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INTRODUCTION

The present paper is intended to supple-
ment, revise and complete the earlier re-
ports on the Mongolian titanotheres pub-
lished by Henry Fairfield Osborn in 1923,
1925 and 1929. At the time of his studies
on the group only a part of the material
now available had been worked out of the
matrix. The entire collection studied by us
includes some 141 catalogued specimens,
including thirty-seven skulls and seventy
lower jaws.
As shown in Osborn's monograph (1929),

the earliest known American members of
the family (Lambdotherium, Eotitanops)
appeared at the close of the lower Eocene.
They were relatively small animals rang-
ing from the size of a whippet hound to
that of a sheep. In the succeeding middle
and upper Eocene ages their descendants
attained a wide diversity of genera and
species and ranged in size up to that of a
large rhinoceros. In the lower Oligocene
some titanotheres surpassed even the larg-

1 Deceased September 6, 1941.
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est existing rhinoceroses in size and ac-
quired bizarre specializations in the paired
"horns," which consisted of prolongations
of the naso-frontal roof, covered with
tough skin. Meanwhile the crown pat-
terns of the upper premolars had changed
from a condition of relative simplicity,
with two or three principal cusps, to stages
of increasing complexity in which the
crowns of the third and fourth upper pre-
molars finally acquired four main cusps
but not a completely molariform pattern.
Closely correlated but less conspicuous
changes were observed in the lower pre-
molars.
Osborn divided the American titano-

theres into many "phyla," or lines of
ascent, and in several of them he was able
to follow the successive stages of evolution
with only small breaks or intervals, at least
for part of the entire record. But there
were also a number of larger gaps appar-
ently caused by the extinction of particu-
lar lines in the known American localities,
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Granger and Gregory, Revision of Mongolian Titanotheres

SHARA MURUN REGION
Houldjin
Ulan Gochu
Shara Murun
Irdin Manha

S.W.

HOLY MESA
Houldjin
Ulan Gochu
Shara Murun
?Irdin Manha

CAMP MARGETTS 1930
Houldjin
Irdin Manha

IREN DABASU
Houldjin
?Irdin Manha

*N.E.
Fig. 2. Correlation of Mongolian formations containing titanotheres. See Fig. 1.

OLIGOCENE
Houldjin Gravels Metatitan,* Embolo-
= Baron Sog (type loc.) therium, Hyotitan
Unconformity
Ulan Gochu (type loc.) Embolotherium
? = Ardyn Obo Parabrontops

Titanodectes
No unconforrnityr observed

UPPER EOCENE
Shara Murun (type loc.)

Irdin Manha
= Ulan Shireh (type loc.) t
= Tukhum (type loc.)

Rhinotitan kaiseni
Rhinotitan andrew8i
Rhinotitan mongo-

liensis
Titanodectes
Microtitan
Epimanteoceras
Gnathotitan
De8matotitan
Metatelmatherium

MIDDLE EOCENE
Arshanto

* Metditan has been found in the Houldjin
Gravels only in the Camp Margetts region,
where it is abundant.

t The type locality of Ulan Shireh is some
fifteen miles north of Baron Sog Lamasery.
The type locality of the Tukhum beds is fifteen
miles west of the Lamasery, where they underlie
the typical Shara Murun beds. These two
localities, together with the Urtyn Obo exposure
fifteen miles to the eastward, are all included
in the "Shara Murun region."

Fig. 3. Section and faunal sequence in Shara
Murun region.

followed by the appearance of other races
which had presumably come in to western
North America as immigrants from some
other center or centers of evolution of the
family.
The Mongolian titanotheres, as far as

now known, indicate that there was a
limited, though at times close connection
between the Mongolian and American
branches of the family. Apparently some
of the descendants of the middle Eocene
American species Telmatherium cultridens
gave rise to the upper Eocene American
"Telmatherium" ultimum, and this in turn

is extremely close to the Mongolian form
which we are calling Metatelmatherium
cristatum and which may therefore be the
descendant of American ancestors. The
last named species is found in Mongolia in
the Irdin Manha formation, which may be
of upper Eocene age.

Other Mongolian genera (e.g., Protitan
and its allies) of Irdin Manha times have
every mark of descent from middle or
upper Eocene American ancestors: either
Manteoceras, the prophet-horned titano-
there, or the closely related Telmatherium
cultridens.

In the succeeding Mongolian formation
(Shara Murun) the form named Protitano-
therium mongoliensis by Osborn, although
indirectly related to the American upper
Eocene genus Protitanotherium, appears
upon further study to be derived from the
earlier Mongolian genus Protitan, while
Osborn's Mongolian "Dolichorhinus" is
now seen to differ from its American ana-
logue, the true Dolichorhinus, in the very
characters in which it agrees with other
Mongolian forms. It would appear there-
fore that the Mongolian titanotheres of the
Shara Murun formation were really in-
digenous to that country, while paralleling
their American cousins in certain conspicu-
ous features. Similarly all the later Mon-
golian forms of the Ulan Gochu and Hould-
jin formations, even though certain of them
were referred by Osborn to the American
genera Brontops and Menodus, now appear
in the light of fuller material to be local
derivatives of earlier (Shara Murun)
Mongolian forms named by us Rhinotitan,
Titanodectes.
On the other hand, so close is the resem-

blance in the cheek teeth between the Mon-
golian genera Parabrontops and Metatitan
and the American genera Brontops and
Menodus that it is hazardous to ascribe this
all to parallelism, and these American

1943] 351



Bulletin American Museum of Natural History

genera may indeed represent a reflux of im-
migration from Mongolia, especially in
view of the fact that other palaeontological
evidence suggests that Mongolia in upper-
most Eocene times had faunal connections
with both Europe and western North
America.
The Mongolian titanotheres are remark-

able for their wide diversity in general size.
For example, in Microtitan, the smallest
known Mongolian titanothere, the adult
lower molars (Fig. 5) measure 103.5 mm. in
length, while in Gnathotitan the correspond-
ing measurement is 235 mm. Secondly,
there is an even greater range in the magni-

in such details as might ordinarily be re-
garded as specific characters. The result
is that the number of named "genera" and
"species" is large in proportion to the num-
ber of known specimens, and it is a safe
prediction that future collections from the
same region, while broadening still further
the diversity of the group, will make it more
difficult to separate some of the "species"
and "genera" now tentatively recorded as
distinct.

In brief, the Mongolian titanotheres are
of considerable biological interest because
they give us such a clear picture of evolu-
tionary progress and because they illus-

OIL HOULDJIN kotitan A'etatitan Enbolotherium
(CDZ

ULAN Emibolot/eriurn
o()I G OCHUPar|rotop\s 7 tan

SHARA E\'BOLTh'tRIJi\E
MURUN Rhinoti\tan /

X | IRDIN XET-A iELA ,'IzlE EPIAWIVEOCERAT7ZJMAE
Z MXANHA RAtetatelmatLeritumn Eimanteocems Promttan Do/whon'unoide Gnzt/woti
ZL |AN=A De~totiie oti\antan

O UINTA 7e-matheriwn t-o Brontops

UPPERIeim\ .thotieanotherlinLOl UPPER Iiteru/ tanteocerasBRIDGER cultride manteoceras

LOWER P A 'E S OPI
BRIDGER Lirnnohyops priscus

Fig. 4. Provisional phylogeny of the Mongolian titanotheres (W. K. G.).

tude of particular parts: for example, in, trate: (a) retarded evolution in their
Titanodectes ingens the width of the sec- paired naso-frontal horns; (b) conservatism
ond lower incisor crown is 27.5 mm.; in in the retention of three incisors on each
the nearly contemporary genus Parabron- side, both in the upper and lower jaws,
tops the homologous measurement may be together with (c) extremely wide varia-
as low as 6.5 mm. Even among closely re- bility both in size as a whole and the rela-
lated forms these two factors (differences tive size and proportions of any given part
in general size and differences in the pro- of the skull and dentition; (d) the effects
portional emphasis of particular parts) of long continued isolation in encouraging
have produced a baffling array of varia- the production of new and peculiar speciali-
tions of uncertain taxonomic value, so that zations, as in the genera Metatitan, Titano-
in the case of several genera (especially dectes and Embolotherium; and finally
Protitan, Rhinotitan and Embolotherium) (e), the Mongolian titanotheres, when
among the large number of lower jaws, viewed in'the light of what is already known
even in the case of those from the same of their relatives in America, indicate that
horizon, hardly any two are exactly alike while the earliest known home of the family
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was in America in the lower Eocene, cer-
tain branches of the family spread to
Mongolia just before the upper Eocene
and some of their descendants in turn went
.back to America perhaps before the begin-
ning of Oligocene times. But all branches
of the group became extinct before the
close of the Oligocene.
For the sake of clearness and convenience

our present interpretation of the interrela-
tionships and subfamily classification of the

connections between Mongolia and western
North America to make possible the spread
of the family from the former to the latter
country. Mongolian Epimanteoceratinae
show a wide range in the characters of the
skull and dentition, but the later ones all
show an extreme widening of the occiput
which is unlike anything found in their
American cousins. The naso-frontal horns
in this group range from almost nothing in
Dolichorhinoides to the massive oval swell-

I f,

Fig. 5. Progressive increase in length of lower molars in Mongolian titanotheres.
indicate relationships.

Mongolian titanotheres is summarized in
Fig. 4. The diverging lines of Mongolian
titanotheres may be grouped under three
subfamilies, as defined below. Metatel-
matheriinae, as far as known, are character-
ized by their retention of a sagittal crest on
the skull, by the lack of naso-frontal horns,
by the progressive widening of the lower
premolars and shortening of the third lower
molars. It is certain that the Mongolian
Metatelmatherium was closely related to
the American Telmatherium ultimum and
that there must have been some geographic

ings of Parabrontops. The incisors in this
subfamily range widely from the primitive
condition of fairly large size, on the one
hand, to extreme reduction (Parabrontops),
and on the other to marked enlargement
(Rhinotitan). In Metatitan, the last of the
entire family, the occiput is extremely
broad, but the horns remain very small.
The incisors are small.
The third subfamily (Embolotheriinae)

seems to have been derived either from
Rhinotitan or from some closely related
genus. The nasals grew very large and

Houldjir -

UlaGGochu L U4f.--

SharaMurun - - iuov; - l

IrdirL Manha O on T - -_ - -

OIO'eI~ d I!OIm 2

Broken lines
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were upturned. The opposite horns were
connected by a transverse connecting crest
and grew far forward, while the free por-
tion of the nasals was eliminated (Fig. 7B,
D). Meanwhile the very large permanent
incisors failed to come into place and were
retained in the alveolar portions of the jaws,
at least in some specimens (Fig. 11).
The photographs of skulls here repro-

duced were made by Mr. Julius Kirschner.

In preparing and assembling the measure-
ments given below we have been ably aided
by Mr. G. Miles Conrad, Assistant Curator
in the Department of Comparative Anat-
omy.

Unless otherwise noted, all specimen
numbers refer to the catalogue of fossil
mammals of The American Museum of
Natural History. Measurements are in
millimeters.

SYNOPSIS OF MONGOLIAN SUBFAMILIES AND GENERA

1.-METATELMATHERIINAE: Skull mesaticephalic,
zygomata sharply decurved and widely
spreading in middle; naso-frontal horn
swellings absent or feebly developed;
sagittal crest undivided; third upper and
lower molars short and broad, P3, P4
relatively wide.

Metatelmatherium: Lowef jaw with in-
curved angular region and not en-
larged incisors. Irdin Manha.

Desmatotitan: Lower jaw with wide
spreading incisors and wide p3, P4.
Irdin Manha.

Hyotitan: Lower jaw with small in-
cisors, very large erect canines, long
posteanine diastema, wide, heavily
cingulate p3, P4, short broad m3.
Ulan Gochu.

2.-EPIMANTEOCERATINAE: Skull mesati- to
dolicho- or brachycephalic, zygomata not
so sharply decurved and wide spreading
in middle; posterior zygomatic vertical
processes usually present. Naso-frontal
horn swellings with elongate oval base;
sagittal crest divided into paired temporal
crests; third lower molars elongate.

Epimanteoceras: Skull mesaticephalic,
horn swellings small, nearly above
orbits; auditory groove open below;
p3, p4 with well developed tetarto-
cones, upper molars but little
elongated anteroposteriorly. Irdin
Manha.

Protitan: Skull mesaticephalic, horn
swellings small, well in front of
orbits; auditory groove open below;
p3, p4 with little or no tetartocone,
upper molars slightly elongate antero-
posteriorly; P2-P4 typically com-
pressed. Irdin Manha.

Dolichorhinoides: Skull dolichocephalic,
with slight naso-frontal convexities
and long nasals; upper molars
elongated anteroposteriorly; p3, p4
with tetartocones. Irdin Manha.

Microtitan: Skull unknown; upper
molars elongate anteroposteriorly,
p3, p4 transversely narrow, without
tetartocones; lower premolars mark-
edly compressed, lower molars with

U-shaped proto- and hypoconids
Irdin Manha.

G(nathotitan: Skull very dolichocephalic,
probably not fundamentally different
from that of Dolichorhinoides; upper
molars excessively elongated antero-
posteriorly; upper premolars wide,
without tetartocones. Lower jaw
enormous, with excessively deep
ramus, long, sharply upturned sym-
physis, relatively large spoon-shaped
incisors, and excessively elongated
m3. Irdin Manha.

Rhinotitan: Skull dolichocephalic, with
long, somewhat upturned nasals
usually having inrolled lower margins;
auditory groove beginning to be
closed below; naso-frontal horns
small; occiput wide but little if at
all produced behind occipital con-
dyles; p2_p4 relatively advanced,
with prominent tetartocone ridge or
small tetartocones; lower jaw with
large incisors and more or less incisor-
like canines, forming a spatulate
series; P3-p4 relatively large and
advanced, m3 moderately elongate.
Shara Murun.

