and such remains of the limbs as have
come to light have not yet been sufficiently studied to enable us to
distinguish them i~ all cases from those of the hairy mammoth.
Through the generosity of the American Museum of Natural
History, the writer has the privilege of presenting here a reproduction of a photograph taken from a mounted skull in that museum (Fig. 70). This skull was obtained many years ago, it is'
thought, in Whitman County, in the southeastern part of Washington State, but its origin is somewhat uncertain.
As will be observed, the skull has suffered some injury. Above,
the outer plate of the bones of the brain-case has been weathered
off; but this has the advantage of exposing some of the numerous
large cells which occupy the space' between the outer and the inner
plate. The zygomatic arch has been mostly restored in plaster, as
wen as the articular process of the lower jaw and the top of the
coronoid process. Only it part of each tusk is preserved, about 400
mm.
The following measurements of it were taken by the writer:
From the vertex to the lower fioo,r of the external nares ... " ...
From the nasal opening to the end of the sheath for the tusk,
the distal ends of the latter being somewhat damaged ..... .
Width of the OCCipital region ............................... .
Width at the postorbital processes .......................... .
Height from the occipital condyles to the vertex .............. .
Anteroposterior diameter of the base of the tusks ... " ........ .
Side to side diameter of the base of the tusks ................. .

490± mm.
490
840
776
690
155
150

mm.
mm.
mm.
mm.
mm.
mm.

It will be seen that the lower jaw has a long pointed chin, extending beyond a perpendicular from the front of the tooth about
]75 mm.; also, this chin falls much below the distal end of the
sheath for the tusk. The lower jaw is 160 mm. thick below the
front of the coronoid process. Its depth at this point is 150 mm. ;
and at the front tooth, 195 mm. This lower jaw probably belonged
to another individual, since the teeth are in different stages of
wear. In the upper jaw the front tooth seen is the second true
molar. It shows only about 12 ridge-plates, but three or four anterior ones had probably been used up and shed; for there must
have been about 16. The last true molar is partly hidden by the
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coronoid process. Only the front of it had yet come into use. The
tooth in the lower jaw is the third true molar in a more advanced
stage of wear, being worn back to the twelfth ridge-plate or farther.
A comparison of this skull with those of the hairy mammoth
will disclose some differences: (1) In the laUer there is a large
angle between the plane of the forehead and that of the sheaths of
the tusks. (2) In most specimens of E. primigenius the forehead
is quite concave. In E. columbi it is nearly flat. (3) In E primigeniu,s the sheaths of the tusks are much longer than they are in
E. columbi, usually in the former as long as distance to the vertex,
and extending downward below the chin.
When we come to compare the teeth there are certain differences which appear to be quite constant. The teeth of E. columbi
are larger and coarser-plated than the corresponding teeth of E.
pr~m~genius. In E. columbi usually the hinder ridge-plates lean
forward toward the anterior ones, while in E. primigenius the plates
are all, or nearly all, parallel. However, in the lower teeth of E.
primigeni~ls, the hinder ones may lean forward. In E. columbi the
base of the crown of the teeth is convex, while in E. primigenius it
is nearly straight. This is more nearly true of the upper teeth in E.
primigenius, than of the lower ones, where it may be curved. The
hinder horde I' of the upper molars of E. primigenius is strongly
arched in the little worn teeth; in E. columbi the outline of this
rises gradually from the front to the rear. In E primigenius the
various ridge-plates are nearly flat; while in E. col1lmbi they are
often concave on one face and convex on the other.
The separate teeth of this elephant will be briefly described,
as far as they are known. Of the first milk-teeth, both upper and
lower, the writer has seen no speeimen. They would quite certainly
have four ridge-plates and would be about 25 mm. long.
The writer has at hand no second milk-molar of the upper jaw.
It would have eight plates. The corresponding tooth of the lower
jaw is represented by Figure 3 of Plate XXII, taken from a tooth
of the left side, in the U. S. National Museum, No. 6662, from
Afton, Oklahoma. A view of the grinding faee is shown. The
tooth has suffered some injury. The roots are more or less broken.
Apparently one plate, possibly only a "talon" is missing from the
front. The enamel is black, while the cement which yet partly
covers the sides is light brown. The length is 135 mm. ; the width,
65 mm. It is worn down in front nearly to the root. There are
six plates in a line 100 mm. long. There was a small anterior and
a large posterior root.
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As the third upper milk-molar of this species, the writer indentifies a tooth which is in the collection of the Philadelphia Academy.
It was brought there from Big Bone Lick, Ky. It is a wholly unworn tooth and sho,ws well the form of the upper teeth of this
species before being worn. The tooth presents 12 ridge-plates besides front and rear talons. Its length, taken at right angles with
the plates, is 145 mm.; the thickness, 75 mm.; the height of the
first plate, 143 mm. There are eight ridge-plates in a, 100 mm.
line, rather more than we might expect. This tooth, however, with
its sloping line along the summits of the plates, is wholly different
from those of E. primigenit~s. Figure 1, Plate XXII represents it.
Figure 2 of Plate XXII represents a tooth brought by Mr. A.
G. Maddren, of the U. S. Geological Survey, from Old Crow River,
in Yukon Territory, within two degrees of the Arctic Ocean. It
if; believed to belong to this species, and it certainly is not E. primigenius. It is interpreted as the left lower third milk-molar. The .
hinder ridge-plates 'are damaged and had not yet been fully developed at their bases. The tooth had only recently come through
the gum, for it is only worn slightly on four ridge-plates. No
roots had been formed. On the front end is an oblique flat surface
'which had been produced by pressure and wear against its predecessor. It lNill be observed that the hinder plates lean strongly
forward. There are counted 13 plates. From the angle of inclination of the hinder fragment, it is believed that none are missing.
The greatest length is 180 mm. ; the vvidth, 67 mm. ; the height, 135
mm. There are seven ridge-plates in a 100 mm. line.
No upper first true molar is available for figuring. In the U.
S. National Museum is a pair of these teeth that were collected by
Professor Cope many years ago in New Mexico. They are worn
down in front to the base of the ridge-plates. The length of the
teeth along the ba.-.e of the. crown was originally about 230 mm.
The grinding face is 93 mm. wide. The height of the teeth plate
is about 160 mm. These teeth are unusually thick.
The first lower true molar is shown by Figures 1 and 2 of Plate
XXIII, It tooth, No. 2p56, U. S. Nat. Museum, of the left ja,w, from
Afton, Oklahoma. It is worn down in front nearly to the base
and backward to nearly the last ridge-plate. A part of the small
anterior root is preserved, but most of the hinder root is gone, although it had not been completely developed. The length of the
tooth is 200 mm.: the width of the grinding face, 75 mm.; the
height of the hinder plates, 132 mID. There are 11 plates, with
47-29153

PLATE XXII.

FIG. 2.

FIG. 1.

FIG. 3.

Elephascolumbi. Fig.1. Upper third milk molar. Xi. Fig. 2. Lower le[t aecond milk molar. Xi. FiK.3. Left
lower third milk molar. Xi.

PLATE XXIII

FIG. 1.

FIG. 2.
ElephlJ8 calumbi

X

FIG. 3.

g. Figs. 1. 2. Lower right first molar. lateral and upper views. Fig. 3. Lowe
right second molar. little worn.
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front and rear talons. On the grmding face there are six ridgeplates in 100 mm. As will be observed, the sides of the tooth are
yet, to a great extent, covered vvith cement. The enamel of the
ridge-plates is thick and crimped.
The second upper permanent molar appears to be represented
in the U. S. National Museum by No. 287, without known locality.
In front, this tooth is worn down to the bottom of the first ridgeplate and backward to the thirteenth. There are 18 or 19 plateR
present, a number slightly larger than expected; but we do not
yet know well the extent of variation in this species. The lengtli
of the tooth along the base, in a straight line, is 300 mm.; the
width, 78 mm.; the height of the thirteenth plate, 195 mm. The
plates are bent as they ascend, as seen on the sides of the tooth.
There is an unusually small amount of cement between the various
plates. There are eight plates in a 100 mm. line. The base of
the crown is strongly concave.
The lower second molar seems to be represented by No. 2254,
U. S. National Museum, from Afton, Oklahoma (Plate XXIII, Fig.
3; Plate XXIV, Fig. 1). The hinder part, probably about three
plates, is missing. There are 13 present, besides the short one, the
talon, in front. The tooth is worn but little, only on the anterior
five plates. There are seven plates in a 100 mm. line. It will be
seen from the figure that they are curved as they ascend, while
the anterior and the hinder ones converge toward their summits.
'1'hi8 to4ilth shows well the way in which the unworn plates end in
a lot of separate processes, or digitations.
The third permanent molars, upper and lower, are more numerous in collections than any of the other teeth. They are large and
powerful teeth. Before the writer is an upper tooth from near
Virginia City, Montana. Its greatest length is 370 mm.; along
the base of the crown, about 325 mm.; the width of the grinding
face is 85 mm. The attrition of the ridge-pla,tes extends backward
to the seventh. This plate has a height of 190 mm. There are 22
plates counted, with front and rear talons.
The lower last molar is seen in the U. S. National Museum in a
tooth that was found in Montana, somewhere along the Missoul'i
River. It has been damaged somewhat, as shown by the twisted
parts of the figure. The tooth belonged to the left jaw and it if;
much bent from side to side. There are 20 ridge-plates present,
but a few, probably four, possibly fewer, are missing from the
rear. Measured in a straight line from front to rear the tooth is
about 300 mm. long. The width is 80 mm.; the height of the

PLATE XXIV.

FIG.!.

FlU. 2.

Elephas columbi. Fig. 1. Lower left second molar, seen from side. X i. Fig. 2. Upper right third molar,
showing inner face. X .3. Exact locality unknown. No. 287, U. S. Nat. Thius.
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seventh plate, yet unworn, is 155 mm. There are six and seven
plates in a 100 mm. line.
Plates XXV and XXVI represent two teeth which belong to the
Charles H. Morrill collection, of the State Museum, in the University of Nebraska. Prof. E. H. Barbour, Curator of the Museum, collected these teeth near Windfall, Tipton County, Indiana, in 1893.
Figure 1 of Plate XXV presents a side view of the upper right last
mclar, while Figure 1 of Plate XXVI shows the grinding surface.
There are 16 plates present, but several, perhaps eight, are missing
rehind. The tooth was just beginning to be worn. Figure 2 of the
two plates mentioned presents views of the lower left last molar,
in which 22 platfts are present. These teeth are shown about onehalf the size of nature. With them was found a much worn lower
second molar.
LOCALITIES WHERE ELEPHANTS HAVE BEEN FOUND IN INDIANA.

