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PREFACE

The object of this preface is to render acknowledgments for
the aid and advice which the writer has received. First of all,
it is appropriate that a tribute be paid to the lamented Professor
Samuel Calvin, who was, at the time of his death, Director of
the Iowa Geological Survey. It was he who first took up in a
comprehensive way the study of the fossil bones and teeth which
had been found in Iowa, especially those which had been dis-
covered in the Aftonian interglacial deposits.

Acknowledgments are to be made likewise to present members
of the Iowa Geological Survey for willing assistance rendered
during the preparation of this report, viz.: to Dr. George
F. Xay and Mr. James H. Lees, to Professors B. Shimek, John
L. Tilton, A. O. Thomas, and others. From many persons, in
all parts of the state, the writer has, in reply to letters of in-
quiry addressed to them, received information regarding fossils.
Their names are mentioned in connection with these fossils.
To the Carnegie Institution of Washington must be given credit
for permission to complete this report after engaging in its
service.

The best fate which can be hoped for this essay is that it
may soon render itself obsolete by stimulating additional
discoveries. :

OLIVER P. HAY.

U. S. National Museum,
‘Washington, D. C., February 11, 1914,
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THE PLEISTOCENE PERIOD IN IOWA

Introduction

The writer does not propose here to present an extended
treatise on the geology of the Pleistocene period, not even on
that of Jowa. For more than elementary information on this
subject the reader is advised to consult first of all some gen-
eral work on geology; and after that various special papers
published in'the scientific journals, the communications to sci-
entific societies, and the reports of the Federal and State gov-
ernments. For general information the concluding half of the
third volume of Chamberlin and Salisbury’s Geology, pub-
lished in 1906, is especially to be recommended. In this work
are cited the most important papers that had appeared at the
time of its publication. For details regarding the distribution
of glacial deposits in the region east of Iowa, the student
should consult the two great treatises of Prof. Frank Leverett,
constituting Volumes XXXVIII and XLI of the Monographs
of the U. S. Geological Survey. On pages 87 to 99 of the pres-
ent essay will be found a list of works and shorter papers on
the subject, which list, however, does not pretend to be com-
plete. Many of these deal with problems and questions con-
nected with the Pleistocene of Towa and are of the greatest im-
portance. Finally must be mentioned the numerous volumes
that have been issued by the Iowa Geological Survey under the
direction of Charles A. White, Samuel Calvin, Frank A.
Wilder and George F. Kay. In these volumes the geology of
nearly all the counties of the state has been described and
mapped with greater or less detail. These volumes constitute
a great storehouse of knowledge, to be drawn upon by all who
may be interested in the geological history of the state.
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Notwithstanding what has just been said, it seems proper
that the writer should present here a brief general account of
the Pleistocene period, as shown by the records it has left in
North America and especially in the state of Iowa.

Definition of the Pleistocene.

The Pleistocene is that period of geological time which im-
mediately preceded that in which we live and which is called
the Recent period. Its limits are difficult to define and are, in
fact, not wholly agreed upon. ' The Pliocene passed into the
Pleistocene and the latter into the Recent without any notable
physical cataclysm or any sudden and wide-extended extine-
tion of animals and plants. A little known epoch, the Ozark-
ian, is included by some authors in the Pliocene; by others it is
placed at the beginning of the Pleistocene. Another epoch or
stage, the Champlain, is usually regarded as a. part of the
Pleistocene; but Osborn has relegated it to the Recent period,
and the present writer agrees with him in this.

The Mammals are the animals that we must especially de-
pend upon as the biological means of distinguishing the de-
posits of the Pleistocene from those of the Pliocene on the one
hand and of the Recent on the other, and the different divisions
of the Pleistocene from one another. The mammals of the
Pleistocene closely resembled those that live on the earth to-
day; but they often differed.from those of the present specifi-
cally and sometimes generically. The lower animals and the
plants of the Pleistocene were almost wholly identical with
those that are now in existence.

But the chief characteristic of the Pleistocene period is the
record made ‘by certain physical phenomena; that is, by the
glaciation of a considerable portion of the northern hemisphere
and of restricted portions of the southern. In North-America,
at one time or another during the Pleistocene, sheets of ice of
vast, but unknown, thickness covered our continent as far south
as a line beginning at ‘the eastern end of Long Island, thence
extending to Staten Island, northwest to the headwaters of
Allegheny river; westward along this river and the Ohio to
Louisville; across Indiana and Illinois to the mouth of the Mis-
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souri; thence along this river into Montana; and from there
westward to the northwestern corner of Washington. These
ice-sheets, really several in number, proceeded from three cen-
ters, one, the Labradorean, lying east of Hudson Bay; another,
the Keewatin, situated immediately west of the bay mentioned;
and the third, the Cordilleran, located in British Columbia.
From these centers, especially the first and second, the ice
streamed out in all directions, but especially towards the south.
In the passage of these ponderous, but sluggish, floods of ice,
vast quantities of rocks were broken loose, swept along, and
for the most part, ground to powder. A great part of these
materials was deposited on the rocky or earthy bed of the ice-
sheets, or glaciers, and constitutes what we call the drift, great
masses of clay, with which are mingled here and there im-
mense deposits of sand, gravel, and more or less rounded
bowlders. These materials were to a large extent derived from
"igneous and metamorphic rocks, such as trap, syemite and
granite. Itis from this cause that we find on our fields bowlders
of crystalline rocks which for the most part must have been
brought hither from their original exposures in Canada.
These bowlders are often planed and scratched and grooved as
a result of movement over rocks and stones while held in the
grasp of the flowing ice. Another part of the materials brought
down by the ice was borne away by streams issuing from the
foot of the glaciers. Some of this was deposited, sometimes
in great quantities, along the borders of these streams, or was
carried down to the mouths of the great rivers, especially the
Mississippi. .Of course, the farther one goes from the borders
of the drift, the finer are the materials that were carried
thither. '

Usually the clays and sands of the drift are unstratified.
However, where water has acted on them, as where streams
issued from the borders of the ice-sheet or flowed beneath
them, or where lakes and ponds were formed, there may be
found more or less stratification of the materials. The thick-
ness of the deposit varies from a few inches to more than 500
feet. It may rest on any of the older formations.” The sur-
face of the drift is sometimes level, but usually undulating and
sometimes very uneven. The unevenness may be due to the
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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. Since that
time many of these have become more or less filled up; and
they now form marshes or low wet meadows.

The Pleistocene was, in general, a time of elevation and of
. extension of the borders of the continent beyond their present
limits. The changes in elevation and in the climate during that
time had a profound influence on the animal life and on the his-
tory of mankind. For these reasons the Pleistocene is re-
garded as a period distinct from the Pliocene, with which, as
Chamberlin and Salisbury say, it would otherwise be united.

Divisions of the Pleistocene.

In the preceding remarks the Glacial epoch has been spoken
of as a time without divisions and the ice-sheet as a machine
working without interruption. Such for a long time was the
prevailing view, and this view is probably still held by a few
geologists. It seems now, however, to be demonstrated that
during the Glacial epoch there were several glacial stages, and
that they were separated by a corresponding number of inter-
glacial stages, during which a mild climate prevailed. The in-
vestigations made by various geologists in North America have
shown that there were probably five glacial and four intergla-
cial stages. The names of these are given in the following sec-
tion in the order of their age. The interglacial and postglacial
stages are put in italics. Following the last glacial stage there
was an interval between it and the beginning of the Recent,
corresponding to an interglacial stage and during which
there was a mild climate. This has been elsewhere called by
the author the Wabash stage. Its type locality is in Indiana,
in the basin of Wabash river, where are found remains of many
vertebrate animals now extinct. It corresponds in part to the
Glacio-lacustrine of Chamberlin and Salisbury.
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DIVISIONS OF THE GLACIAL EPOCH AND ITS DEPOSITS.

10. Wabash. 5. Illinoian,
9. Wisconsin. 4, Yarmouth.
8. Peorian. 3. Kansan.

7. Iowan. 2. Afionian.
6. Sangamon. 1. Nebraskan.

A brief account of each of these stages will now be given.
Unfortunately our knowledge of not one of these is satisfac-
tory.

The Glacial Stages.

The ice-sheets that proceeded from the Cordilleran center
have not been well studied and are of no interest to us here.
It is probable that from each of the other centers, the Labra-
dorean and the Keewatin, there proceeded an ice-sheet dur-
ing each of the glacial stages; but it is not yet established that
there is a glacial deposit that was laid down by ice that flowed
from the Labrador center during the Kansan stage, nor any
Illinoian that was deposited by Keewatin ice; nor any Iowan
that resulted from a Labradorean glacier. If there were such
deposits they are probably wholly covered by later drifts. It
may be remarked that Towa is fortunate in having drift deposits
that represent each of the glacial stages.

Nothing can be said here regarding the causes of the phe-
nomena of the glacial epoch. A vast body of literature has
grown up on the subject and to this the student must have re-
course. Nor can we pretend to determine with any exactness
how long it has been since the beginning of the glacial epoch.

It may be as much as one or two millions of years. We do-not
 know exactly what was the condition of the surface of the drift-
covered region before the advent of the first glacial stage. It
had all, during most of the Pliocene at any rate, been dry land,
probably well elevated, and had suffered much erosion. Much
of it was therefore hilly and seamed by stream-beds and ra-
vines. There is a ‘‘driftless area’’ occupying a part of north-
eastern Iowa, southeastern Minnesota, northwestern Illinois,
and southwestern Wisconsin; and it has been supposed that
this represents quite well the sort of surface that was presented
at the beginning of the Pleistocene by much of the area now
covered by drift. The drainage lines of that early time differed
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from those of the present, and borings have disclosed many
old channels of which no traces appear on the surface. On
that old rough and seamy surface, often rocky and probably
often infertile, there was laid down a deposit of clay, sand, and
some gravel and bowlders, that forms now a level or undulat-
ing surface and constitutes a soil rich in the elements that are
needed to support vegetable and animal life. The rocks and
the mountains in the north were forn down, ground to powder,
and spread out to make a garden for a nation.

The Nebraskan Stage.—The oldest known sheet of drift in
Nebraska and Towa is known as the Nebraskan, east of the Ap-
palachians as the Jerseyan. The latter drift was laid down by
the Labradorean glacial ice; the former by ice proceeding from
the Keewatin center. The Nebraskan drift is, so far as de-
termined, wholly overlain by later deposits; so that it is recog-
nized only from exposures where streams and ditches and rail-
road excavations have gone down through the overlying de-
posits. It is, of conrse, sometimes reached in the digging and
boring of wells. The body of this drift consists of a dark blue,
sometimes almost black, clay. On exposure it is likely to break
up into small angular blocks and fragments and is therefore
said to be a joint-clay. It is more compact than any of the
other drifts and more impervious to water. It has been called-
the abomination of well diggers and road workers. In this
deposit there is often found a good deal of clear quartz sand
and many small nodules of yellow or orange sand. The bowl-
ders are usually small and often consist of coarse granite. In
this Nebraskan drift are frequently found pieces of wood, ap-
parently spruce, cedar, etc., suggesting that the glacier had
overwhelmed an ancient forest.

This deposit possibly underlies most of the drift-covered
region of Towa, although the overlying Kansan doubtless ex-
tended somewhat farther south. The Nebraskan is exposed at
various points in western Towa, but seems to have been first
recognized in gravel pits at Afton Junction. It is met with in
many places in southeastern Towa in wells and sections, as at
Davenport and Muscatine. Along the Mississippi above Fort
Madison are exposures of drift 180 feet in height, of which the
upper fifty or sixty feet are Illinoian; while the lower 120 feet
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are probably Kansan, but possibly in part Nebraskan. J. A.
Udden (Iowa Geol. Surv., XI, p. 102 seq.) reported the pres-
ence of pre-Kansan drift at many places in Louisa county.
Beyer (Iowa Geol. Surv., VII, p. 231) found in Marshall county
 a section which presented at the bottom a blue till which he
supposed to be sub-Aftonian. Shimek states (Bull. Geol. Soec.
Amer., XXTIT, 1912, p. 137) that the finest section showing Ne-
braskan drift is to be seen on the Towa side of the Big Sioux
river, in Lyon county. The exact location is given as the south-
west quarter of section 33, township 99 north, range 48 west.
Fully sixty feet of Nebraskan are shown here, with its base dis-
appearing in the river. It contains many bowlders. Above it
come Aftonian sands, capped by about two feet of silt which
contains shells; while above the silt is Kansan drift. Along
the river mentioned are to be found many sections in which are
shown Nebraskan, Aftonian and Kansan deposits.

This Nebraskan deposit filled the old preglacial Valleyé some-
times to a depth of 100 feet, but on the old uplands it is thin or
wanting.

The Kansan Stage-—At the close of the Nebraskan stage the
glacial ice-sheet retired and the climate became milder. Ani-
mal and plant life took possession of the surface of the Ne-
braskan drift deposits. This mild interval constituted the Af-
tonian stage, about which more will be said below. At length
this ended, and gradually there supervened the rigorous Kan-
san stage.

Nowhere is the Kansan drift better displayed than in Towa;
although it is found in Missouri, Kansas and other states to-
ward the northwest. A reference to the map shows that it
forms the upper deposit of drift over about the western fourth
and the southern third of the state, besides a narrow band
which runs northward near the castern border. It does not,
however, constitute the surface deposit over the whole of this
great region; inasmuch as it is itself usually covered, especially
along the larger streams, by a deposit of fine materials known

" as the loess. The latter is, however, often thin and the Kansan
is seen beneath it along streams and in railroad cuts. The
loess may be missing in the south central part of the state.
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The Kansan may appear at the surface or is soon met with in
sinking wells. It is composed of a clay that is light blue or
gray, where not weathered; but it may vary to brown, yellow,
and even red according to the amount of weathering it has suf-
fered. On exposure it breaks up into irregularly shaped
masses. It is not so tough and compact as the Nebraskan.
As compared with later drifts, there are relatively few bowl-
ders; but there are more of these than in the Nebraskan.
Quartzites and greenstones are more common materials. In a
number of cases there have been found enclosed in the Kansan
drift masses of Nebraskan drift and of Aftonian sands and
gravels, indicating that the Kansan glacier had plowed up
these older deposits in a frozen stute and had incorporated them
with its other materials.

The ice-sheet that laid down the Kansan drift had its origin
in the center west of Hudson Bay. This sheet appears to have
reached over into Illinois only a short distance, as in Adams
and Hancock counties (Leverett, Mon. 38, p. 106); but it ex-
tended into Missouri as far as the river of this name and its
border, in a general way, follows this river far to the north-
west. Doubtless the Kansan drift exists in nearly every part
of the state of Iowa, if we except the driftless area along Mis-
sissippl river above Clinton. It has been found in wells and
along streams at various points within the areas occupied by
the Jowan and Wisconsin drifts. Within the Iowan drift region
there are areas of greater or less extent where the Iowan is
missing or extremely thin and the Kansan is at or close to the
surface. An examination of the Iowa Geological Survey’s re-
ports on the counties within the Wiseonsin and the Iowan drift
areas will give exact information on these relations. It is
known to_exist along Mississippi river below Clinton, where it
is covered by Illinoian drift.

After the withdrawal of the Kansan ice-sheet the surface of
the Kansan drift was exposed for unknown ages to the erosive
action of running water, to the chemical influences of water and
air, and to the physical effects of heat and cold. A large part
of its surface was borne away by.the streams which thus made
for themselves wide and often deep valleys. Hence the surface
became more or less broken. The soil in its upper portions also
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became more or less leached and modified. These modifications
would have been further extended had it not been for the loess
that was at a considerably later period laid down on the drift.
The Kansan is often found to be overlain in some localities by
a considerable thickness of coarse materials, known as the Bu-
chanan gravels. It is supposed that these gravels were depos-
ited by flooded streams which issued from the retiring sheet of
ice.

In the western part of the state occurs a deposit which has
been named by Shimek the Loveland. It is a fine-grained,
tough, reddish deposit, quite different from the loess, with which
it has been included. Shimek thinks (Iowa Geol. Surv., Vol.
XX, pp. 371-375) that it was laid down in slack water during
the melting of the Kansan ice-sheet.

The Kansan glacial stage was followed by the mild intergla-
cial Yarmouth. Then came on the Illinoian glacial stage.

The Illinotan Stage.— While the Kansan represents the great-
est extension southward of any ice-sheet that proceeded from
the Keewatin center, the Illinoian marks the greatest exten-
sion of the ice from the Labradorean field. In the eastern part
of the United States, the Illinoian is apparently wholly buried
by the Wisconsin drift; but the former makes its appearance
south of the edge of the latter in north-central Ohio. From a
point in the southern part of Ashland county the border may be
followed south and southwest to Ohio river above Cincinnati,

-thence to this city, where it crosses the Ohio and continues close

to the river nearly to Louisville. From there it runs south-
westward to the mouth of Wabash river, and then westward
across Illinois to the Mississippi near Carbondale. It then -
keeps on the eastern side of the river to the vicinity of Fort
Madison, Iowa. Here the great glacier that left this drift
pushed on across the river a distance of about 25 miles. This
transgression on Iowa territory extended mnorth to a point
about half way between Davenport and Clinton, Iowa, so that
Illinoian drift now ocecupies parts of Scott, Muscatine, Louisa,
Des Moines, Henry, and Lee counties. In thus pushing itself
into Towa the glacier forced the Mississippi to seek a new chan-

nel westward of the ice border. This channel, at present
2
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wholly abandoned or occupied in part by relatively: small
streams, begins above Savanna, Illinois, and enters the Mis-
sissippi again just below Fort Madison. Its course may be ob-
served on Plate VI of Monograph 41 of the U. S. Geological
Survey and on Plate IIT of Vol. XIV of the Iowa Geological Sur-
vey. Nowhere else does the Illinoian drift from the Labrador-
ean field appear in Iowa, and none is known there that came
from the Keewatin center.

The Illinoian drift was originally of a bluish color, but
through oxidation since deposition it has .changed mostly to
yellow; but it may be brown, or even red. The clay is more
compact than that of the succeeding drifts. It appears origin-
ally to have contained much lime, and this seems to have acted
as a cement to harden the mass. In general, this drift re-
sembles the Kansan; but not having been so long subjected to
the influence of the elements the upper portion has not been
weathered so deeply. It is said to have the carbonate of lime
leached out to a depth of five to seven feet. The surface has not
been so much eroded as that of the Kansan; and away from the
larger streams it is in nearly its original condition. The thick- -
ness of this deposit varies much, of course. Leverett states
that the average thickness is about fifty feet; but in old valleys,
it may be as much as 100 or 200. In Iowa, however, the thick-
ness 1s usually from ten to thirty feet, but may be as much as
fifty feet along the western edge. :

As localities where the Illinoian drift may be studied in Iowa, -
Calvin mentions the region between Durant and Davenport
and that between Columbus Junction and Morning Sun or
Mediapolis. In the Illinoian tract wells often pass through the
Illinoian into the underlying Kansan; and in so doing they are
likely to pass.through old soils and peat beds that belong to
the Yarmouth interglacial stage. They might even penetrate
to the Aftonian and Nebraskan. The Illinoian is in some cases
underlain by a thin sheet of loess, sometimes by the Buchanan
gravels. This loess will be referred to below.

For a list of the vertebrated animals which are supposed by
the writer to have existed during the Illinoian stage see under
the Sangamon, on pagé 34.
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It has been estimated that from 140,000 to 540,000 years have
elapsed since the Illinoian stage; but the time may have been
less or even more.

The Iowan Stage—Probably long after the disappearance
of the Illinoian glaciers and after the close of the succeeding
mild interglacial Sangamon stage glacial conditions were re-
sumed and another sheet of ice was pushed southward from
the Keewatin center. What was the extent of this glacier is
unknown. In Jowa its drift occupies a belt lying across Worth,
Mitchell, and Howard counties on the north line of‘the state
and extending south and southeast and covering a consider-
able part of Marshall and Tama counties, and nearly the whole
of Benton, Linn, and Jones counties. It also passes through
Cedar and Clinton counties and reaches Mississippi river be-
low the town of Clinton. It has been supposed to occupy a
portion of northwestern Illinois, but there are reasons for
doubting this. Its area in Iowa is about 80 miles wide and 100
miles long. On the western side it is overlapped by the
younger Wisconsin. It was itself laid down on the surface of
the Kansan after this had been long exposed to stream ero-
sion and had been much broken. The Iowan is a very thin
sheet of drift. It appears mostly on the lower levels of the
old Kansan surface and may be wholly missing on the more
elevated parts. There are considerable areas within its field
where the Towan is missing. Its maximum thickness is given
by Calvin as about twenty feet. In Cerro Gordo county it is so
thin that the plow turns up the decomposed Devonian shales.
In Butler county, at the heart of the Iowan area, the thickness
is said to be nowhere more than seven or eight feet.

This drift is remarkable for the size and freshness of its
bowlders. One of these in Cerro Gordo county is reported to
have a length of twenty-five feet, a width of twenty-three feet,
and a height of eleven feet above the ground. These bowl-
ders present sharp angles and show few indications of

_ long exposure to the weather. They are scattered with-

out relation to the sloughs and water courses and are
sometimes the only evidences of the presence of the
Towan drift. This drift appears originally to have con-
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tained little calcareous matter. The clay is yellow and thus
contrasts with the blue of the underlying Kansan. The surface
has suffered extremely little erosion and the streams are wide,
shallow, sluggish, and almost on a level with the surrounding
country; in fact are sometimes on a higher level than the
plain. There are no lakes, and no well defined moraines.

It is proper to state that the existence of the Iowan as a
distinct sheet of drift has been seriously called in question.
This has been done especially by Professor Leverett (Zeit-
schrift (letscherkunde, IV, pp. 282-299). In defense of his po-
sition Dr. Calvin published what appears to the present writer
to be a very convincing paper (Jour. Geology, XIX, pp. 577-
602). The whole question needs and is undergoing further in-
vestigation; but evidently there is present a drift that is differ-
ent from any other yet recognized. This is admitted by Lev-
erett, who says in the paper cited: ‘‘The writer, therefore, is
inclined to regard this so-called Iowan district as possibly of
Dllinoian age, though recognizing that it differs considerably
from the Illinoian distriet of the Labrador ice field.”’

In the Preliminary List of Papers announced for the twenty-
fifth meeting of the Geological Society of America, 1912, Pro-
fessor Leverett presents an abstract of a paper which contains
the following paragraph:

The so-called Towan drift may stand in about as close rela-
tion-to the Illinoian as do the later Wisconsin moraines to the
earlier Wisconsin. It does not seem to be separated from the
Illinoian drift by a definite interglacial stage, but instead to
represent a substage or stadium of the Illinoian. It may, there-
fore, be advisable, pending further study, to apply to it the
double name Later Tllinoian or Towan.

The Iowan glacial stage was succeeded by the Peorian inter-
glacial. This in turn was followed by the Wisconsin glacial
stage. ‘ ‘

The Wisconsin Stage.—Rast of central Ohio the last ice-
sheet, the Wisconsin, pushed itself far enough south to con-
ceal with its deposit that of all preceding ice-sheets, except in
a few localities. From about Ashland county, Ohio, west to
central and northern Illinois the Wisconsin failed to reach the
limits attained by the Illinoian glacier. In Ohio and eastern



4404440

THE WISCONSIN STAGE 21

Indiana the Wisconsin border is not removed many miles from
that of the Illinoian; but after passing south of Indianapolis
the Wisconsin border continues west, to cross Wabash river
near Terre Haute. Thence it proceeds to Shelbyville, Illinois;
thence northwest to Peoria; and then turning northward it en-
ters Wisconsin somewhere east of the middle of the boundary
line between the latter state and Illinois. Thence it swings
westward around the driftless area into Minnesota and turn-
ing again southward into Iowa, reaches the city of Des Moines.
Thence running off northwestward it crosses the southwestern
corner of Minnesota and enters South Dakota; but at once it
turns back and follows near the western side of the Missouri to
near the Nebraska line. Thereupon it returns northward to
about the boundary line of British America and finally strikes
westward to the Pacific coast. The result in Iowa is that a
great tongue-shaped lobe 125 miles long and, where it enters
the state, nearly ninety miles wide, extends southward to Des
Moines.

The Wisconsin drift is distinguished by the great amount of
coarse materials, sand, gravel, and bowlders that it contains
and by the number and size of its moraines. A nearly continu-
ous terminal moraine marks its border; and within the border,
especially in Illinois, Indiana, and Ohio, are others which indi-
cate lines along which the glacier halted for long periods dur-
ing its recession. The clay of this drift is of a lighter yellow
. than the Towan, but the lower unweathered portions are often
bluish. It usually contains a large amount of limestone in the
form of flour or of pebbles. This material has been leached out
of the soil to a depth much less than in.the older drifts. The
Wisconsin drift is less compact and hard than the preceding
drifts, notwithstanding its abundant calcareous element. This
sheet is much thicker than either the Iowan or the Illinoian and
is sufficiently thick to hide completely the pre-Wisconsin topog-
raphy. The Wisconsin is further characterized by the great
number of lakes and ponds that are scattered over its surface.
It has suffered relatively little erosion, so that the streams have
not been able to work back to the orlglnal depressions on its
surface and to drain them.
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The Wisconsin of Iowa displays its usual- characteristics.
‘As will be seen from the map, its eastern and western borders
are stamped by moraines, and there are smaller onés within its
area. Calvin stated that in Hancock county there is a morainic
ridge about 100 feet high. Along the western border, as Calvin
stated, the surface is marked by hundreds of knobs and ridges
of gravel. This feature culminates in the Ocheyedan mound in
Osceola county, so prominent that it is visible on all sides at a
distance of 25 miles. In many places around the border of this
Wisconsin lobe the outwash from the glacier has covered whole
townships with sheets of gravel; and trains of gravel are found
along many of the streams leading away from the lobe. It is
interesting to observe that the area covered by the Wisconsin
drift is occupied by numerous small lakes, while few or none
occur outside of it; also that nearly all the streams of Towa take
their origin within or close to this lobe of the Wisconsin.

To those who may be curious to know how long it has been
gsince the end of the Wisconsin stage, it may be said that Cham-
berlin and Salisbury give the time as between twenty thousand
and sixty thousand years.

" One can not doubt that during the prevalence of the ‘Wiscon-
sin, as indeed of each of the other glacial stages, a host of ani-
mals, among them many vertebrates, were living in our country.
All the surface south of the great ice fields was populated.
Many of the hardier species doubtless lived very near the bor-
der of the glaciers. Among them we may be very sure were
the hairy mammoth, Elephas primigenius, and more than one.
species of musk-oxen. To this stage may be assigned specimens
of the existing musk-ox, Ovibos moschatus, which have been
found near Clermont, Fayette county, and at Ottumwa, in
‘Wapello county; also possibly the skull of the extinect musk-
ox Symbos cavifrons which was discovered many years ago at
Council Bluffs. Here, too, may be placed the specimens of
Elephas primigenius found in the neighborhood of Clermont,
as well as the elephant represented by a lower jaw found at
Clear Lake, Cerro Gordo county. These spec1mens are described
on pages followmg this. .
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The Interglacial Stages.

Having taken this brief view of the various glacial stages
. and the results of their activities we must consider the inter-
glacial intervals. It is, of course, to be understood, that the
iransitions from glacial to interglacial stages and conversely
‘were not abrupt. The great mantle of ice, once in possession
of the country, surrendered the territory only slowly and re-
luctantly. For a long time the climate remained cold and in-
hospitable. The surface once covered by ice was doubtless wet,
swampy and capable of supporting only such vegetation as is
now found on the tundras of Alaska and Siberia. Only the
hardiest boreal animals could exist there. As the climate ameli-
orated, those plants and animals that had, by the rigorous cli-
mate, been driven far to the south returned to take possession
.of the land that had been inhabited by their ancestors of pre-
ceding milleniums. There are reasons for believing that during
some of these interglacial stages, the climate was as mild as it
is today in the same regions, and in some cases probably milder.
In interglacial deposits found at Toronto, Canada, there have
been discovered, among other trees, the osage orange, the red-’
bud, and the pawpaw, species whlch at present ﬂourlsh only
cons1derab1y farther south.

After a long continuance of favorable conditions there came
about another gradual change. Ice began to accumulate in the
north and to flow southward. The living things, plants and ani-
mals, again moved southward or utterly perished. In due time,
that is, after indeterminable ages, Canada and our northern
states were again in the fetters of glacial ice. And these changes
were repeated several times.

The Aftonian Stage.—This is the period of time that inter-
vened between the disappearance of the Nebraskan ice-sheet
and the Kansan, and -the same name is applied to its deposits.
The type locality is at Afton Junction, Union county, Iowa.

Here are found more than 30 feet of water-laid gravel which
* lies upon Nebraskan drift of a dark blue, almost black color.
Over this gravel there lies a thick deposit of Kansan drift.
Near the same locality old peat beds are found at the same
geological level. Peat beds have been reported from various
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counties of the state; and the same is true regarding the Af-
tonian deposits of sand and gravel. In that part of the state
which is covered with Kansan drift any old soil or peat bed
found between two till deposits is pretty certainly -Aftonian.
Shimek found that along Big Sioux river the Aftonian is rep-
resented by silts (usually gray), sand, gravel, and bowlders.
The coarser materials are usually cross-bedded. J. A. Udden
(Iowa Geol. Surv., XI, p. 104) recognized Aftonian sands and
gravels in Louisa county. Beyer (lowa Geol. Surv., VII, p.
231) reported Aftonian in a section about ten miles northwest
of Marshalltown. It is possible, of course, that there may be
acculmulations of gravel and sand within any of the drift sheets;
but in that case the drift above would probably resemble quite
closely that below. In the Kansan drift region it is possible
that an old soil or peat bed might be found overlying the Kansan
and covered with loess. Such a deposit would belong to some
later interglacial time. In Decatur county, near Lamoni, there
was found, according to Bain (Iowa Geol. Survey, VIII, p. 289),
in a well at a depth of eighty-five feet an old forest. Beneath
" this was 100 feet of drift. The latter was probably Nebraskan,
while the forest belonged to the Aftonian.

Aftonian deposits are quite certainly present at Davenport.
Pratt (Proc. Davenport Acad. Sci., Vol. I, 1876, p. 96, pl
XXXTII) reported the discovery of mammoth bones, which had
been found in a railroad cut just west of the city. He described
the following section:

FEET,
flp RS B v 1 o L e T SN R S e e R P 1
2 Al RO C AT |o d  L 20
e BluTShl FPATA ChAT . e th bk s s b S e g e RS 3toh
G I N g R TR ) e et S I O T e 1
B ANGIORE-SOMN o o L it i s deel o ot n e oo vl E R Bewes Al e 3 2
6. Drift with bowlders.

Shimek (Iowa Geol. Survey, Vol. XX, p. 376) interprets No.
6 as being possibly Nebraskan drift. Numbers 4 and 5 and
probably part or the whole of 6 are regarded as Aftonian, -
"while 3 is identified as post-Kansan loess. This is overlain
by number 2, a yellow loess of later time. The bones were in
the blue loess or at the junction of this and the yellow loess.
Possibly this junction represents the Illinoian stage.
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Most of the exposures of Aftonian deposits are known from
those counties which border on Missouri river. The writer has
prepared a map (PL I) and a list which are intended to include
and deseribe the position of the principal exposures of intergla-
cial deposits that have been reported from the state. This list is
quite certainly not complete; but it may serve to suggest where
other exposures may be looked for. The numbers on the map
correspond to those in the list. In this list such details are
presented as appear important and justified by our knowledge.

In some of the cases mentioned it has not been possible to
determine with certainty the interglacial stage to which an
old soil or a peat bed, or a gravel bed, belongs. All of those in
the counties along Missouri river are pretty certainly Aftonian.

The Aftonian is, for our purpose, the most important of the
interglacial stages, because of the considerable number of verte-
brated animals that have been discovered in its deposits and
because we are able to determine quite exactly their geological
position. These remains, a list of which is given below, have
been collected mostly by the members of the Iowa Geological
Survey and especially by Prof. B. Shimek, during his investi-
gations on the loess, and were studied and described by the
late Dr. Samuel Calvin. These fossils seem to indicate that
the Aftonian interglacial stage corresponds to what on the
Plains have been called the Equus beds; at least, to that part
of the latter which contains remains of camels.

Besides the remains of Vertebrata, these Aftonian deposits
have furnished a considerable number of species of freshwater
. mollusks. Lists of these, as well as of the Vertebrata, are given
by Professor Shimek (Bull. Geol. Soc. Amer., XXT, pp. 126-138).

As regards the vertebrate remains, they are usually more or
less imperfect, consisting often of single teeth or bones, but
occasionally a quite complete set of teeth, or teeth and jaws,
has been found.

The plants that have been found consist of a few mosses
and remains of a few coniferous trees.
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LIST OF REMAINS OF VERTEBRATA DISCOVERED. IN' THE AFTONIAN.

Megalonyz leidyif.............. e e Extinct sloth
Mylodon harlani®............. et e Extinct sloth
Neohipparion gratum?. ... ... iviveinennenennnn.n. Three-toed horse
EQuus COMPUCEIUS. . .o oo e i irarerarannentnaasnns Extinct horse

B laUrentitS. oo oo it ie e ne s snrensaeantnseneneeaans Extinct horse

E. niobrarensiS. ....... ittt Extinct horse
Oamelops KanSANUST . ..o v e e it iiae e eaaeeeannns Extinct camel
CRIMEIUS? 8D et v tnne e mes et eeennnn e innans Extinet camel
MYylohYusS? 1emerarits. .. o.cuuueeieeniin e Extinct peccary
Alces shimeki............. i e '....Extinct moose
AFLONIUS COIDIME. « oo v ee et eeeennans . Extinct goat

23 1< 4TI 3 o J Extinct bison
Mammut americanum. .. ... e it American mastodon
M. Drogemitm. . oo oo v it ien e it iananaariseanannss Long-jawed mastodon
Rhabdobunus mirificus. ... ............ e Fluted-toothed mastodon
Elepha8 primigenius. ... .. .cooeviu i annsreninacenns Mammoth

Elephas columDbi. ... ..ot it iaeaensannnn Columbian :€lephant
Elephas tmper@tor. .. ... i nnnnnnns e Emperor elephant
Ccastoroides ohioensisS. ......oouuuu.... e Giant beaver

Castor CanadensiS. ... .o Canadian beaver
Ur8Us AMEriCanUS. c v oi vt it irercrananeresrionsnnanns American black bear

For purpose of comparison there is presented.the following

list of mammals found in .the Equus beds at Hay Springs,
Nebraska. This is taken from Dr‘._W. D. Matthew. .

B0 6.2 VT L 4 T o T Extinct sloth

Equus complicatus. ....... e saaeeees i Extinct horse

EQuus fraternus. ... oo et cnennnnerneraneensenns Extinct horse
EQuus SCOtIE. .. ittt e et i e Extinct horse
Platygonus velUS. . ... et it ittt Extinct peccary -
Platygonus COMPTeSSUS. . uu v e e reunrneroeaeeanansnns Extinct peccary .
Leptocherus 8D, ... oii ittt ittt Extinct hoglike beast
Camelops KAnSAnNUS. .. v eneernannn- et Extinct camel
Camelops VitakeriQnus. ... .ovvvuvneninnninnn.. "....Extinet camel
Camelus americanus........... et n e Extinct camel .
Antilocapra americand........... e Pronghorned antelope
Capromeryx Purcifer. . ...t it ittt Extinct deer-antelope
Elephas columbi . ......covuiiiiennninnonnenncannsnns Columbian elephant
Castoroides sp............... e et it Giant beaver
Microtus @mPRiDIUST. ..o vt ittt e Tield mouse

Fiber ZEbEtRICUS . . - .ottt i e e i e e Musk-rat

Cynomys ludovicianus?...................... e Prairie-dog -
ThOMOMYS SD..vveustnrenrrennenennnroesnrones PR Pocket-gopher

0anis latrans?. ...t ittt i i i Coyote

B 340 T ) o Extinct carnivore
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It may be added that in a list of fossils found somewhere in
the Oregon desert, Matthew records a similar group of animals,
and among them are two species of moose, 4lces, and a species
of Oreammnus.

It will be observed that so far as the Aftonian is represented
in the collections made, it furnishes a list not. greatly differ-
ent from the more western localities. Such differences as ap-.
‘pear may be due to lack of adequate collections. In both lists
are mylodons, horses, camels, mastodons, elephants, goatlike
species, and moose. '

The Yarmouth Stage.—This is the interglacial interval be-
tween the Kansan and the Illinoian glacial stages. The de-
posits, of course, bear the same name. The type locality is
found near the village of Yarmouth, in Des Moines county.
Probably everywhere in Iowa, within the area covered by the
Illinoian drift-sheet, there are deposits of one kind or another
that belong to the Yarmouth epoch. Possibly corresponding
deposits ocecur elsewhere in the state overlying the Kansan
and covered by some of the loess deposits; but at present it
might be hard to distinguish such from those of the Sangamon
and Peorian. Moreover, the surface of the Kansan underwent
a good deal of erosion before the great body of the loess was
laid down and has undergone not a little since. Indeed, Lev-
erett estimates that of the original surface of the Kansan only
from ten to thirty per cent remains at the present time. The
result of this erosion would be the prevention of deposition
during the Yarmouth time except in favored localities. Lev-
erett has furnished a section from a well which several years
ago was sunken near Yarmouth. It is as follows in the de-
scending order:

/ ; FEET.
Ti.. Soil and logm (Fowanl 106SS) . v ce it onvel o may i 4
6. Brownish yellow till (Illinoian)....................... 20
Tt Gt DA o3 o S R N s e S MR L . 10
4, Peat bed with twigs and bones (Yarmouth)........ 15
3. Gray or ashy sandy clay, containing wood (Yarmouth).. 12
2. Fine sand (Yarmouth).............c.ccoiiiiinann. o BB 3
1. Yellow sandy till with few pebbles (Kansan)............ 33

Tofalidepth ', . . ouve v Tles R I 110
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~

It will be observed that the total thickness of the Yarmouth
in this section is forty-three feet and that it is overlain by
thirty feet of Illinoian.

Leverett states that similar peat beds are found all over that
portion of southeastern Iowa that is covered by Illinoian till;
but that they are more prevalent near the border of this drift.
The peat is usually associated with sandy beds.

The upper surface of the Kansan is found to have been ex-
tensively weathered, a fact which implies that a long lapse of
time intervened between the disappearance of the Kansan ice
and the deposit of the beds of sand and the growth of the peat.
The Yarmouth is therefore regarded as representing a very
long period of time.

The plants found in the peat deposits have not been thor-
oughly studied but they appear to be conifers and largely red
cedar. In the well at Yarmouth were found some bones which
have been identified by Dr. F. W. True as those of the cotton-
tail rabbit and the skunk. Leverett has told us that specimens
of the wood were so well preserved that they took fire ag readily
as recent wood; also that the marrow of the bones was yet pre-
served.

Leverett states (Mon. XXXVIIT, U. S. Geol. Surv., p. 46) that
he has observed several exposures of an old soil and weathered
zone in western Scott and eastern Muscatine counties, between
what he regarded as Kansan and Illinoian drifts. These ex-
posures are especially conspicuous north and south of Blue
Grass in Scott county. Here the Yarmouth soil and weathered
zone are represented by a gummy black or gray clay, changing
below to a reddish brown till. At the same localities is found a
Sangamon soil above the Illinoian till. Yarmouth soils have
been reported at Davenport. Here would belong also the bluish
gray loess found in a railroad cut west of Davenport (Shimek,
Towa Geol. Surv., Vol. XX, p. 376)." According to Leverett there
are at Muscatine, beds of sand and silt between the Kansan and
the Illinoian, and these may represent the Yarmouth; but there
aPpear to be some differences of opinion as to the age of some
of the Pleistocene deposits there. In a ravine about a mile
northeast of West Point Leverett found an exposure which fur-
nished a section which he interpreted as follows:
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FEET.
5. Yellow Iowan loess or silt.................. B M 6
TR ) e a0 ] ¢ e S R L s R P b T 5
3. Illinoian till, brown and with bowlders................ 15
2 Yapmoeutih, ~bIaek Ml .5 o is. e iy e ln et o sl e e s 6
1. Xansan, brown clay ........ce0vn.. T LT A R 15

Leverett informs us that in a well made south of New Lon-
don logs and wood were found at a depth of forty feet.

It appears that in this region covered with Illinoian drift all
the Pleistocene stages below this are represented in some form
or other. It offers therefore a fine field for the study of the
Pleistocene deposits and of the life of the time. It will no doubt
be difficult in many cases to determine the level of some of the
interglacial beds; but they ought to be searched industriously
for animal and plant remains, and accurate records ought to
be kept of conditions under which all these ocecur.

It may be permitted to mention here deposits of loesslike
silts, old soils, and mucks of undetermined age, but probably at
least as old as the Illinoian drift. which were discovered in the
vicinity of Rock Island, Illinois, by J. A. Udden (Leverett,
Mon. XXXVIII, p. 114). On pages 47 and 48 of this work Lev-
erett presented a section seen on the bluff of Mississippi river
at Muscatine. Near the bottom of this section was found a
blue-black till with fragments of wood and underlain by a thin
bed of peat. This was supposed to be pre-Kansan and Shimek
(Bull. Geol. Soc. Amer., XXI, p. 139) regards it as Aftonian.

The Sangamon Stage—This interglacial interval and the de-
posits representing it take their name from old soils and loess
which occur along Sangamon river, in central Illinois. In that
region are found, overlying the Illinoian drift, a black soil,
often thin, but in old basins forming peat'beds which are some-
times more than twenty feet thick. Over this there is a loess
several feet thick. Leverett states that exposures of Sang- .
amon soil and of the overlying loess beneath Wisconsin drift
are found along streams in .central and eastern Illinois and
across Indiana into southeastern Ohio. In Iowa the Sangamon
has been reported from.several points, but there is sometimes
uncertainty about the determination. Calvin (Bull. Geol. Soec.
Amer., Vol. XX, p. 143) stated that there were no very satis-
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factory exposures of Sangamon in Iowa. Udden (Iowa Geol.
Surv., Vol. XTI, p. 109) recognized deposits of this stage at many
points in Louisa county. At Davenport there is a yellow loess

“which overlies a bluish gray loess. The latter is by Shimek

(Iowa Geol. Surv., Vol. XX, p. 376) identified as a loess laid
down during Yarmouth times. The yellow loess probably rep-
resents the Sangamon, as suggested to the writer by Shimek.

This author has presented a section found at Des Moines
(Bull. Geol. Soc. Amer., Vol. XXTII, p. 710) in which are two
sheets of loess. Of these the upper may belong to the Sanga-
mon stage. > ' (e

- Sangamon deposits have been reported from near Mont-
pelier in Scott county. According to Leverett, a Sangamon
pebbly black soil three feet thick is found at Muscatine overly-
ing leached brown Illinoian till. It is to be recollected that both
Aftonian and Yarmouth have been reported at this place.

At this point mention may be made of a clay, very sticky,
varying in color from light -gray to nearly black, which occurs
in southeastern Towa, northern Missouri, and southern Illinois,
and which has the popular name of gumbo. The black portions
resemble swamp mucks. This clay is fine, but contains occa-
sional pebbles, rarely more than one-half inch in diameter. It
reposes on the eroded surfaces of the Kansan and the Illinoian
drifts and is overlain by ‘‘Towan loess.”” The origin of this
gumbo has not been determined. To the writer it seems best to
refer provisionally this deposit to the Sangamon. Tilton has
referred gumbo found in southern Iowa to the close of the
Kansan stage. :

As insufficient as in the case of the Yarmouth is our knowl-
edge of the animal and plant life of the Sangamon. It would .
seem that the old soils and peat beds that are so widely dis-
tributed ought to furnish remains of many small vertebrates, if
carefully explored.

It is certain that during practically the whole of the Pleisto-
cene there lived species of megalonyx (sloths), elephants, mas-
todons, giant beavers, and peccaries. All of these are found
abundantly in old pond, river, and marsh deposits which over-
lie the Wisconsin drift; and all have been found too in the Af-
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tonian or equivalent deposits. ‘On the other hand, in post-
Wisconsin beds there seem to occur no horses, no tapirs, no ex-
tinet bisons, no camels, and no species of Mylodon (sloths). A
fossil horse has been found in Illinois in a swamp deposit that
overlies Illinoian drift; and hence it probably belonged to the
Sangamon stage. Tapirs probably lived during this time and
previously. The-extinct species of bison are rare in the oldest
Pleistocene, so far as known ; hence, the numerous remains found
of these probably existed during what we may regard as the
middle third of the Glacial epoch. During the glacial stages
they doubtless inhabited the region south of the great ice-
sheets; but during the interglacial stages they occupied nearly
the whole of North America. We know of no camels later than
the Aftonian. We cannot now determine when the mylodons
became extinet. We may, therefore, be pretty certain that dur-
ing the Yarmouth and Sangamon there roamed over our coun-
try two or three kinds of elephants, a species of mastodon, ta-
pirs, several species of peccaries, several species of bisons, one
or more species of horse, and one or more species of Mega-
lonyx (sloths). In our swamps were colonies of giant beavers,
as well as of the common beaver.

In the Memoirs of the American Museum of Natural History
(Vol. XVIII, pp. 157-208, with twelve plates) Mr. Barnum
Brown described remains of about sixty species of vertebrates
which he collected in a fissure in Newton county, in the north-
western corner of Arkansas.

It is thought worth the {rouble to give here a list of the mam-
mals found in that fissure. Those species and subspecies which
are preceded by a star are now extinect. Some changes have
been made in the nomenclature to conform with that given by
Miller (North American Land Mammals, 1911).

LIST OF MAMMALS FOUND IN CONARD FISSURE, NEWTON COUNTY,

ARKANSAS.
*Blaring brevicauda 02arkensis.................. Short-tailed shrew
Sorex PETSONATUS. ...covviviecnrinans REERT PR Common shrew
*Sorex personatus fossidens..............c...u.nn Common shrew, subspecies
Sorex obscurus? ........... Aoy LW e e i oFS A, Shrew

O ER T USRI . s . oo n e S are oletaa S D% o o Shrew
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*Microsorex minutus ............ tetesesesaseas Shrew
Scalopus aquaticus ............. veriereseesss..Common mole
*Eplesicus fuscus grandis............... PN Brown bat, subspecies
Myotis sudbulatus? ............... eesherenas ...Little brown bat ;
*Mephitis mephitis newtonensts.............. ....Common skunk, subspecies
Spilogale interruptaf ........ccovevvennn. ......Little striped skunk
*Brachyprotoma pristina ..... et bectaea e Extinct skunk
Brachyprotoma spelea . ..........ooieiiiL, ..Extinet skunk
Martes PEnNANLT .. ..vurer ittt ... Fisher martin
MUStela DiSOM . . vuuviierne e iraneinrennannss Mink
*Mustela cicognanii angustidens................. Weasel, subspecies
*Mustela gracilis .......covueeenuearnreienneannns Extinct weasel
Canis occidentalisf ...........ccviiiiinninnnns Gray wolf
Vulpes fulvaf .....coovevvrvrnnnnnns P Red fox
UTOCYON SP. vvvnvnenennnrnnnenvneesseenenns ...Gray fox-
Procyon 00T . ...veiininerinernetnnesnasennnas Raccoon
Ursus ameriCanus . ......cceeiieierenrnesasnenss Black bear
*Lync COMPressus ..... s cirei et eianaes Extincet lynx
Lynz ruffus? ..oiiiviiienenan. veesiesssene...s Bay lynx
Felis cougar .......ocoviiriencnnnnnnns Ceeraaaes Puma
" *Felis longicrus ..... e e rerena e Extinct. cat
*Smilodontopsis troglodytes. ... ...vveeiiiinnn Saber-tooth cat
*Smilodontopsis conardi ....... e e Saber-tooth  cat
Erethizon @orsatum. ..o iiiiinennn Canada porcupine
Marmota MONBL . ..cevevrcvascscscnsssnsanseses Woodchuck
Sciurus hudSOniCUS .....cvvvvrieeesdinsienneas Red squirrel
ATAMIAS NASULUS oo veverenennn. eiteveseeersen.. . Extinet chipmunk
Citelius 18-lineatus....... eeraeaaanas ereeanann Striped gopher
*Geomys parvidens ............. veeresesesss.s..Extinet pocket gopher
Castor canadensis ............. eerseeaans . Beaver
PEromyscus SP. «.veveverennerennns Cheeianreeees White-footed mouse
*Neotoma 0zarkensts ........... erecereaesnas ...Extinct wood-rat
RFUDEr GNMNECLENS. v e e i erine et iia e Extinct musk-rat
Microtus ochrogaster .........ccveivennn ereaaes Meadow mouse
Lepus floridanus......oovvvee. et sea e Cottontail rabbit -
Lepus GMeriCONUS . v.c.vveerniinrersrensasasonns Varylng hare
*LEPUS GEIgONICUS .o vi it Ceeeesana. Extinct hare
*Equus scottif ............. e e reaaae Horse
HFMIIODFUS SD. Buverivvieerenennernnenanarenanns Extinct peccary
*Mylohyus sp. b........... eereeees veeereese....Extinct peccary
FMYIODFUS SP. Covtvvvvnrrnannonsonrocnansonsns Extinct peccary
Cervus canadensis ...... e ceveree. . Wapiti
0d0COileus REMAGNUS ..o eernreennnnerennennns ‘Mule deer
" 0docotleus VIrginianus. .. .. .t White-tailed deer
*Symbos aqustralis ...........cciiiiiinnnns eenae Extincet musk-ox

Besides these mammals there were recognized seven Species
of birds, three or more species of reptiles and a few speciés of -
amph1b1ans.' Brown remarks that most of the small burrow-
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ing animals are of a boreal type, and that this signifies a
crowding southward of northern forms before the advance of
one of the great ice-sheets. As instances of boreal forms oc-
curring in the fissure in Arkansas may be noted the shrew,
Sorex personatus. It lives at present from New England to
Alaska and south, in high mountains, to Tennessee and North
Carolina. Sorex obscurus is now found in British Columbia
and on mountains of the western part of the United States.
In Gerrit S. Miller’s List of North American Mammals this
species is said to be restricted to the boreal zonme. Sorex
fumeus is a species belonging to the Canadian and Transition
faunas of the Eastern United States, but ranging southward
in the Alleghenies.

Erethizon dorsatwm, the Canadian porcupine, is a species
which is northern in its present distribution; although as Brown
remarks, it formerly may have come as far south as Kentucky.

Lepus americanus, the varying hare, is at present known only
from Canada, Alaska, the more northern of the United States,
and from the mountains of Virginia and West Virginia.

Several other species have a general range farther north
than northern Arkansas, but may, even within historical times,
have extended south as far as the region just mentioned.
Hence, their occurrence in the fissure does not necessarily im-
ply a colder climate than now prevails there. The . presence
of species of Symbos, the musk-ox, if such it was, is another
indication that this collection of animals existed at a time when
the climate of the region was colder than at present.

Certain genera and species which one might expect to find
here are wanting. Such are the elephants, mastodons, tapirs,
bisons, moose, giant beaver (Castoroides), -and megalonyx;
but, at whatever stage of the Pleistocene we shall reasonably
place this assemblage, these animals were undoubtedly living
not far away. Doubtless this absence is due simply to the
chances attending on their getting into such a fissure.

Taking into.consideration the percentage of extinet species,
about forty per cent, the nature of the extinet and living spe-
cies represented and the kind of climate indicated, the writer

is disposed to believe that this fauna lived during the Illinoian
3
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stage. It cannot be doubted that practically the same fauna,
plus some or all of the forms mentioned above, inhabited the
same general region during the preceding stage, the Yar-
mouth, and the succeeding one,.the Sangamon,

The following spemes are referred, with some reservatlons
to the Sangamon stage in Iowa:

Mammut americanum. ............... e Mastodon
Elephas primigenius.............. e Mammoth
Rangifer muscatinensis............ ... ..o Caribou
Cervalces roosevelli........cooviiiiininivnanen Moose -
Bison occidentalis..........c..vuveenniaan. e Bison

The assignment of Rangifer to this stage is uncertain and
is based on the statement by Professor Witter, that the type of
‘the species was found in the loess at Muscatine. This state-
ment is questioned by Shimek, who has furnished me with the
following statement:

In connection with Witter’s*Rangifer I wish to note that
Professor Witter pointed out to me the exact spot from which
the bones and teeth were taken. The lower part of the expo-
sure shows a heavy, close-grained deposit not unlike the Love-
land in appearance and probably bearing the same relation to

. the Illinoian which the Loveland bears to the Kansan: Above
this is a deposit of true yellow loess. At this point the two are
not sharply separated (probably because of local wash and re-
deposition) and the bones in question were found in this inter-
mediate portion. It is the only place (and case) where there
seems to be a suggestion offered that at the close of (or im-
mediately following) a glacial stage there were Arctic mam-
mals in Towa. These bones are not associated with ordinary
loess fossils, for the latter are restricted to the upper part of
the deposit,—that which is manifestly loess. Neither are they
.in Illinoian drift, but in a deposit evidently closely following
it, and preceding the deposition of the loess proper.

At Toronto, Canada, a fragment of an antler of a caribou
has been found in deposits corresponding probably to the
Sangamon. At Correctionville, Woodbury county, have been
found fragments of antlers of ‘a caribou possibly Rangifer
muscatinensis, Here, too, have been found remains of Elephas
primigenius and of a bison, Bison occidentalis. If all were
found in the same deposit the writer would regard them as older
than the Wisconsin drift.
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It appears probable that the scapula of a mastodon found at
Wilton, Muscatine county (Iowa Geol. Surv., Vol. IX, p. 352),
was found in Sangamon soils. It seems not improbable that
some of the mastodon teeth and mammoth teeth found at Des
Moines and described on another page belonged to the Sanga-
mon, X

It is not improbable that a horn-core sent to the National
Museum, from Webster City, Hamilton county, by Charles
Aldrich, and mentioned on a sueceeding page, was derived from
some Sangamon interglacial deposit at that place.

The Peorian Stage—This name is applied to the interval be-
tween the Iowan and Wisconsin stages, as well as to whatever
deposits may have been laid down during that interval. This
stage is sometimes revealed simply by erosion or weathering of
the surface of the drift, or of the loess that was exposed to the
action of the elements. The type locality is found east of Pe-
oria, Ilinois. Here, beneath the earliest Wisconsin drift, is
found a fossiliferous loess that has been regarded as repre-
senting the Towan glacial stage. The upper portion of this
loess is leached and stained a dark brown, as if it had once
been a plant-supporting soil. The loess itself, six feet thick, is
underlain by from three to five feet of peat, which is regarded
as belonging to the Sangamon. Unfortunately no Iowan drift
is present here, and no locality is known where both drifts are
- present with evidences of the Peorian stage between them.
While the loess in the region about Peoria probably belongs
mostly or altogether to the Sangamon stage, it seems to the
writer that it may have been formed partly at a later time. Or
the erosion may have occurred during the Iowan stage, and the
leaching and the plant growth during the Peorian stage. Cal-
vin at one time expressed the opinion that the ‘‘Iowan’’ loess
at Peoria might belong to the early Peorian stage. This idea
appears to conform with the results of more recent studies.

As has been stated already, some authors, among them Lev-
erett, have questioned the existence of a distinet Jowan drift-
sheet. If the idea is correct that the Towan drift is to some
extent the equivalent of the Illinoian, it will be necessary to re-
gard the so-called Peorian stage and its products as really be-
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longing to the Sangamon. It is to be desired that the Iowan
sheet, as displayed in Iowa itself; be thoroughly studied and,
if possible, established, and that the interglacial deposits be-
tween it and the overlying Wisconsin be sought for. In one of
his papers (Bull. Geol. Soc. Amer., Vol. XX, 1909, pp. 148-149)
Calvin has mentioned two localities in Towa which he supposed
to present deposits of Peorian time; but in neither case is this
Peorian underlain by Iowan drift. The following section was
observed at Des Moines:

3. * Wisconsin, with bowlders 3 to 4 feet diameter.
2. Loess, containing terrestrial mollusks.
1. Kansan drift, profoundly weathered.

The other section was at Carroll and is thus presented by
Shimek (Iowa Geol. Surv., Vol. XX, p. 390):

FEET
6. Wisconsin drift ..... R ] 8 TN SR T L o e L 1to5
Ba - YelloWw 10688 CDOST-TOWAA) - v v o vm ivs 55 5he wp o A o sl 10
- 4, Bluish gray loess (post-Kansan).................. 5 to 6
% Black,: TlrekY,. SoIEMEE - BaTifl. . 5o as o s mes 08 cine aumimiams 1
2. Heavy, reddish, joint-clay (Loveland).................. 1
1. Kansan drift. .

In this section there is nothing to prove that the yeliow loess
has not been laid down before the Iowan drift. In a note to the
writer Shimek says that the yellow loess may correspond in
part at least with the Sangamon. In the following section
taken at West Amana, the yellow loess overlies the Iowan
drift: :

; FEET
7 L) 1 T 7 VYo Ty B el N SR LR sl P SEIN S e M Wee 70 10
BRI BRGES  F e o b et o e B A R S 4
A5 s T e T )V ity AP Wl B b Pt el 4 |l o 4
1. Carboniferous sandstone.

Number 4 must be regarded as a deposit of the Peorian stage,
unless it shall be shown that the Iowan is equivalent to the
Illinoian. In this case the loess would belong to the Sangamon.

It would appear that favorable localities for finding Peorian
soils would be found along the eastern border of the Wiscon-
sin lobe, in Worth, Cerro Gordo, Franklin, and Hardin, coun-
ties, where the Wisconsin is believed to overlap the Towan. In
this region railroad cuts, the banks of streams, and wells along
the Wisconsin moraine might furnish some trace of the under--
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lying Towan with a soil above it. However the Iowan was so
thin when laid down that both it and the Peorian soil would, in
all but the most favorable positions, have been plowed up by the
- Wisconsin glacial ice. In Beyer’s report on Hardin county it
is stated that in section 6, township 86 north, range 20 west
(Providence township), loess is found in a railway cut and that
this is overlain by twenty feet of Wisconsin drift. This loess
itself overlies oxidized Kansan drift; but is supposed to be of
post-Towan, that is, Peorian, age. We are told, too, that well-
drillers’ records show a zone containing wood and that this zone
is believed to lie near the base of the Wisconsin drift. '

It may be said that we know little or nothing regarding the
vertebrate animals that lived during the Peorian stage, except
what we may infer from our knowledge of those that lived pre-
viously and those which lived after the Wisconsin glacial stage.
We have reason to believe that immediately before the Wis-
consin or during that stage many animals became extinet, as
the horses, probably the tapir, and various species of bisons.
None of these forms, except the common bison, are found in
deposits overlying the Wisconsin drift.

