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The Mammalian Faunas of the Washakie Formation,
Eocene Age, of Southern Wyoming.
Part IV. The Uintatheres

William D. Turnbull

Preface

Few fossil mammals have had as bizarre a his-

tory as the uintatheres. They are truly unique in

their own right as one of the earliest land mam-
mals to reach gigantic size and because of their

distinctive morphology. Misinterpreted from the

start, these end members of the dinoceratan line

became the focus of a lifelong rivalry between

two famous paleontologists that fostered much

hasty publication and left a legacy of taxonomic

confusion.

Uintatheres have been known since Othniel C.

Marsh described the first specimen (1871), which

he understandably mistook for a new titanothere

{Titanotherium ? anceps)} The following year, Jo-

seph Leidy ( 1 872a,b) named Uintatherium robus-

tum on August 1 , and on August 1 9, both Edward
Drinker Cope (1872a) and Marsh (1872a) pub-
lished new names for uintatheres, Lefalophodon

(= Loxolophodon for the species L. cornutus, L.

furcatus, and L. pressicornis, all = Eobasileus

cornutus) and Tinoceras grande (= U. anceps),

respectively. Within less than a year, Cope and

Marsh had entered into a competitive race to

name the greatest number of new taxa: according
to Wheeler (1961), each published 16 "really dif-

ferent" articles on the extinct Order Dinocerata,

the order to which the uintatheres belong. Wheel-

er went on to state that "Leidy, Cope and Marsh

each proposed two genera. Leidy proposed two

species, Cope three, and Marsh four" (p. 5). In

this whirlwind of publication, objectivity often got
lost. The feud that developed between Cope and

Marsh began with, and centered on, the uinta-

theres and prevailed throughout much of their

subsequent work. Another study by Wheeler

(1960) reports this unfortunate yet fascinating ep-
isode in considerable detail, as does one by Rom-
er (1964), which gives a slightly different per-

spective.

The origins of the Dinocerata are unclear. Be-

For further details see Wheeler (1961).

ing one group within the early specialized adap-
tive radiations of the placental mammals, they be-

gan as midsized animals (derived from smaller

ancestors) and ended in the gigantic descendant

species that are my direct concern here. The Order

Dinocerata, which died out in the late Eocene, has

no close living relatives. Nor do any extant mam-
mals serve as good biological analogues. Schoch

and Lucas (1985), the most recent reviewers of

the order, essentially follow Wheeler (1961), the

prior reviewer, who gave a thorough accounting
of all of the then known taxa. Prior to that study,

the Marsh monograph ( 1 886) was the work to turn

to, and still is for its descriptive anatomy and il-

lustrations. The Schoch and Lucas (1985) work

filled the gap between their report and Wheeler's

(1961) revision, documenting new materials and

extending their study to include within its system-
atic section a cladistic analysis that formally unit-

ed the Orders Dinocerata and Xenungulata within

their new Mirorder Uintatheriamorpha. I have

nothing new to offer in this regard and so merely
refer the reader to that work for the full details.

The same can be said for coverage of the geo-

graphic distribution and geochronologic occur-

rence of the order. For my purpose here, it will

suffice to note that Uintatheres have been found

on two continents, Asia and North America, and

that the distribution is disjunct (Fig. 1), there be-

ing no reported remains thus far from either west-

ern Canada or Alaska, on the one hand, or from

western Asia and Europe or eastern North Amer-

ica on the other. Figure 1 is modified from Schoch

and Lucas (1985), combining their figures 1 and

2, where each of the areas is identified. The

starred dot in the Wyoming portion of the North

American section of Figure 1 indicates the Wash-

akie Basin. The earliest identified Uintathere re-

mains are from Upper Paleocene deposits of both

regions (Late Paleocene age), when they had al-

ready diversified into three genera. All of the ter-

minal genera, Gobiatherium, Uintatherium, Teth-

eopsis, and Eobasileus, are from Mid-Upper Eo-

cene deposits of Mid-Late Eocene age. Of these,

FIELDIANA: GEOLOGY, N.S., NO. 47, DECEMBER 31, 2002, PP. 1-189



50 80 100 120 140 160 160 180 160 140 120 100 ao

Fig. 1. Distribution map for the Dinocerata, modified from Schoch and Lucas (1985). They provide details for

each of the Asian and North American localities. The one important here, the Washakie Basin of southwestern

Wyoming, is starred.

Note the disjunct nature of the distribution—approaching halfway around the world in either east or west direction

at the present time. In the Paleocene and Eocene, however, the European connection was much closer than it is today
because the North Atlantic was just beginning to form, yet there are no records from either eastern North America
or western Asia or Europe, a gap of about 180° (i.e., between over 105°W and almost 75°E), which would be expected
if the European route was the one used. The present 125° gap between 120°E and 1 15°W, across Beringia, is also a

great distance with no record.

FIELDIANA: GEOLOGY



the first two (G. and U.) are from Asia. The last

three (£/., T, and £.), which were accepted by
both recent reviewers, are from North America.

The Washakie Basin is the only place where all

three are reported together. In their study, Schoch

and Lucas (1985, p. 44) criticized Wheeler (1961)

for neglecting "to either justify his synonymies or

to describe the morphology of the taxa in any de-

tail. For example, Wheeler (1961) considered no

less than twenty-eight named species of large

North American uintatheres to be synonyms of

Uintathehum anceps without ever explicitly doc-

umenting these synonymies." This was fair for

the species-level taxonomy, the point of the

Schoch and Lucas (1985) criticism. Previously,

Wheeler (1955, p. 1699) had given his brief char-

acterization of the genera as follows:

Uintathehum Leidy, 1 872, is a large middle Eocene

form with a mesocephalic
121 skull. Tetheopsis Cope,

1 885, a very large form from the uppermost middle

Eocene and lowermost upper Eocene, has a doli-

chocephalic skull. Eobasileus Cope, 1872, from the

upper Eocene, is the largest uintathere known and

has the most dolichocephalic skull.

Wheeler was trying to sort out and cope with

the many hastily named, often poorly document-

ed, and usually misinterpreted materials. Essen-

tially, what Wheeler did was to focus on the spe-

cies of the three genera with remains that he be-

lieved to be adequate to base diagnoses upon.

This accomplished, he was able to differentiate

the genera on skull size and horn and cranial crest

development and proportions
—a tremendous ad-

vance over the prior confusion, even if a bit naive

in some respects (see below). Schoch and Lucas

(1985) closed their paragraph as follows: "How-

ever, it appears that at a generic level, Wheeler's

(1961) revision is valid and we accept the genera
that he recognized and defined as valid, although

they may be in need of revision at the specific

level" (p. 44).

It is against this background that I treat the

Washakie uintatheres which are, in the Schoch

and Lucas (1985) scheme, all within the Tribe

Uintatheriini, Subfamily Uintatheriinae of the

Family Uintatheriidae (see below). Three genera
constitute this tribe, Uintatherium, Tetheopsis,

and Eobasileus. All are reported in the Washakie

Formation, and they are all truly large, about the

size of the largest living rhinoceroses. The three

2
1 consider them all to be dolichocephalic, with Eo-

basileus being the most and Uintatherium the least so.

genera each show strong sexual dimorphism, with

the males being larger and heavier, especially in

their cranial protruberances or "horns" and relat-

ed crests. Both sexes have inframandibular pro-

cesses, which are reported to be well developed
in the males of all three genera and in females of

Uintatherium but rudimentary in Tetheopsis and

Eobasileus females. Whether this is a primary
condition for those females or a reversion is un-

certain, for in other regards those genera are con-

sidered to be more specialized than Uintatherium.

I began this study by plotting skull lengths for

all 34 of the adult specimens listed by Wheeler

(1961, p. 78, chart 3) onto a standard distribution

chart (Simpson & Roe, 1939). This gave two

peaks (Fig. 2A).The group of short skulls had a

peak at the 5th decile class, composed of 27 or

28 specimens (including one, possibly two, that

Wheeler assigned to Tetheopsis). The group of

larger skulls, composed of six or seven specimens

(including three, possibly four of Wheeler's Teth-

eopsis), had a peak in the 10th decile class. All

of the skulls Wheeler considered to belong to Uin-

tatherium were within the shorter group, and

those considered to be Eobasileus were in either

the 8th or 10th decile classes at the large end of

the chart. The five Tetheopsis skulls fell into dec-

iles 5, 7, and 10, the first two with one specimen
each and the last with three (Fig. 2A).

How to interpret this picture? I began to suspect

that something was amiss with Tetheopsis. The

peaks suggest that the three that fall into the 10th

decile class could be Eobasileus, while the small-

est could be Uintatherium. That leaves only one

specimen in the 7th decile class, which could be

either but would most probably be Uintatherium

if indeed the five Tetheopsis skulls should be re-

identified. Figure 2B shows the same graph with

added fmnh specimens (three juveniles and one

adult), and a previously undescribed adult skull,

uw 13644.

Turning next to Wheeler's (1961, p. 26) anal-

ysis of cranial proportions based on skull length

and horn positions, I initially believed this to be

a great advance. My instant enthusiasm for the

scheme had to be tempered somewhat when I re-

alized that because of the nature of the hetero-

genic growth directions and rate patterns, the neat

diagnostic relationships between the regions A, B,

and C was somewhat less clear-cut than Wheeler

stated it to be. This is because in youth, maxillary

and parietal horns grow away from one another;

then, throughout most of adulthood, they grow
more nearly straight upward; and in senility they
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Fig. 2. A, Skull lengths of all 34 of the then-known adult skulls of the three terminal North American genera as

given by Wheeler (1961), plotted on a standard distribution chart. This shows two distinct peaks, not three (although
one of them is broad enough to be blending two together), and not the normal curve to be expected if all had been
from a single species. Most specimens (26 in all) are Uintathehum by Wheeler's assignments (the blocks with only

specimen numbers), all of which fall within the decile classes 1-6. A few (three) are Eobasileus (blocks with dark

outline), in decile classes 8 and 10, at the upper end of the scale. Tetheopsis (blocks with X) is suspect; its five
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Fig. 2 (Cont.) specimens fall as follows: three with the Eobasileus in decile class 10, one well within Uintatherium

in decile class 5, and one in between the others in class 7.

B, The same, but with a slightly increased adult sample size of 37 and the addition of two juveniles. The three

added adult specimens are the complete fmnh young adult skull (pm 53933), the new University of Wyoming skull

with a heavily worn dentition (uw 13644), and the cranially aberrant specimen that Wheeler had assigned to Eoba-

sileus on the basis of tooth dimensions (P 12164). It was not included in either Wheeler's chart or in (A) above. I

include it here (its length being minimally estimated) along with the two juvenile specimens (pm 3896, a near-newborn

whose length is also estimated, and pm 8019). Neither the juveniles nor P 12164 are included in the adult statistics

for reasons given in the text. The uw specimen is remarkable in that it falls clearly within the Uintatherium peak for

skull length, whereas most of its dentition falls within the plots of Eobasileus teeth, as do its skull proportion ratios

(see text).
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begin to approach one another, thus tending to-

ward restoration of the youthful proportions (Fig.

3). As far as I can tell, the blurring of these cranial

proportions is not extreme enough to be a problem
because the values for the two genera are too far

apart for this to be a significant factor. Curiously,

Wheeler's figure 1 (modified here in my Figure 3)

is somehow incorrect in that he states that it is

based on the outline of a specimen of U. anceps,

which should, according to Wheeler, have a B/A
ratio between 1 .5 and 2.2. The figure itself has a

B/A ratio of 3.0.