Remains that appear to the writer to belong to Elephas colu.mbi have been found in the following counties. The locality of each
is indicated by a round dot with a small square above it:
CarToll County.-In the collection at Indianapolis there is Ii
to-oth which seems to belong to this species. It was found near
Bringhurst, and presented by lVIr. John FlO>ra. There are 27 ridgeplates. From the front of the first plate to the rear of the twentysixth is 320 mm. This animal in all probability lived after the
passing away of the Wisconsin drift.
Franklin Cmtnty.--In 1844, Dr. Rufus Hammond, of Brookville, Franklin County, reported (Amer. Jour. Sci., Ser. 1, XINI,
p. 294), the finding of a tooth which he regarded as that of a
megatherium, but which was evidently a third true molar, of probHbly the low jaw, of an elephant. The tooth was found, it is said,
about 15 miles west of Brookville, in the gravelly bank of Salt
Creek. This would be, according to the geological map of Indiana,
which accompanies the Thirteenth Annual Report, on Butts Fork
of Salt Creek. As to the age of the alluvial gravel in which it was
found, all that can be said with certainty is, that it is post-Illinoian.
It is more probable, however, that .this material, as well as thE'
tooth, was laid down at some time whilst the Wisconsin ice-sheet
occupied the region northward or shortly after its disappearance.
According to Hammond, the tooth was 13 inches long, 6 inches
deep, and 3~ inches across the grinding surface. It was somewhat
curved also, the middle of the side rising an inch above a flat sur-

~~~--
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PLATE XXV.

FIG. 1.

FIG. 2.

Elephas columbi. Side views of an upper and a lower molar in the State Museum, Lincoln, Nebraska. Photographs furDished by Prof. E. H. Barbour. Fig.1. Upper last molar. Fig. 2. Lower last molar.
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face which supported the ends. The lower ends of the enamel
plates or "ridges" were separated one-half an inch.
'£he description furnished seems to indicate that the tooth was
that of Elephas coZumbi.
What became of this tooth is unknown .
•lJ;lonroe C01mty.-In 1859, Prof. T. A. Wylie, of the State University, reported (Amer. Jour. Sci., Ser. 2, XXVIII, p. 283), the
discovery of some remains of a -mammoth about a mile southeast of
Gosport, Owen County, Indiana. The locality appears, however,
to be in Monroe County, and in the bank of the White River. The
bones found consisted of two tusks, four molar teeth and fragments of bones. These are said to have been located at a depth of
eight or nine feet in a bed of sand which was overlain by a bed of
plastic bluish clay. The bones were badly decayed and the tusks
were much broken, and required to be bound with cords to keep
them from falling into pieces. Some parts of the ivory were very
soft. One of the tusks was eight feet long on the outside of the
curvature and some of it was missing. The diameter of the root
was eight inches. It was curved into nearly a semi-circle whose
radius was 30 inches. The curvature was nearly in a plane.
There were four molar teeth, two larger and two smaller. The'le
were probably the second and third true molars. The largest
measured, "in the longer diagonal from crown to base," 11 inches
and contained 20 plates of enamel. The smaller teeth comprised
14 enamel plates.
The present writer is inclined to believe that this specimen belonged to Elephas COl'llmbi, there being apparently seven or fewer
enamel plates in a 4-inch line. The great size of the tooth confirms this conclusion.
The immediate upland is covered with Illinoian drift, but the
alluvium of the valley probably had its origin during or after the
close of the Wisconsin .stage.
Morgan OOtlnty.-In the geological collection at Indianapolis
is a tooth which appears to be the lower last molar of the right
side. It was presented January 11, 1911, by David M. Hobson of
Monrovia, and was found one mile and a half west of that town on
a gravel bar in Sycamore Creek. This region is covered with Wisconsin drift and unless this had been cut through by the creek to
older deposits, the animal belonged to post-Wisconsin times.
Tipton Cottnty.-In the museum of the University of Nebraska.
at Lincoln, the writer examined three molar teeth which had been

PLATE XXVI.

FIG. 1.

FIG. 2.

Views of the grinding faces of the molars shown in Plate XXV. Fig.!. Upper last molar. Fig. 2. Lower last molar.
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collected near Windfall by Prof. Erwin H. Barbour. The teeth
form a part of the Chas. H. Morrill collection. They consist of
the lower second permanent molar and of the upper and lower
third molar. They are described on page 742.
Vigo C01tnty.-In the Second Annual Report of the Bureau of
Statistics and Geology, on page 385, Prof. John Collett stated that
bones of the mammoth had been found in this county; but there
were no details given. In the collection at Indianapolis the writer
found a fine large lower left molar of the left side, which had been
found, in 1896, near Terre Haute, on the farm of Aaron Conover.
It was discovered at a depth of 18 feet. It had been presented to
the collection by Earl Conover. The length of the tooth from its
front to the base of the last ridge-plate, is 380 mm.; the width of
the worn face is 100 mm.; the height of the eighteenth plate, to
which the upper face is worn, is 145 mm. The hinder plates lean
strongly forward. There are six of the plates in a 100 mm. line.
Without more details, it is impossible to conjecture the stage of the
Pleistocene during which this animal lived.
Remains of elephants which are indeterminable for various
reasons, mostly because of no or insufficient data regarding the
materials found, have been found as noted below. They are indicated on the map each by a round dot:
Allen Cotlnty.-In the Sixteenth Annual Report of the Geological Survey of Indiana, on page 129, Prof. Charles R. Dwyer stated
that a s,ingle mammoth tooth had been found in Allen County, but
no further particulars were presented. The animal must have
been of post-Wisconsin age.
Dubois County.-Some remains of an elephant have been found
in this county, but the writer has not at hand the record.
Franklin COtlnty.--In 1843, Dr. John Plummer (Amer. Jour.
Sci., Ser. 1, XLIV, p. 302), described a tusk that had been found
in gravel at a depth of 15 feet below the surface, near Brookville,
Indiana. This was in the digging of the Whitewater Canal. The
tusk was nearly six feet long and must ha,ve been originally still
longer, for the author says that at the ends were exhibited about a
dozen concentric lamin:e of variable thickness. The base had a
diameter of four inches. This tusk was curved to form a segment
of a circle whose radius was two and a half feet. It thus formed
a.bout two-fifths of a complete circle. From the amount of this
wrvature it seems possible that the tusk was that of one of the
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mammoths. The specimen was said to be deposited in the "Atheneum" at Richmond.
Near the spot where this tusk was found there was taken out
of the gravel at a depth of 10 feet a stone pestle-like object nearly
17 inches long.
Hamilton Connty.-In 1880, John Collett, then State Geologist,
in the Second Annual Report of the Bureau of Statistics and Geology, page 385, gave a detailed account of the conditions under
which was found, in that year, a part of the skeleton of a mammoth. The remains consisted of two well preserved teeth, one hip
bone, one femur, and small parts of two vertebrre. These wert'
scattered a distance of 80 feet along the line of a ditch that was
being dug. The width of the space in which they occurred is said
to have been less than two feet, but this was probably the width
of the ditch, and there were probably other bones on each side of
it that were not seen. Unfortunately, CoUett did not think it necessary to say what disposition was made of these remains, so that
at present it is impossible to determine whether they belonged to
E. primigenius or E. colnmbi.
The ditch that was being dug was on the farm of Mr. John H.
Caylor, about four miles southeast of Noblesville, being on the east
half of the northeast quarter, Sec: 16, T. 18, R. 5 (given as 9) W.
The ditch was for the purpose of draining a morass which was
situated in a valley or depression 20 rods wide and which extends
for several miles in a direction from southeast to north L. 10°
west: and is about 20 rods wide. This is described as crossing the
present valleys and streams. Prof. Frank Leverett informs mt'
tbat it was probably originally a subglacial drainage channel.
Jasper County.-In the Twelfth Annual Report of the Geological Survey of Indiana., page 73, Prof. John Collett stated that th,~
mammoth and the mastodon ha~d both been fo:und in Jasper County,
but no details are given. On the map showing finds of mammoths,
the black dot indicating the locality is placed near the South
Branch of White River and near the Illinois moraine, as being
most probably right.
Lake C01tnty.-In 1897, Prof. W. S. Blatchley, then State Geologist, reported that an almost complete skeleton of a mammoth
had at some time previously been found in a marsh on the head
waters of Deep River, in the north half of Sec. 35, T. 35, R. 9.
a.bout two miles east of St. Johns. Professor Blatchley probably
received this account from some one in that region. The identifi-
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cation is uncertain, and the present writer has been able to learn
nothing more about the specimen.
"Whatever the animal was it seems to have been buried in a
marsh on or close to the Valparaiso moraine of the late Wisconsin
ice-sheet.
Martin County.-In 1871, Prof. E. T. Cox reported (Second
~Annual Report Geol. Burv. Ind., p. 103), that mammoth and mastodon remains had been found in this county, imbedded in marsh
clay, resting upon the drift; but. as regards the mammoth, nothing
was added. The dot indicating this mention is placed on the map
near Shoals as being most probable.
Mr. Marion 'l'. Mathers, of Orleans, Orange County, has informed me that in 1880 he and some others were at Shoals fishin,!!
and found a part of an upper jaw of a mammoth. He states that
this jaw contained two very large, teeth with very flat grinding
surfaces and that they were teeth very different from those of the
mastodons found Py him in Orange County. He does not know
what became of this upper jaw.
Montgomery Countu.-Mr. W. H. Thompson, in 1886 (Fifteenth Annna] Report Geol. Surv. Ind., p. 159), reported that a
lower jaw containing two teeth in fine preservation, two tusks each
nearly 11 feet in length, and a number of fragments of ribs of an
elephant had been found in the northern part of Montgomery
County. They had been discovered in the bed of Black Creek, a
small stream running along the border of a flat bog, on the land
of Milton N. Waugh. Mr. Thompson could not secure these specimens for the State collection. The writer has learned from Prof.
Donaldson Bodine that the locality was on Sec. 12, T. 20 N., R. 3
W. The teeth and bones were unearthed by a Mr. Parrish. They
were afterwards sold by him, but it has been found impossible to
trace their history further.
Professor Bodine states that on the farm of Mr. George Lynch,
Sec. 8, T. 19 N., R. 3 W., one end of a tusk was exposed in excavating' a cellar. No effort was made to secure it and it is now inaccessible. It is impossible to say whether the tusk belonged to a
mammoth or to a mastodon.
Parke Oounty.--In the Second Annual Report of the Bureau
of Statistics .and Geology,page 385, published in 1881, the State
Geologist, John Collett, stated tha,t teeth of a mammoth had been
found in this county, but no particulars were furnished. The dot
indicating this mention is placed on the map arbitrarily.
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Pldnarn County.-The former State Geologist, John Collett,
stated in the Second Annual Report of the Bureau of Statistics
and Geology, page 385, that bones of the mammoth had been found
in this county, but nothing definite about materials and localities