The Wabash Stage—This cannot be called exactly an inter-
glacial stage; unless, indeed, as has been suggested by some
geologists, our region is fated some ages hence to be over- .
whelmed by another sheet of ice comparable to those which have
already passed over it. The name Wabash has been given by
the author to beds found in Indiana resting on the Wisconsin
and containing the remains of such extinet animals as the
hairy mammoth, the Columbian mammoth, the mastodon, the
giant beaver, peccaries, musk-oxen, etec. They are regarded as
having been laid down in the interval between the disappear-
ance of the Wisconsin ice and the beginning of the Recent pe-
riod. Without a doubt, deposition in lakes, ponds, and
marshes went on without interruptien during the two periods
and the only distinction between the two deposits will be that
the earlier contains a number of extinct species, while the later
contains only species that are now living. Exact limitation
cannot be made and we are not required to perform the im-
. possible.
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"To.this stage are assigned provisionally the list of mam-
mals which have been found in the lead region. Some of these
were collected -in Towa, near Dubuque, others in. Wisconsin,
others in Illinois, in the neighborhood of Galena. In the case
of some of the species it is not known in which of the three
states they were found. Apparently seven of the species are
_extinet. These are marked by a star.

*Megalonyz jeffersondi................. e Extinct sloth-
*Platygonus cOmpPresSSuUS. ......vvveu.. e Extinct peccary
*Tayassu 1enis. o ovvvnen e iniaee, e Extinct peccary .
0docotleus virginianus....... et e ....Virginia deer
*0docoileus Whitneyi. ...t iinirienen Extinct deer

Cervus CanA@eNSiS. .o v v vttt it ittt enerrneens ‘Wapiti, or elk
Antilocapra ameriCan. ..o e e nnnnnennn Pronghorned antelope
"Bison bisonf....... [ American bison
EMAMMUL AMETICAMUME . .« v o v e v ee e et nnens -...American mastodon
Marmota monax............ e e . ‘Woodchuck

MICTOLUS BD. & ivviever e ine i it it et nrnennns Field mouse

Geomys BUTSAriUS. .. ... ouv i e Pocket-gopher

Lepus floridanus?. . ..ot i Cottontail rabbit
¥ANOMOAON SNYBCTE. .. . oot i et Extinct insectivore?
¥Procyon PriSCuS. ..., ceouvewernnenn. Pt [T Extinct raccoon
Oanis occidentalis. .. ...... e e Gray wolf .

Canis Tatrans. . .ovv iy ie e eienan i e Coyote

The Loess,

~ On the preceding pages mention has frequently been made
of the occurrence of beds which bear the name of loess. It is
thought that these should be more particularly described.

The term loess has been applied to deposits found in widely
removed parts of the world, and which differ more or less in
composition, appearance, and probably in origin; but which
have in common 'certain conspicuous qualities. The material
is usually soft, though cohesive; so that where it has under-
gone erosion, it often presents nearly perpendicular faces; it
is fine-grained, and of a light color, yellowish, sometimes
bluish, and it is usually rather porous. The various deposits
agree also in having been laid down at some tlme during the
Quaternary.

The term was first apphed to deposits Whlch occur along the
Rhine; but similar deposits are now known to exist over large

0
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portions of France, Germany and Russia. in Mongolia and
China are vast accumulations of this loess, the thickness rising
to 1500 or 2000 feet. In Europe and America the thickness of

" the deposits is far less. In the United States the loess occurs

principally in the Mississippi Valley, extending from near the
mouth of the Mississippi to near Red Wing, Minnesota; up the
Missouri to about Yankton; along Illinois river to the region.
about ILa Salle; up the Wabash to about Terre Haute;
up White river to Indianapolis, and along the Ohio as far as
West Virginia. It is thus associated with the rivers of this
region, the amount of the deposit being greater immediately
along the streams and thinning out on the uplands between
them. It also loses its importance as we pass eastward from
the Missouri. The great plains west of the Missouri are en-
veloped by loess, but its character has not been investigated.

Although the loess extends far toward the mouth of Mis-
sissippi river, it shows by its general distribution and its com-
position that in its origin it was connected in some way with
the glacial deposits of the northern states. The loess covers
large portions of these glacial sheets, and it often extends some
distance beyond their borders.

In Towa the loess may, in general, be said to occupy the

_ whole area of the state, except that part which is covered by

the Des Moines lobe of the Wisconsin drift and some counties
along the southern border. Only rarely is it found to overlie
any part of the Wisconsin drift. On the west side of the lobe
in Dallas county, Bain (Towa Geol. Surv., Vol. IX, p. 91)
found the loess overlapping the border of the Wisconsin drift;
while Macbride (op. cit. Vol. XI, p. 483) discovered the loess -
overlying the Wisconsin drift in O’Brien and Osceola counties.
It is usually thin, but sometimes several feet thick. In Wis-
consin Salisbury (Jour. Geol., Vol. IV, pp. 929-937) found
what appears to be true loess ou the top of the same drift.
Shimek (Bull. Lab. Nat. Hist,, Towa Univ.,, V, p. 367) re-
ported a thin loess on Wisconsin drift near Carroll, Iowa.
Such occurrences are, however, rather rare.

- Within the area of the Iowan drift the loess is distributed in
a rather patchy manner. It usually occupies the summits of
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" hills and bluffs, while it is missing lower down. Nevertheless,
~Calvin found, in Mitchell county, a considerable area of mod-

erately undulating country which was covered by .loess. This
was only a foot or less in thickness and it appears to overlie
Iowan drift. Usually within and for some distance back of the
border of the area in question, the Iowan drift is thin and does
not occupy the summits of the hills; and the loess, therefore,
covers the Kansan drift and seldom the Iowan.

The Driftless area, lying in the northeastern part of the
state, and occupying also parts of Illinois, Wisconsin, and
Minnesota, is furnished with a mantle of loess, except where
it has been removed by erosion.

The thickness of the loess is extremely variable. Shimek
states that along Missouri river, in western Iowa, it seldom
reaches as much as ninety feet; while west of the river men-
tioned it does not exceed thirty-five feet. The greatest thick-
ness in Iowa observed: by Shimek (ITowa Geol. Surv., Vol. XX,
p. 377) was about 100 feet. Along the borders of the Iowan
drift sheet, it may reach a thickness of forty or fifty feet.
Along Mississippi river it may be from twenty-five to thirty
feet thick. The same author found it to be about thirty feet
thick at Natchez, Mississippi. Away from the border of the
Towan drift-sheet and from the larger streams it thins out
greatly; so that it may be a few feet, five to ten, in thickness,
or, it may thin out to a sort of top dressing to the underlying
soil. '

A few additional words may be said regarding the physical
appearance and characteristics of the loess of Iowa. In color
it varies from ash-gray through yellowish to buff-brown. Oc-
casionally it has a bluish tint, especially some distance below
the surface. In some of the states farther east, as in south-
ern Indiana, it is compact and very pale in color, and is known
as white clay. On the other hand, it may now and then be
stained so as to be rather brown or red. In respect to grain,
the loess 1s nearly always very fine, standing between very fine
sand and smooth plastic clay. According to researches made
by Chamberlin and Salisbury (Sixth Ann. Rep. U. S. Geol.
Surv., pp. 278-285) and referred to by Leverett (Monogr.
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XXXVIII, p. 159) more than ninety-five per cent of the loess
congists of grains that have a diameter not greater than
0.005 mm.; that is 1-5000 of an inch. The largest particles
were little more than 1-250 of an inch in diameter. All the
particles are angular, not rounded as in the case of sand that
has been much rolled in water.

As to its mineral constitution, it has been found, especially
by the investigators just mentioned, that the loess consists
principally of quartz, feldspar, mica, hornblende, augite, mag-
netite, dolomite, and calcite. In this respect it agrees. with the
composition of the materials of the drift and may well have
been derived from the fine flour that was borne away from the
glaciers by streams. ]

Occasionally the loess, especially in its lower parts, becomes
coarser and may grade into sand and the underlying till; but
in such cases there may have occurred comminglings of ma-
terials of different origins. Often the loess contains nodules
composed mostly of carbonate of lime, but these were de-
veloped after the laying down of the finer materials. The loess
is porous and permits the percolation downward of rain-
water. This is likely to dissolve some of the contained carbon-
ate of lime, which, at a lower level, may be redeposited in
nodules.

As the loess breaks down, along bluffs and roadsides, it
shows a sort of colummar structure. In virtue of this and its
cohesive tendency, the loess, in such places as mentioned, is
likely to present nearly vertical faces. Such abrupt walls may
be seen at many places along Missouri and Mississippi rivers.
It is only in rare cases that the loess shows any distinct signs
of stratification, although a sort of lamination is frequently
observed. ;

As regards the chemical constilution of the loess the reader
may consult the authorities named above. As may be in-
ferred, however, from the mineralogical composition, it con-
sists mostly of silica, but to some extent of compounds of
aluomina and of lime. Its usually high percentage of silica
prevents it from offering a notable degree of plasticity.
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It is important to consider the fossils that are to be found
in the loess, because from these we may judge under what con-
ditions and at what geological periods the materials were de-
posited. In some parts of Europe many bones are found and
these are of such animals that the comclusion is reached that
the loess there was deposited during some cold and arid stage.
In America vertebrate remains are rare in the loess and even
questionable. The animals represented are mostly gasteropod
mollusks, that is, snails of one kind and another. They are
often abundant and they have been collected in widely re-
moved localities. Nobody else in America has given .as much
attention to these mollusks as Professor B. Shimek, of the Uni-
versity of Iowa. For lists of these animals collected at many
places and for discussions of their significance, the reader is
referred to this author’s papers cited on a succeeding page.
Especially to be recommended is his paper on the loesses of
Iowa in the Twentieth volume of the reports of the Iowa Geo-
logical Survey, pages 376 to 407. Suffice it here to say that
this investigator has found that the great majority of these
mollusks are strictly terrestrial forms; that they belong almost
wholly to yet existing species; and that these species are to be
found today in the same general localities in which the fossils
are found. The few aquatic and amphibious species found in
the loess are likewise yet living in the same regions. The fos-
sil terrestrial snails are more abundant in the loess along the
streams and that is where Professor Shimek has found the liv-
ing representatives to abound.

Up to the present time not many vertebrates have been dis-
covered in the loess of this country. Only four or five species
have so far been reported from the loess of Iowa and too often
there exist doubts regarding their actual occurrence in the
loess. J

In 1887 McGee (Amer. Jour. Sci., Vol. XXXIV, p. 217) re- -
ported the discovery of a part of a skull, with some other parts,
of the extinet musk-ox Symbos cavifroms, at Council Bluffs.
.He stated that these were found in the loess at a depth of
twelve feet and at a height of 130 feet above the river. In this
case there would appear to exist little doubt regarding the po-
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sition of the remains. The animal, in all probability, lived at
the time when the Wisconsin ice-sheet occupied a part of the
state of ITowa; and we must suppose that the twelve feet of
loess above the bones had accumulated since that time. On the
other hand Shimek, in a note to the writer, regards it as very
doubtful that the Symbos was found in loess. He thinks that
it was possibly in the Loveland, a deposit made in slack water.
This matter is further discussed under the description of this
species. An objection to be made to Shimek’s theory is that
there is no other evidence that this genus existed at so early
a time. ‘

J. A. Udden (Iowa Geol. Surv., Vol. XI, p. 160) reported
that a pair of horn cores of a bison had been found in the loess
in Pottawattamie county. They were met with at a depth of
fourteen feet. The species was probably Bison occidentalis,
and it is further described on a more advanced page.

Leidy (Proc. Acad. Nat. Sci. Phila., 1879, p. 32) announced
that Professor Witter, of Muscatine, had found a large part
of the skeleton of a reindeer in the loess at Muscatine. This
animal will be described in the proper place as Rangifer mus-
catinensis. Shimek doubts that it was found in the loess, as al-
ready noted on page 34.

J. E. Todd (Proc. Iowa Acad. Sci., 1875-1880, p. 14) fur-
nished the information that tusks, teeth, jaws, a humerus, and
some other bones of a young elephant had been found between
Glenwood and Pacific Junction; and that these remains oc-
curred either in the base of the loess or in the top of the drift.
There are the same doubts about this as in the case of the find-
ing of the Symbos.

J. A. Udden (Iowa Geol. Surv., Vol. XIII, p. 170) reported
that bones of a mammoth had been recovered from the lower
part of the loess at Malvern in Mills county.

It is time for us to consider the geological distribution of the
loess, especially in Towa; and, so far as now appears, the loess
(and likewise the drifts) may be better studied in Iowa than in
any other state. It is evident that all of the loess does not be-
long to- any one of the stages, glacial or interglacial, of the
Pleistocene. In the Bulletin of the Laboratory of Natural His-
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tory of the University of Iowa, volume V, page 368, Professor
Shimek presented a section which he regarded as representing
the history of the Pleistocene since the beginning of the Kansan
stage. It is as follows, taken in order of deposition:
16. Post-Wisconsin loess.
15. Wisconsin residual sands and gravels.
14. Wisconsin drift.
13. Post-Iowan loess.
12. Black soil.
11. Iowan residual sands and gravels (Peorian).
10. Iowan drift.
Post-Illinoian loess.
Black soil (Sangamon).
Illinoian residual sands and gravels.
Illinoian drift.
Post-Kansan loess.
Black soil (Yarmouth).
Gumbo.
Kansan residual sands and gravels (Buchanan).
Kansan drift.

O R R

From this table we see that loess was laid down just before
the oncoming of the Illinoian drift, again just before the Towan
stage, again just before the Wisconsin, and finally after the
Wisconsin. That is, there are four distinet sheets of loess.
So far as we know, no loess was formed in the interval between
the Nebraskan and the Kansan drifts. Above the Kansan drift
there is found in various parts of Towa a loess which is to be
regarded as belonging to the Yarmouth stage. Shimek states
that this loess is widely distribated, very compact, of a pale
bluish gray color, and frequently contain numerous fossil gas-
teropod mollusks.» The color was probably derived from the
Kansan blue clays. Shimek finds this loess in many sections in
the region about Iowa City. Here it may be five or six feet
thick and rest on Kansan drift, or on the Buchanan gravel,
which was formed on the withdrawal of the Kansan ice-sheet;
or it may repose on a gumbo about a foot thick. Over this loess
there is found another of a yellowish color and this is regarded
by Shimek as post-Iowan and therefore of the Peorian stage.
In the region about Towa City it iz sometimes fifteen feet thick.
Shimek also finds the bluish Yarmouth loess at Muscatine,
where it is placed between the Kansan and the Illinoian drifts
and where it is fossiliferous. It is recognized at Davenport
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and here it is overlain by a yellowish loess which probably be-
longs to the Sangamon. The same post-Kansan loess is found
at Des Moines. At Carroll, Carroll county, on the western
border of the Wisconsin lobe, there is said to be a foot of black
soil, overlain by six feet of bluish fossiliferous loess. This
again is overlain by probably post-Iowan (Peorian) loess
which is yellow and fossiliferous. ‘On the top of the latter is
from one to five feet of Wisconsin drift. Professor Shimek
(Bull. Geol. Soe. Amer., XXTII p. 125) found loess of -this
stage in the northwestern corner of the state, where there oc-
curs likewise a more recent loess. The two taken together are
not more than ten feet in thickness. On page 148 Shimek
states that he has found the post-Kansan bluish loess in sev-
eral hundred sections in Indiana. Illinois, Wisconsin, Missouri,
Towa, Nebraska, South Dakota, and Minnesota. Hence, wher-.
ever the Kansan drift is overlain by loess, we may suspect that
this, or at least its lower portions, belongs to the Yarmouth
stage. Its tint of blue will help to confirm the determination.
Any loess separated from this by other materials, or having a
vellow color will probably be found to belong to a later stage,
as the Sangamon or Peorian. Both the bluish loess and the
yellowish are widely distributed in Towa. Shimek (Iowa Geol.
Surv., Vol. XX, pp. 376-406) has given us his latest views on
the loess. He examined 397 sections showing loess deposits in
Harrison and Monona counties. In all cases where the blue
loess appeared there was present the yellow; but in nearly one-
third of the sections the blue loess was missing. It is usually
much thinner than the yellow loess. In the counties mentioned
it was not found to exceed fifteen feet; and in the sections pub-
lished it is usually much thinner than this.

Shimek believes that the yellowish loess itself is composite,
consisting of at least two deposits. One of these, the older
portion, was probably deposited during the Sangamon stage, the
upper and younger portion during the Peorian; although it is
not improbable that, outside of the areas which were covered
by the Illinoian and Towan ice-sheets, some loess was laid down
during these glacial stages.

In Leverett’s work on the Illinois Glacial Lobe (Monogr.
XXXVIII, U. S. Geol. Surv., p. 128, pl. XI) are described and
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figured sections found east of Peoria, Illinois. In these occurs
a deposit of loess which is there recorded as Iowan, supposed,
at that time, to represent the Jowan ice-stage. The loess is
sometimes from eight to twelve feet thick, and at the top in one
place is a thin soil which contained pieces of wood. Later,
Leverett regarded this loess as belonging to the Sangamon
stage. This author, however, had then abandoned belief in an
Towan ice-stage. If this really existed it may well be that the
loess belongs partly to the Sangamon and partly to the Pe-
orian. :

Beyer, in his report on Hardin county (Iowa Geol. Surv.,
Vol. X, pp. 241-306), states that in Providence township, in a
railroad cut, loess is seen lying on Kansan drift and overlain -
by Wisconsin drift. While this is probably Peorian loess -
(post-Towan), it may represent Sangamon, or both Peorian
and Sangamon.

As already stated, there is a considerable accumulation of
loess around the border of the Iowan drift extending thence
southeast and far eastward with diminishing thickness. In
the counties which lie along the southern border of this state
and away from Missouri and Mississippi rivers the loess is
thin or wanting,.

‘While a part of the mass of loess around the border of the
Towan drift-sheet may be found to pass beneath the Iowan
drift and therefore belong to the Sangamon stage, much of it
is probably more recent and a member of the Peorian. As one
passes the border and into the area of the Iowan, the loess is
found to thin rapidly and, in general, to cover with a thin layer
only the tops of hills and the bluffs. Inasmuch, however, as
these higher lands are occupied by Kansan drift and not by
Towan, the loess is probably rather pre-Towan. An examina-
tion of the reports of the counties occupied by the Towan drift
shows that loess is found in nearly all of them.

It is not to be supposed from what has been said here that
the loess found around the border of the Iowan drift sheet
exceeds in thickness that found elsewhere. The thickest de-
posits in the state are along Missouri river and farther west
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" there are still greater deposits. Nor is the thickness around
the Towan border greater than at Natchez.

Post-Wisconsin loess likewise occurs in Iowa, but it is usu-

ally thin and discontinuous. References to localities have been
made on page 39.

Regarding the origin and manner of deposition of the loess,
the writer cannot enter into details. An examination of the
papers cited on pages 87 to 99 will give the reader a clear in-
sight into the problem in question. Two theories are in-
voked to explain the presence of the loess, the aqueous theory
and the aeolian. The advocates of the former theory believe
that the loess was deposited in quiet waters, and that it con-
sists of the finely ground materials that were washed out of
the glacial ice-sheets. The acceptance of this theory involves
the idea that the regions covered by the loess were at one time,
or at various times, depressed so as to be covered with water.
Those who hold the aeolian theory believe that the loess con-
sisted of dust which was carried over the country by winds
and laid down where we now find it. There are those who com-
bine the two theories. To the writer it seems that at present
the aeolian theory has the advantage in the argument.

To illustrate one of the difficulties in the way of accepting
‘the aqueous theory, Shimek has called attention to the fact
that almost the whole of the state of Iowa must, on the theory,
have been submerged by temporary floods during the deposition
of the loess.

The fact that the gasteropod mollusks which occur so abun-
dantly in the loess belong almost wholly to genera and species
which live on the land, forms an argument against the aqueous
theory that seems to be almost unanswerable. In deposits laid
down in water we would expect to find water-breathing and
amphibious species almost exclusively. For the facts regard-
ing these mollusks the reader may consult the papers of Pro-
fessor-Shimek. This author’s idea is that the materials of the
loess were derived from the drift, not while it was being depos-
ited, but later. Rivers coming down from the north gathered
up the finer materials and bore it southward, especially during
times of flood. Some of this fine sediment was laid down on
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the flood plains, and, on the retirement of the waters, this was
dried. It was then caught up by the winds and carried over
the country. Much of it was deposited on the adjacent bluffs;
but much of it was borne farther away. The deposit is
thicker on the eastern side of most streams, because of the prev-

alence of western winds. Naturally the deposit becomes thin-
~ ner the farther it is away from the source; for the same reason
it becomes finer.

The mollusks of the loess of the Rhine have likewise been
shown to be principally terrestrial species,-and this fact points
to a similar origin of that deposit.

Shimek’s researches on the mollusks of the loess throw much
light on the climate. Fossil terrestrial gasteropods are found
in the post-Kansan (Yarmouth) loess; in the post-Illinoian
(Sangamon); and the post-Iowan (Peorian). Nearly all the
species yet live and they inhabit the regions where their fossil
predecessors are found. Hence, the climate at some time dur-
ing each interglacial stage must have been very similar to that
now prevailing.

Doubtless, however, for a long time after the withdrawal of
each ice sheet the climate was cold; and likewise for a long °
time preceding the oncoming of each ice-sheet. In deposits,
doubtless not numerous, made during such cold periods, col-
lectors ought, at some time, to find animals and plants that
were adapted to rigorous climates.

If the face of the state during these interglacial stages was
covered with a vegetation not greatly different from that now
existing, it may appear strange that more numerous remains
of vertebrate animals were not preserved. There can bhe no
doubt that during these periods, the country was inhabited by
elephants, mastodons, bisons of various species, horses, gigan-
tic sloths, wolves, cats, and a host of other and smaller beasts
with bony skeletons. As each interglacial stage probably con-
tinued some thousands of years, we can hardly doubt that on
every foot of ground some animal, probably many of them,
‘had died. Besides these there was one generation after an-
other of animals that burrowed in the ground and died there.
If all their bones and teeth had been preserved, the whole sur-
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face would have been covered with them and the earth full of
them. What became of all these? .

We may get an answer from a time much nearer us. On
the prairies of Illinois and Iowa, herds of bisons and deer had
grazed for doubtless thousands of years, and on dying had left
their bones on the surface. And yet when those soils were
turned up by the plow, it was the rarest occurrence when a
bone or horn was found. These bones and teeth had all de-
cayed and became a part of the soil. Even the hard parts of
the animals that had died in burrows had melted into soil. We
must conclude, then, that it is only by the most fortunate com-
bination of conditions that a vertebrate animal is preserved.
Of the snails that once lived on the loess, it seems certain that
only a small per cent have been saved for us. One might sup-
pose further that rain-water, filtering for ages through this
- porous loess, would have dissolved out every one of these thin
and fragile shells.

DIVISIONS OF THE QUATERNARY.

‘

Recent | Champlain Assumption and maintenance of the present order
of things in nature. E

‘Wabash Erosion of surface of Wiseonsin drift; filling of
(Postglacial) lakes and marshes; lowering of levels of the
Great Lakes and leaving of old beaches; unim-
portant accumulations of loess. Gradual ameliora-
tion of climate. Continuance and gradual extine-
tion of elephants, mastodons, megalonyx, giant
beavers, peccaries, and species of musk-oxen. The
modern fauna approaching its meridian.

Pleis- Wiseonsin On-coming, culmination, and withdrawal of the Wis-

toecene| (Glacial) consin ice-sheet, with deposition of its drift. Im-
portant changes in drainage lines and deposits of
outwash materials along the courses of rivers.
Fauna and flora of northern states driven south-
ward. Various, but as yet undetermined species of
mammals suffering extinction.

Peorian Geological, faunal, and floral changes not well deter-
(Interglacial) mined. Formation of peat beds and old soils.
: Wide distribution of loess.
Towan Spreading of Towan ice-sheet over parts of Towa and
(Glacijal) Minnesota. Condition of country elsewhere not
understood. Effect on animal and vegetable life
not known.



50

PLEISTOCENE PERIOD IN IOWA

DIVISIONS OF THE QUATERNARY—QConcluded.

Pleis-
tocene

Sangamon
(Interglacial)

Gradual amelioration of climate after withdrawal
of Illinoian ice-sheet. Erosion of surface of Illi-
noian drift sheet. Deposition of sediments along
river courses. Accumulation of peats, old soils,
and loess. Abundance of vegetation and of animal
life. Our best knowledge of the vertebrates to be
deduced from the collection made in the Conard
fissure, Arkansas; although this probably belongs
to the Illinoian stage. Horses, elephants, masto-
dons, bisons, peccaries and tapirs all probably in
existence.

Illinoian
(Glaeial)

On-set, culmination, and retreat of the Illinoian ice-
sheet, with distribution of its drift. Modification
of drainage lines. Deposition of loess. i Animals
and plants driven southward. Vertebrates of the
Conard fissure seem to belong here, with about
fifty species and subspecies of mammals; forty
per cent extinet. Mastodons, mammoths, horses,
tapirs, bisons, deer, and saber-tooth cats continu-
ing.

| Yarmouth
(Interglacial)

Erosion of Kansan drift-sheet and deposition of
gravels and sands. Formation of beds of peat and
of old soils. Dispersion of bluish loess. Few re-
mains of plants and animals known. Vertebrates
certainly not widely different from those of the
Conard fissure (p. 31).

Kansan
(Glaeial)

Occupation and possession of the northern states by
the Kansan iee-sheet and its withdrawal. Effect on
animal and vegetable life only to be surmised. Ex-
tirpation of various species of camels and horses.

| Aftdnia.n
i (Interglacial)
|

Formation of gravels and sands on the surface of
the Nebraskan drift. Occupation of the land by
plants and animals, and growth of peat bheds.
Great abundance of mylodons, megatheres, mega-
lonyx, mastodons, elephants, horses, camels, saber-
tooth and other cats, dogs of various species, bears,
and rodents. Remains of these found in the Equus
heds of the Plains, in the interglacial deposits of
western Towa, and in Port Kennedy cave, Penn-
sylvania.

Ncbraskan
(Glacial)

Occupation of the northern regions by the Nebraskan
ice-sheet and the laying down of its drift. Effects
on the animal and plant life not well known; but
many genera of the Pliocene are missing in the
-succeeding Aftonian. ;

Ozarkian, or
Sierran
(Preglacial)

Supposed to be a time of high elevation and of
great erosion. May belong to Pliocene.
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For convenience in referring the Quaternary to its relative
position in the geologic time-scale the following table showing
the divisions of the Cenozoic, the last great era of geologic
time, is here appended:

Era i Period Epoch
|
1 Recent
‘ Quaternary
E Pleistocene
!
| Pliocene
Cenozoice
Miocene
Tertiary ]
f Oligocenc
1
" | Eocene’

Plate I is intended to represent, in the first place, the distri-
bution of the different sheets of glacial deposits in Towa. The
map is based on Plate ITI of the Nineteenth and Twentieth
Annual Reports of the Geological Survey of Towa. In the map
here presented the Kansan sheet is shown in white; while each
of the other sheets is represented in a special way. *

In the second place, the map is designed to show the locali-
ties where Pleistocene vertebrate fossils have been found; like-
wise the localities where exposures of interglacial deposits
have been demonstrated and where, therefore, such fossils
may be expected to occur. The localities are indicated by cir-
cular black dots, in the center of each of which is a white num-
ber. These numbers refer to corresponding numbers to be
found on pages 52 to 87. Under the latter numbers will
be found brief deseriptions of the respective localities.
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Localities in Iowa Where Remains of Pleistocene Vertebrata Have Been
Found and Localities Where Exposures of Interglacial
Depesits Have Been Demonstrated.

A few pages will be devoted to recording the localities in the
state where vertebrate fossils have either been actunally dis-
covered, or where, on account of the presence of interglacial
mucks, soils, sands, and gravels, remains of these animals may
with some confidence be looked for. In connection with these
notes reference should be made to the map (Plate I) that
the relation of the various discoveries to the different drift
sheets may in some measure be elucidated. Each locality has
received a number which corresponds to the number of the
note here recorded. It has been found necessary sometimes to
include two or more localities under one number. It will be
observed that the points noted are well scattered over the
state; and it is hoped that this map will suggest the search for
a multitude of other localities, and that therefrom may result
many additions to our knowledge of the geology and the pa-
leontology of the state. It has been found impossible to ar-
range the notes by counties or in any other systematic man-
ner.

1. Afton Junction, Union County.—This is the type lo-
cality for the Aftonian interglacial stage. Calvin (Bull. Geol.
Soc. Amer., Vol. XX, p. 136) states that near here the older
(Nebraskan) drift is exposed in the west bank of Grand river,
a mile below the railroad station; and that it is there overlain
by more, than thirty feet of water-laid gravels. Overlying the
gravels is a heavy deposit of Kansan till. There is an ex-
posure of gravels at the station also.

2. Thayer, Union County.—This locality is four miles east
of Afton Junction. Calvin (Bull. Geol. Soc. Amer., Vol. XX,
p. 136) says that there is here a pit in the Aftonian gravels.
In the Proceedings of the Davenport Academy, Vol. X, page
" 27, he stated that the Aftonian here had been disturbed by the
Kansan ice; so that great masses of the Aftonian were, prob-
ably in a frozen state, 1ncorporated in the Kansan drift, in the
form of “‘sand bowlders £
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The small horselike animal which is described on another
page under the name Neohipparion gratum? was found near
this place (Calvin, Bull. Geol. Soc. Amer., Vol. XX, p. 216).
These remains have the number 76 in the records of the col-
lection at the State University of Towa.

3. Muwrray Hill, Harrison County.—On the southwest quar-
ter of section 8, Little Sioux township (township 81 north,
range 44 west), on Murray Hill, are located some exposures
which show gravels; and these appear to have been disturbed
during the Kansan stage (Shimek, Bull. Geol. Soe. Amer., Vol.
XX, pp. 404, 406; Towa Geol. Surv,, Vol. XX, p. 355, pl. XXIX;
Calvin, Bull. Geol. Soc. Amer., Vol. XX, p. 343).

_A short distance north of this, on the north one-half of sec-
tion 5, same township, are what Shimek has called the county
line exposures. They are less than one-half mile south of the
county line. : -

4. Loveland, Pottawattamie County.—Shimek (Bull. Geol.
Soc. Amer., Vol. XX, pp. 402, 404, 407, pl. 37, fig. 2) mentions
the occurrence of Aftonian sands in the vicinity of Loveland.
It does not appear that any vertebrate remains have been dis-
covered here. This is the type locality of the formation called
the Loveland (Shimek, Towa Geol. Surv.,, Vol. XX, pp. 371-
375).

9. Council Bluffs, Pottawattamie County.—Shimek (Bull
Geol. Soe. Amer., Vol. XX, p. 402) mentions sands bearing fos-
¢il mollusks in this county. One place mentioned is Councii
Bluffs, but the locality is not more exactly deseribed. Profes-
sor Shimek has informed the writer that there is a series of ex-
posures extending on the east side of the river from a mile
above Council Bluffs to about four miles above. The sands be-

long to the Aftonian and in them are likely to occur vertebrate
remains.

In the collection in the Towa State University is the front
part of an upper molar, probably the second true molar of the
elephant, Elephas columbi, which was obtained from the col-
lection of the Council Bluffs High Se¢hool and which was prob-
ably found somewhere about Counecil Bluffs. It has the cata- .
10g number 309. The writer is informed by Professor Shimek
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that this tooth was found some miles south or southeast of
Council Bluffs, possibly near Henton Station (Locality 111).

It was near Council Bluffs that W J McGee found the skull
.of a specimen of a musk-ox, Symbos cavifrons. This is No.
107 of the State University.

6. Missouri Valley, Harrison County.—The Cox pit is situ-
ated on the east side of Boyer river, east of the town of Mis-
souri Valley. The more exact location is the northeast quar-
ter of section 24, township 78 north, range 44 west (St. Johns
township). About forty feet of Aftonian - sands and gravels
are exposed here (Shimek, Jowa Geol. Surv., Vol. XX, p. 334).

The following species have been found at this place: Ele-
phants, Elephas primigenius, Elephas imperator?, lower jaw;
Elephas columbi; mastodons, Mammut americanum, M. pro-
gemum; goat, Aftonius calvini; bison, Bison, species uncertain;
camel, Camelops?; horses, Equus complicatus, E. niobraren-
sis, E. laurentius, E. excelsus; beaver, Castor canadensis;
sloth, Mylodon harlani; bear, Ursus americanus; moose, Alces
shimekz. : '

7. Logan, Harrison County.—At this place, on the east side
of Boyer river, near the milldam, there are found three sec-
tions, called the Peckenpaugh sections. Nine feet of Aftonian
sands and gravels are found above the limestone occurring
therein. Over the sands and gravels are six feet of Loveland
clay; and above these again, twenty feet of loess. The gravels
have furnished remains of the elephant, Elephas columbi (Pl.
LXTII, fig. 3), and of an undetermined horse (Calvin, Bull.
Geol. Soc. Amer., Vol. XX, p. 355; Shimek, op. cit., Vol. XX p.
403; Vol. XXI, p. 137, pl. XXXV, fig. 2; Iowa Geol. Surv., Vol.
XX, pp- 335, 336.)

Mr. Charles L. Crow, of Logan, has another elephant tooth
which was found in the sand pit at Logan.

8. Near Rodney, Monona Counly.—Professor Shimek (Bull.
Geol. Soc. Amer., Vol. XX, pl. 35, fig. 1) has figured an expo-
sure of Kansan drift and Aftonian sand which is found near
the north part of this county, on section 7, township 85 north;
range 44 west (Grant township), being south of west of Rod-
ney. ' ‘ :
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9. Woodbwne, Harrison County.—Shimek .(Bull. Geol. Soc.
Amer., Vol. XX, pp. 404, 406) mentions a pit about two and
one-half miles southwest of Woodbine which shows a tilted
layer of Aftonian, with a mass of mingled and folded Nebras-
kan, Aftonian, and Xansan in front of it, as though the whole
Aftonian mass had been moved forward. It is stated also that
along the Boyer, below Woodbine, the beds of Aftonian are on
the west side of the river.

Leidy (Proc. Acad. Nat. Sei.,, Phila., 1870, p. 73) stated that’
there had been shown to him, from the Smithsonian Institution,
a part of a lower jaw which he thought might have belonged to
the extinet musk-ox, now known as Symbos cavifrons. This
had been sent to the Smithsonian Institution by Mr. David R.
Witter, of Woodbine. He reported that it had been discovered
in a well, at a depth of twenty-two feet; this well was situated
one mile north of Woodbine and on the second bench along
Boyer river.

10. Mapleton, Monona County.—Under this number are in-
cluded the Griffin well and the Hawthorn sand and gravel pit;
both being near the town of Mapleton.

The Griffin well is situated on the east side of seetion 17,
Cooper township (township 85 north, range 42 west). At a
depth of thirty-five feet a tooth was found which has been re-
ferred to the elephant, Elephas imperator. It was discovered
in Aftonian gravels.

The Hawthorn pit is situated on the northwest quarter of
section 14, Maple township (township 85 north, range 43 west).
It is stated by Shimek that bones have been found there, but
none were saved. ,

11. Denison, Crawford County.—In the southwest corner
of Denison is a gravel and sand pit, which has been described
by Calvin and Shimek (Calvin, Bull. Geol. Soc. Amer., Vol.
XX, p. 343; Shimek, op. cit., Vol. XX, pp. 405, 407; Vol. XXI,
p. 137). It was at one time thought that the sands and gravels
exposed here are Aftonian, but this is now uncertain. No drift
is seen in the section, but above the thirty-five feet of sands
and gravels are two beds of loess, separated from each other
by five feet of sand. The exact location of the pit is the north-
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west corner of section 14, Denisen township (township 83
north, range 39 west), and in the bluff of Boyer valley. An-
other pit southwest of this one has furnished some elephant
teeth, but its geological relations are not well determined.
Shimek (Bull. Geol. Soc. Amer., Vol. XXII, p. 212, foot note)
says that the deposits here form a river terrace without over-
lying loess or drift, and that no underlying drift was seen.

Here was found the upper second molar of Elephas prima-
genius, described hereafter, and a large last upper molar, No.
294, of the same species, held in a part of the maxilla. Here,
too, was found the tooth of a mastodon, Mammut americanum,
now in the State University. It was at Denison likewise that
was found the antler which is the type of the mooselike animal
which has been called Cervalces roosevelti. Shimek, as else-
where noted, now has reason to suppose that this antler was
found in the pit in the river bottoms where there is no loess
over the gravel. :

In the State University collection is the secapula of a bison,
possibly Bison occidentalis, which was found in the Denison
sand ‘pit.

Under this number may be mentioned the fact that there is
in-the National Museum a part of a skull referred to Bison
bison, which was found at Deloit, about six miles farther up
Boyer river. This may be later than the Pleistocene in age.

12. Pisgah, Harrison County.—About one mile southwest
of Pisgah, on the northeast quarter of section 23, township 81
north, range 44 west (Jackson township), is situated the Peyton
sand pit, where Kansan and probably Nebraskan drifts are ex-
posed, having between them Aftonian gravels and sands. In the
sands were found remains of mastodon, mammoth, camel, and
horse (Calvin, Bull. Geol. Soc. Amer., Vol. XX, p. 343, pl. XVI,
fig. 2; Shimek, op. cit. XXI, pp. 133, 134). Here may be men-
tioned a pit situated on the northwest quarter, section 26, of
the same township. The horse found here has the number 262
in the collection” at the University of Iowa, and it is identified
as Equus complicatus. Here was found the lower jaw of the
mastodon which was figured by Calvin (Bull. Geol. Soc. Amer.,
Vol. XX, pl. XXV, fig. 2) and which is here referred provision-
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ally to Mammut progenium. In the same pit was found the
large elephant tooth referred to Elephas imperator (Pl. LXVII,
fig. 2); also a part of a humerus and the greater part of a fe-
mur, which may belong to Elephas imperator. A camel is rep-
resented by a first phalange (Calvin, pl. xxi, fig. 1). The
presence of a horse is shown also by an acetabulum and a part
of a metapodial, Nos. 66 and 84 of the University collection.

In the University of Iowa collection there is a supposed up-
per second molar of an elephant, which has the number 330 and
which was collected by Professor Shimek at the Kress sand
pit, immediately across a ravine from the Peyton pit. This
tooth shows eleven plates present, but a number, perhaps five,
are missing from the rear. This tooth is regarded as belong-
ing to Elephas columbi.

13. Near Smithland, Woodbury County.—On Little Sioux
river, near Smithland, there are exposures of the Aftonian;
but no particulars are given (Shimek, Bull. Geol. Soc. Amer.,
XX, p. 407).

14. Sioux City, Woodbury County.—Shimek (Bull. Geol.
Soc. Amer., Vol. XX, p. 407)refers to Aftonian beds in the vi-
cinity of Sioux City. Later (op. cit., XXI, p. 129) he de-
scribed an exposure on the southeast quarter of the northwest
quarter of section 13, township 89 north, range 48 west (Sioux
City township), north of Sioux City. In Aftonian sands here
were collected some remains of the sloth, Megalonyx, and the
horse, Equus. The beds were seen in the Anderson pit. Todd
(Proc. Towa Acad. Sci., VI, p. 124) states that some vertebra
- of a horse and fragments of a small mammal and of a turtle
had been found in an old soil at Sioux City. Number 133 of
the State University collection is identified as belonging to
the horse, Equus laurentius. Four injured lower teeth, found
near Sioux City, and having the number 181, are described un-
der E. complicatus. The conditions at Sioux City are dis-
cussed by.Shimek in Proceedings of the ITowa Academy of Sci-
ence, volume XV, page 61.

15. Burlngton, Des Moines County.—In the collection at
the State University of Iowa, is a large last upper molar of the
clephant, Elephas primigenius, No. 22 of the catalog, which is
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recorded as having been found here. It has a length of 255
mm., or ten inches.

In the High School at Burhngton is a part of a tusk, of prob-
ably a mastodon, which as stated by Mr. Charles Buetner who
has taken much interest in natural history, was found in making
an excavation at the southwest corner of Fourth and Washing-
ton streets. The fragment is about four feet long. In the
same High School is one of the innominate bones of a probos-
cidean. :This, Mr. Buetner said, was found in Skunk river
southwest of Burlington in - digging for the support of the
bridge of the Chicago, Burlington and Quincy railroad. The
bone was found at a depth of twenty feet below the bed of the
river.

In the collection at the Towa Wesleyan College, at Mount
Pleasant, is a tooth of an elephant which, as Mr. Charles Buet-
ner informs the writer, was found near Burlington in Flint
creek. The tooth has been restored somewhat. It shows twelve
or thirteen ridge plates and appears to be a very large first
upper molar of Elephas columbi.

J. D. Whitney (Geol. Surv., Wisconsin, Vol. T, 1862, p. 135)
stated that remains of the extinet peccary had been found at
Burlington. It was probably Platygonus compressus.

16. Lyons Township, Mills County.—The Gladwin section
was described by Calvin (Bull. Geol. Soc. Amer., XX, p. 344)
and a figure was presented of the teeth of a horse found here.
The location is on the east one-half, section 35, Liyons township
(township 71 north, range 43 west), as given by Shimek (Bull
Geol. Soc. Amer., XXI, p. 138). This is in the southwestern -
corner of Mills county. The remains of the horse are here de-
scribed under FEquus complicatus. The teeth have the catalog
numbers 219 and 220.

17. Akron, Plymouth County—Calvin (Bull. Geol. Soc.
Amer., Vol. XX, p. 355) described the finding of two molars of
the mastodon, Mammut mirificum, with portions of the tusks
and fragments of cranial bones in a well sunken to the Afto-
nian, near Akron. The well, more fully deseribed by Shimek
(Bull. Geol. Soc. Amer., XXT, p. 126) has a depth of twenty-
four feet, reaching down probably to the Nebraskan. Two sloth
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bones also were found here. The mastodon remains are de-

scribed on a future page as Rhabdobunus mirificus. The sloth
remains consisted of the ankylosed first and second phalanges

of the third digit of the hind foot of a ground sloth, probably
a species of Megalonyx.

18. Rodney, Monona County—In Grant township (town-
ship 85 north, range 44 west), are three exposures of Afto-
nian, but none have yet afforded vertebrate fossils. A sand pit,
the Woodward, is found in the southwest quarter of section 9,
about two miles southwest of Rodney (Shimek, Bull. Geol. Soe.
Amer., XXI, p. 128; Towa Geol. Surv., XX, p. 344). "An expo-
sure occurs on the northwest quarter of section 7 (Shimek, Towa
Geol. Surv., XX, p. 341, pl. XXVTI, fig. 1); also on the south-
west quarter of section 17 (Shnnek Bull. Geol. Soc. Amer,
XX1,. p: 128).

19. Turin, Monona County—In the northeastern part of
Turin is located the Elliott gravel pit, which has furnished a
considerable number of vertebrate fossils, elephants, masto-
don, camel, horses, etc. It was referred to by Calvin (Bull
Geol. Soc. Amer., XX, pp. 344, 345) and has been more par-
ticularly deseribed by Shimek (Bull. Geol. Soe. Amer., XXI, p.
. 129; Towa Geol. Surv., XX, p. 340), with lists of fossils,.

Three species of horses seem to be represented in the re-
mains found in this pit. No. 283 b of the collection at Iowa
City is referred to Equus excelsus; Nos. 122 a, 136, 227, 282,
283 a, and 284, to Equus niobrarensis; and Nos. 261, 184, 242 q,-
242 b, and 285 to Equus complicatus. Here was found the fine
radius of the sloth Megalonyx represented on plate V, fig. 3.
The elephants Elephas imperator and Elephas colwmbi were
both reported from this locality by Calvin. In the collection at
the State University is a last upper molar of the mastodon
Mammut americanum from the Elliott pit. In the same collec-
tion is a part of an incisor of the giant beaver Oastorozdes
ohioensts.

20. Castana, Monona County.-—The Ordway pit is located
on the right bank of Maple river, opposite Castana. It is de-
scribed as being on the southeast quarter of section 13, Kenne-
beec township (township 84 north, range 44 west) (Shimek,
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Bull. Geol. Soc. ‘Amer., XXI, p. 130). The Aftonian, eight to
twelve feet thick, rises about forty feet above the Maple bot-
tom lands. In the pit are found many heavy-shelled unios and
smaller mollusks. About cne-eighth of a mile distant, in an old
pit, there was found some years ago, by Mr. J. B. P. Day, a
large scapula, now No. 91 of the Iowa University collection.
Shimek (Iowa Geol. Surv., XX, p. 357) mentions a sand pit on
the southeast quarter of section 35 of this same township.

In the collection of the State Historical Department, at Des
Moines, is a large tusk, No. 5534, which is labeled as having
been found in a well at Castana. It is not known whether it
belonged to one of the elephants or to one of the mastodons.
It was found by Mr. J. B. P. Day.

21. Riwver Jumction, Johnson County.—At this place, in

“section 12, township 77 north, range 6 west (Fremont town-

ship), on a river sand-bar, there was collected by Professor
Shimek the tip of a proboscidean tusk. It has the catalog num-
ber 158 in the collection of the State University of Iowa.

22. Marble Rock, Floyd County.—Here was found in the
southwest quarter of section 16, Union township (township 94
north, range 17 west), a fine tooth of the mammoth Elephas
primigentus which is in the collection of the State University,
and has the number 381. It was found by Mr. G. W. Ritter and
secured for the collection by Mr. A. O. Thomas, in some grav-
els, which are valley trains formed by the melting of the Wis-
consin ice-sheet. The pit where the tooth was found is known
as the Chicago, Rock Island and Pacific gravel pit. This tooth
is referred to on another page. Number 299 of the same collec-
tion is a fragment of a much worn molar from Marble Rock.
It is credited to Mr. Mitchell. Number 17 Jf the same collec-

‘tion appears to be a second true molar of Elephas columbi.

There are ten plates present, but some are missing from the
rear. The enamel is thick. Some years ago a fine tusk was un-
covered here; but it erumbled soon after exhumation and none
of it was saved. It belonged probably to Mammut americanum,
the mastodon.

23. Robinson pit, Harrison County.—Shimek (Bull. Geol.
Soc. Amer., XXI, p. 134; Iowa Geol. Surv., XX, pp. 336, 337)
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describes the Robinson pit found on the southeast quarter of
séction 16, Raglan township (township 80 north, range 44 west).
He presents a list of the fossils, but no vertebrates had been
found there up to that time.

24. South Omaha, Nebraska.—Professor Shimek (Bull. Geol.
Soc. Amer., XXI, p. 138) described a section found in the Off-
erman pit at South Omaha. From this had been obtained re-
mains of the horse Equus and of an elephant supposed to be
Elephas imperator. :

25. Muscatine, Muscatine County.—At Muscatine there are
afforded sections of Pleistocene deposits. MecGee (11th Ann.
Rep., U. S. Geol. Surv., pp. 491-493, pl. L) described one of
these and presented an illustration. Leverett (Monogr. U. S.
Geol. Surv., XXXVIII, p. 47) states that the section has an ex-
tent of from 165 to 200 feet. He seems to find here Nebraskan
till, Aftonian peaty soil, Kansan till, silts and fine sands that
appear to have the position of the Yarmouth, Illinoian drift,
Sangamon black soil, and loess referred to the Towan. Calvin
(Bull. Geol. Soc. Amer., XX, p. 143) speaks of probable San-
gamon here. Shimek (Bull. Geol. Soe. Amer., XXI, p. 139) has
examined the Aftonian at this point. He states that Prof. F.
M. Witter at one time found in a layer of gravel at the top of
this Aftonian, a part of a molar of the mammoth, Elephas
primigenius. The same writer (Proc. Towa Acad. Sci., Vol
XTIV, p. 239) described an exposure facing Hershey street, near
(ireen street, which showed three feet of bluish gray fossilifer-
ous loess on Kansan drift and covered by Illinoian drift. See
also J. A. Udden in Iowa Geol. Surv., IX, pp. 328-362. A
section is to be seen at the brickyard east of Mud creek. At
the State University of Towa the writer has seen a molar tooth
(Cat. No. 357), probably the second upper true molar, which
had been found in a public road cut along Mud creek at Mus-
catine. The finder of the tooth was Mr. F. M. Van Tuyl. In a
note to the writer Shimek states that the Nebraskan is here
well developed, as at other points below Muscatine. In what
was supposed to be loess Prof. F. M. Witter found remains of
a caribou described on a succeeding page as Rangifer musca-
tinensis.




62 : PLEISTOCENE PERIOD IN IOWA

26. Toledo, Tama County—Near the town of Toledo, on
the southwest corner, section 19, Toledo township (township
83 north, range 15 west), is a geological section which was de- -
seribed by Doctor Calvin (Bull. Geol. Soc. Amer., XX, p. 136,
pl. I, fig. 2). He says that the two drifts (Kansan and Ne-
braskan) are separated by a mere thin soil band. The lower
drift is compact but plastic, and left the imprint of the steam
shovel, while the upper, or Kansan, broke into angular frag-
ments. Professor Savage probably referred to the same sec-
tion (Iowa Geol. Surv., XIII, p. 230, fig. 28). According to him
the old soil is eighteen inches or two feet thick, with fragments
of wood, bits of roots, ete. This would be Aftonian.

27. .Oelwein, Fayette County—Calvin (Bull. Geol. Soc.
Amer., XX, pp. 139, 140, pl. II, fig. 2) tells of an old tamarack
- swamp here, three feet thick, with great quantities of com-
pressed moss, ‘‘almost as fresh as when it grew,’”’ underlain by
dark Nebraskan and covered by twenty feet of Kansan and
Towan till.

W J McGee (11th Ann. Rep., U. S. Geol. Surv., p. 489) men-
tions an exposure, probably the same, one mile north of Oel-
wein. See also Macbride in Proc. Iowa Aecad. Sci., IV, p. 63.

28. Yarmouth, Des Moines County—On the border of the
village of Yarmouth, on the property of William Stelter, was
made a well which furnished Professor F. Leverett the sec-
tion published here on page 27. At a depth of about thirty-
four feet were struck deposits amounting to about forty-three
feet which take their name Yarmouth from this village.
For further information consult Leverett (Monogr. XXXVIII,
pp. 41, 120 ; Proc. Iowa Acad. Sci., V, p. 82). From the well men-
tioned there was obtained a portion of the pelvis and part of a
- femur of a rabbit, Lepus sylvaticus, and the seapula of a gkunk,
Mephitis mephitica. The identifications were made by Dr. F.
W. True, of the U. 8. National Museum. It is very probable
that more complete skeletons of these animals would indicate
different, possibly extinct, species.

29. Dawvenport, Scott County.-—The geology of the vicinity
of Davenport has been discussed by many writers. McGee
(11th Ann. Rep. U. S. Geol. Surv., p. 491, fig. 77) describes a
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section. In Monograph XXXVIII of the U. S. Geological Sur-
vey, on pages 49, 128, and 167, Leverett presents and discusses
three sections here. From these we learn that there are seen
in this city, at the top, what Leverett then called Iowan loess;
then, at one point at least, an old soil about one foot deep which
lies on Illinoian till, and is to be regarded as Sangamon; below
the Illinoian till, at one point, a clay that appears to represent
the Yarmouth interglacial stage; and below this from 25 to
40 feet of Kansan. At the junction of the Iowan loess and a
blue clay, apparently regarded as Illinoian drift, in a railroad
cut, were found remains believed to belong to Elephas primi-
genius, the elephant. Besides the papers cited the reader may
consult Leverett (Zeitschrift Gletscherkunde, Vol. VI, p. 296);
Calvin (Bull. Geol. Soc. Amer.,, Vol. XX, p. 143); Shimek
(Bull. Lab. Nat. Hist., Iowa Univ., Vol. V, p. 361; Jowa Geol
Surv., Vol. XX, p. 376) ; Norton (Iowa Geol. Surv., Vol. IX, p.
471); McGee (11th Ann. Rep. U. 8. Geol. Surv., p. 491, fig. 77).

Professor Shimek informs the writer that his footnote
(TIowa Geol. Surv.,, Vol. XX, p. 376) was, with respect to the
Aftonian, perhaps too positive. He had chiefly in mind the
presence of two loesses and the reference of these is quite defi-
nite and positive. The same general region presents both Af-
tonian and Nebraskan.

W. H. Pratt (Davenport Acad. Sci., Vol. I, 1876, p. 96) gives
an account of an examination of a section exposed by the Chi-
cago, Rock Island and Pacific railroad, west of Davenport.
Among other things a tusk, several molars and some bones of
a mammoth were found. These are said to have been placed in
Griswold College, but they appear to have been transferred to
the Davenport Academy of Sciences. These are the elephant
remains referred to by Leverett as above cited. Shimek (Iowa
Geol. Surv., Vol. XX, p. 376) gave a different interpretation to
the section described by Pratt. Shimek regards the ‘‘bluish
gray clay,”” Pratt’s No. 3, as beirg the post-Kansan loess; the

peat and the ancient soil as being Aftonian instead of Sanga-
mon. According to this interpretation the Kansan drift is
missing at that point, as well as the Illinoian. Possibly the
elephant bones represent the Illinoian stage.
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In the Davenport Academy collection is a large molar of an
elephant which was found on the farm of Mr. Sullivan, near
Buffalo, Scott county. H. W. Parker (Science, series I, Vol. IV,
1884, p. 46) mentions elephant remains which had been found
near Davenport. J. A. Udden (Geol. Surv. Towa, Vol. IX, 1899,
p. 356) states that mastodon remains have been found in the
western part of Davenport, from Sangamon soil, resting on
Illinoian till. Leverett (Monogr., U. S. Geol. Surv., XXXVIII,
p. 167) discusses the geological position“of this specimen and
thinks that it may have been derived from the Sangamon soil
and redeposited in the loess.

30. Montpelier, Muscatine County.—Calvin (Bull. Geol. Soc.
Amer., XX, p. 143) mentions this as one locality near the vil-
lage of Montpelier which seems t¢ present Sangamon deposits.

Here may be recorded the elephant remains reported by
Doctor Udden from near center of the southwest quarter of
section 12, township 77 north, range 1 west (Sweetland town-
ship). They are said to have been found in a peat deposit
which contained large pieces of gymnospermous wood. The
bones are reported to have been placed in Mr. Charles Weir’s
museum in Muscatine. The peat is regarded as belonging to the
Sangamon. As explained in a note on the elephants of Mus-
catine county, on a succeeding page, the name just mentioned
should be James M. Wier and the bones are now in the Musca-
tine Library. - ‘

31. Des Moines, Polk County.—Calvin (Bull. Geol. Soc.
Amer., Vol. XX, p. 148) mentions sections here, in which are
shown, (1) Kansan drift; (2) fossiliferous loess, containing
terrestrial mollusks; (3) Wisconsin drift. In the collection of
the State Historical Department, at Des Moines, the writer
examined an upper last molar of the mastodon, Mammut amer-
icanum, which had been found somewhere about Des Moines.
In the same collection are some teeth of the mammoth, Elephas
primigenius, found in the city; likewise others belonging to
Elephas columbi. It is unfortunate that no exact record has
been kept regarding the levels where these teeth oceurred.
For mention of these see under notes on Elephants which have’
been found in Iowa. In the National Museum there is a thor-
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oughly petrified tooth of some species of bison which was sent
from Des Moines many years ago by Claude D. Brown. It is
mentioned further under Bison antiquus.

Here may be mentioned some bones which are reported by
Prof. J. L. Tilton (Pleistocene deposits of Warren county, Iowa,
p. 26) as having been found in a gravel pit at Avon, Polk county.
Among these bones were some large ones and a tusk which were
supposed to belong to a mastodon. ILater other bones were
found, one of which the writer has examined. It belongs to a
caribou (Rangifer muscatinensis). The exact age of this de-
posit is not known, but the caribou indicates at least a pre-
Wisconsin stage. ‘

32. Carroll, Carroll County.—Calvin (Bull. Geol. Soc. Amer.,
Vol. XX, p. 149) refers to Shimek’s studies here, which show,
from below upwards, (1) typical Kansas drift, oxidized and
weathered; (2) an old blue fossiliferous loess, with a weather-
stained band at the top; (3) a much younger, unaltered, yel-
low, post-Iowan loess and (4) Wisconsin drift. Only a single
fossil has been secured. In the collection of the State Univer-
sity of Towa is the distal end of the left tibia of an elephant or
mastodon, No. 10 of the catalog. The fragment is about one
foot long and the articular face is perfectly preserved. This
bone was found by Mr. Henry Aitkin. Shimek (Bull. Lab,
Nat. Hist., Univ. Iowa, Vol. V, p. 367) reports here a gumbo
and a black mucky soil overlying Kansan drift. This might
belong to the Yarmouth. See Shimek on various exposures
near Carroll (Proc. Towa Acad. Sci., Vol. XIV, pp. 239-240).
In a later publication (Iowa Geol. Surv., Vol. XX, p. 390)
Shimek gives the following section found northeast of Carroll:

FEET.

B SWABCONRIR-ARITE o = S el e R R R s el | 1-5
5. Yellow loess (post-Iowan?) about....................... 10
4. Bluish gray loess (post-Kansan)....................... 5-6
3. Black, mucky, soil-likeband ............... .. .. ... ... 1
2. Heavy, reddish joint-clay (Loveland) .................. 1
1. Kansan drift.

33. Near New Boston, Lee County, in an exposure along
the Santa Fe railroad.—Leverett (Monogr. XXXVIII, U. 8.

Geol. Surv., p. 31) mentions the cecurrence of a sheet of loess
5
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underlain by a black gummy clay (gumbo). In this was found
and examined some coniferous wood, probably spruce, accord-
ing to F. H. Knowlton.

In Netta C. Anderson’s list Mr. Justus M. T. Myers reported
having found, on Lost creek, in this county, a leg bone, a short
rib, and piece of tusk; and, on Sugar creek, a molar. These
may have belonged to either a mastodon or a mammoth.

34. Near Blue Grass, Scott County.—Leverett (Monogr. U.
S. Geol. Surv., XXXVIII, p. 46) found, both north and south of
this place, evidences of what are probably Sangamon and Yar-
mouth soils and weathered zones.