Pachytitan: Closely related to Rhino-
titan but with stout naso-frontal horn
swellings and massive, gently up-
turned nasals with strongly inrolled
lower margins. Shara Murun.

Parabrontops: Skull much as in Meta-
titan, but horns larger; upper pre-
molars advanced, with strong in-
ternal eingula, upper molars broad
with accessory cristae and crenulate
enamel; upper incisors small. Lower
jaw stout, with minute nubbin-like
incisors. Ulan Gochu.

Metatitan: Skull brachycephalic, with
excessively broad, nearly flat occiput;
auditory groove closed below by
flanges from posttympanic and post-
glenoid processes; horns small, with
transverse connecting region; nasals
wide and relatively flat, zygomata
expanded slightly at posterior end,
postzygomatic vertical processes con-

354 [Vol. LXXX
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spicuous; upper and lower molars
large, crowding the relatively small
premolars, the latter, however, rela-
tively advanced; upper incisors small
and nubbin-like, arranged in a flat
transverse row; lower incisors small
but not minute; lower postcanine
diastema crowded out; lower molars
not greatly elongated anteropos-
teriorly. Ulan Gochu, Houldjin.

3.-EMBOLOTHERIINAE: Skull brachycephalic,
with widely expanded zygomata; naso-
frontal region upturned and forming an
enormous "battering-ram"; auditory
groove closed below; second and third
upper molars very wide, upper premolars

DESCRIPTIONS OF SUBFAMI]

Metatelmatheriinae, new subfamily
Skull mesaticephalic, zygomata sharply de-

curved and widely spreading in middle; naso-
frontal horn swellings absent or feebly developed;
sagittal crest undivided; third upper and lower
molars short and broad, P3, P4 relatively wide.

METATELMATHERIUM, GRANGER AND
GREGORY'

GENOTYPE.-Metatelmatherium crista-
tum.
REFERRED SPECIEs.-Telmatherium ulti-

mum Osborn.
GENERIC CHARACTERS.-Skull long, nar-

row and high; zygomata large, deep, de-
curved, middle portion widely arching
transversely but without buccal swellings,
infraorbital portion with prominent longi-
tudinal fossa for insertion of suborbital por-
tion of masseter; supraglenoid processes of
zygomata rounded, not acuminate; sagit-
tal crest present, high, undivided, lamb-
doidal crests thin and prominent, the occi-
put as a whole being relatively high and
narrow; free nasals, short, not upturned,
subnasal notch short; naso-frontal horn
swellings absent or at most feeble; frontals
transversely arched with relatively small
and pointed postorbital processes; supra-
orbital portion of frontals not forming a
projecting shelf above orbits; preorbital
surface of maxilla anteroposteriorly short
and bearing a large shallow depression in
front of the infraorbital foramen; postgle-

1 1938, Bull. Amer. Mus. Nat. Hist., LXXIV, Oct.
14, p. 435. Addendum to "Fossil Mammals from
Burma in The American Museum of Natural History"
by E. H. Colbert.

advanced; lower premolars advanced;
third lower molar very large, elongate.

Titanodectes: Very large lower jaw
with enormous incisors and relatively
small canines; cheek teeth close to
those of Embolotherium. Shara
Murun, Houldjin.

Embolotherium: Upper incisors and
canines typically greatly reduced in
size (possibly representing retained
deciduous teeth), arranged in a
spatulate series in the reduced pre-
maxillo-maxillary rostrum; lower
incisors and canines the same, like-
wise with very large successional
incisors buried in the jaw. Ulan
Gochu, Houldjin.

LIES, GENERA AND SPECIES

noid processes located relatively far back,
near the occipital condyles, which are rela-
tively delicate; basioccipital narrow, with
high median keel and very prominent
tubera basioccipitalia; upper incisors 3,
large, heavily cingulate, il almost subca-
niniform, with a relatively high, recurved,
pointed tip; upper canines large, with high,
tapering, recurved crown and sharp anterior
and posterior cutting edges, the roots in
the male skull being extremely massive;
a short postcanine diastema; pl relatively
large, not compressed, with broad posterior
lobe; p2, p3, p4 close to those of M. ulti-
mum, except that the relative width of p4
is less, P3 with low tetartocone ridge, p4
without recognizable tetartocone; upper
molars all relatively wide, much wider than
in Protitan or Epimanteoceras; lower jaw
short, deep and relatively thick (in male
type), with gently inflected angular region
and short space between m3 and the low
coronoid process; lower-incisors (at least in
male) relatively small, strongly procum-
bent, arranged in a nearly transverse row;
lower canines with very massive roots and
recurved, suberect crowns; a prominent
postcanine diastema and apparently a short
diastema behind pl; pi with thick oval
crown; lower molars short anteroposteri-
orly; P3 with talonid decidedly wider than
trigonid; cusps of cheek teeth conic,
swollen, cheek teeth with external cingula
faint or absent.
REMARKS.-The type skull of Telma-

therium ultimum Osborn from the Uinta

19431 355
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(upper Eocene) of North America so closely
resembles the type of our Metatelmatherium
cristatum in all aspects that one can barely
discover specific differences betwveen them,
while their congeneric relationship becomes
more evident the longer they are studied.
Why then are we proposing to erect a new
genus Metatelmatherium for the reception of
these two skulls instead of referring them
both to Telmatherium? The answer is that,
in our opinion, they represent a distinct
generic stage characteristic of the upper
Eocene of North America and Mongolia, a
stage which is much larger and has more ad-
vanced premolars than the true Telma-
therium, which we reserve for the middle
Eocene forms Telmatherium validum Marsh
and Telmatherium cultridens Osborn, Scott
and Speir.

Metatelmatherium cristatum, new
species

Plate ii, figures A, B, C; Plate iii, figures A, B
HOLOTYPE.-Amer. Mus. No. 26411, a skull

and lower jaw.
HORIZON AND LoCALITY.-Irdin Manha,

Camp Margetts.
SPECIFIC AND INDIVIDUAL CHARACTERS.-

Size larger than that of M. ultimum; basal
length, 585 =; transverse zygomata, 330 -;
pL-m3, 233; pl very large, roundly compressed;
p2 large, asymmetric; p3, p4 moderately wide
with but slight cingulum; anterior border of
orbit to front of canine, 190, in M. ultimum,
160; occiput relatively broad, height estimated,
190, width at base, 220, index, 86 (in M. ultimum
the corresponding measurements are 194, 137,
70). Lower jaw differing from that of M.
ultimum in its short, low, broad, coronoid proc-
ess, relatively deeper ramus, longer and more
sloping symphysis; pa relatively wider than
in Epimanteoceras, relatively less wide than in
Desmatotitan (see Tables I-IV).
REMARKS.-This species is distinguished

from Protitan grangeri by the generic
characters given above, especially those of
the zygomatic arch, occipital crest and
broad m3. P3 is notable for its relatively
wide talonid, and m3 is notably shorter than
in E. grangeri.

Metatelmatherium parvum, new species
Plate iII, figures C, D

HOLOTYPE.-Amer. Mus. No. 20168, a frag-
ment of a left lower jaw, with p3, P4 complete
and adjacent alveoli of ml and p2-
HORIZON AND LOCALITY.-Irdin Manha.

SPECIFIC CHARACTERS.-A small Irdin Manha
titanothere with relatively wide talonid on p3
but with a relatively wide trigonid on P4, this
combination appearing to ally it with Metatel-
matherium rather than with Protitan (see Table
III); external cingulum feeble or absent; pre-
molars much wider than in Microtitan, smaller
than in Protitan, not so wide as in Desmatotitan.
REMARKS.-This puzzling specimen ap-

pears to be more or less intermediate, as far
as it goes, between Metatelmatherium and
Desmatotitan; it also recalls Protitan. This
fact, together with the excellent preserva-
tion of p3, P4 in the type, must be our apol-
ogy for basing a specific name on such a
small fragment.

DESMATOTITAN, NEW GENUS
GENO,rYPE.-De8matotitan tukhumensis.
GENERIC CHARACTERS.-Relatively small Me-

tatelmatheriinae, Mongolian Eocene; ma re-
markably short, with wide talonid and abbre-
viated hypoconulid; m2, ml with broad talonids;
p3 with very wide talonid and no metaconid;
p4 wide; external cingulum on p3-m3 strong;
incisors and canines relatively large, not unlike
those of Protitan grangeri and Telmatherium
cultriden8; jaw rather deep in middle but rising
gently to the spatulate incisor border; P1 ap-
parently separated by a considerable diastema
from p2.
REMARKS.-The name Desmatotitan is

given in allusion to the more or less an-
nectant characters of this form between
Telmatherium cultridens and Metatelma-
therium cristatum. Resemblances and re-
lationships with the type lower jaw of
Metatelmatherium cristatum are relatively
close, but presumably generic differences
from Metatelmatherium, its nearest ally,
are the much smaller and more slender
jaw, the relatively large spreading incisors,
the relatively larger p3, P4, and very wide
talonid on P3, the shorter and wider m3 and
the heavy external cingulum on p3-M3.
The type jaw and teeth are much too

small to fit the type skull of Epimante-
oceras formosus, although the wide premo-
lars are rather suggestive of that form.
This genus, although probably derived
from Telmatherium cultridens, is much
more advanced in the evolutionary stages
of its premolars and in the relative width
of in3. The present genus differs most
widely from Gnathotitan in its relatively
short and wide mi3 and in the wide talonids
on P2-P4.
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Desmatotitan tukhumensis, new species
Plate iI, figures E, F

HOLOTYPE.-Amer. Mus. No. 21606, a lower
jaw, including the right ramus and entire
symphysis.
HORIZON AND LoCALITY. Ulan Shireh (= Ir-

din Manha) formation, four miles north of
Tukhum Lamasery, Mongolia.

SPECIFIC CHARACTERS.-In the absence of
other jaws of the same genus it is difficult to
distinguish between specific and generic charac-
ters (Tables III, IV).

HYOTITAN, NEW GENUS
GENOTYPE.-Hyotitan thomsoni. 1
GENERIC CHARACTERS.-Large persistent me-

tatelmatheriines of relatively late (Houldjin)
age; lower jaw with extremely large upcurved
lower canines, a long posteanine diastema and
narrow channel for the tongue, relatively short
and wide cheek teeth and small lower incisors;
symphysis long, sloping; front of jaw and
ramus (corpus) but little swollen; m3 with
external eingulum.
REMARKS.-This genus may well be a

successor of Desmatotitan, which it re-
sembles in general, especially in the short-
ness and width of its cheek teeth. It is ap-
parently excluded from close relations with
Protitan and Epimanteoceras by the great
relative width of the premolars and molars.
A similar conmbination of characters (in-
cisors 3, small, a long postcanine dia-
stema, advanced premolars andwide molars)
is found in the American species Eotitano-
therium osborni Peterson from the upper-
most Eocene.

Hyotitan thomsoni, new species
Plate iv, figures A, B

HOLOTYPE.-Amer. Mus. No. 26401, a lower
jaw.
HORIZON AND LOCALITY.-Camp Margetts,

Houldjin level.
SPECIFIC CHARACTERS.-Size much larger

than in Desmatotitan tukhumensis, pi-ma, mid-
length, 309, mi-m3, 187. (See Table III.)
Incisors much smaller than those of De8mato-
titan.
REMARKS.-Although this is one of the

latest of the titanotheres, it is relatively
primitive, that is, much more like the jaws
of Irdin Manha representatives of Protitan
grangeri than are the jaws of its highly

1 Named in honor of Mr. Albert Thomson, formerly
chief preparator of the Department of Palaeon-
tology, The American Museum of Natural History,
and member of the Central Asiatic Expeditions of
1928 and 1930.

specialized contemporaries, Metatitan and
Embolotherium.

Epimanteoceratinae, new subfamily
Skull mesati- to dolicho- or brachycephalic,

zygomata not sharply decurved or widely spread-
ing in middle, posterior zygomatic vertical proc-
esses usually present. Naso-frontal horn
swellings small or moderate in size with elongate
oval base; sagittal crest divided into paired
temporal crests; third lower molars more or
less elongate.
REMARKS.-A careful reconsideration of

the evidence leads us to the conclusion al-
ready put forward by one of us,2 that the
subfamily Manteoceratinae was much
more closely related in its basal forms to
the Telmatheriinae than was admitted by
Osborn.3 Unquestionably certain speci-
mens (Amer. Mus. Nos. 12193, 12194)
from the Bridger basin in Wyoming are
intermediate in character between Tel-
matherium cultridens and Manteoceras man-
teoceras, while certain Mongolian forms,
especially Protitan grangeri and Epiman-
teoceras formosus, show in their upper and
lower teeth most unmistakable evidence of
this double relationship.

EPIMANTEOCERAS, NEW GENUS
GENoTYPE.-Epimanteoceras formo8u&.
GENERIC CHARACTERS.-Mongolian upper

Eocene Epimanteoceratinae of moderate size
with small naso-frontal horns almost directly
above the eyes, more advanced than in Manteo-
ceras but less so than in Protitan and Protitano-
therium. Nasals long, with inrolled lower
borders, slightly expanded, transversely truncate
tip. Postorbital processes very large, frontal
region broad, flat. Opposite temporal crests
well separated. Occipital crests extending well
behind condyles. p2, p3, p4 relatively short and
wide, p3, p4 with well developed tetartocones.
M3 but little elongate anteroposteriorly. Ca-
nines (c?) very stout.

Epimanteoceras formosus, new species
Plate v, figures A, B, C

HOLOTYPE.-A nearly perfect skull, Amer.
Mus. No. 21613, lacking only the lower jaw.
HORIZON AND LOCALITY.-Ulan Shireh (= Ir-

din Manha), four miles north of Tukhum
Lamasery, Mongolia.

2 Gregory, W. K., in Osborn, H. F., The Titano-
theres of Ancient Wyoming, Dakota and Nebraska,
1929, U. S. Geol. Surv., Monogr. 55, I, p. 339, foot-
note.

