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HE previous numbers of this Journal have contained all,
arly all, of the original papers on the.Dinocerata by the
r of the present memoir, and it is especially fitting, on
completion of his investigations, that at least an abstract
e main points of the volume should also be placed
on record. The extracts which follow have been se-
with a view.to give to the reader a brief sketch of the
ry, and general characteristics, of this remarkable group
mmals, and their relations to other members of the same
ing and extinet. . _

general plan of the present volume, essentially the same
. of the author’s previous memoir on the Odontornithes,
cially worthy of notice, and might well serve as a model
monographs on similar subjects. In the Introduction,
g history of the discovery of the Dinocerata, and their dis-
bution in time and space, are first presented, A description
various parts of the skeleton in the typical genera of
er next follows, richly illustrated, with restorations-of
8, and the biologist has then before him a vivid picture
cteristic members of the group. In the Appendix, is
psis of all the known genera and species, with many
or the systematic zoblogist. SR
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The localities in which the D7

‘ l wocerate have been f

e on li;)th_ sides qf the (?rreen River, and mainly south oglfc]ﬁg
; Ill Pacific Railroad, in Wyoming. Of two hundred indi-

;;a 8 511 the Yale Museum, about equal numbers were found

sal ?ﬁ?es glesshpfdighmt.nve{), the distance between the extreme

is direction being more th i
The map below covers this regi%n. e one fundrod miles
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entire season, Among the very large collections thus secured,
were numerous specimens of the Dinocerata, which furnished
important characters of the group.

«In the succeeding spring, 1872, the explorations in this
region were continued, and soon resulted in the discovery of
the type specimen, including the skull, and a large portion of
the skeleton, of Dinoceras mirabile, and on this new genus

the aunthor based the order Dinocerata.

«QOther important specimens, obtained at this time, and:
deseribed by the author, were the types of Dinoceras lucare,
Tinoceras grande, Tinoceras lacustre, and others of scarcely
less interest. _

«Tn the following season, 1873, the author organized another
large expedition, with government escort, and made a ver
careful examination of the regions in this same basin tha
remained unexplored. One of the specimens of special imp
tance thus secured was the type of Dinoceras laticeps, witl
the skull and lower jaw nearly complete. Many other indi
viduals of the Dinocerata were also discovered, and -t
abundant material then collected was sufficient to clear
most of the doubtful points in this group. :

« The research was continued systematically during the ne
season, also, 1874, and again in 1875, with good results. Si
then, various small parties, at different times, have be
equipped and sent out by the author to collect in this bas
and, finally, during the entire season of 1882, the work
vigorously prosecuted under the direction of the author, ang
from July of that year, under the auspices of the Uni
States Greological Survey. ‘

« The specimens thus brought together by all these vari
expeditions and parties are now in the museum of Yale
lege, and represent more than two hundred individuals of:
Dinocerata alone. * * * * The present volume is based
this material, amply sufficient, it is believed, to Hustrate
the more important parts of the structure of this remark

roup.

“ ’_{‘)he remaining material of the Dinocerata, now kno
consists of a few specimens collected by Dr. Leidy in
including the type of the genus Uintatherivm ;  var
remains secured in the same year by Prof. Cope, to whick
applied the names Lowolophodon and Eobasileus, with a latg
acquisition called Bathyopsis ; and a number of specimen
more recently obtained by parties from Princeton Col

108°

Although these remains show few, if any, characters of

Dinocerata not better represented in the larger collectio
the Yale Museum, full references to the more important sp
mens, in most cases with illustrations, are given in the presen

memoir.

he Dinocerata have hitherto been f ; ;
ogical horizon of the middle E f:;le.ound in a well marked

MAP SHOWING REGION OF DINOCERAS BEDS.
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«The Dinocerate form a well marked order in the great
group of Ungulata. In some of their characters, they rdse
ble the Artiodactyls (Parawonia); in others they are like the
Perissodactyls (Mesaxonio); and in others still, they agree
with the Proboscidians. The points of similarity, however
are in most cases general characters, which point back to an
earlier, primitive ungulate, rather than indicate a near affinity
with existing forms of these groups.

«The Dinocerata, so far as now definitely known, may b
placed in three genera, Dinoceras, Marsh, Ténoceras, Marsh
and Uintatherium, Leidy. The type specimen of Uintathe
réwm was discovered near the base of the series of strata coi
taining the remains of the Dinocerata. Dinoceras, so far a
known, oceurs only at a higher horizon, while Z%noceras ha
been found at the highest level of all. The characters of thes
three genera correspond in general with their geological posi
tion. Uintatheriwm appears to be the most primitive type
and 7%noceras the most specialized, Dinoceras being an int
mediate form.

“The number of species of the known Dinocerata is a di
cult matter to determine, especially as the limitations betwee
species are now generally regarded as uncertain. ~About thirt
forms, more or less distinet, are recognized in the Synopsis
the end of the volume.

The orbit is large, and confluent with the temporal fossa.
he latter is of great extent posteriorly, but the zygomatic
%};ZZsare only moderately expanded. There is no post-orbital
The nasal bones are greatly elongated, being nearly h
6 length of the entire skgull. }’rl‘hey %roje’ct forvgvard ov);rht?ﬁef;
anterior mares, and overhang the premaxillaries. They are

ick and massive bones, especially in front, and are united
together by a nearly straight suture.