was given. The black dot is placed arbitrarily on the map.
Vanderburgh Cotmty.-John Collett, State Geologist in 1876,
stated in a general way (Seventh Ann. Report Geol. Surv. Ind., p.
246), that the mammoth had been found in this and adjoining
eounties. However, in 1880, he affirmed definitely (Second Ann.
Report Bur. Statistics and Geol., p. 385), it had been found in
Vanderburgh County. Beyond this, no statements were made.
Ver'rnillion County.-In the Second Annual Report of the Bureau of Statisties and Geology, the then State Geologist, John Collett, stated that mammoth remains had been found in this county,
but no details were given ..
Vigo County.-Mr. F. H. Ward, Rochester, New York, has informed me that there are in Ward's Na,tural Science Establishment, two teeth of an elephant from Vigo County. The more exact locality is stated to be the farm of W. N. Stewart, Otter Cre(!k
'l'ownship. The teeth were found in April, 1885. Not having seen
these teeth, the present writer will not attempt to identify them
.specifically.
Wabash Cot~nty.--In the Seventeenth Annual Report of the
Geological Survey of Indiana, page 241, Messrs. Elrod and Benedict stated that Mr. John H. Pefley, on the east half of Sec. 18,
T. 27, R. 8, near Dora, found two large teeth which the writers
saw and identified as those of Elephas primigenitts. What has become of these teeth is not known. Their age is certainly post·Wisconsin.
Messrs. Moses N. Elrod and A. C. Benedict reported (Seventeenth Ann. Report Geol. Surv. Ind., p. 240), that some mammoth
bones were found some years ago in Pleasant Township, Wabash
County, by some workmen who were throwing up an embankment
for a bridge over Silver Creek. The bones were found under five
feet of muck It is stated that some of these are in Wabash College at Crawfordsville, Ind. It was near the banks of the same
creek and evidently not far from the same place that a mastodon
skeleton was found in 1872 by Mr. Jacob Stevenson while digging
a ditch by the roadside. If these bones were all correctly identified, it is evident that both species lived about the same time, and
that this was after the Wisconsin ice had withdrawn from that
county.

750

REPORT OF STATE GEOLOGIST.

Wayne County.-In the Second Annual Report of the Bureau
of Statistics and Geology, page 385, John Collett reported the
finding of mammoth teeth in Wayne County, but here, 'also, no
details were furnished.
On the mammoth map, the black dot indicating this find is
placed arbitrarily near the center of the county.
In the collection of Earlham College are two teeth which arc
credited to J ehiel Bond, and which were found on Nolans Fork,
near Webster, Wayne County. One of these teeth appears to be
the upper second true molar; the other, the third, and apparently
having belonged to the same individual. With these teeth is a
tusk which measures 1,800 mm. along the convex curve. The
writer is at present unable to assign this tooth to either E. primiaenius or E. col1lmbi.

Order RODENTIA.
SQUIRRELS, RATS, FIELD-MICE, PORCUPINES, BEAVERS, RABBITS, ETC.

. Animals varying in size from very small to median. Digits
usually five on all the feet and furnished with claws. Teeth reduced in number; two functional incisors in each jaw; no canines;
never more than three premolars. Incisors growing from persistent pulps, usually with enamel on only the front face, so that those
teeth are chisel-like. A long space between the incisors and the
cheek-teeth. Mandibular condyles elongated fore and aft. Auditory bullre developed. Orbit opening freely into the temporal
fossa. Premaxillre reaching the frontals.
The Rodentia may be said to swarm over the whole habitable
globe. In time they are known to us from the early Eocene. By
systematists they are divided into two suborders: (1) The Duplicidentata, including the hares and rabbits and the picas. (2) The
Simplicidentata, containing all the other rodents. Inasmuch as
the hares and rabbits have inhabited North America since the Miocene it seems remarkable that no specimens have yet been discovered in Indiana. It can only be because the small size of their
skulls and bones has caused them to be overlooked. The same is
true of a host of animals that undoubtedly lived in Indiana during
the Pleistocene. The Duplicidenta.ta differ from the other rodents
in many ways, but conspicuously in the fact that just behind th"
upper incisors is another pair of small size.
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Suborder SIMPLICIDENTATA.
No rudimentary incisors behind the functional pair in the upper jaw. An alisphenoidal canal present. Fibula not articulating
with the calcaneum.
The Simplicidentata are divided into at least three subfamilies;
the S ciuromorpha (squirrels, beavers, etc.), the M yomorpha (rats,
field-mice, etc.), and the Hystricomorpha (porcupines, guinea-pigs,
etc.). These divisions are based especially on the structure of the
zygomatic arch, the size of the infraorbital foramen, and the manner of origin of the angular process of the lower jaw.
Superfamily SCIUROMORPHA.
Infraorbital foramen small, the zygomatic arch mostly formed
by the jugal; the process of the maxillary, which reaches backward under the jugal, lacking much of reaching the temporal process. Angular process proceeding from the lower side of the mandible. Tooth formula, it, c. ft, pm. t, m. i.
Under this superfamily come the squirrels, the chipmunks, the
spermophiles, and the groundhogs, none of which are yet known
to occur fossil within the State, but all of which may be confidently
looked for in cave and :fissure deposits, as well as in alluvial and
peat deposits, and even in drift, into which they may have burrowed.
In the group Sciuromorpha the writer places without hesitation
the family Castoroididre, notwithstanding the fact that most authors have relegated it to the Hystricomorpha. Its relationships
are too close to the beavers to permit it to be removed far from
them.
Family CASTORIDJE.
THE BEAVER-LIKE RODENTS.

Infraorbital foramen very small. No postorbital process. Angular process of lower jaw rounded, with its lower edge turned inward. Teeth, i. t, pm. t, m. i. The premolars resemble the molars, it and the molars consisting each of two compressed more or
less t~ansverse lamellre of enamel surrounded by cement.
Besides the existing genus Castor, this family includes three or
four extinct genera, one of which, Steneofiber, lived from the Oligocene into the Pliocene.

PLATE XxVII.

4

CaslM canadensis. Views of the skull and teeth; about f the size of nature. Fig.!. Skull seen
from left side. Fig. 2. Lower jaw from left side. Fig. 3. Skull presenting palatal
surface. Fig. 4. Lower jaw with teeth.
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Genus CASTOR Linnreus.
'l'HE BEAVERS.

Skull strongly constricted. Basioccipital with two deep excavations on its lower surface. Teeth single-rooted and continuing
to grow until late in life. Cheek-teeth in a series which converges
forward, the teeth diminishing in size backward. Face of crown
traversed more or less completely by three plates of enamel, besides a loop which enters from the inner face in the upper teeth
ana the outer face in the lmver teeth. F'eet five-toed.
In the beavers the incisors are large, much curved, and the
hinder end extends back to the anterior cheek-tooth. The enamel
is confined to the front of the tooth and is of a deep orange color
which, however, may disappear in the fossil. Of the four cheekteeth, the premolar on each side is the largest. The worn crown
is surrounded by a coat of enamel which on the inner face of the
upper teeth and the outer in the lower, sends inward a deep inlet.
In the upper teeth this is nearer the front of the tooth; in the
lower ones, nearer the hinder end.
CASTOR CANADENSIS Kuhl.
THE AMERICAN BEAVER.

On the arrival of white men on this continent the beaver occupied the region from Mexico and the Gulf of Mexico north to about
the limits of forests, extending northwesterly as far as Alaska. Its
range now is much restricted.
GeologicaUy it occurs in deposits which we must b€lieve belong
to very early Pleistocene, as Hay Springs, Nebraska; the Aftonian
deposits of western Iowa, and at the Port Kennedy Cave in Pennsylvania. The only mention that the writer recalls of the presence
of the beaver as a fossil in Indiana is that made by the State Geologist, John Collett (Twelfth Ann. Report, p. 73). He stated that
in Jasper County the bones of the buffalo, the beaver, and the
bear were common. This is very indefinite, indeed. We know
nothing about the parts of each animal found, or the localities, or
at what depths, or the kind of deposit. Figures 1 to 4 of Plate
XXVII, taken after Baird, illustrate the structure of the skull
and teeth of this species.
As remains of the beaver will certainly be found in the State,
some measurements are here given to facilitate identification:
48-29153
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Length of skull from rear of condyles to front of premaxillre. '"
From rear of condyles to rear of hard palate ................. "
Width acrosS' mastoids ........................................
Least width in front ear-openings ............................. .
Greatest width across zygomatic arches ....................... .
Interorbital space ........................................... .
Width across snout at middle of nasals ....................... .
Distance from the incisors to first of premolars ............... .
Length of series of cheek-teeth ............................... .
Width of palate between the premolars ...................... .
Width o,f palate between the hinder molars .................. .
Lower jaw from rear condyle to front of symphysis ............
Lower jaw from rear of angle to front .......... , .............
Lower jaw from width across condyle ..... : ................ '"
Lower jaw from width across angular processes... .. .... .. ....
UPPER TEETH.

Measurements.

La WEB

TEETH.

1

143 mm.
47 mm.
69 mm.
46mm.
105mm.
26mm.
33mm.
50 mm.
31mm.
7 mm.
16=.
101 mm.
108 mm.
68 mm.
92 mm.

Measurements.

--------------11------·--- -----Pm.· ..... .

Pm.· .......

Length a/
crown, 9mm.
Width, 10 mm.

M.I ...... .
M.I .... .

Length, 7mm.
Width, 9mm.

M., ...

M., ..

Length, S mm.
Width, 9mm.

M.' .... .
M.' ... .

Length, 7mm.
Width, Smm.

M.,.....
M.......

Length, 8 mm.
Width, 9 mm.

M.· ...... .
M.· .... .

Length, 6.5mm.
Width, 7mm.

M...........................
M.,.........................

Length, S mm.
Width, 7 mm

Pm." .....
Pm.4.···

(

::::::::::1

Length, 11 mm.
Width, 7mm.

Scapula, length from glenoid fossa, along spine ................ .
Scapula, greatest breadth .................................... .
Humerus, length ............................................. .
Humerus, width at lower end ................................ .
Ulna, length ................................................ .
Radius, length ...............................................
PelviS, length ................................................
PelviS, width at acetabula ....................................
Pelvis, greatest width at hinder end .................. , ........
Femur, length from head to inner condyle .................... "
Femur, width at lower end ...................................
Tibia, length .................................................
Fibula, length ................................................
Caudal vertebra', breadth of 4 anterior, acroos processes. . . . . . . . .

84mm.
48mm.
·86mm.
34mm
118mm.
85 mm.
187 mm.
104 mm.
103 mm.
110 mm.
42 mm.
132 mm.
121 mm.
75 mm.

The scapula may be distinguished from any others of its siztl
by the long process which descends from the outer border of the
high spine, to a point below the head, leaving a broad notch between
the latter and itself. The humerus is characterized by its flattened
shaft and lower end, and by having on its outer border, just above
the middle, strongly projecting deltoid process. The femur likewise is flattened and has on its outer border, at the middle, a process known as the third trochanter.
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Family OASTOROIDIDJE.