3 Op. cit., p. 339.
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SPECIFIC CHARACTERS.-Upper incisors un-
reduced, canine roots extremely massive; over-
all tooth measurements not far from those of
Protitan granreri, but m3 less elongate, m2 wider
than long, p4 relatively much wider than in
P. granreri type; mlIm3, 157; postbanine
diastema short (23 +); no paired pits on inferior
surface of basisphenoid, postzygomatic "horns"
wanting; postglenoid located far forward. P'
with simple compressed crown, anterior root
large and inclined forward; p2 wide, somewhat
asymmetric, with very large deuterocone; p3
wide, subquadrate, with good-sized tetartocone
in worn state; p4 wide with large tear-shaped
tetartocone; m' small, squarish, m2 slightly
elongate, m3 relatively normal with snmall hypo-
cone loph separated from cingulum; secondary
postnarial rim short; no basisphenoid pits;
zygomata deep in middle; postorbital processes
large, conspicuous; horn swelling small, directed
chiefly outward. Lower jaw not known. The
distance from the anterior edge of p2 to the
hypocone fossa of m3 (about 225 mm.) should
be equal to the distance from the tip of the
hypoconulid of m3 to the tip of P2. None of the
available lower jaws from the Irdin Manha will
fit on this skull exactly (Tables V, VII).
REMARKS.-This is one of the best pre-

served of all known titanothere skulls. It
is distinctly advanced beyond the stage of
Manteoceras and in the direction of
Rhinotitan. It is readily distinguished
from the skull of Protitan grangeri by the
small size of the horn swellings, which are
almost directly above the anterior border
of the orbits instead of widely in front of
them. The upper premolars are unusually
wide and progressive.
A careful series of measurements of the

known dimensions of the upper teeth of E.
formosus indicates what the measurements
between the corresponding parts of the
lower teeth should be, as follows:

Inc. alv. to cond.
should be

Pa-m3 should be
MI-m3
Pa-p4 " "

P2-P4 " "
M3 .. ..6
M2 " "

P4 .. ..6
P3 4 4

..

P 4

E. formosus P. minor ref.
(Amer. Mu3.
No. 26410)

558 m11m. 440
250 240
163 162
86 90
73 78
66 72
56 48
40 38
24 24
19 22
25 21

Unfortunately no known lower jaw ful-
fills these requirements exactly, and this

circumstance tends to emphasize the dis-
tinctness of Epimanteoceras from allied
genera. However, Epimanteoceras is dis-
tinguished by the relatively great widths of
p3, p4, and the somewhat corresponding
widths of P3, P4 are to be found in Amer.
Mus. No. 20104, the type of Protitan
robustus. This jaw also suggests Epiman-
teoceras formosus in its large, robust, erect
canines, in its large lower incisors and well
marked postcanine diastema. The very
distinct tetartocones on p3, p4 imply the
presence of equally prominent entoconid
ridges on p3, P4. This character is absent
in jaws referred to Protitan grangeri, P.
minor and P. robustus but is well indicated
in jaws Amer. Mus. Nos. 26410, 26408 and
26415 from Camp Margetts, Irdin Manha
formation. Nevertheless no one of these
jaws will fit the type skull of Epimanteo-
ceras formosus, and we have referred them
on other grounds also to different species.

PROTITAN, NEW GENUS
GENOTYPE.-Protitanotherium grangeri Os-

born.
GENERIC CHARACTERS.-Mongolian epiman-

teoceratines, Irdin Manha formation; skull
mesaticephalic, with broad flat forehead; naso-
frontal "horns" oval, well in front of the eyes
and far anterior to the postorbital process;
nasals rounded distally and somewhat decurved,
not tubular; zygomata with prominent posterior
vertical processes; m3 moderately elongate
anteroposteriorly; p3, p4 with small or no
tetartocones. Basioccipital with low median
keel; lower incisors of relatively large size,
arranged in a spatulate row, lower postcanine
diameter long; pa very small, simple; p2 com-
pressed; p3 without marked expansion across
the talonid.
REFERRED SPECIEs.-ProtitLn robustus,

P. minor, P. bellus.
REMARKS.-The type of P. grangeri

differs from the type of Protitanotherium
emc rginotum especially in the lower jaw (see
table at top of next page).
The nasals of the type of P. grangeri are

more tapeiring, less truncate than those of
the type of P. emarginatum; its "horns"
are smaller and less elevated, upper incisor
teeth less reduced and less transverse in
position; upper canines much smaller (but
this may be due to a difference in sex).

These differences collectively indicate a
generic difference from the American
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Geological horizon
Lower incisors

Lower postcanine diastema
P1
P3
General size -
Symphysis

Protitan grangeri
Irdin Manha
Of relatively large size, arranged

in a spatulate row
Long
Very small, simple
Relatively shorter
Smaller
Massive

Protitanotherium emarginatum
Uinta
Much smaller, more transverse

Short
Large, more complex
Relatively longer
Larger
More slender

Protitanotherium, the latter appearing to be
on the whole more advanced in the direc-
tion of the smaller species of Brontops.

Protitan grangeri (Osborn)
Plate iv, figures C, D; Plate vi, figures A, B;

Plate vii

Protitanotherium grangeri OSBORN, Amer.
Mus. Novitates, No. 202, Nov. 24, 1925, p. 7.

Dolichorhinus olseni OSBORN, ibid., p. 10.
Manteoceras? irdinensis OSBORN, ibid., p. 11.

HOLOTYPE.-A well preserved skull and
lower jaw, Amer. Mus. No. 20103.
HORIZON AND LoCALITY.-Irdin Manha

formation, one-half mile south of the
Kalgan-Urga telegraph line.
REFERRED SPECIMENS.-Various speci-

mens from the Irdin Manha formation, es-
pecially the following: Amer. Mus. No.
20114, front of skull, including nasal bones;
Amer. Mus. No. 20120, mi-m3, right;
Amer. Mus. No. 20108, a right maxilla;
Amer. Mus. No. 20013, front of skull with
nasals; Amer. Mus. No. 26408, a lower
jaw; Amer. Mus. No. 20109, a lower jaw,
the type of Dolichorhinus olseni Osborn;
Amer. Mus. No. 20111, front part of lower
jaw, with incomplete symphysial region,
the type of Manteoceras? irdinensis Osborn.

SPECIFIC CHARACTERS.-The measure-
ments in Table V show that in the type of
P. grangeri, as compared with the other
species of the genus, the skull is relatively
wider across the zygomata, the third upper
molar is of intermediate breadth, the first
upper molar moderately narrow, P4 not
very wide. In the lower jaw the incisors
are large and spreading, P2, p3 compressed,
P3 with metaconid, P4 not wide and with
little or no external cingulum (Table VI).
REMARKS.-In the lower jaw of the type

of P. grangeri the symphysis is crushed
down, decreasing its true height and length-
ening the over-all measurement (Table VI,
incis. alv. to cond.) as well as the postcanine

diastema. Otherwise its dimensions agree
with those of P. olseni, except in m3 which
is somewhat shorter. On the whole, there-
fore, P. olseni (Amer. Mus. No. 20109) may
be regarded as synonymous with P.
grangeri.
The type jaw of Manteoceras? irdinensis

Osborn (Amer. Mus. No. 20111) is generi-
cally referable to Protitan. The alleged
shallowness of the symphysis is due to the
lack of its upper front part. In the dimen-
sions of its molars this jaw somewhat ex-
ceeds those of P. grangeri but does not
equal those of P. robustus. The type is a
poor fragment and may be regarded as
synonymous with P. grangeri which has
"page priority" in the original description
(Table VI).

Protitan minor, new species
Plate viii, figures A, B, C

HOIOTYPE-Amer. Mus. No. 26416, a skull.
lacking the distal end of the nasals.
HORIZON AND LOCALITY.-' 'Probably top of

Irdin Manha beds," Camp Margetts, 1930.
REFERRED SPECIMENs-Amer. Mus. No. 2641 7

front part of skull, with teeth, Camp Margetts:
lower jaws: Amer. Mus. Nos. 26410, 26413,
26415, 26418, from same locality.
GENERIC CHARACTERS.-Horns intermediate

in stage between Manteoceras and Protitano-
therium. Upper incisors the same. Postzygo-
matic "horns" well developed. Auditory groove
widely open.

SPECIFIC CHARACTERS. pl small, compressed;
p2 oblique, asymmetric, narrow; p3 narrow:
p4 not nearly so wide as in E. formosus; ml of
moderate width, m2 narrow, m3 fairly narrow;
p4 with slight tetartocone ridge but no cusp.
Zygomata not wide. Basisphenoid pits con-
spicuous. Lower jaw not definitely known but
the distance from the hypocone to the anterior
rim of p2 (217), which should be equal to the dis-
tance from the hypoconulid to the tip of p2, iS
nearly matched in a lower jaw, Amer. Mus.
No. 26410, from the same locality and horizon.
This jaw agrees well in other measurements and
dental characters with the type skull and is
therefore referred to this species. It differs from
the type of D. olseni chiefly in its smaller di-
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mensions but tends to confirm the reference of
that form to Protitan grangeri. Amer. Mus.
No. 20108, a maxilla, is close to P. minor in
general, but the m3 is much longer. The latter
is in an early stage in lengthening, a process

which was carried to an extreme in Gnathotitan
(Tables V, VI).

Protitan robustus, new species
Plate IX, figures A, B

HOLOTYPE.-Amer. Mus. No. 20104, a lower
jaw with well preserved dentition.
HORIZON AND LoCALITY.-Irdin Manha for-

mation, Irdin Manha.
DOUBTFULLY REFERRED SPEcIMENs.-Amer.

Mus. Nos. 20112, right lower jaw, Irdin Manha;
19179, a lower jaw fragment with relatively
wide premolars; 26412, a lower jaw; 26409,
right lower jaw, p4-m3.

SPECIFIC CHARACTERS.-Size large; incisors
large, wide spreading, much like those of P.
grangeri but wider; canines very massive with
recurved crowns; postcanine diastema short
(Table VI).
REMARKS.-The teeth, especially the in-

cisors, canines and premolars are much too
large and progressive to go with the type of
P. grangeri or even to be referred to Epi-
manteoceras formosus. The jaw in its over-

all measurements would nearly fit the type
skull of Protitan bellus, but, as shown by de-
tailed measurements, the cheek teeth are

for the most part too large to do so.

Amer. Mus. No. 20110, a large lower
jaw from the Irdin Manha (P1. Ix, figs.
C, D) is of approximately the same size as

the type of the present species, but its in-
cisors are much smaller, its canines rela-
tively slender and subvertical, the di-
ameters across the opposite tooth rows re-

markably narrow, and its P3, p4 distinctly
narrow. This jaw has the teeth somewhat
too large to fit with the skull of P. bellus.
Its coronoid process is nearly vertical, not
recurved. In the stage of its P2-P4, as well
as in dimensions, it affords an important
structural link between Protitan and
Rhinotitan and might well be referred to
the latter except that it is much older.
The specific reference of this jaw to P.
robustus is doubtful, but since it comes from
the same horizon, we refer it provisonally
to that species (Table III).

This jaw is also interesting because in
some respects it recalls the type of the
American Protitanotherium emarginatum.
It differs from the latter, however, as fol-

lows: (1) its ml is wider; (2) its P4 much
longer and more advanced; (3) its p3 much
wider; (4) its P2 much larger and more ad-
vanced; (5) its pi much smaller and more
primitive; (6) its canines more slender and
erect; (7) its incisors less reduced, with
very large posterior cingulum and sharp
anterior cingulum.

It also resembles somewhat the type of
the American upper Eocene Telmatherium
altidens Osborn but differs especially in its
larger, more advanced P2-P4, smaller pi and
smaller incisors.
The same jaw in comparison with the

type jaw of the American Protitanotherium
superbum Osborn differs very widely in its
smaller general size, its narrowness across
the symphysis and in the far more slender
form of the canines; its P2, P3, P4 are all
larger and more progressive, its molars
smaller.
These facts suggest that the Mongolian

species of Protitan differs generically from
the American Protitanotherium, which may,
however, be a fairly near relative, as recog-
nized by Osborn.

Protitan bellus, new species
Plate x, figure A

HOLOTYPE.-Amer. Mus. No. 26104, a beauti-
fully preserved palatal side of a skull with com-
plete dentition and basis cranii.
HORIZON AND LOCALITY.-Irdin Manha for-

mation, Ulan Shireh beds, Spring Camp, East
Mesa, Shara Murun region.

SPECIFIC CHARACTERS.-Upper molars antero-
posteriorly longer than in P. grangeri, especially
ml; p3 with incipient tetartocone swelling, p4
more elongate; incisors much larger than in
the type of P. grangeri, outside width across
opposite m3 distinctly larger (Tables V).
REMARKS.-A special series of detailed

measurements indicates that the lower jaw
which is the type of Protitanotherium olseni
Osborn has almost the right over-all
measurements to fit on this skull; but the
anteroposterior measurements of its pi-
M3, P2-P4, M2 are all too small; also the
compressed form and delayed evolution of
P2, p3 do not accord well with the vigorous
development of the corresponding upper
teeth. Moreover, the weak incisors and
canines of the type of olseni contrast widely
with the strong incisors and canines of
bellus; although this may possibly be a sex
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difference, it adds to the uncertainty of re-
ferring both to the same species. The di-
mensions of the upper teeth are too small
to fit the type lower jaw of Protitan robustus.