Introduction

I have three main goals in mind with this work:

(1) to document all of the Field Museum materials

of the North American terminal genera of the Or-

der Dinocerata, as well as most of the heretofore

unreported specimens in other collections, espe-

cially the more important of them; (2) to expand
our understanding of the morphology and system-
atics of those genera; and (3) to learn as much as

possible about their biology as can be inferred

from their remains and from consideration of par-

tial analogues among living large terrestrial un-

gulates and sirenians.

The uintatheres of the Washkie Formation

(Bridgerian- and Uintan-age deposits within the

Washakie Basin, Sweetwater County, southwest

Wyoming) occur within the deposits of both ages,

with the greatest frequency in the Lower Brown
Sandstone unit of Granger ( 1 909). Several work-

ers have made detailed studies of the formation,

documenting its stratigraphy, general geologic

features, and its faunas: Bradley (1945, 1964);

Cope (1884); Flynn (1983, 1988); Granger
(1909); Hayden (1873, 1874—both with Cope
contributions); Johannsen (1914); King (1878);

Marsh (1872a,b, 1886); Matthew (1909); Maugh-
er (1977); McCarroll (1995); McCarroll, et al.

(1996a,b); Osborn (1907, 1909); Osborn and Mc-
Master (1881); Osborn and Speir (1879); Roehler

(1969, 1972, 1973, 1985, 1992a,b); Scott (1937);

Sinclair (1909); Sullivan (1980); Turnbull (1972,

1978, 1991, 1993); Turnbull and Martill (1988);

Wheeler (1961); and Wortman (1901).

The Washakie Basin is a 2,500 square mile

(6,475 square kilometer), high, structural and to-

pographic intermontane Tertiary basin in SW Wy-
oming (Bradley, 1945; Love, 1 96 1 ; Roehler, 1972,

1992a,b; Turnbull, 1978). It has been a structural

basin at least since Late Cretaceous times, with

Lance, Fort Union, Wasatch, and Green River

Formations (Fms.) underlying the Bridgerian-Uin-

tan-age Washakie Fm. The Hartt Cabin Bed of the

Laney Member of the Green River Fm. inter-

tongues with the Kinney Rim Member of the

Washakie Fm. Late Pleistocene-Holocene deposits

(not shown) are scattered between the crests of

more resistant older deposits in a thin covering
veneer (alluvium and dunes). Stratigraphic detail

has been presented by Granger (1909), Wheeler

(1961), Roehler (1969, 1972, 1985, 1992a,b), and

Turnbull (1978). The concepts of the latter two

authors in the mid-1970s were summarized in

Turnbull (1978), in which Roehler's cross section

of the basin is given (pp. 574-575), along with a

correlation chart that related the Granger and

Roehler-Turnbull interpretations to Eocene pro-

vincial ages and their subdivisions.

That chart is greatly modified here (Fig. 4) to

show both Roehler's (1992b) correlations of Mid-

dle and Upper Eocene lithostratigraphic units of

Washakie and Green River Basins (left side) and

to expand the Washakie Fm. portion of the Eocene

so as to stress its major marker units (dark bars,

with Roehler's designated bed numbers). The

marker beds that I have found to be the most use-

ful are emphasized in black: Flock of Sheep
Limestone (Bed 502) in the uppermost part of the

Laney; Light-Gray Tuff (515) and Tan-White Tuff

(540) in the Kinney Rim Member (Roehler,

1973); Robin's Egg Blue (579) and Middle Red

(596-604) in the lower part of the Adobe Town

Member; and Granger's Bed 11 (= 622), and

Rose Red (644) in the middle part. All can be

traced for at least 2 miles to more than 10 miles

in continuous outcrop, and for even greater dis-

tances across eroded or covered gaps. Granger's
Bed 11, the Middle Red, and the Rose Red are

the most extensive, and four of the marker beds

(515, 540, 579, 622) have major ashfall compo-
nents to their makeup.

It should be noted here that the marker beds are

the only ones that can be closely related to either

provincial age or paleomagnetic boundaries. For

correlation, most intervening bed assignments for

specimens or localities, unless they are on or very
close to the measured sections, are estimates

based on proportional distances from (above, be-

low, or between) recognized marker bed(s). This

has to be the case because there is much dune and

sage cover, and because within the units them-

selves in these fluviatile deposits, few beds are

traceable laterally for any great distance. Either
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they pinch out, to be replaced by a different bed,

or they change in their lithology. Also, I have add-

ed my best estimate of relationships to the geo-

magnetic polarity time scale.

The chart shows the lowest member of the

Washakie Fm., which Roehler (1973) named the

Kinney Rim Member and which I (Turnbull,

1978) designated TWkK (for Tertiary, Washakie

Fm., Kinney Rim Member). The greatest section

we found measured 893.9 ft (272.5 m) from the

bottom of Roehler's Bed 515 to an unconformity
at the top of Bed 568 (Flynn, 1983). There are

two marker beds within the unit. That which

Roehler called Tan-White Tuff (Bed 515) is with-

in the member at its base and is of some help on

the Kinney Rim; and the other is the White Tuff

Marker bed (540), near the middle of the member.

Just beneath the unit at the top of the Green River

Fm., the Cathedral Limestone (Bed 514) is help-

ful; and about 120 ft (36.58 m) lower down a

section in the Laney, the Flock of Sheep Lime-

stone (Bed 502), also can be helpful because it is

one of the more easily recognized and widespread
beds. Hence, I show it as well, and here point out

that it may even correlate with a Hartt Cabin unit,

the Barrel Springs White layer. (This was a theory
from Roehler, which seems to be both logical and

likely.)

Above this is the Adobe Town Member (vari-

ously written as Adobetown, 'dobetown, or 'Dobe

Town), which includes both Lower Washakie (
=

Washakie A) and Upper Washakie (= Washakie

B) of most workers following Granger (1909)

through Wheeler (1961). This "old" Washakie A
portion I had designated TWkAl (for Tertiary,

Washakie Fm., Adobe Town Member, Division 1 ).

Our measure for it is 877.8 ft (267.6 m) from the

base of Bed 569 to the top of Bed 620 (at the base

of Granger's Bed 1 1). Three markers aid in trac-

ing this unit: the Robin's Egg Blue (Bed 579),

which is above the top of the Lower Brown Sand-

stone itself; the Middle Red (Beds 596-604); and

Beds 620-622 (= Granger's Bed 11). The latter

marks the boundary between TWkAl and

TWkA2 and is most useful because it can be eas-

ily traced for the greatest distance. Its whitest part,

Bed 622, immediately overlies the unit (Bed 621)
that is just above the basal bed (620) of Washakie

B (TWkA2).
The "old" Washakie B division of the Adobe

Town Member is designated TWkA2 (for Tertia-

ry, Washakie Fm., Adobe Town Member, Division

2). Our measure for it is 1,100.7 ft (335.6 m).

Traditionally, it included Beds 620 (the base of

Granger's Bed 1 1 ) through 675 (Granger's Bed 22

at the top of the Mammoth Buttes). The main

marker beds are Granger's Bed 1 1, which is trace-

able for the greatest distance around the Basin,

and Bed 644 (Rose Red) higher up, which can be

traced for about 20 miles (32 km) on the E and

NE sides of the Basin.

The situation is more complicated, however, as

can be seen by tracing the deposits to the south-

southwest (from Sec. 28, T16N, R97W, Manuel

Gap Quadrangle) along the crest of the Adobe
Town Rim (to Sec. 25, T15N, R98W, Cow Creek

Reservoir Quadrangle). All along this stretch, the

sediment column gradually climbs at least an es-

timated several hundred feet higher to where three

green ash beds3 occur (in Sees. 24 and 25, T15N,
R98W, Kinney Spring and Cow Creek Reservoir

Quadrangles). One of these green, shaly, ash de-

posits (eagle-nest ash) has been dated at 45.1 ±
1.7 MYBP (potassium-argon, Krueger B7667 the

biotite fraction), a date I now consider to be rea-

sonable on both faunal and stratigraphic grounds.
The hornblende fraction (A7667) gave a date de-

cidedly too old (51.4 ± 2.8 MYBP), probably
caused by some detrital contaminant; and because

of this inconsistency, I had hesitated to publish

them. I do so now, because I think that the biotite

date should be made known.

Farther to the south, in the southern part of the

axis of the Basin, still higher units are present.

Stratigraphically these lie above the "old" Wash-

akie B, and in their lower part they extend the

upper portion of TWkA2 upward (i.e., they are

well above the top of Granger's section). The up-

permost part of these higher beds constitutes the

ill-defined highest unit, which I designated
TWkA3 in 1978. Independently, both Roehler

(unofficially) and I had recognized this unit,

which he measured at 341.0 ft (104.0 m), much
of it fine lake bed clays, and he (Roehler, 1985)

simply added it to the top of TWkA, because he

did not divide up the Adobetown Member in that

work. Taken together, the three green "ash" beds

1 The X-ray diffraction patterns for all three of these

ash beds are very much alike, suggesting that the source

of the ash was the same for the three in spite of the time

intervals between adjacent ones, represented by —60 ft

(—18 m between the bottom and middle ashes, and —75
feet (—23 m) between the middle and top pair. All of

the peaks for Clinoptilolite coincide, and there is a de-

cided (amorphous) hump in the 15°-40° range of the

background curve, indicative of glass. I thank Dr. Paul

Predecki of the University of Denver and his students

for the diffraction work, and Dr. Predecki for help with

the interpretation.
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provide a sort of dividing marker unit, enabling

us to separate in one area TWkA2 from the large-

ly pond or lake sediments of the uppermost unit,

TWkA3. In the upper half of TWkA3, in sections

30 (T15N, R97W); 6 and 7 (T14N, R97VV); and

1, 12, 13, 14, 23, 24, 25, and 26 (T14N, R98W),
the exposures to the east of the high ground are

the clays, while the largely covered exposures to

the west are more varied in their lithology, being

mainly sandstone channels, overbank deposits,

and some lake bed clays. To date, the fossil record

of TWkA3 is poor, and it has no good traceable

marker unit. Nonetheless, in addition to the men-

tioned green ash beds near its base, higher up near

the very top, in the area north of Turtle Butte

(Sees. 13, 14, 23 and 24), there are two thin (~1
ft [0.3 m] thick), ochre-colored, fine sandstone

beds about 20 ft (6.1 m) apart vertically, which

are traceable for about a mile (1.6 km). At Turtle

Butte itself, erosion has removed both of the sand-

stone beds, but on the higher ground to the SSE
of the Butte, the lower of those two sandstones is

again exposed for more than half a mile (0.8 km)
on both east and west sides of the butte. Hence,

that bed can be traced for about 3 miles (~4.8

km) and thus serves as a marker near the top of

TWkA3. Unit TWkA3 is in need of additional

study. Both Roehler (1973) and Turnbull (1978)

considered Beds 676-708 possibly to be of Uinta

C age, based on the lithologic differences, but as

yet no fossils have been found that either support

or refute that notion. I now consider it to be un-

likely, because the clays are now seen as a local

lake deposit, not as the typical Uinta C beds.

TWkA3 appears to intertongue in its lowermost

half with the upper, coarser, deltaic units of

TWkA2, but cover has thus far prevented reso-

lution of the extent of the overlap or any of its

details.