35. West Point, Lee County.—Leverett (Monogr. U. S. Geol.
Surv., XXXVIII, p. 53) presents a section observed in a ra-
vine, about one mile northeast of West Point, which shows what
he then regarded as follows:

Yellow st Or JIOess: (CLOWOIY & e eyt b e s i s ey 6
Sefll | -(Satigamon ). oo il vl vae o M PR W La 5
Brown till, with bowlders (Illinoian) ..................... 15
Bilaek K e EaEmMOTRN) Sl o i g e 8 i s o 5. Y e 5 6
Brown”-clay S KCRmsamy i S - o o N e e B R LR 15
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See alsolLeverett in Proceedings of the Iowa Academy of
Science, Vol. V, pages 79, 83.

36. Near Fayette, Fayette County.—On the southwest quar-
ter of the northeast quarter of section 3, Smithfield township
(township 92 north, range 8 west), two miles south of Fayette,
MecGee (11th Ann. Rep., U. S. Geol. Surv., p. 488, fig. 74) found
a section in a railroad cut, where was seen an old forest bed
with fragments of wood.

37. Near Maynard, Fayette County—McGee (11th Ann.
Rep. U. S. Geol. Surv., p. 489, fig. 75) found one foot of an
ancient soil, with some wood, identified as cedar and ash.
Three sections of a partly silicificd tree trunk, seven inches in
diameter, were seen. Above the soil there was eight feet of drift
with bowlders, and below the soil a compact blue clay. The
locality is in a railroad cut, one mile south of Maynard.

38. Near Iowa City, Johnson County.—On the southeast
quarter of the southwest quarter of section 11, Union township
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_(township 79 north, range 7 west), McGee (11th Ann. Rep.
U. S. Geol. Surv., p. 490) discovered a geological section which
showed six inches of peat beneath five feet of loess. A similar
section, with eighteen inches of peaty clay, was seen in the
southwest quarter of the northwest quarter of section 10, town-
ship 78 north, range 7 west (Sharon township). For fossils of
this locality see Shimek in Bull. Lab. Nat. Hist., Towa Univ,,
Vol. V, p. 365.

This author, as cited, describes sections in township 79 north,
ranges 6 and 7 west, which present post-Kansan and post-
Towan loesses. The lower is pale bluish gray; the upper, yel-
low. The lower is often underlain by gumbo. Each loess may
be from four to six feet thick; the gumbo, one foot.

See also page 366 of the paper just cited, where exposures in
the north part of Johnson county are mentioned.

In Madison township (township 80 north, range 7 west)
Shimek (Proc. Iowa Acad. Seci., Vol. XV, p. 60, pl. VI, fig. 1)
found sections in which the loess is banded with layers of sand.

In section 27, township 79 north, range 6 west, there was dis-
covered some years ago, at a time of low water, in the bed of
Jowa river, a nearly perfect tusk belonging probably to Elephas
primigenius (Pl LVII, fig. 1). The catalog number in the
collection of the State University of Towa is 115. In 1913 there
was found at nearly the same place a nearly perfect first lower
molar. This is yet in the possession of the finder.

39. Albia, Monroe County—McGee (11th Ann. Rep. U. S.
Geol. Surv., p. 493, fig. 78) describes an exposure of loess, ‘‘up-
per till,”’ a forest bed with grasses, stems of indigenous plants,
cones, rootlets, etc. The locality is just north of the town of
Albia,

40. Sol Smith Lake, Harrison County.—Shimek (Towa Geol.
Surv., Vol. XX, p. 337) describes the Wallace pit, found in the
northwest quarter of section 31, Little Sioux township (town-
ship 81 north, range 45 west). The pit is just north of Sol
Smith Lake. Aftonian deposits are found here. See Shimek

_also in Bull. Geol. Soc. Amer., Vol. XX, p. 405 and Vol. XXI,
p. 134,
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41. Wilkenson well, Monona County.—Shimek (Iowa Geol.
Surv., Vol. XX, p. 343) described a well in the northwest quar-
ter of section 6, Cooper township (township 85 north, range 42
west), which is known as the Wilkenson well. At a depth of
from thirty-five to forty feet, in loose sand and gravel, a molar,
a part of a tusk (Pl. XLIX, fig. 1) eight feet long on outer
curve, and fragments of cranial bones of a mastodon were
found. These were regarded as occurring in the Aftonian de-
posits. In the collection at the State University of Iowa the
tusk has the catalog number 234; the cranial bones, the num-
bers 204-211; and the upper end of an ulna, the number 203.

Under this number may be mentioned the Pinckney pit, in
the southwest quarter of section 30, Cooper township (town-
ship 85 north, range 42 west) (Shimek, op. cit., p. 357).

42. McCleary pit, Monona County—Shimek (Iowa Geol
Surv., XX, p. 344) describes the McCleary pit on the southwest
quarter of section 1, Saint Clair township (township 84 north,
range 42 west). No vertebrate remains were found, but some
Unio shells were discovered. '

43. McGavern pit, Harrison County—What is known as the
MecGavern pit is located on the southeast quarter of section 27,
St. Johns township (township 78 north, range 44 west). Con-
sult Calvin (Bull. Geol. Soc. Amer., XX, p. 140, pl. ITI, fig. 2)
and Shimek (Bull. Geol. Soc. Amer., XX, p. 406, pl. XXXVI,
figs. 1, 2). Shimek (Iowa Geol. Surv., XX, p. 351) describes the
pit accurately. No vertebrate fossils were found. Displaced
and disturbed Aftonian was observed.

44, Persia, Harrison County.—Shimek (Iowa (eol. Surv.,
Vol. XX, p. 352) describes a section observed in a pit on Mos-
quito creek, near the town of Persia.

45. Mefferd pit, Harrison County.—Shimek (Iowa Geol.
Surv., Vol. XX, p. 332) describes a geological section found in
the southeast quarter of section 31, township 80 north, range 41
west (Douglas township). Aftonian deposits oceur in the see-
tion, but no fossils were found.

46. Near Grand Vfiew,‘Louisa, County.—J. A. Udden (Geol.
Surv. Iowa, Vol. XI, p. 109) reported from the southwest quar-
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ter of the southwest quarter of section 11, Grand View town-
ship (township 75 north, range 3 west), near Grand View, a
soil intervening between the loess and the upper till; said to
be black and peaty. An elephant’s tooth of unknown species
was once found in digging a shallow well in section 28 of the
same township. Aftonian sands and gravels are reported by-
Udden to have been observed on the southeast quarter of sec-
tion 2.

The soils and the elephant tooth would belong probably to
the Sangamon.

47. Pottawattamie County.—J. A. Udden (Iowa Geol. Surv.,
Vol. XI, p. 260) reported that a bison skull had been dug out
of a well at a depth of fourteen feet, in the loess. The locality
is near the middle of the east line of section 28, James township
(township 76 north, range 40 west). This bison belonged prob-
ably to Bison occzdentalzs or it may have been B. antiquus.

Near the same locality a stone ax is said to have been found
in the loess at a depth of thirty feet. It is unfortunate that
such finds cannot be verified.

48. Oneida Township, Delaware County.—Calvin (Ilowa
Geol. Surv., VIII, p. 165) tells of a forest bed being found be-
low Kansan in trenches dug along a roadside in Oneida town-
ship. This would be Aftonian, if the drift called Kansan is
really such. The locality is on the southwest quarter of sec-
tion 6, township 89 north, range 4 west.

49. Near Leon, Decatur County—Bain (Iowa Geol. Surv.,
Vol. VIII, pp. 287-8) reported an exposure showing a black
“‘gumbo’’ soil which contained some roots. It is located on the
southwest quarter of section 29, Center township (township 69
north, range 25 West) This would probably belong to the Af-
tonian.

50. Near Dalton, Plymouth County—Bain (Iowa Geol.
Surv., Vol. VIII, p. 336) reported an old soil in an exposure
seen on the southeast quarter of section 11, township 92 north,
range 46 west (Washington township). This is near Dalton,
and west of Le Mars. ]

51. Le Mars, Plymouth County. (Iowa Geol. Surv.,
Vol. VIII, p. 336) reported an exposure of an interglacial de-
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posit here. The loess rests on stratified gravels and is about
three and one-half feet thick. Here was found an imperfeet in-
nominate bone, No. 259 of the collection at the State University
of Towa, which may have belonged to the mastodon Mammut
americanum or to Rhabdobunus mirificus. Recently in a gravel
- pit at this place Prof. G. F. Kay obtained a'large fragment of a
limb bone of some proboscidean, No. 379 of the collection.

52. Near Mouth of Broken Kettle Creek, Plymouth County.—
Bain (Geol. Surv. Iowa, Vol. VIII, p. 348) tells of a terrace
forty-five feet above low water of Sioux river at this place
which contains many unios. These, as the writer is informed
by Professor Shimek, are connected in large part, if not wholly,
with the work of the aboriginal inhabitants. Possibly some of
those near the level of the river plain are a part of an alluvial
deposit. Those higher up seem to be connected with refuse -
heaps.

On section 11, township 90 north, raunge 48 west (Hancock
township) was seen. a bit of old soil on the slope of a hill, in
a wagon road cut, just west of Dalton. This old soil was from
twelve to eighteen inches thick and lay between Kansan drift
and the loess.

53. Near Albion, Marshall County.—Beyer (Iowa Geol.
Surv., Vol. VII, p. 231) reported an exposure of probable Af-
tonian near this place in or near sections 1 or 2, township 84
north, range 19 west. There are gravels and sands about ten
feet thick, underlain by a blue till supposed to be Nebraskan.
In Nettie C. Anderson’s list, Professor Norton reported that
a large molar of a mammoth, in a perfect state of preservation,
had been found in Towa river, near Albion. It is in Cornell
College, Mt. Vernon, Towa.

54. Near Wapello, Louisa County.—J. A. Udden has re-
ported (Geol. Surv. Towa, Vol. XI, p. 109) that old soils occur
near the center of section 23, township 74 north, range 3 west
(Port Louisa township). Below peat Udden observed dark
curving cylinders resembling animal burrows going down into
the underlying deposit. A soil was observed in the northwest
quarter of the northwest quarter of section 15 of the same
township. KEast of the north and south railroad bridge the peat
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is replaced by a thick tangle of decayed gymnospermous plants.
These soils and peats belong to the Sangamon.

Under this number may be mentioned a tooth of the ele-
phant, Elephas primigenius, No. 61, of the State University
collection, which is labeled as having been found near Wapello.
It is much worn. Its geological age is unknown.

Udden, as cited, page 110, reported that Mr. George Gresham
had found in what was regarded as Sangamon soil, in the
northwest quarter of section 14, township 74 north, range 3
west (Port Louisa township), the antler of a deer. Mr. Gres-
ham has informed the writer that he still has a part of this
antler. It is not probable that this belonged to any living spe-
cies of deer.

55. Near Fort Dodge, Webster County—F. A. Wilder
(Iowa Geol. Surv.,, XII, pp. 130-131) reports Aftonian sand-
stone and gravel in a pit of the F't. Dodge Brick and Tile Com-
pany.

56. Denmark, Lee County.—Leverett (Proc. Iowa Acad.
Sci.,, Vol. V, pp. 79, 83) discusses the presence of old soils,
Yarmouth and Sangamon, in Lee county. Various exposures
along the roadside were observed between West Point (see
locality No. 35) and Denmark and between Denmark and F't.
Madison. In all such exposures search should be made for re-
mains of organized beings.

Here may be recorded fossil remains found not far from F't.
Madison and which are further described under Notes on the
Mastodons which have been found in Iowa.

57. Malvern, Mills County.—J. A. Udden (Iowa Geol. Surv.,
Vol. XIII, p. 170) reported the discovery of mammoth remains
at Malvern. These had been found in 1879, at the crossing of
First avenue and Railway street, in grading the Chicago, Bur-
lington and Quiney railway. Three teeth, a part of a tusk and
two long horns are reported to have been found. These re-
mains are now preserved at Tabor College and have been ex-
amined by the writer. They are described in their proper
place under Notes on remains of Elephants which have been
found in Iowa.
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58. Washington Township, Pcttawattamie Couwnty.—J. A.
Udden- (Iowa Geol. Surv., Vol. XI, p. 260) reported that the
bones of an elephant had been found in section 34, township 75
north, range 41 west. Apparently they occurred in the loess.
Where these bones now are and to what species they belonged
is not known to the writer. .

59. Near Morning Sun, Lowisa Couazth Udden (Iowa
Geol. Surv., Vol. XI, p. 106) mentions old’ \oﬁmwhlch belong
to the Yarmouth stage as oceurring in a ravine in the south-
west quarter of the southwest quarter of .section 32, township
73 north, range 3 west (Morning Sun township), and again
near the northwest corner of section 33.

60. Lyon County.—Shimek (Bull. Geol. Soc. Amer., Vol
XXIII, 1912, p. 137) gives the following section found in the
southwest quarter of section 33, Centennial township (town-
ship 99 north, range 48 west): (1) Nebraskan, typical blue-
black till, with large numbers of bowlders, 60 feet; (2) Afto-
nian, chiefly sand, with a few lines of pebbles, capped by about
2 feet of silt containing shells, 10 feet; (3) Kansan, 15 feet ex-
posed, but with Kansan bowlders on hillside to height of 85
feet above the section. ‘‘Finest exposures of Nebraskan yet
discovered, and the exposure is clear for fully 60 feet.”

61. Lyon County.—On the northwest corner, section 21,
Centennial township (township -99 north, range 48 west)
Shimek (Bull. Geol. Soc. Amer., XXIII, p. 138) obtained the
following section:

"FEET.
3. Kansan, typical ....... TR et T R S A S 5 ot R 15
2. Aftonian—DX.0ose sand and gravel.........cccoevennennan 24
Conglomerate forming a ledge ............... 514
White, calcareous, marly stratum, probably
s Aotond st e AT SiAE L S A L 5
1. Nebraskan, typical, tocreek ............ e R oL ko e Al 15

Shimek publishes another exposure in the same section and
two others seen in the next township west, number 49.

62. Union County, South Dakota—From Otis Mill, Union
county, southwest quarter of section 29, township 94 north,
range 48 west, Todd (Elk Point folio, No. 156, U. 8. Geol. Surv.,
p. 4) reported that a lower jaw of a horse had been found.
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Shimek (Bull. Geol. Soc. Amer., Vol. XXIII, p. 140) reported
the deposit as Aftonian, being a bed of fossiliferous silt resting
on Cretaceous. Shimek informs the writer that the fossilifer-
ous stratum has been referred to the loess, but that the mollus-
can fauna is distinetly of the alluvial type. Above the silt is
a stratum of gravel, and on this a thick bed of Kansan drift,
which in turn is covered with loess.

In Sioux County, Iowa, about two miles north of Chatsworth,
Shimek (Bull. Geol. Soc. Amer., XXI, p. 127) found Aftonian
sand and gravel in a cut along the Chicago, Milwaukee and St.
Paul railroad. No fossils are reported.

63. Fawrview, Lincoln County, South Dakota.—Shimek
(Bull. Geol. Soe. Amer., Vol. XXTI, 1912, p. 144) reports ex-
posures one mile south of Fairview along the Chicago, Mil-
waukee and St. Paul railroad:

2. 30 feet gravel, Aftonian?
1. Nebraskan, typical blue-black.

Between the two is a silt band, tough, reddish, and laminated.
64. Granite, Lyon County—About one mile west of Gran-
ite Shimek found the following section:

3. A gravelly yellowish stratum of uncertain age......... 3-6
2. Bed: of sand ahd gravel il e i R S L et o 3-5
1. Weathered grayish drift, probably Kansan, exposed..... 5

“A worn fragment of the molar of a horse was found in the
gravel bed.”” (Shimek, Bull. Geol. Soe. Amer., Vol. XXIII,
pp. 145, 151.) The tooth may have been derived from some
older deposit, but probably not.

65. Near Morning Sun, Louisa County—In the bank of Ot-
ter creek, on the northwest quarter of section 25, Morning Sua
township (township 73 north, range 4 west), were found some
years ago some remains of an elephant, consisting of a lower
jaw, with a tooth, part of the pelvis, ribs, and piece of tusk.
Here the bank of the creek consists of materials resembling a
Sangamon soil (Udden, Geol. Surv. Towa, XTI, p. 110).

66. Grinnell, Poweshiek County—J. A. Udden (Augustana
Lib. Publ, No. 5, p. 53) reported mastodon remains from this
place. Details are not given. '
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Barbour (Science, ser. 1, Vol. XVI, 1890, p. 263) gave an ac-
count of the discovery of remains of two elephants at Grinnell.
Tusks, teeth and other parts are reported. See an earlier re-
port by H. W. Parker (Science, Vol. IV, 1884, p. 46). Some of
these remains are in Grinnell College, and these have been ex-
amined by the writer. The tusk and teeth found in Grinnell
belong to Elephas primigenius. These remains are further dis-

cussed in the part of this paper devoted to the elephents found
in Towa. :

67. Marengo, Lowa County—No. 324 of the colleciion at the
Towa State University is a first lower true molar which was
found by Mr. Wm. Walker along Bear creek, in the northwest
quarter of the northwest quarter of section 25, Marengo town-
ship (township 81 north, range 11 west). This tooth belongs to
Elephas primigenius (Pl LV. fig. 3). From the alluvial depos-
its along Iowa river, at Marengo, was obtained a nearly com-
plete lower jaw of an Elephas (Calvin, Bull. Geol. Soc. Amer.,
Vol. XX, pl. XXV, fig. 3). Calvin regarded it as Flephas co-
lumbi, but the great number of plates, nine, in a 100 mm. line,
the relatively small size of the teeth and the thinness of the en-
amel indicate Elephas primigenius.

68. -Monona County.—Shimek (Bull. Geol. Soc. Amer., XXT,
p- 129; Towa Geol. Surv., Vol. XX, p. 347) described the Wen-
iger pit, situated on the east one-half of section 18, Kennebec
township (township 84 north, range 44 west). The Aftonian
here rises to about forty feet above the Missouri river bottoms.
Above it is typical Kansan drift. No vertebrate fossils have
yet been found at this place.

69. Correctionville, Woodbury County—In the collection at
the Towa State University is a much worn tooth of Elephas
primigenius, possibly the last milk molar. This was found in
the Gilleas pit and is numbered 355. In the same collection are
a horn-core, No. 350, and the base of a skull of a bison, both
probably of the same individual, and belonging to Bison occi-
dentalis. They were found in the Welch pit. There is also the
scapula of a bison from this locality, No. 354. It may have be-
longed to the species named above, but of this one cannot be
certain. Here, too, were found two portions of antlers of some
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species of caribou. These are Nos. 352 and 351 of the collec-
tion at the State University of Iowa. They will be described
and figured in their proper place. The caribou antlgrs, to-
gether with the bison remains, were found in the Welch pit
and the writer regards them as older than the Wisconsin
stage.

70. Waterloo, Black Hawk County.—In the Towa State His-
torical Department’s collection, at Des Moines, are two large
last upper molars, right and left, considerably worn, Nos. 4527
and 4532, and another much worn tooth, No. 4525. They were
found in a sand pit, seven feet from the surface. They are re-
ferred to Elephas primigenius.

This region is covered by Towan drift underlain by Kansan,
but what are the relations of the sands of this pit to the two
drift sheets the facts at hand do not enable the writer to de-
termine.

71. Clear Lake, Cerro Gordo County—In the Towa State
Historical Department’s collection is a lower jaw, with right
and left last molars, of an Elephas, which the writer refers to
E. primigenius. 1t was found in 1898 by Mr. H. I. Smith and
has the catalog number 4521. There are eight plates in a 100
mm. line. The thick and somewhat crimped enamel resembles
somewhat that of Elephas columbi. This locality is on the bor-
der of the Wisconsin drift, and the age of the jaw may be post-
Wisconsin, or late Wisconsin, for the hairy mammoth might
have lingered around the borders of the glaciers.

72. Chnton, Clinton County.—In the collection of the Daven-
port Academy of Science is a lower tooth which is referred to
Elephas columbi. This was found somewhere about Clinton
by Mr. Thos. J. Fraser.

In the Chicago Academy of Science there is a tooth and ‘a
tusk of Hlephas which were found at Clinton and reported in
Nettie C. Anderson’s list by F. C. Baker.

73. Big Rock, Scott County.—In the collection of the Daven-
port Academy is a part of a tooth of an Elephas. which the
writer refers with some doubt to E. columbi. It was found at
Big Rock by Mr. A. W. Manchester. '
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75. Cherokee, Cherokee County.—To Elephas columbi is re-
ferred a tooth, No. 825, of the Jowa State University collec-
tion. Jt was found in the Turner pit, three miles north of
Cherokee, in what is called Cherokee sands.

Mr. Richard Herrmann, of Dubuque, has informed the writer
that, about 1875, a tusk of an elephant or of a mastodon was
found in a gravel pit of the Illinois Central Railroad, at Chero-
kee. The pit was on the east side of the river. This tusk was
nine feet five inches long and was broken into two pieces. The
larger piece was put in a galoon in Fort Dodge. A piece three
feet long was placed in the office of the Railroad in Dubuque.

76. Postville, Allamakee County.—In 1904 Mr. Thos. French
found four teeth, the lower jaw, and some vertebrze of a spe-
cies of Elephas, which were sticking out of the bank of Yellow
river, at a place four miles north of Postville. The remains
are in an excellent state of preservation. Mr. French still
owns these remains. This county lies wholly in the driftless
region.

77. Lake View, Sac County.—From this locality there was
obtained for the collection at the State University of ITowa the
articular end of a large scapula. From the proximity of the
spine to the anterior edge of the scapula, the writer is inclined
to refer the bone to some species of Elephas. It was found in
a gravel pit south of Lake View by Mr. John A. Spurrell. It is
catalog number 226.

78. Polk City, Polk County.—Beyer (Iowa Geol. Surv., Vol.
IX, p. 21) reported that a perfectly preserved molar of Ele-
phas primigenius was found, in 1898, by an employe of the Chi-
cago and North Western Railway Company. No details were
given and it is not known where the tooth now is. It is also
probable that Beyer did not attempt to distinguish between
E. primigenius and E. columbzi.

79. Walnut Township, Jefferson County. —J A. Udden
(Iowa Geol. Surv., Vol. XTI, p. 428) reported that the lower
jaw of an Elephas had been found in the bed of Walnut creek,
in the northwest quarter of section 28. The writer has received
a letter from the finder, Mr. Josia Bales, who says that he still
owns the specimen,
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‘Whether this belonged to E. columbi or to E. primigenius
the writer does not know. Nor is it known to what stage of
the Pleistocene it belonged.

80. Montrose, Lee County.—Number 71 of the collection at
the State University belongs to the tooth of a horse which was
found near Montrose, at a depth of twenty-five feet. At this
depth. it seems probable that Aftonian deposits had been
reached.

In Nettie C. Anderson’s list, p. 28, Mr. Justus M. T. Myers,
of Fort Madison, reported having found a tooth of Elephas
primigensus in a creek below Montrose; also a molar of an ex-
tinct elephant in Sugar creek; but the exact locations are not
given; nor is it known where the specimens now are.

81. Near Buffalo, Scott County.—There is in the collection
of the Davenport Academy of Science a large upper molar of
Elephas from Sullivan’s farm, near Buffalo.

82. Springfield Township, Cedar County.—W. H. Norton
(Iowa Geol. Surv., Vol. XI, p. 377) reported that some teeth of
a mammoth had been found in a washout, on the farm of A. T.
Whitnell, in the southeast quarter of the southeast quarter of
section 6, township 81 north, range 1 west. Two of these teeth
are now in Cornell College. This area is covered with Kan-
san drift, but the relation of the teeth to this drift is not
known.

83. Rock Rapids, Lyon County.—In the Bulletin of the Geo-
| logical Society of America, Vol. XXTI, p. 215, Professor Cal-

. vin mentioned a large atlas found here and supposed to be that
of a mastodon. It seems rather to have belonged to Elephas
primigenius. This bone is described on another page among
the Notes on remains of Klepharts which have been found in
Iowa. Other proboscidean vertebra found in the same pit are
: ‘there mentioned and the conditions in which they were dis-
covered are stated. ‘

84. Glenwood, Mills County.—J. E. Todd (Proc. Iowa Acad.
Sei., 1875-1880, p. 14) stated that there were found, between
Glenwood and Pacific Junction, tusks, teeth, jaws, humerus,
and other bones of a young Elephas americanus. Professor
Todd has stated (Bull. U. S. Geol. Surv., 158, p. 90) that these
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bones were in the base of the loess or in the top of the till.
The locality is near Keg creek. They were at the east end of
the railroad cut at that point; and from forty to fifty feet of
drift is seen there. These bones are in Tabor College.

85. Clarinda, Page County.—C. A. White (Iowa Geol. Surv.,
Vol. I, p. 353) reported that in the valley of Nodaway river,
near Clarinda, some teeth of the mastodon had been found.

86. Blanchard, Page County—Calvin (Iowa Geol. Surv,,
Vol. XTI, p. 413) stated that large bones which, from the de-
seription given, must have belonged to a mammoth or a masto-
don, had been brought up from a depth of from ninety to nine-
ty-five feet with pieces of bark and woed. These seem to have
been lying in an old preglacial valley. It is unfortunate that
such remains should be lost.

87. Rippey, Greene County.—Here was found a right scap-
ula, which the writer has examined and which he regards as be-
longing probably to the mastodon Mammut americanum. It
is in the collection of the State Historical Department at Des
Moines. It probably belonged to the same animal as the hu-
merus which bears the number 4514,

88. Boone County.—In the collection of the Iowa State His-
torical Department, at Des Moines, are various remains of
Mammut americanum. The exact locality is not given and no
details regarding depth and kind of matrix. On the map the
number is placed arbitrarily.

89. Near Adel, Dallas County—Calvin (Bull. Geol. Soc.
Amer., Vol. XXTI, p. 215) records the fact that in 1876 a com-
plete skeleton of Mammut americanwm was found here. Tt lay
in a peat deposit that partly filled a ‘‘kettle’’ in the surface of
the Wisconsin drift. It is not known what has become of this
valuable specimen.

90. New Virgwmia, Warren County—A. R. Fulton (Howe’s
Annals of Towa, Vol. II, 1883, p. 102) described, under the name
of Elephas americanus, the tooth of a mastodon which had bheen
found on Limestone creek one and one-half miles west of New
Virginia.

91. Ottumwa, Wapello County—It is stated (Kansas City
Rev. Seci. and Indust., Vol. III, 1879, p. 242) that a'Mr. Houbler
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had discovered, about six miles south of Ottumwa, the tusk of
a mastodon. This was two feet two inches long. It is impos-
sible to say whether this really belonged to a mastodon.

In the American Museum of Natural History, New York,
there is a part of the rear of the skull of a species of a musk-ox,
Ovibos, probably O. moschatus, which is credited to E. L. La-
throp, of Ottumwa. No details are known respecting the exact
locality where found.

In the Towa Wesleyan College, at Mt. Pleasant, are the nearly
complete innominate bones of a proboscidean which are labeled
as having been found in Des Moines river in Wapello county
in 1859. There are also two ribs which are labeled as having
been found near Ottumwa and presented by the Rev. E. C.
Brooks. These ribs probably belong with the pelvis and are
~ those of the Mastodon, Mammut americanum.

92. Mahaska County—In the collection of the State His-
torical Department, at Des Moines, there is an upper last molar
of Mammut americanum which is said to have been found in this
county. Nothing more definite is stated. The collector was
J. D. Davis, Des Moines. On the map the number is placed
arbitrarily.

In the collection of the Iowa State University is the right os
innominatum of a proboscidean which was found in Skunk
river in Mahaska county. The bone will be described on an-
other. page and referred provisionally to Elephas primigenius.

Dr. Mark F. Boyd, of Oskaloosa, informs the author that
the locality is about one and a quarter miles east of the bridge
of the Minneapolis and St. Louis railroad. This would prob-
ably be in the southeast quarter of section 30, township 76
north, range 15 west (Spring Creek township).

93. Wilton, Muscatine County.—One-half mile south of this
place, on Mud creek, were found remains of a proboscidean
which Calvin examined. From a photograph of the scapula
(PL. LII, fig. 1) which has been preserved, the writer refers the
remains to the mastodon Mammut americanum. (Udden, Iowa
Geol. Surv., Vol. IX, p. 352). It was probably buried in San-
gamon deposits. '
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94. Shellsburg, Benton County.—A rib and a tooth of Mam-
mut americanum were found in alluvium along Bear creek, as
reported in Nettie C. Anderson’s list, on page 25.

95. Springville, Linn County—In Nettie C. Anderson’s list,
on page 29, W. H. Norton reported the discovery of two masto-
don teeth, in or on Towan drift, near this place. I'hese teeth
are now in Cornell College.

96. Cedar Rapids, Linn County.—From Mr. B. L. Wick, of
Cedar Rapids, the writer has received photographs and de-
seription of a tooth of Elephas primigenius, which was pumped
up from the bed of Cedar river. The age of the deposit from
which it was originally derived cannot be determined.

97. Maquoketa, Jackson County.—In Nettie C. Anderson’s
list, on page 27, W. H. Norton reported the discovery of an
atlas and two vertebrae of an extinet proboscidean near the
town named. These are in the collection of Cornell College.

98. Bryant, Clinton County.—Mr. Louis Rockrohr, of Bry-
ant, has sent the writer a photograph of a last molar tooth of
a mastodon, Mammut americanum, which he found while load-
ing some gravel. It was buried at a depth of eight feet from
the surface. '

99. Milton, Van Buren Coumty.—In the collection of the
State University of Towa there is a last lower molar, of a mas-
todon, Mammut americanum, which was found in Chequest
creek, near Milton, about 1890, by W. B. Bell. The catalog
number is 382.

100. Lost Creek, Lee County.-—In Nettie C. Anderson’s list,
on page 28, Justus M. T. Myers reported having found, in Lost
creek, a leg bone, piece of tusk, and a short rib of a mastodon.
These may have belonged to either a mammoth or a mastodon.
The exact locality along Lost creek is not known.

Mr. Myers reported likewise that with these remains were
associated one human leg bone and one flint arrow head. How-
ever, the association of such remains in a creek bed is not usu-
ally of much significance. ,

101. Mount Pleasant, Henry County.—In Nettie C. Ander-
son’s list, on page 27, T. E. Savage reported that several teeth
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and bones of a mastodon had been found in a well near this
place. They were in, or immediately below, Kansan drift.
These remains are in the Towa Wesleyan College, at Mount
Pleasant.

102. Salem, Henry County—In the list published by Nettie
C. Anderson, page 27, Frank Leverett reported that some mas-
todon teeth and possibly one of a mammoth had been found, in
1884, in the valley of Big Cedar creek, Salem township, section
8. The creek had made encroachment on an old bog. Lev-
erett did not see these teeth, and they may have belonged
to either mastodon or mammoth.

In the same publication Dr. J. M. Shaffer, of Keokuk, re-
ported that he had seen two mastodon teeth which were said to
have been dug up near the bank of Skunk river, in Henry
county; but no more exact locality was given.

103. Selma, Van Buren Couniy.—In the collection of the
Towa State Historical Department, is a right humerus from
this place, presented by Mr. A. B, Adams. It has the catalog
number 4524. It lacks the proximal end. On account of its
relative stoutness, the writer regards it as belonging to the
mastodon, Mammut americanum. No details are furnished re-
specting locality or kind of deposit.

104. Floris, Davis County.—Iu the list of Nettie C. Ander-
son, on page 26, Justus M. T. Myers reported having’found in
Des Moines river, near Floris, two mastodon teeth, one weigh-
ing fourteen pounds, the other four pounds. This great weight
indicates that the larger tooth, at least, belonged to one of the
elephants. :

105. Near Clermont, Fayette County.—In Nettie C. Ander-
son’s list, page 26, Prof. T. E. Savage reported a proboscidean
tooth from this region, stating that it was in the possession of
Mr. C. E. Allen, of West Union. Mr. Allen has sent a descrip-
tion and a drawing of the tooth, and therefrom the writer con-
- cludes that the tooth belonged to the elephant Elephas primi-
genius. The tooth was found in a car-load of gravel, which
had been obtained at a depth of about twenty feet, at a place
between Elgin and Clermont. The description seems to indi-

8 ¥ 3 N
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cate that the locality is along the railroad in section 11, town-
ship 94 north, range 7 west (Pleasant Valley township).

In the same township, in section 35, was found a part of the
skull of a musk-ox, Ovibos moschatus. It was in a clay at a
depth of about twenty-six feet. The occurrence of these two
boreal species here and at about the same depth seems to indi-
cate that the animals were living there during the time of the
Wisconsin ice-sheet.

106. Webster City, Hamilton County—Here was found a -
left horn-core of Bison occidentalis, No. 2349 of the National
Museum. It was sent, in 1878, by Charles Aldrich. It was
found by him sticking out of one of the gravel bars in Boone
river, at Webster City. Although this region is covered by
Wisconsin drift, it is probable that the bone was derived from
an older deposit. It is figured on plate X1, figure 3.

107. Near Oakland, Pottawattamie County-—In the collec-
tion at the State University, is a large part of an incisor tooth
of the giant beaver, Castoroides ohioensts. It has the catalog
number -106, and it is described here in its proper place. It
was regarded by Calvin as being derived from Aftonian de-
posits. .

108. Near Dubuque, Dubuque County.—In lead crevices
somewhere about this place, Whitney collected remains of a
peccary identified by Leidy as Platygonus compressus. These
remains are referred to on a succeeding page.

At Horse Shoe Bluffs, three miles below Dubuque, there was
once found a large mammoth tooth, as the writer is informed
by Mr. Richard Herrmann, of Dubuque, who has been much in-
terested in such matters. This tooth was for a long time in a
saloon in the city mentioned.

Under this number may be included mention of a tooth of
Elephas primigenius which was found in 1896 by Mr. David
Dawson near the eleven mile post of the Illinois Central rail-
road, west of Dubuque. This tooth is now in the Herrmann
Museum. It is further mentioned under Notes on remains
of Elephants which have been found in Towa.

109. Washington Towmnship, Story County.—M. Stalker, of
Ames, Towa, (Iowa Geol. Surv., Vol IX, 1899, p. 210) gave an
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account of the finding of some ‘‘mammoth’’ remains, vertebrz,
part of a left femur, one end of the tibia, but no teeth. The
township is 83 north, range 24 west. The bones are said to be
in the State Agricultural College at Ames.

110. Clayton County.—Here may be recorded information
received from Rev. J. Gass, formerly of Davenport. In a let-
ter, dated October 20, 1911, from Postville, Allamakee county,
he informs the wrifer that mammoth teeth had been found in
sections 5, 16 and 23 of Wagner township (township 94 north,
range 5 west). No details were furnished.

111. Henton Station, Mills County.—This is a railroad sta-
tion situated about nine miles south of Council Bluffs and close
to Missouri river. Here were found two teeth of elephants,
Nos. 300 and 301 of the collection at the State University of
Iowa. The present writer regards these as belonging to Ele-
phas columbi. Here was found the distal end of a large hu-
merus, No. 305, which belonged to an undetermined species of
camel; and Calvin (Bull. Geol. Soc. Amer., Vol. XXTI, p. 211)
has reported from here a proximal phalange of another camel.
Here, too, were collected teeth of horses sent to the writer by
Prof. J. E. Marshall of Council Bluffs. They belonged to
Equus complicatus and E. laurentius.

112. Doon, Lyon County—In 1910, according to a’ letter
written by the Henry Kahl Company, and another by Fred C.
Smith, of the Sioux City Academy of Science, there were un-
earthed by a steam shovel operating on the line of the Great
Northern Railroad, at Doon, two large tusks. These were much
broken and besides soon crumbled. One of these appears to
have been about ten feet long. These tusks were found in
gravel at a depth of about twenty-five feet below the surface.
The gravels probably belong to the Aftonian interglacial
stage. It is impossible to determine whether the tusks were
those of an elephant or.one of the mastodons.

Fragments of one of these tusks belong to the collection at
the State University of Towa, but the writer has not seen’them.

113. Bertram, Linn County.—In Nettie C. Anderson’s list,
page 28, F. C. Baker, of the Chicago Academy of Secience, re-
ported that there was in the collection of the academy a tusk,
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supposed to be of a mastodon, which - was found in a gravel pit
at Bertram.

114. Columbus Junction, Louica County.—Near this place
have been found some lower teeth of Elephas primigenius.
Photographs and measurements of the teeth have been sent to
the writer by Mr. E. B. Tucker, of the town mentioned. The
finder was Mr. W. A. Devore. The exact locality has been given
as the northeast quarter of the southwest quarter of section 34,
Union township (township 76 north, range 5 west). The teeth
had been washed out of the earth and were found in a gully.
The larger tooth appears to be the lower second molar, m..;
the others, the lower first molars, m.,, right and left.

115. Indianola, Warren County—In Nettie C. Anderson’s
list, page 38, Prof. John L. Tilton, of Simpson College, reported
that a lot of large bones had beeun found six feet below the bot-
tom of a ravine, by workmen engaged in laying a cement founda-
tion for a bridge on the Chicago, Burlington and Quiney rail-
road. This was one and one-half miles east of Indianola. In
his dissertation, The Pleistocene Deposits in Warren County,
Iowa (University of Chicago Press, 1911, p. 27), Professor Til-
ton refers to these bones and regards them as belonging to
the Aftonian. The large lumbar vertebra whose measurements
he gives has been examined by the writer. From the elongated
cordate form of the centrum it is judged to belong quite cer-
tainly to an elephant. '

116. Near Hampton, Franklin County.—Here was found an
upper second molar of Elephas primigenius, in a sand pit in
section 19, township 92, range 20 west (Mott township). The
tooth was met with at a depth of six feet. The locality is close
to the border of the Wisconsin drift, and the animal probably
lived there about the time the glacial front was there or not
far away.

117. Near La Porte City, Black Hawk Couniy—In the col-
lection at Princeton University, New Jersey, are two cervieal
and three dorsal vertebrz of a bison which are labeled as hav-
ing been taken from the bank of Cedar river at this place.
From what is at present known one cannot determine to which
species of Bison these ought to be assigned nor the stage of the
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Pleistocene to which they belonged. It is possible that the
bones are those of the yet existing bison.

118. Bear Grove, Guthrie County—From this place there
was sent to the National Museun, in 1892, by V. D. Merrill, a
lower molar of an undetermined species of bison. No details
have been furnished. It is quite probable that the tooth be-
longed to the yet living bison. From Mr. G. W. Merrill, a rela- -
tive of V. D. Merrill, writing from Guthrie Center, the author
learns that the tooth was found in a gulch about ten feet deep
in the northeast quarter of the southeast quarter of section 23,

township 79 north, range 33 west (Bear Grove township).

119. Floyd, Floyd County.—Near this place, close to the
top of a twenty-five foot section along Cedar river, at the bot-
tom of fifteen inches of light brown loam, W J McGee (11th
Ann. Rep. U. S. Geol. Surv., p. 431) found some cranial bones-
and teeth of a bison. These probably belonged to the now ex-
isting species, Bison bison.

120. Mason City, Cerro Gordo County.—Prof. A. O. Thomas
informs the writer that the Gabler gravel pit, east of Mason
City, in section 11, Mason township (township 76 north, range
20 west) has furnished some Pleistocene remains worthy of
note. The gravel is post-Wisconsin in age and is a part of the
same valley train that is found lower down at Marble Rock,
Floyd county. The foreman of the pit possesses a fine Ele-
phas tooth which has a length of 278 mm., a height of 155 mm.,
and a width of 77 mm. It is worn back a distance of 120 mm.
There are between nine and ten ridge plates in a line 100 mm.
long. This appears to the writer to indicate Elephas primi-.
gemius, and the tooth is probably the last upper wolar.

121. Wainthrop, Buchanan County.—Near the east line of
this county, about five miles east of Winthrop, the head ofthe
femur of a proboscidean was found many years ago in a peaty
layer, by Doctor Calvin. It has the catalog number 373 in the
collection of the State University.

122. Dale, Guthrie County.—Number 222 of the catalog of
vertebrate fossils in the collection at the State University of
Towa belongs to some fragments of a tusk of a mastodon or
elephant which was found some years ago by Dr. J. Lonsdale.
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A foot or more of this tusk was observed to protrude from the
bank of South Raccoon river. Notice was sent to the Geolog-
ical Survey of Iowa, but before the locality could be visited a
freshet had washed the specimen out and all was lost except
the fragments mentioned above.

123. Eldon, Wapello County.-—In the collection at the Towa
State Teachers College, at Cedar Falls, is the greater part of
the left femur of a proboscidean which, according to Prof. M.
F. Arey, by a private letter, was found in the gravels along
Des Moines river, near Eldon. The present writer has seen a
photograph of this and he judges from the stout proportions
of the bone that it belongs to the mastodon Mammut ameri-
canum. The head of the bone is missing.

124. Clarksville, Butler County.—Prof. M. F. Arey of the
State Teachers College, at Cedar Falls, has informed Prof. A.
O. Thomas that there are in the collection of the State Teach-
ers College some fragments of a large tusk which had been
found in a gravel pit at Clarksville. The workmen who found
this tusk broke it into pieces in order to satisfy their misdi-
rected curiosity. Whether the tugk was that of a mastodon or
of an elephant it is impossible to state. .

125. Ida Grove, Ida County.-—In the collection of the Iowa
Historical Department, at Des Moines, is a tooth of a proboscid-
ean, which was found at Ida Grove by Mr. Henry Crane of
the town just mentioned. It has the catalog number B140.
This tusk is between four and five feet in length, and is about
four inches in diameter. It is rather slender and considerably
curved. It appears to be quite probably the tusk of an ele-
phant., =~

126. Red Oak, Montgomery County.—In the collection of
the Towa Historical Department is a lower right second true
molar, No. B264, which is labeled as having been found in the
vicinity of Red Oak and presented by William Boll and Son. It
is much worn and probably belongs to Elevhas columbs.

127. Near Hartford, Warren County.—Prof. John L. Til-
ton, of Simpson College, reports (Pleistocene Deposits in War-
ren County, Towa, 1911, p. 26) that a bone of some mammal
had been found in digging a well in section 20, township 77
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north, range 22 west (Richland township). With it were sticks
which seem to have been burnt and partly converted into char-
coal. '

128. Near Isaberty Center, Wurren Coumty.—In the publi-
cation just mentioned, page 27, Professor Tilton states that in
section 19, township 74 north, range 23 west (Liberty town-
ship) Mr. George Leeper had, in digging a well, come across
a. thigh bone three feet or more in length and a rib. These
were in the Aftonian and belonged quite certainly to some spe-
cies of proboscidean.
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THE MAMMALS OF THE PLEISTOCENE

The Pleistocene vertebrates known to have lived in Towa be-
long almost wholly to the class known as Mammalia. There
were living within the limits of Iowa, without doubt, during the
whole of Pleistocene times, also numerous freshwater fishes,
amphibians, reptiles, and birds. The hard parts of many of
these, we may he sure, were covered up in the deposits laid down
during interglacial times here and there over the state and even
during glacial times in deposits left in lakes and rivers; but, for
many reasons they are not collected. The bones of the smaller
animals do not attract as much attention as do those of ele-
phants, mastodons, horses, and bisons. The 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 often not well mineralized
and break up readily. “When, on the other hand, a fish skeleton,
for example, 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, amphibians, reptiles, and birds. Some of the
Pleistocene clays are-compact and stratified, so that they will
split into layers; and in such clays there will yet be found, no
doubt, remains of the skeletons of many animals. Inasmuch asf
such delicate objects as the shells of snails occur in abundance|
in the loess, there appears to be r.o reason why the skeletons of |
snakes and lizards, and land-inhabiting tortoises also should not |
have been preserved there. In old filled-up ponds and small
lakes that existed on the surfaces. of the various sheets of drift
and in ancient lagoons along buried river channels, there ought |
to be found the bones of many yet existing species of vertebrates .-"
and of others that have become extinct.
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From an old dried-up lake in Oregon Dr. R. W. Shufeldt has
described the remains of many species of water-birds. Remark-
ably few such things have up to the present been discovered in
Towa. In some of the regions in Iowa where limestone occurs
there may yet be found caves in which the bones of various
vertebrates may occur. Prof. J. E. Todd mentions in one of his
papers (Proc. Towa Acad. Sei., Vol. VI, p. 124) the fact that the
bones of a tortoise of some kind were once found at Sioux City;
and Prof. B. Shimek states (Bull. Geol. Soc. Amer., Vol. XXI,
1909, p. 131) that a vertebra of a small fish was collected from
fine sand in the Elliott pit at Turin, Monona county.

Class MAMMALIA.
The Mammals.

The Mammalia get their name from the fact that the females
of all the species possess organs for the production of milk for
the nourishment of the young. The mammals may be recognized
from the fact that they, and they only, possess a more or less
complete covering of hair. There are many other features which
characterize the group, but it is unnecessary to enumerate them
here.

The Mammalia are divided into a few groups called Super-
orders and these again into Orders. Only a few of these orders
are represented by remains which have up to this time been
found in Towa. An order which is represented in the existing
fauna, but no species of which have yet been discovered in Pleis-
tocene deposits in Iowa, is that known as the Marsupialia and
which contains such animals as the Kangaroos and Opossums.
The opossums belong to the family Didelphide. This family is
represented in the present fauna of Iowa by the small animal
known as the Virginia Opossum. We cannot doubt that this
species was present during at least some part of the Pleistocene
period. Many years ago a fragment of the lower jaw of this
opossum was found near Charleston, South Carolina, and de-
scribed by Joseph Leidy. During Oligocene times there existed
in North America several species of this genus; but none have
yet been found in the Miocene or Pliocene formations. .
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- It may be expected that cave deposits will yet y1e1d evidences
of Towa Pleistocene opossums.

The opossum may be recognized by the fact that the jaws, the
parts most likely to be found, contain a greater number of in-
cisor teeth than any other mammal likely to occur within the
limits of the state. In other mammals there are not more than
three incisors on each side of each jaw; that is, there may be
six in each jaw. In the opossum there are five on each side of
the upper jaw, ten in all, and four on each side of the lower jaw,
eight in all. The dental formula* of the opossums is: .

if,ct,pmg, mé.

Standing higher in the scale among the Vertebrata than the
Marsupialia is the superorder of Edentata,—toothless animals.
These animals were represented in Towa during the Pleistocene,
but no member of it is known to have existed there during the
Recent epoch.

Superorder EDENTATA. .
" The Slothlike and the Armadillo-like Maminals.

For this superorder the name Edentata is more commonly
employed, but the term 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 arma-
dillos extend their range as far north as Texas. In Asia and
Africa are other genera which differ so much from the New
World forms that they are by many authors regarded as repre-
‘senting a separate group, the Pholidota. We need not hére
trouble ourselves about them. To the New World division there
is often given also the name Xenarthra. :

The Edentata may be defined as claw-bearing animals, with
the body covered with hair or horny scales or bony plates, and
havmg the teeth either missing entn'ely or few in number and
in a low stage of development. Theteeth are, when present
column-like i in form and without roots; and they continue to in-

~ *Perhaps it may bé well, at the beglnning of the descriptions to explain the
meaning of the above dental .formula. The letter i, In this and all succeeding
tooth formulas, means Iincisor tooth, and, similarly, ¢ means canine tooth,” pm
means premola.r tooth, m means molar tooth The .figures following each letter
show the number of teeth of that kind on each side of the upper and lower jaws.
Thus 1 5/4 means that threre are flve incisors on each side of the upper jaw and four
on each side of the lower jaw.
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crease in length at the base as they are worn away at the sum-
mit, having a persistent pulp. These teeth have no endamel, but
are composed principally of dentine, although often there 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, so that the borders of the worn surface present something
like cutting edges.

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 de-
vouring 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 theinselves on insects.

During Tertiary times there existed in South America an
enormous number of genera of this group Edentata, or Xenar--
thra. During the Pliocene and Pleistocene epochs some of these
migrated into North America and spread over the larger part
of the United States. It must be said, however, that representa-
tives of the Edentata appear to have existed in North America as
‘far back as the middle Eocene and probably yet in the Middle
Miocene. To this group Prof. H. F. Osborn refers the genus
Metacheiromys, of the Bridger beds of Wyoming. It-is probable
that the group became extinet in North America before the in-
vasion on the 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 Iowa,
it will not be necessary to consider further the differences be-
tween the two orders. It suffices to say that the Loricata in-
clude the armadillos and the extinct glyptodons, while the Pilosa
include the sloths and ant-eaters. These are again sub-divided
into two divisions, which may be regarded as superfamilies, the
Gravigrada, the extinet ground-sloths, and the Tardigrada, the
tree-sloths. We must deal with the Gravigrada only, for the
Tardigrada probably never existed within the limits of Towa.
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The map shown as Plate II indicates the localities in the
United States where fossil remains of Edentata have been found.
It also shows the distribution of the various drift sheets. It
will be observed that nearly all the localities lie southward of
the border of the Wisconsin drift sheet. Only three specimens
have been found in deposits overlying the Wisconsin drift and
these three belong to Megalonyx, probably M. jeffersonii. Two
of these localities are in Ohio, one in Illinois.

Superfamily GRAVIGRADA.

The Ground-sloths.

The Gravigrada may be defined as Edentata having usually a
heavily built skeleton and & relatively small skull; size small to
medium in early Tertiary forms, large in those of the Pleisto-
cene; the number of presacral vertebrz varying from twenty-
six to thirty-two; the posterior dorsals and the lumbars fur-
nished with pairs of articular processes in addition to those of
the anterior vertebra; the skull elcngated and low, nearly cylin-
drical, with the part in front of the orbits short; the zygomatic
arches sometimes complete, sometimes with a gap bétween the
jugal and the squamosal; the jugal usually with a strong de-
scending process; the lower jaw with broad ascending and hori-
zontal rami; the upper teeth five or four on each side, lower
~ teeth four or three on each side, (for$); the radius and ulna not
coossified, tibia and fibula sometimes coossified at the extremi-
ties; the digits five in each foot in front and behind, or only four
behind, clawed; the tail usually large; the habits herbivorous.

Under the superfamily Gravigrada are included three fam-
ilies, the Megalonychide, the Megatheriide, and the Mylodon-
tide. So far, no remains representing the second of these
families have been found in Iowa, although some bones of the
Megatherium were once reported by Richard Harlan from Pleis-
tocene deposits, in Benton county, Missouri. They are said to”
have been mingled with bones of Mylodon, ox, deer,-and -elk. It
is possible, therefore, that remains of this animal will 'yet be
discovered in Towa. :
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Family Megalonychidae.

Ground-sloths of small to large size; with a long and cylin-
drica] skull, more or less constricted behind the orbits. Teeth,
five above, four below (£). In section the teeth are four-sided
or. elliptical, sometimes slightly triangular; never lobate in
section, that is, with none of the sides concave; the anterior up-
per one on each side 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, all furnished with claws.

(fenera belonging to this family are known from the Santa
Cruz beds of the older Tertiary, of South America. Descrip-
tions and numerous illustrations of these may be found in Prof.
W.. B. Scott’s Mammalia of the Santa Cruz beds. In North
America the family is represented by Megalonyx and Moro-
therium. Some scanty remains belonging apparently to Mega-
lonyz jeffersomii have been discovered in Towa, and doubtless
others will be found hereafter. For this reason this species is
here described with some detail.

Genus MEGALONYX Thomas Jefferson.

Large North American Pliocene and Pleistocene ground-
sloths, with teeth £ on each side, the anterior of both the
upper and the lower jaws considerably in front of the suec-
ceeding one, and much larger. The four hinder molars roughly
quadrate or triangular in section, with rounded angles and
straight or convex sides, not fluted.

This 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, West Virginia. From
the form of the claws he concluded the animal was carnivorous.
This idea was abandoned, however, when the close relation-
ships of the animal to the tree-sloths, of South America, be-
came established.

Of this genus, nine species have been deseribed from the
Pleistocene and one from the Pliocene. In a cave near Port
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Kennedy, Pennsylvania, four species have been found, repre-
sented by parts of at least ninety-five individuals.

As will be observed from a study of the map (Pl II) the
genus Megalonyx had a wide distribution during the Pleisto-
cene. It is represented in the following states: Pennsylvania
(17, 41) ; West Virginia (1); Virginia (15); Florida (19); Ala-
bama (6); Mississippi (5); Tennessee (2, 4); Kentucky (7, 3);
Ohio (14, 57) ; Indiana (39) ; Tllinois (18, 47) ; Towa (21, 25, 51,
52, 56) ; Missouri (54); Texas (12, 46); Kansas (16, 22); Ne-
braska (49); South Dakota (50); California (33, 34, 44, 557).

Megalonyx jeffersoni Desmarest.

Jefferson’s Megalonyx.

Although Jefferson gave the generic name to this animal, he
did not bestow the specific name. This was done in 1822 by
Desmarest, who assigned the fossil remains to the genus Mega-
therium and, in honor of President Jefferson, named it Mega-
therium jeff ersonii.

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,
Tennessee; Memphis, Tennessee; Big Bone Lick and Hender-
son, Kentucky; Natchez, Mississippi; Tuscumbia, Alabama;
Wythe county, Virginia; Peace creek, Florida; Holmes county,
Ohio; Evansville, Indiana; Galena and Urbana, Illinois; Du-
buque and Mills county, Iewa; McPherson and Clark (or
Meade) counties, Kansas; Huerfano county, Colorado; Iberia
Parish, Louisiana; and Hardin county, Texas. Inasmuch as
the finds have often consisted of meager remains, a single tooth
or claw, or little more, it may be that some of them belong to
some of the other species of the genus. :

Our knowledge of this animal depends principally on speci-
mens found near Henderson, Keuntucky, and in Holmes county,
Ohio.. Neither of these lots 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. Bones and teeth found in other localities, either
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singly or a few together have contributed toward an under-
standing of the animal.

Henderson is situated on the Kentucky side of Ohio river
about 14 miles in‘a direct line south of Evangsville, Indiana.
The Kentucky side of the valley is undoubtedly filled with gla-
cial deposits like those on the Indiana side, and the bone bed
is, as stated by D. D. Owen in a letter to Leidy (Smithson.
Contrib. Knowl., VII, art. V, p. 7), only about five or six feet
‘below the ordinary low stage of water.

Some remains of this species were collected long ago by Mr.
Francis A. Linke, in the banks of Ohio river, near the mouth
of Pigeon creek, a mile or two below Evansville, Indiana. The
materials were reported by Dr. Joseph Leidy, in the Proceed-
ings of the Academy of Natural Sciences, in 1854, page 199.
They consisted of the shafts of two tibiz 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 ex-
tinet horse (Equus complicatus); the extinct tapir (Tapirus
haysit) ; and a wolf (Canis dirus).

An examination of the map of this region given by Leverett
(Monog. XXXVIII, U. S. Geol. Surv., pls. 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 spe-
cies, rather than the living species, Bison bison.

From the bone bed at Henderson Owen collected many horns
~ and bones of the deer. All these remains found at both places
may be regarded provisionally as belonging to the Sangamon
interglacial stage. ' =

'The partial skeleton found in Holmes county, Ohio, was dis-
‘covered on the farm of Mr. Drushell, about six miles east and
a little north of Millersburg. According to Claypole, who de-
scribed these remains, they were lying on a layer of shell marl
and this was-overlain by six feei of peat. The terminal mo-
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raine of the Wisconsin drift-sheet runs through the county in
an east by northeast direction, and it 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 re-
mains in the lake after the formation of the shell marl and be-
fore the growth of the peat. It is evident therefore that this
sloth existed after the retirement of the Wisconsin drift-sheet,
and long enough after it for the climate to become warm enough
to permit this animal to wander into Ohio. This post-Wiscon-
sin existence of the megalonyx is, in a measure, confirmed by
the finding of a claw near Urbana, Illinois, on early Wisconsin
drift. Quite recently many bones of this species have been se-
cured in a tamarack swamp in Huron county, Ohio. This swamp
overlies Wisconsin drift. .

That the megalonyx existed during late Pleistocene times or
even within the Recent period appears to be demonstrated by
the discovery of its bones in a dry cave in Van Buren county,
Tennessee, to which bones there were yet attached remnants
of articular cartilage; and even the horny sheath of a claw yet
remained.

The partial skeleton discovered at Henderson, Kentucky, is
now in the collection of the State University, at Bloomington,
Indiana, where the writer has examined it. It was studied and
described by Joseph Leidy in 1855, as cited above. Leidy’s
treatise took into consideration all the materials known to him,
and was beautifully illustrated with sixteen finely engraved
plates. From these plates some of the illustrations here used
have been prepared. It is not certain that the bones found at
Henderson all belong to the same individual, for they were
picked- at various times and from year to year. Leidy thus
enumerates the bones:

- A mnearly entire skull and lower jaw; the atlas, axis, and

3 other cervical vertebre; 2 dorsals, one sacral, and 2
caudal vertebrae; both clavicles; the glenoid articulation of
the right scapula; the left humerus; the articular extremi-
ties of the right ulna and those of both radii; 5 carpal
bones; 4 metacarpals; 11 phalanges of the fore feet;
fragments of several ribs; one sternal bone; both thighs,
broken; both patelle; both tibiz; 7 tarsal bones; 5 meta-
tarsals; and 5 phalanges of the hind feet.
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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. IHe gave the following list of bones -
secured : .

3 teeth, 1 hyoid, 3 lumbar vertebra, 1 caudal, probably 1
broken cervical; 3 ribs and some pieces; 1 clavicle; 1 ra-
dius, both femora, 1 tibia, both fibule, both patellz, both -
calcanea, 22 carpals and tarsals, 5 metacarpals and meta-
tarsals, 20 phalanges, including 11 claws.

-Fig'.,l Megalo‘an Jeﬁ‘ersomz Based mostly on a specimen in the State Umverslty
s of- Ohxo and another m the State University of Indiana. X 1/25. /

. (._,
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A comparison of the two lists shows that many bones are
represented in neither of these skeletons or only partially rep-
resented. Many vertebrz 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 iinum from a cave in Tennessee. Neither of the two speci-
mens mentioned offers a complete scapula; the humerus is -
represented in the Henderson specimen by a bone without the
epiphyses.