Protitan obliquidens, new species
Plate x, figure B

HOLOTYPE.-Amer. Mus. No. 20125, part of
left maxilla containing pi, p2, p3.
HORIZON AND LOCALITY.-Irdin Manha for-

mation, Irdin Manha.
SPECIFIC CHARACTERS.-Crown pattern of p2,

p3 very oblique both on the anterointernal and
posteroexternal borders, internal oblique ridge
on p2 pronounced, culminating in a low internal
cusp; no trace of a separate tetartocone on
either p2 or ps. Ectoloph very oblique with
high and bulging primary cusp mih larger in
outer view than the inwardly displaced postero-
external cusp. Internal cingula distinct on
p2, p3 with delicately beaded edge. P' not
differing much from that of P. grangeri, P. bellus.
REMARKS.-This fragment differs widely

from P. minor in the markedly oblique form
of p2, p3; it is close to bellus in most fea-

GENERIC AND SPECIFIC CHARACTERS.-Size
much smaller thaii any known species of R4ino-
titan, smaller than the larger forms of Protitan
but slightly larger than the typical P. minor;
much more'progressive than any of these forms
in the heavy external cingulum on p2-M3 and in
the relative width and crowding of p2-p3.
Differing from Desmatotitan and Metatelmather-
ium in the much more elongate m3. General
form of jaw much more primitive than that of
Rhinotitan and Metatitan and not very different
from Protitan (Table XI).
REMARKS.-This very difficult specimen,

doubtfully recorded from the Houldjin, is
remarkably advanced in the stage of its pre-
molars, while remaining of relatively small
size and retaining a primitive form of the
jaw. In dimensions it is most nearly ap-
proached by Amer. Mu1.- No. 26410, a
lower jaw which was also doubtfully re-
corded from the Houldjin but which lacks
the external cingula and is in general more
or less intermediate between P. minor and
P. grangeri. Notwithstanding its much

COMPARATIVE MEASUREMENTS

PI ap. X tr.
p2 ectoloph (oblique)
p2 mid-ectoloph to protocone
p2max. obl. meas. pas. to post. internal cing.
P3 ectoloph (oblique)
P3 mid-ectoloph to protocone
P3max. obl. meas. pas. to post. internal ting.

tures except in the much greater maximum
oblique width of p2. It is far more primitive
than Rhinotitan mongoliensis in the lack of
filling in of the inner side of p2, p3 but may
well be ancestral to that form. It differs
from Dolichorhinoides angustidens in the
marked obliquity of the crown, total lack
of tetartocone, feeble development of the
external ribs of both the paracone and
metacone and of the external cingulum.
It nearly fits some of the larger jaws of
Protitan but is too small for Amer. Mus.
No. 20112, which we refer to P. robustus.
In its well marked tritocone-tetartocone
ridge this form distinctly foreshadows
Rhinotitan.

Protitan? cingulatus, new species
Plate Ix, figure E; Plate x, figure C

HOLoTYPE.-Amer. Mus. No. 26412, a right
lower jaw with pl-ma complete.
HORIZON AND LoCALITY.-The horizon is

doubtfully entered as ?Houldjin. Ten miles west
of Camp Margetts.

Protitan
obliquidens
18 X 11
28.0
25.0
33.0
30.0
29.2
38.0

Protitan
bellus

17 X 11
28
23
29
29
28
39

Rhinotitan
mongoliensis
20 X 15.5

29.0
29.2
33.5
34.0
35.5
41.0

smaller size, this jaw seems after many
comparisons to represent a relatively primi-
tive survivor of Protitan but related also to
Metatitan.

MICROTITAN, NEW GENUS
GENOTYPE.-Metarhinus mongoliensis Os-

born.
GENERIC CHARACTERS.-The smallest of all

known Mongolian titanotheres, about the size
of the American Metarhinus fluviatilis but differ-
ing as follows: P2, p3, P4 relatively compressed,
with wider talonids, P4 with lower entoconid;
m, with Iarger, more conical hypoconulid and
more U-shaped proto- and hypoconids; upper
premolars p2, p3 narrower transversely with
oblique anterointernal border, cusps more
delicate, ectolophs flatter, external cingula less
robust. Somewhat resembling the American
Mesatirhinus and Dolichorhinus but with pre-
molars and molars relatively narrower, pre-
molar ectolophs flatter, p3, p4 with fuller inner
lobes, p2 more advanced toward p3; mi3, m2
with more prominent mesostyles, m3 with well
formed cuspidate hypocone. Distinctly recalls
the American Telmatherium cultridens in a
general way, especially in the lower cheek teeth
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but is distinguished by elongate molars and more
advanced premolars both in upper and lower
jaws.

After prolonged comparisons Microtitan in
both upper and lower teeth is seen to be closely
related to Protitan minor. Still later compari-
sons show it also to be structurally intermediate
between P. minor, Dolichorhinoides and Gna&ho-
titan. Differs from Desmatotitan in its far
smaller size, compressed p2-p4; external cingula
absent on P2, P3, feeble on p4-m3. From the
several species of Protitan it differs in its diminu-
tive size and compressed, sharp cusped lower
premolars and U-shaped proto- and hypoconids
of m2, m3. From Epimanteoceraa formos8u it
differs in the transverse narrowness of all the

HORIZON AND LOCALITY.-Irdin Manha
formation, Irdin Manha.
NEOTYPE.-Amer. Mus. No. 22099, a

right p2-m3 complete, with alveolus of pa
set in incomplete right ramus; from the
Ulan Shireh (Irdin Manha) beds, four miles
north of Tukhum Lamasery (Table VIII).
REFERRED SPECIMEN.-Amer. Mus. No.

21611, right maxilla with p2-ma beautifully
preserved, from the Ulan Shireh (Irdin
Manha) beds, eight miles north of Tukhum
Lamasery (Table VII).

SPECIFIC CHARACTERS.-The maxilla ap-

/~~~~~~~~~~~~~~~~~~

Fig. 6. Microtitan mongoliensis
(Osborn), type jaw (fragment) of
Metarhinus? mongolien8i8, Osborn
Amer. Mus. No. 20167, natural
size.

upper cheek teeth, especially the inolars, and
in the high pointed hypocone on m3. The
transverse narrowness of the upper molars sug-
gests special relations with Rhinotitan, but the
upper premolars are more primitive in lacking
tetartocone ridges.

Microtitan mongoliensis (Osborn)
Plate xi, figures A, B, C; Figure 6

Metarhinus 7 mongoliensis OSBORN, Amer.
Mus. Novitates, No. 202, Nov. 24, 1925, pp. 11,
12.
HOLOTYPE.-Amer. Mus. No. 20167, a

fragment of a lower jaw containing P4, ml;
a deciduous upper molar (dp4) may be
associated (Table VIII).

proaches that of E. formosus (except in its
extremely small size), but the infraorbital
fossa is further forward, and the nasal
notch was probably relatively shorter.
P'-m3 measures only 145 mm., as against
249 in E. formosus. Approaches P. minor
in the general stage of its upper premolars,
but p3 is relatively narrow, p4 has a flatter
ectoloph and higher and more pointed
cusps, while m3 has a good hypocone (ab-
sent in P. minor). The upper premolars
have advanced beyond those of the Bridger
Manteoceras, and the molars are more
elongated anteroposteriorly. It differs from
Metarhinus fluviatilis in its narrower pre-
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molars and molars, flatter ectolophs on p3,
p4. The lower premolars are more com-
pressed than those of Metarhinusfluviatilis,
and the hypoconulid of m3 is larger and ex-
tends farther posteriorly.
REMARKS.-The holotype, while very in-

complete, bears p4 and m1 which so closely
approach those of Amer. Mus. No. 22099 as
to leave no reasonable doubt of specific
identity. This association establishes dif-
ferences from Metarhinus fluviatilis which
appear to be of generic value (see above).
The referred upper teeth nearly agree with
the lower teeth in size and afford additional
distinctions from Metarhinus.

Apparently the Mongolian Microtitan
was a pygmy relative of its compatriot
Dolichorhinoides in much the same way as
the American Metarhinus was a pygmy
relative of Dolichorhinus.

In addition to the compression of the
lower premolars, the neotype is peculiar in
the U-shaped outer walls of the proto- and
hypoconids of the molars, especially m3.

DOLICHORHINOIDES, NEW GENUS

GENOTYPE.-D. angustidens.
GENERIC CHARACTERS.-Clearly distinguished

from the type of Epimanteoceras formosus (a
skull of about the same length) by the extra-
ordinarily narrow, anteroposteriorly elongate
molars; also from "Dolichorhinus kaiseni"
Osborn by the same narrowness of the molars,
which are also much narrower than those of
Rhinotitan mongolien8is and R. andrew8i.
Naso-frontal horn swellings practically absent,
represented only by a low convexity. P2, p3
with large tetartocones; tetartocones not on
narrow ridge (contrast R. mongoliensis, R.
andrewsi); p4 without tetartocone (contrast
mongolienis8, andrewsi). Internal cingulum pro-
nounced, with conspicuous beading. Nasals
very long.

REMARKS.-This skull differs conspicu-
ously from those of the American Doli-
chorhinus; it lacks infraorbital tuberosities,
its orbits are larger, the postorbital proc-
esses of the frontals are less pointed; the
anteroposterior curvature of the parietal
region of the cranium is wanting, and there
is only a low naso-frontal convexity. In
some respects Dolichorhinoides seems to
lead to Gnathotitan, especially in the antero-
posterior elongation of the molars.

Dolichorhinoides angustidens, new
species

Plate xii, figures A, B; Plate xiii, figures A, B
HOLOTYPE.-Amer. Mus. No. 21607, a skull,

lacking the occipital region but with well pre-
served cheek teeth.
HORIZON AND LoCALITY.-Ulan Shireh

(= Irdin Manha) formation, eight miles north
of Tukhum-in-Sumu.

SPECIFIC CHARACTERS.-Not yet distinguished
from generic characters. For measurements,
see Table X.

GNATHOTITAN, NEW GENUS
GENOTYPE.-Telmatherium berkeyi Osborn
GENERIC CHARACTERS.-Mongolian Eocene

titanotheres of gigantic size, with excessively
deep lower jaw, very steep symphysis, very
large thick spoon-shaped lower incisors; pi
unusually large, with simple compressed crown
and pointed tip, p2 with simple compressed tip
and low, well formed talonid. Posteanine
diastemata in upper and lower jaws, moderate
to long. Molars elongate anteroposteriorly, m3
and m3 excessively so; p2, p3, p4 widened
transversely. Maxillae elongate, nasal notch
long and probably low. Horns unknown; if
present probably oval.
REMARKS.-After repeated intensive and

extensive study and comparison of avail-
able material, we cannot follow Osborn in
referring this species to the genus Tel-
matherium. It differs widely from "Tel-
matherium" ultimum in so many characters
in which it agrees with other Mongolian
titanotheres that we cannot believe it has
an altogether separate origin from the
latter.

It differs from T. ultimum in having a
far more elongate face and cheek teeth;
the infraorbital canal opens much farther
forward, and the suborbital part of the
malar is flattened laterally, not rounded.
The lower border of the nasal notch (pre-
served in the paratype) indicates that this
notch extends much farther backward than
in T. ultimum. The evidence suggests,
therefore, that the free portion of the
nasals, as in other Mongolian titanotheres,
was long, whereas in T. ultimum it was dis-
tinctly short. The contour of the lower jaw
differs profoundly from that of T. ultimum,
which was far more shallow and wholly
without the downward sweep of the lower
border. The cheek teeth can all be derived
more readily from those of other Mongo-
lian titanotheres by emphasis of certain
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characters. In brief, it seems to represent
a new genus, which we have named as
above. In the extreme anteroposterior
elongation of its molars this genus exceeds
all other known titanotheres, but in regard
to this feature and others the new genus
Dolichorhinoides (see above) tends to con-

nect Gnathotitan with other Mongolian
forms in the subfamily Epimanteoceratinae.

POSTSCRIPT.-After renewed and ex-

tended comparison, Gnathotitan again ap-
pears to be a specialized offshoot of the
Protitan stem. It is in that genus that we

find the most favorable points of departure
for the great enlargement of the lower in-
cisors, for the elongation of the upper
molars (compare P. grangeri, Amer. Mus.
No. 20108), while Microtitan and Dolicho-
rhinoides also show stages of specialization
in the same direction. The lower pre-
molars and molars present nothing incon-
sistent with derivation from the same

source.

Gnathotitan berkeyi (Osborn)
Plate xiv, figures A, B, C

Telmatherium berkeyi OSBORN, Amer. Mus.
Novitates, No. 202, Nov. 24, 1925, p. 8.
HOLOTYPE.-Amer. Mus. No. 20106, a

nearly complete lower jaw and right max-

illa (Tables VII, IX).
PARATYPE.-Amer. Mus. No. 20121, a

maxilla, and probably Amer. Mus. No.
20107, a lower jaw, front half (W. K. G.).
HORIZON AND LOCALITY.-Irdin Manha

formation, Irdin Manha.
SPECIFIC CHARACTERS.-Of titanic size,

the lower jaw (800 mm. from condyle to
incisive border) much exceeding that of any
other known titanothere (Protitanotherium
superbum, 580; Menodus giganteus, 690).
Lower jaw extremely deep beneath the
cheek teeth (215 mm. beneath m2), rising
steeply to the small spatulate symphysis.
PLm3, 359; pltp4, 138; m1-m3, 235;
index, (pl-p4) X 100 . (ml-m3) = 58

M3 excessively elongate anteroposteriorly
(pas. to mts., 112 mm.; pr. ims., 71;
breadth index, 63). p2, p3, p4 all very ad-
vanced, each with two subequal external
cusps, subquadrate inner border and low
tetartocone ridge which is extended to the
posterior cingulum. pI simple but with

marked posterointernal pit. Upper canine
with extremely swollen root and recurved
tip. The infraorbital canal (in the "para-
type," Amer. Mus. No. 20121) opens far
in front of the orbit, above the posterior end
of p4. Anterior end of the malar beneath
the orbit flattened externally with a
rounded lower margin, much as in Pro-
titan. PI-m3, 340; p1-m3, 355. For other
measurements of the upper teeth see
Table VII.
REMARKS.-In Osborn's "paratype"

(Amer. Mus. No. 20121) p2_p4 are longer
anteroposteriorly than those of the type,
the outer cusps less subequal and the
inner border less quadrate, so that the
general appearance is decidedly different.
A possible structural ancestor of Gnatho-
titan but from the same level and locality is
represented by Amer. Mus. No. 20125, a
fragment including pl-p3, left. The ecto-
lophs of p2, p3 are'remarkably oblique, the
inner ridge and cusp of p3 strongly de-
veloped; apparently traces of this condition
are seen in a maxilla, Amer. Mus. No.
20121, Osborn's paratype of "Telmatherium
berkeyi."