Infraorbital foramen very smalL No postorbital process. Angular processes greatly developed. Teeth, i. 1, c. -/l-, pm. t, m. t.
Incisors enormous and longitudinally grooved. The premolars resembling in structure the molars. The cheek-teeth composed of
from three to five compressed plates of enamel held together by
plates of cement. Fore feet unknown; the hinder 5-toed.
Besides the genus Castoroides of North America this family is
made to include ArnblYl'hiza, a not well-known genus found on
some of the islands of the West Indies.
Genus CASTOROIDES Foster.

Form and proportions beaver-like, but larger. Oheek-tE'eth composed of plates (apparently flattened tubes) of enamel united by
plates of cement; the upper premolars and first two molars with
three, the last molar with four of the enamel plates; the lower premolar of four enamel plates, the molars of three. Upper and lower
cheek-teeth in series that diverge strongly backward. Hinder part
of nasal passage divided into two, an upper and a lower.
So far as known, this genus includes only a single species, the
one here described.
OASTOROIDES OHIOENSIS Foster.
'l'HE GIANT BEAVER.

The first account of this remarkable animal, accompanied~y a
scientific name, was published by the geologist, J. W. Foster, in
the Second Annual Report of the Geological Survey of Ohio, 1838,
IJage 81. It had, however, been mentioned, with figures, by S. R.
Hildreth in 1837 (Amer. Jour. Sci. XXXI, p. 80). These accounts
were based on a somewhat damaged skull that had been discovered
near Nashport, Muskingum County, Ohio, in excavating a canal
through a peat swamp. The bones found consisted of a radius, an
llpper incisor, and a lower jaw containing an incisor and the four
cheek-teeth. Where these remains now are is not known to the
present writer.
Since that time numerous specimens of the species have been
found in the country from Central New York to the Great Plains,
and from Florida to Minnesota. Indeed, in the U. S. National
Museum is a part of a femur which was brought by Mr. A. G. Maddren, of the U. S. Geological Survey, from Yukon Territory, nearly
up to the Arctic Ocean.
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As to its continuance in time, it has been found in deposits that
belong very near the beginning of the Pleistocene, notably at Hay
Springs, Nebraska, accompanied by fossil horses and camels, and
in the Aftonian deposits of Iowa. It is possible that these early
forms belonged to a different species, but this has not been proved.
On the other hand, numerous specimens have been found in deposits that overlie the last or Wisconsin drift, notahly in Indiana,
Ohio, and Michigan. This shows that the animal was present in
(JUr region long after the glacial ice had disappeared.
'l'he finest specimen of this species that has been discovered is
that now in the museum of Earlham College. It was found in a
~wamp, known as the Dismal, in the eastern part of Randolph
County, Indiana. Moore stated the locality is about six miles
nearly east of Winchester and about the same distance southwest
of Union City, on the farm owned by John M: Turner. It was reported by the finders to have been" standing in the natural position. " The bones were secured for Earlham College by Prof. J o·
seph Moore, whose active interest in such things was instrumental
in obtaining for Earlham College many valuable fosslils. This indi··
vidual was one not quite grown and many of the bones lack their
epiphyses.
This specimen furnished a more or less damaged skull, but the
lower jaw was complete. The fourth to the seventh cervicals are
missing. The second, third, fifth and sixth dorsals are gone. However, Moore (ArneI'. Geologist, XII, p. 68), stated that 19 were
present. Of the caudals there are 14 present. It was believed by
Moore that the last one of these 14 was about the seventh from the
sacrum. Of the sternum, the presternum and the xiphisternum
were recovered. The essential parts of both scapulm are present.
The fore feet are wholly missing and are known in no other g,pecimen. The pelvis lacks only the symphysis of the ilia, and a part
of the pubic region. The hinder feet lack all the ankle bones except both astragali and one calcaneum. All the metatarsals are
present except one. The right hind foot lacks all the digital bones,
except the first phalanx of the third digit; the left foot lacks all
the digital bones except the first phalanx of the third digit and
the first and second of the fourth digit.
This skeleton was described and figured by ,Joseph Moore in
the American Geologist, Vol. XII, pp. 68-74, with Plate XII, and
in the Journal of the Cincinnati Society of Natural History, Vol.
XIII, pp. 138-169, with 25 text-figures.
The bones of the specimen were mounted, and in doing so the
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parts missing were restored in some material which was made to
imitate as nearly as possible the color and appearance of the bone.
It is, therefore, sometimes difficult to determine whether a particular part is real or artificial. This is a practice that ought to be
discouraged.
The line-drawing shown here (Pl. XXVIII), has boon made by
1\11'. R. Weber, after a photograph of this specimen at Earlham
College. However, where a part, as in the skull, is known from
other specimens, it is represented as known. Where any part is.unknown, as in the case of the hinder cervical vertebrte, some of the
caudals, the forefeet and parts of the hinder feet, the bones are
traced only in outline. Such parts were restored after the beaver.
'fhe total length of this specimen, measured a]ong the curve of
the back, mounted, is seven feet and two inches, 2,185 mm. This
is about twice the length of a good-sized beaver, but the specimen
was probably not quite full grown. A specimen hereafter to be
mentioned is in the Field Museum of Natural History, Chicago,
whose limb bones are larger. It is probable that large individuals
attained a length of eight or nine feet; that is, more than twice
the length of the beaver, and therefore of more than eight times
. the bulk of the latter.
Of the skull of the Earlham specimen there are present the
lower jaw complete, with all of its teeth; the maxillte, with all the
grinding teeth except the right premolar and the last right molar;
the premaxillte and their incisors; the vomer, the palatines and the
right malar. The rear of the skull has, therefore, been restored.
From the front of the premaxillte to the line joining the
hinder ends of the last molars is 195 mm. Just in front of the
malar bones, the width of tbe face is 77 mm., the height 88 mm.
Each nasal bone is 32 mm. wide. In the maxilla the antorbital
foramen is 11 hIm. high. From the front of the maxilla to the rear
of the last molar the distance is 120 mm. At the anterior molar
tooth the width of the palate is only about 10 mm.; between the
last molars it is 36 mm. From the rear of the incisors to the front
of the first grinding tooth the distance is 105 mm. The great upper
incisors are complete. When the nasal bones are lifted these teeth
are seen to extend backward somewhat behind the suture between
the maxillte and the premaxillte. Each forms about a semicircle
and is about 210 mm. long, measured along the outer curve. On
this curve they project forward and downward 100 mm. beyond '
the premaxillte. The width of each is 24 mm., the fore and aft
thickness, 23 mm.

"d
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CastlYl'oides ohioenBis. Skeleton. The figure is based principally on the specimen at Earlham College, Richmond, Indiana.
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The length of the row of grinding teeth, measured on the worn
faces, is 66 mm. In the case of a specimen in the U. S. National
Museum, No. 1634, found at Logansport, the series of teeth measure
67 mm. (Plate XXIX, Fig. 1.)
The following are the dimensions of these teeth on the worn
faces:
TEETH.

Earlham Speoimen.

Pm.-........
Length, 15 mm.;
M.' ............... Length, 12 mm.:
M.2 ................ Length, 13 mm.;
M.' ................ Length, 16 mm.;

width,
width,
width,
width,

Logansport Specimen.

17 mm ........ Length, 17 mm.;
16 mm....... Length, 16 mm.;
Length, 15 mm.;
12.5 mm....
Length, 18 mm.;
14 mm ........

width,
width,
width,
width,

16 mm.
14 mm.
13 mm.
14 mm.

In the lower jaw CPl. XXIX Fig. 2), the distance from the
front to the line joining the angular processes is 161 mm.; to the
angle itself, 185 mm. From the outside of one condyle to the other
is 110 mm.; from one angular process to the other, 210 mm. The
length of the symphysis along its upper face is 65 mm. At the
anterior grinding tooth the height is 70 mm. The distance between the anterior grinding teeth is 18 mm.; between the last molars, 50 mm. The teeth measure as follows:
Measurements.

TEETH.

Pm.' ...... .

M ................... .

M.· ................ .
M.· .................. .

Length,
Length,
Length,
Length,

20 mm.;
17 mm.:
17 mm.;
16 mm.;

width,
width,
width,
width,

12
13
13
12

mm.
mm.
mm.
mm.

At its' insertion each incisor has a width from side to side of
20 mm'; fore and aft, of 21 mm. It projects beyond the bone 140
mm ..
The atlas has a maximum width of .93 mm. and a height of 45
mm. The articular surfaces for the skull indicate a motion in this
joint mostly up and down. The axis is consolidated with the third
cervical. The same is true in beaver at hand. The axis is nearly
as wide as the atlas. Professor Moore described with some detail
the dorsal vertehrre. He concluded that the length and bulk of
the spinal column from the atlas to the sacrum did not differ much
from that of an adult man, being 21 inches in length. However,
a few pieces were missing and most of the epiphyses are gone also.
lh. general, the structure of the vertebrre is the same as in the
beaver. There were doubtless, as in other rodents, 19 dorsals and
lumhars, taken together. Moore concluded that there were probably 14 thoracic vertehrre and five lumbars. On the upper side of
the centrum of each of the dorso-lumbars is a pair of large fora-

PLATE XXIX.

Ca8tor",des ohio.noi.. X .36. Skull and lower jaw to show tooth-bearing surfaces.
Lower figure from skull found at Logansport.
figure from
the mounted
at Earlham
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mina opening into the spongy interior, as in the beaver and some
other rodents. The lateral extent of the first thoracic vertebra is
given as fully 75 mm., but the width of the succeeding ones diminishes to the fifth. The last, or fifth, lumbar has strong lateral
processes and measures, from the tip of one process to the other,
92 mm.
In the beaver there are four sacral vertebrre, and Moore stated
that that is the number in the mounted specimen of Castoroide.,.
The lateral wing-like processes of the hinder ones are broken off.
Moore gave as the length of the four sacrals 5.12 inches. So far
as the writer could see, there are in the sacrum, as mounted, only
three sacraIs, and the free vertebrre behind the third one was included by Moore among the caudals. These three sacrals measure
90 mm. in length. As already stated, there are preserved 14 caudal vertebrre. Moore concluded that there were originally about
23 or 25, as in the beaver. These vertebrre resemble much those
of the beaver, but the centra of the proximal ones and the transverse processes are not so long, thus indicating that the tail was not
so broad. For example, the greatest width of the seventh in a
beaver is 60 mm.; in the Castoroides, 75 mm.; whereas, its proportional width would be at least 120 mm. Of ribs, Moore stated that
there were eight right and 12 left. As the 'writer determined,
there are in the mounted animal 11 on the right side, eight on the
left. It is possible that parts of ribs joined to artificial materials
were overlooked. The parts of the sternum present resemble th,)
corresponding parts in the beaver. The acromion process of the
scapula is relatively shorter than in the beaver, and is compressed
parallel with the axis of the body. In the beaver it is compressed
on the opposite plane.
The humerus has a length of 135 mm. from the head to the
inner side of the articulation for the ulna. Moore's statement,