The magnetic polarity data shown in Figure 4

are from Flynn (1986) and are my choice of the

most likely of the several alternative interpreta-

tions suggested by Flynn. For the most recent as-

Fig. 3. Cranial proportions of the same taxa as shown in Figure 2A (data from Wheeler, 1961) are given here

for relating skull lengths and the B/A cranial ratios as used by Wheeler to separate the genera. In addition to the

Wheeler data, the new Field Museum (white stars in black circles) and University of Wyoming (black stars in white

circles) specimen data are added, as in Figure 2B. Note that the B/A ratios for adults of Eobasileus are lower than

all of the others, while skull length does not serve to separate Tetheopsis from the other genera. Whereas Wheeler

detected only one juvenile specimen—a jaw—in all of the materials he examined, the new fmnh materials include

six such specimens, among them two skulls that are complete enough to appear here. Also, eight additional skull

length values are included (the black squares to the left of the skull length line), but their ratio values could not be

ascertained.

The many lines between the length and ratio scales connect the same specimens. The shaded areas set off specimens
Wheeler assigned to Eobasileus and Uintatherium. The fact that the Tetheopsis specimens, which on skull-length

criteria alone show two clusters, are more tightly grouped on the B/A ratio scale would tend to support the notion

that genus is valid. However, when plotted in this manner, the slopes of the lines for Eobasileus and Uintatherium

are reversed, and most Tetheopsis specimens follow the slope of the former genus. The estimated skull length of the

very aberrant E. cornutus specimen, fmnh P 12164, is about 67 cm. The star representing it on the length scale was

deliberately placed low (at 57.5 cm) to keep it outside the range of U. anceps specimens. Skull length, horn devel-

opment, and B/A ratio suggest that it was either a juvenile (but its dentition is far too worn for that to be the case)

or an aberrant female (conclusion of both Wheeler and me).
In the cranial vignette, below, arrows schematically show changes in (heterogonic) growth directions of the horns

and crests with advancing age, so that there is a tendency for individuals of advanced age to take on more youthful

proportions. Fortunately, the ratios are different enough that usually this is not a problem.

Fig. 4. Details of the stratigraphic units of the Washakie Fm. Shown on the left side, slightly modified from

Roehler (1992b), are the chronostratigraphic units of the Eocene and the lithostratigraphic units of the Green River

and Washakie Basins. On the right side the Washakie Fm. is expanded for greater detail and modified from Roehler-

Turnbull sections. In conjunction with it, I give my assessment of relationship to the geomagnetic polarity time scale.

For emphasis, the marker beds useful for stratigraphic understanding and correlation are set off in black. The upper

boundary of TWkA2 with the overlying unit (TWkA3) is an interfingering one that is quite uncertain (see text). Unit

TWkA3 is made up largely of lake bed clays that were deposited near the axis of the basin. I also call attention to

the fact mat the exact correlations with Chrons 19R and 20N are somewhat doubtful, as is indicated by question
marks and dashed lines. An unconformity is indicated by the wavy line between the Kinney Rim and Adobe Town
Members.
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WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

WASATCH FM

•North American land mammal ages (Evernden and others, 1964

EXPLANATION

Freshwater lacustrine sandstone

Freshwater lacustrine mudstone. oil shale,

shale, sandstone, siltstone. and limestone;
some carbonaceous shale and coal

Evaporites (trona, halite, nahcolite. or shortlte)

Fluvial mudstone. sandstone, and siltstone

(partly red beds: some paludal deposits)

Figure 4.
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Washakie Formation and Top of Green River Formation

Modified from

ROEHLER 1973 b
and TURNBULL 1978
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sessment, see McCarroll et al. (1996a,b,c), where

these alternatives are discussed.

The vast majority of the uintatheres of the

Washakie Fm. come from TWkAl and TWkA2,
the old Washakie A and B units (= Lower and

Upper Washakie). None have been found in the

uppermost unit, TWkA3, and only indeterminate

scraps have come from the Kinney Rim Member

(TWkK). Wheeler (1961) reviewed the geology in

some detail, and more recently Roehler (1992a,b)

has given us the definitive treatment. The reader

should refer to those works if more information

is desired. Wheeler concluded his section on the

Washakie Fm. thus:

Uintatherium is an abundant fossil in certain areas

of the Washakie A faunal zone (plate 6). Eobasi-

leus, a rare fossil, is known from Washakie B. The
few known specimens of the genus Tetheopsis are

all from the Washakie formation, occurring in both

faunal zones (p. 15).

Here I need to add a few caveats with regard

to some locality names in the older literature.

First, Cope (1873, p. 526) used the term "Hay-
stack Mt." 4 to designate the last high butte at the

4
It is a real pity that this obscure work has not been

more readily available. Had it been, the misnaming of

these topographic-geologic features probably would not

have happened, nor would we miss out on some of

Cope's sometimes flowery, sometimes charming writing,
his vivid descriptions of geologic features, or his insight-

ful impressions. The irony is that Cope caused the prob-
lem himself. He belatedly came to realize that he had

erred in details of the anatomy of Uintatheres in his

hasty restoration, and he reacted with equal haste in try-

ing to recall and destroy all copies of the released work.

He nearly succeeded, but fortunately a few copies were

beyond recall (the American Museum Library has a

copy, which the late Morris Skinner photocopied for

me). Wheeler (1960, p. 3) reproduced Cope's illustration

from it. It shows Cope's initial visualization of uinta-

theres as a kind of antlered elephant, including an ele-

phant's trunk. Of course, they were not elephants, or

even close relatives; they were not antlered, nor did they
bear elephant-sized trunks. Nevertheless, they did have

some elephant-like attributes that greatly impressed

Cope. This is apparent from his description of his find-

ing of Eobasileus cornutus, "the Monster of Mammoth
Buttes," in the Washakie badlands. A quote from that

work gives the flavor of Cope's writing and makes his

reaction understandable: "Here was the fountainhead.

Pick, sledge, and chisel soon exposed an enormous skull

with a perfect set of teeth, a huge polished tusk of saber

form, curving downward from the jaw, and a pair of

massive horns rising from each eyebrow. Removing a

mass of rock, the shoulder-blade was exposed, a huge
plate from two to three feet wide, and close alongside
his pelvis, nearly complete. When I had laid the hip-
bones bare their expanse measured about four and [a]

E-SE end of the 7-mile (1 1-km) arc of his "Mam-
moth Buttes." Subsequently, most workers, and

indeed the USGS topographic maps, have used

the name "Haystack Mt." to designate all of this

7-mile arc of higher ground, not Cope's original

"Mammoth Buttes" term. Second, there have

been several places designated "Dug Springs,"
one being Tadpole Spring or Tadpole Stage Sta-

tion; and at least one other is indicated as being

"high on Haystack Mt.," and still another "near

Haystack," but lower in the section. A third am-

biguous locality name used at different times by
different persons is simply "Haystack" or "Hay-
stack Mt." Not only is this imprecise geographi-

cally, it is imprecise stratigraphically, because

more than 100 ft (32 m) of the top of Washakie

A of Granger is at the base of both Haystack prop-
er and the Mammoth Buttes, but only part of

Washakie B is within Haystack, while all of it is

to be found within the Mammoth Buttes (in the

Granger section). Wheeler did his best to sort this

out, but some uncertainty is bound to remain and

should not be dismissed, for, as with all older re-

ports, there may well be other similar problems
as yet undetected.

I should note here also that in my notes and

specimen labeling in the late 1950s, I was in the

habit of designating the specimens from the most-

ly lower-lying Upper Washakie deposits in Sees.

1, 2, 11, and 12 of T16N, R97W, at the western

end of the Mammoth Buttes, as coming from "the

northwest flank of Haystack." It was (and still is)

a term of convenience, beginning in those days
before the USGS topographic maps were avail-

able for the area and Haystack was used as a syn-

onym for Mammoth Buttes (mea culpa).

Also it is necessary to understand the use of

the established names of the various rims: these

half feet." Clearly, the girdles are elephantine in their

proportions, and Cope when describing the beast was
near the mark in stating, "a head . . . terminating in a

short trunk, somewhat similar to that of the elephant . . .

its body like that of the elephant, with high withers and

a sloping rump, terminating in a short tail: its limbs rath-

er shorter than those of the living elephant, but with the

same short, stubby toes, and the knee below the body
as in the elephant, bear and monkey." Mostly these were

fair observations, but then, carried away, he went on,

"The same ambling gait, the same huge ears, and the

little twinkling eyes, all betrayed in life the elephantine

kinship, while the hollow forehead and its surrounding

horns, if not bearing the stamp of the elephant's wisdom,
marked him as a king, and his shining weapons showed
his ability to maintain the claim."
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are loose stratigraphic-geographic terms. The Kin-

ney Rim is situated on the west side of the basin

and exposes Wasatch and Green River Fms. on its

steep west side, and the Kinney Rim Member,
Washakie Fm., on its eastern dip slopes. Antelope

Canyon separates this structure from its northern

equivalent, the DeLaney Rim (usually called La-

ney Rim). To the south, the Kinney Rim merges
with the Cherokee Rim, which has many faults.

The east side of the Basin is more openly eroded,

and there is no distinct, continuous equivalent

rim, but the Flat Tops are its outliers. Within this

"circle" in ascending order are the Lower Brown
Sandstone Rim, the Rim Below the Adobe Town
Rim ('Dobe Town Rim) on the west side of the

Basin = the Willow Creek Rim on the east side

(sometimes referred to as the middle rim), and the

Adobe Town Rim. The first of these conforms rea-

sonably well with the Lower Brown Sandstone at

its base. The middle rim, designated by its strati-

graphic position, is usually capped by a resistant,

broad, cobble-covered bench (? possibly in places

including some Bishop Conglomerate residuals)

10-15 ft (3-4.5 m) below Granger's Bed 11. The
Adobe Town Rim exposes ever higher beds as one

follows it from north to south through the upper

part of TWkA2 and most if not all of TWkA3.
Somewhere within Section 12, T14N, R98W, Cow
Creek Reservoir Quadrangle, or nearby, the dips

become reduced; and then, when one proceeds
farther south, they take on a more northern com-

ponent, which increases progressively as one pro-

ceeds down-section all the way to the Cherokee

Ridge.

Material and Abbreviations

Listings of all Washakie Fm. uintathere speci-

mens known to me are available according to in-

stitution from the author and the Department of

Geology, Field Museum of Natural History

(fmnh). In each case I indicate whether or not I

have seen the specimen. I do the same for Wheel-

er: If he saw the specimen, I indicate the page in

Wheeler's 1961 revision where it is referred to. In

addition to specimens in the Field Museum of

Natural History, I have examined most of the

mid- to late Eocene uintatheres in the following
collections:

Academy of Natural Sciences, Philadelphia (ansp)

American Museum of Natural History (amnh)

Denver Museum of Natural History (dmnh)
Princeton University Museum (pum); now includ-

ed in the Yale collection (ypm)

United States National Museum (usnm)

University of California Museum of Paleontology

(ucmp)

University of Colorado Museum (ucm)
Utah Field House (ufh)

Yale, Peabody Museum of Natural History (ypm
and pum)

Other smaller collections:

Carnegie Museum of Natural History (cmnh),

University of Michigan Museum of Paleontol-

ogy (ummp), University of Washington, Burke

Museum (uwbm), Collection of Fossil Verte-

brates, Department of Geology and Geophys-
ics, University of Wyoming (uw or uwm)

PM or P denotes the fmnh fossil mammal col-

lection. Other abbreviations either are standard or

are provided in the text or figure captions upon
the first instance of their use.