RHINOTITAN, NEW GENUS
-GENOTYPE.-Dolichorhinus kai8eni Osborn,

Amer. Mus. Novitates, No. 202, Nov. 24, 1925,
p. 9.
REFERRED SPECIES.-Protitanotherium an-

drew8i Osborn, Protitanotherium mongolien8e
Osborn.
GENERIC CHARACTERS.-Mongolian Epiman-

teoceratinae of the Shara Murun formation, of
moderate to large size; nasals long, more or less
upturned, subnasal pillars strong; naso-frontal
horns small, oval; occiput wide, but little ex-
tended behind the condyles; auditory meatal
groove partly closed below; upper incisors and
canines moderate or large, postcanine diastema
retained. Upper premolars highly progressive,
with more or less distinct tetartocone ridges;
upper molars of widely varying proportions but
at most moderately elongated; lower incisors
large, lower canines large but often showing
tendency to join the incisor series; lower post-
canine diastema pronounced; p3 moderately
progressive, often with metaconid; lower molars
moderately elongate, the measurement mi-mn
being about one-third that of the incisive alveoli
to condyle; P2-p4 wider and more advanced
than those of Protitanotherium emarginatum but
not very different from those of P. superbum;
symphysis much narrower than in the latter.
REMARKS;.--The type species of this
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genus resembles the American form Dolicho-
rhinus in its long nasals, small oval naso-
frontal horns, long skull top; but it differs
widely from the latter in its spreading short
occiput, in the extreme forward position
and relative lateral protrusion of the horns,
in the forward tapering of the opposite
zygomata as seen from above, in the short-
ness and downward curvature of the pre-
maxillae in side view, in the much greater
breadth and size of the cheek teeth, and
many other features, in nearly all of which
Rhinotitan shows close relationships with
Protitan grangeri and P. robustus, of which
it may indeed be a descendant. In short,
the nearer relationships of Rhinotitan are
indubitably closer to the other Mongolian
titanotheres than to the American Do-
lichorhinus.

Rhinotitan kaiseni (Osborn)
Plate xv, figures A, B, C

Dolichorhinus kaiseni OSBORN, Amer. Mus.
Novitates, No. 202, Nov. 24, 1925, p. 9.
TYPE.-A skull and jaws, Amer. Mus.

No. 20252.
PARATYPE.-"A palate and basicranium"

(Amer. Mus. No. 20257).
HORIZON AND LOCALITY.-Shara Murun

formation, Ula Usu.
SPECIFIC CHARACTERS.-General dimen-

sions smaller and p4 relatively much widex
than in Rhinotitan mongoliensis or R.
andrewsi; upper molars the same.
REMARKS.-The relationship of R.

kaiseni to R. mongoliensis and R. andrewsi
seems to be very close in spite of dimen-
sional differences. The general morphol-
ogy of the skull is practically the same, as
is the stage of evolution of the upper and
lower premolars. Indeed the material
already available (partly noted in Tables
X and XI) indicates that these three sup-
posed species form a continuous series
both in size and evolutionary stages of the
dentition. Nevertheless it is convenient to
retain the three specific names at least for
the type and paratype specimens.

Rhinotitan mongoliensis (Osborn)
Plate xvi, figures A, B, C

Protitanot,herium monolien8e 0SBORN, Amer.
Mus. Novitates, No. 91, Oct. 17, 1923, p. 3.

HOLOTYPE.-Amer. Mus. No. 18653, an
incomplete right mandibular ramus, con-
taining well preserved p2-m3 (Table XI).
HORIZON AND LoCALITY.-Shara Murun

beds, Ula Usu.
NEOTYPE.-Amer. Mus. No. 20263, a

palate (eg) with complete dentition (Table
X).
REFERRED SPECIMENS.-Amer. Mus.

Nos. 20261, a laterally crushed female (?)
skull; 20256, a palate (see also lower jaw
below); 20270, right maxilla; 21598,
palate with pl-p3, dp4, mI, M2; lower jaws,
20273, 20256, 21605, probably also 20272.

SPECIFIC CHARACTERS.-P2-p4 in neo-
type with tetartocones less distinct from
the deuterocone crest than in the type of
R. andrewsi.
REMARKS.-The type lower teeth present

many resemblances to those of the Ameri-
can forms Protitanotherium emarginatum
and P. superbum, as noted by Osborn, yet
they are still closer to those of other
Mongolian titanotheres, such as Protitan
robustus, while the very large incisors and
canines (not shown in the type lower jaw)
do not favor the reference of this species to
the American genus. The relationship of
mongoliensis with andrewsi is close and the
differences between extremes both in the
stages of evolution and in the dimensions
are bridged by several specimens which
make a continuous series and raise grave
doubt as to the distinctness of the two
species.

Rhinotitan andrewsi (Osborn)
Plate xvi, figure D

Protitanotherium andrewsi OSBORN, Amer.
Mus. Novitates, No. 202, Nov. 24, 1925, p. 6.
HOLOTYPE.-Amer. Mus. No. 20271, a

skull with complete dentition but lacking
the nasal region (Table X).
HORIZON AND LocALITY.-Shara Murun

beds, Ula Usu.
PARATYPE.-Amer. Mus. No. 20251, a

lower jaw from the same locality and
horizon (Table XI).
The "specific distinctions" from "Pro-

titanotherium mongoliense" noted by Os-
born (1925, p. 6) do not hold good with the
larger series of specimens now at hand. It
is true that the type of P. andrewsi, as
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compared with the neotype of R. mongo-
liensis, is somewhat larger, that the tetar-
tocones of its p2, p3 are more distinct and
that it has a minute "hypocone" (?) on

m3, but apart from the last named char-
acter these differences are bridged by other
specimens. Nevertheless we tentatively
retain the name andrewsi for the more pro-
gressive stage of the apparently continuous
series represented by the names Rhinotitan
kaiseni, R. mongoliensis and R. andrewsi.
REMARKS.-The lower jaw differs from

that of the American Protitanotherium in
its very large incisors, while the skull has
a very wide flattened occiput which fore-
shadows those of the Mongolian genera
Parabrontops and Metatitan.

PACHYTITAN, NEW GENUS

GENOTYPE.-Pachytitan ajax.
GENERIC CHARACTERS.-Gigantic Epimatnteo-

ceratinae of Shara Murun (upper Eocene) age,
with massive, upturned, bluntly tipped nasals
supported by great convex subnasal pillars.
which tend to constrict the upper part of the
nasal chamber; naso-frontal horns relatively
large (for a Mongolian titanothere) with elon-
gate oval base. Incisors and canines of fairly
large size, a moderate postcanine diastema,
upper premolars advanced, with strong tetarto-
cones, third upper molar broad.

Pachytitan ajax, new species
Plate xvii, figure A

HOLOTYPE.-Fore part of skull (Amer. Mus.
No. 21612). See Table XII.
HORIZON AND LOCAIITY.-Shara Murun beds,

four miles north of Baron Sog Lamasery, Shara
Murun region.

SPECIFIC CHARACTERS.-Size very large, ex-
treme length of left horn base, 203 mm., height,
100 mm., nasal notch, about 220 mm.; p2-m3
relatively short (about 300 mm. est.), p2_p4
large, squarish, with well advanced tetartocones
(p2-p4, 98 mm.), postcanine diastema, 38 mm.,
m3 crushed but apparently wide; upper incisors
and canines of moderate size; nasals bluntly
pointed, with massive subnasal pillars.
REMARKS.-This animal is fairly close to

Rhinotitan andrewsi in the form and meas-
urements of its upper cheek teeth, but its
skull is too large to go with the lower jaw
of that species. Its massive sharply up-

turned and somewhat tapering nasals differ
considerably from those of Rh. mongo-
liensis (the nasals are unknown in the type
of Rh. andrewsi). It is probably not con-

generic with Titanodectes, for in that form
the lower incisors appear to be much too
wide and the lower canine too small to be
associated with the present skull, while the
third lower molar of Titanodectes is much
too large. t

PARABRONTOPS, NEW GENUS
GENOTYPE.-Brontops gobiensi8 Osborn.
GENERIC CHARACTERS.-Extremely broad

skulled and specialized Epimanteoceratinae of
the Ardyn Obo (= ?Ulan Gochu) formation.
Nasals very wide, shorter than in Metatitan,
with short subnasal pillars which do not con-
strict the upper part of the nasal chamber;
naso-frontal horns prominent, swollen, with
anteroposteriorly oval bases and low rounded
summits, located above and slightly in front of
the orbits; skull as seen from below more or less
triangular, occiput very wide, projecting but
little behind occipital condyles; zygomata deep
and thick, buccal expansions lateral to pre-
glenoid eminences rather than anterior to them:
postzygomatic vertical swellings thick; auditory
groove bordered below by narrow contact of
posttympanik with postglenoid process. Upper
incisors three on each side, very small (repre-
sented by alveoli in the type). Canines not
large even in supposed males. Upper cheek
teeth with wide m3 and highly progressive pre-
molars, the tetartocones of p3, p4 large, promi-
nent and circular, with or without a narrow
isthmus connecting them with the deuterocones;
internal cingula of premolars conspicuous, ex-
ternal cingula lacking; pl advanced, with
incipient second lobe and large posterointernal
swelling; lower jaw with massive swollen
symphysis, massive rami (corpus mandibulae),
relatively low condyles and rather delicate
coronoid processes; i3 relatively small, lower
canines large or small, with or without swollen
roots. Pachyostosis incomplete, affecting
chiefly the naso-frontal horn swellings, the
posterior part of the zygomata and the mandible.

REMARKS.-This differs widely from the
true Brontops of North America in many
of the characters noted above. It is seen
to be a direct offshoot of such older Mongo-
lian genera as Rhinotitan or Protitan, with
which it agrees in the short, very wide
occiput, subtriangular form of skull as
seen from above, posterior position of
lateral zygomatic swellings, presence of
posterior vertical zygomatic swellings and
the like. Relationships of Parabrontops
with Metatitan are also close, the principal
differences being the much greater size of
the horns and the lesser width of the pre-
maxillary incisal border.
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Parabrontops gobiensis (Osborn)
Plate xvii, figure B; Plate xviii, figures A, B;

Plate xix, figures A, B

Bronzops gobiensis OSBORN, Amer. Mus. Novi-
tates, No. 202, Nov. 24, 1925, p. 5.

HOLOTYPE.-Amer. Mus. No. 20354, a
badly crushed skull (Table XIII).
HORIZON AND LOCALITY.-Ardyn Obo

beds, Ardyn Obo.
REFERRED SPECIMENS.-Amer. Mus. No.

26020, a skull, lacking the basicranium,
from Urtyn Obo; Amer. Mus. No. 26019, a
fine lower jaw with very small incisors, also
from Urtyn Obo; Amer. Mus. No. 26131,
a lower jaw from Spring Camp, East Mesa,
Shara Murun region (Tables XIII, XIV).

SPECIFIC CHARACTERS.-Not yet dis-
tinguished from generic characters.
REMARKS.-The excellent reconstructikn

of the type skull, made by Mrs. L. M.
Sterling under Osborn's direction, when
viewed in the light of material now avail-
able serves to emphasize the relatively close
relationship of this form with Metatitan,
the main differences being that in Para-
brontops the pachyostosis of the horns is
much more pronounced, and there is no
suggestion of a connecting crest. In the
referred skull (No. 26020) there are in all
four incisor alveoli, which probably rep-
resent il, i2 on each side, but the alveoli of
the medial pair of incisors (il), if formerly
present, are not evident, and the teeth in
any event must have been very small.
Thus Parabrontops may have been ap-
proaching the condition seen in the Ameri-
can Brontops in which the number of in-
cisors was reduced to 2.

METATITAN, NEW GENUS
GENOTYPE.-Metatitan relictus.
GENERIC CHARACTERS.-The last of the Epi-

inanteoceratinae: skulls widening posteriorly
to the extremely broad low occiput; nasals very
wide and long, not or but moderately upturned,
bearing small knob-like naso-frontal horns sup-
ported by slight subnasal pillars; buccal ex-
pansions slight, located at the posterior end of
the zygomata, vertical postzygomatic swellings
pronounced; premaxillary incisal border flat-
tened and widened, the opposite upper canines
widely separated; premaxillo-maxillary rostrum
shortened in front; incisors, small; upper pre-

molars crowded, the postcanine diastema re-
duced; pl small but with complex crown; pre-
molar tetartocones typically advanced; internal
cingula strong; upper molars moderately wide
with relatively advanced accessory details
(small anterior and posterior cement lakes,
slightly wrinkled enamel, etc.); occipital base
short, audital groove closed below; lower jaw
with swollen symphysis; i3 small, lower post-
canine diastema reduced, lower premolars rela-
tively advanced, m3 moderately elongate.
REMARKS.-These curiously specialized

forms were among the last members of
their great family. They were undoubtedly
derived from Rhinotitan and carried fur-
ther its peculiar widening of the occiput,
but they retained to the last the primitive
number of incisors and never enlarged their
naso-frontal horns. The suggestion that
Metatitan might be the female of. Embolo-
therium is not supported by the fact that
while some Metatitan have small canines,
others have relatively large canines and
stout zygomatic arches. Nevertheless the
cheek teeth of the two genera indicate
relatively close relationship to each other
and the at first sight unbridgeable differ-
ences in the "horns" appear to be mediated
by certain specimens described below.