“The anterior extremity of the nasal bones, in both Dino-
ras and Tinoceras, is formed of an osseous projection
pointing forward and downward, and situated in front'of and
elow the nasal protuberances. Several specimens in the Yale
Museum show that this projection is formed of two separate

sifications, each in front of its respective nasal bone.

Tar SKULL

«The skull of Dinoceras mirabile is long and narrow,:
facial portion being greatly produced. The basal line, ext
ing from the end of the premaxillaries along the palate t
lower margin of the foramen magnum, is nearly straight. °
top of the skull supports three, separate, transyerse pai
osseous elevations, or horn-cores, which form its most
spicuous feature, and suggested the name of the genus.
smallest of these protuberances are situated near the extren
of the nasals; two others, much larger, arise from the m
laries, in front of the orbits; while the largest are mainly
the parietals, and are supported by an enormous crest, whi
extends from near the orbits entirely around the latera
~posterior margins of the true cranium. These general ch
ters are well shown in figure 2, which represents the skul
the type specimen. :

«There are no upper incisors, but the canines in the m
are enormously developed, forming sharp, trenchant, decur
tusks, which were each protected by a dependent procest
the lower jaw. The premolar and molar teeth ate very sm

Y

2.~—~8kull of Dinoceras mirabile, Marsh : ¥ i
nek Dinoceras , Marsh; seen from the left. One-sixth

hese bones are a peculiar feature in the skull of Dino-
'ota, and may be called the pre-nasal bones, In very young
imals, they are unossified ; in adult animals, they ‘are dis-

' s in the specimen figured ; but in very old animals they
mie codssified with the nasals, and with each other.
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The frontal bones in Dinoceras mirabile are shorter than
he nasals. In all of the known skulls of the Dinocerata, the
ian suture uniting the two frontals is entirely obliterated.
suture joining them with the nasals in front, and with the
axillaries on the side, is distinet in the type of Dinoceras.

: £ Di ¥ irabile, M ; >cimen.
T1GURE 3.—Nasals of Dinoceras mirabile, Marsh ; type specim
Treure 4.—Nasals of Zinoceras anmectens, Marsh.  Both figures _are one-ﬁft

natural size. @, side view; b, top view; ¢, front view.

Skull of Dinoceras mirabile, Marsh ; with brain-cast in natural posi-
tion; seen from above. E

The same view of a young specimen of Dinoceras distans, Marsh, Both
figures are one-eighth natural size.  f;'frontal bone;’ m, maxillary
bone; m’, maxillary protuberance; n, nasal bone; -u/, nasal pro-
tuberance; p, parietal bone; p’, parietal protuberance; pm, pre-
maxillary bone; s, supra-occipital crest.

The maxillary bones form a large portion of the lateral sur-
1 the skull. They contain all the teeth, except those of

er jaw, and also expand into the large median pair of

18 elevations, or horn-cores. =

In one young specimen, the fronto-parietal suture is still

and passes in a nearly straight line across the top of the

i P Di rabile, Marsh. ;

Figure 5.—Posterior surface of skull of Dinoceras mirabile, N
FicurE 6.—Posterior surface of skull of T¥noceras tngens, Marsh. Both figures
one-eighth natural size. ¢, occipital condyle; f, foramen magn
1, lateral crest ; o, occipital crest; p, post-tympanic process; ¢,

behind temporal fossa.
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cranium just in front of the summit of the cerebral hemis
pheres. It also divides the posterior elevations, or horn-cores
80 as to leave the anterior part of them on the frontals,
the posterior and highest portion on the parietals. :
«In all of the orania of the Dinocerata examined, th
parietal bones are firmly united to each other on the medla
line, and with the supra-oceipital behind. * * * * QOn the side;
of the cranium, the parietals form the upper portion of th
large temporal fosse.

Figure 9.—Side view of skull of Tinoceras pugnax, Marsh. One-eighth- ual
size. /', maxillary protuberance; me, external auditory meal
n’, nasal protuberance; o, occipital condyle; p’, parieta
tuberance; pm, premaxillary bone; pn, prenasal ossicle.

:—=8kull of Tinoceras ingens, Marsh ; seen from below.

—Skull of Dinoceras mirabile, Marsh geen from below. ~ Both Agures
are one-eighth natural size. a, anterior palatine foramen b,
palato-maxillary foramen;:c, antorbital foramen ; . d,- posterlor
palatine foramen; e, postenor nares; f, foramen magnum I
occipital foramen, g, stylo-mastoid foramen ; %, foramen lacerum
posterxus 1, vascular foramen in bamsphenoxd ; J, posterior open-
ing of ahsphenoxd canal; %, -anterior opening of alisphenoid canal;
I, optic foramen.

a

“The occipital region in all the known Dinocerata is larg
elevated, and sub-quadrate in eutline. It varies much in‘sha
and size in the different genera and species; and two of
principal forms are represented in the fi igures below. '

“ The malar bone completes the anterior portion of the zyg
matic arch, extending to the front of the orbit. The sutu
uniting the malar with the maxillary remains distinet till ady
life, and -may usually be traced, even in old animals.
forward exténsion of the malar bone is a general ung
character, and quite different from what is seen in the Pro
cidians, where the malar forms the middle portion only of t
zygomatic arch.