that the length is 7.36 inches, is probably a typographical error
for 5.36 inches. The width across the upper end is 55 mm.; across
the lower end, 53 mm. On the outer border just above the middle
is a strong deltoid process. The ulna had, in life, a length of about
230 mm. On the outer face, as in the 'beaver, there is a deep longitudinal fossa, extending from the sigmoid cavity to beyond the
middle of the length of the bone. The radius, with "its missing
distal epiphysis, probably measured 170 mm. The length of the
radius to that of the humerus is 1.33; in the beaver, 1.06. This
appears to be due to the fact that the humerus of Castoroides is,
relatively to the length of the animal, shorter than in the beaver.
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The anterior extremities of the pelvis are. restored. The original length of the pelvis was close to 300 mm., extending over the
length of 10 vertebrm; whereas, in the beaver, it extends along
eight of them; nevertheless, it appears to be relatively shorter than
that of the beaver. The structure of the innominate bones resembled closely those of the beaver.
'l'he femur, with its restored distal epiphysis, measures 165 mm.
from the head to the distal articular surface; from the greater
tuberosity, 185 mm. The bone is broad and fiat, being 70 mm. wide
across the condyles at the lower end. Where the shaft is narrowest,
about the middle, the diameter, from side to side, is 30 mm.; the
thickness, 22 mm. It will be seen that the shaft is much more
constricted at the middle than it is in the beaver. Likewise, the
third trochanter is placed above the middle,not as it is in the
beaver. In proportion to the length of the animal, the femur is
shorter in Castoroides than in the beaver.
The greatest length of the tibia is 253 mm.; the breadth of th~
upper end, 56 mm. It resembles greatly the same bone in the
beaver. The fibula had a length originally of 218 mm. It is coossified with the tibia for a distance of about 95 lilli., differing
thus from that of the beaver.
So far as the bones of the hinder foot are preserved, they indicate a foot greatly like that of the beaver, but shorter relatively to
the length of the body. A skeleton of a beaver, before the writer,
has its length contained in that of the mounted specimen of Casioroides just 2~ times. Its whole leg measures 360 mm., omitting
the claw phalanx of the fourth digit. The leg of Castoroides, omitting the same phalanx, ought then to measure 763 mm. ; it measure,
only 655 mm. The femur ought to measure 230 mm.; it measures
only 185 mm.; the tibia ought to measure 285 mm.; it measures
only 253 mm. The foot, omitting the unknown claw phalanx, ought
to measure, from the heal, 308 mm.; it measures only 252 mm. It
3ppears evident, therefore, that the giant beaver was a relatively
shorter legged animal than the beaver.
In the U. S. National Mnseum is a beautifully preserved skull
(If this species which was found two or three miles north of Logansport, Indiana. (PI. XXIX, Fig. 1.) The lower jaw is lacking
and both malar bones; otherwise, there is only trifling injury. It
is thought well to give some description of this skull. Some measurements will first be presented. The measurements of the teeth
have already been given on page 759.
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Rear of occipital condyles to front of premaxillre ..............
Rear of occipital condyles to rear of hard palate ..............
Rear of occipital condyles to rear of premaxillre, at midline .....
Height of rear of skull above bottom of condyles ...............
Width of rear of skull ........................................
Width of skull in front of ear-opening .........................
Width of brain-case at anterior end of frontals ................
Width of face at front of maxillre ........................ . . . ..
Width across the zygomatic arches, greatest, restored .... , ......
Height of skull between premolars ............................
Height of skull at middle of nasals ...........................
Distance between incisors and the premolars ...................
Outside to outside of incisors on emergence from premaxillfe. . . ..
Outside to outside of incisors at 75 mm. distance. " .... " .... '"
Length of eXlJOsed part of incisors along outer curve ......... '"
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262 mm.
88 mm.
180 mm.
68 mm.
145 mm.
80 mm.
55 mIll.
65 mm.
193 mm.
98 mm.
87 mm.
110 mm.
58 mm.
46 mm.
116 mm.

The skull of Casto1'oidcs resembles rather closely that of the
beaver, but there are important differences, as has been pointed
out by others. In the beaver the width of the rear of the skull is
almost exactly one-half the length of the skull; in the giant beaver
the width is about a tenth more than half the length. In the
beaver the auditory bullre are much inflated and the basioccipital
is deeply hollowed out on the underside; in the giant beaver the
bullre are little inflated and the basioccipital has two shallow excavations separated by a median ridge. In the beaver the jugal bone
extends forward to the lachrymal, while the malar process of the
maxilla reaches backward a little behind the orbit; in Castoroidcs
the jugal reaches forward to the middle of the orbit only, while
the malar process passes about as far backward as in the beaver,
indeed, somewhat farther. If we leave out of the account the anterior extension of the malar, we shall find that the latter bone is
fully as much supported by the malar process of the maxilla as in
the beaver.
In the beaver the interorbital foramen opens out at the premaxillo-maxillary suture in front of a sharp descending ridge;
in Castoroides the ridge is not developed and the opening is at a
considerable distance behind the suture. In the beaver the narrowest part of the brain-case is in front of the middle of the skull,
in front of the little developed postorbital processes; in the giant
beaver it is at the middle of the length of the skull and just behind the almost imperceptible postorbital processes.
• The most remarkable structure in the giant beaver is the hinder
part of the nasal passage, which is divided into two, an upper and
lower. PI. XXIX, Fig. 1.) There is nothing of the sort in the beaver.
The distance between the roof of the nasal passage (formed by the
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basisphenoid and presphenoid), and the floor of it (formed by the
palatines and maxillm), had become much higher than in the
beaver, relatively twice as high, being 40 mm. or more. At the
front of the basioccipital the axis of the skull suddenly rises, so
that the basisphenoid is at a much higher level. All the changes
in this region appear to have come about in order to accommodate
the development of the large internal pterygoid muscles which had
their insertion in the pterygoid fOSBle. In the beaver these foss...'tl
are small; in Castoroides they are enormous, each ha.ving a transverse diameter of 23 mm.; a horizontal extent of 67 mIll., and a
height of 32 ml1l. In front the hinder end of the palatine has been
deeply excavated; behind, the pterygoid fossa had encroached on
the anterior end of the auditory bulla. The external pterygoid
plate grew outward and backward so as to lie outside of the hinder
end of the alisphenoid canal and the foramen lacerum anterius.
'1'0 further accommodate the internal pterygoid muscle, the internal
pteryg'oid plate was pushed in ward, so as to reach the midline at
the middle of its height and to come into contact with its fellow.
In this way the hinder end of the nasal passage was constricted
into an upper and a lower passage.
Posteriorly the upper passage opens out by a horizontal, pearshaped, opening just in front of the basioccipital. (PI. XXIX,
Fig. 1.) Its length is about 25 mm.; its width is 16 mm. From
this opening the passage rises and runs forward. The opening of
the lower passage is in front of the other and at a lower level. It
is triangular in shape and is bounded in front by the palatine; at
the sides by the internal pterygoid plates. At the midplan~ the
partition between the two passages is, as already stated, formed
by the inner pterygoid plates. In front of these the partition is
continued by ascending plates from the right and left palatine
bones, which plates touch at the midplane. Still in front of these
it appears that plates from the maxillle continue the partition
somewhat further forward. Then, just behind the bases of the
upper incisors the inner walls of the maxillle part and permit the
lower canal to rise into the nasal cavity, meeting here the anterior
end of the upper canal.
Some further description of the teeth of this species ought to be
presented. The incisors are relatively much larger than in the
beaver. In a specimen of the latter the teeth project a distance
beyond the bone equal to hardly .25 the length of the skull; in the
Logansport specimen the exposed part equals .42 the length of the
skull; while in a specimen from Ijenawee County, Michigan, the ex-
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posed part is a little more than one-half the length of the skull. In
the mounted specimen at Earlham the whole length of the upper
teeth was about 210 mm. ; in the Michigan specimen, about 150 mm.
The lower incisors are still longer. Those of the mounted specimen at Earlham are about 250 mm. long; another tooth in that
institution, from Greenville, Ohio, is 280 mm. long, is somewhat
spirally curved, and is twisted on its axis. It forms nearly a semicircle.
Contrary to what is usual in rodents, the enamel is not confined to the front of the tooth, but passes around on its whole outer
face. The enamel is longitudinally grooved, with the grooves separated by sharp ridges. The enamel may be more or less wrinkled
transversely, so as to make that part of the tooth rough. The inner
face of each incisor is flat, but these faces are not applied to each
other, except at their distal ends. At their bases they are separated by processes of the premaxillre. The hinder face of the in·
cisor is slightly concave from side to side. At the extremity they
are not worn off like the sloping face of a chisel, as they are in the
beaver, but in such a way that there is formed in the two a deep
pit which received the ends of the lower incisors.
'1'he grinding teeth of the upper jaw all lean strongly backward; those of the lower jaw, forward; just as in the bea.ver. Each
cne seems to be composed of a number of flattened tubes of enamel
which contain each its portion of dentine. The several tubes of
enamel is held together by a mass of cement. In the three anterior
upper teeth there are three of the enamel tubes; in the last molar
there are four. These cross the tooth obliquely, passing from the
outside inward and backward. In the lower teeth the anterior one
-the premolar-there are four plates, or tubes; in the other, three.
The plates are directed here, also, inward and backward.
The angular process of the lower jaw is strongly developed.
The inner face is deeply excavated, and there is a wide shelf of
bone along the lower border. Thus a large surface was furnished
for the insertion of the powerful internal pterygoid muscle.
As to the habits of this animal, we can only make inferences.
'Ve may be sure that it was a vigorous gnawer of hard substances.
It was almost certainly an aquatic animal. Probably like the
beaver, it was addicted to cutting down trees; and, like the beaver,
it probably built dams and lodges for the protection of itself and
young from cold and enemies. The tail was less expanded than
that of the beaver, and possibly the animal had not learned yet to
slap the water with it as a signal of danger and in its sport. It
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may have been more flexible and therefore a better aid in swimming
tl1an that of the beaver.
So far as the writer knows, the following are the finds of Castoroides that have been made known in Indiana. Doubtless many
remains have been observed, but not recognized or reported. If
the localities are sought out on the map showing the distribution
of the drift areas in the State, it will be seen that all occur within