Metatitan primus, new species
Plate xx, figures A, B, C; Plate xxi, figures A, B
HOLOTYPE.-Amer. Mus. No. 26101, a well

preserved skull and jaw (Table3 XIII, XIV).
HORIZON AND LOCALITY.-?Ulan Gochu

formation, Chimney Butte, North Mesa, Shara
Murun region.

SPECIFIC CHARACTERS.-Nasals large and
relatively short with large down turned edges
and but slight subnasal pillars; naso-frontal
horns relatively prominent, located well in front
of the orbits, their summits joined by a trans-
verse convexity, which slopes downward to the
mideranium. A very large median parietal
eminence in the type skull; upper and lower
canines relatively large in type; lower incisors
very small (ii), small (i3) or medium (i2).

REMARKS.-This important form is
plainly related to Parabrontops but differs
in that pachyostosis has not greatly
affected the paired horns; on the other
hand, it points the way to Embolotherium,
since its horns are displaced forward in
front of the orbit and joined by a transverse
connecting crest. Its relationships with
Metatitan relictus are obviously close.
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Metatitan progressus, new species
Plate xxii, figures B, C; Figure 7A, B

HOLOTYPE.-Amer. Mus. No. 26014, front
part of right side of skull, with nasal "horn,"
orbit and p4, mI.
HORIZON AND LOCALITY.-Ulan Gochu forma-

tion, Jhama Obo, East Mesa, Shara Murun
region.

SPECIFIC CHARACTERS.-Horns very promi-
nent in side view, joined by a steep connecting

V o /

of Embolotherium has been derived in the
manner suggested on page 370, for in this
specimen the proximal margins of the
nasal bones are already being overtopped
by the forwardly moving "horns" and their
transverse connecting crest. Metatitan
progressus is, however, closely related to
M. relictus and may eventually be con-
nected with it by intergrading specimens.

B
Fig. 7. Comparison of nasal horn region in Metatitan progre.8sus

andrew8i (C, D). A, B, ca. 1/8, C, ca. 1/13, D, ca '/a natural size.

crest which is even higher than the horns as it
nears the mid-line, nasal roof sloping down-
ward from the connecting crest, posteroinferior
lateral border of nasals sloping upward, nasal
notch extending far backward to-a point a little
above and in front of the infraorbital foramen;
pachyostosis prominent at least in horns, con-
necting crest, preorbital border and suborbital
part of zygomatic arch.
REMARKS.-The type specimen, al-

though very strange at first sight, furnishes
important evidence that the nasal "ram"

(A, B) and Embolotherium

Metatitan relictus, new species
Plate xxi, figures C, D; Plate xxii, figure A;

Plate xxiii; Plate xxiv, figures A, B
HOLOTYPE.-Amer. Mus. No. 26391, skull and

lower jaws (Tables xiii, xiv).
HORIZON AND LOCALITY.-Houldjin forma-

tion, Camp Margetts.
REFERRED SPECIMENS.-Amer. Mus. Nos.

26395, 26396, 26397, 26398, 26399, skulls from
the same general locality and horizon; Amer.
Mus. No. 26406, a left maxilla with i3-m2:
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lower jaws, Amer. Mus. Nos. 26404, 26400 (?),

26402.
SPECIFIC CHARACTERS.-Horns delicate, low,

with or without transverse connecting crest;
horns tending to project laterally beyond nasal
rim, the latter delicate; nasal tip slightly de-
curved; pachyostosis not conspicuous in horn
region; canines large in supposed males, il, i2
very small, ia larger; lower jaw but little ex-

panded; lower cheek teeth small, with wide
space between ma and coronoid process; lower
incisors fairly small, subequal, forming a trans-
verse row; upper and lower premolars ad-
vanced, crowded.

REMARKS.-Metatitan relictus, although
one of the latest titanotheres, escaped the
extreme specializations that were asso-
ciated with pachyostosis and extreme for-
ward movement of the horns.

Metatitan species
A jaw which may be provisionally re-

ferred to Metatitan species is Amer. Mus.
No. 26407, likewise from Camp Margetts
and from a level which was doubtfully
marked ?Houldjin. This jaw has the pro-
gressive P2-P4 of Rhinotitan and P. ?
cingulatus combined with the delicate di-
mensions of Protitan minor. The external
cingula, however, are much less prominent
than in P.? cingulatus.

Embolotheriinae Osborn
Skull brachycephalic with zygomata

widely expanded in the middle; "horns"
greatly displaced forward and together with
the connecting crest between them forming
a huge upturned nasal ram; tip of nasal
bones reduced or vestigial, overhung by
connecting crest; auditory groove closed
below. Second and third upper molars
very wide, upper and lower premolars
advanced; third lower molar very large,
elongate, with heavy external cingula.
A. Lower front teeth eight, very large even

in old individuals, arranged in a broad
forwardly directed scoop, including
six incisors and two canines of the
permanent dentition . . . Titanodectes.

AA. Lower front teeth six, very small even in
old individuals, consisting of retained
deciduous incisors arranged in a spatu-
late series, the permanent incisors very
large but remaining unerupted in the
jaw; canines very small ........

Embolotherium.

TITANODECTES, NEW GENUS
GENoTYPE.-Titanodectes ingens.
GENERIC CHARACTERS.-Large to gigantic

Embolotheriinae of Shara Murun and Ulan
Gochu age, with eight large lower front teeth in a
slightly curved row, the outermost pair being
canines; ma of enormous size; lower molars and
premolars with heavy external cingulum.

REMARKS.-Titanodectes is in certain
respects intermediate between Rhinotitan
and Emnbolotherium. A certain jaw (Amer.
Mus. No. 21600) presents an interesting
mixture of characters. Unfortunately
Titanodectes is known only from the lower
jaw, but, at least in Titanodectes ingens, the
skull was probably not unlike that of
Embolotherium.

Titanodectes minor, new species
Plate xxv, figure D

HOLOTYPE.-Amer. Mus. No. 26132, an in-
complete lower jaw with front teeth and pa-mi
(Table XIV).
HORIZON AND LOCALITY.-Shara Murun.
PROVISIONALLY REFERRED SPECIMENS.-Two

incomplete lower jaws recorded from Ulan
Gochu (Amer. Mus. Nos. 26021, 26012) and one
from Shara Murun (Amer. Mus. No. 21600).
See Table XIV.

SPECIFIC CHARACTERS.-SiX large incisors
essentially similar to those of Rhinotitan but
larger, associated with procumbent canines
that may be retained deciduous canines, the
incisors and canines collectively suggesting those
of Titanodectes ingens but smaller. Pachyostosis
strongly affecting the symphysial region and the
ramus (corpus mandibulae); medial incisors
(ih) much smaller than i2; lower premolars
well advanced in stage.
REMARKS.-In the type jaw there are two

large teeth embedded which appear to be
unerupted permanent canines. On the
other, hand the tooth which is planted in
plaster next to the incisors seems to be too
large to belong to the deciduous set. In
any event this specimen is intermediate in
character between Rhinotitan and Titano-
dectes ingens. We may provisionally refer
to this species a lower jaw, Amer. Mus. No.
26021, from Urtyn Obo, with pi-ma and
several front teeth. The latter are close to
those of the type, but p2, p3 are distinctly
narrower. On the other hand, this speci-
men is close to the type of Rhjnotitan
mongoliensis, save that its p3, P4 are smaller.
Taken together these two specimens

(Amer. Mus. Nos. 26132, 26021) serve to
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emphasize the fact that Titanodectes tends
to connect the stem of the embolotheres
with Rhinotitan, a conclusion fully sup-
ported by other evidence (see Table XIV).

Titanodectes ingens, new species
Plate xxv, figures A, B, C

HOLOTYPE.-Amer. Mus. No. 26005, a large
lower jaw with eight front teeth and much worn
pi-m3 (Table XIV).
HORIZON AND LOCALITY.-Jhama Obo, East

Mesa, Shara Murun.
SPECIFIC CHARACTERS.-Lower incisors very

large, associated with relatively small pro-
cumbent lower canines, lower m3 very large,
much like that of Embolotherium.

REMARKS.-The lower cheek teeth are
so like those of Embolotherium that rela-
tively close relationship can hardly be
denied. The permanent incisors, which
are of exceptionally large size, are like
those of Titanodectes minor.
An isolated m2 (Amer. Mus. No. 20351)

from Ardyn Obo, the type of Menodus
mongoliensis Osborn, probably pertains to
Titanodectes ingens or Embolotherium spe-
cies.

EMBOLOTHERIUM OSBORN
GENOTYPE.-Embolotherium andrewsi

Osborn.
GENERIC CHARACTERS.-Skull top run-

ning forward and upward into a huge bony
ram. Occiput surmounted by enormous
lambdoidal crests which project far behind
the condyles. Front teeth belonging to the
deciduous series and very small even in old
individuals; supported on small spatulate
incisal portions of the premaxillae and
lower jaw. Permanent upper and lower
incisors very large but impacted or un-
erupted in the jaws. Zygomata with
enormous buccal swellings, located in
front of the glenoid eminences; cheek
teeth progressive, m3 enormous and very
broad, m3 very long, lower molars with
strong external cingula.
REMARKS.-The type of Menodus?

mongoliensis Osborn from the Ardyn Obo
is a very large m2 which agrees very closely
with those of jaws referred to either Titano-
dectes ingens or Embolotherium andrewsi.
In view of the doubt, however, Menodus?
mongoliensis may be regarded as a practi-
cally indeterminate species. In any event

the reference to the American genus
Menodus is improbable, because neither
Titanodectes nor Embolotherium appears to
be closely related to Menodus.

Embolotherium andrewsi Osborn
Plate xxvi, figures A, B, C; Plate xxvii, figures
A, B, C; Plate xxviii, figures A, B; Plate xxix

Embolotherium andrewsi OSBORN, Amer. Mus.
Novitates, No. 353, May 30, 1929, p. 13.

HOLOTYPE.-Amer. Mus. No. 26001, a
skull with maxillary rostrum wanting.
. HoRIzON AND LOCALITY.-Ulan Gochu
formation.
REFERRED SPECIMENs.-Amer. Mus.

Nos. 26000, a well preserved skull pre-
sented to the Chinese Geological Survey
Museum; 26010, perfect palate and base
of skull; 26003, a fine skull; 26004, another
nearly perfect skull; 26009, skull and lower
jaws; lower jaws, 26006, 26011; doubt-
fully referred, 21600, 26008 (Tables XV,
XVI).

SPECIFIC CHARACTERS.-Dorsal contour
of ram strongly concave, premaxillary
rostrum very small.
REMARKS.-It was supposed by Os-

born that the great bony ram of Embo-
lotherium had nothing to do with the
paired horns of other titanotheres, but that
it was a structure sui generis, which at
once separated the embolotheres from all
other known forms and made them the type
of a new subfamily of unknown derivation.
A study of the material now available, how-
ever, has led one of us (W. K. G.) to widely
different conclusions, namely: (a) that
the "ram" of Embolotherium represents
only an extreme development of tendencies
observed in other Mongolian genera; (b)
that it has arisen through the forward and
upward immigration of the paired horns;
(c) that the connecting crest between the
horns grew forward and upward with them
to such an extent that it finally overhung
the tip of the nasals; (d) that the median
tip of the nasals gradually turned down-
ward and its free portion became absorbed
as the transverse connecting crest gradu-
ally overshadowed it (see Fig. 7).

Embolotherium is also connected with
other Mongolian titanotheres by the genus
Titanodectes (see p. 369 above).
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EMBOLOTHERIUM LOUCKSII 75y,oe
//1 ~~~Amer Alus. 2/6/0
e;(rield //o 595, 1925 Co

r 4~~~~~~~~~~~~~~8 7zatzracl sye

Fig. 8. Embolotherium louck8ii, holotype, after Osborn, 1/s natural size.

agzv, i 3 -.C
Fig. 9. Premaxillary and presumably part of maxillary of Embolotherium loucksii, 3/4 natural

size.
Embolotherium loucksii Osborn

Figures 8-11 and Plate xxx, figures A, B, C
Embolotherium loucksii OSBORN, Amer. Mus.

Novitates, No. 353, May 30, 1929, p. 16.

TYPE.-Amer. Mus. No. 21610, front
portion of skull with nasal "ram."
HORIZON AND LOCALITY.-Ulan Gochu

formation, fout miles north of Baron Sog.
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dc

Fig. 10. Deciduous front teeth (incisors, canines and pi) of Embolotherium louck8ii, natural
size.

REFERRED SPECIMEN.-Amer. Mus. No.
26040, a juvenile skull and jaws.

SPECIFIC CHARACTERS.-Dorsal contour
of nasal ram nearly straight, free border of
nasals a transverse rim beneath the over-
hanging connecting crest. Horns rep-

resented by rounded projecting corners
of connecting crest.
REMARKS.-The condition of the nasal

ram is much less advanced than in Embolo-
therium andrewsi. The upturning of the
nasals is distinctly foreshadowed in Rhino-
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titan, Pachytitan and Metatitan. The front
view of the type, when compared witlh that
of Metatitan progressus, supports the conclu-
sion that the paired horns are represented
by the lateral tips of the connecting crest.

deciduous incisors and canines, five pairs
and two odd teeth are preserved, but their
proper arrangement in the upper and lower
jaws is very difficult. They vary greatly
in size of crown, some being small rounded

Fig. 11. Restoration of front part of jaw3 and teeth of Embolotherium loucksii. A, Mandible
protracted and lower canine in contact with di3, dc. B, Mandible retracted and lower deciduous
canine articulating with posterior slope of upper deciduous canine. 8/4 natural size.

The juvenile specimen (Amer. Mus. No.
26040) referred by Osborn to E. grangeri
seems to us much closer to E. loucksii.
This specimen has very large unerupted
front teeth embedded in both the upper
and lower jaws and tends to connect
Embolotherium with Titanodectes. Of the

nubbins like shoe buttons, others having
crowns three or four times as large and with
well developed tips, crests and internal
cingula. After many trials one of us
(W. K. G.) worked out the arrangement
shown in Figs. 9, 10, 11.
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Embolotherium (?) grangeri Osborn
Embolotherium grangeri OSBORN, Amer. Mus.