e lachrymal is large, and forms the anterior border of

It is perforated by a large foramen. In Dinoceras’
le, this is oval in outline, with the apex. above. The
the lachrymal is excavated for the posterior opening of
ge antorbital foramen.
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“The large canine tusk is entirely enclosed in the maxillar
and, in the genus Dinoceras, its root extends upward into t
base of the maxillary horn-core. In all known Dinoceras
there is a diastema between the upper canine and the pr
molars, '

ed on each side in the region of the diastema, and near the
erior part of each excavation on either side is situated a
e foramen, which may be called the palato-maxillary foramen.
In the type of Dinoceras, the palatine fossa of the poste-
ior nares is roofed over, so that the passage from the palate
the large nasal cavities above leads forward and upward,
hown indistinctly in figure 11. In Z%noceras ingens and
Tinoceras pugnax, the roof of this fossa is excavated in front
pair of oval apertures, and, through these, the posterior
res open directly upward, as represented in figure 10.

12,

14.

fii
me' |
F16URE 12.—Horizontal section of skull of Tinoceras erassifrons, Marsh. B
F1guRrE 13.—Horizontal section of skull of Dinoceras laticeps, Marsh; (femal
’ Both figures are one-eighth natural gize, g, cavity behind

of canine tooth; b, brain-cavity; ¢, alveole of canine tooth;

anterior olfactory chamber; f”, posterior olfactory chamber;:

maxillary protuberance; n, nasal bones; »/, nasal protuberan

9, parietal protuberance.

BE 14.—Vertical median longitudinal section of skull of Dinoceras mirabile,
Marsh.  One-eighth natural size. b, brain-cavity; f, frontal
bone; m, maxillary bone; m’, maxillary protuberance; =, nasal
bone; =/, nagal protuberance; o, occipital condyle: p, parietal
bone; p’, parietal protuberance; pg, post-glenoid process; o,
palatine bone; pm, premaxillary bone; 'pf, pterygoid bone; s,
supra-occipital crest. ' .

“The premaxillary bones are edentulous, and, even in yo Tre Lower Jaw.

specimens, contain no teeth. * * ¥ The premaxillaries
much in form in the different genera and species of Dinocer
Two of the principal forms are shown in figures 10 and 11

The palate is very narrow, and much excavated, especially
front. The bony palate extends back as far as the last upp
molar, and, in some specimens, beyond. It is deeply e

he lower jaw in Dinoceras is as remarkable as the skull.
most peculiar feature in the male is a massive decurved pro-

each ramus, extending downward and outward. These
pendent processes were apparently to protect the upper
' tusks, which would otherwise be very liable to be
ibroken, * * ¥ ¥ Ip the female, this process is much reduced
ze, but is quite sufficient to protect the diminutive tusk
ch overlaps it. ' ' -
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nother remarkable feature in the lower jaw of the Dino-
ta is the posterior direction of the condyles, hitherto un-
in Ungulates.
the genus Dinoceras, there are three incisor teeth, and a -
I incisiform canine on each side, forming a continuous
at the front extremity of the lower jaw. These are all
oderate size, and inclined well forward, as in the ruminant
nmals. Behind this series, and immediately over the de-
dent process, is a long diastema. Further back, there are
¢e premolars, and_three molars, forming together a close
. This is the dentition, essentially, in the lower jaw of
Dinoceras and Tinoceras.
In the genus Z%noceras, the same general characters of the
er jaws are seen. In the male, the pendent process is large
longate, but less massive than in the genus Dinoceras,
g lower outline less regularly rounded. This corresponds
he position of the large upper canine tusk, which it pro-

15.

the female of Z%noceras, the pendent process is mueh
d, its size in all cases corresponding to the size of the:
tusk above.

at the same relation in size between the tusk and pro-
ow it, holds equally in both the genera Dinoceras and:
7as, s conclusively shown by.various specimens in the
Museum. ’ '

: Tae TxrTH.

teeth of the Dinocerata constitute one of their most
g features, .

e genus Dinoceras, the dentition is represented by.
ing formula :

0 . 1 3 3
neisors —, canines —, premolars 3 mola,r:s‘—3 =84

“far as now known, the same formula applies'étiually well
enus ZTinoceras.

Uintatherium, the dentition is apparently as follows:
.0 3 8 '
Ineisors > canines T premolars T molars 3= 36,

none of the Dinocerate have any upper incisors been
, €ven in the youngest specimens. I’JI‘he premaxillary
appear to be entirely edentulous. ’

RE 16.—~Lower jaw of Dinoceras laticeps, Marsh; front view.
giggnm 16.—Lower j]aw of Uintatherium segne, Marsh; seen from th_e left. B
figures are one-fourth natural size. ¢, angle; ¢, canine; or,

noid process; cd, condyle; d, diastema; f, anterior forame

process for protection of tusk; pm, premolar,
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1.

‘In the lower jaw of all the known Dinocerata, there are
iree well developed inecisors on each side. They are inserted,
by a single root, and are procumbent, all directed well
ard. :
#The superior canines of Dindceras are long, decurved,
nchant tusks. The crown is covered with enamel, and the
t extends upward into the base of the maxillary protuber-
se, or horn-core. When the animal is young, these tusks
w from a persistent pulp, but, in old age, the cavity becomes
rly closed. In the male, these tusks are large and powerful,
d extend downward nearly or quite to the extremity of the
ndent process.of the lower jaw. ’

T1oURE 17.—Incisor of Dinoceras mirabile, Marsh, Natural size. @, side view
b, top view; ¢, antero-posterior view.