the area of the Wisconsin drift except one, Vanderburgh County.
This means that these animals lived after the termination of the
Glacial epoch. The northern half of Indiana appears to have been
especially favorable for these animals, or at least offered favorable
conditions for the preservation of their remains.
Boone County.-In the collection of the Geological Survey, at
Indianapolis, there is a lower jaw with the bases of the incisors.
At their insertion in the jaw, the fore and aft diameter is 23 mm. ;
the transverse, 19 mm. The molars are all present and the series
measures 70 mm. The lower jaw, measured from the hinder surface of the incisors to the angle, is 214 mm.
Carroll County.-In a foot note (probably by John Collett) to
Cope and Wortman's paper in the Fourteenth Annual Report of
this Survey, p. 37, it is stated that remains of Castoroides ohioensis have been found in this county, but nothing further was said.
Cass County.-In this county was found the fine skull, withom
lower jaw, which has already been described on page 762. Accord·
ing to the newspaper account accompanying it, dated January 30,
1894, this was found two or three miles north of Logansport by
Mr. S. L. McFadin and sold to the U. S. National Museum. It wa»
discovered at a depth of seven feet, lying in a fine sand. Above
the sand was a foot of solid gravel, and this was overlain by three
feet of solid clay and by three feet of alluvium. According to
Leverett's map (Mon. U. S. Geol. Surv. XXXVIII, PI. VI), this
would be on the moraine which lies on the southern border of the
Iroquois till sheet, belonging to the late Wisconsin. After the retirement of the Wisconsin ice this animal lived and was buried.
Since that event enough time has elapsed to permit the deposition
of seven feet of sand, gravel and alluvium.
Grant County.-In this county, neal' Fairmount, was founJ
considerable parts of the skeleton of a giant beaver. These remains are now in the Field Museum of Natural History, at Chicago. Nothing has yet been published regarding them. They were
discovered in making a ditch, but the present writer has not re-
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ceived exact data. '{'he locality is not far from the place where the
large mammoth described' on page 719 was found.

Hancock County.-In the collection at Earlham College is part
of a skull which was found near Greenfield. This belonged to Dr.
M. M. Adams, who transferred it to Earlham College. This skull
was described and figured by Professor Moore in the Proceedings
of the Indiana Academy of Sciences for 1899, p. 171, PIs. I, II.
The premaxillre are not present, but the skull shows better on that
account some of the internal structures. Greenville is situated OIl
one of the moraines of the Wisconsin drift.
Koscinsko County.-In a foot note to Cope and Wortman's Ill'
ticle in the Fourteenth Annual Report of the Geological Survey
of Indiana, p. 37, which foot note was probably written by John
Collett, then State Geologist, it is stated that bones and teeth of the
giant beaver had been found in this county. Unfortunately no
details were given.
Madison County.-In the collection of the Geological Survey
at Indianapolis there is a right upper incisor which was found near
Summitville and presented by Mr. T. F. Cartwright. The tooth
is 250 mm. long.
Randolph County.-In this county was found the skeleton that
is mounted at Earlham College and which has been described above
(PI. XXVIII). The locillity was six miles nearly east of Winchester, on the farm of John M. Turner. The skeleton lay at a depth of
eight feet from the surface, in a bluish-gray silt, wnich underlay five
feet of alluvium very rich in vegetable mold.
Vanderbttrgh County.-In the Seventh Annual Report of the
Geological Survey of Indiana, the State Geologist, John Collett,
stated that remains of Castoroides had been found in this county.
The exact locality is not given, but it is to be inferred that it was
along the Ohio River. He stated that remains of Megalonyx had
been found in the same deposits. It may be that these remains of
Castoroides antedate the Wisconsin drift, but nothing certain can
be deduced from the data given.
Wayne County.-In the collection at Earlham College is a fragment of an upper incisor which Prof. Joseph Moore picked up two
miles east of Richmond, where a' farmer was scooping out the wet
earth for a fishpond. With this fragment were found teeth and
some decayed bones of a mastodon. (ArneI'. Geologist, Vol. XII,
p.73.)
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Order CARNIVORA.
FLF,sH-EATING MAMMALS.

Flesh-eating mammals with not less than four digits on any of
the feet, mostly furnished with sharp claws. Canine teeth projecting beyond the others and fitted for seizing and tearing; the
premolars and some molars for cutting flesh.
This group includes three suborders, the extinct Credonta, and
the yet existing Fissipedia and Pinnipedia. We have to do only
with the second of these.
Suborder FISSIPEDIA.
THE CATS, DOGS, HYENAS, BEARS, ETO.

Carnivora with the first digit on all the feet shorter than the
others. Incisors, with rare exceptions, J. Canines large. The
fourth premolar in the upper jaw and the first molar in the lower
forming a special sectorial, or cutting, tooth feebly developed in
bears. The hinder teeth usually adapted to grinding.
This suborder includes all the existing Carnivora except the
sea-bears, sea-lions, seals and walruses.
Family URSIDbJ.
THE BEARS.

Clumsily built carnivores, with plantigrade feet.
Teeth,
i.+, c.+, pm.:y, m.~. The canines strongly developed, premolars
small, molars large with flat tuberculated crowns; the sectorial teeth
feebly developed, the upper one without the third, or internal,
root. Auditory buUm little inflated. Humerus without a foramen
at lower end on inner side.
Tb~ bears have today a wide distribution, being found in Europe, Asia, Northern Africa and South America. In the latter
continent there is found only a single species. In time they may
be traced back to the middle Miocene of Northern Africa and to
the upper Miocene in Europe. None are known in America before
the beginning of the Pleistocene. They probably reached this
country from Asia over some land connection in the region of
Bering Strait.
Many of the bears are omnivorous in their habits and a few
seem to live mostly on vegetable matter.
49-29153
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Genus URSUS Linn.

Bears with the premolars typically t, but the three anterior very
small and sometimes missing, especially the second above and below; the first premolar close to the canine. Upper and lower sectorials smaller than t.he succeeding molars. Crowns of .the molars
broad, flat, and tuberculated. All the feet with five well developed
digits, armed with large, compressed claws.
URSUS AMERICANUS Pallas.
This bear has been found fossil in the United States at a COIlsiderable number of places, as Port Kennedy Cave, Pennsylvania;
at Natchez, Mississippi.
The State Geologist, John Collett (Twelfth Annual Report lni
Geol. Surv., 1883, p. 73), stated that in Jasper County the bones
of the buffalo, the beaver, and the bear were common. No detail.;;
were offered and the statement might refer to bones of rather recent animals, for undoubtedly all of these occupied the country
a hundred years ago. However, since the animal has been reported
from the State and is quite certain to be found fossil in some of
the Pleistocene deposits, a description of the skull and of some of
the principal bones will be given. At hand is a skull, No. 3798,
U. S. National Museum, which was killed some years ago in the
State of New York.
For the measurements of the skull, see under Urs~ts procerus,
where they are compared with those of the just mentioned species.
The measurements of the teeth and of the lower jaw and other
parts of the skeleton are given here:
I<'ore-and-aft diameter of canine .................. ,...... . ..
Transverse diameter of canine ............................. .
From front of pm. ~ to rear of m.' ........................ .
Fore-and-aft diameter of pm. l . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .
Fore-and-aft diameter of pm.] ...................... .
Length of crown of 11m• .i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Width of crOWll of pm. '" . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. .
Length of crown of m. l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Width of crown of m. ~ . . . . . . . . . . . . . . . . . . . . . . . . . .. . ....... .
Length of crown of m. ~ ........................ . ......... .
Width of crown of m. ~ ................................... .
Greatest diameter of lower canine .......................... .
Transverse diameter of lower canine ....................... .
Diameter of pm. T •.••••.•••..••••.•...•.•...•...••..•....••
Length of crown of pm. i .....•...•.•.•.•.•..•.•....••..•.••

22
15
81

llun.
mlll.
mm.
6 mm.
4.5 mm.
13 mm.
9 mm.
18 mm.
13 mm.
27 mm.
14 mm.
21 mm.
13.5mm.
4 mm.

9

mm.
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4.6mm.
Width of crown of pm. "4 ••••••••••••••••••••••••••••••••••••
Length of crown of m. T ••.••.••.• , .• , .• , •.••• , ••••••••• " . , 19 mm.
Width of crown of m. T •..• " •••... , ••.••.•••.•••••.•••••• , • 10 mm.
Length of crown of m. 2 ••••••••• , •••.••••••••••••••••• , •••• 21 mm.
Width of crown of m. 2 . , .. , . . . . . . . . . . . . . • • . . , , •.• , .....•..• 12 mm.
Length of crown of m, ............................ , ... ,',., 13.5mm.
Width of crown of m., .......... , ......................... . 11 uun.
Length of the lower jaw from front to line joining condyles .. . IS3 mm.
Outside of one condyle to that of the other ................. . 155 mm.
Height of coronoid process from bottom of angle ............. . 81 mm.
Length of symphysis, lower face ........... , ....... ,., ..... . 60 mm.

The skull of the bear differs from that of the dog and the wolf
in its greater size, actually and relatively greater breadth; in the
positiO'n O'f the front of the O'rbits, being much farther in front;
in the shO'rter and thicker snO'ut, the smaller premO'lars ; and in
the very small, instead of very large, sectorials. In the WO'lf the
hard palate ends at the rear of the last mO'lar; in the bear it extends an inch behind the mO'lar. The bear has only twO' uppe,'
mO'lars; the WO'lf and the dO'g, three.
The fO'llO'wing measurements O'f the limb bones is taken from a
specimens in the U. S. National Museum, The epiphysis had nO't
yet united with the shaft O'f many of the bones and the animal may
have lacked a little of having its full size:
l"capula, length, along the spine , .. , ................... , .... ,..
Scapula, width of upper end ..................................
Humerus, total length ........................................
Humerus, from head to distal end .............................
Humerus, fore-and-aft diameter at middle of shaft .............
Humerus, transverse diameter at middle of shaft ..... ,........
Radius, length ...............................................
Radius, diameter at middle of shaft ...........................
Ulna, total length .......... , ............ , ..... ,..............
Ulna, diameter at middle of shaft .............................
Femur, length from head to inside of lower end ................
E'emur, length from top of great trochanter to lower end .........
Femur, diameter at middie of shaft .... , .. " ..... , '" .. .. .. ...
Tibia, total length ................. ,..........................
Tibia, fore~and-aft diameter at middle of shaft ................
FibUla, total length ..........................................
Fibula, diameter at middle of shaft ....................... ,...

168 mm.
127 111m.
250 mm.
250 mm.
32 mm.
23 mm.
218 mm.
20 mm.
255 mm.
23 mm.
292 mm.
282 mm.
25 mm.
227 mm.
21 mm.
200 mm
7 mm

....-------------------
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URSUS PROCERUS Miller.
This species was described by Mr. G. T. Miller in 1899 (Proc.
BioI. Soc. Wash., XIII, 1899, p. 55).
At present the only known specimen belonging to this species