Measurements are given in English and metric

units (millimeters and centimeters are given in

metric units only). I should state at this point that

one of the main purposes of this work is to doc-

ument all of the fmnh uintathere materials, espe-

cially those from the Washakie Fm. I will not re-

peat the anatomical descriptions that are covered

in the Marsh (1886) monograph and in Wheeler

(1961) beyond whatever is necessary to fill in

gaps in our understanding and to describe and il-

lustrate the more significant of them, including

mostly heretofore unreported Washakie speci-

mens.

In the text following each heading, I discuss

only the more important of the new materials. Be-

cause I recognize only Uintatherium and Eoba-

sileus as valid genera, I indicate my assignment
of each specimen to either U. anceps or E. cor-

nutus, or as being indeterminate.

The Field Museum's Washakie specimens of

these taxa (except for one collected in 1947 by R.

Zangerl) were collected by me and my field crews

between the years 1956 (when I started to system-

atically collect in the formation) and the present,

and by J. Flynn and his crews since 1989. They
consist of more than 75 specimens, three of them

being partial skeletons, eight of which are skulls

or significant portions of skulls, three of which

are fragmentary skull pieces, and seven of which

are jaws. All are from Sweetwater County, Wyo-
ming. Together they contribute considerably to
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our understanding of the genus Uintatherium, and

to a lesser extent to Eobasileus.

Most important of the lot are pm 53933 (fron-

tispiece; Fig. 5), a young adult (the Funderburk

skull); pm 3896, a newborn; and pm 8019 and pm

54406A, two juvenile skulls; all four are assigned

to Uintatherium anceps. Also previously unre-

ported is a skull in the University of Wyoming
collection (uw 13644) originally considered to be-

long to this species but which has the dental pro-

portions of E. cornutus.

Other previously unreported important speci-

mens are (1) pm 1737, a pair of jaw rami, (2) a

left mandibular ramus in the University of Cali-

fornia collection, ucmp 81356, and (3) a partial

mandible of U. anceps in the Carnegie Museum
collection, cmnh 29493 (all three are from the

Washakie Fm. The first two expand the record of

E. cornutus, the taxon with the fewest specimens);

(4) an excellent skull and a pair of jaws (unas-

sociated) from the Bridger Fm., recently collected

by a party from Sierra College, California; and

(5) a nearly complete skeleton from the Uinta Fm.

of Colorado. The Field Museum has a cast of the

skull and jaws of this skeleton, pm 60171. The

specimen is now in the Gunma Prefecture Muse-

um.

Methods, Systematics, Morphology,
and Materials

Methods

With the publication of his Revision of the Uin-

tatheres, Wheeler (1961) did a great service for

mammalian paleontology. He reduced the chaotic

plethora of named genera and species to a reason-

able number—a formidable task, considering the

inadequacies of the descriptions, often of the

types themselves, and because of the needless

synonyms resulting from hasty and careless early

publications. Except for Tetheopsis, he has in my
opinion done a most adequate job, and, as noted

earlier, Schoch and Lucas (1985) accepted the ge-

neric assignments and synonymies, although ex-

pressing some uncertainty about the need for fur-

ther species revisions.

Skull and jaw measurements of Uintatherium

anceps and Eobasileus cornutus are given in Ta-

bles 1 through 4, and are illustrated in Figure 6.

One thing that may be expected to improve our

understanding of species distinctions, and which

neither Wheeler nor Schoch and Lucas have done,

is to see whether measurements of individual teeth

can better define the species. Wheeler (1961) did

utilize total upper and lower cheek-tooth row

lengths, with limited success (see his charts 5 and

6). Frequently, individual tooth measurements

have proved useful in many other groups when
other criteria have failed. Tables 5 and 6 give
these data, and in Figure 7 the measures them-

selves are illustrated. In addition, I present more

details of dental features, including information

on the deciduous teeth and dental formulas, and I

provide scattered supplementary anatomical de-

tails wherever the Washakie materials offer new
information. To make them more useful for future

functional analysis, I designate a few dental fea-

tures differently than did Wheeler (compare
Wheeler's figs. 2 and 3 with my Fig. 7A and 7B).

Crown features of molars of advanced uinta-

theres are labeled and diagrammed, and the

scheme for individual cheek-tooth measurements

is given in Figure 7. These measures also differ

from the more usual ones in that anterior and pos-

terior widths (AW and PW) are the greatest tooth

widths measured through the long dimension of

each of the major lophs and lophids (i.e., along
functional crests). Thus, for the upper teeth, AW
measures the distance from crown base to crown

base aligned through the protoloph; PW is the

measurement aligned through the metaloph. In the

lower teeth, AW is measured along the metalo-

phid and PW is measured along the line from me-

tastylid to hypoconid (hypolophid). Length mea-

sures are more standard and obvious.

In using this work, it will be essential for the

serious student of the uintatheres to have at hand

the Marsh Dinocerata monograph (1886), with its

many fine osteological illustrations, and the

Wheeler (1961) revision. The former provides an

excellent, detailed, osteological-anatomical base

for comparative purposes for skull, jaws, and

postcranium. The latter is useful both for its rea-

soned discussion and taxonomic revision and for

the photographic coverage it provides for nearly

all of the better specimens. To duplicate either set

of these illustrations is unnecessary and costly, so

I illustrate only the more important, new, or pre-

viously unreported or unillustrated materials,

mostly those of the Field Museum, but I also in-

clude several belonging to the American Museum,

Carnegie Museum, Denver Museum, University

of California Museum of Paleontology, University

of Wyoming Museum, and the Utah State Field-

house.
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Systematics

(following Schoch and Lucas, 1985)

Mirorder Uintatheriamorpha Schoch & Lucas,

1985

Order Xenungulata Paula Couto 1952

Carodina Simpson 1935

Order Dinocerata Marsh 1873a

Family Prodinoceratidae Flerov 1952

Prodinoceras Matthew, Granger,

Simpson 1929

Family Uintatheriidae Flower 1876 (1873)

Subfamily Gobiatheriinae Flerov 1952

Gobiatherium Osborn & Granger
1932

Subfamily Uintatheriinae Flower 1876

(1873)

Tribe Bathyopsini Osborn 1898

Bathyopsis Cope 1881

Tribe Uintatheriini Flower 1876 (1873)

Uintatherium Leidy 1872 (including
in part, Tetheopsis Cope 1885);

type species of the genus is U.

robustum = Titanotherium ? an-

ceps Marsh, 1871

Eobasileus Cope 1872b (including in

part, Tetheopsis Cope 1885);

type species of the genus is Lox-

olophodon cornutus Cope,
1872b

At present, only two North American species
within the Uintatheriini are recognized unequiv-

ocally, Uintatherium anceps (Marsh) and Eoba-

sileus cornutus (Cope). As indicated earlier, I sus-

pected that the two named species of Tetheopsis,
T. speirianus (Osborn) and T. ingens (Marsh),

may more properly be assigned to one or the other

of the two taxa, and in this study that suspicion
is confirmed and those reassignments are made.

Uintatherium anceps (Marsh) is based on Ti-

tanotherium ? anceps Marsh, 1871, p. 35 (holo-

type ypm 11030), and U. robustum Leidy, 1872a,

pp. 168-169, and 1873 (holotype ansp 12607,

12609, 12610, 12611, 12612, 12613, 12619, and

12622). Wheeler provides a full synonymy listing

and documents most of the materials he assigned
as U. anceps (Wheeler, 1961, pp. 27-47), and the

reader is referred to that work for the full list.

Junior synonyms include U. latifrons and U. seg-

ne\ Tinoceras ingens, T vagus, T. affine, T. pug-
nax, T. grande, T annectans, T. crassifrons, T.

hians, T longiceps, and T. stenops; Dinoceras

mirabile, D. distans, D. agreste, D. laticeps, D.

lucare; and Elachoceras parvum.
Eobasileus cornutus (Cope) is based on Lefa-

laphodon discornatus Cope 1872a, E. cornutus

Cope 1872b, and Loxolophodon cornutus Cope
1872c (the holotype of both is amnh 5040).

Again, Wheeler (1961, pp. 52-53) gives the de-

tails.

Morphology

Uintatherium anceps (Marsh, 1871) (the only spe-
cies of the genus)

Titanotherium ? anceps Marsh, 1871, p. 35

Uintatherium robustum Leidy, 1872a, pp. 168—

169

Uintamastix atrox Leidy, 1 872a p. 1 69

An additional 26 species are listed in Wheeler's

synonymy listing:

Two of Loxolophodon by Cope, 1 872b,

Nine of Tinoceras, all by Marsh between 1 872

and 1886,

Eight of Dinoceras, all by Marsh between 1 872

and 1886,

Eobasileus galeatus Cope, 1873b, pp. 1-2

U. leidianum and princeps by Osborn, Scott

and Speir, 1887, pp. 63-82

U. latifrons and signe by Marsh, 1885, pp. 262

and 276: 1886, pp. 40, 220-222

Elachoceras parvum and U. alticeps, Scott,

1886, pp. 304-307

Tetheopsis speirianus (Osborn, 1 88 1 )

Holotype—ypm 1 1030 is illustrated by Wheel-

er (1961; pi. 8, fig. 1).

Distribution—Middle Eocene, Upper Bridger-
ian of Bridger and Washakie Basins of SW Wy-
oming, within the Adobetown Member, in

TWkAl of the latter. Also questionably in the

lower part of the Uinta Fm. of the Uinta Basin,

Utah, and the lower part of the Sand Wash Basin

of NW Colorado. Scanty remains have been re-

covered in the Piceance Creek Basin of W Colo-

rado, the Friars Fm. of S California, and the Pruett

Fm. of West Texas.

Revised Diagnosis—A large uintathere, larger

and more dolichocephalic than its predecessors

Bathyopsis and Probathyopsis, but smaller than

and nearly as dolichocephalic as its successor

Eobasileus. Skull length of adults between 69 and

85 cm; upper cheek-tooth row P2-M3, 143-169

mm long. It is distinguished from E. cornutus by
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Fig. 5. A, Left lateral, B, ventral, C, dorsal, and D, inverted posterior views of the most complete adult Uinta-

therium anceps skull in the Field Museum's Washakie collection, the well-preserved Funderburk skull, pm 53933.

The skull is that of a young adult male that is lacking only a minor bit here and there and most of its right canine

tusk. Its cheek teeth are nearly unworn except for the Mis, on which the enamel of the lophs is breached, but the

greater part of the structure of each loph remains. The relatively short horns and low parietal-occipital crests are

further testimony to its young age state. It was discovered by the late Tom Funderburk, collected in 1984, and donated

to the Museum in 1989. Abbreviations are identified in the captions to Figures 8 and 9, and others as needed. Scale

for C is the same as for A and B (fmnh neg. nos. GEO 85689 (A), 85690 (B), 85799.1 (C), and 85799.2 (D)).
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Fig. 5. Continued.
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Fig. 6. Drawings of skull and jaws that show how some of the more useful measurements were taken: A, Skull

measures are shown overlain on Marsh's (1886) pi. II of Dinoceras mirabile (= U. anceps); B shows his pi. XIX,
the jaw of Tinoceras pugnax (= U. anceps) with the jaw measurements indicated. In A, the basis for Wheeler's

cranial proportion ratios is shown by the small capital letters A, B, and C. The numerals in drawings A and B
correspond to those numbers in Tables 1-4.
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the ratios of the horn spacings in the Wheeler

(1961) scheme, where distance from nasal tip to

maxillary horn is called A, that from maxillary

horn to parietal horn is called B, and that from

parietal horn to rear of occipital crest is called C.