18.

—Upper molar series of Tinoceras stenops, Marshi; seen from helow,
—Lower molar series of same specimen ;. seen.from -above,” -Bath
figures are three-fourths natural size/” m, molar; pm; premolar.

“the female of Dinoceras, the upper canines are small
ender, and protrude but little below the jaw.”. = -
‘erowns of the upper premolar and molar teeth in Dino-
nd, in fact, in all of the known Dinocerata, are remark-
short, with the roots well developed, forming a true
yodont dentition, as in all early Tertiary ungulates.

each ramus of the lower jaw of Denoceras, there is a
series of six teeth, three of which are premolars, and
true molars. These are all inserted each by two roots
8 also true of the genus Z%noceras.

Jour. Scr.—THIRD SeRIES, VoL, XXIX, No. 171, MARCH, 1885,
13 :

Figure 18.— Upper canine of Dinoceras laticeps, Marsh; (male). :
FiaURE 19.—~Upper canine of Dinoceras laticeps (female). Both figur
one-fourth natural size. a, lateral view, showing outer sur
b, inner surface; b’ b, sections; ¢, front view.




190 Professor Marsh’s Monograph of the Dinocerata. Professor Marsk’s Monograph of the Dinocerata. 191

“The molar teeth in Dénocerate appear to resemble mor
closely the corresponding teeth in the genus Coryphodon than’
those of any other’animal. The general dentition, however, i
quite distinet.  Coryphodon has well developed upper incisor

and a medium sized upper canine, thus differing widely i
these features from the Dinocerata. -

r known mammal, recent or fossil, and even less than in
e reptiles. It was, indeed, the most reptilian brain in any
pown mammal.  In Dinoceras mirabile, the entire brain was
vally so diminutive that it could apparently have been
rawn through the neural canal of all the pre-sacral vertebre,
ertainly through the cervicals and the lumbars.

"

& 24. —Skull of Limnohyus robustus, Marsh, Middle Hocene.
£ 25.—Skull of Amynodon advenus, Marsh. - Upper Eocene.

The size of the entire brain, as compared with thatof the
ium, is shown in the accompanying cuts, figures 7; 8, and
‘The size of the brain cavity, and its position in the
in the genus 7%noceras, also, is represented in figure 22.
he most striking feature in thebrain cavity itself is the
vely small size of the cerebral fossa, this being but little
: than the cerebellar portion. '

he cerebral. hemispheres did not extend at-all over the
bellum or the olfactory lobes. The latter were large, and
inued well forward. :

Figure 22.—Skull of Tinoceras tngens, Marsh; with brain-cast in position; se
from above. ;

Fi¢urE 23.—Skull of Dinoceras laticeps, female; with brain-cast in position. Bo
figures are one-eighth natural size. f, frontal bone; m, maxilla
bone; m’, maxillary protuberance ; #, nasal bone; n/, nasalp
tuberance; p, parietal bone; p’, parietal protuberance; pm, p
maxillary bone,

Tae Brain,

“The brain of the Dinocerata is one of the most peculi
features of the group. It is especially remarkable for
diminutive size. It was proportionately smaller than in any
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The results of this investigation were embodied by the
thor in a general law of brain-growth in the extinet mam-
ls throughout Tertiary time. This law, briefly stated, was
ollows : ”» '

27, 28.

“The nerves passing off from the brain were large, and ca
be made out with reasonable certainty. The olfactory lobe
were separated in front by an osseous septum, the position o
which is shown distinetly in figure 22.

“In the genus Z%noceras, the brain was similar in its general
characters to that of .Dinoceras, but appears to have been some--
what more highly developed. The hemispheres were more
elongate, and the olfactory lobes relatively smaller.

£
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URE 27.—Skull of Elotherium crassum; Marsh. - Miocens. !
E 28.--Skull of Platygonus compressus; LeConte. - Pliocene. -

All Tertiary mammals had small brains. -~~~
There was a gradual increase in the size of the brain dur-
is period. L ;

This increase was confined mainly to the cerebral hemi-
res, or higher portion of the brain. '
In some groups, the convolutions of the brain have grad-
 become more complex. '

“In some, the cerebellum and the olfactory lobes have
diminished in size.

~There is some evidence that the same general law of brain
th holds good for Birds and Reptiles from the Cretaceous
he present time.* ‘

hig Journal, vol. viii, p. 66, July, 1874; and vol. xii, p. 61, Jiﬂy, 1876; also
ontornithes, p. 10, 1880. i )

FIGURE 26.—Skull of Mastodon Americanus, Cuvier. Pliocene,

Braix GrROWTH.

“The Dinoceratw are, by far, the largest of all known Eocen
animals, and that they have, also, a very diminutive brain is:
noteworthy fact, which attracted the author’s attention soo:
after their discovery. b

“The comparison of the brain in this group with that of othe
mammals from the same formation soon showed that the Dino
cerate although most remarkable in this respect, were no
alone in diminutive capacity of brain power. A more ex
tended comparison led to the fact that all the early Tertiar
mammals had very small brains.
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-of the cervicals are proportionally longer. The entire

k was about one-third longer than in the elephant, thus ren-

ng a pgobosci unnecessary, as the head could readily reach
-ground.