The Henderson specimen is mounted without restoration of
missing parts. The Millersburg specimen, now in the depart-

Fig. 2. Megalonyz jeffersonii. Skull of specimen in Indiana University, seen from
. the left side. X14.

ment of geology, in the University of Ohio, at Columbus, has
the missing parts represented in plaster, following probably
Mylodon, where not known in Megalonyx. The work was done
by the Ward Establishment, Rochester, New York, and the ar-
tificial 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 figure of the specimen was published by Os-
born in his Age of Mammals, page 465. A line drawing of the
animal is here presented (F'ig. 1), based on a photograph taken
by the writer. It is impracticable to indicate the parts that are
restored artificially, and the drawing may be taken as repre-



112 MAMMALS OF THE PLEISTOCENE

senting the 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 the Univer-
sity of Ohio, is 3510 mm.* (eleven feet, six inches). The height
of the sacral region, from the floor, is 1500 mm. (four feet,
eleven inches); and this is likewise the length of the fore and
of the hinder limbs, following the front of the bones. The de-
scription of the more important portions of the skeleton will
be taken from both skeletons and from other known materials.

Figures are presented of the skull of the Henderson speci-
men, prepared from those made for Leidy. Figure 2 shows the
skull from the left side. It is nearly complete, but the malar

. bones are gone and likewise the pterygoid- processes. 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 from figures 2-4, the skull is
long, low, and, leaving out of view the zygomatic arches, nar-
row. The anterior region is higher than the brain-case. The
upper border is nearly straight. The rear forms nearly a semi-
circle whose center is just below the upper border of the fora-
men magnum. The length from front of the 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 in-
dicated above and in front by a high ridge ascending from the
root of the malar process, behind by a slight ridge which sepa-
rates it from the rough temporal fossa. In front of the malar
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 (Pl III, fig. 2) form a very large opening,
about 75 mm. in diameter. ’

" In front of the hinder roots of the zygomatie arches the skull
is constricted. The rear of-the skull slopes-downward to the
occipital condyles. There .is a low but well-defined sagittal

*The letters rmm. in this work are thé abbreviations for millimeters. One
m1111meter—-0 0394 inch or nearly one twenty -fifth mch .
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crest; whereas, in Mylodon there is a broad smooth surface be-
tween the two temporal fossa.

As shown by the skull of anotker species, Megalonyx lezdyz
found in Kansas, and described by Dr. Josua Lindahl (Trans.
Amer. Philos. Soc., Vol. XVII, pp. 1-10, pls. i-v), (PL III, fig.
1), the zygomatic arch was 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 the

Fig. 3 ' Fig. 4 ‘
Figs. 3, 4. Megalonyx jeffersonit, Skull- of specimen in Indlana TUnlversity. X3%.

3. Skull seen from above,
4, 7Palatal view of skull.

lower jaw at the middle of the latter. ‘From the mlddle of the
arch another shorter process extends upward and backward.
These processes offered an extensive attdchment for the
muscles’ which moved the lower jaw.

On the lower surface of the skull (Fig. 4) there’ are to be seen,_. '
behind, the occipital condyles, various openings for nerves, ana

bloodvessels processes for muscles the auchtory processes, andl A
'8 : .
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at the root of each zygomatic arch the articulation for the lower
jaw. This is about 28 mm. long and 50 mm. wide, the long diam-

eter being directed outward and forward. The hard.palate be-

gins 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 three hinder pairs of molars it is convex and has
the middle of its width about on a level with the worn surfaces
of the teeth. Further forward it rises, flattens, and widens .to
about 100 mm. just behind 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 an-
terior pair are considerably larger than the others and some-

Fig.5 o i Fig. 6
Figs. 5,.6. Megalonyx jeffersonit, X2%. After Leidy.
5. Lower- right last molar.

6. Sections of -the teeth of the right siGe of the upper jaw, with the front
tooth at the right hand. :

what canine-like. They extend high up in the jaw to the root
of the malar process, having a length of 125 mm. and being
strongly curved backward as they ascend. The section is ellip-
tical, 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
a space nearly as great. Figure 3, Pl. ITI, presents a view of

.one of these teeth, togethér with its grinding surface. This

tooth was Pound near Natchez, Mississippi. The hinder four
molars of each side are separated by only slight spaces. These
teeth are like somewhat flattened pegs and have the same diam-
eters at all levels. Figure 5-taken from Leidy, presents a side -
view of the hinder tooth, while figure 6, of two-thirds the nat-
ural size, shows 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. The
triturating surface of .each is worn so as to present a concavity
surrounded by a border of harder dentine. It is much worn to-
wards its hinder border. :

The premaxillaries (Pl III, fig. 2) are consolidated with the
maxilla, but not with each other on the midline. They meas-
ure about 19 mm. in width and 50 mm. in height.

The lower jaw (Figs. 2, 7) is high in front, much lower at

the middle of its length; and it is 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 downward and somewhat backward. The
height of the bone a little behind the anterior tooth is 100 min. ;

at the third tooth, 90 mm.; at the coronoid process, 158 mm. at
the condyle, 105 mm. The outer face of the body of the bone

N Fig.7 Fig. 8
Figs. 7, 8. Megalonyx jeffersonii. After Leldy.

7. Lower jaw seen from above, X.
8. Sections of second and fourth lower molars. X3%.

is convex, the inner face, flat. In the upper border were pl_aced’

the four peglike teeth, of which only the second and fourth
are present. Between the first and the second is a space of 42
mm. At the rear of the jaw is the strong angular process. The

‘condyles for articulation 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
size fully as large as the corresponding upper tooth. It was di-
rected upward, forward, and outward. The last three teeth
formed a row about 75 mm. long. The second and fourth teeth
measured in cross sections 18 mm. from front to back, 24 mm.

from side to side (Fig. 8). These sectlons are quadrate with -

rounded angles and sornewhat convex sides. The worn face of
each is concave, surrounded by a sharp border, which bounds a
galley running somewhat cbliquely ‘across the tooth.
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The hyoid bone is described and figured by Leidy. It is not
present in either of the two skeletons here described. It is a
V-shaped bone, which articulated to the skull by its apex. The
length of each arm is about 65 mm.

The cervical vertebre, except the seventh, may be known
from the fact that they are pierced on each side by an opening
for the vertebral artery. The atlas is present in the Hender-
gson skeleton and was figured by Leidy in two positions. The
greatest width is 170 mm.; the width of the lower arch, 32 mm.;
the width of the spinal canal, 43 mm. There is on each side a
very tortuous canal for the vertebral artery.

Leidy figured the axis. The body of the bone, with the odon-
toid process, is 88 mm. long. On the lower surface of the short
and obtuse odontoid is a surface for union with the atlas. Be-
hind the anterior zygapophysis is seen the opening of the canal
for the vertebral artery.

There are in the Henderson specimen three other cervical
vertebre; being, as Leidy thought, the third, the fifth, and the
seventh. The fifth, measured from the 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 diameters of 38 and
50 mm. A posterior dorsal has the hinder end of the body 75
mm. high and 88 mm. wide. .

Leidy deseribed a part of a sacrum to which he had access.
In the Henderson specimen there is present 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 out-
ward and backward, and are rough on their front border for
union with the processes of the preceding sacral. There are
two caudals present. '

In the skeleton at Columbus the writer recognized one actual
rib, but Claypole stated that there were three of them. A rib
in the Henderson specimen has a width of 46 mm. and a thick-
ness of 26 mm. Harlan described what he regarded as one of
the anterior false ribs, and this had a length of twenty-nine
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inches. Tt is remarkable that a greater number of such thlck
-and strong ribs has not been preserved

Neither scapula is present in the Millersburg, Ohio, speci-
men; and in the Henderson specimen there is present only the
region about the glenoid cavity of one scapula. Leidy figures
“the articular region of a scapula that was found in the vicinity
of Natchez, Mississippi. This figure, reproduced here (Fig. 9),
-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 scap-
ula 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 Megalonyx which had
been found in a cave in Tennessee (Med. and Phys. Res., pl.

Fig. 9 . Fig. 11
Figs. 9, 10, 11, Megalonya: Jeﬂ‘ersonu i
9. Articular end of left scapula. X% After Leidy,
10.- Left humerus from front. X 1/6. After Leidy.
11. Section. across left humerus at middle of length, Xis. The front of
this bone.is above; the radial border,
toward the - l6ft. :
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xiil, fig. 12). In this bone the acromion had no connection with
the coracoid, but this was probably due to the youth of the ani-
mal. The distance from the glenoid cavity to. the middle of the
' suprascapular border was about 310 mm.

Both clavicles are present in the Henderson specimen; only
one in that from Millersburg. This bone in the former speci-
men has a length of 220 mm. and a width of 70 mm. It is a com-
pressed bone, with one surface convex lengthwise; the other,
concave. The end that joined the sternum is larger and pre-
sents an articular head. :

Both humeri are lacking in the Ohio specimen and the right
one in that from Henderson. The left one of this specimen
was figured by Leidy, and his figure has furnished the one pre-
sented here (Fig. 10). 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, 8 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, 62 mm. Figure 11 gives.a section at this part.
The expanded lower end of the horde measures 258 mm. across
the epicondyles. The inner epicondyle projects farther beyond
the corresponding trochlea, than does the outer epicondyle be-
yond the trochlear surface for the radius. At the upper part
of its base is the entepicondylar foramen. The border which
ascends from the outer epicondyle is convex. The hinder face
of this lower end is slightly concave, and there is a shallow de-
pression for the anconeal process of the ulna. The articular
" surface for the radius is much larger than that for the ulna.

Figure 12, after Leidy, represents a front view of the left
radius and ulna. The figure is 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
of the bone, from the summit of the coronoid process to the op-
posite side, was 100 mm.; the- breadth, at the middle of the
shaft, 75 mm.; that at the distal end, 75 mm. At the upper
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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 which 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 skeletor, 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, 112 mm. The upper end-is cup-shaped for articulation
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 ar-
ticulated with the scaphoid and the lunar. The palmar face
of the.bone is concave on the upper half, flat on the lower por-
tion. The opposite face is convex, there being a ridge that
runs the whole length of the bore, at the middle of the sur-
face. The border which was directed toward the ulna is thin;
the outer border is thick and rounded. The skeleton found at
Henderson furnished only the articular extremities of the right
ulna and those of both radii.

For the description of the bones of the wrist, the reader

may consult Dr. Leidy’s monograph which has already bee

cited. . :

In the Henderson specimen there were present the metacar-
pals of the second and third digits of the left arm, and the third
and fourth of the right. None of his specimens furnished the
first metacarpal. This is represented on the right arm of the
restoration of the Millersburg skeleton and appears to be act-
ual bone. Its length and its breadth are equal, each being 46
mm. 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 phalange. The third metacarpal
has a length of 100 mm., and the shaftis 38 mm. wide. The dis-
tal end has a vertical articular ridge like that of the second
digit. - :
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The fourth metacarpal is the largest of all, having a length
of 125 mm. Its distal end has the usual vertical ridge. The
fifth metacarpal is not present in the Henderson specimen, but
it is found in the Millersburg skeleton. It has a length of 120
mm, .and a with 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 distal end presents an obtuse vertical ridge.

Fig. 12 Fig. 14
Figs. 12-16. Megalonyx jeffersonit.
12. Left radius and ulna seen from in front. X 1/6. After Leidy.
13. Terminal phalange of third digit at middle of length, seen from the side.
X1, From Leidy.

14. Same phalange seen from above. X14. From Leidy.
15." Section across terminal phalange of third digit at middle of the length. X3.
16. Section across terminal phalange of second digit at middle of length. X5.

The. phalanges of the first row, so far as known, are short thick
bones, varying in length from,39 mm..in the second digit, to
about 41 mm. in the fourth. 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 secend, third, and fourth- digits. Those of
digits three and four are present in the right hand of the
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Millersburg specimen. The figures of the third digit here
shown will give an idea of these phalanges. That of the second
digit has a length of 58 mm.; that of the third digit 62 mm.;
that of digit four, 67 mm. The terminal phalanges are each
modified to support a horny claw. In the Henderson specimen
all these phalanges were present, except that of the thumb; but
a few are apparently now missing. Leidy figures a thumb un-
gual phalange that belonged to the Jefferson collection. It was
small in comparison with the others, being 88 mm. long.
Leidy’s figure appears to be only two-fifths the natural size.
Each terminal phalange consists of a compressed claw-core,
with an upper convex border and a concave lower face. From
the tuberosity which occupies the hinder half or more of the
lower face of the bone, there rises and surrounds the hinder
half of the claw-core a bony sheath which enclosed and pro-
tected 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 semicircle. The tuberosity on the un-
der side of the bone is pierced near its middle by a pair of
foramina for bloodvessels. Figures 13 and 14, prepared from
Leidy’s drawings, present views of the terminal phalange of
the third digit. The greater part of the sheath of the claw had
been broken away. Figures 5 and 6 of Plate ITI show the ap-
pearance of a nearly perfect third ungual phalange which was
found near Champaign, Illinois, and is now in the collection of
the Illinois State University. The length of the ungual pha-
lange of the second digit is given by Leidy as 150 mm.; its
depth, 62 mm. The ungual phalange of the third digit is 178
mm, long; 81 mm. deep. The fourth ungual phalange, 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 length of
the one found at Champaign was very close to 145 mm.; the
greatest depth, 66 mm.; the width, 41 mm.

The core for the claw is, toward the base, obtuse on the up-
per border, but, farther forward, it becomes rather acute.
Figure 15 represents a section of the claw-process of the third
digit, taken at the middle of its length; while Figure 16 is a
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section taken .at the same place in the second digit. Further
forward in each the upper border becomes acute.

The fore foot had a length of nearly 300 mm. The horny
claws would doubtless have made the length fully that much

© Or more.

In order to illustrate still further the structure of the fore
foot of Megalonyx, there is presented here a figure (Pl IV, fig.
1) of the fore foot of Hapalops longiceps, a species found in the
Santa Cruz Miocene beds of Patagonia. The figure is reduced
from that presented by Prof. W. B. Scott -(Mammalia of the
Santa Cruz Beds, pl. xxxiii, fig. 2). It will be observed that in
this figure the metacarpal and the first phalange of the first
digit are missing. Professor Scott regards the genus Hapalops
as being closely related to Megalcnyx.

The pelvis of this animal is not yet well known. The last
sacral bone has been mentioned above. Doctor Leidy seems to
have had no part of the innominate bones for study. The pel-
vis was wholly lacking in the Henderson specimen and likewise
in that found at Millersburg. Harlan (Med. and Phys. Res., p.
336, pl. xvi) mentions and figures an ilium that had been found
in Big Bone Cave, Tennessee; but he gave little description of
it and no measurements. The pelvis in the restoration of the
Millershurg specimen has been modeled probably after that of
Mylodon, as fignred by Owen. In this animal (Fig. 37) the
ilinm stands out at nearly right angles with the vertebral col-
umn, like that of an elephant, thus making the basin very shal-
low. In the species described by Owen, Mylodon robustus, an
animal about the size of Jefferson’s megalonyx, the greatest
breadth of the pelvis was three feet, five inches (1031 mm.).
As in the elephants, the acetabulum, for articulation with the
head of the femur, looked nearly directly downward.

The femur of Megalonyx jeffersonii, as that of other great
ground-sloths, is a powerful bone. It is broad and flat, with’
the head directed nearly upward. Both of the femora were res-
cued in the Henderson specimen, and both in that found at Mil-
lersburg. Figure 17 is taken from the illustration furnished
by Leidy. He gives the length as 21.5 inches, 546 mm. The
head of the bone has a diameter of 120 mm.; the breadth



THE HIND LEG OF MEGALONYX - 123

across the middle of the shaft, is 180 mm.; and here the thick-
ness is 62 mm. Figure 18 represents a section at this place.
The breadth of the lower end, across the articular surface, is 260
mm.

Fig. 18

Figs. 17-21. Megalonux jeffersonii. Femur.
17. Left femur from behind. X 1/6. After Leidy.
18. Sectlon across left femur at middle of length. X.
19. Left tibia, outer view. X 1/6. After Leldy.
20. Section of left tibia of Henderson specimen. X%. The front of the bone
is toward the left, the outer border is below.
21. Patella seen frora behind. X 1/8. After Leidy.
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The ‘greater trochanter does not rise as high as the head.
On the hinder face of this is a deep slitlike pit. The lesser
trochanter is on the inner border of the bone, about 75 mm. be-
low 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 bone, a smooth surface for the
patella.

Both of the tibie (Fig. 19) are preserved in the Henderson
specimen, and the left one in the Millersburg specimen. They
are short bones, with relatively slender shaft and much ex-
panded ends. Figure 20 presents a section of a tibia of the
Henderson specimen, taken across the bone at the middle of the
length. The length of the bone is 310 mm., taken along the in-
ner border; but the greatest length, taken obliguely, is 370 mm.;
the greatest breadth at the upper end is 205 mm.; the greatest
breadth at the lower end, 150 mm. At the upper end are articu-
latory 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 as-
tragalus; and adjoining it on the other side, an oblique surface
for the lower 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 megalonyx. The lower end is likewise
wider, being about 180 mm. ;

The patella (Fig. 21) is a triangular bone, 125 mm. long and
100 mm. wide at the npper end. The broader end, on the hinder
face, is occupied by a smooth surface for movement on the
femur. The anterior face is convex and rough.

The 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 in-
ward so'as to join the tibia by a surface looking upward and in-
ward, and the astragalus by a large surface which looks in-
ward. The bone is 350 mm. long; 87 mm. wide, fore and aft, at
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the upper end; 67 mm. traversely. 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;
the right foot presents the astragalus, the calcaneum, the ex-
ternal cuneiform, and the cuboid; the left foot furnished the
astragalus, the calcaneum, and the navicular. Of the meta-
tarsals there remain the second of the left foot, and the fourth
and fifth of both feet. Of the phalanges there are preserved the
first and second of the third digit consolidated 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 first pha-
lange of the last toe.

Fig. 22 Fig. 23 Fig. 4
Figs. 22-24, Megalonyx jeffersonii.
22. Left heel-bone, outer view. X¥%. After Leidy.
23, Section across ungual phalange of third digit at middle of length. X?%.
24. A similar section across the second digit. X325.

It will be impossible here to describe all these bones.  The
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 as-
tragalus, 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 and parts of them, it is sometimes difficult to decide
between the real and the artificial.

The extreme length of the hind foot, as shown in the Millers-
burg specimen, is 670 mm., nearly twenty-seven inches. The
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presence of the internal cuneiform bone seems to indicate that
the foot has been correctly restored with five digits.

The most remarkable bone of the foot is the heel-bone, the
calcaneum. Figure 22, 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 Wlth 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.
It is possible that the fifth digit had only two phalanges. The
first was described by Leidy as a four-sided nodule which had
a smooth surface for the second phalange. This phalange was
not preserved. From a specimen found in a cave in northern
Alabama Leidy figured all the metatarsals, except the first
(Trans. Amer. Philos. Soec., Vol. XI, pl. vi, fig. 1). His fig-
ures are reproduced on plate IV, figure 3.

" The claw phalanges seem to have resembled closely those of
the fore feet. Leidy figures the one of the third, or median,
digit. The tip is missing. The length is given as eight and
one-fourth inches (210 mm.) ;-the greatest depth, four and one-
half inches (109 mm.). The phalange is therefore 35 mm. longer
than the corresponding one of the fore foot and proportion-
ally somewhat deeper. This phalange in the Millersburg speci-
men is 230 mm. long, along the upper curve, and the sheath at
the base occupies nearly one-half of the length of the bone, be-
ing 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 to-
- wards the distal end. Figure 23 represents a section taken
across the ungual phalange of the third digit at the middle of
its length; while figure 24 shows a section of the same phalange
of the second digit.

In order to elucidate more fully the structure of the hind foot
of megalonyx, there is shown here (Pl IV, fig. 2) a figure of
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the same member 'of the species Hapalops longiceps, a species
from the Santa Cruz bheds of Patagonia. This figure also is
taken from Scott’s work un ‘Santa Cruz Mammalia, See page
122. 1In this specimen the internal cuneiform was missing;
also the second and third phalanges of the fourth digit, and all
of those of the fifth, and the outstanding process in the fifth
metatarsal. ' '

As to the habits of these animals, it is certain that, like the
modern -sloths, - they devoured vegetable matter, probably the
foliage of trees; but their more powerful teeth doubtless en-
abled 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. '

PLACES IN I0WA WHERE THE GROUND-SLOTH, MEGALONYX, HAS
BEEN FOUND. :

Scanty remains belonging to this genus have been found in a
number of places in Iowa.

In 1862 Prof. J. D. Whitney (Geol. Surv. Wisconsin, Vol. I,
p. 135) reported having found bones and teeth of Megalonyx
associated with a peceary in a flat crevice in the Galena limestone
at a depth of ten feet, near Dubuque. He again referred to this
discovery in 1866 (Geol. Surv. Illinois, Vol. I, p. 162). The de-
termination of these remains was made by Dr. Jeffries Wy-
man. The materials on which the determination was made are
probably in the Museum of Comparative Zoology at Cambridge,
Massachusetts; but the present writer has not seen them. Doc-
tor Wyman (Whitney’s Report, Geol. Surv. Wisconsin, Vol. I,
1862, p. 422) stated that in Professor Hall’s collection made in
the lead region, there were fragments of bones and several
teeth, the latter belonging to Megalonyx jeffersonin. Two or
three individuals were represented. Unfortunately Doctor Wy-
man did not indicate whether these remains were found in Towa
or Wisconsin. '

In 1889 (Proec. Amer. Assoc. Adv. Seci.,, XXXVII, p. 202)
Prof. J. E. Todd reported the discovery of a claw phalange in
~ Mills county, Iowa, in sand below the drift. The identification
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of the object was made by Dr. Joseph Leidy.‘ Doctor Calvin
(Bull. Geol. Soc. Amer., Vol. XX, p. 353) stated that this sand
is interglacial, belonging to the Aftonian.

~ The remains above mentioned may be referred provisionally
to M. jeffersonii; but it is not at all unlikely that they belong to
M. leidyt, especially those bones and teeth which occur in the
Aftonian. The type locality of the latter, McPherson county,
Kansas, is much nearer to western Iowa than those localities
where authentic specimens of M. jeffersonii have been found.
Furthermore, there is as yet no ¢ertain evidence that the latter
existed as early as the Aftonian. The specimen found at Hen-
derson, Kentucky, may belong to the Sangamon; those found in
Ohio belonged to post-Wisconsin times. M. jeffersonii was not
found in the Port Kennedy cave, an early Pleistocene deposit.

The Aftonian deposits at Sioux City have furnished various
remains of Megalonyx. In the collection at the University of
Iowa is an ungual phalange which had been secured by Prof.
B. Shimek in the Anderson pit, at North Riverside, near Sioux
City. The catalog number is 174. This phalange has the ter-
minal portion broken off a short distance in front of the tuberos-
ity for the tendon, and the whole of the basal sheath is gone *
likewise. Figures 1, 2, plate V, give a side view and a view
from below of this phalange; while figures 25, 26, and 27 pre-

Fig. 27 Fig. 26 Fig. 25 Fig.29 | Plg. 2

' Figs. 26-29. Megalonyax jeffersonii, Sections of ungual phalanges. Numbers 25, 26,
27, a phalange from Sioux City: Nos. 28, 29, one from
Champalign, Illinois. X%.
25. Section taken just in front of the hinder end. .
26. Section taker. at middle of the tuberosity for the tendon.
27, Section in front of the tuberosity. .
28. Sectlon taken through tuberosity., Shows also the sheath.
29. Section taken in front of tuberosity.
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sent sections taken just in front of the articulation with the pre-
ceding phalange, at the middle of the tuberosity for the tendon,
and in front of this tuberosity, respectively. It will be seen
that the bone is high and compressed, and that in the front half
it comes to an acute border above. The length of the frag-
ment is 105 mm.; the height at the rear end, 46 mm.; at the tu-
berosity, 57 mm.; at a point on the upper edge where broken,
27 mm. The thickness where the sections are taken are respect-
ively 25 mm., 25 mm. (tuberosity), and 12 mm. At the rear is
the articulation for the second phalange, consisting of two
grooves separated by a prominent ridge. Figures 28 and 29
represent sections of a claw from Champaign, Illinois, (see also
figs. 5 and 6 of plate IIT) which correspond to figures 26 and 27.
It will be seen that the Sioux City claw core is considerably
more compressed, hence it possibly belongs to another species.

From the same pit there is a supposed patella, now in the
collection.at Towa City, and having the number 175. So far as
its form is concerned, it may be referred to either Megalonyx
or Mylodon. It is probably that of a small or half-grown ani-
mal. The patella of Megalonyz jeffersonii deseribed by Doctor
Leidy had a length of 5 inches and a width of 4 inches. The
present bone has a length of only 55 mm., a width of 43 mm.,
and a thickness of 36 mm. It is more constricted about the
middle of the length than was the bone figured by Leidy, and
likewise more than that of Mylodon figured by Owen (Extinect
gigantic Sloth, pl. xvii, fig. 2). What corresponds to the articu-
lar face of the patella is about as rough as the remainder of the

bone. It seems possible that the bone belongs elsewhere.

Here was found also one of the second phalanges of probably
Megalonyx. It has the catalog number 221. At Turin, in Mo-
nona county, there was found a very complete right radius,
which is now in the collection at Towa City and which has the
number 275. Doctor Calvin’s figures are here reproduced (Pl
V, figs. 3, 4), showing a front view of the bone and a view of
the border which was turned toward the ulna. The bone differs
in form but little from the one figured by Leidy, and which be-
longed to Megalonyx jeffersonii. The length is 424 mm. (six-

- teen and five-eighths inclies). The diameters of the head are 53
9
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mm. and 61 mm.; those of the middle of the shaft, 32 mm. and
80 mm.; those of the distal end 89 mm. and 63 mm. The bone
described by Leidy was 453 mm. long; 90 mm. wide at the
middle; and 82 mm. at the distal end. It will be seen that the
bone of the Henderson specimen is longer than the Turin bone,
but narrower at the distal end.

From the Aftonian deposits of the Cox pit, at Missouri Val-
ley, Doctor Calvin reported a damaged right tibia which he iden-
tified as that of Megalonyx jeffersonii. It has the catalog
number 31. Both the upper and the lower ends are damaged,
but the shaft is complete. The writer has seen this bone and
taken a photograph and measurements of it. It appears to be
necessary to refer it to Megalonyx, but it probably is not that
of M. jeffersonii. The total length of the bone is 345 mm.; the
greater diameter at the middle of the length 75 mm.; the shorter
_diameter, 50 mm. The articulation shown in the photograph
looks upward. One face, supposed to be the
outer one, is straight and nearly flat; the op-
posite one is, on the lower half of the bone,
convex from side to side, while in the upper
half there is a broad groove which descends
from the upper end. A transverse section
taken at the middle of the length is shown
here (Fig. 30) and is to be compared with a
corresponding section of the tibia of the Hen-
~derson specimen of M. jeffersonii. It will be Fig. 30. Megalonyx?

5 : " Section across right
seen that they are quite different. In the Hen- tibia at miaaie ot

derson specimen the fibular border of the bone %%ggﬁ? g‘tf%ﬁg}c}xét' ;
is acute. This bone cannot belong to Mylodon, I .
for the tibia of that animal is relatively much shorter and

thicker.

From this gravel pit there was obtained by Professor Shimek

a lumbar vertebra, of which two views are here presented (Pl.

VI, figs. 1, 2). It seems certain that it belonged to a species of

Megalonyx. The catalog number in the collection at Towa Uni-

versity is 19. The centrum measures at one end 100 mm. from

side to side, 76 mm. vertically.. The sides of the centrum are

- slightly concave. On the lower face there is a pair of large
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foramina opening into the interior of the bone, each measuring
from side to side 17 mm.; fore and aft, 22 mm. The spinal
canal is 55 mm. high, 60 mm. from side to side. A great neural

spine passes upward and backward from the neural arches, ris-
ing 125 mm. above the roof of the neural canal. Near the upper

end this spine measures 87 mm. from front to rear and is 34
mm, thick. >
From the Jensen well, near Akron, Plymouth county, there
was obtained the coalesced first and second phalanges of the
third digit of the hind foot of a species of ground-sloth, but to
what species it belonged is unknown (Shimek, Bull. -Geol. Soc.
Amer., Vol. XXI, p. 127). It was most probably a Megalonyx.

Family Mylodontidae.

The Mylodons.

Ground-sloths with teeth i §, ¢ §, m §{; the teeth of the upper
jaw, especially the hinder ones, more or less triangular in sec-
tion, with some of the sides concave from side to side; the front
tooth of each side usually planted near the second; the front
one in the jaw considerably behind the front of the snout; the
hinder tooth of the lower jaw larger than the others, and with
one or more wide grooves along its inner face, making the sec-
tion lobate; humerus with or without foramen above the inner
epicondyle; hinder feet with four digits.

Under this family are arranged, besides Mylodon, about fif-
teen genera which have left their remains in the Tertiary and
Pleistocene deposits of South America. Still another genus,
Paramylodon, closely related to Mylodon, oceurs in North Amer-
ica, but so far as yet known, not in Jowa. Since it is known
from Nebraska, it is entirely probable that its remains may yet
be discovered in Towa also. -

Genus MYLODON Owen,

Skull rather elongated; snout longer and broader than in
Megalonyx. Zygomatic arch interrupted. Front upper tooth
not larger than the second. Hindermost lower tooth bilobate;
the hinder three upper teeth with a broad groove on the inner
face. Humerus without foramen above the internal epicondyle.
Fore foot with five digits; hind foot with four.
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Species belonging to this genus have been found in the Pleis-
tocene of both South and North America. From this epoch in
North America there have been described four species. All of
these are known from teeth and yportions only of the skeleton.
The type of the genus is Mylodon harlani Owen.

Mylodon harlani Owen.

This species is not well known, for only scanty remains of its
skeleton have up to this time been found. It was based on part
© of the right side of a lower jaw which wads found before 1831,
at Big Bone Lick, Kentucky. The specimen is now probably at

the American Mnseum of Natural History, having been a part
of the collection of the Lyceum of Natural History of New York.
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, Mis-
sissippi; a tooth found near Charleston, South Carolina; some
bones and teeth found in Benton county, Missouri; a humerus

and a tooth from Oregon, which, however, may belong to an-
other species. Two other closely related species have been de-
scribed from the Pleistocene of Louisiana, and a third from the
.same epoch in Oregon.

Figures 3 and 4 of plate VI present views of the fragment of
a jaw found at Big Bone Lick. In figure 3.the jaw is seen from
above, so that the forms of the crowns of the teeth are repre-
sented; in figure 4 it 15 seen from the outside. Iigure 3 is two-
thirds of the natural size; figure 4 a little more than one-half
the size of nature. The length of the fragment is 210 mm.; the
height, at the front of the hinder tooth, 84 mm.; the thickness,
37 mm. The figures indicate 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.

Inasmuch as the scanty remains of the North American spe-
cies give us no correct idea of the form and anatomy of the
mylodons, it is thought best to reproduce a number of figures
of a South American species, Mylodon robustus. Plate VII is
prepared from a photograph of one of a group of mylodons in
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the American Museum of Naturai History in New York. The
liberality of the authorities of this museum makes it possible to
publish this view. The other illustrations are taken from Rich-
ard Owen’s monograph entitled ‘‘Description of the Skeleton of
the Giant Sloth Mylodon robustus Owen.”’

Figure 31 represents the lower jaw of M. robustus viewed
from above. It will be observed that the teeth resemble closely
“those of the North American species, but that there were nev-
ertheless some differences. The figure shows also the spoutlike
form, of the front of the jaw. 2

Fig. 31. Mylodon robustus., Lower jaw seen from above. X about 4. From Owen.

The size and form of the first, or front, lower tooth of .
harlani has been determined sufficiently well from the form of
the socket and from a fragment of the tooth in the socket. A
section of this and of the other teeth is shown in figure 32, taken
from Leidy’s Memoirs of the Extinet Sloth Tribe of North
America, the work referred to under Megalonyx. The section is
somewhat kidney-shaped. 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 con-
cave. The long axis, obligue to the jaw, measures 29 mm.; the
one at right angles to this, 20 mm. The third tooth also has
its long axis oblique to the jaw, and measures 33 mm. The
axis at right angles to the middle of the long axis measures 16
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mm. The fourth tooth is much the largest of the teeth, having
a length of 56 mm. Ifs section is constricted in the middle, in-
dicating a broad groove on the inner side, and another on the

Fig. 82 Fig. 88
Fig. 32. Mylodon harlani. Sections of lower teeth, X1. From Leidy. They are
numbered from in front.

Fig. 33. Mylodon harlani, Sections of upper teeth of right side. From Cope. XI.
They are numbered from in front.
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‘outer side running the length of the tooth. This tooth is very
characteristic of Mylodon. As to the other teeth it will be ob-
served that they are likely to have some of the sides more con-
cave than those of Megalonyx.

The upper teeth have not yet all been found in their places in
the jaw. From Benton county, Missouri, Harlan had fragments
of the upper jaw which contained two teeth. From New Iberia,
Louisiana, Professor Cope described what he regarded as the
upper teeth of Mylodon harlani. From his figures there have
been prepared the sections of these teeth as here shown (Fig.
33). These teeth were not found in the bone, however.

Figure 34 represents a palatal view of the skull of Mylodon
robustus, and a comparison of this with the same view of Mega-
lonyx will show important differences. In Megalonyx the rows

i N

Fig. 35 : Fig. 34 ‘
Fig. 34. Muylodon robitstus. Palatal view of skull. X14. From Owen.
Fig. 35. Mylodon harlani? Humerus. X 1/7. TFrom Harlan,
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of teeth are mearly parallel with each other; in Mylodon, they
converge backward. In Megalonyx the front tooth is the largest
and is placed far in front cf 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 Megalonyx, the hinder tooth is
near the middle of the length of the skull; in Mylodon, near the
hinder end of the front third.

In 1843 Harlan described some parts of the skeleton of Mylo-
don harlani under the name of Orycterotherium missouriense
(Amer. Jour. Seci., Vol XLIV, p. 69, pls. i-iti). These had heen
found in Benton county, Missouri, by Albert Koch. Among
these remains was one humerus. A copy of this drawing, fur-
nished by Harlan, is here presented (Fig. 35). The bone had
exactly the length of that of the megalonyx deseribed and fig-
ured by Leidy, twenty inches (508 mm.). In the megalonysx,
the diameter across the epicon-
dyles is ten and omne-half inches;
in the mylodon, it 1is eleven
inches. In the megalonyx the shaft
is much more slender than in the
mylodon; the diameter of the form-
er, at the middle, being three and
one-fourth inches (82.6 mm.); in
the latter, five inches (128 mm.).
Another humerus was figured by
H. C. Perkins from a specimen
found in Oregon (Amer. Jour. Sci.,
Vol. XLII, p. 136, figs. 2-4).. The
humerus of Mylodon has no fora-
men just above the inner condyle,
while that of Megalonyx does have
the foramen. Another large bone
of Mylodon desecribed by Harlan is
the uwlnack’ TUlnipated williNsnnl of | T ~3. Mwigdon t Ftiurue: Lelt
Megalonyh, =il e Shiontane g o 920 Toom O
stouter bone. Its total length was 16 inches (406 mm.). Ac-
cording to Harlan’s figure and his measurements, the distance
from the coronoid process to the hinder end of the bone was a
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Yttle more than four-tenths the Wilole length of the bone; while

in Megalonyx this distance is only about three-tenths the length.

The structure of the fore foot is not known from the North
American species. Therefore, a copy of Owen’s figure of that

“of Mylodow robustus is presented (F'ig. 36) which shows this

member of -one-fourth the natural size. This foot is stated to be
one foot and two inches long and eight and one-third inches
broad. It will be seen that there are five digits, of which the
three first bore horny claws, and that at the base these were
protected by bony sheaths, as in Megalonyx. It is evident from
Owen’s figures, that the claw cores were not as compressed as
in Megalonyx and did not have such an acute upper border. In
the fourth and fifth digits the phalanges were much reduced,
and possibly the third one in each was not developed. These
fingers were probably either wholly buried in a pad of connec-

| lh §| i I'|'|'I|l||||:|l

!

Fig. 87. Mylodon robustus. Pelvis, seen from behind. X1%. From Owen
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tive and fatty tissues and hard skin, or, they may have ended in
rudimentary nails. According to Owen, the last bone of the
middle finger was five and a quarter inches long. This length -
was considerably increased by the presence of the horny claw.

Figure 37 represents the pelvis of Mylodon robustus. This
striking portion of the skeleton resembles greatly that of the
elephant, being much extended laterally and shortemed from
front to rear. Its entire breadth is three feet and five inches.
The acetabula, those cavities which received the head of the
femurs, look downward The appearance presented by the pel-
vis in Mylodon and Megalonyx may be seen also from the figure
of Megalonyx jeffersonii (Fig. 1).

The femur of Mylodon robustus resembled considerably that
of Megalonyx jeffersonii. However, a comparison shows that,
while in Mylodon robustus the upper end of the bone is consid-
erably wider than the lower, in Megalonyx jeffersonii the lower

-end is somewhat wider than the upper. The tuberosity on the

inner border of the bone, the third trochanter, is considerably
above the middle of the bone in the Mylodon while in Mega-
lonyx it is at the middle.

Harlan had also two tibias of Mylodon harlani, and these con-
trast strongly with the same bone in Megalonyx, being much
shorter and thicker. The tibia agrees in form closely with that
of the South American Mylodon robustus, whose tibia and
fibula are here shown (Fig. 38). The larger tibia described by
Harlan, had a length of ten and one-half inches (255 mm.);
while the diameter at the middle of the shaft, was thirty hun-
dredths that of the length. In Megalonyx, the tibia described
by Leidy is fifteen inches (380 mm.) in total length; the diam-
eter at the middle of the shaft is aubout twenty-three hundredths
of the length.

Figure 39 from Owen shows the hinder foot of Mylodon ro-
bustus as viewed from above. It will be observed that there are
only four digits, the first one being wholly gone. Of the digits
present only the second and third possessed the full number of
phalanges, the third phalange of each being elongated and pro-
vided in life with a horny claw. The fourth and fifth digits had
each only two much reduced phalanges and possibly the fifth
had only one. It will be seen that the form of the heel bone is
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greatly different from that of Megalonyx. The structure of
this foot shows that the sole was turned somewhat inward and
that the animal rested more or less on the outer edge of the
" foot. The last phalange of the middle digit was five and one-
third inches (136 mm.) long; one and five-sixths inches (46 mm.)
high at the middle; and one and three-fourths inches (44 mm.)
wide at the middle. Here, as in the fore foot, the upper border

&
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Fig. 39 3 Flg. 38
Figs. 38, 39. Mylodon robustus. '
38. Left tibia and fibula, seen from front. X 2/5. After Owen.
39. Left hind foot. X 3/16. After Owen.

of the claw-core was less acute than in the claw-cores of Mega-
lonyx. It seems evident, too, that the bony sheath at the base
of these ungual phalanges of the fore and the hind feet was
shorter than in the Megalonyx. The core, too, seems to have
been straighter. _ ‘ ,

There were four claw-cores in the .collection of remains of
M. harlawi éxamined by Harlan, but his figures do not give one
a clear idea of their details. .. Y et
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As regards the habits of the mylodons it is evident that, like
their far smaller modern relatives, the tree-inhabiting sloths,
they were devourers of vegetation. We are forbidden by their
great size to suppose that such animals could climb about among
the branches of trees. They might, indeed, have consumed the
foliage and tender branches of shrubs and of herbaceous plants.
Professor Owen, in his monograph, expresses the opinion that
the enormously strong bones, especially those of the hinder part
of the body, indicate that these animals were fitted to uproot
trees of considerable size and thus to bring the foliage within
their reach. :

Within recent years some light has been cast on the strue-
tures and habits of the giant sloths. In 1897 there was found
in a cavern in Patagonia, near the line between Chile and Ar-
gentina, a large piece of the dried skin of an animal unknown to
the natives of that region. It was later ascertained to belong
to some sort of Edentate, and was then supposed to have be-
longed to some species of Mylodon. A piece of this skin, about
twenty-twa inches long and eighteen inches wide, came under
the observation of Dr. A. S. Woodward, of the British Museum
of Natural History. He furnished a description of this which
is to be found in H. H. Pritchard’s ‘‘Through the Heart of
Patagonia.”” The piece of skin is there illustrated by two fig-
ures. The outside is thickly covered with hair varying from
two inches to nearly three in length. In the deeper part of the
skin are numerous closely erowded nodules of bone, the largest
of which measures 15 mm., in length. The piece was supposed
to belong in the region about the head and neck. It was impos-
sible to prove that the skin had belonged to a mylodon; for the
known dermal bones of the latter helonged to the lumbar region
and lay nearer the surface of the skin, being immediately cov-
ered with horny epidermis.

At a later time further excavations brought to light another
piece of skin, and various broken bones of more than one indi-
vidual of this animal. There were present remains of other
animals, some extinct, besides evidences of human occupation,
and, among other things, some remains of cut hay. The conclu-
sion was reached that at some time men had kept these huge
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edentates impounded there for some purpose. A study of the
remains has shown that the animal belonged to a genus, Grypo--
therium, related to Mylodon and already known from parts of
the skeleton.

With the other remains c¢f this animal there was found in the
cave examined some of its excrement. A study of this by
botanists indicated apparently that the animal had lived in large
part on grasses and some other plants. This suggests that not
improbably the North American species of Mylodon were not
wholly addicted to pulling down and destroying trees. As to
the time when this grypotherium had lived nothing certain has
been determined. It was at first thought that the species might
yet be in existence in the mountains of that region. The skin
seemed to have been but recently taken from the animal, and
there was yet on it dried serum. Some of the vertebrz and
limb-bones retained yet portions of cartilage and traces of mus-
cles and ligaments.

These facts seem to indicate very recent existence. Dr.
Woodward, however, concludes that the animal formed part of
a fauna that is now mostly extinet, but- that nevertheless the
grypotherium was probably actually kept and fed by an early
race of men. The mere existence of a large part of the skin of
one of these mylodons appears to indicate plainly that men had
captured and killed the animal.

In North America Mylodon remains have been found in many
places; and apparently at very different levels. Omne ungual
phalange was found in Port Kennedy: cave, but Professor Cope
was not certain that it belonged to Mylodon harlani.

A claw-core of Mylodon has been found in the Aftonian of
Iowa, and another at. Tecumseh, Nebraska, but in the absence of
associated skulls, and even of teeth, we cannot be wholly cer-
tain that the species is Mylodon harlani, whatever the probabil-
ity may be. The actual age of the type specimen found at Big
Bone Lick, Kentucky, cannot be determined. It seems probable
that the deposits of bones made there may range from the San-
gamon stage to the Recent. It is to be taken into account that
no Mylodon remains have yet been found in deposits overlying
Wisconsin drift. We may therefore suppose for the present
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that Mylodon harlani flourished from the Aftonian to the Sangu-
mon stage. '

In his first paper on Aftonian Mammalian Fauna already
quoted, Dr. Calvin described and figured (plate XXVI, figs. 1-3)
a part of a large ungual phalange which he referred to Mylodon,
without venturing to name the species. This phalange was
found in the Cox gravel pit, at Missouri Valley, and has the
catalog number 162. One of Calvin’s figures, the one illustrat-
ing the bone as seen from above is here reproduced (Pl. VIII,
fig. 2). Another figure on the same plate shows the left side of
the claw. The anterior part of the bone is broken off and lost.
The greater part of the bony sheath which protected the base of
the horny claw is likewise missing, especially on the left side.
The length of the bone as found is 113 mm.; but originally it

Fig. 40

Fig. 42
Figs. 40-42. Mylodon harlani? Sections of claw found at Missouri Valley. X?25.
40. Section taken near the base.

41. Section taken at middle of inferior tuberosity,
42. Section taken in front of tuberosity.

cannot have been far from 160 mm. The height at the front of
the articulation with the second phalange is 52 mm.; at the rear
of the tuberosity for the tendon, 58 mm., allowing nothing for
the missing sheath; at the place of fracture, 32 mm. The
breadth at the drticulation is 39 mm.; at the place where the sec-
ond section is taken, allowing something for the missing part of
the sheath, about 40 mm.; at the broken end, 18 mm. The
bone is more convex on the right side, showing that it was bent
slightly towards the left. The upper border of the claw-core
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is broadly rounded; thus differing from the same part in Mega-
lonyx, in which this border comes to an acute edge in the distal
half of its course. Sections are here furnished which are to be
compared with similar ones of Megalonyx. Just behind the
tuberosity in the lower border of the bone is a pair of large
foramina for bloodvessels. Figure 40 represents a section of
this claw taken just in front of the articulation with the second
phalange; figure 41 another section taken at the middle of the
tuberosity on the lower border; while figure 42 represents a
section at the broken end of the specimen. These sections are
to be compared with figures 25-29 on page 128.

The phalange mentioned as being found at Tecumseh, John-
son county, Nebraska, 1s in the State collection, at the Univer-
sity of Nebraska. It is a somewhat larger claw than the one
found at Missouri Valley. The height at the front of the articu-
lating surface, is 60 mm.; that at the tuberosity, 67 mm.

Recently Glover M. Allen has published (Mem. Mus. Comp.
Zool. Harv. Coll., Vol. XTI, pp. 317-346, pls. 1-4) a description of
a new species of Mylodon, M. garmani, the type of which was
found many years ago somewhere not far from Hay Springs,
Nebraska. This species has a much narrower skull than Mylo-
don robustus, and there are important differences in the teeth.
The lower teeth resemble rather closely those of M. harlani, but
are yet different. The upper teeth are still more different. Itis .
not improbable that the specimens found in the Aftonian of
Iowa belong to this species rather than to M. harlan.

Allen regards his species as having been a browsing rather
than a grazing animal. -

Superorder UNGULATA.

Suborder PERISSODACTYLA.

Tapii‘s, Horses, Rhinoceroses, Titanotheres, Fite.

Ungulata which have the middle, or third, digit of all the feet
most strongly developed; astragalus with the distal end flat;
fibula usually not articulating with the heel-bone; femur Wlth
a third trochanter; presacral vertebrze 20 or 30.
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This group, or suborder, of hoofed animals is represented to-
day by only the horses, the tapirs, and the rhinoceroses; but

during Tertiary times there existed a host
Many of these have been discovered in

North America; others in South America,

FEurope, Asia, and Africa.
existed in ‘our country, the Titanotheres,
contained species that were as large as ele-
phants. Because of the relatively few spe-
cles now existing, the suborder may be
looked on as a vanishing one.

The character which especially distin-
guishes the animals of this suborder from
other Ungulata is the relatively large size of
the third or middle toe. In all species of the
group, fossil or living, the first, or inner,
toe is either wholly missing, or represent-
ed in the forefoot by only a slender ves-
tigial element; in nearly all, the fifth also
is wanting. Among living genera the tapirs
have the fifth present in the forefoot, 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, the middle digit alone is complete
and functional, but remnants of the second
and fourth toes exist in the form of splint-
bones (Figure 43).

In all the perissodactyles the femur has
an outstanding process, the third tro-
chanter, on the outer side of the bone. That
ankle bone on which the shin-bone rests, the
astragalus, is semi-cylindrical and pulley-
like at the upper end, with a deep furrow,
while the lower end is cut off squarely,

One family that

I‘lg 43.

of related forms.

Equus caballus.
Right hind foot seen
from in front. a, as-
tragalus; ¢, calcaneum;
¢b, cuboid; c¢I, ¢2 meso-
cuneiform; ¢3, ectocu-
neiform; mii, second
metatarsal ; mdii, third
metatarsal ; miv, fourth
metatarsal; 1, 3.
first, second and third
phala.nges or upper and
lower pasterns and
coffin bone.

differing thus much

from the corresponding bone in the artiodactyles.
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Superfamily EQUOIDEA.

Hyracotheres, Palaeotheres, Anchitheres, Protohippines,
and Horses.

Skull elongated ; teeth in full number, forty-four or sometimes
with canines and first premolars missing. Orbits in hinder half
of the skull. Never any horns. Nasal bones long and pointed.
Feet elongated.

All the animals included in this group are extinct, except the
true horses; and it is mostly these which continued -on into the
Pleistocene.

Family Equidae.
The Horses, Asses, and Zebras.

Skull elongated and with the orbits well behind the middle of
" the length. Limbs fitted for great speed. Feet with three func-
tional digits in many of the extinet genera; with only one in
Fiquus. Teethi$, ¢}, pmi=% m$; cheek-teeth in the older forms
low-crowned, in the most recent high-crowned ; the upper molars
showing on the unworn grinding surface two outer, two inner,
and two intermediate cusps, each inner cusp joined to the corre-
sponding intermediate by an oblique ridge. The worn molars
showing an internal column (protocone) and two inner ecres-
cents separated from two outer crescents by two ‘‘lakes’’ of
cement; lower molars with two outer crescents,.two inner cusps,
and an inner median column (mesostylid). The premolars of
the higher genera, ew(cept the first, becoming molariform. In-
cisors, chisel-like, the canine and ﬁ1 st premolars often wanting,
especially in the females

The numerous relatives of the domestie horse which belonged
to other genera than Equus and Neohipparion need not be de-
scribed 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 or four functional toes, and the whole
foot becomes larger as compared with the rest of the leg. The

teeth come to have shorter and shorter crowns, the grinding
10
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surface is furnished with rounded cusps covered with enamel,
and the premolar teeth resemble less and less the true molars.
The animals have no longer the great size of our horses; and the
earliest forms were no larger than a small fox. The earliest
known species belong to the Hocene of North America and Eu-
rope. Hohippus had four toes on the fore feet and three on the
hinder. The crowns of the teeth were extremely low and re-
sembled those of monkeys more than those of our horses.

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 Equus and Neohipparion, so far as we now
know, came into the Pleistocene. Many of the genera were com-
mon to Europe and North America. Equus existed in all the
continents, except Australia, during the Pleistocene, probably
also during a part of the Pliocene.

It may be said that good reasons may be proposed for remov-
ing from the family Equide many of the earlier and more primi-
‘tive genera. On this question consult the recently published
work by R. Lydekker, ‘¢‘The Horse and Its Relatives.”’

In a paper published in 1907 (Bull. Amer. Mus. Nat. Hist. Vol.
XXTIT), Mr. J. W. Gidley accepted the family in its wider sense
and divided it into four subfamilies, as follows:

I. Hyracotheriinz,
II. Anchitheriinz.
III. Protohippine.
IV. Equinz.

In Towa there have been discovered representatives of only
the last two families. Of these the Protohippin® contain about
five genera most of which flourished during the Miocene and.
Pliocene; but one genus, Neohipparion, appears to have con-
tinued on into the Aftonian. The Protohippine may be defined
as follows:

Subfamily PROTOHIPPINAE.
Cheek-teeth high-crowned and furnished with abundant ce-

ment, the lakes well-developed. Three toes furnished with hoofs
on all the feet, the median one much the largest.
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Genus NEOHIPPARION Gidley.

The New World Hipparions.

Cheek-teeth high-crowned and prismatic; the hinder three
premolars like the molars; the first upper premolar present,
but reduced in size; inner anterior column (protocone) of upper
cheek-teeth not connected with the anterior crescent (proto-
conule), on the worn surface appearing as an enamel-surround-
ed island of oval or elliptical form; canines present in both
sexes; incisors with cups more or less well-developed. Feet
each with three toes furnished with hoofs; the metacarpals and
the metatarsals without keel at distal end.

This genus, which comprehends the New World hipparions,
differs from the genus Hipparion, in which are placed the
hipparions of the Old World, in having the internal anterior
column of the upper teeth (as it appears on the worn face of
the tooth) more or less elongated fore and aft, instead of cir-
cular. Also on the outer face of the tooth the spaces between
the prominent ribs or styles are concave, as in the common
horse, instead of being flat. It is thought also, that its lateral
toes are more reduced than in Hipparion. However, the two
genera are closely related.

About twenty species of this genus have been described as
former-inhabitants of our country; some of these will, however,
probably be assigned to the genus Merychippus. This latter
genus differs especially in having shorter-crowned teeth. Most
of the species of Neohipparion belong to the upper Miocene,
most of them coming from the regions of the Great Plains. Two
species have been described from the Pliocene, and it.is quite
certain that the genus continued on into the early Pleistocene.
Neohipparion venustum was deseribed by Dr. Leidy in 1860 on
specimens found in Pleistocene deposits near the mouth of
Ashley river, in South Carolina; and Dr. Calvin reported from
the Aftonian at Rockport, Missouri, a tooth which is described
below as probably Neohipparion gratum.

As in the case of the true horses, most of the species of Neo-
hipparion are known from teeth only or in one or two cases from
jaws. However, Professor Cope received from the upper Mio-



148 MAMMALS OF THE PLEISTOCENE

cene of northern Kansas a nearly complete skull of the species
N. speciosum, which was associated with various vertebrz,
one-half of the pelvis, and parts of a foreleg. The skull was
figured by him in 1887 (Amer. Naturalist, Vol. XXI, fig. 38),
and a description of the remains was given in 1889 (Proe.
Amer. Philos. Soc., Vol XXVTI, p. 436). In order that the stu-
dent may get some idea of the form of the skull of this genus, or
at least a genus closely related to it, a figure is here reproduced
of the skull mentioned (Pl. VIII, fig. 3). It is not improbable,
however, that this species will be found to belong to Merychip-
pus. The figure is from an unpublished plate prepared for
Professor Cope. Its reproduction here is due to the courtesy .
of the United States Geological Survey.

It will be seen that it is very horselike. In size it differs much
from the skull of the domestic horse, being only about one foot
long (315 mm.). This includes the occipital condyles and prob-
ably the incisor teeth. The greatest width, at the zygomatic
arches, 1s 130 mm.; that between the third incisors is 37 mm.
The horizontal diameter of the orbit is 48 mm.; the orbit is
therefore relatively considerably larger than in the domestic
horse. The forehead is more prominent than even in the Arab-
ian horse, if we may judge from Cope’s figure; and the height of
the skull at the occipital condyles and at the temporal fosse is
greater than in the Arabian horse. In the hipparion the height
indicated enters into the length of the skull four times; in the
Arabian horse nearly five times. :

Cope described the various vertebrz which he had, but it is
not practicable to do so here. The metacarpal bone had a length
of 164 mm.; that of an Arabian horse fourteen and one-half
hands high is 250 mm. long. On each side the metacarpal of the
hipparion is beveled for union with the lateral metcarpals, show-
~ ing that the animal had three toes. Cope stated that this species
had a size about equal to that of the pronghorn antelope, but
that the neck was shorter and the limbs more robust.
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Neohipparion - gratum? Leidy.

In the collection belonging to the University of Iowa is a
single tooth which is to be assigned to the genus Neohipparion
and which was discovered in the Whitman gravel pit a few miles:
south of Rockport, Atchison county, Missouri. This pit is lo-
cated in section 22, township 64 north, range 41 west, and was
regarded by Doctor Calvin as being excavated in Aftoman de-
posits. ‘Besideés this tooth, this pit has furnished
teeth and a metatarsal of the horse, Equus, a tooth
of a camel, and a tooth and part of a tusk of the
elephant Elephas columbi. The tooth of the Neo-
hipparion was reported by Doctor Calvin in the
Bulletin of the Geological Society of America, vol- Fis. 44. Neohip-*

. A parion gratum?
ume xxii, page 211, and was figured on plate xix, §rinding sur-

face of a molar
_ figure 5. The ﬁgures are here reproduced (Pl. IX, tooth XL
figs. 1, 2). A pen drawing showing the grmdmg face is also
presented (Fig. 44).

The tooth has suffered the injury of having the external wall
of enamel ‘split off, but otherwise shows no evidence of post-
mortem violence. It is rather strongly curved, so as to be.con-
vex on the outer face, concave on the inner. The coat of cement
was well developed and is preserved, except on the outer face.
The height of the tooth, measured on the outer face;in a straight
line, is 34 mni.; on the inner face, 27 mm. The leagth-of the -
grinding face is 17 mm.; its width cannot be deétermined.  How-
ever, from the inner side of the protocone to the hinder éx-
trenity of the anterior lake; is 14 mm. The protocone is oval
and has a fore and aft diameter of 3.5 mm. ‘The postproto-
conal valley, which in this genus-opens out in front of the proto-
cone, as well behind it, has a deep notch .opposite -the latter.
There is a deép inlet in the hlnder border of the tooth, ¢utting
off partlally the -hinder inner column (hypocone). The énamel
surroundmg the lakes has a very simple arrangement, but hardly
more simple than in some species of true horses, Equus. The
anterior lake has no notch in the front border, but a very deep
loop near the hinder end of the inner border, and another in the
Linder berder. Beyond this are two small loops. The posterior
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lake has a deep loop in its front border and another in the
hinder one.

The type of the species Neohipparion gratum was found some-
where along Niobrara river, in Nebraska, and is assigned to
the Upper Miocene. Other specimens have been found since
that time in Kansas, in Upper Miocene deposits. It seems
somewhat improbable that the same species continued on
through this epoch, through the Pliocene, and into the Aftonian.
One has the choice, therefore, between the conclusion that the
tooth described above is an undescribed species, and the conclu-
sion that the tooth had been redeposited in the Aftonian from
some Upper Miocene bed. It seems best to await further dis-
coveries.

The tooth here under discussion appears to agree in all essen-
tial respects with the type tooth figured by Leidy, and those
later deseribed by Cope (Proc. Amer. Philos. Soc., Vol. XXVI,
p. 415, figs. 16, 17).

The probability that Neohipparion existed during the Afton-
ian is increased by the fact that some remains of a small horse-
like animal have been discovered in the Aftonian beds at the
typical locality near Thayer, Union county. These remains con-
sist of an astragalus, a large part of a right metatarsal, a
proximal phalange and one or {wo unerupted teeth. These
materials were first referred to by Dr. Calvin in 1910 (Bull.
Geol. Soc. Amer., Vol. XX, p. 139) where he stated that the
animal was less than half the height of the domestic horge. In
a later paper (ibid. Vol. XXTI, p. 210, pl. xix, figs. 1-4) further
mention was made of these teeth and bones in connection with
the tooth above described as Neohipparion gratum?; and figures
were presented of all. Calvin’s figures of the foot-bones are
here reproduced (Pl IX, figs. 3, 4, 7). The catalog number is
76. The metatarsal has a part of the lower end missing. The
length of the fragment is 100 mm,; the front-to-rear diameter
of the upper end, 26 mm.; the side-to-side diameter, about 28
mm,

At a distance of 75 mm. from the upper end the fore-and-aft
diameter is 19 mm.; the transverse diameter, 18 mm. A part of
the border of the upper articulation is abraded, so that the
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measurements there taken are not wholly exact. In case this
bone had the proportions that are found in the corresponding’
bone of another species of the genus, its length was close to 200
mm. The bone was therefore a relatively slenderer bone than
that of the domestic horse. It differs from the metatarsal of
the horse likewise in having the fore-and-aft diameter greater
than the transverse. A section of the fragment, taken at any
point below the head would be U shaped. The rear of the bone
is nearly flat or slightly concave from side to side. On each side
of the hinder face is a rough line, along which were attached
the metatarsals of the second and fourth digits respeectively.
That border along which was attached the fourth metatarsal
stands backward a little more prominently than that of the
second.