The B/A ratio is about \Vi to 3 and the B/C ratio

is about 1 to 2% (to be compared with E. cornutus,

where B/A is about 1 and B/C is between about

2 and 3). (It is of interest that Leidy (1873), with-

out explicitly giving these details, stated that skull

proportions separated the genera.)

Certainly one of the least distorted, most com-

plete, and well preserved of known uintathere

skulls is pm 53933 (frontispiece and Fig. 5), dis-

covered by the late Tom Funderburk in 1984 and

collected by him (with the help of his son, Dave

Funderburk) at a locality near the center of the

NW Va, Sec. 8, T15N, R94W, Salazar Butte Quad-

rangle, Sweetwater County, Wyoming (fmnh Loc.

FM-2-85-KL/WDT). The specimen is complete

except for the jaws and a few minor pieces of the

skull that were broken off as that part of the spec-

imen, which was nearly entirely encased in a mas-

sive sandstone block, fell and tumbled down 50

feet (16 m) after being pushed from its precari-

ously balanced in situ position on a narrow prom-

ontory ridge to its resting spot at the base of the

Lower Brown Sandstone Rim. The block surely

weighed ca. 250-300 lb (115-135 kg), for the

prepared skull minus the jaws, and with all sur-

rounding matrix prepared away but with internal

cavities still matrix-filled, weighs more than 125

lb (56 kg). Preparation was begun by Tom Fun-

derburk and continued until Mr. Murray Daniels5

suggested, then insisted, that further preparation

would require professional help. Final preparation

by William Simpson was done at the Field Mu-

seum; and in 1989, at my request, Mr. Funderburk

donated the skull to the Museum.

Apparently at least parts of the jaws and post-

cranial skeleton also had been preserved, although
at the time nothing else was found. During the

years following its discovery, I have collected

much float from beneath the promontory. Other

5 The late Mr. Murray Daniels and his wife, Mary
Jane, and family, long friends of the Field Museum, have

been extremely helpful to me and my field crews since

the mid-1960s, when we first met. From their years of

exploring the Washakie desert, they all became quite

knowledgeable about both the geology of the basin and
its fossils. They came to know its geography intimately.

Fortunately, Murray's advice to Tom was heeded, and
this certainly saved the dentition from further unneces-

sary damage.

parts of the skeleton (three in situ ribs) came from

the same horizon 9-12 feet (3-4 m) behind the

location of the skull, at the point where the prom-

ontory joined the main bluff. From the proximity
of this block and the skull, I assume both to be

parts of the same individual. The additional scraps

were recovered on the slopes beneath the prom-

ontory where the skull and these other in situ parts

had lain. They include a mix of bones, some of

which surely belonged to the specimen (the sym-

physis and rear portions of both rami, six verte-

brae, fragments of the pelvis and sacrum, three

complete ribs, and rib pieces). Other more dubi-

ous bits may belong, but among them are at least

three pieces that do not: an occipital condyle and

the rear of the jaw of another, smaller uintathere,

and a fragment of the mandibular symphysis of a

titanothere. Also, a great many turtle bone frag-

ments were found.

Materials

Uintatherium anceps

Skull, Jaws, and Dentition—In 1923, H.E.

Wood contributed an analysis of the molar crown

features of U. anceps that cleared up a confusion

begun earlier by Cope (1884) with his contorted

"ectoloph rotation hypothesis" and was soon

thereafter further supported and modified by Os-

born (1898). The problem Wood set for himself

was to reanalyze the molar crown features in or-

der to clarify cusp homologies and to gain insight

into the relationships of uintatheres to other mam-
mals. He thereby overturned the thinking of the

two giants in the field and arrived at a more log-

ical and straightforward interpretation, which I

have briefly remarked on elsewhere (Turnbull,

1995). Suffice it to say that Wood interpreted the

three main cusps of the upper molars to be pro-

tocone, paracone, and metacone (i.e., the usual

cusps of the normal trigon of Cope-Osborn ter-

minology) and to be connected by lophs. It then

follows that the primary cusps of the lower molars

are protoconid, paraconid (reduced), and meta-

conid, with the protolophid weak, metalophid

strong, and the hypoconid (and hypolophid) well

developed. The other lower molar cusps present

are the entoconid and hypoconulid, and a meta-

stylid closely associated with the metaconid. All

of these features are shown in Figure 7A and B,

and this terminology is followed throughout the

work. Tables 5 and 6 give dental measurements
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for specimens assigned to Uintatherium anceps
and for those two smaller specimens that Wheeler

assigned to Tetheopsis (here considered to belong
to U. a.).

Of the 1 1 skulls or partial skulls in the Field

Museum collection, the Funderburk specimen is

no. 1, pm 53933 (frontispiece, Figs. 5, 13, and

27C-D). With it, as noted above, are some jaw

fragments and a few associated postcranial ele-

ments. The frontispiece shows the skull in two

left-side, slightly anterolateral views, the top view

showing features of the skull roof, the bottom

those of the palate. The others are (2) the left

maxillary of a very young individual and part of

its skeleton, pm 3896, probably nearly a newborn

(Figs. 8-10), which because of its age provides
the most new information; (3) a nearly complete

juvenile skull, pm 8019 (Fig. 11), found by Rocky
Joe Potter, son of the late Wise Potter, then man-

ager of the Eversole Ranch, in 1958; (4) a partial

skull of another, older, juvenile, pm 54406A (Fig.

12); (5, 6) two partial skulls, pm 1666 and pm 1667

(Figs. 14, 15), that, according to the late Roy Ev-

ersole (founder of the Eversole Ranch), had been

largely destroyed by "a curious sheep herder with

a sledge." Also included are four other less im-

portant Field Museum skull specimens: (7) pm

54406B (Fig. 16), a laterally crushed, badly pre-

served skull and associated left jaw ramus; (8) pm

53921, consisting of the nasal bones, other skull

fragments, and about half of the postcranial skel-

eton (Fig. 17); (9) pm 8020 (Fig. 18), consisting

of only the nasal bones with their short oval nasal

horns, two lower incisors, a lower canine, and part

of an upper canine; (10) pm 39393, a very frag-

mentary bit of skull associated with various post-

cranial elements, including five thoracic vertebrae

and articulated front and rear feet; and (11) pm

55467, a partial skull that includes the right pa-

rietal horn and both maxillary horns.

The University of Wyoming now has a speci-

men (uw 13644), an aged adult with a heavily
worn dentition (Fig. 56). It is unique in that it

measures both with Uintatherium on skull length

criteria and with Eobasileus on other cranial fea-

tures and on most of its dentition. Hence, I only
mention it here and discuss it at greater length in

the Eobasileus section, where I assign it.

Among the many specimens (in addition to pm

1667 and pm 53933) that preserve the basicranium,

two of the more easily transported are of particular

interest. Both are illustrated and discussed in the

section on the ear region. They are ansp 12607

(Fig. 26) and usnm 18599 (Fig. 27A-B).
Skull and Upper Dentition—Without doubt,

the "newborn" specimen, pm 3896 (Figs. 8-10),

provides the most new information.6
Its maxillary

6
It is curious that among all of the then-known spec-

imens studied by Wheeler (1961), only one, a jaw, was

recognized as being that of a juvenile. Yet Marsh ( 1 886,

p. 51) clearly implied that other juveniles were known.
In addition to this, I suspect that differences in the col-

lectors' approaches had something to do with this ap-

parent bias. I have made it a policy to collect everything
that preserved a recognizable boney surface feature, re-

gardless of how fragmentary or insignificant it appeared
to be initially. Of the cranial specimens I have collected,

four are juvenile, a far higher proportion than seen in

the earlier collections. Probably the earlier collectors,

who were looking for fine materials, may have over-

looked or dismissed a few of the scrappier juvenile spec-

imens, whose bones tend to be less mineralized and thus

were less frequently (or less well) preserved.

Fig. 7. Uintathere cheek teeth and the method of measurement used. A-B: Outline diagrams of uintathere molars,

which also will serve for the posterior two premolars. A, A left M3, and B, a right m3, are shown, along with most

crown features and measurement details. The three terminal North American genera are similar enough for these

diagrams to serve for all, and the anterior molars and posterior premolars have the same basic form, although the

more anterior usually are simpler and smaller. The unconventional way in which width measurements were taken is

indicated. This is necessary because I have chosen functionally related width measurements (involving the major

lophs and lophids) that differ from the simple width measures more commonly used. Abbreviations: Upper molar:

aw =
greatest width through protoloph (PL); pw =

greatest width through metaloph (ML); L =
greatest length of

tooth crown; cusps PR, PA, ME, MS, HY =
protocone, paracone, metacone, metastyle, and hypocone, respectively.

Lower molar: aw =
greatest width through metalophid (MLd); pw =

greatest width through hypolophid (HLd, and

including the metastylid when present); cusps PRd, PAd, MEd, MSd, HYd, ENd and HYId =
protoconid, paraconid,

metaconid, metastylid, hypoconid, entoconid and hypoconulid, respectively.
C-D: Left upper cheek teeth of Tinoceras ingens (= U. anceps) shown in labial (C) and occlusal (D) aspects

(from Marsh, 1886, pi. XVIII). Various combinations of multiple cheek teeth length measurements are shown here

and in E-E I think this full array will prove useful because most specimens are scrappy; having many combinations

of measurements should help with identification of such material.

E—F: Right lower cheek teeth of T. pugnax (= U. anceps) shown in occlusal (E) and lingual (F) aspects (from

Marsh, 1886, pi. XIX).
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horn is merely a small lump of bone on the an-

terodorsal edge of the maxillary (Fig. 9). The high

form of the maxillary is evident (Figs. 9, 10) in

both lateral (9B) and medial (9A) views. The in-

fraorbital foramen is clearly visible on the lateral

view, as is the swollen area within which the still

unmineralized permanent canine had been devel-

oping. The great height of the nasal passage is

indicated by the broad, smooth surface beneath

the large sculptured suture for the nasal bone, fea-

tures that can be seen in the medial view. The

extensive midline suture and sutures for the pre-

maxillary and malar bones are also clear.

Some of the details of the deciduous dentition

are indicated by alveoli or roots (Figs. 8-10). The

dC appears to have been double-rooted, to judge
from the X-ray (Fig. 1 0) and the shape of the two

alveoli situated in the proper position for that

tooth (Figs. 8, 9A), where there is an intervening

saddle-shaped connection between them. There is

a single alveolus for dPl (Figs. 8, 9A, 10B), and

there are three alveoli (or roots) for each of the

other deciduous upper premolars, with the lingual

being the largest, the anterobuccal intermediate,

and the posterobuccal the smallest. The palate is

narrow (Fig. 8); the midline sutural ridge stands

high off the deep palatal groove, which extends

from the canine area to the middle of the premolar

region. Most palatal features are a bit distorted

because of compression. Its posterior portion,

from mid-premolar area to the rear of Ml, is rel-

atively small and flat, and a bit of the anterior

edge of the posterior palatine foramen is pre-

served at the rear edge.