Novitates, No. 353, May 30, 1929, p. 14.

HOLOTYPE.-Amer. Mus. No. 26002, a
skull (Table XV).
HORIZON AND LoCALITY.-"Middle red

beds," Ulan Gochu, East Mesa.
SPECIFIC CHARACTERS.-Dorsal contour

of nasal ram strongly convex, premaxillary
rostrum unreduced.
REMARKS.-This form differs from E.

Ioucksii in the strongly convex dorsal con-
tour of its nasal ram, which is straight in
the latter species. It may conceivably
represent the skull of Titanodectes ingens.
The skull, Amer. Mus. No. 26004,

referred to this species by Osborn seems to
belong with E. andrewsi.

Embolotherium ultimum, new species
Plate xxxi

HOLOTYPE.-Amer. Mus. No. 21604, a pos-
terior portion of base of skull with m2, m3,

right, and lambdoidal crests and zygomatic
arches (Table XV).
HORIZON AND LOCALITY.-Baron Sog beds

(Houldjin), four miles north of Baron Sog,
Shara Murun region, Inner Mongolia.

SPECIFIC CHARACTERS.-Size in old male type
exceeding that of all Ulan Gochu forms. Ma
of great size and relative width; m2 relatively
smaller; buccal expansions of zygomata and
occipital and lambdoidal crests extreme.

REMARKS.-This is the only titanothere
from the typical Baron Sog beds. The
other titanotheres from this horizon are
from the equivalent Houldjin beds far to
the north of this locality (Table XVI).

Embolotherium species
What proves to be a fragment of the

occipital crests of an undetermined species
of Embolotherium (Amer. Mus. No. 20352)
was found in the Ardyn Obo beds. The
reference to Embolotherium is unquestion-
able, and this furnishes additional evidence
of the equivalence of the Ardyn Obo with
the Ulan Gochu beds.
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TABLE I.-COMPARATIVE MEASUREMENTS OF Telmatherium, Manteoceras AND Metatelmatherium

ico, .,.-.

(4) pa-p4 length (middle) 80 74.5 90 92
(5) m'-m8 length (middle) 103 100 129 140
III. Index: (pl_p4) X 100 + (mi-r3) 77%O 74% 69%o 65%
(6) Diastema, post. surf. canine to p1 10 9 17 22
(7) m3 length (parast. to mts.) 44 41 56 54
(8) m3 width (pr. to mesost.) 40 41 58 56
V. Index: m3 width X 100 . m31ength 90% 100% 103% 103%
(9) m2 length (pas. to mts.) 43 40 48.5 53.5
(10) m2 width (pr. to ins.) 39 38 55 56
VI. Index: m2 width X 100 . m2length 90% 95% 113% 104%
(11) ml length (pas. to mts.) 31 29 37 40.5
(12) ml width (pr. to ins.) 30 30 44 43
VII. Index: in' width X 100-+ml length 96% 103% 118% 106%
(13) p4 length 23 20 25 26
(14) p4 width 26 24 35 32
VIII. Index: p4 width X 100 . p4 length 113% 120 14 23%
(15) il transverse, at base of crown ... 10 14 140
(16) ji transverse, at base of crown 12.5 12 15 17
(17) i3 transverse, at base of crown 16 16 18 21
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TABLE II.-COMPARATIVE MEASUREMENTS OF Metatelmatherium Critatum AND M. ultimum

1,S0HW

(1) Basal length (L) pmx. to condyle 585 510
(2) Transverse zygomata (tr.) 330 300
I. Index: tr. X 100 . L 56% 58%
(3) Cheek teeth length (pl to m3) middle 233 218
II. Index: (pl-m3) X 100 . L 39% 42%
(4) pL-p4 length (middle) 92 90
(5) mlm3 length (middle) 140 129
III. Index: (pL-p4) X 100 + (mL-m3) 645% 69%
IV. Index: (ml-m3) X 100 + L 23% 25%
(6) Diastema, post. surf. canine to pl 22 17
(7) m3 length (parast. to mts.) 54 56
(8) m3 width (pr. to mesost.) 56 58
V. Index: ms width X 100 . m3 length 103% 103%
(9) M2 length (pas. to mts.) 53.5 48.5
(10) M2 width (pr. to ms.) 56 55
VI. Index: in width X 100 . in length 104% 113%
(11) ml length (pas. to mts.) 40.5 37
(12) ml width (pr. to ms.) 43 44
VII. Index: ml width X 100 + mil length 106% 118%
(13) p4 length 26 25
(14) p4 width 32 35
VIII. Index: p4 width X 100 + p4 length 123% 140%
(15) il transverse, at base of crown Missing 14
(16) i2 transverse, at base of crown 17 15
(17) jS transverse, at base of crown 21 18
(20) Width across posttyrnp. processes 192 180
XI. Index: width (20) X 100 . L 32% 15%
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TABLE IV.-COMPARATIVE MEASUREMENTS OF Desmatotitan

z S

Gis~~~p

Sag n E X2° t@ ;°a>a.s

(23) Length incisor alveoli to condyle (Lmd) ... 353 .. ... 480
(24) Height condyle to angle (Hind) ... 132e. ... 196e. 185e.
XII. Index: Hind X 100 . Lmd ... 37%0 ... ... 38%
(25) Depth below middle of m3 (Hind) 65 58 90 93 100
XIII. Index: Hind X 100 *. Lmd ... 16% ... ... 20%o
(26) Diastema, from canine to pl ... 14353 ... .... 480
(27) pa-ma length (middle) ... 198 ... 252e. 250
XIV. Index: (pH-m3) X 100 . Lmd ... 56% ... ... 52%
(28) Pl-P4 length (middle) ... 78 ... 96e. 94
(29) ml-m3 length (middle) 122 117 144 154 156
XV. Index: (pl-p4) X 100 . (ml-m3) ... 66% ... '62% 60%
XVI. Index: (ma-m3) X 100 . Lmd ... 33% ... ... 32%
(30) ml length (middle) 29 28 32 38 37
(31) m2 length (middle) 38 37 47 47 46
(32) m2 width at talonid 22 21 28.5 29 29
XVII. Index: m2 width X 100 *. m2 length 57% 56% 60% 61% 63%
(33) m3 length (middle) 53 50 63 68 69
(34) ii transverse, at base of crown .. ... 15.5 ... 11
(35) i2 transverse, at base of crown ... ... 16.5 ... 13.5
(36) i3 transverse, at base of crown ... 13.8 17 ... 14.5
(37) P2-p4 length (middle) 67 66 73 72e. 76.5
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TABLE V.-COMPARATIVE MEASUREMENTS OF Protitan AND Epimanteoceras
0

.
0

co 1 o.C

* q*,j
' cq1 *. *.c .. q 0

Z z ~-4

(1) Basal length (L) pmx. to condyle ... 542 710 ... 710 700
(2) Transverse zygomata (tr.) ... 302 455 ... 426 396
I. Index: tr. X 100 . L ... 55% 64% ... 60% 56%
(3) Cheek teeth length (plm3) middle 234 234 253 250e. 265 249
II. Index: (pl-m3) X 100 + L ... 43% 35% ... 37% 35%
(4) pl-p4 length (middle) 90 87 93 93 97 94
(5) ml-m3 length (middle) 147 151 160 156 170 157
III. Index: (pl-p4) X 10o + (m'Im3) 61% 57% 60% 59% 57% 59%
IV. Index: (mL-m3) X 100 L ... 27% 22% ... 23% 22%
(6) Diastema, post. surf. canine to pl ... 14 39 ... 26 23.5
(7) m3 length (parast. to mts.) 68 65 73.5 79 77 67
(8) m3 width (pr. to mesost.) 58 57 61 60 64 57
V. Index: m3 width X 100 + m3 length 85% 87% 82% 75% 83% 85%
(9) m2 length (pas. to mts.) 61 63 67.5 65 74 53
(10) m2 width (pr. to ms.) 60 52.5 54 52 58 56
VI. Index: m2 width X 100 + m2 length 90% 83% 80% 80% 78% 105%
(11) ml length (pas. to mts.) 40 43 43.5 46 50.5 38
(12) ml width (pr. to ms.) 47.5 43 42 41 44 42
VII. Index: ml width X 100 + m' length 117% 100% 96% 89% 87% 110%
(13) p4 length 28 30 27 27 32 24.5
(14) p4 width 39.5 32 33 34 34.5 36
VIII. Index: p4 width X 100 . p4 length 139% 106% 122% 125% 107% 146%
(15) il transverse, at base of crown ... 12 12 ... 15 13
(16) i2 transverse, at base of crown ... 14.5 14.5 ... 16 14
(17) i3 transverse, at base of crown ... 20 18.5 15 22.5 17
(18) Nasals, tip to middle nasal notch 143 ... 161 162 ... 161
IX. Index: nasal length X 100 + L ... ... 22% ... ... 23%
(19) Width across opp. m3 at mesost. ... 192 200 ... 231 194
X. Index: width (19) X 100 - L ... 35% 28% ... 32% 27%
(20) Width across posttymp. processes ... 182 256 ... 263 227
XI. Index: width (20) X 100 . L ... 33% 36% ... 37% 32%
(21) Lacrimal tubercle to nasal notch 75 50 130 ... ... 100



-snW -iautV -siquslq Mpl) . . . . . . . . .V4. gc .c
jen;vqo° uin."od **l*0*-*-*

; TIog 'ON *10*
-enNi.xuv wqueNuipi.eq . oCok4e4,4c m m+ o m IV

jenjonqow uvjTioad c' -4 V °0 (m LO 0 0 u: ce LOcO kO 0o0

VOIOZ~~~~~~~k*° 8n> lau g g g

squiNz uipaI *adS,. oo a o co 0o aco o coo m 0cr MO4 m -4 t -

JSfn0l9OUQ3OJ..w°*e~tX ee°

&o eq - e -

vnIIIO °N Q
sn j-juav squ9¶urpij . . ...
*dn Alinj lou Nyu adC,A * .* 00
(sltuquipJA u)'Iauv.gD e

*snXlatu.*sgST * .e.o99'eON..

~~o.Ld . k~~~~~~~. O 00 * k4U eq ko .0

44 6010Z °N *snW *lawuV g g g gg

X
q

(u980
pJJ98fad X cs*&oe0_~~~

e
eq'1 k30 44.

0

0
\ S801Z oN snW .iauiV

-vqluoW uipaj adA,I m5 :> 00 00 -j xo 00 t-_ cq tos: O0oo C co> es c 0o0o1uol °°cq Ceq -4

o
*snX~~.(uU lauvtj.[ cquyuLOl oo00 C csz cs: eD u r- -4 o4 t : ca

.qmf91oJ o°*snJ . . .. . e
-.ituV lOUatoS Ufplf cI eq$0-

*sn9flJ~ ja0us uvrplnofr e Oe. .q _
0
* oo CzM **P

p ~~lOUOSU& t}Ojj Nos4ee 4- eeXX >eqN * -SJ9 'ON 1.
e *snW-Ttuv 9qus ulplnHJq O es k*_ oOo 00c ct 00 0Qe .'*4k*

Veq -

~4 *snW -.atuaV -equyvW uipal :co ,, toco u:c0Lotoo00 N t -̂
> l~~~~~~OUtttu vj l6d 0X * .t * "X>q b * -

0 _

0
0

C)~ ~ ~ ~ ~ ~ 0 m

Ez~~~~~~~~~~~~~~c 10 X-_/ _ _

.. I.,.4'_ ,.



Granger and Gregory, Revision of Mongolian Titanotheres

TABLE VII.-COMPARATIVE MEASUREMENTS OF Microtitan

.0
c-o

(3) Cheek teeth length (p'-m3) middle 145 145 249 359
(4) pl_p4 length (middle) 63 57 94 138
(5) ml-m3 length (middle) 84 88 157 235
III. Index: (pl-p4) X 100 (ml-m3) 75% 64% 59% 58%
(6) Diastema, post. surf. canine to pl 10 9 23.5 48
(7) m3 length (parast. to mts.) 36 38 67 112
(8) m3 width (pr. to mesost.) 35 32 57 71
V. Index: m3 width X 100 . m3 length 97% 84% 85% 63%
(9) m.2 length (pas. to mts.) 30e. 35 53 84
(10) m2 width (pr. to ms.) 34e. 28 5q 68
VI. Index: m2 width X 100 . m2 length 113% 80% 105% 80%
(11) m' length (pas. to mts.) ... 27 38 64
(12) ml width (pr. to ms.) 30e. 23 42 53
VII. Index: ml width X 100 + m' length ... 85% 110% 82%
(13) p4 length 16.5 17 24.5 38
(14) p4 width 23 18 36 45
VIII. Index: p4 width X 100 . p4 length 139% 105% 146% 118%

TABLE VIII.-COMPARATIVE MEASUREMENTS OF Microtitan (CONTINUED)

Gon

*01.