ﬁ%ll the presacral vertebrs, behind the atlas and axis, have

he articular faces of the centra nearly flat, as in the typical

roboscidians.

“The trunk vertebree in the Dinocerate are proportionally

nger than those in the cervical region. The articular faces
the centra are likewise nearly flat, the most of them being

stinctly concave.

“The author has since continued this line of investigation
and has ascertained that the same general law of brain growt
is tru’(’a for Birds and Reptiles, from the Jurassic to the presen
time.

The small size of the brain in early Tertiary mammals wi
be indicated by an examination of the Dinocerata skulls, with
the brain in position, shown in figures 22, 23. This is further-
shown by figures 24-28, which represent the skull and brain-
cast of various Tertiary Maminals.

29.

, {
33.—Second dorsal vertebra of Dinoceras mirabile, Marsh; front view.
34,—The same vertebra; side view. =, neural canal; ‘s, neural -spine;
2/, posterior zygapohysis.

»

Tuae Forr Limss,

‘he limb bones in the Dinocerata are nearly or quite solid,
this is true of all the skeleton, a portion of the skull alone
ted. : ‘

he fore limbs in the Dinocerata have a general resem-
gizgg gg.—%}feissgfn é)z:z;:te:g:ar.nz;ﬁ?gt‘e[ Marsh; front view. lance to those of Proboscidians. i

F16URE 31.—Cervical vertebra o}‘ Tinoc‘;:;?‘grande. Marsh; front view. . ; he fore foot in all th(? Dz?zogerata 18 large_zr than the h,lnd

F16URE 32.—The same vertebra; side view. All the figures are one-fourth nati : K“ The bones com osing 1t are comparatwely short and

size. a, face for atlas; / lateral foramen; = ¢, neural ca . : jagsive. There were ive Well-deve]oped digits, as in Probos-

o odg;g:}iirpzroczsm 5 neural spine; z, anterior zygapophys ans, but the carpal bones were interlocked with the meta-

P VBIPOPRYSIS. pals, as in Perissodactyls. The general appearance of the

tore foot in Dinoceras mirabile is well shown in figure 35.

hind foot is represented in figure 36. The feet were plan-
ade, as in the elephant. _

Tar VEeRTEBRA.

“The cervical vertebree of the Dinocerata, in their ma
characters, resemble those of the Proboscidians, The at]
and axis are somewhat similar to those of the elephant. T
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“There are eight separate carpal bones in the fore foot of a
the Dinocerata, and a ninth, the central bone, may be separ
in very young animals, and, in adults, either lost or consolida
with the scaphoid, or the trapezoid. * * * * The metacarpa
bones in the Dinocerata arve short and robust. * * * ¥ Th
phalanges in the fore foot of the Dinocerata are very shor
and comparatively small. '

"here are seven well developed tarsal bones in the Dinoce-
and their relative position in the hind foot is seen in
36.% * §* An eighth tarsal bone, the tibiale, appears
e been present.

he astragalus in the Dinocerata considerably resembles
of the elephant, the bone being, as in that animal, very
rt, along the axis of the leg and foot.

' The calcaneum is short, and comparatively more robust than
e elephant. As in that animal, it is strongly tuberculated
ow, where, during life, it doubtless supported a thick pad,
ting on the ground.”

“Sternal bones are preserved in a number of individuals o
the Dinocerata in the Yale Museum, but the entire series i
any one individual has not been recovered. * * * * The mos
marked character of these bones in the Dinocerata is that the
are flat and horizontal, as in the Artiodactyls, and not vertica
as in the Proboscidians, and the Perissodactyls.”

The pelvis in the Dinocerats has a general resemblance t
that of the elephant. The ilia were widely expanded, as 1
that animal. There are four sacral vertebre.

RESTORATIONS,

m Chapter XIII, on the restorations of Dinoceras and
ceras, the following extracts are selected : .
Tni-the restoration of Dinoceras mirabile on Plate LV, the
ns of the type specimen of the species, a fully adult, but
d individunal, have been used for the more important
and the remaining portions taken from other individuals.
estoration is one-eighth natural size.
he animal is represented as walking, and the position of the
d the feet, has been chosen to show, to the best ad-
e, these portions of the skeleton as they were in life. In
oration, only those portions are shaded which are repre-
y actual specimens in the Yale Museum. The partsin
are wanting, or are so poorly preserved that only their
tures can be given with accuracy. - .
he regtoration of Zunoceras ingens, Plate LVI, the
represented one-sixth natural size, and standing at
The position here chosen shows'the massive and ma-
orm of one of the largest individuals of this remarkable
- A reduced copy of this restoration is givenin figure 37.
comparing Dinoceras, as here restored, with some of the
ngulate mammals of the present day, a certain resem-
to the rhinoceros on the one hand, and to the-elephant on
er, will naturally suggest itself. In size and proportions,
as was intermediate between these two existing animals,
arious points of its structure, it resembled the one quite
h as the other. In still other features, Déinoceras re-
d the hippopotamus. , '
its stature and movements, Dénoceras probably resembled
phant as much asany other existing form. = Its remarka-
skull, longer neck, and more bent fore limbs, gave it, how-
very different appearance from any known Proboscidian,
gh protuberances, or horn-cores, on the head, the long,
nt, canine tusks, and the peculiar lower jaw modified for
rotection, are features seen together only in this group.