The phalangeal bone is the first one of the digit. It belonged
to a smaller animal than that which possessed the metatarsal;
perhaps it belonged to another species. It is 36 mm. long. The
fore-and-aft and the transverse diameters of the upper end are
respectively 19.5 mm. and 11.5 mm., the latter taken at the mid-
line. of the articulation; at the middle of the length, 10.5 mm.
and 13.5 mm.; at the lower end, 9 mm. and 16 mm. )

Subfamily EQUINAE.

One-Toed Horses.

Cheek-teeth high-crowned and provided with abundant ce-
ment; the lakes well developed. Only one functional digit in
each foot the lateral digits, second and fourth, appearing as
splint bones.

Genus EQUUS Linn

The True Horses.

Cheek-teeth high-crowned and prismatic; premolars, except
the muech reduced and often absent first one, like the molars;
in the upper jaw the inner column (protocone) attached by a
~slender neck to the anterior inner crescent. Incisor teeth usu-
‘ally with well-developed cups. Fect each with only one digit.
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Of the genus Equus, about a dozen species are known from
" the Pleistocene of North America, north of Mexico. At some
time during the Pleistocene, horses occupied our country from
the Atlantic ocean to-the Pacific, and from the Great Lakes to
the Gulf of Mexico and far down to into Mexico. Even in
‘Alaska their remains are not uncommon. Unfortunately, many
of the species 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 these species from
one another and from the dometic horse, The finding of bones
- of fossil horses, especially skulls and whole skeletons, or large
parts of them is greatly desired.

_ Figure 45 represents a side view of the skull of a horse. In
this the bone has been cut away, so that the cheek-teeth may be
seen 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
behind are long and nearly square prisms. A small first pre-

Fig. 46
prd ?lf hyd

ym ey

med
Fig.45 Fig. 47

Figs. 45-47. . Equus caballus. -

45. Side view of skull, dissected to show the teeth,

46. Section of right-u%per molar. From Max Weber, X1. The enamel is
shown by the heavy black lines, the -dentine by stippling, the cement
by parallel lines. elph, ectoloph; h, posterior lake; hs, hypostyle;
hy, hypocone; me, metacone; miph, metaloph; ms, mesostyle; mts,
metastyle; pa, paracone; pl, protoconule; plph, protoloph; pr, proto-
cone; ps, protostyle; v, anterlor lake.

47. Section of right lower molar. X1. From Max Weber. end, entoconid;
esd, entostylid; hm, posterior inner fold, or valley; hyd, hypoconid;
med, metaconid; mf, median fold, or outer valley; mis, metastyle;
prd, protoconid; psd, parastylid; vm, inner anterior fold or valley.




THE TEETH OF THE HORSE Rl

molar is represented in this ﬁgure as present in the upper jaw,
but it is often absent. '

Figures 45, 46 and 47, reproduced from Weber’s Sdugetiere,
page 595, show the appearance of the grinding face of the upper
and of the lower molar and premolar teeth of a horse. These
and other figures here presentéd 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. In
these figures the dentine, which constitutes the largest part of
the tooth, is indicated by stippling; the heavy black lineg repre-
sent the enamel ; the cement is shown by parallel lines. Figure
46 is lettered to show the various regions of the teeth, as seen
on the worn face. The front of the tooth is directed toward the
right. The regions marked pr., pa., me., hy., and pl., were, be-
fore the teeth began to wear down, projecting cusps. The space
h below me., surrounded by the irregular wall of enamel in the
worn tooth, forms a ‘‘lake’’ of cement; that below pa., lettered
v., forms another. In the figure of the lower tooth the constitu-
ent elements are indicated as they are in the upper. In this fig-
ure (Fig. 47) the front of the tooth is toward the left hand. Be-
fore the tooth began to wear the areas marked prd, hyd, med,
and end, stood above the general surface of the tooth as enamel-
covered cusps. :

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 slightly
larger than the molars and the column at the outer anterior
angle is a little broader and is somewhat channeled the whole
length of the tooth. The third true molar is larger than the
others and its hinder border is not so squarely cut off as in the
cases of the other teeth (F'ig. 60). The second premolar is
the largest tooth, and the front end of its grinding face is
pointed (Fig. 68). In front of this tooth there may sometimes
be found a very small first premolar (Fig. 45). It is the
““wolf tooth’’ of veterinarians.

Far in front of the premolars are located the incisors, six in
number in each jaw (Fig. 45). When somewhat worn they
display on the grinding face an outer and an inner ring of
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enamel. Within the inner ring is a cavity, or cup, the ““mark?’.
of veterinarians. In old Lorses the cup disappears. At some
distance on each side behind the incisors a canine tooth (Fig.
45, ¢) is found in the stallion, but is missing, usually at least, in
the mare.

' The inferior molars are much narrower than are the upper
ones, nearly twice as long, fore and aft, as wide. The lower
premolars also have the form and structure of the true molars,
but are usually slightly larger. The hinder true molar is point-
ed 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.

The -three hinder premolars, both above and below, are pre-
ceded by milk teeth, which have the general structure of the
permanent teeth, but have a smaller transverse diameter. The
fore-and-aft diameter may, however, be even greater than in the
adult horse.

It may be desirable sometimes to identify the teeth of horses
and to determine their positions in the mouth. They may be
known from the teeth of other animals by their size, their form
and the 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. The crown may be
very high or it may have been worn down nearly to the small
roots. In case the tooth has suffered little or no wear and is
nevertheless short-crowned, it is to be taken as a milk tooth.

In the upper jaw the outer border of the tooth has a contin-
uous wall of enamel; but this bends inwards somewhat at two
points and leaves two prominent ridges, or styles, running up
and down on the tooth (Fig. 46 ps. ms.). The enamel of the
inner border of each upper tooth bends inward to the very cen-
ter of the tooth, producing a valley directed forward, the post-
protoconal valley (Fig. 46 @v.), so called here because it starts
behind the protocone.

In each lower tooth there is, on the outer face, one inlet of
the enamel, situated about the middle of the length (Fig. 47
mf.). On the inner border there are two deep inlets (Fig. 47
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vm. hm.), one near the front of .the tooth, the other just behind
the middle of the length. Between the two, are two loops of
ename] (metaconid and mesostylid). Behind the second inlet is
another loop of enamel, representing a ridge running up and

" down on the inner face of the tooth, the entoconid. At the ex-

treme rear of the tooth is the more or less developed entostylid.
Observations of these features will lead to the placing of the
teeth in the proper jaw, on the proper side, and with the right
end forward.

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. These same observations apply to the lower teeth.

There appear to be pretty well established at least ten species
of the genus Equus which 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 satis-
factory. :

There is need, not only of a better knowledge of the structure
of the various species, but of their relation to the species that
lived during the Pliocene, and therefore of the place of origin
of the genus Equus, and what was the genus from which it
sprang. We need to learn what was the geographical range of
each species; but of more importance is it to learn what was the
range of each species in time. It seems quite certain that true
horses were present in America soon after the opening of the
Pleistocene, and probably during some part of the later Plio-
cene. In Europe species of the genus existed during the upper
Pliocene. In India the genus occurs in the upper Miocene.
Therefore, the genus Kquus appears to have had its origin in
Asia, notwithstanding the fact that the genera that are most
closely related to it seem to have lived in America. It seems
probable that the horselike animals that gave origin to the
genus Equus passed by some land bridge into Asia and that later
some species of Eiquus returned to America over perhaps the
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same land bridge, located perhaps somewhere in the region of
Bering strait.

Another important and interesting question is that regarding
the time when our native horses became extinet. It has been
supposed that some species continued on until late in the Pleis-
tocene. It has even been argued that in Mexico and South
America native horses existed when white men arrived in the
New World. No sufficient proof has been produced in favor of
such statements. Inasmuclh, on the other hand, as no authentic
specimens of fosssil horse remains have been reported from
any deposits overlying the latest sheet of drift, the Wisconsin

Fig. 48. Map showing localities where remains of fossil horses have been found in the
United States and the relations of these localities
to the various drift-sheets.

(Fig. 48), the writer believes that at least in the glaciated region,
so well fitted for the mammoths, the mastodons, and the giant
beaver, there existed no species of horse. It, further, seems
extremely doubtful whether any remains of a fossil horse have
been found in any late Pleistocene deposit in the region outside
of that occupied by Wisconsin drift. However, future investi-
gations must settle this question. '
Inasmuch as remains of fossil horses have been found at
many localities in Towa, especially along the western border and
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are likely to be found anywhere except where the state is covered
with Wisconsin drift, it might appear proper here to deseribe
and figure the principal parts of the skeleton. This is, however,
less necessary because not only the teeth but also bones of all
fossil horses resemble closely the corresponding parts of our
domestic horses. Almost anywhere in the state, with a little
trouble, one may find the skeleton of some domestic horse and
with these one may compare any fossil teeth or bones that may
be suspected to belong to a horse. Teeth of fossil horses are
most likely to be found; and it is hoped that the many figures of
these presented in this treatise may enable the finder to deter-
mine whether or not what he shall find belonged to a horse.
One may easily judge whether any bones found are of a size be-
fitting those of a horse and one may then proceed to make a
comparison.

On page 180 will be found a figure of a skeleton of a fossil
horse which was found in Texas. It will be sufficient to show
the general form of most of the bones. It will be seen that the
lower jaw is quite characteristic. The humerus may be dis-
tinguished from that of any oxlike animal by the fact that there
are two deep grooves at the upper end in front for the passage
of tendons instead of one. The nearly cylindrical metacarpals
and metatarsals are quite different from those of any ruminant
animal. The femur differs from that of any other large animal
likely to be found in Towa in having a prominent process on the
outer side about one-third the length of the bone from the upper .
end. The form of the astragalus will be seen in figure 43, page
144, The hoof-bones may be recognized by anybody.

The following species of horses have been found either with-
in the limits of Towa or so near them as to make them of inter-
est and they are therefore deseribed.

Equus complicatus Leidy.

In 1847 Dr. Joseph Leidy based a species of fossil horse, called
Equus americanus, on twelve specimens of teeth which had been -
sent him from Natchez, Mississippi (Proc. Phila. Acad. Nat.
Sei., Vol. IIT, p. 265, pl. ii). Later, having learned that the
name americanus had been applied to a fossil horse from South
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America, he adopted for his species the name complicatus. In
1869, however, he abandoned this name and accepted a name,
Equus major, which had been proposed in 1842, by J. E. DeKay,
for a fossil horse. The latter name had, however, never been
defined and had no nomenclatorial standing. Dr. Leidy, never-
theless, continued to use it ever afterwards.

In 1901 Mr. Gidley selected as type specimen of Equus com-
plicatus the tooth which Leidy had figured in 1847 (Figs. 49, 50).

Fig. 49
Figs. 49, 50. Equus complicatus, Views of the type, of an upger left molar. Slightly
less than natural size.

49. Grinding surface of the tooth.
50. Side view of the tooth. -

Leidy and others at various times assigned to this species re-
mains, some of which undoubtedly belong to other species, while
it is probable that some specimens that have been identified as
E. fraternus belong really to E. complicatus. Indeed, it is prob-
able, as concluded by Gidley, that the type of Equus fraternus,
chosen by Cope, belongs really to Equus complicatus. It is
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evident that in the region of the South Atlantic and Gulf states
there existed at fewest three species of horse, one of large, one
of intermediate, and one of small size. Unfortunately these
species are at present known to us almost wholly by their teeth;
and as the teeth of all the species varied somewhat in size in
different parts of the jaw and in different individuals, it is not
possible in all cases to determine with certainty to which spe-
cies some teeth belong. It happens, too, that the enamel in both
the large and the small teeth, had assumed a rather complicated
and similar pattern.

Under the circumstances it has seemed proper for the pres-
ent to refer to Equus fraternus the large teeth found on the At-
lantic slope, while other names are to be applied to the horses
of middling and small sizes. Equus complicatus is then to be
used for certain horses of the Mississippi valley. It is greatly
to be desired that more satisfactory remains of the large horse
that roamed on-the Atlantic slope shall be discovered, so that
we may determine its relation to Equus complicatus. In 1870,
Professor Cope (Trans. Amer. Philos. Soc., X1V, p. 250) men-
tioned a skull that had been found at Pea Shore, near Camden,
New Jersey, but this skull has apparently been lost. The writer
agrees with Mr. Gidley that Cope’s Equus intermedius (Proc.
Amer. Philos. Soc., Vol. XXXIV, p. 463, pl. xi, fig. 8), found
at New Iberia, Louisiana, is the same as Equus complicatus.
There are no essential differences and the types of both are
from places near each other. Therefore, the fragment of upper
jaw with the two hinder premolars and all three of the molars
which served as Cope’s type of E. intermedius may be used in
defining E. complicatus. The enamel of E. intermedius is not
so much crimped as is that of the type of E. complicatus; but
that is probably due to the fact, as Gidley has remarked, that
Cope’s type belonged to an older individual and was worn
down nearer the roots.

In the type of E. complicatus (Figs. 49, 50) the grinding face
is 32 mm., fore and aft, and 27.5 mm., transversely, neglecting
the cement. The internal column (protocone) equals sixty per
cent of the transverse width of the tooth. The height of the
crown is nearly 100 mm., and it is considerably curved.
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. The following are the dimensions of the teeth of the type of
E. intermedius, as determined from Cope’s figure. Cope gives
the length along the erowns of the teeth 143 mm., but this seems
to have been taken on the outer border. The measurements
here given are taken about the middle of the face. Cope’s illus-
tration of his E. intermedius is here reproduced (Pl IX, fig. 6).

'MEASUREMENTS OF UPPER TEETH.

From front of pm,® to rear of m® o ______ O 141mm.
From front of m.* to rear of m*_____.__.____________ ~ 84mm.
' Pm.?, length e 29mm.
wWidth oo e 31mm.
protoeone e 15mm.

Pm.* length e 29,
width 29mm.
protocone ____.___ e -~ 18mm,

M.%, length o e 25mm
width - 28mm
protoeone 16mm,

M.?, lemgth o e 27mm
width - 25mm
protocone .o e 15mm

M.®, length e 31mm
width e 22mm
protoecone o . o 16mm

The maxilla itself does not furnish any valuable character
for distinguishing the species. The postpalatine foramen is
opposite the front end of the last molar.

Cope described and figured the front end of the lower jaw
with all the incisors present, and his figure is here reproduced
(PL IX, fig. 5). The outer incisor has no posterior wall for its
cup, while in the other incisors the cups are completed. The
teeth are larger than the corresponding ones of the common
horse, the first one having a transverse diameter of 21 mm.

The lower jaw is remarkably narrow at or just behind the

middle of the symphysis, being here only 34 mm. wide, while
~ at the base of the outer incisor the width is 63 mm. In an
Arabian horse belonging to the U. S. National Museum the
width at the narrowest part of the symphysis is 37 mm.; at
the base of the outer incisors, 60 mm. '
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Dr. Joseph Leidy, in 1889 (Trans. Wagner Inst., Vol. II, p.
37) described some teeth of a horse which had been found at
Petite Anse near New Iberia, Lousiana. One of Leidy’s fig-
ures is here reproduced (Fig. 51). It agrees in all essential
respects with the tooth which stands as the type of the species.

Fig. 51. Equus complicatus. Premclar from Petite Anse, Louisiana. X1. After Leidy.
The tooth is evidently a premolar. Its height is given as 70
mm. ; the length of the grinding face, 31.5 mm.; the width, 31
mm. :

The five lower cheek-teeth found at Petite Anse, Louisiana,
mentioned by Leidy (Trans. Wagner Inst., Vol. I, p. 38) are
*in the U. S. National Museum, No. 707. " These appear to be-
long to three individuals; pm.,, and pm., of the left side
of one (Fig. 52), a right m.,, of another, and m., (¥Fig. 53)
and m.,, of the right side of a third. Two other teeth, num-
bered 705, are the second and third right premolars (Fig. 54).

The following measurements of these teeth are taken, the ce-
ment coating being neglected :

MEASUREMENTS OF TEETH.

Tooth Fore and aft Transverse
mim. min.

Pm., 34 18

Pm., 31.5 18

M., 28 16

M.. 28 16

It will be seen that in size these teeth agree with the upper
ones of E. complicatus. Compared with those of a domestic
horse, they are somewhat longer fore and aft. The premolars

are a little wider than those .of the domestic horse, while the
11 -
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molars are slightly narrower; but individual differences may
be concerned lhere.
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Figs. 52-56. Equus complicatus.
52. Equus complicatus. Third and fourth lower premolars of left side. XI.
53. Eagquus complicatus. First lower molar of right side. Slightly less than
natural size.
534. Equus complicatus. Second and third lower premolars of right side.
. Slightly less than natural size.
55. Eguus complicatus. Upper left premolars 1 to 4 and molar 1. From
Illinois. Slightly less than natural size.
¢ After Leidy.-
56. Equus complicatus? Lower milk molars of right side.

No. 10059 Ameri-
can Museum Natural History. Slightly

less
than natural size.
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In none of these teeth does the outer valley get in between
the ends of the two longitudinal valleys. It will be observed -
that this outer valley sends backward a little loop, the so-called
protostylid. This is found also in the domestic horse. The
enamel ridges are somewhat more crimped than in the domes-
#ic horse. The inner boundary of the hinder longitudinal valley
is not straight, but is pushed outward about the middle.
‘Whether or not thege features are of specific-value, we cannot
yet be certain. ‘ '

In 1889 Dr. Leidy (Trans. Wagner Inst., Vol. II;-p. 39) de-
scribed a specimen consisting of a part of the left upper jaw
containing all four premolar teeth, and supposed by him to be-
long to Equus major, his later name for Equus complicatus.
This had been discovered many years before in a bog on the
boundary line between Bond and Fayette counties, Illinois;
but the exact locality and the depth where found were not
given. This specimen is now in the collection at Springfield,
Illinois, and the writer, through the kindness of Dr. A. R.
Crook, has been permitted to examine it. The complication of
the enamel appears to be greater than in the common horse
and to be like that of the type of E. complicatus. In giving his
measurements Dr. Leidy included the cement. These measure-
ments are here corrected so as to exclude the cement. Leidy’s
figure of the teeth is here reproduced (Fig. 53):

MEASUREMENTS OF TEETH.

Tooth | Height | Tength | Width
‘ mm. mim. mm.
e T i s 2 IR 85 5
130 ) TR T e g 41 27
Pm® & 315 30
Pm.t 8 31 2.5

Although the first premolar was present in this specimen,
there was no trace of the canine at a distance of three and one-
fourth inches in front of the premolar. 'In a large specimen of
the domestic horse the canine is only two and three-fourths
inches in front of the premolar. Possibly the canine had not
been present.
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Nothing certain is known about the milk teeth of this species.
Figure 56 shows the lower milk molars of the right side which
were found by Mr. J. W. Gidley in Tule canyon, Briscoe county,
Texas, within three miles of the locality where the type of
Equus scotty was discovered. It might be supposed that these
teeth belonged to a colt of E. scotts, but they differ considerably
from the corresponding teeth of one of the five specimens of
the latter species found with the type, as may be seen by com-
paring the figures shown here with figures on page 187. They
are therefore referred provisionally to Equus complicatus.
To what extent such teeth may vary within the same species
we do not yet know. Figure 56 is from No. 10591 of the Amer-
ican Museum of Natural History.

Up to the present the skull of this species is known only from
fragments. In the U. S. National Museum is a fragment, No.
709, which presents most of the zygomatic arch and the hinder
boundary of the orbit. The specimen is from Petite Anse, near
New Iberia, Louisiana. The zygomatic arch, where narrowest,
just in front of the articulation for the lower jaw, is 32 mm.
wide, just equalling that of a specimen of E. caballus. The
postorbital bar, where narrowest, is 28 mm. wide; that of the
domestic horse is 35 mm. wide.

" In the U. S. National Museum, No. 711, from Petite Anse,
Louisiana, is the symphysis of the upper jaw, with the alveoli
of the incisor teeth. Immediately behind the last incisors the
width of the jaw is 70 mm.; that of a domestic horse (No. 843,
U. S. National Museum) being. 74 mm. The premaxillary
suture extends backward 58 mm.; in the domestic horse, 44 mm.
The bone near the hinder end of the symphysis is 28 mm.
thick, in the domestic horse only 22 mm.

No. 710, U. S. National Museuin, from Petite Anse, furnishes
the articulation of the under jaw and the hinder border of the
jaw for about 150 mm. below the articulation. A feature to be
remarked is the thickness of this hinder border. When com-
pared with the jaw of a domestic horse of the same size, it is
found that in the latter, 100 mm. below the articulation, the
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bone is 10 mm. thick; in the fossil, it is 22 mm. thick.." At 150
mm. below the articulation the bone in the domestic horse is 15
mm. thick; in the fossil, 29 mm. Doubtless in all these strue-
tures there is great variation within the species and not too
much reliance must be placed at present on these characters
in'identifying remains. It may be said that nothing is known
which indicates with certainty differences between the skull of
Equus complicatus and our domestic horse unless it be the very
narrow mandibular symphysis. Little is known regarding the

form and proportion of the remains of the skeleton.

From Petite Anse, Louisiana, there is in the U. S. National
Museum, No. 703, the distal end of a right humerus. It appears
to differ in no way from that of the Arabian horse, except that
it is slightly larger, measuring 85 mm. across the articular sur-
face at the'lower end, the Arabian measuring 81 mm. No other
skeleton of E. caballus is at hand for comparison. It is ob-
served that the outer ridge bounding the cavity for receiving
the olecranon maintains an equal width, 23 mm., from the lower
to the upper end; whereas, in the Arabian horse this ridge is
33 mm. wide below and only 18 mm. above. On the inner face
of the bone, at the lower end, the greatest width, fore and aft,
is 93 mm.

No. 702 includes the right radius, lacking a few inches of the
middle of the shaft. The upper end fits the humerus, No. 703,
so accurately that both bones were probably parts of the same
individual. The extreme width of this upper end of the bone
is 95 mm.; in .the Arabian horse. 80 mm. The greatest diam-
eter of the shaft, 125 mm. below the head, is 49 mm.; the short-
est diameter, 32 mm. In the Arabian horse these dimensions
are respectively, 41 mm. and 31 mm. The shaft of the fossil is
thus seen to be somewhat flatter than in the Arabian horse.
The surface for the outer condyle of the humerus is narrower
fore and aft than in the Arabian horse, measuring, at the
middle of the length in the fossil, 25 mm.; in the Arabian horse,
28 mm. The distal end of the radius has an extreme width of
83 mm.; in the Arabian horse, 79 mm. On the anterior sur-
face of this lower end the external groove for a tendon is placed
nearer the outer border of the bone than it is in the domestic
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horse; and a prominence, which in the latter is near the middle
of the anterior surface, is, in the fossil, much nearer the outer
border.

No. 723, U. S. National Museurn, from Petite Anse, presents
the bone surrounding the acetabulum. The long diameter of
this cavity is 72 mm. The bone does not permit a section be-
ing taken in front of the acetabulum, but the upper border of
the bone is more rounded than in the Arabian horse. . From
the upper edge of the acetabulum to the upper border of the
ilium is 54 mm., while in the Arabian horse, a smaller animal
evidently, the distance is 57 mm. The pubic bone is much thin-
ner in front of the obturator foramen than in the Arabian
horse, being, in the former, 17 mm. wide, in the latter, 23 mm.
Measured 25 mm. behind the acetabulum, the ischium is 43 mm.
high, while in the Arabian horse, the bone is only 36 mm. high.

In the U. S. National Museum is the lower end of the left
tibia from Petite Anse, No. 704. It measures from side to side
85 mm.; from front to back on the inner side 51 mm. In the
Arabian horse these dimensions are respectively 81 mm. and 48
mm. No other differences are observed in this part of the tibia
of the two animals.

TEETH OF EQUUS COMPLICATUS FOUND _IN IOWA.

To this species I refer certain teeth that have been discov-
ered in Jowa. Ome of these (No. 116) was described by Calvin
(Bull. Geol. Soc. Amer., Vol. XX, p. 345, pl. xviii, figs. 1, 3).
It was found in the Cox pit, near Missouri valley, Harrison
county. Calvin’s figures are here reproduced (Pl X, figs. 1, 3) -
and a pen drawing (Fig. 57) is furnished which shows more
distinetly the arrangement of 'the enamel. This is an upper left
premolar, either the third or. fourth, and has the following di-
mensions: -Height of crown, 88 mm.; length, 31.5 mm.; width,
32 mm,; length of protocone, 17 mm. It is about as much
curved as the type tooth (Fig. 50), probably just a little less.
The anterior and posterior pillars are broken off near the sum-
mit of the tooth. In the drawing (Fig. 57) this is restored from
a-lower level of the tooth.
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Figure 58 repreéents the grindil'lg' face of an upper left true
molar (No. 122b), either-the first or the second. It was found
in an Aftonian gravel pit at Turin, Monona county. It has

Fig. 61

Figs. 57-61.
57.

58,
59.

60,
61.

Pig. 60 Fig. 59

Equus complicatus. . .

Grinding surface of left upper premolar. X1. No. 116 State Upiversity
' : of ITowa. : -

Upper left molar, X1. No. 122b State Unliversity of Towa. .

Lower left molar or premolar. Slightly less than natural size. 'No. 261

State University of Iowa. .
Upper left cheek-teeth. X .726. No. 220 State University of Iowa.
Lower right cheek-teeth. X .726. No. 219 State University of Iowa.
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the following dimensions: Height, 83 mm.; length, 30.2 mm.;
width, 28 mm.; protocone, 13 mm.* The tooth appears.to be
slightly more curved than the type tooth. If the arrangement
of the enamel of these two teeth be compared with that in the
type tooth, it will be seen that no important differences exist.
Nevertheless, the pattern in all three resembles closelv that
found in the upper teeth of E. scotti. ‘

Figure 59 represents the gnndlng face of a left lower tooth
(No. 261), probably a premolar. : It was found in the Cox
gravel pit at Missouri Valley, Harrison county. It is little
worn down and shows the following dimensions: Height of
crown, 80 mm:; length, 33 mm.; width, 17 mm. This tooth ap-
péars to agree closels with the lower teeth from Lomsmna here
represented .(Figs. 52, 53, 54) and believed to belong to E. com-
vlicatus. ' i

In the collection of the Iowa Univ e151tv with the 'vcatalog
numbers 219 ‘and 220, is a specimen consisting of the left upper
and right lower cheek-teeth. The number 219 is ass"i-‘gned
to the lower teeth, 220 to the upper. The lower teeth are in
place in a part of the lower jaw. These teeth were described
and figured by Professor Calvin in his paper entitled Aftonian
Mammalian Fauna (Bull. Geol. Soc. Amer., Vol. XX, 1908, p.
344, pl. xvii, figs. 1, 2). The animal was identified by him as
Equus scotti. We are told in that communication that these
teeth were found by Mr. E. L. Gladwin while grading a road
in section 35, Livons township, Mills county: Prof. B. Shimek
(Bull. Geol. Soc. Amer., Vol. XXI, p. 138) informs us that the
locality is inthe east one-half of section 33, township 71 north,
range 43 west. It is stated by Calvin that a considerable part
of the skeleton was present, but the bones were too soft for
preservation. The matrix was a fine blue clay, a bed of silt;
and this bed is regarded as belonging to the Aftonian. The
presence of this skeleton with all these teeth and so many bones
associated furnishes evidence that the animal was in its.orig-
inal place of burial and had not been redeposited from some
older formation. Calvin speaks of this specimen as the ‘‘Glad-
win horse.”” : :
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The present writer prefers to refer this specimen to Equus
complicatus rather than to E. scotti, because he knows of no
means of distinguishing the teetl: of the two forms and is in-
clined to believe that both belong to the same species. Later
studies may show that thev are distinet. Inasmuch as the pres-
ent specimen presents some peculiarities it is described and
figured with some detail (PL XI, figs. 1, 2; text figs. 60, 61).

The following measurements are taken from the teeth of this
specimen. It must be stated that the horse was rather old and
that the teeth are worn down to about one-half their original
lengths.

MEASUREMENTS OF TEETH OF GLADWIN HORSE.
Upper Teeth.

Length of premolar-molar series . . 180 mm,
Length of premolar series -___ 104 mm.
Length of molar series 86 mm.
P PRephif . £ 8s S, Tl LN -l - Lk S dboapan.
length . 42.5mm.
width 27 mm.
protocone 10 mm,
P hesithib =i h A 8 =iy T eeee 48 mm,
length 31 mm.
width b . 30.5mm.
protocone x 14 mm.
Pm.*, height ___ 4 53 mm.
length ___ z 29.5mm.
width 31.5mm.
protocone ____ 16.8mm.
M.?, Theight : = 39 mm.
length 26 mm,
width ______ 30 mm.
protocone 14 mm.
M.?, height - Bt & 43 mm,
length ___ . 27 mm,
width . : i 27.5mm.
protocone : 14 mm,
Mitor sHerli e, =4 _ 53 mm.
length _ 32 mm.
width 26 mm.
protocone 15.5mm.

Lower Teeth.

Length of premolar-molar series ___ 194 mm.
Length of premolar series ____ 98 mm.
Length of molar series - 96 mm.
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Pm.., helght

_________________ 29 mm.
length ___ 5 37 mm.
width S, 18 mm.
Py s ApTolil, il T et o LG R B L e A ERE IR Ty 39 mm.
length _ it okl 31 mm.
width ___ -- 18 mm.
oV S gtV e S e e Lsteb i 18 T et el Tl B e W S T Py
length ____ = ce—e 30 mm.
Wildbh ealoy o et e, -~ 20.5mm.
Mt ettt ol s e Bt S e e e e e it et ol el e 44 mm.
length ____ et et e e L I € i 28 mm.
AL [ e e et AP s ST NSk SRR K g s S D 18 mm.
{1 ST (o ) R e R SRR B PR e oS BT s P, 3 I e LR VL P Ay o
length ___ = : L - 28 mm.
3 1 P R T e T s IS pe i B0 TR L Wl S e 16.5mm:.
7, Pt g o 1 1Y e i A H oy L IR PR s B L = o Sl L L Sl I e R L -
length _________ 3 i 7 A - 37 mm.
width ___ %, i g e LR i oy TNy Pafvrid R 14 mm

The teeth of this horse are remarkable on account of the
great thickness of the coat of cement. This is especially thick
on the external columns of the vpper teeth; and as a conse-
quence the grooves between these cement-covered columns are
deep and narrow. In the type of Equus niobraremsis the ce-
ment adds 2 mm. to the width of the last upper premolar, while
in this specimen it adds 3 mm. The enamel, too, is very heavy,
being thicker than in specimens of the domestic horse, nearly
twice as thick as in the type of E. excelsus, and thicker than in
other specimens of E. complicatus at hand.

As to the disposition of the enamel on the grinding face of
the teeth, it may be said that the pattern is rather simple.
There is an unusual difference in the arrangement of the en-
amel around the lakes of the premolars and those of the molars.
In the premolars the arrangement is very similar to that seen
in E. niobrarensis, but there is rather less folding of the enamel
around the anterior lake. In both the lakes of each premolar
there is a front and a hinder notch. In the molars the pattern
of the lakes resembles a good deal that of E. excelsus. The an-
terior lake has no notch in its front border, and the posterior
has only a minute notech in its hinder border.

Notwithstanding the great différences which these teeth pre-
sent when compared with undoubted specimens of Equus com-
plicatus, the writer proposes to refer it to that species. It may
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be regarded as probably furnishing the extreme limit in varia-
tion in the direction of simplicity of arrangement of the enamel.
This simplicity is due probably to some extent to the approach
of the grinding surface to the bases of the teeth. On account
of this simplicity in the enamel, its great thickness, and the
great breadth and prominence of the styles of the upper teeth
and the great thickness of the cement on all the teeth, there is a
temptation to regard the specimen as belonging to an unde-
seribed species. On the whole, however, this course does not
seem to be advisable.

A tooth bearing the catalog number 262 is a large lower left
premolar, probably the third (Fig. 62). It was discovered near
Pisgah, Harrison county, in the Peyton gravel pit. The tooth
is only moderately worn and is in good condition. The height
is 80 mm.; the length, 34 mm.; the width, 19 mm. The size of
the tooth and the arrangement of the enamel agree so closely
with a corresponding premolar of Equus complicatus found at
New Iberia, Louisiana, (Fig. 52) that there is nothing else to
do than to refer it to the same species.

There is a second tooth in the collection which has the num-
"ber 262 and which was found likewise in the Peyton pit. Not
improbably it appertained to the same individual. Tt belonged
to the left side of the lower jaw and seems to be either the first
or second molar. The height is 56 mm.; the length, 29 mm.;.
the width, 16.5 mm. The arrangement of the enamel is essen-
tially the same as in No. 127, but its thickness is not so great.

The tooth bearing the number 132 was found in the Cox
gravel pit at Missouri Valley. It belonged to the left side of
the lower jaw and is probably a second molar. It was men-
tioned by Calvin in his paper on Aftonian Mammals (Bull
.Geol. Soc. Amer., Vol. XX, p. 348, pl. xix, figs. 1, 3). Calvin’s
figures are here reproduced (Pl. XII; figs. 1, 3) and a pen
drawing is presented (Fig. 63). This author regarded it as be-
longing to the same species as the Gladwin horse, E. scotti. The
present writer is disposed to refer both these specimens to E.
complicatus. The tooth had only begun to wear. Its height,
not including the roots, is 85 mm.; the length, 31 mm.; the
width, 16 mm., However, the width would on further wear soon
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have been somewhat greater. The enamel is arranged very
much like that of the tooth of our figure 52, and like the tooth
- numbered 262. It will be observed from Calvin’s illustration
that the tooth was diseased on the inner face. -

The tooth which has the catalog number 134 is a lower left
last molar. It was secured in the Cox pit, at Missouri Valley,
Harrison county. It is only moderately worn and is in fine
condition of preservation. The tcoth is curved backward. The
height is 75 mm.; the length, 36 mm.; the width, in front, 15
mm. The outer inlet is broad and furnished with a loop, the
so-called protostylid, in its hinder border. The inlet does not
push itself between the two longitudinal valleys. The heel is
thin and prolonged backward. The tooth is referred to Equus
complicatus. Figures are here presented showing both faces
of the tooth. Some of the cement is still retained (Pl XIII,
fign.-4, "B). ,

A tooth which bears the catalog number 131 was found in the
Cox gravel pit, at Missouri Valley. It was described and fig-
“ured by Calvin (Bull. Geol. Soc. Amer., Vol. XX, p. 349, pl.
xix, figs. 2, 4). He referred it to Equus complicatus and the
present writer is content to agree with the determination. The *
tooth is a true molar, probably the second, of the left side of
the lower jaw. Itis only moderately worn down and is in good
preservation, except that a portion of the hinder part of the
base is split off. The height is 80 mm.; the length, 29, mm.; the
width, 17.5 mm. The disposition of the enamel resembles much
that of the second molar of No. 127 (F'ig. 64), but the lines of
enamel are not so heavy. As in No. 127 the outer inlet pushes
in between the ends of the longitudinal valleys. Calvin’s fig-
ures are here reproduced (Pl. XTI, figs. 2, 4).

The number 127 has been given to a fragment of the right
ramus of the lower jaw with the last two molars (Pl XII, fig.
6). The specimen was discovered in the Cox gravel pit, at
- Missouri Valley, and was described by Professor Calvin (Bull.
Geol. Soc. Amer., Vol. XX, pl. xix, fig. 6). He referred it to
Equus complicatus, and the present writer believes that his as-
signment of it is correct. The animal was an old one and the
teeth are worn down to half their original height.
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The following are the measurements:

MEASUR‘EMENTS OF TEETH OF SPECIMEN 127.

Tooth . Height |  Length Width
M. 50 28 17
M. 0 | 3 15

These teeth, the second molar of which is here figured (¥ig. .
64), differ in one respect, perhaps important; this is, that the
outer inlet of enamel pushes itself inward beyond the midline
of the tooth and between the adjacent ends of the two longitud-
inal valleys. There are at hand six lower teeth that can be
assigned with considerable certainty to Egquus complicatus.
These are from New Iberia, Louisiana, and one of them is here
figured (Fig. 53). In none of these does the outer inlet reach
so far inward. Whether it may have done so in some indi-
viduals cannot now be determined. In the length of this inlet,
the specimen, No. 127, resembles the domestic horse, in the true
molars of -which -the inlet in question is interposed between

" the longitudinal valleys. The second molar of a large gelding
- in the U. S. National Museum has the same length as that of
the specimen here described, but the width is only 15 mm.
‘Also the outer inlet is comsiderably nearer the middle of the
length of the tooth than in No. 127.

el

Fig. 62 . Fig. 63 Fig. 64 Fig. 65
I'igs. 62-65. Equus complicatus. XI.
62. Lower left premolar. No. 262 State University of Iowa. .
63. Lower left tooth, proba.blyI second molar. No. 132 State University of
. owa. :
64. Lower right second molar. No. 127 State University of Iowa,
65. TUpper right tooth, fourth premolar? No. 118 State University of Iowa.
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Number 328 of the collection at the State University of Iowa is
a left lower molar which appears to belong to Equus compli-
catus. It, too, was collected in the Cox pit, by Shimek.

In the collection is found a large second lower premolar of
the right side which had not yet come into use; so that what in
a worn tooth appear as dentine areas are here rounded cusps
covered with enamel and a little cement. The specimen was
discovered in the Cox pit, at Missouri Valley. It has the cata-
logue number 120. Views are here presented of both faces of
the tooth (PL XIV, figs. 1, 2). The height of the tooth is 68
mm.; the length, 41 mm.; the width, 15 mm. The tooth had
probably not reached its full height.- Naturally, in the unworn
condition of the tooth the details of the foldings of the enamel
cannot be made out. Nevertheleys, the size of the tooth indi-
cates that it belongs to none of the known extinet horses, un-
less it be Equus complicatus or possibly Equus scotti.

Tooth No. 118, from Cox pit, Missouri Valley, is a right up-
per tooth, perhaps the fourth premolar, of an old horse. It
was referred by Calvin (Bull. Geol. Soc. Amer., Vol. XX, p.
345, pl. xviii, fig. 6) to Equus scotti. The height of the tooth
was given as 38 mm.; the length of the grinding face, 32 mm.;
the width as the same. As in other cases, Calvin included the
cement and measured on the extreme outer border. As deter-
mined by the present writer, the dimensions are: Height, 38
mm.; length, 29.8 mm.; width, 32 mm.; protocone, 15.5 mm.
(PL X, fig. 6).

The most remarkable feature ahout the tooth is the excessive
folding of the cnamel. This affects not only the lakes but like-
wise to some extent the walls of the post-protoconal valley.
The foldings of the enamel can best be understood from the
drawing (Fig. 65). One is reminded of the teeth of Cope’s
Equus fraternus pectinatus (Jour. Acad. Nat. Sci. Phila., Ser.
2, Vol. XTI, pp. 255, 257) found in Port Kennedy cave, Pennsyl-
vania. A figure of the type specimen has been given by Gidley
(Bull. Amer. Mus. Nat. Hist.,, Vol. XIV, p. 135, fig. 23), who
recognized it as a distinct species. The present tooth differs
from it in ‘having a much broader protocone; although this
character may not be distinctive. For the present the writer
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prefers to regard the tooth as having belonged to an individual
of Equus complicatus which possessed teeth with unusually
strongly crimped enamel.

The specimen bearing the number 282 presents the outer half
of the crown of an upper true molar of the left side. It was
found in the Elliott pit, Turin, Monona county. The tooth had
only just begun to be worn. The height is 90 mm.; the length,
32 mm. at the summit; 29 mm. at half the height. The lakes
are both preserved. There is a good deal of folding in the
enamel around the lakes. There appears to be no reason for
refusing to refer the tooth to Equus complicatus.

In the collection are three teeth which were found in the
Whitman pit about five miles south of Rockport, Atchison
county, Missouri. The locality is in section 22, township 64,
range 41. It seems to be on Nishnabotna river.

No. 364 @ is a right lower molar or premolar, probably the
former, which had not yet been cut. The height is 80 mm.; the
length, 34 mm.; the width, 18 mm. On account of its size it is
referred to Equus complicatus, admitting, however, that it may
belong to Equus scotti, if this should be found to be a distinct
species.

A second tooth in the collection is numbered 364 b. It be-
longed to the right side of the lower jaw and is probably a pre-
molar, the third or the fourth, probably the third. It was rela-
tively little worn during life, but it has been rolled and polished
after death. The height of the tooth is 98 mm.; the length, 34
mm.; the width, 16 mm. The adjacent ends of the two longi-
tudinal valleys almost touch and-of course exclude the outer
inlet.

In lack of evidence to the contrary the tooth is referred to
Equus complicatus.

A third tooth, bearing the number 364 ¢, is the last true molar
of the left side of the lower jaw. The erown is curved so that
-the front border is convex, the hinder concave. The tooth had
‘not been greatiy worn. The height is 77 mm.; the length, 36
mm.; the width, in front, 14 mm. The outer inlet does not
press itself between the longitudinal valleys. It is broad and
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bas a loop in its hinder border. The heel of the tooth, or the
éntostylid, is unusually thick and truncated behind, the thick-
ness being 9 mm. In this respect it is quite different from the
next tooth. It is referred to Equus complicatus.

‘No. 364 d is another lower left last molar, but more worn than
the one just described. The height is 55 mm.; the length, 39
mm. ; the width, 16 mm. The ‘‘heel’’ is thinner (6 mm.) than in
the tooth just described and is more prolonged backward. The
tooth is supposed to belong to Equus complicatus.

No. 227, of the Iowa University collection, is a much worn
lower left molar or premolar. It was found at Turin, Monona
county, in the Elliott pit. The crown has a height of only
about 30 mm., but there were twc strong roots developed, an
anterior and a posterior. The latter is still present and with
it the tooth has a height of 69 mm. The length of the grind-
ing surface is 30 mm.; the width is 18 mm. The external inlet
does not get in between the longitudinal valleys. The tooth is
referred to Equus complicatus.

A tooth bearing the catalog number 242 b is an upper right
third milk molar. It was found in the Elliott gravel pit near
Turin, Monona county. It is worn so that the enamel is pre-
sented and this is of a simple character. The tooth is referred
provisionally to Equus complicatus. In size it agrees closely
with the corresponding tooth of a specimen in the American
Museum of Natural History, found at Hay Springs, Nebraska,
and having the field number 81. The height of the tooth num-
bered 242 is 30 mm.; the length, 35 mm.; the width, 26.5 mm.;
the protocone, 11 mm.

From the same pit was obtained a lower right fourth milk
molar to which has been given the catalog number 242 a. Its
height is 30 mm.; the length, 39 mm.; the width, 13 mm. This
tooth so closely resembles the corresponding tooth of the speci-
men from Tule Canyon, Texas (Fig. 56) and referred here to
Equus complicatus, that the present tooth is regarded as belong-
ing to this species. It will be seen that it is quite different from
the last milk molar represented by figure 70 and which belonged
to one of the five horses of Equus scotti found originally by Mr.
(Gidley. It is possible that these variations occur within the
limits of one species, but this is vet to be determined.
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Another tooth, No. 184, found in the Elliott pit is referred
provisionally to Equus complicatus. 1t likewise is an upper
right third milk molar; but it had not yet come into use. The
height is 40 mm.; the length, taken along the middle of the
tooth, 37 mm.; the width, 25 mm.; the protocone, 14 mm. In
its unworn condition it is impossible to determine the -arrange-
ment of the enamel.

Under the number 181 there are in the collection parts of two
lower teeth; both of the right side. They were found at North
Riverside, near Sioux City, in the Anderson pit.. One of these,
181 @, shows the external inlet pushed in between the adjacent.
ends of the two longitudinal valleys. It is a tooth slightly
smaller than m.., of No. 127 (Fig. 64), but it is here assigned
provisionally to Equus complicatus.

The second specimen has a portion on the outer side of the
hinder end broken away. This tooth is somewhat abnormal in
having the protoconid reduced and not separated from the
metaconid by an anterior inner inlet. The tooth appears to be
a premolar. Another tooth with the hinder third of the crown
missing has the outer inlet between the longitudinal valley.
In its condition it is impracticable to determine the species. .

A tooth numbered 119, from the Cox pit, at Missouri Valley,
belonged to the right side of the upper jaw and is probably the
first true molar. It is much worn. The height is about 45 mm.;
the length, 30.2 mm.; the width, 31 mm.; the protocone, 16 mm.
The enamel of the lakes shows little complication, a condition
probably due to the nearness to the base of the ecrown. The
pattern resembles closely that of the molars of the specimen
numbered 220 (F'ig. 60) and described on page 168. The tooth
is referred provisionally to Equus complicatus.

From Prof. J. E. Marshall, of the Council Bluffs High
School, the writer has received for examination some fossil
horse teeth which had been found at Henton Station, Mills
county, Towa. Onme specimen is an upper left true molar, prob-
ably the second. It is pretty well worn down. The height is 55
mm, ; the length, 29 mm. ; the width, 30 mm. The enamel around
the lakes is considerably folded. There appears to be no rea-
son why this tooth should not be referred to Equus compli-

catus.
12
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Another specimen is a part of the left ramus of the lower
jaw, containing the second, third, and fourth premolars. These
are worn down almost to the roots, and the enamel in the cen-
tral parts of the teeth is much modified. The cement is very
thick. The teeth are referred, with slight doubt, to Equus com-
plicatus. Accompanying these teeth is a molar which belongs
to Equus laurentius and it is mentioned more particularly un-
der that species.

In 1891 (KEleventh Annual Rep. U. S. Geological Survey,
p. 495) the late Dr. W J McGee reported the discovery of the
- tooth of a fossil horse which he regarded as Equus complicatus,
in Delaware county, Iowa. On inquiry Doctor McGee informed
the writer that the tooth was found lying on a knoll of Niag-
aran limestone, on which were only meager remains of drift
materials. According to the latest map showing the distribu-
tion of drift sheets (Iowa Geol. Surv., Vol. XXI, pl. iii) this
vicinity is covered with Iowan drift; but as both Iowan and Kan-
san had been mostly removed, the tooth may have been placed
there before either sheet was laid down.

A left lower milk molar, the third in the series, including the
one in front that is seldom developed, has the number 135. It
was found in the Cox pit, at Missouri Valley. The length is
33 mm., the width 14 mm., the height only 15 mm. There ap-
pears to be no reason why it should not be referred to Equus
complicatus.

Beyond the limits of Towa, remains of this species have been
found at Natchez, Mississippi; at Petite Anse, near New Iberia,
in southern Louisiana; at Big Bone Lick, Kentucky; in Bond
county, Illinois; and apparently at Hay Springs, Nebraska.

Remains, especially teeth, have been reported from many
other localities, but for various reasons there is doubt about
the identifications. Teeth found east of the Alleghany Moun-
tains and resembling those of Equus complicatus are here re-
ferred somewhat arbitrarily to Equus fraternus. So far as our
knowledge enables us to judge, Equus complicatus ranged from
the western slopes of the Alleghanies to the region of the
* _Great Plains. ' :
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As to the geological range of the species knowledge is as yet
incomplete. Inasmuch as the Bond county, Illinois, specimen
seems to have been found in a bog overlying Illinois drift, it
is to be concluded that the species lived after the Illinoian
stage. It is probably to be referred to the Sangamon. It
seems probable that the specimens of Equus complicatus-which
have been found at Big Bone Lick, Kentucky, are likewise to
be referred to the Sangamon.

Equus scotti Gidley.

This species was described by Mr. James W. Gidley in 1900
(Bull. Amer. Mus. Nat. Hist., Vol. XIII, pp. 111-116, figs. 1-5).
In 1901 (Bull. Amer. Mus. Nat. Hist., Vol. XTIV, pp. 103, 104,
134, 137, pl. xx, text-figs. 5, 6, 25, 26) it was further desecribed
and illustrated.

This species is better known, as regards its osteology, than
any other of our fossil horses. At the head of Rock creek, in
Briscoe county, Texas, Mr. Gidley discovered, in a compact
deposit of Pleistocene sand, five skulls and numerous other
bones, so that practically all parts of the skeleton are repre-
sented. Five of the skeletons belonged to young horses, but one
skull, found at a later time, is that of an older individual. The
specimens are in the American Musenum of Natural History, in
New York. This horse is stated by Mr. Gidley to differ from
the domestic horse in having a skull larger relatively to the
size of the body, the neck shorter, the body longer, the ribs
of the belly region less curved near their heads, and the limbs
shorter and slenderer. Figure 66 represents this horse, shown
as mounted in the American Museum of Natural History.

Mr. Gidley compared the bones and teeth of this species with
those of various skeletons of the domestic horse in the Amer-
ican Museum of Natural History, among them that of a large
draught horse. The skul! of the latter had nearly the same
length as that of the type of Equus scotti. The series of dorso-
lumbar vertebre of the draught horse was about one inch
longer than that of E. scotti; nevertheless, the neck of the lat-
ter was four inches shorter than that of the draught horse,



Pig. 66.

Eguus scotti.

From skeleton mounted in American Museum of Natural History.

Drawing made by Bruce Horsfall.
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while the fore leg was about six mches shorter than that of the
draufrht horse.

As may be seen from figure 67 the enamel of the teeth of the
type of this species is, when compared with that of the domes-
tic horse, hardly different in any essential
respect. That surrounding the lakes ap-
pears to be somewhat less plicated than that
of some domestic horses and more plicated
than that of others. On the other hand,
accurate measurements show that the teeth
of Equus scotti are considerably larger than
those of the domestic horse, larger than ¥ 67. ~Zgquus scotit
those of the large draught horse mentioned. et 2 e

The following measurements were made by Gidley on the
type .specimen of this species, No. 10606, of the American Mus-
eum of Natural History, and on the large draught horse, No.
528, of the same museum:

MEASUREMENTS OF TEETH.

[ Equus scotti | Equus caballus

I* erehder diamneter il T L Tl 23mm. 18mm.
Pm.?, length of grinding face. . _____________ 33mm. 29mm.
width of grinding face . ________..___ 31mm. 27mm.

M.* length of grinding face___________________ ‘ 32mm. 25mm.
width of grinding face___--_______________Tl 30mm. 25.5mm.

The length of the premolar-molar series in the type of E.
scotti is 190 mm.; in the large draught horse, 172 mm.

In further comparison with the domestic horse, Gidley found
that the orbit of F. scotti is relatively nearer the hinder bor-
ders of the occipital condyles; the maxillary ridge extends fur-
ther forward, reaching a ' point over the last premolar; the face
is deeper over the anterior premolars; the occiput projects fur-
ther backward, and is of a different shape; the basioccipital
bone is not so compressed, and the fossa included between the
paroccipital process and the condyle is much deeper; the pos-
terior region of the skull, and the posterior nares and the palate
are narrower; the lower jaw is much deeper and more massive
in the dental region; and the symphysis is heav1er and longer,
than in Equ/us caballus
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Through the liberality of the American Museum of Natural
History, the writer has been able to examine a considerable
amount of the materials collected by Mr. Gidley, As a contri-
bution to the knowledge of this species, the following measure-
ments and notes are given regarding the more mature individ-
unal found by Mr. Gidley. The region about the occipital con-
dyles is somewhat injured, so that the length of the skull can--
not be exactly determined, and there are slight distortions at
the orbits and in the palate, making the diameter of the orbit
a little inexact; also the width at the orbits and the width of
the palate at pm.?, and the width of the nose. In the second
column are measurements of the skull of No. 10609, being one
of the five younger specimens. Mr. Gidley (Bull. Amer. Mus.
Nat. Hist., Vol. XIV, p. 136, pl. xviii, fig. A) presented meas-
urements of the upper teeth of No. 10628 and a figure of them.

MEASUREMENTS OF THE SKULL.

Dimensions Taken No. 10628/ No. 10609

mm. mm.
From front of premaxillae to front of foramen magnum| 570 545
From front of premaxillae to rear of glenoid fossa______ 508 ko
From front of premaxillae to front of posterior nares_.| 320 308
From front of premaxillae to front of pm.*_ ______________ 167 | 166
From front of premaxillae to front of orbit _______.______ 380 370
Width across mastoid processes ... Yo 125
Widtheacrossihinderdnamesss om0 - of 0 Ll C 45 50
Width across glenoid fossae x 232 224
Width from outside to outside last molars . ________ 134 | 138
Width trom outside to outside of outer incisors____________ 85 } 85
Width between fronts of orbits, about______________________ 158+ | 173
Width of palate at last molars ___________ 75 | 82
Width of palate at pm.*, about______________________________ 82 4 63
Distance across premaxillae at middle of nasal opening._. 83 71
Least width of space between i* and pm.* __________________ 55 51
Distance between i* and pm.,* _______________________ | 117 109
Diameter of orbit fore and aft, about______________________ 70+ 72
From front of lower jaw to rear of ascending ramus, about\ 455+ 462
Length of symphysis of lower jaw__ . ____________ | 107 108
Height of lower jaw at front of m.o—____________________ 105 | 103

Height of lower jaw at frontof pm.._____________________.__ | 75 ' 72
Width of lower jaw at symphysis, least ___________________ e i 50

The teeth are to be considered. All the incisors have deep
cups. That of the outer incisor has a broad notch on the lin-
gual, or inner, wall. The cups of the others are complete. The
incisors are of large size. 'The following are the measurements
taken.. Of course, the diameters would vary according to the
age of the animal. :
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MEASUREMENTS OF INCISORS.

Width of i.* ________ 20mm. diameter
Width of i.2______ 21lmm. diameter
Width, of i.%___.__ 23mm. diameter
Width of i.,______ 20mm. diameter
Width of fomoo— 20mm. diameter
Width of i.a_______ 2dmm. diameter

Figures 68 and 69 represent
-as accurately as possible the
grinding teeth of the upper
and of the lower jaws. It is
recommended that the strue-
ture of these be compared with
corresponding teeth that have
been referred to Equus compli-
catus, especially with the type
of the latter. The following
are the dimensions of the up-
per and the lower rows of
teeth and of the separate
teeth:

MEASUREMENTS OF TEETH
OF EQUUS SCOTTI.

Upper Teeth.
Length of premolar-molar

SEPIOS e L E s T 5 mm.
Length of premolar series 111 mm. .
Pm5 lengihe i ot oo 42 mm.

wAd G s e e 31 mm.
Prg? 1ehe il oSl Fegi ] 35 mm.
WG S e 33 mm.
protocone —_____.___._ 14 mm.
Pin% Tengiht Wk S sOhie TR 33 mm.
AL A Tt e B L 33 mm.
protocone ._________. 15 mm.
M2, - length _____________ 30 mm.
width 30 mm.
: protoeone _.__.______ 14.5mm.
M.?, length ______________ 31 mm
width o ____ 29 mm
protocone ____..____. 15 mm
M.*, length, __.___________ 30 mm
width _____________... 25 mm.
protocone ____.______ 16 mm.
Lower Teeth.
Length of premolar-molar

BEPleRs o al oS T he | e 203 mm.
Length of premolar series - 106 mm.
Length of molar series ____ 97 mm.

at right angles to this..______

at right angles to this________ l4dmm
at right angles to this..______ 13mm
at right angles to this_____..__ 12mm
at right angles to this_______ ~ 20mm

at right angles to this________ 12mm.
12mm,

P

Ry Lk S

i " Fig. 69
Hquus scotti. Grinding
faces of upper and lower cheek-teeth.

"Fig. 68
Figs. 68, 69.

X .733. No. 10628 American Museum
Natural History.
View of the upper teeth,
69. View of the lower teeth.
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Pm.., length ______________-_____________________;_-_____' ____________ 37 mm.
S 1 (o 4 TG 0 i "ot PR A e T O o - % eee 18 mm:
Pilloag JE0gply, 'L Sty e Tt e e T ey - e, e 33 mm.
1 (0 11 0 i af e 8 e e bl gl TRt e Ll il W e s Wi 17.5mm.
Py Torpth | L TN ST R, et L i ) L b e el 33 mm.
g AT M e~ el T, vk e er Lty e s W R BRI T

M.;, length S S s A SO e et A 29.5mm.
gorokav o e M g T L R D T TN S I S S PN (h B ol a8 e 17 mm.

oY gl T Y R Bl R . SERRIEN TR ¢ e 1 i 31 mm,
e e e TSRS il P R T 15 mm.

Moy - R a T I e R i X o 1 i o™ R T TR B T e T i T TR 34 mm.
W S e LRt T e fed Fli S s S - Rl ——— 15 mm.

As to the structure of the enamel of the upper teeth, it will
be observed that the opposed borders of the two lakes in each
tooth are much folded. In the anterior lake there is usually an
M opposite the end of the post-protoconal valley. The latter
does not lie wholly in the inner half of the tooth.

From No. 10608 of the American Museum of Natural His-
tory, one of the five horses originally found, the writer has se-
cured the following description and figure (Fig. 70) of the third
and fourth lower milk-molars of the right side:

MEASUREMENTS OF MILK TEETH.

i

. Tooth t . ZLength ‘ Width
i

Dm.; 36.5mm. 16 mm.

Dm. 35 mm. 14 mm.

The figures will show the arrangement of the enamel, and it
will be seen that this is much more folded than that of the milk
teeth of another horse found not far away (Fig. 56) and sup-
posed to belong to Equus complicatus (p. 162). :

With the skull above described, No. 10628, in the American
Museum of Natural History, Mr. Gidley found the two hinder
limbs -complete. To add to the knowledge of the skeleton of
this species, and possibly to aid in distinguishing other species
from it, the following measurements are presented. In the
second column are given the corresponding measurements
from a trotting stallion in the collection of Mr. S. H. Chubb, of
the American Museum of Natural History.
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MEASUREMENTS OF SKELETON.