04 1

(25) Depth of mandible below ms 45 64
(27) pI-m3 length (middle) .. 160
(28) PI-P4 length (middle) .. 57
(29) ml-m3 length (middle) 92 103.5
XV. Index: (pl-p4) X 100 . (ml-ma) .. 55%
(30) mi length (middle) 22 24 23.5
(31) m2 length (middle) 28 30
(32) ma width at the talonid 16.5 15.5
XVII. Index: mI width X 100 .- m2 length 58% 51%
(33) m3 length (middle) 41 48
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TABLE IX.-COMPARATIVE MEASUREMENTS OF Gnathotitan

U ~ ~ 5-g-, b
.00 ~ ~ ~ ~ ~ 0

(23) Length incisor alv. to condyle (Lmd) . . . 569 815 .. .
(24) Height condyle to angle (Hind) 196e. 219 270...
XII. Index: Hind X 100 *. Lmd ... 38% 33%..
(25) Depth below middle of ma (Hind) 93 88 220...
XIII. Index: Hind X 100 .Lmd ... 15% 26%..
(26) Diastema, from canine to pa 17e. 45 83-.
(27) pa-m3 length (middle) 252e. 268 355**-
XIV. Index: (pa-m3) X 100 +. Lmd ... 47% 43%..
(28) pl-p4 length (middle) 96e. 96 120 . . .
(29) ml-m3 length (middle) 154 172 235...
XV. Index: (pa-p4) X 100 + (ma-m3) 62% 55% 51%..
XVI. Index: (mi-ma) >X 100 . Lmd ... 30% 28%..
(30) ma length (middle) 38 38 53...
(31) m2 length (middle) 47 53 70...
(32) ma width at talonid 29 30 38...
XVII. Index: ma width X 100 + ma length 61% 56% 54%...
(33) m3 length (middle) 68 82 109**-
(34) ia transverse, at base of crown . .. 14.5 . .. 21
(35) i2 transverse, at base of crown . .. 16 18 21.5
(36) ia transverse, at base of crown . .. 18 . .. 21 .5
(37) pa-p4 length (middle) 72e. 80 101 110
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TABLE XII.-COMPARATTVE MEASUREMENTS OF Pachytitan

cs:~~~~~c

04 Cl~~~~~~

P' 0

E , O,ZZz,E. E O

(1) Basal length (L) pmx. to condyle. 700 710 ... 779
(2) Transverse zygomata (tr.) 396 455 ... 439
I. Index: tr. X 100 . L 56% 64% ... 56%
(3) Cheek teeth length (pl-m3) middle 249 253 300e. 301
II. Index: (pl-m3) X 100 . L 35% 35% ... 38%
(4) pl-p4 length (middle) 94 97 113e. 115
(5) ml-m3 length (middle) 157 160 190e. 191
III. Index: (pL-p4) X 100 (m1-m3) 59% 60% 59% 60%
IV. Index: (ml-M3) X 100 L 22% 22% ... 24%
(6) Diastema, post. surf. canine to pl 23.5 39 33 27
(7) m3 length (parast. to mts.) 67 73.5 83e. 83
(8) m3 width (pr. to mesost.) 57 61 77 73
V. Index: m3 width X 100 + m3 length 85% 82% 96% 87%
(9) m2 length (pas. to mts.) 53 67.5 77 76
(10) m2 width (pr. to ms.) 56 54 66 65
VI. Index: m2 width X 100 + m2 length 105% 80% 85% 85%
(11) ml length (pas. to mts.) 38 43.5 51 54.5
(12) ml width (pr. to ms.) 42 42 53 52
VII. Index: m' width X 100 + mI length 110%o 96% 103% 95%
(13) p4 length 24.5 27 41 41
(14) p4 width 36 33 44 41.5
VIII. Index: p4 width X 100 . p4length 146% 122% 107% 101%
(15) il transverse, at base of crown 13 12 ... ...

(16) i2 transverse, at base of crown 14 14.5 13 16
(17) i3 transverse, at base of crown 17 18.5 16 20
(18): Nasals, tip to middle of nasal notch 161 161 233e.
IX. Index: nasal length X 100 + L 23% 22% ...

(19) Width across opp. m3 at mesost. 194 200 ... 252
X. Index: width (19) X 100 + L 27% 28% ... 32%
(20) Width across posttymp. processes 227 256 ... 313
XI. Index: width (20) X 100 *. L 32% 36% ... 40%
(21) Lacrimal tubercle to nasal notch 100 130 ...
(22) Height of horn above nasal notch ... ... 192 ...
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TABLE XV.-COMPARATIVE MEASUREMENTS OF Embolotherium

°!,x,,a-4> S=

0

(2)Transversezygomata (tr.) 510 505 643 656 59

0 r.

I. Index: tr. X 100 . L ... 69% 76% ... ...

(3) Cheek teeth length (pl-m3) middle 300 322 329 . .. 299
II. Index: (pl-M3) X 100 .L 44%7 44% 39% .. ..
(4) pl_p4 length (middle) 106 118 118 . .. 104
(5) Ml-M3 length (middle) 207 210 225 ... 200
III. Index: (pl p4) X100 .L MM3) 51% 56% 52% ... ...

IV. Index: (mp m3) X 100 + L 31% 28% 26% ... ...

(6) Diastema, post. surf. canine to pl 10 11 50 ... 32.5
(7) m3 length (parast. to mts.) 95 94 101 108 93
(8) m3 width (pr. to mesost.) 79 81 82 97 77
V. Index: m3 width X 100 * m3 length 83% 86% 81% 89%
(9) m2 length (pas. to mts.) 82 72 89 75? 84.5
(10) m2 width (pr. to ms.) 75 82 77 ... 72
VI. Index: m2 width X 100 + m2 length 91% 113% 86% ...
(11) ml length (pas. to mts.) 56 55 63 ... 58
(12) ml width (pr. to ms.) 58 62 64 ... 59
VII. Index: ml width X 100 + ml length 103% 112% 101% ...
(13) p4 length 40 42 41 ... 36
(14) p4 width 44 51 48 ... 43.5
VIII. Index: p4width X 100 . p41ength 110% 121% 117% ... ...

(15) il transverse, at base of crown ... 9 ... ... ...

(16) i2 transverse, at base of crown ... 9.5 ... ... 16
(17) i3 transverse, at base of crown 9 8.5 ... ... 14
(18) Nasals, tip to middle of nasal notch ... 360 ... ... 330
IX. Index: nasal length X 100 + L ... 49% ... ... ...

(19) Width across opp. m3 at mesost. 318 248 295 ... 278
X. Index: width (19) X 100 . L 47% 33% 35% ... ...

(20) Width across posttymp. processes 299 297 299 403 279
XI. Index: width (20) X 100 + L 44% 40% 35% ... ...

(21) Lacrimal tubercle to nasal notch 105 ... ...
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TABLE XVI.-COMPARATIVE MEASUREMENTS OF Embolotherium

(23) Length incisor alveoli to condyle (Lmd)
(24) Height condyle to angle (Hmd)
XII. Index: Hmd X 100 + Lmd
(25) Depth below middle of m3 (Hmd)
XIII. Index: Hmd X 100 . Lmd
(26) Diastema, from canine to pa

(27) pa-m3 length (middle)
XIV. Index: (p1-m3) X 100 *. Lmd
(28) Pl-P4 length (middle)
(29) ml-m3 length (middle)
XV. Index: (pa-p4) X 100 . (ml-m3)
XVI. Index: (mi-ma) X 100 . Lmd
(30) ml length (middle)
(31) m2 length (middle)
(32) ma width at talonid
XVII. Index: ma width X 100 . m2 length
(33) m3 length (middle)
(34) ii transverse, at base of crown

(35) i2 transverse, at base of crown

(36) ia transverse, at base of crown

(37) p2-p4 length (middle)

595 .._o C

260
43%
121
20% ...

7
343
57% ...
110
238 243
46% ...

40%
52.5 55
73 75
46 43
63% 58%
110 110.5
14
12.5 ...

9
93

.eCC

613 659 685e.
235 270 238
38% 41% 34%
98 178 106
15% 27% 15%

1
328e. 390 423
49% 59% 61%

. 118 122
225 272 283
... 43% 43%
36% 41% 41%
46 59 65
70 79 84
44 44.5 45
63% 56% 53%
115 129 132
10 ...

15 ...

17 ...
88 116 111

38919431



BULLETIN A. M. N. H.

A, B, C, Metatlmatherium criatatum, type, Amer. Mus. No. 26411, X I/o.
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VOL. LXXX, PLATE III

A, B, Metatelmatherium cristatum, type, Amer. Mus. No. 26411, X '/l. C, D, Metatelmatherium
parvum, type, Amer. Mus. No. 20168, X 2/a. E, F, De8matotitan tukhumensis, type, Amer. Mus.
No. 21606, X( 1/i.

BULLECTINq A. M. N. H.



VOL. LXXX, PLATE IV

A, .B, Hyotitan thomsoni, type, Amer. Mus. No. 26401, X 1/6. C, D, Protitan grangeri, type,
Amer. Mus. No. 20103, X 1/i.

BULLETIN. A. M. N. H.



BULLETIN A. M. N. H.

A, B, C, EpimanteoceraB formo8u8, type, Amer. Mus. No. 21613, X 1/6.

VOL. LXXX, PLATE V



VOL. LXXX, PLATE VI

A, B, Protitan grangeri, type, Amer. Mus. No. 20103, X 1/6.

IBULLETIN A. M. N. H.



VOL. LXXX, PLATE: VII

Protitan grangeri, type, Amer. Mus. No. 20103, X 1/6.
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VOL. LXXX,.PLATE VIII

A, B, C, Protitan minor, type, Amer. Mus. No. 26416, X 1/6.

BULLETIN A. M. N. H.



VOL. LXXX, PLATE IX

A, B, Protitan robustus, type, Amer. Mus. No. 20104, X 1/6. C, D, Proditan robustus, doubt-
fully referred lower jaw, Amer. Mus. No. 20110, X 1/6. E, Protitan? cingulatus, type, Amer. Mus.
No. 26412, X 1/s6. .,

BULLETINF A. M. N. H.



BULLETIN A. M. N. H.

A, Protitan bellu8, type, Amer. Mus. No. 26104, X 1/i. B, Protitan obliquidena, type, Amer.
Mus. No. 20125, X 2/3. C, Protitan? cingulatus, type, An er. Mus. No. 26412, X 1/6..

VOL. LXXX, PLATE5 X



BULLETIN A. M. N.H.V

A, B, Microtitan monQoliensi8, neotype, Amer. Mus. No. 22099, X 2/3. C, Microtitan mon-goliensis, Amer. Mus. No. 21611, referred maxilla, X 2/'.

VOL. LXXX, PLATEC XI



BULLETIN A. M. N. H. V

A, B, Dolichorhinoide8 angustidens, type, Amer. Mus. No. 21607, X 1/6.
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VOL. LXXX, PLATE XIII

A, B, Dolichorhinoides angamtiden8, type, Amer. Mus. No. 21607, X 1/6.

BULLEcTIN A. M. N. H.



BULLETIN A. M. N. H.

A, B, C, Gnathotitan berkeyi, type, Amer. Mus. No. 20106, circa X 1/6.

VOL. LXXX, PLATE XIV



VOL. LXXX, PLATE XV

A, B, C, Rhinotitan kai8eni, type, Amer. Mus. No. 20252, X 1/e.
-

BULLETIN A. M. N. E-



VOL. LXXX, PLATE XVI

A, Rhinotitan mongoliensis, type, Amer. Muis. No. 18653, X 1/e. B, Rhinotitan mongoliensis,
Amer. Mus. No. 20263, X 1/6- C, Rhinotitan mongoliensis, Amer. Mus. No. 20256, X 2/3. D,
Rhinotitan andrewsi, Amer. Mus. No. 20251, X 1/6.

BULLETIN A. M.. N. H.



.VOL. LXXX, PLATE XVII

A, Pachytitan ajax, type, 4mer. Mus. No. 21612, X 1/6. B, Parqbrontop8 gobiensi8, type,
Amer. Mus. No. 20354,' X 1/6

BULLETIN A. M. N. H.
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A, B, Parabrontope obionmie, type, Amer. Mu8. No. 2Q354, X 1/5,



VOL. LXXX, PLATE XIX

A, B, Parabrontops gobiens, Amer. Mus. No. 26020. X 1/6.

BULLECTIN A. M. N. H.



VOL. LXXX, PLATE XX

A, B, C, Metatitan primue, type, Amer. Mus. No. 26101, A, B, X 1/6; C, X 1/8.

BULLETINq A. M. N. H.



VOL. LXXX, PLATE XXIBULLETIN A. M. N. H.

A, B, Metatitan primu8, type, Amer. Mus. No. 26101, X 1/6. C, D, Metatitan relictus, type.
Amer. Mus. No. 26391, X 1/s.



BULLETIN A. M. N. H. V

A, Metaditan redictus, type, Amer. Mus. No. 26391, X 1/6. B, C, Metatitan progres8us, type,Amer. Mus. No. 26014, X 1/g.

VOL. L,XXX, PLATE XXII



VOL. LXXX, PLATE XXIII

Metatitan relictus, Amer. Mus. No. 26398, X 1/6.

BULLETIN A-. M. N. H.



VOL. LXXX, PLATE XXIV

A, Metatitan relictus, Amer, Mus. No. 26397, X 1/6. B, Metatitan relictu8, Amer. Mus. No.
26399, X 1/6.

BULLETIN A. M.. N. H.



BULLETIN A. M. N.H.V

A, B, C, Titanodectes ingen8, type, Amer. Mus. No. 26005, X 1/6. D, Titanodectes minor, partof type jaw, Amer. Mus. No. 26132, X 1/6.
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VOL. LXXX, PLATE XXVI

A, B, Embolotherium andrewsi, Amer. Mus. No. 26009, X 1/e. C, Embolotherium andrews8,Amer. Mus. No. 26004, scale unknown.

BULLETIN A. M. N. H.



VOL. LXXX, PLATE XXVII

A, B, C, Embolotherium andrewsi, Amer. Mus. No. 26000, scale unknown.

BULLIMTIN A. M. N. H.
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VOL. LXXX, PLATE XXIX

Embolotherium andrewsi, Amer. Mus. No. 26010, X 1/6.

BULLETIN A. M. N. H.



VOL. LXXX, PLATE XXX

A, B, C, Embolotherium louck8ii, Amer. Mus. No. 26040, A, B, circa X 1/6; C, X 2/3.

BULLETIN A. Al. N., H.
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Embolotherium ultimum, type, Amer. Mus. No. 21604, X 1/6

BULLZTlzi A. M. N. H..
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