36,

Freure 35.—Left fore foot of Dinoceras mirabile, Marsh,
Freure 36.—Left hind foot of the same. Both figures are one-fifth natural si

Tur Hino Liirss.

“The hind limbs of the Dinocerata have a general res
blance to those of Proboscidians, but the bones composing the
are comparatively shorter, and more robust. When the ani
was standing at rest, the posterior limb formed a strong
nearly vertical column.

“The hind feet in the Dinocerate were considerably sma
than those in front. * * * ¥ There were five digits, as in t
Proboscidians, and the axis of the foot was through the thir
or middle, digit. ~
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“The neck was long enough to permit the head to reach
ground, and hence a proboscis was quite unnecessary. *
horizontal narial opening, the long overhanging nasal bones;
the well developed turbinal bones, are likewise proof pos
against the presence of such an organ. Thereis some evid
of a thick flexible lip, resembling), perhaps, that of the exist
rhinoceros.

“The remarkably small brain, and the heavy massive lim
indicate a dull, slow-moving animal, little fitted to withst
marked changes in its environment, and hence it did not suj
vive the alterations of climate with which the Eocene pe
closed.

“Both the animals chosen for these two restorations:
evidently males, as shown by the lofty protuberances, or hop
cores, on the skull, and the powerful canine tusks. In
females, these parts are but feebly developed, as shown in
specimens described in the preceding chapters. The in
nals here restored were certainly thrice-armed, and well*fi
to protect themselves, and their weaker assocthtes, from an
their Eocene enemies.

“The exact form and nature of the offensive weapons w
surmounted the head of the Dinocerata cannot, at presen
determined with certainty. That the paired osseous eleva
seen on the skull in all the known species of this group d
support the kind of horns seen in the typical Ruminan
evident from their external surface, which lacks the vas
grooves so distinet on the horn-cores of those animals.

“ Possibly, the Dinocerats may have been armed with
similar to those seen in the American antelope %Antz'loca
since, in this animal, the horn-cores are even smoother than i
order here described. More probably, however, the bony:
tuberances on the skull were covered with bosses of thic
hard enough to be effective in combat. Evidence of
contests has apparently been recorded in the injuries to
horn-cores of some individuals, received during life. Norx
the covering of these elevations, or horn-cores, has, of cv
been preserved ; yet a fortunate discovery may, perhaps, r
their nature by the form of a natural cast, as the eye-ba
the Oreodon is sometimes thus clearly indicated in th
Miocene matrix which occasionally envelops these animals;

“The short robust feet of the Dinocerata were dou
covered below with a thick pad, as in the elephant, since
whole under side of the foot clearly indicates such a prote
No portion of this covering has been preserved in anyof
known specimens, and no foot-prints indicating its form
been discovered, in the Eocene deposits in which the b
erate were entombed.” :

ize of T%noceras ingens, as he stood in the flesh, was
welve feet in length, or sixteen measured from the
the end of the tail. The height to the top of the back
ut six and one-half feet, and the width across the hips
five feet. The weight, judging from that of existing
mals, was about six thousand pounds. !

inoceras mirabile was about one-fifth smaller. The neck

onger, but, in other respects, the proportions were nearly
me.

"oncluding chapter, X1V, contains a full discussion
genealogy of ungulate mammals in general, and the
wof the Dinocerata to other groups. We quote as

present knowledge of the Mammalia, living and extinet,
ndicates that they must go back at least to the Permian,
generalized mammal of that period, or of still earlier time,
probably quite small, and, in many respects, like an Insecti-
is primitive type would naturally possess all the
c,hz;racters found in later forms in the various orders
mals, ' ‘ ’ o
eneralized mammal would belong to the group named
rie by Huxley, who haslaid a sure foundation for in-
on in this line of research. : ‘
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Genearoay or UNeuLarss, i figure 38, above, a diagram is given, which shows graphi-
“ From this primitive type of mammal, a special line appay hese lines of descent, and the most probable genealogy of
ently led off through the Triassic and Jurassic to the Cretae ngulates. The diagram, being on a plane, can only
where it formed a well-marked group, which may be callgl W the general position of these divergent lines,
the Protungulate, the probable ancestors of all suceeed rom this %roup came off, evidently in the late Cretaceous,
ungulate mammals, he Coryphodontia, having nearly all the above characters,
“T'rom this generalized ungulate, the skeleton of which: ecoming extinet in the early Eocene. _
now know almost as well, apparently, as if we had it beforeu Ye Dinocerate plebablﬁ branched off about the same time,
direct line would appear to have continued up to the pres urvived to the middle Eocene, thus becoming much more
day, and be represented by the living Hyrax. Several dive lized before their extinction. o
ent lines passed off probakly from the same stem, and three ceepting this general view of the origin of the Ungulates,
these have continued to the present time, the survivors be -and extinet, their clagsification has been outlined in the
the Proboscidia, the Artiodactyla, and the Perissodactyl tam on page 200. . ' o
he attempts hitherto made to give a detailed classification
38. the Mammalia, living and extinct, have signally failed,