In X-rays of the specimen (Fig. 10) the forming
canine is indicated by the formation of its large,

discrete crypt seen in the expected position within

the swollen anterior edge of the maxillary. Be-

cause no mineralization of its enamel or dentine

had yet occurred, only the limits of the pocket are

seen. The formed but still encrypted P4, which is

visible in the prepared specimen, can also be seen

on the X-rays, and there is a faint trace of a form-

ing P3 among the roots of the dP3. The tip of the

protocone of the P3 is just visible through a small

resorption window in the bone ahead of the lin-

gual root of the dP3. The Ml, with its broken

crown, can be seen on the specimen and on the

X-rays, but I cannot make out any trace of the

forming M2 on the X-rays, although remnants of

it are evident behind the Ml on the specimen

(Figs. 8, 9). A smooth shallow pocket behind the

area of the M2 is a portion of the anterior wall of

the crypt of the M3, the only indication of the

presence of that forming tooth in this juvenile

maxillary. This specimen came from Bed —569-
570 (TWkAl), at locality FM-7-58-WDT in SW
Va, SE Va, Sec. 22, T16N, R95W, Salazar Butte

Quadrangle.
Another juvenile, but more mature, animal is

represented by a nearly complete skull of U. an-

ceps, pm 8019 (Fig. 11). Shown in dorsal view

(Fig. 1 1A), the maxillaries, frontals, parietals, and

much of the left nasal are preserved, with the

paired frontals and parietals fused with no trace

of a midline suture. The frontoparietal suture is

closed but visible. The maxillary and parietal

horns are seen to be mere buds. The sutures be-

tween the nasals, maxillaries, and with the frontals

are open, and at this threefold junction the decid-

ed bulge seen in this area in most other skulls is

already a marked feature. A definite low ridge

runs transversely across the top of the skull be-

tween the parietal horns. In Figure 1 IB, the ven-

tral view, the dentition, the maxillaries, and the

maxillary part of the palate are seen, as are the

basicranium, most of both squamosals, and the

left malar. This specimen preserves the alveolus

for the posterior root of the dC immediately be-

hind the permanent tooth, which had been about

to errupt.

In the basicranium of this juvenile, the glenoids

(GL in Fig. 1 1 ) and postglenoid processes (PGP)
are prominent features. Much of the ear region is

missing; there are no traces of petrosals or tym-

panies. The external auditory meatus (EAM) is a

broad, vaulted opening situated immediately be-

hind the postglenoid process, which serves as its

anterior border. It is roofed by the squamosal

(SQ), which sends down a stout, short mastoid

process behind the opening, but no mastoid fo-

ramen is to be seen. On the dorsal surface of the

basicranial elements (not shown), the floor sup-

porting the medulla is seen leading forward from

the foramen magnum to near the rear of the ba-

sisphenoid, where a smooth circular pit for the

pituitary (PIT) is located. Its dimensions are about

1.75 cm (or % inch) from front to rear by about

1.6 cm (less than % inch) from side to side.

Figure 11C shows a horizontal section through
the braincase (looking up). It shows the oblique

suture between the alisphenoid (SAS) and the pa-

rietal (P), the supraoccipital (SO), parts of each

frontal (F) and parietal (P), a bit of the vomer (V),

and the dorsal side of the remarkably smooth

braincase, most of which seems to be the area of

the cerebrum (C). At this age stage, it is undivided

(i.e., there is hardly a sign of division between
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Fig. 8. Stereo pair showing the left maxillary in ventral view of a near-newborn specimen of Uintatherium anceps,
pm 3896. Details of the palate and portions of both deciduous and permanent dentitions can be seen. Abbreviations:

IOF = infraorbital foramen, MS = midline suture of the palate, P-MF =
palato-maxillary foramen, PPF =

posterior

palatine foramen, PG =
palatal groove or trough, SM = hidden suture for malar (jugal), SPMx = suture for pre-

maxillary (a hidden groove). Dental abbreviations are standard; dl3. dC. dPl-2 and dP4 all indicated by their alveoli;

dP3 and M2 are roots only; Ml consists of roots and much of the crown base, P3-4 can be seen through the open
alveoli of their deciduous predecessors, and M3 was probably formed, as the anterior wall of its crypt is preserved
behind and above the roots of M2 (fmnh neg. nos. GEO 85337.1 and 85337.2).



SPMX
Suture for the

pre -maxillary
---.SPA**

Fig. 9. Medial (A) and lateral (B) views of the same left maxillary as in Figure 8, pm 3896, showing the

considerable depth of the skull in this region, the very immature maxillary horn bud, the extensive sutures for the

nasal and premaxillary bones, as well as the near-midline suture of the palate. By comparing this "near-newborn"

maxillary with the other juvenile and young adults, I estimate the skull length at about 40 to 45 cm. Associated with

this specimen are many postcranial elements, including a scapula, an ilium, and vertebral elements (Figs. 46, 49 and

41 , 42). The teeth, alveoli, and other tooth features are labeled using standard dental abbreviations. Other abbreviations

are: J-DP =
juvenile-dorsal pit (of uncertain significance), IOF = infraorbital foramen, MS = midline palatal suture,

MxH =
maxillary horn bud, NP = nasal passage, P-MF =

palato-maxillary foramen, S = sinus cavity, SF = suture

for frontal, SL = suture for lacrimal, SM = suture for malar, SN = suture for nasal, SPMx = suture for premaxillary

(groove) (fmnh neg. nos. GEO 85779 and 85780).

Fig. 10. Direct prints of X-ray films of the juvenile maxillary, pm 3896, in which the forming canine, P3, and

P4 can be seen. The orientation of both is as in Figure 9B. Two penetration levels, the greater in A, the lesser in B,
are shown to aid in seeing various features that are either under- or overexposed in the opposite view. In the case of

the canine, the large maxillary inflation needed to allow the tooth to begin its (later) formation is readily seen (both

exposures), but little or no mineralization had occurred (greater exposure). Tips of the crowns of P3 and P4 can be

seen in the greater exposure, and alveoli of dl3 (or 13 ?), dC, dPl, 2, 4 can be seen in the lesser. Figures 9 and 10

have been placed opposite one another to facilitate comparisons, a = artifact (probably a break); other abbreviations

as in Figures 8 and 9.
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FlG. 11. pm 8019, skull of a juvenile Uintatherium anceps shown in dorsal (A), ventral (B), and ventral from

within the cranium (C) views. In D, the upper dentition and palate are shown enlarged. This specimen represents
another juvenile age stage in which the horns are still in the "bud" stage (A), whereas the dentition (B, D) has

advanced to the point of complete eruption of the P2s through M2s, with M3s formed but still encrypted. Nonetheless,

this skull probably was only slightly larger than that of the "newborn," to judge by the distance between the notch

behind the anterior buttress of the zygomatic arch and the tip of the maxillary. The right canine is seen through
breaks in the maxillary bone. It appears to have been beginning to erupt. Most of the dorsal cranial sutures are

visible, as is the transverse ridge between the budding parietal horns (A), a feature that Marsh (1886) had noted. In

B, some basicranial features are shown; in C, the simple, relatively smooth dorsal surface of the braincase is seen

with a few features identified. Abbreviations as in Figures 8 and 10, others as follows: AS =
alisphenoid, BO =

basioccipital, C = cerebrum, CF =
condyloid foramen, ExO =

exoccipital, FM = foramen magnum, F =
frontal,

GL =
glenoid, HF =

hypoglossal foramen, MAS = mastoid, Mx =
maxillary, OB =

olfactory bulb, OC =
occipital

condyle, P =
parietal, PH =

parietal horn bud, Pin =
pineal pit, PMx =

premaxillary, POP =
paroccipital process,

FT =
pterygoid, SAS = suture for alisphenoid, and SO =

supraoccipital (fmnh neg. nos. GEO 85687, 85705, and

85706).
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Figure 1 1 . Continued.
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Fig. 12. pm 54406A, the partial skull of another juvenile specimen of Uintatherium anceps, shown in right

ventrolateral (A) and ventral (B) views. I am uncertain of its sex. Its very narrow canine tusks are formed but still

unerupted or just beginning to erupt. From their extremely slender proportions, I suspect the specimen to be female,

and from the eruption stages of the cheek teeth, it must have been young, probably about the same age as pm 8019
when it died. Nonetheless, its maxillary horn appears to have been more developed than that of pm 8019 or the

"newborn" because the base for it is expanded, which suggests that it may be a male. It is also possible that the

"canines" are in fact deciduous teeth, but that seems highly unlikely, because other decidedly younger specimens
had already shed their apparently smaller dCs (fmnh neg. nos. GEO 85701 and 85702).
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right and left portions of the cerebrum), but, as

can be seen in endocasts of fully grown individ-

uals such as Marsh showed (1886, pi. VI), the

adult condition does have a weak dorsal division

between the two hemispheres, pm 8019 has dorsal

margins of both olfactory bulbs (OB), and the pi-

neal pit (PIN) is preserved.

Figure 11D is a close-up of the palate and

cheek teeth, P2-M3 of both sides. An interesting

feature preserved in this specimen is the posterior

alveolus of the right deciduous canine, just behind

the permanent tooth, which was beginning to

erupt. The medial wall of the anterior alveolus can

also be seen. So this specimen shows the same

double-rooted condition of the dC as the "new-

born" specimen. Skull and dental measurements

are given in Tables 1 and 5. The Mis are the only
teeth showing any wear. Both M3s are fully

formed, have a surrounding cingulum except in

the region of the paracone, but are still within

their crypts. Both P2s are broken, but between

them their morphology is clear: a loph extends

from the anteromedial cusp diagonally backward

and laterally to a lower single external cusp. A
smaller posterointernal cusp is present, and a cin-

gulum surrounds the entire crown. Left Ml -2 are

broken but largely present. M2-3 each have a

small hypocone. The specimen was recovered

from the grassy flat just below the base of the

Lower Brown Sandstone rim, about 200 yards
NNE of the old Eversole Ranch house. Its horizon

is about beds 569-571 (TWkAl), the locality is

FM-1-59-WDT in NW % Sec. 12, T15N, R99W,
Sand Butte Rim SE Quadrangle.
The partial skull, pm 54406A (Fig. 12), is that

of another older juvenile, or early subadult, of

about the same dental age stage as the prior spec-

imen but with a more developed maxillary horn,

to judge from its broken horn base. It preserves
most of the nasals and maxillaries, left and right

P2-P4; the right Ml -2 is erupted, and the M3 is

fully formed but still in its crypt. From the cheek

teeth, it is essentially at the same age stage as pm

8019. The distal 6 cm of the right canine is ex-

posed (unerupted), as is a similar but lesser part

of the left. Both are relatively very small and very
slender: the anteroposterior length of the right

measures only 24 mm at its widest exposed part,

suggesting that the specimen is female, but the

more developed horn base suggests otherwise.

Hence, I am uncertain as to its sex. None of the

teeth other than the Ml show any wear, and that

on the Ml is slight. I believe that both it and pm

8019 represent late juvenile developmental stages.

The canines were about ready to erupt and are

partially exposed by damage. They are very slen-

der, just the tips of the forming teeth, which sug-

gests that the specimen is probably a female (the

left one is split lengthwise, and part of its anterior

half is missing). They are not deciduous teeth, for

even though the cheek teeth are but little, if at all,

advanced over those of the two prior specimens,
the canine teeth are larger than milk teeth would

be expected to be. Further, it is significant that the

maxillary horn appears to be advanced well be-

yond the nubbin stage. Left and right P2-P4s are

present in unworn condition, and the lophs are

high and crested. The P2 has a small cusp that I

take to be the protocone (it is in that area) with

both anterior and posterior crests. The anterior

crest extends anterolabially to join a weak ridge

near the base of the paracone. The posterior crest

runs directly laterally to meet a ridge from the

metacone. The surrounding cingulum is complete

except where it climbs onto the base of the pro-

tocone and disappears. Thus, in this specimen, the

three primary cusps are in their usual positions.