Equus E. cabal-
Bones Measured scotti lus

.| No. 10628 No. 74

Femur of left side—

Y B DY E 1], i Mo e g L T W TS G T L TR 412 mm. | 444 mmn.
From top of head to inner condyle______________________ 375 mm. | 390 mm.
Froi. inner surface of head te outer face of bone...___ 129 mm. | 123 mm.
Fore-and-aft diameter at middle of length..____.._-__| 51 mm: | 54 mm.
Transverse diameter at middle of length______________ 53 mm. | 45 mim.
Fore-and-aft diameter at lower end___________________ 128 mm. | 141 . ;mm.
Width across articular surfaces at lower end___________ 94 mm. | 95 mm.

Tibia of left side— _ : : e
Total-lengthiot=bons == — - ‘coes -~ Ci Gy D il 5 o 370 mm. | 392 mm.

Greatest width of upperend_________________ -| 107 mm. | 108- min,
Fore-and-aft diameter at middle of length_ —-| 40 mm. | 37 mm.
Transverse diameter at middle of length_____._________ 49 mm. | 43 mu,
Greatest width at lower end___________________________ 93 mm. | 86 min,

Fore-and- aft thlckness at middle of width of lower end| 46 mm. | 47 min.

Tarsal bones—

Total length of O R DT kot ¥ oy il 123 mm. | 131 mm.
Depth of hinder process (tuber caleis)______________.___| 49 mm. | 46 mm.
Thickness of bone at front of the inner process.______. 55 mm. | 56 mm.
Greatest length of astragalus_________________________. 67 mm. | 70 mm.
Width of astragalar articulation for naviecular_____.. 57 mim. | 60 mm.
Metatarsal, median— ;
o Pl T ar ey e e PO T e Wt il L [l B, LW S NS 285 mm. | 290 mm.
Fore-and-aft diameter of upper end_.__ .. ___________ 46 mm. | 47 mm.
Side-to-side diameter of upper end______________________ 58 mm. | 53 mm.
Fore-and-aft diameter of lower end______.______________ 35 mm. | 44 mim.
Side-to-side diameter of lower end__________________-___| 40 mm. | 55 mm.
Phalanges—
Total length of first phalange_____._.________________ 88 mm. | 94 mm.
. Greatest width of first phalange at upper end__________ 63 mm. | 62 mm.
Total length of second phalange_ ———| 54 mm. | 51 mnm.
Greatest width of upper end of second phalange ______ 86 mm. | 78 mun.
Lengih of ungual phalange on front slope-.____________ 64 mm. | 60 mm.
Greatest width of ungual phalange_____________________ 86 mm. | 60 mm.

Measurements of the fore limbs of one of the younger indi-
viduals, No. 10609, of the American Museum of Natural His-
tory are here presented. The corresponding measurements of
the trotting stallion already mentioned, are also given.
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MEASUREMENTS OF SKELETON—Continued.

Equus Equus
Bones Measured scotti caballus
No. 10609 No. 74
i
Scapula—
Length along the spine . _______ ___| 8318 mm. | 365 mm.
From rear of glenoid cavity to front of coracoid process| 105 mm. | 107 mm.
Diameter of neck, where least_ . _____.__ =8 66 mm. [ 68 mm.
Humerus—
Total length ____ --| 296 mm. | 318 mm.
From top of head to inner condyle 286 mm, | 310 mm.
Diameter, fore-and-aft, through head and greater tube1-
[I120] T, A e el AR 110 mm. | 117 mm.
D1amete1 side-to-side, through head and greater tuber- ]
YSTHRA TR R il ol Pk e e LS S o (B RE Srorl LT 98 mm. | 100 mm.
Fore-and-aft diameter of bone at middle of length___.| 50 mm, | 51 mm.
Side-to-side diameter of bone at middle of length______ 35 mm. | 40 mm.
Yore-and-aft diameter of bone at inner side of lower end;, 95 mm. | 97 mm.
Width of lower articulation ____________________________ 93 mm, | 87 mm.
Radius—
TohalMlenpths == =20l oo m b 577 342 mm. | 372 mm.
Side-to-side diameter near upper end . ____________ 92 mm.: 96 mm.
Fore-and-aft diameter near upper end —_________________ | 48 mm. | 50 mm.
Fore-and-aft diameter at middle of length —____._______ [ 80 mm. 31 mm.
Side-to-side diameter at middle of length______________ | 45 mm. | - 40 mm.
Greatest diameter near lower end . _______________ ! 87 mm. | 83 mm.
Side-to-side diameter of lower articulation ____________ | 70 mm. | 71 mm.
Metacarpal, median— ‘
Tolrah Yernomhl 5 5="Tla, by a—e s B0 2 o M Do L% 236 mm. @ 252 mim.
Fore-and-aft diameter of upper articulation __________ 35 mm. @ 34 mm.
Side-to-side diameter of upper articulation ____________ 57 mm. 55 mm.
Fore-and-aft diameter at middle of length ____________ | 29 mm. | 27 mm.
Side-to-side diameter at middle of length ____._._______ | 88 mm. 36 mm.
Fore-and-aft diameter of lower end ___________________ | 40 mm. 42 mm.
Side-to-side diameter of lower end _____________ o | 34 mm, | 53 mm.
Phalanges— E |
Total length of first phalange_ _______________________ 94 mm. | 96 mm.
Width of upper end of first phalange _________________ | 60 mm.| 60 mm.
Width of upper end of second phalange _______________ 55 mm. | 57 mm.

Width of lower end of second phalange . ____.________ 55 mm. | 5 mm,

Equus excelsus Leidy.

This species is one of the horses that inhabited the region
of the Great Plains, and it seems to have extended its range
as far east as Towa. For this reason it is here desecribed as
exactly as can be done in the present state of our knowledge of
it. The type specimen, which is now in the U. S. National
Museum, was found somewhere along Loup river, approxi-.
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mately at the center of the present state of Nebraska. The
 exact locality is not known; nor are the circumstances known
under which it was found. The specimen was first briefly de-
fined by Leidy in 1858 (Proc. Acad. Nat. Sci. Phila., p. 26);
but it-was not fully described and figured until 1869 (Jour. Acad.

Fig. 71 Fig. 70 Fig. 72
Fig. 70. FEquus scoiti. Right third and fourth lower milk molars. Slightly less than
natural size. No, 10608 American Museum Natural History.
Tig. 71. Equus excelsus. Last premolar and the three molars of the type. XI1.

.Fig. 72. Equus excelsus. Last premolar and the three molars of specimen 112 in
American Museum Natural History. X1. 1

Nat. Sei. Phila., ser. 2, Vol. VII, p. 266, pl. xx, fig. 39; pl. xxi,
fig. 31). However, the second and third true molars, represented
by figure 39, of Leidy’s plate XX, may in reality belong to some
one of-the other species which certainly inhabited that same re-
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gion in Pleistocene times. Gidley (Bull. Amer. Mus. Nat. Hist,.,
XIV, p. 114, fig. 9) presented a view of the grinding surface of
the teeth which shows the details somewhat better than Leidy’s
figure, but the engraver has made the figure 4 mm. too short.
There is presented here {Fig. 71) a reproduction of Gidley’s
figure brought to the size of nature.

The type specimen consists of a fragment of the right max-
illa and a small part of the palatine bone, together with the last
premolar and the three true molars. The teeth are only mod-
erately worn, as may be seen from the following measure-
ments.

MEASUREMENTS OF THE TYPE OF EQUUS EXCELSUS, AND OF AN-
‘ OTHER SPECIMEN.

i
Parts Measured | Type No. 112

Length of the molar series and the last premolar ______ 107 mm. | 113 mm.
Length of the molar series 3 ——=| 78 mm. 8§ mm.

Pni.*. height ks G Soanan e
29 mm.
27.5mm.
12.5mm.

53 mm.
27 mm.
26 mm.
13.5mm.,

M.

M., 53 mm.
: 27 mm.
25 mm.
13 mm.

protocone ___

8y G e e e ey (R SR T T e S T TR I ! .| 8BS mm.
) { T AL MYt S S ol T RS S - . 29 mm.
AT b e A AR e i N S PR .| 23 mm.
DEOLORONE: o Jpe i o A U s e Gt d ol Y e .| 15 mm.

These teeth are somewhat curved, so-as to be convex on the
outer face and concave on the inner, but somewhat less so than
in the type of Equus complicatus. They are also slightly
curved backward, so as to be convex on the anterior face. The
anterior and median pillars of the outer faces are very promi-
nent, so that between them is a very deep groove extendmor up
and down on the tooth.
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An examination of the ¢namel surrounding the lakes shows
that it has a simple arrangement. The front border of each of
the anterior lakes is without a notch, and the same 18 true of
the hinder border of the posterior lakes, except there is a slight
notch in that of the premolar and in that of the last molar. In
the hinder border of the anterior lake of .each tooth there is a
deep notch opposite the head of the post-protoconal valley, fol-
lowed further outward by some minute loops.

In the front face of the posterior lakes is a shallow notch.
The post-protoconal valley is narrow, without a deep notch at
its head, and, except for a prolongation at the head of the val-
ley of the premolar, the valley is confined to the inner half of
the tooth. It will be observed that the protocone is broad, oc-
cupying about six-tenths of the length of the grinding face.

As regards the characters shown by the bone present, it is
seen that the maxillary ridge, running along on the outside
above the lower edge of the jaw, extends forward about to the
middle of the last premolar; slightly further than in the domes-
tic and in the Arabian horse at hand. The post-palatine fora-
men is opposite the front half of the inner face of the second
true molar, instead of being opposite the last molar, as seen in
the domestic horse and the Arabian. The palatine bone in
front of this foramen is about twice as thick as on the other
horses mentioned. :

Such are the characters presented by the type specimen. To
what extent these will vary in different individuals can be de-
termined with certainty only after much additional materials
shall have been collected and studied.

In the American Museum of Natural History is a fragment
of a right upper maxilla, which contains the same teeth as
Leidy’s type, the last premolar and the three molars. This
specimen was found at Hay Springs, Nebraska, in 1893, by a
party consisting of Messrs. Wortman, Peterson and Gidley. It
bears the field number 112. The measurements of these teeth
are given in the second column on page 188. Figure 72 repre-
sents the grinding surface of these teeth. It must be observed
that these teeth, as shown by the reduced height, are more
worn than those of the type. Hence, each one originally had
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the grinding surface possibly slightly longer than it now is.
In no case does the length or the breadth differ from the type
by more than one millimeter. The protocones are, except in
the case of the last molar, shorter than in the type. Two of
the post-protoconal valleys have a little reéntrant fold at the
head, and they are confined to the inner half of the tooth. The
enamel which surrounds the various lakes is nearly as simple
in its pattern as in the teeth of the type. The notch in the front
border of the anterior lake of each is present, but very small;
that in the hinder border of the posterior lake is absent or
small. The lakes are not so broad as in the type and the front
border does not sweep inward and backward with the same bold
curve.

Notwithstanding these differences, the writer refers this
specimen provisionally to Equus excelsus, and believes that ad-
ditional materials will yet be found showing intermediate con-
ditions. However, in referring specimens of teeth to this spe-
cies one must take care not to depart far from the original. It
is to be hoped that more complete skull materials will soon re-
veal to us the essential characters of the species.

No lower teeth are yet known which can with confidence be
referred to this species.

TEETH FOUND IN IOWA AND REFERRED TO EQUUS EXCELSUS.

A tooth, numbered 125, (Fig. 73) from Missouri Valley, is
here referred to Equus excelsus.

This tooth, apparently the first true molar of the right side,
was found in the Cox pit at Missouri Valley. It was not fig-
ured by Calvin; but he gave its dimensions (Bull. Geol. Soc.
Amer., Vol. XX, p. 345).. In his measurements he included the
enamel. The following measurements exclude this: Height,
not including the root, 58 mm:; length, 30 mm.; width, 30 mm.;
protocone, 15 mm. Calvin referred the specimen to Equus
scotti. To the present writer it seems to belong rather to
Equus excelsus. The dimensions are somewhat greater than
of the corresponding tooth of the type. Excepting that the en-
amel on the hinder border of the anterior lake is slightly less
folded than in the type, the pattern is the same.
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The tooth having the catalog number 283 b (Fig. 74) was
found at Turin, Monona county, in the Elliott pit. It belonged
to the right side of the upper jaw and is apparently the first
true molar. It was that of an old horse, the height of the crown

Fig. 78 Fig. 74
Figs. 73, T4. FEquus excelsus. Upper molars. Slightly less than natural size.

73. Grinding surface of probably first upper right molar.. No. 125 State
: University of Iowa.

74. Grinding surface of probably first upper right molar. No, 283 State
University of Iowa,
being only 30 mm. The length of the grinding surface is 27
mm.; the width, 30 mm.; the protocone, 15 mm. In dimensions
this tooth agrees closely with the first molar of Equus excelsus,
and there appears to be nothing in the pattern of the enamel to
exclude it from this species. :

Equus miobrarensis Hay.

This species was described by the present writer in the Pro-
ceedings of the U. S. National Museum, Vol. XLIV, 1913, pp.
576-584, and illustrated on plates Ixix-Ixxi and by text figures
19-23. It is another of those horses which inhabited, during a
part of Pleistocene times, the regions of the Great Plains. The
type specimen is a nearly complete skull which is in the U. S.
National Museum and which was found along Niobrara river,
near Hay Springs, Nebraska, in 1886, by Prof. J. B. Hatcher.
When found, this skull was in a broken condition, but it was
afterwards reconstructed. The specimen has the catalog num-
ber 4999. Certain parts, indicated in the illustrations here pre-
sented (Plates XV, XVI) by lines ruled parallel, are missing,
but the structure of the skull can be determined quite accu-
rately. Other remains of the same horse have been collected at
Hay Springs and the neighboring region for the United
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Figs. 76-77.
75.°

A\
\ U
A

Fig. 77

Equus niobrarensis. Jaws and teeth.
Maxilla, premaxilla and teeth of left side. X 2/5. No. 2725 American

MAMMALS OF THE PLEISTOCENE

* " Fig. 76 Fig. 75

Museum of Natural History.

"Left side of upper jaw of type, showing the teeth. X .49.

Left side of lower jaw of type, showing the teeth. X .49,
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States National Museum, for Princeton TUniversity and
for the American Museum of Natural History. Some
of these materials were identified by Mr. Gidley (Bull. Amer.
Mus. Nat. Hist., XTIV, p. 132) as Equus complicatus, and the left.
side of the upper jaw of one specimen was figured (op. cit., pl.
xvili, fig. B) under this name. Gidley’s figure is here repro-.
duced, but of only two-fifths the natural size (Fig. 75). In the
same paper (p. 132, text-fig. 22) this writer figured and identi-
fied as E. complicatus, the left upper cheek-teeth of a specimen
which he had found in the canyon of Tule creek, Swisher county,
Texas. This specimen likewise seems to belong to E. niobrar-
emsts, and it shows the range of the species in that direction.

While many bones of the skeleton belonging to two or three
species of horses have been collected about Hay Springs, these
bave not been found, or at least recorded as being found, in
such immediate association with teeth that they can be referred
to their proper species. This is much to be regretted.

‘Below follow measurements taken from the type skull. In
the second column are presented corresponding measurements
taken on the skull of a domestic horse, No. 843, of the U. S.
National Museum. The age of the latter seems to have been
about six ‘years, while the Niobrara horse appears to have been
approximately a year younger. Inasmuch as No. 843 lacks the
lower jaw, measurements of this bone have been supplied from
No. 174960 of the U.. S. National Museum, a large gelding,
whose skull has a length of 610 mm. The upper row of cheek-
teeth measure, however, the same as in No. 843. '

MEASUREMENTS OF SKULLS.

E. nio- E. ca-

Dimensions Taken ] brarensis| ballus

From front of premaxillae to front of ocecipital fora-

TNED e 530 mm. | 550 mm.

- From front of premaxillae to front of posterior nares| 230 mm. | 300 mm.
From front of premaxillae to rear of noteh between

nasal and premaxillae - 200 mm, | 196 mm.
From front of premaxillae to rear of oceipital crest__| 582 mm. | 602 mm.
From front of premaxillae to front of pm.>___________ 133 mm. | 143 mm.
From front of premaxillae to front of orbit ——_.______ 340 mm, | 362 mm.
Width across mastoid processes - _____.___| 110 mm. | 129 mm.
Width aeross hinder nares - 47 mm. | 55 mm.

13
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MEASUREMENTS OF SKULLS—Concluded

: 3 E. nio- E. ca-
Dimensions Taken e e ballus

Width aecross articulation for lower jaw._ . ____ 217 mm. | 213 mm.

Width from outside to outside of last molars —_______ 123 mm. | 127 mm.

Width from outside to outside of outer incisors ... 78 mm. | 75 mm,

Width of skull on maxillary ridge at maxillo-malar su- 5

ture 187 mm. | 188 min,

Distance between the rear of the orbits 240 mm. | 220 mm.

Distance between the fronts of orbits 158 mm. | 153 mm, -

Width of palate at last molars 70 mm. | 77 mm.

Width of palate at pm.*___ 50 mm. | 53 min.

Distanece across premaxillae at mlddle of nasal openmg 75 mm. | 67 mm,

Least width of Space between gt 100 oy 1131 Pyt ML L Ml 45 mm. | 45 mm.

Distance between i.? and pm.* 105 mm. | 110 mm.

Diameter of orbit, fore-and-aft 84 mm. | 70 mm.

From front of lower jaw to rear of ascending ramus___| 467 mm. | __

Length of symphysis of lower jaw. 90 mm. | __

Height of jaw at front of m., L 96 mm. | _.

Rear of i.; to front of pm. 93 mm. | __

MEASUREMENTS OF THE TEETH.
Upper Teeth | LowerTeeth
E.nio-| E.nio-
Teeth g. ca- E. ca-
bra- bre-
rensis |0311U8 | pongiq | Pallus

Length molar-premolar series 179 |185 (180 187

Length premolar series 98 98.5 | 94 97

Length molar series 81 86 84 30

Height of erown of m.>__ | 73 —

Pm *, length _._ ot =2 : 38 40 1 36
-width -- 27 27 15 .| 16
protocone 10 10

5 27 ¥ (101 e e I I E PSRRI ety 30 30 28 30

. width cowd 28 29 16 17.5
protocone B, o 135 | 14

0 e ] e e e e L S L B o 29 29 30 30
width 27 30 16 17
protocone __ 14 15

Mat_demeilaE = rrd Lk ol S e e W 27 27 215 1 27
width L0 =1 s 28 29 14 15
PROTOCONES, Sb b2t Twl-Tm . 13 15

Nt ol = A el T el 27 28 by 28
width = 25 28 135 | 15
protocone -_-. 14 16

b VT e T P T e E e e 26 31 30 34
b0 0 S T S P RSy T e 23 25 13 14
PEOTOCOME - b s B i s st 14 16.5

It dlarmebdrside-to sides. Sa t o tm bl 0 19 16 17 16
diameter, fore and aft____ 13 115 | 11 11

.2, diameter, side to side_. Fr iy e, 20 18 17 19
diameter, fore and aft___ 12 11 11 il

e S i L i 5 TR it o Yt = e T T e 21 20 17 17

diameter, fore and aft 3 L e ! 11 11 13
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Having compared many of the measurements of the skulls,
as given above, with the length, it is found that the ratios in
the two species are not greatly different. However, it appears
that the nose of E. niobrarensis is slightly longer than that. of
the domestic horse, the part of the skull in front of the pre-
molars being eighty per cent of the length of the tooth-line,
while in the domestic horse it is only seventy-seven per cent.
Here again, no doubt, there will be found to exist some varia-
tions. In fact, the specimen, No. 2725, of the American Museum
of Natural History, New York, has the nose about as in the do-
mestic horse. It will be seen that the teeth agree closely in
their dimensions. It appears, therefore, necessary to find most
of the specific differences in the structure of the teeth. In gen-
eral, the arrangement of the enamel of the cheek-teeth is sim-
pler than in the domestic horse, as seen on the hinder border
of the anterior and the front border of the posterior lakes
(Fig. 76). Here the enamel band has merely one or two short
loops; whereas, in the domestic horse, it is almost always con-
siderably crinkled. The valley which enters the face of the
tooth from the lingual side, the post-protoconal valley, appears
usually to extend further outward than in the domestic horse.
In the latter, the distance from the inner wall of the protocone
to the anterior and outer extremity of the post-protoconal val-
ley is equal to or less than the distance from the latter point
to the enamel wall in front of the median ridge, or style, on the
outer face of the tooth. In E. niobrarensis the valley is usu-
ally extended somewhat farther toward the outward face.
Here, as in other characters, deviations from the rule are to be
expected.

In the lower cheek-teeth, both premolars and molars (Fig. 77),
the loop of the enamel which enters the crown at the middle of
the outer face is short, not being permitted to push itself in
between the adjacent ends of the two longitudinal loops of
enamel. In the domestic horse the outer valley insinuates itself
between the two longitudinal loops of the true molars.

The first and second upper incisors have deep cups (Figs. 76,
77; plate XIV, fig. 3). If there was originally a notch on the
hinder, or lingual, lip of the cup of the first incisors, all traces
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- of it have been worn away. There seems to have been a very
shallow notch on the lingual lip of the second incisor. The
third incisors had just begun to suffer wear. KEach has a cup
about 20 mm. deep, but the lip on the lingual side is notched
nearly to the bottom of the cup. The hinder part of this lip
rounds into the opposite, or bucecal, lip, between the middle and
hinder thirds of the latter.

"There was evidently a shallow notch in the lingual lip of the
second lower incisor (Plate XTIV, fig. 4). The cup of the third
incisor is’ very incomplete. Tts lingumal lip is notched broadly
and nearly to the bottom of the cup. This lip is represented by
a descending ridge in front and a tubercle about the middle of
the lingnal face of the tooth. The remainder of this face is
concave transversely,

In the American Museum of Natural History is a mandib-
ular symphysis which the writer regards as belonging to
Equus miobrarensis. It bears the collector’s number 24. Tt
presents all the permanent incisors, of which the first and sec-
ond are somewhat worn (Plate XTIV, fig. 5). The third on each
side had made its way through the bone, but not yet through
the gum. Just outside of the front border of each is seen the
root of the milk incisor just about to be displaced. The cup of
the third permanent incisor has a low lingual lip, not-well
shown in the figure, but the bottom of the cup extends 25 mm.
below it. This tooth is thus quite different from the corre-
sponding one of the type. Here, again, as in other characters
there is a good deal of variation. FKven in the domestic horse
there is considerable variation in the completeness of the cup
of the third incisor. My. Gidley (Bull. Amer. Mus. Nat. Hist.,
Vol. XTIV, p. 103, fig. 5) has referred to this variation and pub-
lished three figures. Nevertheless, in the domestic horse, the
absence of the cup is a rare occurrence; and we may expect to
find in E. niobrarensis some condition that prevails. Possibly
this tooth in the type is less completely developed than usual;
or it is possible that the piece of jaw numbered 24 belongs
really to some other species. The condition of the incisor in the
type is not advanced really beyond that of the same tooth in a
specimen supposed to belong to Equus excelsus (plate XIV,
fig. 6).
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In the American Museum of Natural History, New York, is
a specimen, No. 2725, already referred to on page 195, from
Hay Springs, which presents the upper jaw with all the teeth
and a part of the lower jaw with the cheek-teeth (Fig. 75). To
cshow the variations presented by the teeth the measurements
are here given:

MEASUREMENTS OF THE TEETH OF NO. 2725, AMER. MUS. NAT. HIST.
“EQUUS NIOBRARENSIS. il

4 Ui v s ad

Upper Teeth
Length of the upper premolar-molar series- 190 mm.
Length of the upper premolar series - 107 mom.
Length of the upper molar series_._________ o - 83 mm.
B ot R v Sl I e T e e e s LM 0 Gt S S M S S S SR 42 mm.
width L 30 mm.
Droboeame st i v e el 12 mm.
A20 131 et o1 B, PN - PRSP SRy D e T A B T e e R S S 22 mn.
S L R e B D W T R e e Y N et v o TR 30 mm.
protocone _________ e 2 Sister ST AR A R SN 17 mm.
P R ey e Ty e L oy e e Sy oy 2 31 mm.
b ic L e P e R S | S et M 30 mm
protoeone _____ B R i 10 i 16 mm.
M* length o o i P DA i s Lo i SN 20 mm,
width = 27 mm.
PLOLDEONE: ol e i e a0 F o B e AR AN S AN 14 mm
104 OO (10 1 1) SRR P SNt ol Lo e P8 S 07 o T 30 mm.
1 R L e | WO Sl e N 25 mm.
PEOROEQLe= _ _ CalEr o Lo IS s (o e T DRSS T IR PP 15 mm.
VA AT e - o T R TS s ] o PR S R T e et R e 25 mm.
width e L L S S R ¢ e e 20 mm.
protocone _________ P el s T LS e
Lower Teeth ’
Length of premolar-molar series_ . _______ ——- 200 mm.
Lemgth oL premaotamrSerIes- =~~~ oot Lo e . 110 mm.
Length of molar series-_. T s oo 90 mm.
i o T 53 ¢ o L SRR O # S SR . B L T T A e L S e 38 mm.
width _____ B, SO0 R 17 mm.
1A T (1) 4110 713 I R S PV L SN e Sy . G = S P 1 33 mm.’
e d ] | e g OO e X T Nl T Do K B0 . S0 19 mm,
e B T R e Y e o e I S Sl i el N B AL 32 mm.
width _____ 24 e e e LT 18 mm
M el ~ et ot el o e R R e s 30 mm.
_ width 16 mm
L BV [0y 1y 10+ ey RANIREL SANE e o o DY o (NS St v, DA S A O L 3o
Widthy =i - ———— 15 mm.
Mgl FoBpbRi i e ey SN e e o 0 e e L TLlse 31 mm.

width __ 1 11 mm.
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It will be seen on comparison of these measurements with
those of the type skull, that the teeth of No. 2725 are, in nearly
all cases, distinctly larger. As already stated, the nose is
shorter than in the type specimer. We can hardly doubt, how-
ever, that the two specimens belong to the same species.

TEETH OF EQUUS NIOBRARENSIS FOUND IN IOWA.

The following teeth, found in Towa, @re referred to this
species :
- Two teeth numbered 124 and 121 were described and figured
by Dr. Calvin in his paper on Aftonian Mammalia (Bull. Geol.
Soc. Amer., Vol. XX, p. 347, pl. xxi, figs. 3, 4). They had been
found in the Cox gravel pit at Missouri Valley, Harrison coun-
ty. Both of these teeth are sawn across at the upper end, so
as to show the arrangement of the enamel bands. In both
teeth this resembles so closely that of the type of Equus nio-
brarensis, that they are referred without hesitation to that
species. On account of the missing part of the crowns, the ex-
act height cannot be determined. :

The following are the other dimensions:

[
Tooth |  Length ‘ Width } Protocone
|
\
124 29 mm. 28 mm. 13 mm.
121 29 mm. 29 mm. 16 mm.

The tooth which bears the number 283 @, is one that has been
rolled and water-worn. It was found in the Elliott pit, at
Turin, Monona county. It is a left upper molar, the first or the
second. The height of the crown is 55 mm.; the length, 29.5
mm. ; the width, 29.5 mm.; the protocone, 14 mm. The dimen-
sions of the tooth and the pattern of the enamel] indicate dis-
tinetly that the tooth belonged to Equus miobrarensis.

. A tooth, numbered 117 and which seems quite certainly to be
a right upper premolar, probably the fourth, was described and
figured by Calvin-(Bull. Geol. Soc. Amer., Vol. XX, p. 345, pl.
xviii, figs. 2, 4), who referred the tooth to Equus scotti. The
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specimen was found in the Cox gravel pit at Missouri Valley.
Professor Calvin gave as the height (‘‘length’’) of the tooth 82
mm.; as the length (‘‘antero-posterior diameter’’), 35 mm.;
and as the width (‘‘transverse diameter’’), 33.5 mm. In obtain-
ing the last two dimensions that author included.the.cement;
which for various reasons it is not well to include. The meas-
urements obtained by the present writer are as follows: Height,
82 mm.; length, 33 mm.; width, 33 mm.; protocone, 15 mm. An
accurate pen drawing is here presented showing the arrange-
ment of the enamel on the grinding face (Fig. 78). Dr. Calvin’s
figures also are reproduced (Pl. X, figs. 2, 4). It will be ob-
served that there is no great awount of folding around the
lakes. Both of these are deeply notched in the front border, and

Flg. 78 ' Fig. 79

Figs. 78, 79. Equus niobrarensis, Premolars. X1.

78. Grinding surface of supposed right upper fourth premolar. No. 117
. State University of Towa.

79. Grinding surface of supposed third premolar of left side of upper jaw.
_ No. 185 State Unliversity of Iowa. i

the anterior lake shows a deep inlet opposite the head of the
post-protoconal valley. There is no such crimping of the ad-
jacent faces of the lakes as usually appears in Equus compli-
catus and E. scotti. The lakes are very wide. The post-proto-
conal valley is wide and deeply notched at its head. The tooth
is a very large one. In size it agrees with the fourth premolar
of E. scotti, but is considerably larger than the molars of the
latter. The arrangement of the enamel is much simpler than
in the ordinary specimen of E. scotti; even simpler than in the
first true molar of the type of the species, as figured by Gidley.
The arrangement of the enamel resembles, so strongly that in
the type of Equus miobrarensis, that the tooth is referred to
that species, notwithstanding that it is considerably larger than
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the teeth of the type. It is possible, nevertheless, that it be-
longs to E. complicatus.

A left upper molar, No. 327, from the Cox pit, was collected
by Shimek and is to be referred to E. niobrarensis. Here, too,
belongs No. 123, collected by Shimek from the Cox pit. It is
the left second premolar. ;

It can hardly be doubted that a tooth, numbered 185, belongs
to the same species as No. 117, above mentioned. It was found
at Missouri Valley, Harrison county, in the Cox pit. The height
is 88 mm.; the length of the grinding face, 33 mm.; the width,
29 mm.; protocone, 15 mm. The anterior outer pillar is very
flat and the tooth is certainly a left upper premolar, probably
pm.:. The lakes of No. 185 (Fig. 79) are not so wide as those
of No. 117. The enamel of the adjacent border is very slightly
more crimped than in No. 117. The post-protoconal valley is
broad and it presents the peculiarity of sending far outward
the hinder branch at its head, so as almost to touch the anterior
lake. A loop of the latter enters the notch in the nost-protoconal
valley. These relations are doulitless due to the fact that the
tooth had undergone but little wear. The tooth 18 reterred to
Equus niobrarensis with some douabt. :

The portion of a tooth, bearing the number 122 ¢, was found
in the Elliott gravel pit, at Turin, Monona county. It presents
a little more than the hinder half of the ecrown of an upper left
molar or possibly premolar. It was mentioned by Calvin (Bull.
Geol. Soe. Amer., Vol. XX, p. 347), who referred it to Equus
complicatus. In thus identifying the species Doctor Calvin fol-
lowed Gidley who then referred to E. complicatus the horse
here called E. niobrarensis. The tooth at hand appears to have
just begun to wear, inasmuch as the two lakes are not completely
separated. The tooth has a height of 70 mm.; and a width of
28 mm. The enamel has the arvangement seen in E. niobrar-
ensis.

Number 136 of the catalog of the State University of Iowa
collection is a fine large upper premolar of the right side. It
was collected by Shimek in the Aftonian sands at Turin, Iowa.
From the same locdlity is another premolar, still larger, cred-
ited to Mr. Babcock and found in the Aftonian gravels. It be-
longed on the left side. The height of the tooth is about 95 mm.;
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the length of the grinding surface, 32 mm.; the width, 30 mm.
The tooth has the number 284.

The number 369 has been given to a large upper premolar of
the right side, probably the third, which was found in the Cox
gravel pit at Missouri Valley, by Mr. Earl Barnum, and secured
for the Towa University céllectior. by Prof. Geo. F. Kay. The
tooth is in good condition and was only moderately worn at the
death of the animal. The height of the crown is 76 mm.; the .
length, 33 mm.; the width, 28 mm.; the protocone, 18 mm. The
tooth is identified as that of Equus niobrarensis, but it must
be admitted that it belongs possibly to Equus complicatus. It
is somewhat larger than the corresponding tooth of the type of
Equus niobrarensis, but otherwise agrees with it.

In the collection at the Towa University is a horse’s tooth
which was found in a well, near Montrose, Lee county, at a depth
of twenty-five feet. The catalog number is 71. The grinding
surface is covered with a part of what appears to have been a
cdlcareous nodule, and on this account the species has not been
determined. A! the depth where it was found it seems probable
that Aftonian deposits may have been reached.

A much worn upper cheek-tooth of the right side, probably
‘pm.%, which after death had been rolled and waterworn, was
found in the Whitman gravel pit, on section 22, township 64
north, range 41 west, about five miles south of Rockport, Atchi-
son county, Missouri. It has the catalog number 361. Its height
is about 40 mm.; the length, 31 mm.; the width, 33 mm.; the
protocone, 18 mm. The latter is unusually wide. The enamel
has a very moderate complication and seems to agree with that
of Equus niobrarensis.

In the State University of Iowa is a tooth, loaned and without
number, which was found in the Collins pit, one mile southeast
of Sioux Falls, South Dakota. It appears to belong to the species
here described. ;

Equus laurentius Hay.

1

Equus laurentius was first described by the present writer n
the Ppoceedings of the U. 8. National Museum, Vol. XLIV, 1913,
pp. 584-591, and illustrated by plates Ixxii, Ixxiii and ‘text fig-
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ures 25-27. The plates are here reproduced (Pls. XVII, XVIII).
For the photographs the writer is indebted to the University of
Kansas and for figure 80 to the U. S. National Museum. The
type of this species is a nearly complete skull which is preserved
in the paleontological department of the University of Kansas.
The only part that is missing is the extremities of the nasal
bones. The specimen bears the catalog number 347.

This skull was found in 1910, after a period of high water, on
a sand bar, on the north side of Kansas river, near North Law-
rence. With the skull were found the femur of a carnivore
which Prof. Roy L. Moodie has identified as that of Smilodon,
and the base of an elk’s antler. In 1903 there were secured,
about one mile north of the place where the horse skull was
found, some skulls of the existing bison, besides the horn-core
and hinder part of the skull of a bison which Prof. C. E. Me-
Clung has described as Bison kansensis. The skulls of the ex-
isting bison appear to be less mineralized than the horse skull
and the bison described by Professor McClung, and probakbly
were derived from a more recent deposit. It would be interest-
ing to know from what level the elk’s antler had been derived.
Taking into account all the circumstances the writer believes
that Kansas river had attacked some deposit of the Aftonian
interglacial stage and likewise some later deposits.

The form and proportions of this skull are illustrated here
by several figures. The following measurements were taken
from it by the writer during a visit at the Kansas State Univer-
sity. The animal was mature, but not old.

MEASUREMENTS OF SKULL OF EQUUS LAURENTIUS.

From middle of incisive border to front of foramen magnum._._____ 481 mm.
From middle of incisive border to front of the posterior nares...___ 260 mm,
From middle of incisive border to naso-premaxillary noteh________ 163 mm. -
From middle of incisive border to middle of oceipital crest_____ ——- 041 mm.
From middle of incisive border to front of pm.* . ______________ 128 mm.
From middle of incisive border to front of orbit 5, 4. 293 mm.
From front of orbit to naso-premaxillary notch . 183 mm,
Width across mastoid processes 117 mam.
Width across articulations for lower jaw_____: - 197 mm.
Width from outside to outside of last molars..________________.___ 132 mm.
Width from outside to outside of last premolars 127 mm.
Width from outside to outside of canines..._______________________ 61 mm.
Width from outside to outside of outer ineisors..__________ 65 mm,
‘Width or maxillary ridge at maxillo-malar suture_._. ... _________ 177 mm.

Width between the rear of the orbits_. e . 207 mm.
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Distance between the front of the orbits
Width of palate at last molars
Width of palate at pm.*>-—_____ S e TS S o A T
Width of palate at diastema, least
Length of orbit - _.—._____ LB L R il it RN e ol s
From front of symphysis of lower jaw to rear of ascending ramus-
Length of symphysis ——___ AR NS N o
Height of jaw at frontofm.yo . _________________
From rear of eanine to front of pm.._______________

From front of eanine to rear of i.s— oo

MEASUREMENTS OF THE UPPER TEETH (FIG. 80).

Length of premolar-molar series-
Length of premolar series- e S AT
Length of molar series

P ilenSEhE MEA AR IS T e A e el S s [ gt N,
width i
protocone

Py alensphy S530 B NS b SO P GRS it LI BRI S e S e

Pm.*, length ___ MOt (PO e i 5 e ol o NSNS S SN 0 T
width Tk :
protocone il

protocone £t

M2, - Fenoshlel et s, o e T, - S SRR T il
2 (0 o 3 it ORI AN
protocone ____.______

M« Hengfil g N = F el o i S, i SR i - SIS
width
protocone

MEASUREMENTS OF THE LOWER TEETH (FIG. 81).

Length of the premolar-molar series
Length of the premolar series
Length of the molar series

B, Jengthite st o o ot e e i e P Bl T N e e
width
* Pm.s, length ___ e B 03]
j 1AL | e S SRS s EEL i
Prm enothy co o Sol Rt St T Al D el e, Sl UL TR
width
M.y, ' lengbh Do Sl i SR RS (AT L (A D T O (1
width __ 3 ) :
M.., length M AT Ol - oheigohea el e Wi P O B
width _._.___ .
M.s, Jength ocicaoacwiis AP CTNDam F6; L% MV 5 P vt o (% R IR

width - <2

26

mm.

mimn.

24 5mm.

min.

24.5mm.

9

25

25
10

29

mi.

min.
mim,

mm,

23.5mm.
10.5mm.

23

mim.

23.5mm.

175
89
86

32
15

28

mm,
mm.

mim.

min.

min.

min.

16.5mm.

29
16

25
15

26
14

14

mim.

mm.

mim.

mm.
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In the U. S. National Museum there is a palate which presents
the complete upper dentition of a horse which seems to have
belonged to the species here deseribed. Its catalog number is

4991, and the specimen was collected by J. B. Hatcher, in 1886,
near Hay Springs, Nebraska. Figure 82 shows the dentition of

the right side. The animal was considerably older than the type
specimen,

The following measurements are given in order to show what
seems to be the essential agreement of the specimen with the
type and at the same time some deviations therefrom:

MEASUREMENTS OF SKULL AND TEETH.

From front of incisor to rear of line joining m.? of the two sides- 2{? mm.
1

From line joining fronts of pm.* to front ot premaxillae _.________ min.
Width of premaxillae at base of i.% _______________________________ 70 mm.
Width of palate between ¢. and pm.*, narrowest_____________________ 41 1num.
Width at border of nasal opening just above last__________________ 69 mm.
Width of face opposite middle of pm.* . ____.___ 136 mm.
Wirdth orface . oppesite- .50 s s 2ot il sy St sl e 0 180 1o,
Width of posterior T AN s SR it 51 mm.
Length premolar-molar series e 158 mm.
75000 1010 R L0 1K L b, oo o8- R L I CE N o R e Ul B i T - 87 mm.
TN oFArSehesgas = W] "o L i FE T Eer DL B o 72 mm.
B Tonstinl $ac g A0S SR el S T T e S F I 36 mm.
ATA 0. i) s PRy B s e e e W 0 23 mm.
J0REC 4 O 030 ey o I T S el SO = Y LT, =« Tl~min.
R 5 4015 7l (0 gt pele e TR WS T T ST, R e L 25 mm.
Ao et B ST T T S A R - 27 mm,
ProtoComae . The Fhiow. T Reelie sl s = 14 mm.
B 2olonoindl] fash e e e tF i T S e T e EE N e L 25 mmmn.
WG ey Sy Fons Dodilie 007 S Tl - ey o ol 25.4mm.
DIOIOCEHTIE b SRR B E o el g St ] Rt e e o e 8 D L 15 mm.
Mt lenodl K od e Fs Ot TE N s e o Dy T et ol 23 mm.
Ao — o i el R it T T T e Tl et 2 ey o o 25 mm.
Prototomey il L _ =l iy DiaE LT a7 ¢ ri s SNEVE A SR Yy el 14 man.
i b B0 15 10 i Sl ol N\ S L WL R L e i 23 mm.
WAL s Lo SR S TR g R el e L 24 mm.
PEOTOCOII0 = v s S tled Lot o s = 13 mm.
Wty BenDalii e o 17 < 0 e A b T S E N SR Pl At 27 mm
Widbls, BNl R ) SIS D P e e GRSy S 21.5mm
PECEOCOLIES L i Al D) 3 Ui o Tk SRR - TP 13 mm
I.*, diameter from side to side.___ o o___ 15 mm.
1.2,  diameter from side to side_________ e __ 15 mm.
1.}, diameter from side to side__ - ______ 14 mm.
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The cheek-teeth are worn down to a height of about 50 mm.
It is to be noted here that, while the diameters of the corre-

sponding teeth in the two spec1mens are
practically the same, the length of the pro-
tocone in No. 4991 is considerably greater
than in the type specimen. It appears,
however, in general, that one must not
place too much reliance.in the size. and
form of the protocone in identifying
species. '

In the Lawrence specimen it will be seen

that the axis of the post-protoconal valley
in the third and fourth premolars is di-
rected nearly to the anterior outer corner
of the tooth. In' the molars the axis pro-
longed strikes the middle of the next tooth
in front; or, in the case of the last molar,
the front of the next tooth. In the Hay
Springs specimen the prolongation of the

axis of all the molars reaches the anterior-

pillar of the next tooth in front or even
farther in front. The front border of the
anterior lakes is more deeply notched in
the Hay Springs specimen than in that
from Lawrence, and the same statement is
true regarding the hinder border of the
posterior lakes. In that border of the an-
terior lake which is opposite the head of
the post-protoconal valley, there is in the
Hay Springs horse a double folding of the
enamel resembling an M; whereas, in the
horse from Lawrence, the fold is usually
simple. From the table on page 203 it
will be seen that the nose of the Hay
Springs horse is slightly wider than in thé

\
\

\
\

\

]

)

]

!
]
7

N,

Fig. 83. Hquus laurentius.
Cheek-teeth of - right
side. X1. No. 133 State
University of Iowa.

other horse. Nevertheless, one would hardly be justified in re-
garding the two s"pecimens as belonging to distinet species.

The writer’s studies on the horses seem to indicate that Equus
niobrarensis possessed a skull which was wider in the rear than
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that of the domestic horse but that it narrowed more in front;
while Equus laurentius had a skull relatively nearly as wide, but
with a long nose. These conclusions may, of course, be modified
by other specimemns. :

To this species the writer refers certain teeth which have been
found in Iowa, as follows:

In the collection of the University of Iowa is a part of the
left maxilla with five teeth. The number is 133. It was found
somewhere near Sioux City. The specimen was figured and de-
scribed by Calvin in his paper on Aftonian Mammalia (Bull.
Geol. Soc. Amer., Vol. XX, pp. 347, 348, pl. xx). This plate is
here reproduced on plate XIII, figure 3. In order to illustrate
more clearly the arrangement of the enamel, a pen drawing is
here presented (Fig. 83). :

This specimen was identified by Calvin as Equus scotti. He
regarded as belonging to the latter species the materials col-
iected at Hay Springs and described in the present work as a
distinet species, Equus niobrarensis. However, the present
writer identifies the Sioux City specimen as Equus laurentius.
The specimen belonged to an old horse and the teeth are not in -
a good condition for identification. They are worn down to
' about an inch from the roots; and, as a result, the arrangement
of the enamel is much modified. In the first true molar the an-
terior lake has disappeared and the posterior one is nearly
gone. It seems probable that the length of each grinding surface
has been shortened somewhat, but this is not necessarily true;
and, in the case of the front two premolars, the shortening may
be wholly compensated by the obliquity of the worn grinding
face.

The following are the measurements secured:

MEASUREMENTS OF TEETH.

Pimfete Mol inelusive o o o 50 in, 2o - = 137 mm,

Length of the premolars - 91 mm.

Pm.?, length L - i EE PR e T 37 mm.
width o = 24 mm.
protocone __.__ 10 mm.

Pm.?, length ______ i TR S AL - e e - 28 mm,
width Ll 27.5mm,

protocone 13 mm.
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PSR By = U R Lt i L R e e e e 25 mm.
width LA A e LT S B A T P 28 mm.
protocone __._ Yol - 13 mm.

M.}, length fefs T T S e o 23 mm.
width ¥ 26 mm.
protocone ____ 5 ——— 13 mm.

M.?, length _______ USSR AN e, S Wt e 24 mm.
width e 27 mm.
protocone _____ LN 13 mm.

In size these teeth exceed somewhat those of the type of
Equus lawrentius and of the specimen referred to it, now in the
U. S. National Museum, No. 4991 (Fig. 82). In size they do not
differ much from those of the type Equus miobrarensis; but
there was originally evidently more complication of the enamel
around the lakes than in E. niobrarensis, and there is no indi-
cation that the protoconal valley had the deep re-entering loop
at its head or the great prolongation of this to the center of the
tooth. Furthermore, the third premolar has almost exactly the
same size as that of No. 4991 of the U. S. National Museunm.

The specimen here described shows that the posterior palatine
foramen opened opposite the last molar, and that the bone of
the hinder region of the palate was thin, differing thus from
the type of Equus excelsus.

In the State University collection, with the number 250, are
three lower right molars which are referred to this species.
These were secured. by Professor Shimek in the second. cut
along the Illinois Central railroad east of Sioux Falls, South
Dakota. They were found in the Aftonian silts. In the same
collection, with the number 128, is an upper last molar which
Shimek found in the Cox pit at Missouri Valley. It appears
to belong to this species. Another, a left lower tooth, No. 126,
likewise appears to belong here, and was found in the Cox pit.

From Prof. J. E. Marshall, of Council Bluffs, the writer has
received for examination various teeth of horses which had
been found at Henton Station, Mills county. A part of these
have already been mentioned under Equus complicatus. One
very fine tooth, a left upper premolar, probably the last, is
found to belong to Eqguus laurentius. This had begun to wear
only a short time before the death of the animal. The height
is 76 mm.; the length of the grinding surface, 26 mm:; the
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width, 25 mm. The tooth is considerably curved, so as to be
concave on the inner face and or the hinder. The enamel of
the lakes is somewhat more folded than in the type, but there
can be no hesitation in referring the tooth to E. laurentius.

At the close of the descriptions of the horse remains which
may, with some certainty, be referred to their proper species
may be mentioned two specimens which are in the collection of
the State University of Iowa and whose specific relationships
are undeterminable.

The first of these is a femur of the left side, No.-320. This
was found by Mr. W. E. Babcock, in the Elliott sand pit, at
Turin. The {following measurements were taken: ILength
from the upper surface of the head to the distal end, 393 mm.;
width across the head to the outer side of the bone, 120 mm.;
fore-and-aft diameter at the middle of the length, 47 mm.;
transverse diameter at the middle of the length, 54 mm.; fore-
and-aft diameter of the outer condyle, 105 mm.; same diam-
eter across inner condyle, 122 mm.

Number 136 of the same collection belongs to a left tibia
which was found by Ira A. Williams, in the Cox pit, at Mis-
souri Valley. The proximal end, including about that part be-
longing to the proximal epiphysis, is missing. The following
measurements were taken: Length of fragment, 345 mm.;
width of upper end, on hinder face, at the level of the nutri-
tious foramen, 56 mm.; transverse diameter of shaft 100 mm.

‘below the nutritious foramen, 49 mm.; fore-and-aft diameter

at the same place, 42 mm.; transverse diameter at the lower
end, 75 mm.

From this locality were obtained four cannon-bones, three.
phalangeal bones, and a left radius.

.Superfamily TAPIROIDEA.
The Lophiodonts and Tapirs.

Under this superfamily are arranged the tapirs and their
extinet relations, which were so numerous during the Tertiary
period. The group is to be regarded as one far less progres-
sive than is that to which the horses belong. The cheek-teeth

14
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are always low-crowned and the upper ones lack the interme-
diate cusps. Those of both jaws are characterized by having
the crown traversed by two prominent crests; those of the up-
per jaw by having, besides, a prominent wall joining the outer
ends of the two crests. Thus there is, between the two cross-
crests, a valley which opens on the side of the tooth next the
tongue. In the animals of this group the digits are never less
than three. -

Although tapirs, belonging apparently to two species, con-
tinued to exist in North America well into. the Pleistocene pe-
riod, no remains of these have yet, so far as the writer knows,
been found in Igwa. A map showing the localities where
tapirs’ remains have been found in the United States may be
found in volume LIX of the Smithsonian Miscellaneous Collec-
tion, 1912, No. 20, page 11. None of these fall within the region
covered by Wisconsin drift; from which fact the writer be-
lieves the conclusion justified that these animals had, by the
time of the Wisconsin stage, been driven far to the south in
the . United States, if not into Central and South America,
where three or four species yet exist.

Superfamily RHINOCEROTOIDEA.

. - The Rhinoceroses.

During the Tertiary period the group to which the Rhinoe-
eroses belong was represented in our country by numerous
genera and species; but none are known to have lived at any
time during the Pleistocene.

Suborder ARTIODACTYLA.
The Even-toed Hoofed Mammals.

Ungulata which have the third and fourth digits of each limb
equally developed; second and fifth digits more or less re-
duced, sometimes ending in hoofed phalanges, sometimes
wholly wanting; presacral vertebre always twenty-six; femur
without third trochanter; the astragalus with a grooved
trochlear surface for the tibia, and another for the navicular
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and cuboid; fibula articulating with the calcaneum; teeth va-
riously modified, sometimes in full number, forty-four, some-
times with some of those in front of the second premolar want-
ing; incisors never furnished with a cup, or pit.

The Artiodactyla include, besides a considerable number of
extinet families, the swine, the hippopotami, the camels, the
deer, the giraffes, the antelopes, the sheep, the goats, the
musk-oxen, and the oxen. Richard Lydekker has recently
called attention to the fact that, while there are yet existing
less than a score of perissodactyls, there are between one and
two hundred species of existing artiodactyls. All the conti-
nents have been occupied by members of the group; but Aus-
tralia only through recent imtroduction by man. The oldest
forms are found in the Lower Eocene. In the Upper Eocene
and succeeding epochs the group is represented by increasing
numbers.

As to their food habits, all nourish themselves on vegetable
material ; but some of them, as the swine, readily devour ani-
mal matter.

In the Pleistocene of North America the following super-
families are represented: Sudidea (piglike ungulates), Cam-
eloidea (camels) and Bodidea (deer, sheep, goats, and oxen).

Superfamily SUOIDEA.

The Hogs and Peccaries.

Even-toed ungulates with usually four functional digits in
each foot; but these in some cases reduced to three or even to
two; tooth formula, i. 232, c. }, pm. =5, m. §; the molars fur-
nished with four conical cusps which are connected so as to
form two cross-crests, between which may be found few or many

accessory tubercles; canines usually large and trenchant.

Although remains of true hogs, Suide, have been reported
from the Pleistocene deposits of the United States, they have
probably in all cases belonged to the introduced domestic
swine. On the other hand, the peccaries (Tayassuide) are
numerously represented.
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During the Tertiary period many genera of hoglike animals
existed in the United States, somne of which reached propor-
tions much exceeding those of the domestic hog.

Family Tayassuidae.

The Pececaries.

Hog-like ungulates, with two or four hoofed digits in the
fore feet and two or three in the hinder. Tooth formula,
i. 325, ¢. 1, pm. §, m. 3. Lower incisors directed forward, the
upper ones downward. Canines large, the upper ones with
hinder border sharp; the lower cnes with the anterior border
subacute. Molars with four principal cones and often with in-
termediate cuspules and tubercles.

Of this family three genera are recognized as having been
represented in our country during the Pleistocene, Tayassu,
Platygonus, and Mylohyus.

ANALYSIS OF GENERA HERE DESCRIBED.

1. One premolar or none like the molars; cusps short and
conical; diastema between canine and premolar not equal
to one-half the length of the premolar-molar series, and
less than the width of the palate. Tayassu.
No premolars like the molars; cusps high, those of each
pair forming a crest across the tooth; diastema equal to
about two-thirds the length of the premolar-molar series;
the palate here nearly as wide as the length of diastema.

' Platygonus.

[N

w

Two premolars like the molars; molars and premolars
like those of Tayassu, but sometimes at least, with the
enamel more rugose; cross-valleys more or less blocked
up by accessory cusps; diastema as long as, or nearly as
long as the premolar-molar series; width of palate much
less than the length of the diastema. Mylohyus.
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Genus TAYASSU Frisch.

(The genus Dicdtyles of older authors.)

Peccaries with four hoofed digits on front feet; three on
hinder; metatarsals three and four coossified in the upper
half; snout rather short; teeth, i. §, ¢. 1, pm. §, m. §; 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; no premolar or one with two pairs of cross-crests.

The members of this genus have four digits furnished with
hoofs in the fore limbs; but the inner one and the outer one

‘(second and fifth) are short and slender, usually not reaching

the ground. In the hinder legs the second digit hardly touches
the ground, but has the usual number of bones; the fifth digit
is represented only by a splint-bone about an inch long and
hidden under the skin.

The species of this genus inhabit, at the present day, the
region extending from the Red River of Texas, through Cen-
tral and South America, to Patagonia. Several species have
been established, and these have been divided into two gen-
era or subgenera, Tayassu and Olidosus. Certain fossil re-
mains of peccary, found at several localities in the United
States, have been assigned to the living species, under the
name Dicotyles torquatus and D. tajacw; but, as Leidy finally
concluded, they belonged, probably, to an extinet species.
Hence, Leidy’s specific name lenis is here adopted for it.

Tayassu lenis (Leidy).

This is the peccary recorded in the author’s Bibliography
and Catalogue of the Fossil Vertebrates of North America,
page 659, under the name Tayassu tajacu. Of course, some of
the htelature there cited refers {o the living peccary.

Tayassu lemis 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 he had deseribed
and figured in 1860 (Holmes’ Post-Pliocene Fossils of South
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Carolina, p. 108, plate xvii, figs. 13, 14). One of these teeth is

the second, the other, 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 7. lenis, the third
true molar. Judging from Leidy’s figure, this has a length of
18 mm. and a width of 12 mm. This is slightly larger than the.
same tooth in the Texan species, 1. angulatwm; and some other
differences seem to exist.

Other remains of a true peccary resembling some of those
now living have been found in the lead region of Wisconsin,
and in Towa, Indiana, Illinois, and West Virginia. Whitney
(Rep. Geol. Surv. Upper Mississippi Lead Region, 1862, p. 133)
stated that he had obtained some teeth of a peccary, from a
crevice near Dubuque. These were submitted tuv Dr. Jeffries
Wyman, who judged them to belong to the existing pececary.
They occurred with remains of megalonyx, imbedded in clay, at
a depth of ten feet from the surface. Wyman states in his re-
port (op. cit. p. 422) that he examined three teeth, but he did
not say exactly where they had been found.

The scanty remains which are referred to this species have
not been well described and are not at present accessible. In
order that bones and teeth which may be found within the state
may be identified properly, it is thought best to give here a de-
seription of the skull and {eeth of the collared peccary, the ani-
mal which inhabits Texas and the region southward and west-
ward. This description is taken from No. 52128 of the U. S.
National Museum, a female taken at Fort Bowie, Arizona. How-
ever, figures of the skull and teeth of the same species are taken
from Baird’s Mammals of North America (pl. Ixxxvi, figs. 1a, 14,
1h, 11).

The figures of the skull (Pl. XIX, figs. 1, 2) show that it re-
sembles considerably that of a common hog, but it differs in
several respects. Seen in profile the region between the eyes
is convex, instead of being concave, as it is in the hog. Tt 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 infraorbital foramen; and the latter is over
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the fourth premolar; in the hog the front of the orbit is much
nearer the foramen. In the hog there is hardly any space be-
tween 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 moderate size. The molars of the hog are far
more tuberculated than are those of the peccary.

In the case of the skull from Arizona, mentioned above, the
following measurements have been taken:

MEASUREMlENTS OF SKULL,.

Distance from front of premaxillae to front of occipital foramen

(basilar length) e 190 mm.
Distance from front of premaxillae to middle of occipital crest__. 229 mm.
Distance from front of oceipital foramen to line joining the rear

~ of last molars _._____________ i -—-—— 68 mm.
Distance from front of occipital foramen to line joining rear of

the glenoid fossae e _________ _—— 30 mm,
Distance from front of premaxillae to front of orbit-——————____ 126 mm.
Width of skull just above ear openings__ 86 mm.,
Width_of skull at front of glenoid fossae___ — 95 mm,
Width of palate, between canine and pm.* - ___ . _______ 30 mm.
Diastemna between ine¢isor and canine 17 mm.
Diastema between canine and pm.*____ 15 mm.
Distance from front of lower jaw to-line joining rear of condyles 152 mm.
Height of condyles above supporting surface__- 60 mm.
Height of coronoid process above supporting surface 67 mm. -
Height of jaw below pmu 31 mm.
Length of diastema between canine and pm.. 21 mm.

‘MEASUREMENTS OF TEETH.
Upper Teeth

Length premolar-molar series -.__ - --- 64 mm.

Length premolar series o 27 mm,
Length molar series —— —_— weie 37 mm.
Pm.?, length, e emem 9 mm. .
width e e 8.5mm,
Pm.? length ____ oo 9 mm.
width. ..___ e 10 mm.
Pm.*, length e 10 mm.
width _________ y e -~ 11 mm.
M.*, length e 12 mm,
width . e 11 mm.
M., length e 13 mm.

width __ — - - 12 mm.
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M2, length ___._._ - : - 13.5mm.
width S : 11 mm.
I}, width __ N ———— 10 mm.
I:,  width _.___. - “7 mm.
Canine, height et e e st e 28 mm,
Canine, length at base ___. — — 12 mm.
Canine, thickness at base ___. e e 8 mm.
Lower Teeth.
Length premolar-molar series __. e e e 70 mm.
Length premolar series - -— : 28 mm.
Length molar series - —— - 42 mm.
Pm.., length e 8 mm.
width 3 ; 4.5mm.
Pm.,, length e - 9.5mm.
Width o 6 mm.
Pm.,, length 10.5mm.
width . __________ — 9 mm.
M., length - ____ N 12.5mm.
width e 10.5mm.
M., length oo . . . 13.5mm.
width -___ N i 12 mm.
M.., length __ oo .. e 16 mm.
width ___ - , -~ 11 mm.
L., width o _. ——. S 6 mm.
I.., width ___ A AL T IR o T 1 01 ¢ ¢ B
I.,, width .: LR A A L = 5 mm.
Canine, height PR T SR SIS YO —— 32 mm.
Canine, length at base ¢ : e 9.5mm:.
Canine, width at base - __ 8 mm.