Recent. Prob. Horac. At Periss hecause only a small part of even the extinct forms now
Quaternary. \ / ere included, and almost every new discovery tended
' Mastodon : down the definitions so systematically recorded. The
Pliocene. N Dinotherium ‘ such an exhaustive classification has not yet arrived,
‘ hat can be safely ventured upon in the present state of
v Miocene Oreddon : ge is to indicate the main groups and their affinities,
g o Br0/1 otherium t future discoveries. , : .
i ' [/ uding the aberrant, aquatic, Sirenians, now regarded as
i 7 (=] b q ’ g
= | i Diplacodon 3 . . ? ]
‘ : : DirYoetds : ate ancestry, and leaving out also Zoxodon and other
Eocene. ' ’l / wn extinet forms, the ungulate mammals may then be
Q@ in natural groups, as follows :
- b > o : OLASS MAMMALIA.
) y etylais £-2 :
Amblydagtyle)j fotodacty Sub-Class MONODELPHIA.
Crotaceons 3 ;/ ' Super-Order UNGULATA,
' / rder Hyracoidea.
, Protungulata ) Order Proboscidea.
G : . { Dinocerata.
Turassic. rder Amblydacty la { Coryphodontia. '
rder Olino dacfyla Mesaxonia (Perissodactyla).
Priassic, ' Paraxonia (Artiodactyla).
characters found in existing mammals, and, to a great
Permian. O Hypotheria n the extinct forms from the Tertiary to the present

clearly of two kinds; general characters, derived
stral forms, and special characters, acquired in adapta-
heir environment. Some of the latter may be negative
rs, acquired by the disuse, or loss; of parts once advan-

FIGURE 38.—Diagram to illustrate the genealogy of Ungulate Mammals

“Another order, also, which may be termed the Ambly
tyla, passed off apparently from the main ungulate stem
Cretaceous, and became extinct in the Eocene. One bran
minated in Coryphodon, in the lower Eocene, and the .
represented by the Dinocerata here described, came to an
in the middle Focene.

first series of characters are of most importance, as
cate a genetic connection,. perhaps remote, with the
groups that share them. Special characters, on the
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other hand, however closely they may correspond in d
groups, do not necessarily indicate aflinities, but may have
acquired by adaptation to peculiar surroundings,in groups
distinet from each other. o
“These facts lie at the foundation of classification, and
only by keeping the two series of characters separate, th
true relationship between different groups of animals can
made out, and thfir genea}eogy 1nd1§ated Wlt}; any pro}gab
#* I .

lhe position of the axis is the distinctive feature between
o types of feet, and not the number of toes, as the
usually applied to them indicate. In this respect, the
Artiodactyl and Perissodactyl are misleading, and hence
mes Parazonia and Mesaxonia were proposed by the
or; as substitutes, to express the true axial relation.
.) In the further reduction of the perissodactyl foot, the
fth' digit, being shorter than the remaining three, next left
ground, and gradually disappeared. Of the three remain-
es, the middle, or axial, one was the longest, and retaining
premacy, as greater strength and speed were required,
lly assumed the chief support of the foot, and the ounter
eft the ground, ceased to be of use, and were lost,
t ag splint bones. The foot of the existing horse shows
example of this reduction in the Perissodactyls, as it

MoODIFICATION oF THE UNGULATE Foor.

“In the true ungulate mammals, the modifications of th
have undoubtedly taken place very mnearly in the foll
manner : »

(1.) The primitive Ungulates (£rotungulata) must hav
plantigrade, pentadactyl, feet, with the carpals and tarsa
interlocking either with the metapodial bones, or with;
own adjoining series. This would give a weak foot, ad d f th : oy
especially to progression in soft, swampy ground. : : d-and fourth doing all the work, and thus increasing

(2.) For locomotion on dry hard ground, a stronger fog
required, and a modification soon took place, in the inte
ing of the metapodials with the second row of carpal |
sals that supported them. Examples of mnearly this stag
seen in the fore feet of Coryphodon, and of Dinoceras as
in figure 36.
® (3g) A still stronger foot was produced by the further
locking of both the first and second row of carpals and ¢
as well as the latter row with the metapodials below..
general type of foot belongs to the [olodactyla, and i
also in some of the early Perissodactyls. .

During these two stages of modlﬁpatlon, a reductio
number of digits also took place, evidently as a resul
same causes. The first digit, being the shortest of the
soon left the ground, as progression on dry land with the
tigrade five-toed foot began, and was gradually lost.

The four remaining digits, having to do the work ¢
were strengthened by the iﬂterlockmg already mentione

coming nearer together. . 3
a,ls&gyln the %ext chang% that took place, two kinds of
tion began. One leading to the existing perissodactyl fo
the other, apparently later, resulting in the artiodactyl
In the former, the axis of the foot remained in the mi
the third digit, as in the pentadactyl foot. In the la
shifted to the outer side of this digit, or between the thi
fourth toes. An example of the former,is seen in the fg
of Brontotherium, while Oreodon shows the latter type.

ssodactyl foot, first left the ground, and became smaller.
¢ second soon followed, and these two gradually ceased
nctional, or were lost entirely, as in some of the Artio-

of to-day. The foot of the goat shows this extreme
1. .