P4 is not fully erupted; its posterior cingulum is

wedged beneath the anterior cingulum of the Ml.

The right M1-M2 are in place, the former show-

ing some wear, the latter being unworn; and the

M3 is formed within its crypt. The hypocone pre-

sent on Ml -2 is minute, but is more prominent
on M3. The specimen is from locality FM-1-85-

KL/WDT, -Bed 591 (TWkAl), in NE K, NW V4 ,

Sec. 26, T15N, R95W, Powder Mountain NE
Quadrangle. It is one of a number of uintathere

elements (pm 54401-54408, 54421, and 54676)

discovered by Bureau of Land Management
(BLM) crews and reported to me. Initially thought

to be part of pm 54406B, it has proved to be oth-

erwise (see below).

Most of the complete adult skulls of U. anceps
are to be found in the collections of Yale Univer-

sity (including the Princeton materials), the Amer-

ican Museum, and the U.S. National Museum. At

the Field Museum, we have only one such spec-

imen, pm 53933 (frontispiece and Fig. 5), which

is much like those described and beautifully illus-

trated by Marsh in his 1886 monograph, the first

extensive, definitive treatment of the terminal uin-

tatheres. That study, as noted earlier, is an essen-

tial accompanying work to have at hand when

dealing with uintathere anatomy. However, most

differences that Marsh took to be of a specific

nature I consider to be a combination of age, sex,

and individual variation, following Wheeler

(1961) and Schoch and Lucas (1985).
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Some of the sutures of this young adult were

already closed, often without much of a trace.

Those that are clear are the midline sutures of all

three bones that make up the palate (premaxillary,

maxillary, and palatine), and the maxillary-pre-

maxillary, -nasal, -palatine, -frontal, frontopari-

etal, and squamosal-malar sutures. Others that

cannot be followed completely but may be

glimpsed in places are maxillary-malar, maxil-

lary-lacrimal, parieto-occipital, supraoccipital-

exoccipital, and most of the basicranial sutures. I

am unable to locate any of the sutures of the ali-

sphenoid and most of those for the squamosal.

Figure 5A shows the skull viewed from the left

side. The still relatively small nasal horns are in-

dicated (buried in the cradle), but the growing

maxillary and parietal horns and the extent of oc-

cipital crest development are readily seen, as is

the barely worn canine tusk. Figure 5B shows the

ventral aspect of the skull, where the palate, most

of the basicranium, the left zygomatic arch, and

the cranial wall all have been prepared free of

matrix. The sandstone matrix has been left in the

interior, and to support the right arch. Figure 5C
shows the dorsal aspect in which the crests con-

necting parietal horns and the occipital crest are

apparent. Figure 5D, the posterior aspect (invert-

ed, resting on its dorsum) shows the great extent

of the occipital region and the crests for attach-

ment of the nuchal musculature, as well as the

condyles and foramen magnum. The ear region is

reported in a separate section below.

The adult upper dentition is well illustrated by
the Funderburk skull, pm 53933 (Figs. 13A and

5A-B). It consists of the complete left upper ca-

nine, partial right canine, and both left and right

P2-M3s. The virtually complete left upper canine

is oval in cross section (5.63 mm X 2.94 mm)
where it leaves the maxillary. It protrudes 18 cm
from the alveolar edge to its tip. Its lanceolate

shape is as Marsh described it for his specimen
of D. mirabile (his pis. I and II), but the lanceolate

shape is more extreme than Marsh ( 1 886, pp. 43-

45) shows it to be in his illustrations. I assume

that individual variation, differing age stages of

the adult males, and degree of wear account for

the differences. Marsh's (1886, pp. 47-49) de-

scriptions of the upper cheek teeth of T. stenops
serve about as adequately as does the fmnh U.

anceps specimen, pm 53933. The teeth in the fmnh

specimen are less worn, so that their cusps and

lophs are more clearly delineated, even those on

the Mis. Each molar has a small hypocone; the

left P4 has a distinct one, and even the right P3-

4 each have a minute one. pm 53933 differs slight-

ly from Marsh's illustration for T. stenops (1886,

p. 47). In the Marsh specimen, the protoloph and

metaloph of the M3 meet in a U shape, while in

fmnh pm 53933 the union takes on a V shape. On
the left side, just ahead of the P2, there is a faint

suggestion of a nearly filled remnant of the alve-

olus for the PI ; on the right side, either it has been

filled without a trace or no PI ever formed. Others

have found this sort of variation for this tooth po-
sition (Schoch & Lucas, 1985). Such minor dif-

ferences I consider to be well within the range of

individual variation. The locality it came from,

FM-2-85-KL/WDT, is near the center of NW Va,

Sec. 8, T15N, R94W, Salazar Butte Quadrangle.
It is from Bed 569 (TWkAl).
The two partly destroyed adult skulls, pm 1666

and pm 1667, in spite of the extensive damage
they have suffered, do provide some information,

as follows. In its dorsal aspect, pm 1666 can be

seen to preserve, either as bone or as a cast of the

bone impression taken from recovered and fitted

matrix blocks, most of the nasals, maxillaries, and

frontals (Fig. 14B). There is enough evidence

from matrix impressions and bone scraps to en-

able one to say that the maxillary horns were de-

veloping but were not yet large. They were more

developed than just horn buds, and there is a weak

transverse bony ridge between them. The most

complete of the parietal horns (right) is also only
somewhat developed. In ventral view (Fig. 14A),

the anterior part of the palate (premaxillary and

maxillaries into the diastemal region) is pre-

served, including the left canine broken off at the

alveolar margin. None of the cheek teeth remain,

but the right zygomatic arch and glenoid and part

of the left are preserved, as is some of the pter-

ygoid. There is an 8-cm-long part of the broken-

off tusk and much of the ? occipital crest among
the many other scraps, including an intriguing bit,

the fill of a canal of some sort (probably vascular),

but with both anastomosing and diverging laterals

to the main tract. This suggests that it might have

served both vascular and nervous pathways. All

indications suggest that this was the skull of a

young adult or advanced subadult individual. It

came from locality FM- 1 3-56-WDT, in NW V*,

Sec. 12, T16N, R98W, Ft. LaClede Quadrangle,
from Bed 569 (TWkAl).

pm 1667 was facing out from the cliff base at

the same horizon, —50 yards (—46 m) north of

the previous specimen, when I found it. The front

half had been almost totally vandalized, but the

rear part was largely still in situ. In dorsal aspect.
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Fig. 14. pm 1666, one of two vandalized skulls of Uintatherium anceps, is shown in ventral (A) and dorsal (B)

views, as restored by fitting bony breaks and casts from natural molds in matrix impressions. The extent of horn

development and the remnant of its permenant tusk both indicate that it most probably was a young adult. The only
tooth preserved in the skull is the base of the left canine broken off at the alveolar margin. There is an 8-cm-long

piece of it (or its opposite) among the many scraps we have not been able to fit into their proper positions (fmnh

neg. nos. GEO 85791 (A) and 85794 (B)).
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frontals and parietals are represented mostly by
bone, somewhat by casts of the entombing matrix

(Fig. 15B). The occipital crest is well delineated,

but not high, and there is a low transverse bridge

of bone between the bases of the parietal horns.

In right lateral view (Fig. 15A), much of the tem-

poral fossa and part of the rear of the zygomatic
arch, the glenoid and postglenoid process, as well

as the external meatus, mastoid, and occipital con-

dyle, are visible. The skull is somewhat crushed

dorsoventrally. In ventral view (Fig. 15C), the

basicranium is seen to be well preserved from

pterygoids to condyles. Behind the postglenoid

process and the superficies meatus, many features

of the ear region are preserved. The paroccipital

process is weakly developed and the mastoid pro-

cess, while larger, is not as prominent as either

the postglenoid processes or the occipital con-

dyles. The anterior tip of the ? petrosal can be

seen ahead of the anterior crux of the tympanic

process of the mastoid, an irregularly curved, bul-

bous structure behind and lateral to the meatus

(see below, section on the ear region). A number

of foramina can be identified (f. magnum, hypo-

glossal f., f. lacerum posterium, f. lacerum medi-

um, f. ovale), while others that are visible on the

skull are less certainly identified (Figs. 15C, 27).

The locality is the same as that for pm 1666

(above).

pm 54406B (Fig. 16) consists of part of the

skull of an adult, preserving much of the basi-

cranium and occiput, right parietal, and maxillary

horns, part of the connecting frontal, and the

edentulous left mandible. The associated palate

and upper dentition, pm 54406A, was initially tak-

en to be a part of this skull, but the evidence in-

dicates otherwise. It is not the same individual,

for its subadult dentition, with M3 fully formed

but deep within its crypt, precludes that relation-

ship. Furthermore, the portion, pm 54406B, is pre-

served within a fine, tan, laminar claystone, while

pm 54406A is in a greenish gray sandstone, ap-

parently a part of an adjacent channel that had cut

into the clay bank containing pm 54406B. The lo-

cality for both pm 54406B and A is FM-1-85-KL/

WDT, in NE Va, NW Va, Sec. 26, T15N, R95W.
Powder Mountain NE Quadrangle, from —Bed
591 (TWkAl).
The partial skeleton, pm 53921, had only scraps

of the skull, including the associated nasal bones

(Fig. 17). It is that of a fully adult individual, no-

table primarily for its complete pelvis (Fig. 49)

and major limb bones. It came from a single ho-

rizon at a bench high on the bluff. It was disar-

ticulated and spread over a 30 X 6-9 foot (9 X
1.8-2.7 m) area. The ventral side of each elon-

gated nasal is deeply grooved for the entire

length, and the grooves extend through the max-

illaries and anterior part of the frontals. Dorsally.

there is hardly any nasal horn development at all

in spite of its adult status. It is from locality FM-
8-85-KL/WDT, discovered with Mary Jane and

Murray Daniels, in SE Va, SE Va, Sec. 27, T16N,

R95W, Salazar Butte Quadrangle. It was collected

over two field seasons, 1985 and 1988, from

-Bed 573 (TWkAl).
The fragmentary skull specimen, pm 8020, con-

sists of only the nasal bones, pieces of an upper

canine, three lower incisors, and a partial lower

premolar. Figure 18A shows the low oval nasal

horns, little more than buds, which measure 6 cm

by 3 cm at their bases and protrude only —3 cm
above the dorsal surface of the main portion of

the bone. They are comparable to the nasal horn

development seen in the young adult, pm 53933

(the Funderburk skull). The incisors (Fig. 18B-D)
are discussed in the section on the lower dentition.

The locality is FM-2-59-WDT, located in SW Va,

SE Va, Sec. 22, and NW Va, NE Va, Sec. 27, T16N,

R95W, Salazar Butte Quadrangle, from —Beds
571-575 (TWkAl).

pm 39393 consists of a number of skull scraps,

including parietal and maxillary horns. Parts of

this same individual, which apparently had at one

time been a nearly complete skeleton, consisted

of four articulated thoracic vertebrae, pelvic frag-

ments ?, the distal parts of two limbs, front (Fig.

47) and hind (Fig. 53B), and their articulated but

incomplete feet. It was discovered by Murray
Daniels in 1979 at my locality FM-4-79-WDT,
which is located near the center of N Vi, SW Va,

Sec. 19, T13N, R96W, Upper Powder Spring

Quadrangle, Bed 595 (TWkAl).
The University of Wyoming skull, uw 13644,

is that of an aged male with heavily worn teeth

(Fig. 57). Originally it was identified as if. anceps
because it corresponds well in skull length (Figs.