The first incisor of the upper jaw is a relatively large and
thick tooth; the second incisor is much smaller. In the lower
jaw the first and second incisors are narrow and prolonged for-
- ward; the third incisor is much reduced in size.

The upper canine has a sharp hinder border and a rounded
" front border, which is worn from whetting against the lower
canine, Th1s latter has the anterior border acute; the h1nde1,
flattened and worn against the upper canine.

As will be seen from the figures (Pl. XIX, figs. 4, 5) the upper
true molars have four principal cones. In the center of the
space occupied by these is a subsidiary conule. One or two still
smaller conules may he present. These teeth are surrounded by
a narrow shelf; the cingulum.
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The hinder premolar (Pl. XIX, figs. 2, 4, 5) has three prin-
cipal cones and some conules. The next premolar in front,
pm.?, has two main cones and one or two strong conules behind
them. The front premolar, pm.?, is not much different, but is
smaller. _

In the lower jaw (Pl. XIX, figs 3, 6), as in the upper, the
true molars have each four main cones. Behind each pair of
these, and in the longitudinal valley, is a conule which varies in
size. The hindermost molar has, in addition, a rather large
““heel’’ at the -rear, made up of two or three conules. The
hindermost premolar resembles a true molar, but is smaller.
The next premolar, pm.,, has a pair of closely compressed cones;
and, in front and behind these, conules of considerable size.
The anterior premolar resembles the one behind it, except that
it is smaller and there is only one cone.

It must be stated that the teeth represented by Baird’s illus-
trations (Pl. XIX, figs. 2, 2, 4) are much more worn than those
that belong to the specimen from Arizona (Pl. XIX, figs. 5, 6).
It will be seen from the size of the hinder lower molar, that it is
smaller than the one described by Leidy from South Carolina.
Too much dependence should not be placed on this; for other
teeth of the living species, especially of males, will show less
difference. When fossil peccary teeth shall have been found
which appear to belong to the genus Tayassu, they ought to be
carefully compared with the teeth of authentic specimens of the
collared peccary, T. angulatum.

Prof. J. D. Whitney, in the report referred to, stated that
remains of a peccary had been found at Burlington ; but whether

-these belonged to Tayassu lenis, or to Platygonus compressus or.

some other species, it is impossible to say.

Genus, PLATYGONUS Le Conte. *

Peccaries with moderately elongated snout; no premolars
with more than one pair of cusps; molars with the four primary
cusps strongly developed and confluent in pairs to form high
cross-crests ; the accessory cusps less developed than in Mylohyus
and Tayassu; incisors, two on each side of the upper jaw, three
on each side of the lower; all the feet with only two digits each.
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The type of the genus is. P. compressus, the species described
below.

Platygonus compressus Le Conte.

This is, so far as yet known, the most widely distributed spe-
cies of extinct peccary. Remains referred to it have been found
in Illinois, Indiana, Ohio, Kentucky, New York, Missouri, Towa,
Kansas, and probably in Mexico, At Columbus, Ohio, a collec-
tion of twelve individuals was 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 twelve feet. The
individuals of each nest were lying side by side and with their
snouts pointing, it is said, toward the southeast. These remains
have never been adequately described. Most of them are now in
the Peabody Museum of Yale University.

This species was described in 1848 by Dr. John L. LeConte.

His materials had been found in the lead region, near Galena, -

Illinois, in a fissure in the limestone, at a depth of fifty feet.
" The materials consisted of teeth, parts of the upper jaw and
front of the skull, a part of a lower jaw, a few vertebra, part
of a pelvis, and some limb bones. To these he gave the name
Platygonus compressus, and he appears to have regarded the
animal more closely related to the tapirs than to the peccaries.

Other teeth and scanty bones he described under the names
Hyops depressifrons and Protocherus prismaticus; but these
were afterwards shown by Leidy to be the same as Platygonus
COMPTeESSUS.

In 1853 (Trans. Amer. Philos. Soc., Vol. X, pp. 330-341, pls.
xxxvi, xxxvii), Leidy described, under the name of Eucherus
macrops, a nearly complete skull of a fossil peccary that many
years before had been found in a saltpeter cave in central Ken-
tucky. He afterwards concluded that this specimen also be-
loniged to Platygonus compressus.

The beautiful figures furnished by Leidy are here reproduced
(Pl XX, figs. 1-3). They 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 milli-
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meters. Some other measurements are introduced; taken from
Leidy’s illustrations: :

MEASUREMENTS OF SKULL AND TEETH.

Distance from front of oceipital foramen to end of premaxillae

(basilar length) 286 mm.
Length of head from oceipital condyle to end of the SNOWt_ - —__ 296 mm.
Length of frontal bone on midline -~ 53 mm.
Greatest breadth of the forehead _ .- -4 112 mm.
Breadth at front of glenoid fossae - ) e B 114 mm.
Breadth at second upper molar Gl A A Vet e e 51 mm.
Breadth at sockets for canines A U 60 mm.
Height from between fronts of orbits to palate. . ______ 87 1.
Height of rear of skull from occipital foramen . _______ 89 mm.
Length of hard palate - ——eo o __ AN e SERE g (7 ) o
Length of upper plemolar molar series = e e 77 mm.
Length space from canines to premolar . _______ 46 mm.
Lower jaw from condyle to front - _____ o 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 - __ 84 1nm.
Upper premolar 2, length ___ PSS 0 T T LR L 8.51n1m.
Upper premolar 2, breadth . ______ 3. 9 mm,
Upper premolar 3, length __________ LEH 10 mm.
Upper premolar 3, breadth _ 5 LIS ———— 10.3mm.
Upper premolar 4, length o —__ == 10 mm.
Upper premolar 4, breadth _ 3 11 mm,
Upper -molar M lengthe e—St 8 = o200 RF il -—— 13.5mm.
Upper molar 1, breadth ____ R -~ 10.5mm.
Upper molar. 2, dam g . o i6 mm.
Upper molax 2 hreadtid o F T Ton 527 Sl b i il i S 14 mm,
Tippet_ motar 8, cehghiiz's ol =Sers 0 2 - T amiits T T e L 19.51mm.
Upper-molar & breadth oo Lt Ll g pd s U i iner P R IR R 14 mm.
Lower premolar 2, length . _______ 8.5mm.
Lower premolar 2, breadth 7.5mim.
Lower premolar 3, length _. 10 mm
Lower premolar 3, breadth S mn.
Lower premolar 4, length _.____ b 11 mm.
T:oper prérmelasi dvebreaith . =~ o5 "5 oL W b L F i 10.5mm.
Tower-molansigeaethii oo e oo e T 14,5mm.
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.

Leidy’s figures of the teeth of this specimen are here re-
produced (Pl XXIT, 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 ob-
served that each of the true molars is crossed by two prominent
ridges or crests, and that a longitudinal cleft divides each of
these into two cones. These crests and cones are much more
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prominent than in the living peccaries. Likewise, the trans-
verse valley separating the two crests of each tooth is 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 erest, 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 de-
veloped cingrlum 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. In the figures of the lower teeth
(Pl. XXI, figs. 5, 6) the hinder premolar was, accidentally re-
versed, so that the high cones appear to be placed on tne tront of
the tooth, instead of the rear. The hinder molar has a consider-
able 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 have suffered any wear. Later in life these teeth would
present a quite different aspect.

Some years ago two well preserved adult specimens of this
species were found in a gravel bank, near Rochester, New York.
Most of these remains are now in the Philadelphia Academy of
Sciences. Leidy (Trans. Wagner Institute, Vol. II, p. 41) de-
scribed them and figured a complete skull. Many comparative
measurements will be found in his paper.

Undoubtedly this species lived with a fauna which took pos-
session of our northern states soon after the withdrawal of the
last, or Wisconsin, ice-sheet. The remains, which have been
found in Wabash county, Indiana, at Columbus, Ohio, in Kent
county, Michigan, and at Rochester, New York, are all within the
region occupied by the Wisconsin drift, and there is little proba-
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bility that any of these remains were in deposits laid down pre-

ceding the Wisconsin epoch. The remains found in the region

about Galena, Illinois, may belong to an earlier time; but the

accompanying species do not indicate this. The species has,

however, been identified by Matthew among materials collected

at Hay Springs, Nebraska, and these deposits were certainly "
laid down early in the Pleistocene. The species may, therefore,

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 (Figure 84) 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 a specimen mounted in that museum. This fine skeleton
is one of a 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.). Comparison of this specimen with other materials has
convinced the writer that Platygonus leptorhinus is the same as
P. compressus.

3 Through the liberality of the officers of the Peabody Museum

of Yale University, the writer has been permitted to study the
remaing representing nearly a dozen individuals which were
found at Columbus, Ohio, about the year 1874. Unfortunately
the skeletons were not taken up by persons experienced in such
work; and, as a result, the bones of different skeletons are min-
gled together. The writer proposes to deseribe and illustrate.
the principal bones of the skeleton.

Figure 1, of plate XXII, gives a view of the atlas seen from
below. It belonged to a fully grown individual. The extreme
width is 95 mm. Figure 2 of the same plate presents a side
view of all the cervicals except the atlas; while figure 3 shows
the same bones from the right side. The length of these six
vertebrz is 160 mm. They resemble considerably the same ver-
tebre in the hog. Figure 4 presents a side view of three dorsal
vertebra belonging about the middle of the series. The bodies
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of the dorsals vary in length from about 25 mm. to about 35 mm.
Those shown here belonged to an animal not wholly grown.

Figure 1 of plate XXIII presents a.view of the sacrum. In
front of it is the last lumbar vertebra; while on the right side
of the figure is seen a part of the left ilium.

The scapula, as may be observed in figure 84, is rather long
and narrow. The length of the bone in a grown animal is about
225 mm.; the breadth at the upper end from 90 to somewhat
more than 100 mm. The bone resembles that of the domestie
hog, but in the latter animal, it is relatively broader, and the
spine ascends nearer the anterior border.

The humerus (Pl. XXIII, figs. 3, 4) resembles considerably
that of the pig. In the skeleton shown here by figure 84 the
bone has a total length of 197 mm.; from the top of the head to
the extremity of the outer condyie, 180 mm. At the middle of
the shaft, the fore-and-aft diameter is 32 mm.; the transverse,
21 mm. Four or five humeri at Yale have each a total length of
200 mm. In one measured, the length from the upper surface of
the head to the outer condyle, is 174 mm.; while the diameters at
the middle of the shaft are respectively 28 mm. and 19 mm.;
thus showing variation from the Kansas specimen. The radius
and the ulna (Pl. XXIII, fig. 5) are closely bound together and
appear in adult life to be codssified. They are in this condition
in the Kansas specimen at New York; but, in the younger ones
at Yale (Pl. XXIV, fig. 1), the union was not yet effected. The
total length of the radius in the Kansas specimen is 172 mm.;
in one at Yale, the length is only 158 mm. Figure 5, plate
XXIII, shows a mature left ulno-radius at Yale, seen from in
front. The ulna is a rather strongly bent bone as may be seen
from plate XXIV, figure 1. The length of the bone shown o
plate XXTIT, is 193 mm. in a straight line; but in another speci-
men it measures 219 mm. In the latter the olecranon process
extends 63 mm. behind the cavity for articulation with the
humerus.

The wrist bones are the same that are found in the pig. In
the figure of that of a left fore limb (Pl. XXTV, fig. 2), these
bones are seen little disturbed.
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The same figure shows well the metacarpals. The third and
fourth only are functional. In the domestic hog there are four
functional metacarpals, although the second and fifth are smaller
than the third and fourth. The second metacarpal in Platy-
gonus is a splint about 40 mm. long (Pl. XXIV, figs. 1, 3), while
the fifth is a nodule of bone about 11 mm. long. The third and
fourth metacarpals are each about 90 mm. long. In adult age
they become solidly coossified. They are so coossified in the
specimen from Kansas, but not yet so in those from Columbus,
Ohio. The metacarpals are followed by three pairs of phalanges,
the last pair of which were armed with hoofs. In figure 2 of
plate XXIV the usual phalanges are missing; but, in figure 1
one of these is present. The first phalanges are 40 mm. long;
the second, 30 mm.; the unguals, 32 mm.

The innominate bones are not complete in any of the speci-
mens seen; but, from the various remains, their form may be
quite exactly determined. It appears that in the specimen shown
in figure 84 the ilium has been artificially restored in front and
made about an inch too long. From the specimen seen at Yale,
it is determined that the length from the front of the ilium to the
rear of the ischium measured close to 225 mm. Figure 2, plate
XXIII, presents a view of the hinder portion of the left innomi-
nate bone, seen from the under side. The upper right border
of the bone fits on the piece of ilium seen on the right side of
figure 1 of the same plate. The center of the acetabulum was
nearly equidistant from the front of the ilium and the rear of
the ischium. In the existing peccary this center is considerably
nearer the rear of the ischium than to the front of the ilium;
and this is still more the case with the pig. !

The femur is shown by fignre 1 of plate XXV, taken from a
bone at Yale. Tt is a view of the inner face of the left femur of
a mature specimen. It resembles closely that of a peccary and

"that of a pig. It measures in totz] length, 188 mm.; that of the
specimen of figure 82 measures 205 mm,

The tibia of the left side is represented by figure 2 of plate
XXV, which shows the outer face of the bone. Near the upper
end is a surface to which was aitached the upper end of the
fibula, and at the lower end a rough surface for the lower end
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of the fibula. A tibia at Yale (not the one figured) has a length
of 182 mm.; a fore-and-aft diameter of 19.5 mm. at the middle of
the bone, and a side-to-side diameter of 25 mm. The tibia of
the Kansas specimen is slightly larger. The fibula is a slender
bone which was applied to the tibia as just mentioned. TIts lower
end reached below the end of the tibia and articuiated with a
surface on the outer side and frout of-the heel bone.

The hind foot is represented by figure 3 of plate XXV, but not
all these bones belonged to the same individual. The length of
this foot, from the extremity of the heel bone to the extremity of
the last phalange, measured close to 280 mm. The figure just
cited gives a front view of the foot and no rear view is shown;
but here as in the fore foot, the second and the fifth metapodials
are reduced to mere vestiges. The second and the third meta-
tarsals are closely united at their npper ends.

Of this species we have only one record in Iowa and that gives
no more exact locality. In 1860 Dr. Leidy (Trans. Amer. Philos.
Soe., Vol. XTI, p. 105, pl. vi, figs. 2, 3) mentioned and illustrated
the upper and lower cheek-teeth of a specimen of this species
which he stated had been found in Towa by Doctor Foster. The

.remains included besides the teeth, the jaws which contained

them and fragmentary bones of several individuals. These were
in the possession of Dr. Jeffries Wyman. It is not unlikely that
these remains had been found in the lead region, but they are
possibly the peccary remains which Whitney mentioned as hav-
ing been found at Burlington (Geol. Lead Region, p. 135).
Leidy’s figures of the teeth are shown here on plate XXI, fig-
ures 7, 8. - : =
Genus MYLOHYUS Cope.

Peccaries with narrow and elongated snout. Molars re-
sembling in structure those of Tayassu; two, probably some-
times all three, premolars molariform; that is, provided each
with two pairs of cones; outer pair of incisors wanting, both
above and below; space between the canines and premolars

" about as long as, or longer than, the tooth-row. Fore feet with

second and fifth digits present with all their elements, but
greatly reduced; hinder feet apparently lacking the second and

fifth digits.
15
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The type of this genus is Mylohyus nasutus, a species which
was based on a part of the upper jaw with one incisor, one
canine, and two premolars. This snout was found in Gibson
county, Indiana, at a depth of between 30 and 40 feet. To what
stage of the Pleistocene it belonged is unknown. Cope described
as belonging to M. nasutus an upper canihe from Port Kennedy
cave, in eastern Pennsylvania, the contents of which seem to
belong to very early Pleistocene. Mr. Barnum Brown found
~ many remains of more than one undetermined species of Mylo-
hyus in the Conard fissure, in northwestern Arkansas. The
- present writer is inclined to regard these remains as dating from
the Tllinoian stage. On the other hand, Leidy found Mylohyus
pennsylvanicus in a cave in Pennsylvania which contained most-
ly existing species, and belonging evidently to the post-Wiscon-
sin stage. It seems, therefore, that the genus existed during the
whole of the Pleistocene.

So far as the writer is aware no remains of Mylohyus nasutus
have been discovered in Towa ; nevertheless, in order to illustrate
the osteology of the genus, Leidy’s figures of the type specimen
are here reproduced (Pl. XXVT, figs. 1, 2) ; also the figures of a
lower jaw of an undetermined species of Mylohyus and those of
the feet of one or two species of the same genus, all having been
found by Mr. Barnum Brown in northwestern Arkansas. These
feet were not found in such association with any jaw that they
can be regarded as certainly belonging to Mylohyus; although
it is extremely probable that they do appertain to some species
of the genus. ‘

The writer has been permitted through the kindness of Prof.
W. C. Mills, of Columbus, Ohio, to examine the lower jaw of a
young peccary which is believed to belong to this species and
which was found in Columbiana county, Ohio (PL XXV, figs.
4-6). The jaw lacks the greater part of the symphysis and the
whole of the ascending portion. It contains the three milk
molars, little worn, and the first molar, yet enclosed in the bone.
These teeth are all much larger than the corresponding ones of a
young Texas peccary; and they are, besides, more complicated
in structure and have the enamel more strongly rugose. The .
milk molars have each three cross-crests, and these are each
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composed of two .cones. There are in addition various acces-
sory tubercles. The following are the measurements of these
teeth. The milk molars are designated by the abbreviation Dm.:

DR e 'ﬂ_ﬂ ™

MBEASUREMENTS. T

B 5 T 2337 v LRI PO Cat 3 150 (572 8 p s fAET 9 mm.
width 5 mm.
Dm.s, length . _________ e 12 mm.
width ni)” 8§ mm.
Dm.s, length : 19.5mm.
width ______ = 11 mm.

BE, 7 deBetl el s 16.5mm.
width e : 12 mm.

In the front of the jaw is the base of the socket for the canine.
The rear of the symphysis is situated about 22 mm. in front of
the anterior milk molar. The alveolar border of the jaw in
front of the front milk-molar is thin, sharp and straight. At
the front of the hinder milk molar the jaw is 22 mm. deep.

Those characters which especially distinguish Mylohyus from
Tayassu, are the elongation of the upper and lower jaws in
front of the premolars and the occurrence of two pairs of
cones on at least the two hinder premolars. The fore foot (PL
XXVI, fig. 5) referred to Mylohyus resembles closely that of the
existing peccaries (Tayassu); but, judging from the figure, the
hind foot (P1. XXVTI, fig. 1) is very different. It gives no indi-
cation of the presence of the second digit, which in Tayassu
has a hoof, nor of the fifth, which in Tayassu is represented by
a splint.

To Mylohyus is referred provisionally the species next to be
described represented by a lower canine only.

Mylohyus? temerarius, new species.

The only remaing known at present of this species is the
crown of the left lower canine. This was found in the Anderson
gravel pit, at North Riverside, near Sioux City, Iowa, and was
secured for the Towa University collection by Prof. B. Shimek.
Tt bears the catalog number 176. Reproductions,of photographs
of it are here presented (Pl. XXT, figs 1-2). The tooth appears
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to have been broken off where it emerged from the jaw. The
height of the tooth is 61 mm.; the antero-posterior diameter at
the base is 21.5 mm.; the transverse diameter is 15 mm. The
anterior border is broadly rounded, presenting no such indica-
tions of a keel as is found in the other peccaries. The hinder
border, as shown at the base, is broader and more flattened,
with a median ascending channel. The inner face is broadly
convex, with a median broad and shallow ascending groove. The
outer face is more convex than the inner and presents two shal-
low ascending grooves, which divide the face into three nearly
equal parts. _

~ The upper two-thirds of the hinder border of the crown is-
worn flat through attrition against the upper canine. Also the
outer face and front border are whetted off a distance of 20 mm.
from the summit of the crown, probably from rubbing against
exterior objects, shrubs, roots, and the like.

Cope gave as the dimensions of an upper canine found in the
Port Kennedy cave, taken at the base of the tooth, 11 mm. and
9 mm. respectlvely The tooth here descrlbed has therefore
diameters nearly twice as great. '

3 Superfamily CAMELOIDEA,
The Camels, Llamas, and Their Extinct Allies.

Even-toed ungulates with usually only two functional digits
in each of the four feet; teeth sometimes in full number, viz.:
.$c.tpm. $ m.§, but the later forms with some upper incisors
and the first premolar wanting; the true molars of the seleno-
dont type; that is, with the four primitive cusps converted into
crescents; the horns of which are directed outward in the upper
jaw, inward in the lower. Skull without horns.

In the group just defined there are included not only the ex-
isting family of camels, but likewise a number of subfamilies or
families which are now extinet. Dr. W. B. Scott has suggested
that the oreodonts (Merycoidodon) and related genera known
only from North America were primitive members of the same
group. Inasmuch as none of thesc early genera are known from
the Pleistocene or are likely to be found in it, we need not con-
sider them further. Only the Camelide concern us.
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Family Cameiida.e.
The Camels and Llamas.

The definition of this family will differ but little from that of
the superfamily as above given. Those genera that are excluded
would be such as the oreodonts and agriocheres, about whose’
relations to the camels there are as yet differences of opinion.

. In the Camelide the skull (Pl. XXVII, fig. 2) is short or’
rather elongated; the rear is broad, the muzzle contracted; the
outer upper incisor is present in probably all the genera; like-
wise, in some genera, the first and second incisors. The canine
is usually removed some distance from the incisors and from
the premolars. The cervical vertebrae are peculiar in that the
vertebrarterial canal pierces the anterior part of the pedicle of
the neural arch, instead of the base of the transverse process.
The ulna and radius are more or less completely consolidated.
The elements of the carpus and tarsus are, for the most part,
free from one another. In the more primitive genera there may
be four digits; but in most the third and the fourth digits are
alone represented; and in these digits the metacarpals and meta-
tarsals are more or less closely united in the upper half or .
more. In all cases, however, the lower ends are separated for
some distance. The articular ends of the phalanges are without
guide-ridges and the corresponding grooves, such as are found
in most ruminants.

The Camelide are represented today by two species of camels,
the single-humped Arabian camel of Asia and Africa, and the
two-humped Bactrian camel of Asia, and by the llamas, alpacas,
ete., of the Andean region of Seuth America.

North America seems to have been the continent in which the
camels took their origin, being here traced back into the Middle
Eocene. From this continent, they probably crossed by some
land bridge into Asia; and having spread over that continent
they passed thence into northern Africa. From North America
members of the family made their way into South' America,
arriving there apparently about the beginning of the Pliocene.
None of the family, so far as is known, ever reached Europe.
In South America, in Asia and Africa, they have maintained
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their existence up to the present time. In North America the
race seems to have become extinet in the early Pleistocene.
Several species have been described from the Equus beds of the
region west of Mississippi river, but too often these species
have been based on imperfect materials. ;

In the Smithsonian Miscellaneous Collections, Vol. LX, 1913,
p- 1, Mr. J. W. Gidley reported a phalange of a camel which
was- found during the summer of 1912 on Old Crow river, near
the Ywukon-Alaska boundary, and thus north of the Arctic Circle.
Along the same river have been found remains of the hairy
maminoth, an extinet horse, and remaing of an extinet bison.

Subfamily CAMELINAE.

Camels with the dentition more or less reduced, the formula
being 1.4, ¢. 4, pm. 3=, m. $. Ulna and radius. consolidated; the
fibula represented by only a small bone entering into the tarsus;
the two metacarpals of each foot united to near the distal end;
metatarsals similarly united.

Genus CAMELOPS Leidy.

Large camels having the tooth formula as in the llamas
(Auchenia), viz.: i.{, ¢.4, pm. 1%, m. §; m., and m., with anterior
outer style absent or feebly developed; m.* with or without a
talon; upper molars with antero-posterior diameter much great-
er than the transverse. Skull relatively more elongated than in
the llamas. Nasals not expanded posteriorly.

The writer follows here J. L. Wortman (Bull. Amer. Mus.
Nat. Hist., Vol. X, p. 129) in regarding Leidy’s genus Mega-
lomeryx and Cope’s genus Holomeniscus as being probably the
same as Camelops, proposed by Leidy in 1854. Cragin (Amer.
Geologist, Vol. IX, p. 257) showed that the tooth formula of a
Pleistocene camel skull, found by Prof. R. C. Hills, in Huerfano
county, Colorado, and belonging to the same genus as Leidy’s
Auchema californica and A. hesterna, and Cope’s Holomeniscus
vitakerianus- and H. macrocephalus, possessed the same tooth-
formula as do the llamas. He therefore described the specimen
as Auchenia huerfanensis. Wortman, however, put all the spe-
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cies just mentioned into one genus and retained for this Leidy’s
name Camelops. He distinguished this from Auchenia on the
ground that in the last and the next to the last lower molars of
Auchenia there is a very prominent buttress, amounting almost
to a lamina, developed at the outer anterior angle of the tooth.
This, in the extinet camels mentioned above, is wanting or very
inconspicuous. If is evident also that the upper third premolar
was a tooth far less reduced than that in the llamas.’ 'In the
latter the grinding faces of the upper molars are nearly square;
in the species of Camelops, they are much elongated antero-
posteriorly. This is an indication that in Camelops the skull
was much more elongated than it is in the llamas. Complete
skulls, belonging to the species Camelops hesternus, which have
lately been found in California and described by Dr. John C.
Merriam, confirm the conclusion that the skulls of Camelops
were relatively longer than those of llamas. In the llamas
the nasal bones are much expanded at the hinder ends; in Cam-
elops, they are not expanded. =0

Considering these differences it seems best for the present to
retain these extinct camels in a genus distinet from Auchenia;
and at present it seems very probable that the type species of
that genus is Camelops kansanus, the first true camel that was
described from North America. It was based on meager ma-
terials, but it seems possible to connect it generically, at least,
with recently discovered remains.

Camelops kansanus Leidy.

Certain camel remains which have been discovered in the
Aftonian deposits of Towa, are here referred provisionally to
Camelops kansamus. The principal reason for regarding them
as belonging to the species just named, rather than to C.-huer-
famensis, is that the former was found in Kansas, the latter.in
Huerfano county, Colorado, a locality considerably more dis-
tant. The remains found in Jowa do not, in fact, enable us to
say positively to what species they belonged.

Camelops kansanus was described by Leidy in 1854 (Proc.
‘Acad. Nat. Sci., Phila., p. 172). It was based on a fragment of
the snout and consisted of the front end of the left premaxilla,
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containing the root and base of the crown of the third incisor, to-
gether with an attached piece of the maxilla, which presented a
part of the socket for the canine., These parts were further de-
scribed in 1856 (Jour. Acad. Nat. Sei., Phila., Vol. ITI, p. 166,
pl. xvii, figs. 8-10). One of these figures is here reproduced (Pl.
XXVII, fig. 3). In 1873 Leidy (Cont. Ext. Fauna, West Terrs.;
p. 225, pl. xxxvii, figs. 1-3) described and figured, under the name
- of Auchenia hesterna, some lower teeth which had been found in
California. One of these figures is here reproduced on a smaller.
scale (Pl. XXVII, fig. 4). In 1883 (4th Ann. Rep. Geol. Surv.
Texas, pl. xxi, figs. 3, 4) Cope described and figured a part of a
lower jaw which presented the inecisors, premolars and molars,
and these he called Holomeniscus hesternus, believing that it was
the same camel as that described by Leidy from California.
Cope’s figures are here shown, one-fourth of the natural size of
the bones (Pl. XXVTIII, figs. 4, 5). In the same publication Cop=a
described another species which he called Holomeniscus sulcatus.
His figures are here shown, reduced to one-fourth the natural
size of the objects, on plate XXVTIIIL, figures 2, 3. In 1892 Cra-
gin, ag cited, described his Auchenia huerfanensis, without illus-
tratior ;. In 1898 Wortman, as cited, united under Leidy’s
earliest name, Camelops kansanus, the Kansan species just
named, Leidy’s Megalomeryx niobrarensis (based on teeth
found in Nebraska), Leidy’s Auchenia hesterna, Cope’s Holo-
memiscus hesternus and H. sulcatus, and Cragin’s Auchenia
huerfanensis. It appears, however, that recent discoveries do
not wholly justify this procedure.

Dr. John C. Merriam has receutly discovered, in certain as-
phalt deposits near Los Angeles, California, a few complete
skulls and nearly all parts of the skeleton of a camel which he
regards as being identical with that called by Leidy Auchenia
. hesterna. To the present writer, as to Merriam, the species
seems to be clearly distinct from Camelops kansanus, although
it probably belonged to the genus Camelops. Inasmuch as Mer-
riam’s figures give a clear idea of the form and structure of the
skull of the camels of this genus, they are here reproduced
(Figs. 85-88). These skulls belonged to large camels, that rep-
resented by figures 86-88 having a length of 573 mm. from the
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front of the snout to the rear of the occipital condyles. A skull
of the Bactrian camel in the U. S. National Museum has a length
of 485 mm. It is estimated that the length of the skull of the

.came] described by Cragin was 625 mm. The width of the skull

of the California specimen, taken at the rear of the orbits, is
equal to 251 mm. This width, in the case of the Bactrian camel,
is 245 mm. Calculations show that the width in the case of the
fossil forms forty-four per cent of the length, while in both the
Bactrian camel and the llama the width forms fifty per cent of
the length. '

Fig. 85. Camelops hesternus? X 1/6. Fjrom Merriam. Side view of skull and lower
aw.

A comparison of the illustration showing a side view of the
skull of the California specimen (Fig. 85) with Leidy’s figure of .
Camelops, indicates that in the latter the alveolar border of the
jaw in front of the socket for the canine was much more sig-
moid than in Merriam’s specimen. Likewise in Leidy’s speci-

“men (Pl. XXVII, fig. 3) the premaxilla continued to widen as

far back as it was- preserved; while in the California skull, as-
figured; the premaxilla begins to narrow at the suture with the
maxilla. - The skulls deseribed by Merriam shéw that the orbits
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were not as large relatively as in the llama, and that they were
placed farther backward; the nasal bones were not expanded at
the hinder ends; the facial vacuity did not come into contact, or
hardly,so, with the lachrymal bone; and there was a deep de-
pression on the upper border of the maxilla. -

The writer has studied the type of Cragin’s Huerfano camel,
now in the U. S. National Museum. TFortunately, with the re-

Fig. 86 . - Fig.88. - © Fig.8T ‘
Figs. 86-88. Camelops _hesternus. Views of skull and lower jaw. X 1/16. From
' ’ o J. C. Merriam. . . W .

86. - Skuil .viewed_from. ahave.

87. 'Skull' viewed from below.

88. Front of upper jaw viewed from abo_vg. B
mains there is present the left premaxilla, which-permits com-
parison with Leidy’s type of Camelops kansanus. However,
the part in front of the exit of the third incisor is missing. The
canine came out much eloser behind the incisor, than it-did in



THE SKULL OF CAMELOPS HUERFANENSIS 235

Camelops kansanus. It appears, therefore, that Cragin’s camel
did not belong to Camelops kansanws. Whether or not it is the
same as Leidy’s Megalomeryx niobrarensis must be left for de-
cision to future discoveries.

Inasmuch as the type specimen of Camelops huerfanensis pre-
sents some important parts of the skull, these will be described
with some care and figures will be presented. Considerable
parts of the brain-case are present, but they are badly broken
up. The rear of the skull is partly preserved, showing a part
of the sagittal crest and the lamddoidal crest. Figure 1 of plate
XXIX shows this part as seen from behind. Most of the right
side of it is missing. On each side of the median ridge is seen
a deep pit for the insertion of a muscle. Farther out is.a larger
pit, in the bottom of which is an opening into the cavities of the
bone. The piece does not extend down quite to the foramen
magnum. A fragment of the maxilla shows that there was pres-
ent, as in C. hesternus, a deep depression above the infraorbital
foramen. The left premaxilla is represented on plate XXIX
by figures 2-4. Figure 2 shows the bone from the outside; figure
3 from the inside; while figure 4 presents a view of the edge
which was in contact with the maxilla. The size of the third
incisor may be judged from that of its socket. This has a depth
of more than 40 mm. and a fore-and-aft diameter of 20 mm.
On the lower edge of the bone (Pl. XXIX, fig. 4¢), is seen the
smooth surface which formed a part of the front wall of the .
socket of the canine. This must have been a tooth of congider-
able size and its front border could have been hardly more than .
23 mm. from the incisor. '

Plate XXX, figure 1, gives a view of most of the palate of this
camel. The fourth premolar and the three molars are preserved
on the right side; while on the left there remain only the. roots
of the third and fourth premolars.and of the first and second
molars. The following are the measurements of these teeth.:
The height is the elevation of the crown above the roots; the
length is taken along the middle of the grinding face;. the Wldth
is taken near the base of the tooth, at the widest pa.rt It is to
be noted that, usually, as the teeth become Wworn down nearer to
the base, the length of the grinding face decreases. I—Iowever
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the grinding face of the last molar would increase in length
until at about one-third of its present height it would have
reached a length of 55 mm,

MEASUREMENTS OF TEETH.

Length-of the preniolar—molar series, pm.*—m.?, inclusive_._._____ 175 mm.
Length of the molar series --- 130 mm.
Pm:*, height ___ —- — 37 mm.
length ___ 25 mm.
width _ —— 25 mm,
M.:, height e e 33 mm.
length oo —_—— 38 mm.
width - —e - : 29 mm.
M.:,, height _________________ o ____ 57 mm.
length e 48 mm.
width . 30 mm.
M.*, height __._. e e e e e 62 mm,
length o ___ - 46 mm, °
width ___ R 28 mm.

The third p‘rem\olar had two roots, an anterior and a pos-
terior. At its base the crown war at least 19 mm. long and 10
mm. wide.

As will be seen from the ﬁgure of these upper teeth, all the
true molars have prominent anterior and median outer styles.
The free edges of these are directed more strongly forward than
in the teeth of some llama skulls at hand. The hinder molar has
a- well developed talon, or third lobe. At the base of the tooth
this talon is 13 mm. wide and projects backward from the second
iobe a distance of nearly 10 mm. It becomes much reduced as
it approaches the summit of the tooth. A broad valley ascends
between the second and third lobes on the inner face of the tooth.
No such talon is seen in the last, molar of the llamas. It seems
probable that it i is not always present in the foss1l species here
described. '

- In the skull from the Huerfano basin the anterior pa,latme
foramina open out opposite the first molar of each side; while
in Camelops hesternus they are placed opposite the fourth pre-
molars. With the material in hand it is impossible to deter-
mine how far the third premolar was removed from the front of
the premaxilla. In Camelops hesternus this distance is about
200 mm,
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The greater part of the symphysis of the lower jaw is missing
in the Huerfano camel. Some materials from Minidoka, Idaho,
now in the National Museum; present two symphyses, together
with the incisors and the canines. From the difference in the
sizes of the canines of the two specimens present, it is supposed
that one (No. 5315, U. 8. Nat. Mus.) belonged to a female, the
other (No. 2579) to a male. The former is used for illustra-
tion (Pl XXX, fig. 2). In this jaw the width at the base of the
third incisors is 58 mm.; at the symphysis, 50 mm.; the length
of the symphysis taken on the upper side, 102 mm. The incisors
are not greatly worn, those of the outer pair being only slightly
abraded. All these incisors have the usual elongated spatulate
form. Itis observed that those of the first and the second pairs
are less strongly curved than in the llama. The outer one has
a length, from root to tip, of 60 mm. The others are apparently
still longer. The following are the diameters of these teeth, the
width being taken where greatest; that is, toward the free end;
the thickness about the middle of the length, where greatest.

L., width___.__. 17" mm. thickness ... 12 mm.
I.., width__.___ 19 mm. thickness __.__ 10 mm.
Ls, width______ 14 mm. thickness _..__  8.5mim.

-The incisor teeth of the other specimen, the supposed male,
are still thicker than those measured above. Figures 4 and 3 of
plate XXX show, of the natural size, the second and third in-
cisors of the right side of a camel found near Greeley, Colorado
(No. 870, U. S. National Museum). It is not certain to what
species it belonged. i

The canine of No. 5315 (Pl XXX, fig. 2) is a small tooth
which is placed about 15 mm. behind the outer incisor. Its
total length, from apex to root, is 35 mm. The greater diameter
of the crown is 8 mm.; the thickness, 6 mm. It is smooth and
convex on the outer facé; on the inner face there is a groove
parallel with the front border and another parallel with the
hinder edge; and these cause the front and hinder edges of the
tooth ‘to- be very thin and sharp, like the blade of a hollow-
ground razor.. The canine of No. 2579 is a much more powerful
tooth, the @ntero-posterior diameter at the base belng 17 mm. ;
the transverse, 10 mm.
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The left mandible of the specimen described by Cragin lacks,
as already said, most of the symphysis, there remaining only
about an inch of the hinder end of it. It is estimated that the
distance from the front of the jaw to the rear of the symphysis
was close to 125 mm. If this is correct, the length of the jaw
in a straight line, from the incitive border to the rear of the
condyle was about 520 mm. At the hinder end of the symphysis
the depth of the jaw is 48 mm.; at the front of the last premolar,
o8 mm. The left mandible shows that the depth at the front of
the last molar. is 82 mm.; at the rear of this tooth, 110 mm. At
the fractured end of the right mandible thére is seen a little of
the hinder border of the socket for the canine. This shows that
this tooth emerged at a distance of about 90 mm. in front of
the fourth premolar. The left mandible shows only the hinder
root of this premolar; but this tocth, as well as the first molar,
is complete on the right side. By using both sides we may ob-
tain the measurements of these teeth.

MEASUREMENTS OF THE LOWER TEETH.

Length of the premolar-molar series . ______ 168 mm.
Length of the molar series ___ = 141 mm.
R g sh eI o Py o W o b Sl | LS ST 32 mm.
length _ o T - 27 mm,
width _ = et = ik 15 mm.
M.:, height anle! Wl l o 00 S0 Ll S s 5 N I 35 mm.
length e By BRUS e ot 35 mm.
width : .emmm 22 M.
M.., height _____ ; e et BRI
lepgtilc 22 - o - 46 mm.
width -__ 24 mm,
M., height _._..____ - LA
- length =l ‘ 62 mm.
width .. 23 mm.

It may be noted here that-the right mandible of the speci-
men-in the U. 8. National Museum, No. 5315, from Minidoka,
Idaho, has present a small pm.; (Pl. XXX, fig. 5). Only the
base of the crown is seen. This ig about 7 mm. in diameter
and-nearly circular in section, In the front of the next: tooth
there is a groove which seems to-have lodged the crown of this
slender tooth. SRR oo R e
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. Some of the ways in which these teeth differ from those of the
llamas (Auchenia) have already been mentioned. The grind-
ing face of the fourth premolar forms nearly an isoceles tri-
angle, instead of being trilobate. On the outer anterior angle
cf the last two molars of Auchenia is a strongly developed
style, which is wanting in Camelops. In Auchenia the onfter
valley between the two lobes is much deeper than in Camelops.

At hand is Leidy’s type of his Megalomeryx niobrarensis, a
much worn m.,, of the left side. It seems to present no differ-
ences when compared with Cragin’s specimen. With it is the
other tooth which Leidy described and figured, a very little
worn m.,, of the left side. It seems to be identical with the
Cragin specimen; but, if we had the whole skull, differences
might be found.

It is further to be said that the teeth pm., and m.;, found
in Towa and shown by figure 5, plate XXVII; figure 1, plate .
XXVIIT; and figure 7, plate LXXIV, present no differences that
can be regarded as specific when compared with the specimen
above described from the Huerfano basin. At present there ap-
pears to be no reason for supposing that the Idaho specimen does
not belong to the same species as that from the Huerfano basin.
The individuals represented were, however, both somewhat
smaller than the one just mentioned. T'wo lower right fourth pre-
molars are present, one in the jaw of No. 5315 (PL XXX, fig. 5).
These are slightly smaller than the corresponding tooth of the
Huerfano specimen, and one of them has the anterior portion
turned somewhat inward. The first molar has the grinding face
short, but this is because it is worn down to nearghe roots. Two
lower right last molars present differ from the same tooth of
the Huerfano specimen in being slightly shorter, fore and aft,
and in being somewhat thinner than this shortness might indi-
cate. One of them, probably belonging to No. 2579, is interest-
ing in that the inner valley between the first and the second lobes -
is, in the upper half of the tooth, very shallow. It was especially -
on the presence of this inner va.lley that Cope based his. Holo-
meniscus sulcatus.

. 'With the .remains of the camel described by Cragm there is
,bhe.dlstal end of one front cannon-bone, accompanied by one.of.
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the two proximal phalanges. The whole length of the fragment
of the cannon-hone is only 120 mm. The distance across the
distal end of the bone is 91 mm.; across each articulation, 40
mm.; the antero-posterior diameter of each articulation, 43
mm. The extreme length of the phalange is 116 mm.; the width
across the npper articulation, 42 mm.; across the lower, 33 mm.
- Wortman, in the place cited, gave the following measure-
ments of some of the bones of the skeleton of the remains iden-
tified as Camelops kansanus and the measurements of the cor-
responding bones of the one-humped camel: '

MEASUREMENTS OF BONES OF CAMELOPS AND CAMELUS.

Camelops Cameljus
kansanus dromedarius
Length of a posterior eannon-bone___..________ 345 © mm. | 325 mim.
Length of a second posterior cannon-bone.___| 360 mm. | ——_
Length of a third posterior cannon-bone._._.__ 365 mm. | .-
Length of an anterior cannon-bone____.. ._______ 330 mm. | 325 mm .
Length of a second anterior cannon-bone_.____ 370 mm, | ..
Length of ulna and radius 555 mm. | 580 mim.
Length of humerus _ 375 mm. | 420 mm.
Length of seapula il 415 min. | 460 mm.
Length of phalanges, proximal row, varying
from s 98 to 124mm. | 102 mIn.

These figures appear to indicate that the cannon-bones of the
limbs of the supposed specimens of C. kansanus were relatively
longer than in the dromedary. At the same time one might
conclude that the ulna, radius, humerus, and scapula of the
extinet species were considerably shorter.

Various remains of one or more camels have been found in the
Aftonian deposits of western Iowa, and most of the specimens
have been reported and some of them figured by Professor
Calvin.

In his first paper on Aftonian mammals (Bull. Geol. Soc.
Amer., Vol. XX, p. 350, pls. xxi, fig. 1, xxii, fig. 2) Calvin men-
tioned and figured a phalange of the proximal row which had
been found in the Peyton gravel pit, near Pisgah, in Harrison
county. This bone belonged probzbly to the fore leg Its meas-
urements are given in the table below. .

In his second paper on Aftonian mammals (Bull. Geol. Soc.
Amer., Vol. XXTI, p. 212, pl. xix, fig. 8).Calvin described.an-
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cther proximal phalange which presents different proportions..
This specimen was found in Aftonian gravels at Henton Station,
near Council Bluffs. Its measurements are given in the follow-
ing table. Its catalog number is 304. Calvin’s figure is repro-
duced one-half of the natural size (Pl. XXXT, fig. 1). Alongside
of it (Fig. 3) is shown the anterior first phalange of the type of
Camelops huerfanensis Cragin. It will at once be seen that the
two bones must have belonged to very different species.

MEASUREMENTS OF PROXIMAL PHALANGES.

Camelops Camelus

Pisgah | Henton |Hind foot{Fore foot
Total length of the bone . ___ 128mm. | 123mm. |} 90mm.| 10lmm.
Side-to-side diameter at upper end_.____ 3%9mm.| 52mm.| 35mm.| 4lmm.
Fore-and-aft diameter at upper end______ 37mm.| 40mm.| 27mm.| 34mm.
Side to side diameter at middle__________ 2lmm.| 3lmm.| 19mm.| 22mm.
Fore-and-aft diameter at middle__._______ 26mm.| 26mm.| 18mm.| 20mm.
Side-to-side diameter at lower end______ 32mm.| 38mm.| 30mm.| 34mm.
Fore-and-aft diameter at lower end..._.. 26mm.| 28mm.| 2lmm.| 22mm.

There can be no doubt that we have here the phalanges of
two distinct species, but at present it is impossible to say whiech,
if either, of these two phalanges belonged to Camelops kansanus.
The measurements of the bone found at Pisgah agree more
closely with those of the phalange of Camelops huerfamensis
than do those of No. 304; the bone was nevertheless a slenderer
bone than either of the others. The bones described have been
rolled and worn, so that their prominent edges and ridges have
been removed; but this in no way affects the length and the
diameters at the middle of the length.

On the plate on which the phalange No. 304 was figured Pro-
fessor Calvin illustrated a phalange of the second row (Calvin,
op. cit., pl. xix, fig. 9) which had been found at Turin, Monona
county. It is here shown on plate XXXI, figure 2. It may
well be supposed to have belonged to the same species as
the -first phalange figured just above it. Its total length
is 68. mm.; the width across the middle. 28 mm.; the.

-+ fore-and-aft diameter, 22 mm. It may be. remarked here

again that the phalanges of the camels may be. distinguished.
16
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from those of other even-toed ungulates by the fact that
the articular ends are not provided with ridges and grooves di-
rected from front to rear and which fit into corresponding
grooves and ridges of the adjoining bones. In his first paper
just referred to Calvin figured a large astragalus (Calvin, op.
cit., pl. xxii, fig. 1) as that of some large ruminant. This had
been found in the Cox pit, at Missouri Valley. It seems almost
certain that the bone is that of a camel. The length is 98 mm.,
the thickness across the middle of the outer face is 49 mm. The
corresponding measurements faken from an astragalus of a
dromedary are respectively 78 mm. and 35 mm. We can refer
the bone only provisionally to Camelops kansanus.

In his first paper, page 351, Calvin mentioned two heel-bones.
These have been examined by the writer and measurements
taken. These were found at Missouri Valley and have the
number 67.

MEASUREMENTS OF HEEL-BONES.

Smaller Larger

Total length 171 mm. | 178 mm.
Extent of bone behind articulation with astragalus___| 107 mm. | 115 mm.
Height of bone at hinder end of articulation with

astragalus , 59 mm. | 80 mm.
Thickness of bone at hinder end of articulation with

astragalus 52 mm, | 59 mm.
Height of hinder process of bone at its middle_.___—____ 51 mm. | 61 mm.
Thickness of hinder process of bone at its middle__—___ 29 mm. | 30 mm,
Greatest diameter of articulation with the navieular_.| - 52 mm.
‘Width of articulation with navicular, above_ . ____ Lt 30 mm.
Length of articulation with fibula, in straight line____| 22 mm. | 23 mm.

The considerable differences found here in some of the meas-
urements appear to indicate that two species are involved. The
larger of these bones s here figured (Pl. XXVIII, fig. 6).

" In the collection at the University of Iowa is the distal end
of the left humerus (No. 305) of a large ruminant whi¢h was
found in Aftonian deposits at Henton Station, near Counecil
Bluffs, and therefore at the same place as thie phalange just
mentioned. After a careful comparison of the bone with the
corresponding one of a number of large animals the conclusion
is'reached ‘that it belonged to a large camel.: The bone hds béen
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rolled-and worn §o that some prominent borders are gone. The
width of the articulatory surface for the ulno-radius had a
width of about 112 mm. - The fragment includes a length of 170
mm, !

In Calvin’s second communication referred to above he men-
tioned and figured (p. 212, pl. xix, fig. 10) a large premolar
which had been found in the Whitman pit, near Rockport, Atchi- .
son county, Missouri. This figure is here reproduced (PL
XXXI, fig. 4). The tooth, an upper right fourth premolar, has
suffered post-mortem abrasion in a way to injure the root and
the base of the crown; the remainder is in good condition. The
crown is about 40 mm. high, 22.5 mm. fore-and-aft, and 26 mm.
wide at the base. The outer face has a rather prominent pillar
behind. In front of this is a channel which disappears as the
base is approached. The middle of the. outer face is occupied
by a broad low ridge. Near the front of the face is a pillar dis-
appearing below, and in front of this a groove which looks for-
ward; while still in front of this, there was evidently a strong
pillar or style, but which has been split off. Whether or not this
tooth belonged to Camelops kansanys it is impossible at present
to say, inasmuch as the upper teeth of this species are unknown.
In case the tooth does belong there, it is probable from its size
and form that there were two upper premolars present. The
tooth is quite different from the fourth premolar of C. huer-
fanensis and from that of the living species of Camelus.

From Professor Kay the writer has received for examina-
tion two lower teeth of one or two kinds of camels. Omne of
thése (Pl. XXVIII, fig. 1) has the catalog number 230 and was
found at Turin, Monona county. It is the fourth premolar and
belongs to the right side of the lower.jaw; and there is nothing
in its structure or size which enables it to be distinguished from
the same tooth of C. huerfanensis. The crown is pretty well
worn down,-the height being about 25 mm. The length of the
tooth-is 26 mm.; width, 16 mm., at the hinder end. Anteriorly
the tooth is very narrow, so that the worn face.is triangular.
The parts of the inner and outer faces remain nearly flat.

The other tooth (Plate XXVII, fig. 5; pl. LXXIV, fig. 7) has
the fiumber 183 and was found at :Missouri Valley, ir. the Cox -
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~gravel pit. It is the hindermost molar of the left side. The

roots have been broken off, as well as the hinder lobe, or talon.
The height of the crown is 35 mm.; the length of the two lobes
present, is 44 mm. ; the thickness of the anterior lobe is 22 mm.;
of the second one, 20 mm. The heel would have added possibly
10 mm. to the length. On the anterior inner angle there is a
style of moderate size. There is, too, a broad channel running
up the tooth between the two lobes.

In the collection at the University of Iowa there is what ap-
pears to be the upper end of a cannon-bone of a camel. This has
the number 241 and was found in the Elliott pit, at Turin,
Iowa. The articular end, somewhat eroded, is divided into two
nearly equal articular surfaces. The transverse diameter of
the upper end of the bone is 68 mm.; the fore-and-aft diameter,
47 mm. These measurements are almost exactly those of the
upper end of the anterior cannon-bone of a dromedary.

In the same collection, with the catalog number 274, is the
distal end of a cannon-bone of a camel, which was found in the
Cox pit, at Missouri Valley. About half of the bone is present.
The width of the lower end is 73 mm. The cleft at the lower
end extends npward about 60 mm. At a distance of 100 mm.
above the lower end the zide-to-side diameter is 45 mm.; the
fore-and-aft, 30 mm. These mensurements indicate a hinder
cannon-bone, but one with a shaft much larger than that of the
dromedary. It may be considered in.connection with the stout

first phalange No. 304 (page 241) and the larger and heavier

heel-bone (page 242).

Much additional materials must be collected before the history
of the camels of the Aftonian stage can be satisfactorily written.

Superfamily BOOIDEA.
The Deer, Giraffes, Antelopes. Sheep, Musk-oxen, Oxen.

Even-toed ungulates with the third and fourth metapodials of
each foot consolidated into one mass, the cannon-bone. The lat-
eral digits greatly reduced or wholly missing. Fibula appear-
ing only as a small bone at the lowér end of the tibia. Tooth
formula, i. ¢, ¢. °%, pm.$,m.4. The lower canines close to and
resembling incisors. = Cusps of the molars and often of the
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premolars wearing into crescents, whose extremities are di-
rected outward in the upper jaw, inward in the lower. Habits
herbivorous.

The members of this superfamily occur in all lands from the
tropics to the polar regions. In Australia, however, only do-
mestic species are found. In this group are included some of
the most useful and most beautiful of herbivorous animals.

The earliest recognized members of this superfamily are -
found in the Lower Miocene. From that time they appear in
increasing numbers.

Family Cervidae.

The Deer.

Second and fifth digits of all the feet usually present, but
much reduced. Head sometimes without frontal appendages,
but often 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 often absent.

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 of the species yet
living. The genera represented are Odocoileus, Cervus, Cer-
valces, Alces, and Rangifer. These all belong to the following
subfamily.

Subfamily CERVINAE.

Antlers with short pedicel; periodically shed; in all genera,
except Rangifer, found only in the males. Upper canines usu-
ally wanting or feebly developed. Cheek-teeth usually short-
crowned, the enamel more or less wrinkled.

Genus 0oDOCOILEUS Rafinesque,

Antlers in the males only; with a short pedicel, the bases ris-
ing nearly on the plane of the face, turning outward then strongly
forward, furnished with a sub-basal snag; the tines arising
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from the hinder border of the main stem. No brow tine. Meta-
carpals two and five having' only the distal end preserved.
Lateral hoofs developed on all the feet. Canines usually absent.
Gland pit of face small. Hinder nares divided into two pas-
sages 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. There have been described four
extinet species from the Pleistocene: Odocoileus whitneys,
from the lead region of JIowa, Illinois, and Wisconsin; O.
dolichopsis, from Indiana; O. ensifer, from Oregon; and O.
levicornis, from Pennsylvania, Mr. Barnum Brown found in
northwestern Arkansas remains of deer which he referred with
some doubt to O. hemionus, the mule-deer; while, in a cave in
northern California, Prof. W. J. Sinclair found O. columbianus.

Odocoileus virginianus Zimmermann.

This is the Virginia, or white-tailed, deer which, at the com-
ing 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. To this species some authors
apply the specific name americanus,; instead of virginianus.

It has been reported as occurring in Pleistocene deposits
from Pennsylvania, New York, West Virginia, Michigan, Illi-
nois, Indiana, Missouri, and elsewhere.

Since the skeleton of recent individuals of this species may
be procured and employed in the study of extinet species, some
parts will be briefly described.

The face is rather long and narrow. The antlers (Fig. 89)
show a main stem which at first proceeds from the skull up-
ward, 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 di-
rected sub-basal snag, there may be three or four tines rising
from the upper border of the stem. No antlers oceur in the
females; and fhe skulls of males  may be found without them,
butthése will present the pedicels. The antlers of young malés
are smaller and have fewer tines than those of adults.. The
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length of the skull of a grown individual, from the oceipital
condyles to the front of premaxille, will measure about 285
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 pre-
molar series, 36 mm.; of the
molar series, 48 mm. The
length of the lower pre-
molar-molar series is 85
mm.; of the premolars, 38
mm.; ¢f the molars, 51 mm.
These measurements, and
the following ones of the in-
dividual teeth, are taken
from g Soboknen T file T Mo it DURCR:
S. National Museum, No. lefthand. Much reduced. From Baird.

17452. The width is taken at the base of the crown of the tooth.

MEASUREMENTS OF TEETH.

Length of | Width of Lengthof | Width of
Upper Teeth Crown Crown Lower Teeth Crgwn Crown
15102 eyl | 11 mm. | 11 mm. P2 a 10 mm. 6 mm,
PImaE- e e 11 mm, | 13 mm. 150 ot M b 12 mm. 7 mm.
20 i R ey 11.5mm. | 14 mm. Py fr etk 12 mm. 9 mm.
NE bt L TT 14 mm. | 14 mm. Ve e P = 14 mm, | 10 mm.
) e U P 16 mm, | 155mm. IVE:s | A T 16 mm. | 11 mm.
) e B 16.5mm. | 16 mm. W Ay i T 22 mm. | 11 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 premaxille, 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.

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
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are taken in a straight line. If is to be understood, however,
that other individuals may be somewhat larger or somewhat

smaller.
MEASUREMENTS OF BONES.

Skull, length from econdyles to front of premaxillae__________ Jo = 245 mm.
Atlas, width across hinder end o __ 73 mm.
Axis, total length 65 mm.
Axis, width of anterior end across articulation 48 mm.
Scapula, length parallel with its spine_ : 170 mm.
Scapula, width of upper end___ 115 mm.
Humerus, extreme length e ———— 187 mm.
Humerus, from head to surface for ulna —e—— 173 mm.
. Radius, total length 200 mm.
Ulna, total length, about____________ Neh b M sl Sad 240 mm.
Anterior ecannon-bone _________________ : 200 mm.
Pelvis, total length _________ 24 230 mm.
Pelvis, width at acetabula __ 117 mm.
Pelvis, width at hinder end of ischia _ 148 mm.
Femur total length ___ 230 mm.
Femur, from head to outer condyles 215 mm,
Tibia, total length ___ e 270 mm.
Hinder cannon-bone ____________ ; 235 mm,

Remains of this deer have been reported from many localities
within the area occupied by it within historical times. We can-
not always be sure that the identifications have been correct,
not always sure that the remains belonged to Pleistocene times.
Cope, in 1869, reported that remains of this species were abun-
dant in the cave breccia of West Virginia. He also found in
the collection made in Port Kennedy cave, in eastern Pennsyl-
vania, teeth which he could not distinguish from that of the
Virginia deer. It is the writer’s opinion, at present, that the
deposits made in that cave were made early in the Pleistocene.
Hildreth (Amer. Jour. Sei., Vol. XXIX, 1835, p. 147) reported
the finding of bones of the deer, (probably this species), in
cave stalagmite, in Wood county, West 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 correbpondmg parts of the Virginia
deér,

The indications are, therefore, that this deer has existed in
our country since éarly in the Pleistocene. Had we, however,
more abundant materials, it is possible that we would find that
moré than one species has been included under this naie.

- It is, however, not certain 'that this deer has been found in
Pleistocene’ deposits in Iowa. ~Jeffries Wyman .(Geol.' Sury.
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Wise., Vol. I, 1862, p. 421) stated that there were, in Professor
Hall’s collection made in the lead region, a series of several
molars which in form and size corresponded exactly with those
of the Virginia deer. We are not informed, however, the condi-
tions under which these were found, whether in the lead-bearing
crevices or in superficial accumulations; nor even in which
state, Jowa or Wisconsin.

In the collection at the University of Towa are some remains
of this deer; but it is probable that they belong to the Recent
epoch. Nevertheless, it is not impossible that the individuals
lived in the later Pleistocene. A skull is here illustrated (Pl.
XXXI, fig. 5). This was found on Cedar creek, seven miles east
of Turin, Monona county. It is apparently thoroughly miner-
alized with oxide of iron and is of a reddish brown color. The
jaws and teeth are all gone; and the bones in advance of the
frontals. The extremities of the antlers are likewise missing.
The following measurements were secured; and for compari-
son the corresponding measurements were taken from the skull
of a large buck which was collected on Eagle river, Wlsconsm,
No. 119794, U. S. National Museum.

MEASUREMENTS OF SKULLS OF ODOCOILEUS VIRGINIANUS.