Exrincrion or Larce MamMMaLs.

g the Mesozoic period, all the mammals appear to have
s and it is not probable that any of large size existed,
n life then reigned supreme. With the dawn of the
a new era began, and mammalian life first found the
ns for its full and rapid development. -
he lower Eocene, the largest:land mammal was Cory-
more than' the equal, in size and power, of any of the
of that time. inoceras and its allies; in the middle
were much larger, and were clearly the monarchs of
gion in which they lived. In'the upper Eocene, Dipla-
bout the size of the rhinoceros, was the largest mam-
each of these three died out in the period in which it

e base of the Miocene, the huge Brontotheride, nearly
‘a8 the elephant, suddenly appear in great numbers.
mained for a short time the dominant land animals,
became extinet. S

roboscidians were the giants of the Pliocene, and
supremacy in size to-day, but are evidently a declining
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«The cause of the successive disappearance of each gro
these large Tertiary mamnals is not difficult to find.
small brain, highly specialized characters, and huge bulk
dered them incapable of adapting themselves to new
tions, and a change of surroundings brought extinction. -
existing Proboscidians musé soon disappear, for similar reas
Smaller mammals, with larger brains, and more plastic st
ture, readily adapt themselves to their environment, and
vive, or even send off new and vigorous lines. .

“The Dinocerdta, with their very diminutive brain, fi
characters, and massive frames, flourished as long as the co
tions were especially favorable, but, with the first geolog

change, they perished, and left no descendants.
* * * * * * *

1. XXVIL.—On Taconic Rocks and Stratigraphy, with a Geo-

gical map of the Taconic region (Plate II); by Jamms D.
ANA, v

N my papers of 1878 and 1877,* on the Limestone, Schists
Quartzyte of the Taconic region, I present evidence 1
om the facts illustrated by various stratigraphical sections, g2)
om the continuity and common features of the conformable
ries of these rocks from north to south, and (8) from fossils

isting (as made known by others) in some of the beds, that

e rocks are (A) of one system ; and (B) of Lower Silurian

e; and (C) have the Taconic schists as the upper member of
e series.

n my work I made no attempt to map the region, since the
tin view was stratigraphical, with special reference to the
logical canon,” and its illustration did not seem to
nd it. The evidence presented has been questioned on .
ground (1) that the continuity of the system is not clearly
blished, and (2) that the relation of the quartzyte to the
ocks is not fully worked out. In order to remove as far
¥ be, the uncertainties on these points, I began over three
since, a new study of the region, with reference to its
aphy and geological structure, and the details required
he construction of a geological map. Two papers in the
olume of this Journal contain results derived from this
investigation. In the paper here begun I present the
gathered bearing on the constitution and stratigraphical

CLASSIFICATION.

“The Dinocerata now known may be placed in three g
Dinoceras, Tinoceras, and Uintathestum. These may be;
rated by characters of the skull, vertebree, and feet.
are also indications of several intermediate forms, Whlch
perhaps, be found to represent sub-genera, when add
specimens in good preservation are .secured for comp
Twenty-nine species may be distinguished, mainly by th 7
alone, which, at present, offers the best distinetive characte

Sub-order DINOCERATA, Marsh,
- Family TixocERATIDZE, Marsh.

Uintatherium, Leidy. Dmoc}f’“‘f: i\aarsh. Te;ﬁ?":ﬁﬁ;ﬁ ns of the rocks, and on their distribution and geograph-
r{f)%t};;' t};:al;;}glifé four. E?)%tgégrérmzla?‘;ihree. Lowe{'premo_lar ; lations, an?l llluls)tratfa the subjects by means of the pre-
Base of canine tusk, |Base of canine tusk, |Base of canine N map as well as by diagrams. i

nearly vertical. nearly vertical, horizontal. region is that of the Taconic rocks as first laid down by
Parietal protuberance, | Parietal protuberance, sor ibenezer Emmons—these rocks including according

above post-glenoid a?gg:SSPOSt'glenmd _original enunciation of his system: (1) The Taconic
Celz'l;voiggbis.vertebrae, of Cell)'vicalt‘vertebrae, less Ce;'}f(i)géal verteb r, gf tlae.v Tgcon}g range and of the bsu?ordinate f?‘idges
Lanas. ariowliing | Linat, sviioulating | Lunar. ot artcu 0 tho east aiil wost sides of the. Tacons. Bange, i

with trapezoid ? with trapezoid, with trapezoi : ! 18¢

quartzyte adjoining or within the limestone area.

“investigations have extended over Berkshire county
ssachusetts, Salisbury and Canaan in Connecticut, and
ompletely over Pownal and Bennington, Vermont, and
joining eastern border of the State of New York. This
‘the whole of the true Taconic region, as it continues
ard to central Vermont; but it comprises the portion

was the special subject of Professor Emmons's earlier
gations.

* This Journal, II1, v, vi, 1873, and xiii, xiv, 1877,
OUR, ScL.—THIRD SERIES, VoL, XXIX, No. 171.—MARoH, 1885,
14 :

« These three genera clearly represent three stages of d
ment of the Dinocerata, and these stages correspond
successive horizons of the middle Eocene in which the r
of these animals were entombed. Uintatherium, th

eneralized type, is found at the lowest level; Dinoc
%rom a somewhat higher stratum; and 7 noceras, th
specialized of all, oceurs in the latest deposits.

~ In the Synopsis which follows this chapter, a system
of all the species of the Dinocerata is given in detail,

volume closes with a Bibliography of the important lite
L.
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