is the skull that forms the type. This is in the United States National Museum and has the catalogue number 4214. The specimen
was found several years ago by Mr. H. J. Dinnie, while digging a

FIG. 71.

Ursus procerus.

Upper view of the skull. X

Va. Drawing by R. Weber.

well one mile east and about one-eighth of a mile south of Overpeck Station, Butler County, Ohio. The well is a few rods east of
the north and south road.
The skull lacks the lower jaw. The greater part of the left
zygomatic arch is gone. The hinder part of the palate is broken
away and also. the roof of the posterior nares. The left occipital
condyle and the adjoining mastoid region is missing. A small hole

-----------------~--~-~
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FIG. 72.

UrBus procerUB.

Skull, showing palatal surface. X

773

Ys. Drawing by R. Weber.

is present in the upper surface of the skull. The incisor teeth, the
third p'remolars, and both anterior molars, have fallen out of the
sockets. Otherwise, the skull is in good condition. The injuries
mentioned doubtless occurred before it became buried beneath the
Wisconsin drift.
-,~

~'~

--'"'~~

FIG. 73.

Ursus procerus.

Side view of skull. X

Ys, Drawing by K, Ito.
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The animal was old when it died, the premolars and molars
present having been worn down so as to efface all their cones and
tubercles. As compared with the common black bear, Ursus americanus, the skull is slender, the snout longer, its upper outline more
concave, and the three hinder teeth larger (Figs. 71-73).
The following measurements of the skull are given, and with
them, for comparison, the same measurements of the skull of a
specimen of Ursus america,nus from the State of New York, No.
3778, U. S. National MUseum:
U, proceru!'3.

MEASUREMENTS.

Length from front of premaxill<e to rear of occipital condyle ..
Distance from front of premaxillre to lower border of foramen

mag~

num •••...............•.••......•.•..•........................

Distanre from front of premaxillre to rear of sagittal crest .......... .
Front of premaxill<e to front of nasals ............................. .
Tips of nasals to line joining tips of post-orbital processes ......... .
Tips of premaxillre to line joining post-orbital processes •.•..........
From line joining tips of post-orbital processes to rear of sagittal
crest ......................................................... .
Breadth of snout. across bases of canines ......................... .
Least breadth of snout behind canines .................... .
Breadth at upper border ollachrymals .................. .
Breadth across post-orbital processes ................ .
Width across mastoid processes ................................... .
Width across zygomatic arches ................. .
Breadth of palate between first molars ........ .
Breadth of palate between hinder ends of last molars. .'
Width across palatine bones at front of palatine notch .. .
Width of palatine notch between the pterygoids ......... .
Greatest depth of palatine notch between the pterygoids.
Depth of snout at midline at front 01 m.' ............... .
Depth of skull at midline between auditory bulla ................. .
Length of palate from front of premaxillre to line joining the hinder
ends of m. 2 • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • • • • • • • . . • . . .
Distance from front of premaxillre to front of palatine notch ..
Width across occipital condyles ...... .
Width of each occipital condyle ...... .
Width of the mastoid process ....... ' ........... .
TEETH.

Length of base of canine. .
Breadth of base of canine ..
Length 01 pm.- ........ .
Breadth of pm.- ........... .
Length of m .. 1 . . . . . . . . . . ..
Width of m.~ ................... .
Length of m." .................. .
Breadth 01 m.'. . . .. . . . . . ... .. . . . . . .. .
Length from front pm.J. to rear of m.':: .
Outside to outside of sockets of i.;I ...

U. americanus.

302

mm.

283

mm.

283""
317
65
110
166

mm.
mm.
mm.
mm.
mm.

21)1
301
63
93
154

mm.
mm.
mm.
mm
mm

173
68
63
75
97
130
176
43
45
40
29
30
53
85

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

178
68
60
66
97
148
185
43
44
40
21
24
58
75

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm
mm.
mm.
mm.

136
170""
63
17
24

mm.
mm.
mm.
mm.
mm.

121
144
60
16
32

mm.
mm.
mm.
mm.
mm.

IT. PfOcerus.1

19
13
15
12
20""
17""
35
17
72
35

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

U. americanus.

22
15
13
9
18
13
27
14
56.5
35

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

."------

From these measurements it becomes obvious that although the
skull of U. procerus is 19 mm. longer than that of the black bear
measured, the part of the skull behind the postorbital processes is
shorter. The width of the interorbital region is greater in the
fossil, while the width across the zygomatic arches is less. The
width and depth of the palatine fossa in the fossil exceeds those
of the black bear. The distance from the tip of the snout to the
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front of the palatine notch is evidently much greater in U. procerus
than in U. amercianus, although in the former the exact position
of the front of the notch cannot be determined.
In U. procerus the lower surface of the auditory bulla is much
less concave than in the black bear. The mastoid process is shorter,
narrower, and is directed forward and downward, not also outward as in U. americamls. The side-walls of the hinder end of the
interpterygoid fossa are not directed so strongly toward each other
as they are in the black bear, and the roof of the mouth is not so
much arched from front to rear.
It is not unlikely, as suggested by Mr. Miller, that the relative
slenderness of the canine is due to the individual having been a
female. The sockets for the incisors show that they were of the
same size as those of the black hear used for comparison. The
socket for pm . .a is small. There are no traces of the first and the
second premolars. The distance from the front of the premaxillre
to the line joining the front of the third premolars is exactly the
same in the two specimens here measured, so that the lengthening
of the snout is in the region of the great grinding teeth.
This bear is evidently different from that found in the Aftonian
beds of western Iowa and represented by a lower jaw. The latter
bear is so closely related to U. americanus that so far no certain
characters have been found to justify separating it.
In December, 1911, the writer visited the locality where the
type of U. procerus was found and made some observatioIl.<; on the
typography and geology. The region is covered with drift belonging to the Wisconsin epoch and the surface is undulating. The
mouth of the well is on a slope which descends from nearly level
ground on the north to a valley on the south. The top of this slope
is about 10 feet above the valley. The valley, opposite the well, is
about four rods wide and on the opposite side the ground rises to
a. level somewhat higher than on the north. Through the valley
runs a wet-weather rivulet that is now near the slope opposite that
on which the well is situated.
If, now, it be insisted that the bear lived after the withdrawal
of the Wisconsin ice-sheet, it must be assumed that, at the time,
there existed here a valley extending 28 feet below the mouth of
the well, and that the valley has since then become filled to its
present condition. The writer does not think that there is anything in the topography to justify such an assumption. It seems
more probable that the animal existed at some time previous to the
Wisconsin ice-stage, possibly even before the Illinoian stage, and
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that its skull, buried perhaps in a mass of vegetable matter and
soil in the bed of some stream, was later buried still more deeply
by the deposits of the Wisconsin ice-sheet. That the skull may
have been lying beneath even the Illinoian drift is rendered possible by the fact that solid rock lay only 3 or 4 feet below the
skull. At the mouth of the well were observed pieces of quartz,
trap and granitic rocks, and pieces of limestone that contained
characteristic Cincinnati fossils.
Mr. Dinnie told the writer that the black soil in which the skull
was found extended outward on each side of the well a few feet,
and that it contained what resembled petrified sticks, and that on
exposure to the air these crumbled into dust. What these supposed
sticks were it is impossible to say.
Of the bears that now inhabit the eastern United States, it is
that one, U. luteolus, inhabiting the canebrakes of the Southern
States, which most closely resembles U. procerus. However, the
snout of U. procerus is a little longer and narrower than that of
U. luteolus, the molars larger and the region of the pterygoids
wholly different.
Family CANID LE.
THE DOGS, WOLVES AND FOXES.

Carnivora with skeleton adapted for active, vigorous life; tho
feet digitigrade; first digit of forefoot very short; that of hind
feet, vestigial; digits with moderate, nonretractible claws. Skun
usually rather elongated. Auditory buUm inflated. Teeth i.f, c.f-,
pm.-}, m.20;S. The sectorial teeth large, with cutting ridge; the
front upper one large and transversely extended; the lower ones
with a talon of two tubercles. The second upper molar, small and
transversely extended; the third missing. Premolars increasing in
size backwards.
The Canidm have at present a world-wide distribution. In Europe numerous genera have existed; the earliest known beginning
with the upper Eocene. In North America the earliest known
genus came in during the Lower Miocene. During the Pleistocene
several species are known to have existed, some of which are extinct. Two species have been recorded from Indiana.
Genus CANIS Linn.

Dogs with teeth formula i. i, c. t, pm. t, m. t.
Upper molars
wider than long, the last one small. Last two molars of lower jaw
small, often wanting.

-------
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CANIS DIRUS Leidy.
'I'his species was first described by Joseph I.Jeidy in 1854 under
the name of Canis primmvus. The species was based on a right
upper maxilla, with teeth that had been di.scovered at the mouth
of Pigeon Creek, a few miles below Evansville, in Vanderburgh
County. This maxillary bone is now in the collection of the Philadelphia Academy. In 1858 (Proc. Phila. Acad. Nat. Sci., p. 21),
I-,eidy, having discovered that the specific name primmvus was preGccupied, proposed for his species the name dirtts. Then again, in
1873 (Monogr. U. S. Geo1. Surv. Terrs. I, p. 315), he proposed the
name indianensis, remarking that primmvus had been used for another dog, and appearing to forget his action of 1858. The writer

FIG. 74.

Canis dirus.

X .3. Lateral view of a skull. From Rancho La Brea,:California.

has been unable to discover that the specific name dirus has ever
been used for any other species of the genus Canis, and he believes
that it must be retained for the species here under consideration.
He must here Heknowledge a blunder of his own. In his Bibliography and Catalogue of the Fossil Vertebrata of North America,
p. 775, he listed Canis dirus as a species distinct from C. indianlmsis and credited it to J. A. Allen. Canis dirus was only another
name for C. primmvus Leidy.
In Leidy's work of 1873, just referred to, he described and
figured a part of a lower jaw of a wolf from Livermore Valley,
California, and this he referred to C. indianensis. This jaw ought
to be in the collection of Wabash College, Indiana.
In the old asphalt lake of Rancho La Brea numerous remains
regarded as belonging to this species have been discovered, so that
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now the osteology of the species is well known through the descriptions given by Dr. John C. Merriam of the University of California.
Some of the skulls and bones found there have been sent to institutions in the East, especially Princeton University and the U. S.
National Museum.
Through the generosity of Dr. Merriam the writer is able to
present a description of some of the fine remains of this species and

FIG. 75. Canis dirus.