Recent
Fossil No. 119794
U.S. N.M.
From occipital crest to fronto-nasal suture____________ 157 mm. | 156 mm,
‘Width at the mastoid region ¥yt 100 mm. | 103 mm.
Width below the antlers _._______ 75 mm, | 74 mim.
Height of occipital crest above lower surface of
condyles 60 mm. | 78 mm.
‘Width across face between antlers and orbits__________ 102 mam. | 107 mm.
‘Width of face at the rear of the orbits_________________ 128 mm. | 122 mm.
‘Width from outside to outside of occipital condyles_.__| 52 mm. | 59 mm.
Diameter of antler just above the burr_________________ 32 mm. | 37 mm.
Height of first fork of antler above the burr.._______ 125 mm. | 113 mm.
Diameter of the beam above 75mm. above first tine_-.| 34 mm. | 34 mm.

It will be seen that the two skulls have practlcally the same
dimensions. The first tine in both these specimens is given off
at a greater height than is usual

With this skull were found other remains of the deer, besides
parts of antlers of the elk (Cervus canadensis) and numerous
skulls and other bones of the buffulo.



250 MAMMALS OF THE PLEISTOCENE

In a lettér written early in 1910 Doctor Calvin informed the
writer that in Towa near Missouri river, old river valleys had
been graded, beaver dams had been built across them, and buf-

.falo, elk and deer had become mired in the peaty swamps above

-the dams. These valleys had in somé cases been filled to a
depth of twenty or thirty feet. Lateér another change of grade
had resulted in reéxcavating the valleys, and the bones of the
animals mentioned are now found in the bottoms of these young,
narrow, deep gulches. Doctor Calvin thought that the deposits
containing the bones might be either late Pleistocene or early
Recent. See also Shimek in volume XX of the Towa Geological
Survey, pages 408, 409.

In the Proceedings of the Iowa Academy of Science, for
1890-91, on page 67, Prof. F. M. Witter of Muscatine stated
that an antler of a deer had been found in what he regarded as
loess in the city of Muscatine. It is not known where the antler
now is; and without it, probably even with it, it would be im-
possible to determine the species to which it belonged.

Odocotileus whitneyi (Allen).
In 1876 J. A. Allen described this species (Amer. Jour. Sei.,
ser. 3, Vol. XI, p 49) on materials which had been found séveral
“years previously by J. D. Whitney, somewhere in the lead region
of Wisconsin, Towa, and Illinois. These materials, together
with remains of Mammut, Megalonyx, Platygonus, a supposed
-extinet species of Bison, and bones apparently of Cervus cana-
densis and of Antilocapra americana and some other species
had been discovered in the lead-bearing crevices of that region.
Whether or not the bones which form the type of O. whitney:
had been discovered in Iowa, seems nowhere to have been
stated; but in Wyman’s account of the vertebrate remains
which had been secured in the region (Rep. Geol. Surv. Wise.,
Vol. I, p. 421) referred to, he includes some remains of a deer
among those which had been found in Towa and Wisconsin. We
cannot. therefore be certain to which of these two states to
credit the type. We need not doubt, however, that the species
at the same time inhabited that whole region.

- The remains which Allen referred to O. whitney: were a
left ‘humerus, entire except lacking the proximal epiphysis; a
left radius, also lacking the distal end; and a right metatarsal,
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which had lost its distal portion. None of these parts were
figured. They are now probably in the collection. at the Mu-
seum of Comparative Zoology at Cambridge, Massachusetts.

According to Allen’s description, these bones resembled in
form closely the corresponding parts of the white-tailed deer
and of the mule deer, but they were somewhat larger; the ani-
mal being, as he concluded, about one-seventh larger than the .
mule deer, and about one-fifth larger than the white-tailed deer.
He found that in the mule deer, O. hemionus, the condyles at -
the distal end of the humerus were slightly broader than in the
other two species here mentioned. The ulna of 0. whitney:
had been ankylosed solidly to the radius nearly throughout its
length; whereas in O. hemionus it is ankylosed only at its middle
portion, being free at both the proximal and the distal ends and
distally not even in contact with the radius. In 0. virginianus,
however, the ankylosis is nearly as complete as in O. whitneys.
The metatarsal bone differed in some respects from that of
both the other species. It is thought proper to copy here
Allen’s measurements. It will be noted that the names .em-
ployed by that author differ somewhat from those here used,
all the species being referred to the genus Cervus and the
specific name macrotis being applied to the mule deer.

COMPARATIVE MEASUREMENTS OF BONES OF CERVUS WHITNEYI,
CERVUS MACROTIS, AND CERVUS VIRGINIANUS.

Cervus Cervus | Cervusvir-
whitneyi | macrotis |. ginianus
Humerus, total length - 227 mm. | 220 mm.
Length from most proximal part of head to
most distal part of inner eondyle________ e, 203 mm, | 200 mm.
Breadth of condylar surface —————_—_______ 48 mm. | 42 mm. | 38 mm.
Antero-posterior breadth of inner condyle..| 51 mm. | 42 mm. | 42 mm.
Least circumference of shaft - __________ 86 mm, | 76 mm, | 73 mm.
Radius, total length AT 242 mm, | 230 mm.
Transverse breadth of proximal end______ B 39 mm. | 37 mm.
Transverse breadth of distal end_ . ____.__ 41 mm. | 38 mm, | 37 mm.
Least transverse diameter of shaft —_______ 29 mm. | 25 mm. | 24 mm.
Least circumference 80 mm. | 68 mm, | 65 mm.
Metatarsus, total length 2 273 mm. | 255- mm.
Transverse breadth of proximal end._...___._ 33 mm, | 29 mm. | 28 mm.
Antero-posterior breadth of proximal end_.| 36 mm. | 32 mm. | 30 mm.
Transverse breadth of distal end_________.____ st 35 mm. | 33 mm.
Least transverse diameter of shaft__________ 22 mm. | 21 mm. | .18 mm.
Least circumference of shaft . ________ 67 mm. | 66 mm. | 58 mm .
Length of corresponding portions (proximal ; '
- five-sixths) 273 mm. | 232 mm. | 220 mm.
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J. A. Udden (Iowa Geol. Surv., Vol. XI, p. 110) reported
that an antler of a deer had been found in what was regarded
as Sangamon soil near Wapello, Louisa county, Towa. The exact
locality is given as the northwest quarter of section 14, town-
ship 74 north, range 3 west. The finder was Mr. George
Gresham. This gentleman informs the writer that he still has a
part of the antler. It is impossible to determine the species to
which the antler belonged.

Genus CERVUS Linn.

Antlers in the male only; with a short pedicel; large and
cylindrical ; with a brow tine and two other tines on lower half
of shaft; the tines arising from the front of the main shaft.
Canine teeth present; upper molars rather high-crowned and
with an accessory column on the inner side. Antorbital gland
pit of moderate size.

The members of this genus inhabit central Europe, central
and 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
from Yukon Territory south to Tennessee and probably even
western Florida in the eastern region. In Europe and northern
Asia species of this genus occur in both the Pliocene and the
Pleistocene. From Pleistocene deposits of Oregon Cope de-
scribed a species, Cervus fortis, but it is not certain that it
belongs in the genus. No other species is known in North
America until the appearance of C. canadensis in the latter
part of the Pleistocene.

Cervus canadensis Erxleben.

The Wapiti; American Elk.

The American Elk, or Wapiti, is a stately and splendid spe-
cies 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 Mexico. It is now on the verge of extinection.
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 -
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at the rump. The female is somewhat smaller. The antlers
(Fig. 90) are large, reaching four feet six -inches in-length,
measured along the curve; and sometimes probably they were
still larger. They extend upward, outward, and somewhat back-
ward. The tines, five to seven in number, project from the
front of the main shaft. Other details of the structure are
given below. '

oot s SRR A SRR W e it

Remains of the wapiti in a fossilized or semi-fossilized condi-
tion have been reported from various parts of the eastern half
of the United States, Vermont, New York, New Jersey, Mary-
land, North Carolina, South Carolina, Kentucky, Indiana,
Michigan, Towa, 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. 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
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as ancient as some of the finds of the Virginia deer. Harlan
(Amer. Jour. Sci., Vol. XLIII, 1842, p. 143) reported that elk
teeth had been found at Newbern, North Carolina, and with
them teeth of the mastodon, elephant, deer and horse. Cope
(Trans. Amer. Philos. Soc., Vol. XIV, p. 125) stated that frag-
ments of antlers not distinguishable from those of the elk had
been found at Talbot Neck, Maryland, in company with bones
of an elephant. James Hall (Jour. Boston Soc. Nat. Hist., Vol.
V, p. 391) reported that the horn of an elk had been found in a
bed of muck at a depth of twelve feet. This was in Allegheny
county, New York. Leidy (Ann. Rep. Geol. Surv. Pa., 1887,
p. 6) found a large fragment of an antler and pieces of limb
bones of the elk in a cave at Stroudshurg, Pennsylvania. In the
same cave were remains of the bison, reindeer and the giant
beaver (Castoroides). The writer agrees with Osborn that, so
far as we can now determine, the wapiti was a late comer to
this region; but it was probably here before the extinetion of
the mastodon. Inasmuch as remains of this animal will cer-
tainly be found here and there throughout the state, it is thought
best to present measurements of the teeth and of the most
characteristic parts of the skeleton in order to aid in their
identification.

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 mnearly adult female, No.
24217, from Yellowstone Park; and a second larger male, No.
171889, from Jackson Hole, Wyoming:

MEASUREMENTS OF SKULLS OF THE WAPITI.

Male Female Male
No. 86417 | No. 24217 | No.171889
|
Length from condyles to front of premaxillae/ 408 mm. | 380 mm, | 455 mm.

Breadth at ear-openings _- 123 mm. | 110 mm, | 160 mm.
Breadth across zygomatic arches__________ 177 mm. | 156 mm, | 187 mm.
Breadth on rim of orbit at fronto-lachrymal Ryt -

suture 132 mm. | 125 mm. | 150 - mm.
Breadth just above antorbital foramen____. 88 mm. {88 mm. | 98 mm.
Breadth at sockets of canines 8 mm. | 68 mm. | 90 mm.
Distance from front of premaxillae to pala- -y

tines 192 mm. | 192 mm. | 215 mm.

Distance from front of premaxillae to hind-
(AF 00T oS Jar e BT TR ERE SN S O 255 mm. | 245 mm. | 283 mm.
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MEASUREMENTS OF SKULLS OF THE WAPITI—Concluded

Male Femade Male
No. 86417 | No. 24217 | No.171889
Distance from front of premaxillae to anter-
ior premolar -__ 126 mm. | __ 145 mm.
Width of palate at front premolars____.____ 50 mm, | 55 mm. | 57 mm.
Width of palate at front of hinder molars| 70 mm. | 70 mm. | 78 mm.
Length of lower jaw from'incisive border to
rear of angle —-| 832 mm, | 305 mm. | -_
Length of symphysis 52 mm. | 44 mm. | __
Height at first true molar———______________ 44 mm, | 38 mm. | __
Length of upper premolar-molar series______ 133 mm. | 133 mm. | 138 mm.
Length of upper premolar series —___________ 59 mm, | 58 mm. | 62 mm.
Length of upper molar series.-_.——o._—____ | 78 mm. | 80 mm. | 81 mm.
Length of lower premolar-molar series______ 144 mm. | 140 mm. | __
Length of lower premolar series____________ 57 mm. | 55 mm, | __
Length of lower molar series- - ...____.___ 87 mm. | 87 mm. | __
Distance from last inecisor to anterior pre-
molar __. -——-| 96 mm. | 89 mm. | __
Pm.?, length ___________ | 21 mom. | __ 21 mm.
width —____________ b 17 mm. | .. 18 mm.
P ?, Jenith, Dimsasd Coh e Solt i dh ¥ iners MSCE {22 mm, | _ 22 mm,
width ____ e L | 19.5mm. | __ 21 mm,
Pm*, length __.______ 18 mm. | __ 19 mm.
width . 20 mm. | _- 21.5mm.
M.*, length _ 23 mm.| 24 mm.| 23 mm,
width _ A, 24 mm.| 25 mm. | 26 mm.
20 Slengblal ¥, R 29 mm. | 30 mm. | 29 mm.
width _ 26 mm. | 28 mm, | 28.5mm,.
M.?, length __..- o 27 ) [ s 28 mm.
width S 23 mm. | __ 25 mm.
Pm.., length 16 mm. | _. wd
width' ___ . 10 mm. | _. s
Pm.,, length _____ 19 mm. | _- %
width 13 mm. | _. =
Pm.,, length b 23 mm. | __ 0
width 15 mm. | __ L
M., length 3 24 mm. | 25 mm. | __
width e 16 mm, | 17 mm. | __
M.s,  Jensth-ir o T0 s Se Sol R e 30 mm. | 31 mm. | _.
©width 1N 18 mm. | 19 mm. | __
M.;; length = 35 mm. | __ <Xl
; width _______ 17 mam. | - £y

_In the case of the female skull measured above, the milk teeth,
much worn, are yet in position. Although their individual meas-
urements are not given, they are included in the lengths of the
series. The lower hinder true molar is not sufficiently extruded
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for accurate measurement. In considering the measurements
of the teeth of this species, as in the others, it must be taken
into account that as they are worn down they become slightly
shorter, fore and aft, and the worn face broader. The latter
fact does not affect the measurements here given of the breadth,
for this is taken at the base of the tooth.

In each of the upper molars of Cervus canadensis (Pl. XXXT,
fig. 6) there are two parts, or lobes, an anterior and a posterior,
and each of these is made up of two crescents, an inner and an
outer, the four crescents corresponding to the four cusps of the
quadritubercular tooth. The hinder molar lacks a third, or
hinder lobe, or heel. Between the inner and the outer crescent
of each lobe there is a deep crescentic pit, which remains open,
instead of becoming filled with cement, as it does in the buffalo.
Neither is there any cement on the other parts of the tooth. On
the outer face there are three prominent ridges. One of these,
the parastyle, is in front; the second, the mesostyle, is situated
at the meeting place of the outer crescents of the anterior and
posterior lobes; the third, the metastyle, is at the hinder outer
angle of the tooth. The outer face of each lobe is nearly paral-
lel with the axis of the tooth. The anterior face is divided into
two equal parts by a prominent ridge which descends from the
base of the parastyle. The hinder face is traversed from
top to bottom by a broad iow ridge. The inner faces of these
upper molars have the two lobes separated by a very deep val-
ley. In this valley, at the base of the crown, is a little column
which resembles somewhat a diminutive stalactite.

The upper premolars are composed of a pair of crescents, an
outer and an inner. The inner face of each is convex. The
outer face has a prominent style, or pillar, in front; another
behind this, starting near its base; and a third, at the rear of
the tooth. In the two hinder premolars there is a very narrow
and sharply defined valley between the anterior and the second
pillars.

In the lower jaw (Pl XXXI, fig. 7) the molars are much
narrower than the upper, but there are here also two lobes and
four crescents. The hinder molar presents, in addition, a
smaller lobe, or heel. Here the deep valley which separates the
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lobes is on the outer face of the tocth. In this valley, at the base
of the crown, is seen a stalactite-like column; while at the front
of the anterior lobe is a pillar which is applied to the lobe, but
does not rise to. its summit. On the inner face of each tooth
there are styles, or pillars, similar to those seen on the outer
faces of the upper teeth. The ridge rising on the face of each
lobe'is well developed, being broader and more prominent than
the styles themselves.

The lower premolars are more advanced than are those of
the upper jaw; that is, they have begun to assume the form of
the molars. On the outer face there is, between the middle and
hinder thirds, a rather deep valley, cutting off a small hinder -
lobe; and each of these in the hinder premolar, contains a pit,
which is, however, much shallower than those of the molars. In
the third premolar the lobes are slightly less well defined, and
the front half of the outer face is deeply excavated. The second
premolar is of still simpler form.

The lower incisors diminish rapidly in size from the first to
the third. In a specimen with these teeth little worn the first is
17 mm. wide; the second, 11 mm.,; the third, 9 mm. The hinder
face of each is excavated and presents two or three strong
ridges, which pass from near the base of the erown to the cut-
ting edge. The canine has a width of 7 mm., is closely appressed
against the third incisor, and resembles it closely; but it is a
little smaller than the incisor. The enamel of all the teeth is
finely wrinkled.

The antlers of the elk (Fig. 90) rise from the pedicels, pass-
ing upward, and outward, and having between them an angle of
less than 90 degrees. Toward the extremity the main stem
turns forward and often 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 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 bones of the elk that may be found,

the following measurements are given. They are taken from a
17
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fully grown male individual in the U. S. National Museum. All
measurements are made in a straight line:

SKELETAL MEASUREMENTS OF ELK.

Axis, total length of the centrum 130 mm.
Axis, width across anterior articulation 88 mm.
Scapula, length parallel with the spine 350 mm.
Scapula, width at the upper end 205 mm.
Humerus, total length 345 mm.
Humerus, length from head to distal end 300 mm.
Humerus, fore-and-aft diameter of upper end 110 mm.
Humerus, side-to-side diameter of upper end 97 mm.
Humerus, fore-and-aft diameter at middle of shaft - 47 mm.
Humerus, side-to-side diameter at middle of shaft - 38 mm.
Humerus, width of lower end 74 mm,
Radius, total length 350 mm.
Radius, greatest width at upper end 73 mm.
Radius, diameter at middle of length, fore and aft-_______________ 25 mm.
Radius, diameter at middle of length, side to side 43 mm.
Radius, width at the lower end, side to side 67 mm.
Ulna, total length 435 mm.
Ulna, breadth at rear of articulation with humerus- .. 65 mm.
Ulna, greatest diameter at middle of length 20 mm.
Anterior cannon-bone, total length. 303 mm.
Anterior cannon-bone, diameter at upper end, fore and aft-——-_.- 36 mm.
Anterior capnon-bone, diameter at upper end, side to side-————-- 54 mm.
Anterior cannon-bone, diameter at middle, side to side————————___ 33 mm.
Anterior cannon-bone, diameter at lower end, side to side________ 55 mm,
Pelvis, total length 430 mm.
Pelvis, breadth at acetabula 265 mm.
Pelvis, breadth at hinder end of ischia 310 mm.
Femur, total length 400" mm.
Femur, head to distal end 380 mm,
Femur, greatest width at upper end 110 mm.
Femur, diameter at middle of length 38 mim.
Femur, greatest width at lower end, side to side 95 mm.
Tibia, total length 445 mm,
Tibia, width at upper end, side to side 100 mm.
Tibia, diameter at middle of length, fore and aft-_______________ 33 mm.
Tibia, diameter at middle of length, side to side 42 mm,
Tibia, diameter at lower end, side to side 67 mm.

In the female which furnished the measurements of the skull
and teeth, the bones are considerably shorter. The humerus,
from the head to the surface for the ulna, is 260 mm. long; and
the total length of the tibia is 385 mm. Allowance must there-
fore be made for individual variation, for sex and for age. In
case the antlers are not found with remains of the elk, it may
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be necessary to rely on the teeth for identification; or teeth
only may be found.

The size of the teeth of the wapiti will distinguish them easily
from those of the Virginia deer. They need to be carefully
studied to distinguish them from those of the moose (4lces.
americanus), Scott’s moose (Cervalces scotti), the musk-oxen,
and the various species of bison.

A comparison of the measurements of the teeth of Cervus
canadensis 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 broader. In the upper molars of the moose there is no,
or a very minute, column between the lobes, on the inner face of
the tooth. The outer face of each lobe is directed strongly back-
ward and inward, instead of being parallel with the jaw. The
anterior and the median styles (parastyle and mesostyle) are
more prominent in the moose than in the wapiti. [In the
moose the ridge, or the pillar, which descends near the middle
of the-outer face has its summit directed forward, so as to over-
hang slightly the excavation in front of it.

The lower molars of the wapiti are easily distinguished from
those of the moose by the measurements. In general the molars
and premolars of the latter are much wider in proportion to
their length.

The teeth of the bisons must he considered. If unworn or -
little worn upper molar teeth of the bison and of the wapiti are
compared, the former may at once be distinguished by the far
higher crowns, being perhaps twice as high as those of the
wapiti. If the teeth are worn down those of the wapiti 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 wapiti. 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
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those of the wapiti may be compared with the same teeth in
the skull of the domestic ox. In regard to the lower teeth, com-
parisons of the measurements of the wapiti teeth with those of
the bisons will usually settle the m:atter. 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.
Finally in the teeth of the bisons there is more or less cement
on the surfaces and in the pits between the crescents.

As stated on page 249, in discussing the occurrences of the
- Virginia deer in Iowa, Calvin reported the finding of elk re-
maing along Cedar creek, east of Turin, Monona county. With
these were found many skulls of the American bison. Mr.
Henry McCall of Monona county informs the writer that he has
picked up elk horns and buffalo heads on his father’s farm
about seven miles north of Moorhead. This is along Beaver
creek. In a letter from Mr. H. C. Lowrey, of Nevada, Story
county, Towa, the author has been informed that Mr. Lowrey
has found many elk antlers in ditching and plowing up a large
peat marsh on his farm. In ditching, one antler was found at
- a depth of three feet. Others were found in the process of
deep plowing and, of course, not far beneath the surface. One
complete skull was found, with the antlers attached. This
locality is within the area covered by the Des Moines lobe of
the Wisconsin drift and, of course, the peat deposit is more
recent than that drift. Nevertheless, a long period may have
elapsed since the burial of some of those antlers.

Professor Shimek (Iowa Geol. Surv., Vol. XX, pp. 408-409)
states that remains of the elk have been found along Beaver
creek in Monona county and along Hog creek, in Harrison
county, They are found mingled with many bones of the Amer-
ican bison. It is most probable that all these bones belong to
animals that lived during the Recent period; but for all that
they are quite old.

J. A. Allen, of the American Museum of Natural History,
New York, stated (Amer. Jour. Seci., Vol. XI, 1876, p. 48) that
among the bones and teeth collected by J. D. Whitney in the lead
region of Iowa, Illinois, and Wisconsin, he had found an im-
perfect radius that seemed not to differ at all from that of a
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young male Cervus canadensis. We do not know in which of
the three states this bone was found. The age of the remaing
found in the lead region is not certainly known. Most of the
species are yet living. Almost the only reason for supposing
that they are pre-Wisconsin is the fact that Dr. Allen regarded
the bison remains found there, or at least some of them, as
belonging to an extmct species.

Genus CERVALCES Scott.

Antlers palmated, dividing successively into two portions, -

the shaft much longer than in Alces. Nasals and premaxille
much less reduced than in the latter genus, and the nasals in
contact with the premaxille. :
' This genus appears to differ essentially from Alces, 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.

Three species of the genus are now known, all from the
Pleistocene. Cervalces scotti, Liydekker, has been found at Big
Bone Lick, Kentucky, and Mount Hermon, New Jersey; C.
roosevelti Hay, in Towa; and C. borealis Bensley, at Toronto,
Canada. C. scetts is represented at Princeton University by a
nearly complete skeleton, while the other species are known
from only imperfect materials. The former is therefore de-
scribed here with considerable detail.

Cervalces scotti Liydekker.

Scott’s Pleistocene Moose.

This is the species which W. B. Scott (Proc. Phila. Acad.,
1885, p. 181, pl. ii) described under the name Cervalces ameri-

-camus. Liydekker, 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 ‘‘Cervus.”” Cooper, Smith, and Dekay, in
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1831, referred it with doubt to the living species of moose.
Harlan, in 1834, gave it the name Cervus americanus. 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 Mount Hermon, New Jersey, a nearly
complete skeleton of a moose which Scott referred to this spe-
cies. The only bones missing are five tail bones, two ribs, the

Fig. 91, Cervalces scotti. Skeleton of specimen in Princeton University. After Scott.
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right scapula, right 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 bunes are beautifully preserved
and look as if they had been obtained from a recently killed

- animal. They belonged to an individual which 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 (op. ecit. pl. ii), representing
this skeleton as mounted, has been prepared the line drawing
here presented (F'ig. 91). The other illustrations also are from
Scott’s memoir. 3

The only certain identifications of this moose are those of
the materials found at Big Bore Lick and at Mt. Hermon,
New Jersey. It has been reported with doubt from Kansas
and from the interglacial deposits at Toronto, Canada. The
remains found at the latter place have recently been described
by Doctor Bensley as Cervalces borealis. In the American
Museum of Natural History, New York, there is a humerus
which has been identified as belonging to this species, and which
was found near Brantford, Ontario. It is said that the whole
skeleton was present, but no attempt was made to save it. The
single bone was rescued by Mr. S. C. Waters, of Poughkeepsie,
New York. It seems probable that the deposit containing the
skeleton was of post-Wisconsin age. It is impossible to deter-
mine with exactness the age of the Big Bone Lick remains.
Animals left their remains there probably from the time of the
retirement of the Illinois ice-sheet up to the present. There is
more certainty about the time when this fine specimen at Prince-
ton University lived. The whole country about Mount Hermon,
New Jersey, is, according to Salisbury’s map of the glacial de-
posits of New Jersey (Geol. Surv. N. J., Vol. V), covered with
what is called late drift. This 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 extinet species were almost exactly those of the moose, the
legs being little if any longer and the neck rather longer than
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shorter, all as compared with tkhe 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 measure-
ments of this specimen and of one of the moose. The latter is
said to have had a height of 1695 mm. at the withers and 1565
mm. at the sacrum. The extinct species showed 1810 mm. and
1680 mm: as the corresponding measurements. That is, the
extinct species had a height of about six feet at the shoulders.
Elliott (Synops. Mamm. N. A etc., p. 38) states that the Ameri-
can moose may attain a height of 2440 mm. at the withers. On
the other hand the Mount Hermon speelmen of Cervalces may
not have been the largest of the species.

In order that it may be possible to recognize remains of this
species if found, the following descriptions and measurements -
are presented, these having been taken from the specimen at
Princeton.

- The skull has a length of 550 mm. from the condyles to the

front of the premaxille. The width across the paroccipital
processes is 150 mm.; at the hinder borders of the orbits, 252
. mm,; at the anterior premolar, 132 mm. From the front of the
premaxille 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. Along the midline, between the back of the
head and the antlers, there is a bhght depression; between the
antlers-a convexity; in front of the antlers, a slope downward.

Fig. 92. Cervalces scotti. Skull and antlers, seen from in front. From Scott., A4, an-
terior division of palmation; P, posterior division; Bz, bez-
tine’; Pt, postenor tine.
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In the male of the existing moose there is a high knob of bone
between the antlers. The nasal bones of Cervalces scotti are
181 mm. long and extend forward in advance of the hinder end
~ of the premaxille. In the living moose the nasals are very
short and lack much of reaching the premaxille.

The antlers (Fig. 92) start out laterally at nearly right angles
with the plane of the midline of the skull. 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 is soon divided
into two palmations. One of these may be said to continue the
main axis outward, then somewhazt upward, ending in the snag
Pt. Its hinder border is thickened, and the width of the pal-
mation amounts to as much as 300 mm. The other branch is
directed upward and is soon divided into an anterior division,
A, and a posterior, P. Kach of these divides into two portions
and subdivides similarly into terminal snags.” The length of
the antler, measured on the outside of the curve, is 863 mm.;
the distance between the outer ex‘fremltles of the two antlers is
1620 mm., over five feet.

All the teeth are present except the lower incisors and can-
ines. The following measurements have been taken by the
writer:

Length' of the upper premolar-molar series, 168 mm.; of the
premolar series, 74 mm.; of the molar series, 90 mm. .

Length of the lower premolar-molar series, 168 mm.; of the
lower premolar series, 75 mm.; of the lower molar series, 97
mm, : ' '

MEASUREMENTS OF THE SEPARATE TEETH.

Upper Teeth. Lower Teeth.
23 mm. Pz, Jehigths s . ____ 21 mm.
23 mm. WidGhieee = 14 mm,
26 mm, Pk, dengbhe = == - . - _ 23 mm
24 mm wAdE T = 17 mm
26 mm Pm..; Tengthy =3 ris =0 27 mm
27 mm widigh! 1s Eebsen b . s - 20 mm.
29 mm, M.s,  lTenmbhiSes == = 28 mm.
27 mm, Widths e et o ) 20 mm
28 mm, M., . lenpEht s 1 30 mm
29 mm, widith! e s L 22 mm
31 mm M.y, -lenoliles s 7. 41 mm.
27 mm, wighthe =" S S0 50 21 mm




266 A MAMMALS OF THE PLEISTOCENE

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

In the upper molars there may be minute accessory pillars, or
columns, at the base of the valley between the twov lobes, on the
inner side of the tooth. On the outer face of the premolars
there are two strong styles, of which the anterior is the broader.
Both arise below the anterior root, and the hinder one swings
backward to the middle of the face of the tooth. On the outer
face of the molars there are three strong styles. Two of these
arise below the anterior root and diverge little. The third root
arises between the two roots of the tooth. This swings some-
what backward. In front of it is a strong excavation; behind it
a shallower one. In the hinder molar there is a fourth style
into which the hinder crescent sends an extremity.

In the lower molars there is a rather thick, but short, style
on the outer face in the interval ketween the two lobes. On the
inner face the molars are deeply and obliquely notched be-
tween the lobes and the notch penetrates the anterior cement
lake. The inner face of each lobe has a style, which, however,
subsides toward the base of the crown. The hinder molar has
a large heel or third lobe. The hindermost premolar resembles
a molar, but it has a little external style. The inner face of the
two anterior premolars is strongly folded and notched.

The following measurements are given of some of the prin-
cipal bones of the skeleton; and, in a parallel column are pre-
.sented the corresponding measurements taken from a specimen
of the moose, No. 24219, of the U. S. National Museum:

MEASUREMENTS OF BONES OF CERVALCES AND ALCES.

Cervalces Alces

Atlas, distance between the hinder extremities ofA the

wings L 180 mm. | 140 mm.
Axis, length of centrum along midline below, not in- .

cluding the spout 96 mm, | 115 mm.
Axig, extreme height, behind 138 mm, | 133 mm.
Seapula, extreme length, parallel with spine___________ 445 mm. | 382 mm.
Scapula, width along upper border ‘ 255 mm. | 240 mm.
Humerus, total length 425 mm. | 360 mm.

Humerus, diameter at middle of length, fore and-aft___| 55 mm. | 50 mm.
Humerus, diameter at middle of length, side to side_..| 44 mm. | 39 mm.
Humerus, width of lower end 85 mm, ! 70 mm,
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MEASUREMENTS OF BONES OF CERVALCES AND ALCES—Concluded

Cerva’.lces Alces

Radius, total length : | 450 mm. | 850 mm.
Radius, diameter at middle of length, fore and aft.___| 31 mm. | 28 mm.
Radius, diameter at middle of length, side to side.____ | 55 mm. | 46 mm.
Anterior cannon-bone, total length | 355 mm. | 306 mm.
Anterior cannon-bone, diameter at middle of length,

fore and aft 37 mm. | 37 mm.
Anterior cannon-bone, diameter at middle of length

side to side | 40 mm. | 37 mm.
Pelvis, greatest length , [ 490 mm. | 485 mm.
Pelvis, width in front \ fhu 1 220 mm.
Pelvis, width at front and rear of acetabula___________ s 205 mm.
Pelvis, width at. extreme rear | 440 mm. | 340 mm.
Femur, length from upper surface of head to 1nterna1

condyle - 392 mm,

Femur, diameter at middle of the length, fore and aft 51 mm. | 41 mm.
Femur, diameter at middle of the length, side to side. 45 mm. | 40 mm.

Tibia, total length 512 mm. | 466 mm.
Tibia, diameter at middle of the shaft, fore and aft._| 35 mm. | 35 mm.
Tibia, diameter at middle of the shaft, side to side_..| 47 mm. | 42 mm.
Hinder cannon-bone, total length 421 mm. | 353 mm.
Hinder cannon-bone, diameter at middle of length, fore:

Al tie R L R | 38 mm. | 33 mm.
Hinder cannon-bone, diameter at middle of length, 51de\

to side on inner face 36 mm.' 30 mm.

Cervalces roosevelti Hay.
Roosevelt’s Pleistocene Moose.

Of this species nothing is known except the right half of the
brain-case and a part of the antler borne by it. This was found
in a gravel pit at Denison, Crawford county, Jowa. The de-
posits were at one time supposed to belong to the Aftonian, but
. this opinion is not now regarded as certain. Professor Shimek
informs the writer that he was misinformed regarding the place
where the antler was found; and that, instead of coming from
~a pit beneath two beds of loess, it was obtained in another pit,
in a terrace near the river over which no loess is deposited.

The specimen here described was first mentioned by Calvin
in 1908 (Bull. Geol. Soc. Amer., Vol. XX, p. 350), who announced
it as the antler of a large stag which had relationship with
Cervalces americanus, the animal just described here as -C.
scotti. The present writer deseribed and named the specimen
in 1913 (Proe. Biol. Soc. Washington, Vol. XXVT, p. 5, fig. 1).
In the study of this specimen comparison had been made with
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the figures and measurements .of the corresponding parts of the
fine specimen of Cervalces scotti which is in the paleontological
collection at Princeton University.

The portion of the skull present extends to the midline and
along this a distance of -154 mm. It includes a part of the
parietal, a part of the right squamosal, and the right frontal as
far as the outlet of the olfactory nerve. Nearly one-half of the
brain-case is therefore presented.

As will be seen from a photograph sent the writer by Calvin
a short time before his death (Pi. XXXTI, fig. 1), and another
taken by the writer (same pl., fig 2), the antler stood on a-
pedicel of considerable length, the distance from the midline of
the skull to the burr being 105 mm. The face, just in front of
the antlers, had a width of 210 ram. The remarkable feature of
the antler and that which especially distinguishes it from the
antler of Cervalces scotti, is the length of the beam. The dis-
tance from-the burr to the point where the upper border begins
to rise is about 300 mm.; in the case of C. scotti, this distance is
about 180 mm. At the same time the diameter of the beam at a
distance of 100 mm. from the burr is slightly less in Cervalces
roosevelti than in C. scotti, 52 mm., instead of 55 mm. The
burr itself has a diameter of 65 mm. in the plane of the face, and
of 68 mm. at right angles to it. :

The beam is directed outward at nearly right angles with the
median plane of the skull, rising possibly a little at first and
farther out drooping slightly. The lower border continues out-
ward straight to the limit of the specimen, 485 mm. from the
midline of the skull, 380 mm. from the burr., How much farther
the antler extended one cannot say, but doubtless it ended in a
snag. As stated, at a point about 300 mm. from the burr, on the
upper border, the ascending branch takes its origin. It is at
first directed upward, then turns somewhat inward. From the
lower border of the antler to the place where the ascending
branch is broken off is a distance of 335 mm. Where the frac-
ture is found the greatest diameter is 55 mm. and this, in a
horizontal plane, is directed forward and outward. Above this
the ascending branch probably divided and finally ended in
snags, as in C. scotti.. That border of this branch which is di-
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rected inward is flattened and, at a height of 150 mm. above
the lower border of the antler, is 65 mm. thick. This branch is
‘connected outwardly with the horizontal branch by an expan-
sion whose edge, 13 mm. thick, is broken away. This palmation
begins at a point 180 mm. above the lower border of the antler,
and its outwardly directed free border seems to have sloped
downward and outward. Probably this palmation extended
outward and corresponded to the horizontally directed one seen
in C. scotti; but it must have been quite differently disposed.
Just above the upper edge of this expansion, at a distance of
190 mm. above the lower border of the antler, the ascending
branch gave off another division which appears to have been
directed wpward, backward, and outward; but there remains
only the base, which has diameters of 60 mm. and 45 mm. This
division may have subdivided, as'in C. scotti, or it may have
soon ended in a tine. It is very probable that the various divi-
sions of the antler of this species might be homologized with
those of the antler of C. scotti, but better materials are needed
in order to do this. '

Cervalces borealis Bensley is known from only the type speci-
men. This consists of the shaft of one antler, extending from
the burr to just beyond the expansion. The total length of the
fragment is 430 mm. The length from the burr to where the
antler expanded is about 180 mm., perhaps a little more. The
shaft is bent, so that distally the antlers evidently drooped con-
siderably. The diameter of the shaft just beyond the burr is
68 mm., and nearly as much (65 mm.) near the point of ex-
pansion. .

This specimen was found in the interglacial deposits at
Toronto, Canada. These may belong to the Sangamon stage.

Genus ALCES Gray.

Antlers broadly palmated and with a rather short shaft.
Nasal bones very short, far removed from the reduced pre-
maxillaries and leaving in the skecleton the anterior nares open
a distance equal to one-half the length of the head.

Of this genus there are recognized at present two distinct spe-
cies. Onme, Alces machlis, inhabits northern Europe and Asia;
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the other, 4. americanus, the region extending from Labrador
and Nova Scotia west to the Rocky mountains and north to Great
Slave Lake and even Alaska,

Although the moose (Alces a,memcanus) has not, so far as
the writer knows, been found fossil within the limits of the state
of Jowa, there is every reason to suppose that it will yet be
discovered there. For this reason, but especially to enable
comparison to be made between it and the species of Cervalces,
the following remarks are made or it.

The genus Alces differs from Cervalces in having the nasal
bones much reduced, so that they do not come into contact with
the shortened premaxille and so that the nasal opening in the
skeleton occupies about one-half of the length of the face. The
antlers are broadly palmated, bui they do not divide dichoto-
mously, as they do in Cervalees, at least in C. scotte. The
shaft of the antler of the moose is much shorter than that of
Cervalces.

The moose attains a bulk about equal to that of the horse.
The height at the shoulders may be as much as 2440 mm.
(eight feet); the length, 2190 mrm. (seven feet). The size is,
however, usually smaller. The gkull is long and narrow and
the part of the upper jaw
in front of the anterior
premolar is considerably
longer than the series of
cheek-teeth. In this re-
spect it resembles Cer-

-valees, but differs from
the elk. The length of the
skull of a specimen in the
U. S. National Museum,
No. 111671, from Mani-
toba, is 560 mm., from the
occipital condyles to the
front of the premaxillae. Fig. 93. Alces amecanus. View of left antler
The width at the ear- : from front. ~After Baird.
opening is 165 mm.; at the zygomatic arches, 218 mm.; at the
hinder border of the orbits, 232 mm. From the front of the
premaxillee to the front of the nasals is 255 mm.
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In the grown males the antlers form two enormous expan-
sions, ‘which are furnished on their front borders with numer-
ous tines, or snags (Fig. 93). The shafts are short.. The ex-
tent of the antlers (from outside to outside) 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
upper premolar series, 67 mm.; of the upper molar series, 82
mm,

Length of the lower premolar-molar series, 163 mm.; of the
lower premolar series, 67 mm.; of the molar series, 93 mm.

MEASUREMENTS OF THE SEPARATE TEETH.
Upper Teeth.

Pm.?, length 24 mm.
width ra 21 mm.
Pm.?, length ; -—— 23 mm.
width 25 mm.
Pm.*, length 23 mm.
width : -~ 28 mm.
M.?, length —— 26 mm,
width 27 mm.
M.?, length 28 mm.
width 29 mm.
M.2, length 28 mm.
width 30 mm.

Lower Teeth.

Pm.., length e 19 mm.
width 14 mm.
Pm.s, length 23 mm.
width 17 mm.,
Pm.,, length 27 mm.
width 18 mm.
M., length 25 mm.
width 20 mm.
M.., length __. 27 mm.
width 22 mm.
M.;, length - - 30 mm.
width : 22 mr.

On page 266, in the second column, there are given meas-
urements of some of the principal bones of the skeleton of ‘the
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moose. These were taken from a specimen in the U. S. Na-
tional Museum, but it is not a large individual and allowances
must be made for this. These measurements will not usually
enable one to distinguish Cervalces from Alces, but they will
help to distinguish both from any other ruminant likely to be
found in the region. When examined in detail many of the
bones of Cervalces scotti differ from the corresponding ones
of Alces americanus, but these differences cannot be given
here.

Alces shimeki, new species.

The type of this species consists of a part of the left ramus
of the lower jaw containing three teeth. These are the last
premolar and the anterior two molars. The first molar has a
part of its inner wall missing, but the other teeth are unin-
jured and in a medium stage of wear. The specimen was
found in the Cox pit at Missouri Valley, Harrison county, and
wags mentioned by Calvin in his second paper on the Aftonian
fauna (Bull. Geol. Soc. Amer., Vol. XXII, p. 211). The speci-
men bears the catalog number 249. The total length of the
fragment is 93 mm. The height of the jaw at the front of pm.,
is 38 mm.; the thickness, 20 mm. The height at the rear of
m.. is 40 mm.; the thickness, 21 mm. The following are the
measurements of the teeth present.

MEASUREMENTS OF TEETH.

Tooth Length ‘ Width
Pm.,, 19 mm. 14 mm.
M., 18 mm. 154 mm.
M.., 20.5mm. 17 mm.

On comparing these lteeth (Pl. XXXT, fig. 8; pl. XXXITI, fig. 3)
with those of the elk (Cervus camadensis) and those of the
moose (Adlces americanus), they are found to resemble more
closely those of the latter. It is found on comparing the first
and second molars of the elk and of the moose, that in the lat-
ter these teeth have the width equal to about eighty per cent
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of the length; while in the elk the width of the first molar
varies from sixty-seven per cent to seventy-four per cent;
that of the second molar, from sixty per cent to sixty-four per
cent. In the fossil here described the width of the first molar
is about eighty-three per cent of the length; the width of the
second molar, eighty per cent of the length. In the eik the
plane of the inner cusps, or crescents, is nearly parallel with
the axis of the row of teeth; while in the moose the plane of
each inner cusp is directed strongly inward and backward. In
the fossil it is directed backward and inward, but not so decid-
edly so as in Alces americanus. As a result, the styles in
which the two inner cusps terminate posteriorly stand out
more prominently from the face of the tooth than in the elk.
In the fossil, as in the moose, a stalagmite-like column arises
from the base of the tooth in the bottom of the outer valley be-
tween the two lobes of the two molars. These are not so well
developed in the elk.

If we base an estimate on the relative sizes of the.teeth of
the two species the fossil moose liere desceribed had about three-
fourths the height of the American moose.

This species is named in honor of Prof. Bohumil Shimek, of
the University of Towa, who has done so much to increase our
knowledge of the loess deposits of the Mississippi valley.

From the Pleistocene of Whitman county, Washington, Pro-
fessor Cope described (Amer. Naturalist, Vol. XXTII, pp. 162,
163, Feb.) two species of Alces, A. brevitrabalis and A. semi-
palmatus. These were based on antlers only, and it is there-
fore impossible to say what are their relationship to the spe-
cies here described. In case that the fossil jaw found in Iowa
shall be found to belong to one or+the other of Cope’s spe-
cies, a result which is not probable, it will be easy to relegate
the name 4. shimeki to synonomy.

Genus RANGIFER Frisch.

Antlers present in both sexes of most species; placed nearer
the occipital crest than to the orbits; more or less palmated,
and furnished with brow tine; the brow tines of the two sides

usually unlike, one large and directed in front of the face. A
18
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bez, or second, tine present. Shaft of antler at middle ‘of
length bent forward and ending in a snagged palmation.
Lower tines on front of shaft; the upper ones on its hinder
border. Canine teeth present. Rather heavily built animals.

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 name 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 ir Connecticut, New York, On-
tario (Canada), New Jersey, Pennsylvania, Kentucky, Iowa,
Nevada, Yukon, and Alaska. Inasmuch as the caribous of
North America have been shown to belong to about eight spe-
“cles, it is not at all improbable that the fossil remains do not
all belong to R. caribou; perhaps none of them. Indeed, it is
quite certain that the bones and feeth found long ago at Mus-
catine, Towa, belong to what is now an extinet species.

As to the age of the caribou remains found in the United
States we cannot always be certain. Some of them undoubt-
edly belonged to Wisconsin or post-Wisconsin times. The
scanty remains found at Toronto probably lived at some time
between the Illinoian and the Wisconsin glacial stages. The
same may be true of the Muscatine jaws and pieces of ant-
lers. Other remains are quite certainly post-Wisconsin in age.
It is rather remarkable that more numerous remains of this
genus have not been found in the northern portion of the United
States. During the Wisconsin stage and after the retreat of its
ice-sheet there must have been a long period when the climate
was favorable for the existence of these animals. Most fre-
quently, perhaps it is the antlers that have been preserved; and
doubtless they have often been mistaken for those of the elk or
deer and not regarded as worth saving. Nevertheless, their
remains seem not to be so abundant as those of the musk-oxen,
the elk, or the giant beaver (Castoroides).

Inasmuch as bones belonging to members of the genus are
likely to be found anywhere in the state, it is thought to be
advisable to describe somewhat briefly the most important parts
of the skeleton of some of the living species, in order that such
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bones, teeth, and antlers may be distinguished from those of -
related animals.

The form usually assumed by the antlers is illustrated by
figure 94. This figure, taken from Baird’s Mammals of North
America, shows two antlers of the right side. The one in front

Fig. 94. Rangifer arcticus, Two antlers, seen from the side.  The near one that of
ahmale; the other probably of the female. The nose is directed toward
the left.

belonged to a male and presents the palmated brow tine; the
other, supposed to have belonged to a female, has the brow tine
verv short. There is much variation in the tines according to
species, sex, and age.

The following measurements of the skull are taken from a
Specnnen which was secured near Great Slave Lake, Manitoba,
and is identified by Mr. N. H. Hollister, as Rangifer arcticus
arcticus :

MEASUREMENTS OF THE SKULL.

Length of skull from rear of occipital condyles to front of pre-

maxillae 390 mm,
Length of skull from lower border of foramen magnum to front
. ~of premaxillae 365 mm.
From front of posterior nares to front of premaxillae____________ 250 mm.
From front of palatine, at midline, to front of premaxillae.____. 183 mm.
From middle of line joining fronts of pm.?, to front of premaxillae 136 mm.
Froin middle of .occipital crest to line. joining rear of orbits_..__. 120 mm,
From front of premaxillae to line joining rear of orbits__________ 290  mm.
Width of skull, just above ear-openings 138 mm.

Width of skull, at rear of orbits o 170 mm. -
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Width of skull, on maxillary ridge at maxillo-malar suture_.____ 117 mm.
Width of skull, at front of the maxillae 77 min.
From front of nasals, at midline, to front of premaxillae________ 122 mm.
Length of lower jaw from incisive border to rear of condyles, in

straight line —__________ - 332 mm.
Length of lower jaw from inecisive border to front of pm.._.____ 125 mm.
Depth of lower jaw at front of m.,-- e veee 36 mm.

The measurements in the first column are from the skull de-
scribed above; those in the second column are taken from a
specimen of Rangifer caribou sylvestris, from Manitoba, a
larger species. .

' MEASUREMENTS OF THE TEETH.

' : Rangifer |R. caribou

Upper Teeth . arcticus | sylvestris

Length of premolar-molai‘ [15) 3 U 93 mm. | 106 mm.
Length of premolar series 43 mm, | 49 mm.
Length of molar series-...__.__ - 51 mm. [ 59 mm.
Pm.?, length oo 13.5mm, | 18.5mm.
width - _____ e 14.5mm. | 15.5mm.
Pm.?, length 14 mm. | 17 mm.
width e 15 mm. | 16 mm.
Pm.*, length _______ i : 14 mm. | 17 mm.
width _______ 16 mm, | 16 mm.

M.Y, length ____ e 15 mm, | 19 mm.
width 15 mm. | 16 mm.

M2, length ______ . 17 mm. | 20 mm.
width . o] 17.5mm. | 16.5mm.

M.?, length ___ e 17 mm. | 20 mm.
width S 16.5mm, | 16 mm.

Lower Teeth

Length of premolar-molar series_.____ . _______ 101 mm, | 108 mm.

Length of premolar series - 44 mm, | 45 mm.
Length of molar series : i 58 mm. | 64 mm.
Pm.,, length ________________ e 11.5mm. | 11 mm.
width _. : 7 mm, 8 mm,
Pm.,, length . 15 mm. | 18 mm.
width . ___ e ——| 9 mm. | .10 mm.
Pm.,, length | 165mm. | 18 mm.
width 10.5mm. | 11.5mm.

M.., length _______ i — 16 mm, | 20 mm.-
~ width _____ i ‘ 10 mam, | 11 mm,
M.., length __ e -19 mm. | 20 mm.
width . cieeee| 12 mm. | 11.5mm.

M., length _ i 23 mm. | 24 mm.

width oo 11’ mm, | 12 mm.




THE TEETH OF RANGIFER 277

The gkull of the caribou differs from that of the elk in being
considerably smaller, but relatively wider. The widest place at
the orbits is not immediately at the rear, but at the suture across
the post-orbitai bar, which is itself much wider than in the elk.
The orbits project more than in the elk. The nasal bones are
much more expanded in the hinder half, and the ascending
processes of the premaxille are much narrower than those of
the elk. The latter bones do not come in contact with the nasals,
but are separated from them by an accessory bone not found in
other déer. The anterior nasal opening in the skull is about
equal in length to the nasal bones; whereas, in the elk, it is
much shorter than the nasals. The teeth of the caribous are
much smaller than those of the elk, as may be seen on compar-
ing the measurements.

The structure of the cheek-teeth, when they become well worn
down, may be seen from the illustration of those of Rangifer
muscatinensis (Pl. XXXITI, figs. 1, 2). The upper true molars
are composed of two lobes, an anterior and a posterior; and
each of these of two crescents, an outer and an inner. In their
early condition each crescent forms a sharp cusp; while be-
tween the crescents of each lobe there is a deep unfilled cleft.
On the inner face of the tooth there is a valley between the
two lobes; on the outer, there are five descending folds of
enamel, the styles. One of these is at the anterior outer angle
of the tooth; another between tke anterior and the posterior
outer crescents; another at the hinder outer angle of the tooth.
Down the middle of each of the outer cusps there runs a style,
of which the hinder one is a little elevated. The premolars are
composed of an outer and an inner crescent, or cusp, between
which cusps is a deep cleft. The inner faces of these premolars
are convex, while the outer faces are furnished with three con-
spicuous styles.

The lower true molars are thinner and more compressed teeth
than the corresponding upper teeth. FEach has its two lobes,
each with two cusps, or crescents. In addition, the hinder
molar has a small hinder third lobe, the talon, or heel. In these
teeth the outer face has the vallev between the lobes, while the
five styles are on the inner face. Unlike the upper premolars,
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the lower premolars, especially the two hinder ones, have nearly
the same structure as the molars. The hinder lobe is, however,
not yet completely developed.

As the teeth become worn down, the cusps become inflated
and the crescent structure becomes more conspicuous. The
whole surface of the tooth may lie at nearly the same levyel, the
lines of enamel rising a little above the softer dentine.

The bones of the limbs of the reindeer are relatively shorter
and thicker than in'the other deer. The following measure-
ments have been taken from an imperfect skeleton, No. 4176, in
the U. S. National Museum:

MEASUREMENTS OF BONES OF CARIBOU.

Secapula, length parallel with the spine 280 mm.
Scapula, width across the dorsal border 175 mm.
Humerus, total length 256 mm.,
Humerus, length from upper surface of the head 236 mm.
Humerus, from rear of head to the front of the bone______________ 71 mm.
Humerus, diameter at middle of length, fore and aft . ______ 28 mm.
Humerus, diameter at middle of length, side to side——————o————_ 23 mm,
Humerus, diameter at the lower end, side to side, greatest___.-— 51 mm.
Humerus, diameter at the lower end, fore and aft, greatest .- 52 mm.
Ulna, total length, in a straight line 330 mm.
Ulna, depth of olecranon process 43 mm.
Radius, total length ___ 280 mm.
Radius. width of the upper articulation 47 mm.
Radius, width at the middle of the length 26 mm.
Radius, width of the lower articulation 41 mm,
Femur, total length 300 mm.
Femur, diameter, through head to outer side of the bone..___-_. 78 mm.
Femur, diameter at middle of length, fore and aft________________ 25 mm.
Femur, diameter at middle of length, side to side_-___________~__ 23 mm.
Femur, diameter across condyles, side to side 63 mm.
Femur, diameter across inner condyle, fore and aft_.____________ 80 mm,
Tibia, total length 325 mm.
Tibia, diameter at upper end, side to side ; 72 mm.
Tibia, diameter at middle of length, fore and aft .. ____________ 22 mam,
Tibia, diameter at middle of length, side to side 27 mm.

Rangifer muscatinensis Leidy.

The species here described is based on a portion of a left
upper jaw containing all the premolars and molars in good con-
dition; a part of a left ramus of the lower jaw with the second
premolar, the first molar and third molar represented by little
more than the roots, and with the third and fourth premolars
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and the second molar in good condition; and an uncharacteristic
fragment of bone, probably a metapodial. These were found at
some time before 1878, in what was supposed to be loess, in the
city of Muscatine, Towa, by Prof. F. M. Witter. These were
sent to Dr. Joseph Leidy, at Philadelphia, who (Proec. Acad.
Nat. Sci. Phila., 1879, p. 32) described the bones under the
name of Rangifer caribou, being advised to do this by Dr.
Elliott Coues, of Washington, to whom Doctor Leidy had ap-
plied for comparison of the fossil bones with those of the wood-
land caribou. Doctor Leidy quotes Doctor Coues as follows:
“T think you may safely announce Rangifer caribou from the
loess of Iowa.”” On May 24, 1878, Professor Witter read, be-
fore a meeting of the Towa Academy, a communication on ‘‘Some
geological features near Muscatine,”’ in which he stated: ¢‘‘Al-
most the entire remains of Rangifer caribou, as identified by .
Dr. Joseph Leidy, were taken from the loess.”” This was not
published until some time in 1880 (Proec. Jowa Acad. Sci., 1875-
1880, p. 16). In his description of 1880 Leidy mentions other
bones which were too much decomposed for preservation.

At the close of the description just mentioned Leidy makes
this statement: ¢‘The fossil remains of the deer, at first sup-
posed to belong to an extinct species, for which the name Cervus
muscatinensis was suggested, were discovered in grading a
street in the city of Muscatine.”” It appears quite necessary to

‘believe that the deer here referred to was the one Leidy had

just described as Ramgifer caribou; McGee (Amer. Jour. Sei.,
Vol. XXXIV, 1887, p. 218) so understood Leidy’s use of the
name. Leidy did not accept the name himself, nor did he state
who had suggested it. It could, however, hardly have' been
anyone else than Professor Witter himself. Inasmuch, how-
ever, as this is not certain, and as the name occurs in Doctor
Leidy’s paper, it seems necessary to credit it to him.

The jaws forming the type belong quite certainly to one indi-
vidual and Leidy seems to have regarded them thus. They be-
longed to an animal, as stated by Leidy, which was past ma-
turity. The grinding surfaces have, therefore, nearly reached
the widest part of the tooth. The most obvious charac-
ter belonging to them is that already noted by Leidy, the rela-
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tively great size of the premolars. The following are the meas-
urements which the teeth have-furnished the writer. These
are to be compared with the measurements furnished on page

MEASUREMENTS OF TEETH.

Upper Teeth. Lower Teeth.
Length of premolar-molar Length of premolar-molar
Series o ooooaoo 98 mm, series, abeut _______-__| 104 mm.
Length of premolar series| 49 mm. Length of premolar series| 48 mm.
Length of molar series__| 52 mm. Length of molar series, )
. about _________________ 56 mm.
Pm.?, length __.__________ 16.5mm. Pm.., length, about ______ 13.5mm.
width —._._____._-__.| 17 mm. © width, about __.____ 7 mm,
Pm.? length _______I_____ 16 mm. Pm.s, length _____________ 16.5mm.
width . ______ 18 mm. width o ____ 12 mm.
Pm.*, length ___ 16 mm.
width _____________ 17 mm,
M.*, length _____________ 17 mm.
width 17 mm.
M2, length —_oeo__oo___ 18 mm.
width . _____ 18 mm.
M2, length _____________ 19 mm.
width .. __________ 17 mm.

On comparing the measurements of the teeth of Rangifer
muscatinensis with those - of Rangifer arcticus, the barren
ground caribou, it will be seen that those of the latter, both
upper and lower, are uniformly smaller. Kspecially are the
lower teeth narrower than they are in the fossil. On compar-
ing the teeth of the fossil species with those of R. caribou
sylvestris, it is observed that the latter, too, has relatively large
upper premolars. In these the length of the teeth, in both pre-
molars and molars, exceeds that of R. muscatinensis, while the
width is less. This gives them a very different form. The
same statement is true regarding the lower teeth. The teeth
of R. muscatinensis may then be said to be characterized, with
respect to the living species mentioned, by their relatively
great breadth.
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Rangifer fortidens, a very large caribou described by Hollis-
ter (Smiths. Misec. Coll,, Vol. LVI, No. 35, p. 3, pl. i, figs, 1, 1a)
from Alberta, British America, has correspondingly large
teeth. The premolars measure, however, only 52 mm., while the
molars measure 62 mm. The individual upper premolars are
hardly longer than those of R. muscatinensis and not wider.
The molars, on the other hand, are considerably longer, but
hardly wider. The hinder outer cusp (hypoconid) of the lower
teeth of R. muscatinensis does not appear to have been cut off
so much from the rest of the tooth as it is in'R. fortidens.

Rangifer osbormi, from British Columbia, has broad pre-
molars, but they are much shorter than those of the fossil here
described.

The writer believes that the remains on which the name R.
muscatinensis is bestowed belonged to a species distinet from
any now living; but, of course, it was closely related to them.

The writer has received from Professor J. L. Tilton a first
dorsal vertebra and a part of a lower jaw, with the penultimate
molar, of this species. It was found in a gravel pit at Avon.

The following, being portions of antlers only, can be referred
provisionally to the species just described.

In the possession of Prof. B. Shimek, at the University of
Towa, is a fragment of a caribon antler. which had been col-
lected at Muscatine by Prof. F. M. Witter and presented by
him to Professor Shimek. This is said to have been found in
the loess at Neibert’s brickyard, near Woodlawn and Orange
streets. Shimek, however, does not think that it was found in
the loess. For his statement regarding this see page 34.

This specimen is represented on plate XXXIII, figure 3.
The length of the fragment is 135 mm.; from the base to the
fork above the tine is 67 mm.; the diameter of the tine is 23
mim,

The number 352 of the collection at the University of Iowa,
is given to the base of a caribou antler which was found in
post-Kansan deposits at Correctionville, Woodbury county,
Towa. This is illustrated on plate XXXII, figure 4. The length
of the fragment is 270 mm. Immediately above the hardly per-
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