)( .3. Upper side of skul!. From Rancho La Brea, California.

to give figures of one of the skulls. This skull belongs to the paleontological department of Princeton University, where the writer
has examined it. Opportunity, too, has been used to examine another skull at Princeton and two more which Dr. Merriam has sent
to the U. S. National Musleum. The drawings of the skull were
made by the artist, Mr. Bruce Horsfall, of Princeton, N. J.
In the skull figured (Figs. 74-77), all the incisors are missing,
both first premolars (restored from the other skull in the side
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view), and the left second prfolllolar. The hinder true molar is
also restored from another skull. The zygomatic arches are partly
restored. The following measurements were taken, and in the
second column the corresponding measurements from a skull of a
large wolf from Texas:
MEASUREMENTS TAKEN.

Front of premaxillre to hinder end of occipital crest ....... .
Front of premaxillre to hinder end of occipital condyles ..
Width of skull acrOss zygomatic arches ............. .
Width of skull at rear of pm.- ............ .
Width of skull at rear of pm.' ...................... .
Width at interorbital space. least .... .
Width across postorbital processes ...................... .
Width at constriction behind postorbital processes ....... .
Fore-and-aft diameter of orbit .......................... , .
Distance from m.~ to front of articulation for lower jaw.
Width of posterior nareS ............... .
Long diameter of auditory bulla .................... .
Outside of one bulla to that of the other ....... .
Front of premaxillre to posterior nares ........ .
Front of canine to rear of m. 2 • • • • • • • • • • • • • •
Canine, diameter fore and aft .............. .
Canine. width .............. , . " ........... .
Pm.". length ........................ .
Pm.·.width ........................ .
Pm. 3, length ........................... .
Pm. at width .............. , .......... .
Pm .. length ......................... .
Pm. 4 • width behind the claw ............ .
M.J, length ............... , ............ .
M.\ width ............................ .
M. '. length ............................ .
M.", width ........................... .
Lower jaw from front to rear of condyle ..... .
Height of jaw between pm. ,and pm .•.....
Height of jaw between m. 1 and m ...... .
Canine tooth. fore-and-aft diameter .... .
Canine tooth, transverse diameter .. .
Pm. ,. length .......... .
Pm. r, width .......... .
Pm. " length .............. .
Pm. 21 width ..... " ....... ' .'
Pm.s, length ................ .
Pm .•• width .... .
Pm. 4', length ..
Pm.". width .. .
M. r. length ... .
M. T • width ..... .
M .•• length ... .
M. 2 , width ....... .
M .• ,length ......... .
M .•• width ........... .

C. dirus.

300
260
170
100
53
62
85
50
45
55
30
29
75
138
123
18
13
16
8
19
9.5
32
13
19.5
25
11
16
212
33
40
18
13
6
5
16
7
16.5
8
20
10
35
13
13
10
10
15

C. occidentalis.

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

253
235
128
78
44
41
54
43
37
50
21
29
65
123
101

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

15
9
15
7
16
7
25
12
16
22
9
13

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

mm.
mm.
mm.
mm.
mm.

185
26
32
15
10

mm.
mm.
mm.
mm.
mm.

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

6
5
14
65
14.5
6.5
16
9
29
12
12.5
9

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

. ..............

A comparison of the measurements of the two skulls shows that
that of C. dints is considerably larger than that of the living wolf.
Also, there are other differences. The skull is wider across the
zygomatic arches, across the snout and across the interorbital space;
the posterior nares are relatively wider, and the premolar-molar
series of teeth is longer. The canines are thicker from :nde to side.
The forehead of C. dirus is more concave in profile than is that of
the Texas wolf.
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In the F'ourteenth Annual Report of this Survey, Oope and
Wortman discussed this wolf under the name of Canis lupus. They
presented a table of measurments designed to show the great
variability of the existing wolves comprehended under this name,

FIG. 77.
Figs. 76, 77. Canis dirus.

FIG. 76.
X .3. Views showing tooth-bearing surfaces.

and they concluded that Leidy's type belonged to the existing species, notwithstanding the fact that it was considerably larger than
any of the known living American forms. One error into which
they fell was that of including in their calculations more than one
species of living wolf.
In the U. S. National Museum there is a skull of Canis pambasileus Elliot, No. 9001, from Fort Simpson, Mackenzie. Its length
from the snout to the occipital condyles is 265 mm., a little larger
than the Princeton skull measured above. The forehead is concave in C. dirus. It is only 158 mm. wide across the zygomatic
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arches; only 91 mm. wide at pm. --l, and 50 mm. at pm. l . The
hinder nares are not so wide as in C. dirus, only 21 mm., and the
anterior inwardly directed claw of pm. ± is much larger than in
C. dirus.
The present writer has had no opportunity to examine other
parts of the skeleton of C. dij'us than the skull. The animal was
evidently larger than any of the wolves living in the United States,
but was about the size of some of the wolves of the Arctic regions.
As the type of the species was discovered below Evansville in
company with a vertebra of a horse, it is probable that the wolf
lived before the Wisconsin ice stage.
CANIS LATRANS Say.
THE COYOTE.

The coyote belongs among the smaller species of wolves. Its
present range is from northwestern Indiana to Missouri and northwest to the headwaters of the Mackenzie River. For a history of
occurrences in Indiana within historical times, the reader may consult Walter L. Hahn's article in the Thirty-third Annual Report
of this Survey. As late as 1870 it was observed at Vincennes. At
one time it seems to have become nearly extinct in Indiana, but in
recent years it has been increasing in numbers and extending its
mnge.
Geologically, it seems to have existed since the early part of
t.he Pleistocene, having been found in Oregon and Nebraska in
company with extinct horses and camels. The reference to this
species of remains found in California, and even those found in
Oregon, may be erroneous.
In the Fourteenth Annual Report of this Survey, Cope and
Wortman published an article on the Pleistocene mammals of In(liana. On page 7 of this report they stated that some remains of
What appeared to be a coyote had been discovered in Boone County,
ill association with the remains of a mammoth. The remains conMisted of the proximal parts of both humeri, the distal extremity
of the left humerus, the shaft of a radius, and the distal parts of
a left tibia. They say, however, that these bones cannot be distinguished from those of certain breeds of domestic dogs. Inasmuch, on the other hand, as it is stated that the bones were found
associated with those of the mammoth, it is hardly probable that
they belonged to a domestic dog. That the coyote should occur

PLATE XXXI.

Canis latrans. X .55. Views of the skull. After Baird. Fig. 1. Side view. Fig. 2. Lower jaw. side
view. Fig. 3. Palatal surface of skull. Fig. 4. Lower jaw. to show the teeth.
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there is not particularly remarkable. However, since the bones
and teeth of the various wolves resemble closely those of domestic
dogs it is necessary that finders should note well the conditions of
soil, depth, etc., under which the bones are discovered, not rejecting, however, too readily bones that may resem~le those of dogs.
For purposes of distinguishing remains of this species the fol.
lowing measurements are furnished. Those of the skull are taken
(rom No. 12893, U. S. National Museum:
Front of premaxillre to end of OCCipital crest ............... .
Front of premaxillre tOo end Oof Ooccipital condyles ........... .
Width Oof skull at ear-opening ............................. .
Width of skull across zygomatic arches ..................... .
Width of skull at pm.± ..................................... .
Width of skull at pm) ..................................... .
Width Oof skull at interorbital space, least .................. .
Width Oof skull across postOorbital processes ................. .
Width Oof skull behind postorbital processes ................. .
Diameter of orbit, fore and aft ............................. .
Distance from m.1. to front of articulation for lower jaw ..... .
Width Oof posteriOor nares ................................... .
Long diameter of auditory bulla ........................... .
Front of piemaxillre to rear of hard palate ................. .
Front of canine to rear of m.], ............................. .
Canine, upper, diameter fore and aft ....................... .
Canine, upper, diameter side to side ....................... .
Canine, lower, diameter fore and aft ....................... .
Canine, lOower, diameter side to side ........................ .
TEETH.

Pm. 2
Pm. 2 ..
Pm.' ..
Pm.· ..
Pm.Pm.· .. .

M.' .... .

M. , .. ..
M.· .... .
M.· ... ..

Measurements.

....... Length...
Width .....
Length ....
Width .....
Length ....
Width. be.
hind claw.
Length ....
Width .....
Length....
Width ....

11
4
12.5
4.4
20

mm.
mm.
mm.
mm.
mm.

7.5
13
17
7
11

mm.
mm.
mm.
mm.
mm.

TEETH.

Pm .•.
Pm ~ ..
Pm .•......
Pm.1 ..... .
Pm .•.
Pm .•..

M., ..
M., .. ..

M .... .
M .•......
M .•....
M ......... .

190 mm.
178 mm.
55 mm.
93 mill.
58 mm.
28 mm.
30 mm.
44 mm.
32 mm.
28 mm.
28 mm.
16 mm.
21 mill.
92 mm.
89 mm.
13 mm.
6.5mm.
9 mm.
6 mill.

Measurements.

Leno:th ....
Width .....
. ... , Length ....
Width .....
.. ... Length ....
Width .....
Length ....
Width .....
Length ....
. ... ' Width.....
Length....
Width.....

11
4
12
5
13
6
23
8
10
6
4.5
3.3

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

The following measurements are taken from a specimen in the
U. S. National Museum, the skull of which had a length to the

condyles of 165 mm. Therefore the skeleton may be slightly undersized.
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Scapula, length parallel with spine ........................... . 107mm.
Scapula, width of upper end ................................. . 82mm.
Humerus, total length ....................................... . 155mm.
Humerus, from head to distal end ............................ . 150mm.
Humerus, fore-and-aft diameter at middle of shaft ............ . 11mm.
Hadius, length .............................................. . 160mm.
mna, total length .. : ........................................ . 255mm.
Pelvis, from front of ilium to rear of ischium .................. 112 mm.
pelvis, width at acetabulum .................................. 55 mm.
Pelvis, width near hinder end of ischium ...................... 83 mm.
}<'emur, length from head to distal end ........................ , 160 mm.
:L'emur, length from great trochanter to distal end ............. , 158 mm.
:L'emur, diameter at middle of shaft ........................... , 10 mm.
Tibia, total length ............................................ 178 mm.
Tibia, diameter at middle of shaft ................. '.' ........ , 10 mm.
}<'ibula, total length ........................................... H\8 mm.

In the effort to. determine whether a particular canine skull
belonged to the coyote or to some breed of common dog, one must
take into account first the size of the skull and then its general
form. The skull of the coyote is long, relatively narrow, with
elongated narrow snout. The canine teeth of the coyote are relatively longer and thicker than those of the domestic dogs. In fact,
all of the teeth are larger in proportion to the length of the skull
than in the domestic dogs, and the cusps and ridges are more prominent, as seen in the little worn teeth.
Since Boone County, Indiana, the place where the specimens
examined by Cope and Wortman, is within the area of the Wisconsin drift-sheet, it is probable that the animal lived after the
passing of the last glacial ice.