2A, 3; Table 1). However, using the Wheeler

(1961) ratios and values, its B/A ratio (1.06) is

closer to that of Eobasileus cornutus (0.8-0.9)

than to that of U. anceps (1.5-2.2). The B/C ratio

of about 2.2 is just within the top of the range for

Uintatherium (1.2-2.3), and just within the bot-

tom of that of Eobasileus (2.1-3.1). Also it cor-

responds more closely in its cheek teeth (Fig.

57C; Tables 3 and 6) with E. cornutus. Thus, from

its intermediate condition, I take this individual to

be representative of a transitional stage in the evo-
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Fig. 15. pm 1667, the second of the vandalized skulls of Uintatherium anceps, consists of most of the cranium

of a large adult. The anterior part was broken into mostly small fragments, but the more deeply imbedded rear of

the skull is in fair condition. Much of the frontals and most of the parietals, right alisphenoid, squamosal, and malar

and all of the occipital and basicranium are intact. The ear region is present, but the preservation is inadequate for

observing many details (see section devoted to the ear region). The skull is shown in right lateral aspect in A, where
the ventral side is up and where dorsoventral compression is most apparent; in B, dorsal aspect; and in C, ventral

aspect, in which most features from pterygoid wings (Pt) to occipital condyles (OC) are clear. Other abbreviations:

BO =
basioccipital, BS =

basisphenoid, EAM = external auditory meatus (porus), FM = foramen magnum, FO =

foramen ovale, G =
glenoid, M = malar, MAS = mastoid process, NB = neuchal boss, P =

parietal, PH =
parietal

horn (broken), POP =
paroccipital process, PET =

petrosal (anterior tip), PGP =
postglenoid process, Pt =

pterygoid,
SM =

superficies meatus, SQ =
squamosal, and T ? =

tympanic (ant. crux)? (fmnh neg. nos. GEO 85789, 85790,
and 85792).
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Figure 15. Continued.
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INFRAMAND. FLANGE
Fig. 16. pm 54406B, partial skull and left jaw ramus found associated with pm 54406A (Fig. 12). It represents

an older individual, however, and the entombing coarser matrix of pm 54406A suggests that it came from within an

adjacent channel to that with the finer clay matrix embedding pm 54406B. (At least six other uintathere bones came
from this same finer-grained sandy clay bed in a linear array about 50 m long.) These edentulous fragments tell us

little beyond the fact that they appear to represent a fully adult individual, with a developed inframandibular process.
In A, the right side of the rear portion of the skull is shown. It extends from the condyle forward through part of
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lution of E. cornutus from U. anceps. Because the

teeth show it to be Eobasileus, I now so classify

it. Not only does this combination of features sug-

gest this, but also its stratigraphic position (low in

TWkA2), intermediate between TWkAl and the

greater part of TWkA2, makes the interpretation

reasonable. Its short skull length (Fig. 2B) may
be accounted for by its transitional status between

U. anceps and E. cornutus.

Its uw locality number is V79013, which is in

the center of N-central V4, SW %, SE %, NW Va,

Sec. 15, T16N, R97W, Manuel Gap Quadrangle.
This is within my locality FM-3-57-WDT, low in

TWkA2. This is the only member to yield Eo-

basileus, and it is not surprising to find a transi-

tion zone within the bottom beds of the unit.

Therefore, the remainder of the description and

discussion concerning this skull will be found un-

der the Eobasileus heading.

P 26925, a right M2 (Fig. 18E), is from a sand-

stone above the Evacuation Creek Member. The

locality is given as "about 8 mi. NNE of Mag-
nolia Petroleum Co. wells, NE of Piceance Creek

in the Green River Formation, Piceance Creek,

Roan Plateau, Garfield County, Colorado." This

is the J. Leroy Kay locality of the Carnegie Mu-

seum, which Patterson worked and usually des-

ignated as "Kay's" locality. It is the same as the

University of Colorado's "Bone-anza" locality

(L. 78049), Shooty (Tschuddi) Gulch, Scenery

Gulch, or junction of Shooty and Scenery Gulch-

es. The specimen was collected by John M.

Schmidt, a member of Patterson's field crew in

1941. A. J. Kihm (1984) provided most of the

details, as Sees. 22 and 27, T2N, R96W, Rio Blan-

co County. The Garfield County designation may
have been correct at one time, for Rio Blanco

County was cut out of a formerly much larger

Garfield County, according to one local rancher.

The locality is on the White River City and Indian

Valley Quadrangles. I am unsure about its coming
from the Green River Fm., although it is the only
formation mapped for the area. Perhaps deposi-

tion of that formation continued longer in this

western Colorado area than in the Green River

and Washakie Basins, or perhaps the upper part

of the Green River Fm. there is made up of un-

recognized transition beds comparable to the Sand

Butte, Hardt Cabin, and Kinney Rim Beds in the

Washakie and Green River Basins. However that

turns out, there is no doubt about the identity of

the tooth. It is typical of an M2 of an advanced

uintathere such as U. anceps, or E. cornutus in its

dimensions and morphology. Possession of both

posterior and anterior interdental wear facets pre-

cludes its being an M3, the only tooth with which

it might be confused.

The Texas Memorial Museum (University of

Texas) has one fragmentary tooth, which West

(1982) referred to as c.f. U. anceps, tmm-42287-

9. He described and illustrated it, and in his dis-

cussion West pointed out that the most noteworthy
feature of this specimen is the range extension

that it documents for the genus and species. It

consists of the labial half of a right Ml or M2.

The tentative assignment was necessary because

there is broad size overlap between the teeth of

U. anceps, both Tetheopsis species, and E. cor-

nutus. One could make a more educated guess
were it a Washakie specimen, where the species

are well correlated with the units of the formation.

In this case, it would help to know the exact age
of the Whistler Squat 1. f. In 1974, Wilson gave
46.2 m.y. as the age of biotite within the bone

bearing tuff containing the Whistler Squat 1. f.

Then later Wilson (1978) reported a 47 m.y. date

for a tuff that directly underlies "a very Early

Uintan Whistlers Squat 1. f. and that is in turn

overlain, but not directly, by a biotite rich tuff

dated at 42.9 m.y." Although these last dates

bracket the locality, it is not a fine enough brack-

eting to allow an unequivocal choice between U.

anceps (the Washakie, TWkAl species) and E.

cornutus (that from TWkA2). If it is from the lat-

ter species, the range extension is the same, and

the tooth is probably either P4 or Ml. The spec-

imen is from the Pruett Fm., from the Whistler

Squat locality, tmm 42287, which is below the

Alamo Creek Basalt in the Hen Egg Mountain

Quadrangle, UTM grid reference Z 13R FC E
3897.

A University of Michigan specimen, um

101208, is a left maxillary fragment, probably of

Bathyopsis fissidens. It is that of a juvenile, about

the basicranial region and includes the occipital crest and parts of the right parietal and maxillary horns. The left

ramus is shown in dorsal (B) and left lateral (C) views, where roots of four incisors, the canine and inframandibular

flange can be seen in the symphyseal region. This jaw is mentioned again on p. 61 in connection with variation of

incisor numbers (fmnh neg. nos. GEO 85915 (A), 85916 (B), and 85917 (Q).
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Fig. 17. pm 53921, a portion of a fragmented skull of Uintatherium anceps that was found in close association

with a disarticulated partial skeleton. This skeleton is noteworthy for its complete pelvis (Fig. 51 A) and femur (Fig.

51B-C) and various other elements, all of which show it to be that of a large adult. The largest skull bits consist of

nasals and partial maxillaries and the midline region of the frontals. Its nasal horns are small oval projections, and

the maxillary horns, although broken, appear to have been small, to judge from the size of their bases. From these

features, I judge it to be female. It is shown in ventral aspect in A, where the grooves for the nasal passageway are

seen, and in dorsal view in B, where nasal horn and other features are identified (fmnh neg. nos. GEO 85693 (A)
and 85698 (B)).
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Fig. 18. pm 8020, a very fragmentary Uintatherium anceps specimen consisting of the anterior half of a pair of

fused nasal bones with small elliptical horns, is shown in A. Found associated with it are three lower incisiform

teeth. Two of them are a pair of incisors, probably i2s, one shown in lingual (left) and labial views (B), the other in

labial (left) and lingual views (C). The other incisor is the right il; it is shown in lingual (left) and labial views (D).

In E, the isolated right M2, P26925, from the Piceance Creek Basin, Garfield County, Colorado, is shown in occlusal

view (see p. 37) (fmnh neg. nos. GEO 85703 (A), 85712 and 85713 (B-D), and 85714 (E)).
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Fig. 19. Skulls of two fine American Museum specimens are shown. Both had been listed as U. alticeps Scott

(1886), which taxon Wheeler (1961) correctly treated as a synonym of U. anceps. In A and B, amnh 1664 is shown
in ventral and left lateral views. In C and D, amnh 1694 is shown in right lateral and ventral views (fmnh neg. nos.

GEO 82514 (A), 82515 (B), 82518 (C), and 82519 (D)).
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OCC CREST
Fig. 20. Ventral (A) and left lateral (B) views of another American Museum skull of U. anceps, amnh 1671. This

is the specimen that Wheeler (1961) commented on, noting its relatively small size and the extremely reduced (worn)

canines, he took to be broken, then worn to the state shown, but see text for another interpretation (amnh neg. no.

322458 (A) and fmnh neg. no. GEO 82444 (B)).
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Fig. 21. Two more of the American Museum skulls of adult U. anceps are shown: in A and B, amnh 2366, with

its well-preserved and little worn dentition, and in C and D, amnh 1689, another nearly complete skull with cheek

teeth (fmnh neg. nos. GEO 82504 (A), 82505 (B), 82510 (C), and 82511 (D)).
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Fig. 22. Three views of another fine American Museum skull of U. anceps, amnh 1693: A, dorsal, B, right lateral,

and C, ventral views. It lacks only the canines and shows the bony ridge between parietal horns and the depression

just anterior to that ridge. Also, the maxillary-frontal sutural union is markedly bulged (fmnh neg. nos. GEO 82445

(A), 82446 (B), and 82447 (C)).

20% smaller than U. anceps, and it has dP2-4 and

a partly formed Ml. I mention it here for two

reasons: because it is a juvenile and because its

stratigraphic position, 25 m (82 ft) above the Sage
Creek White layer, places it just below the tran-

sition zone of the evolution of B. fissidens toward

U. anceps. The latter taxon is also present (rep-

resented by a jaw fragment, um 101209) from 50

m above the Sage Creek White layer. Apparently
the transition took place rapidly during that inter-

val (represented by the 25 m of sediments) be-

tween them, a relatively fast change, if not an ac-

tual punctuation. It is from University of Michi-

gan locality BRW-40 (R.M. West's locality 2187)
in NW Va, SE y4 , Sec. 6, T13N, R113W, Reed

Reservoir Quadrangle, Uinta County, Wyoming.
Several fine American Museum specimens that

either have not been previously illustrated or are

notable for other reasons are thus deserving of

mention, amnh 1664, which includes the skull

(Fig. 19A-B), is labeled U. alticeps, a synonym
of U. anceps (Wheeler, 1961, p. 28). Of its upper

dentition, the left P3-M3, and the right canine,

P2-3, and M2-3 are preserved. Two pairs of jaws

also bear this number. The edentulous one (Fig.

38C), now carried as amnh 1664A, I suspect may

belong to the skull amnh 1694 (the 9 inverted to

become 6), because it is a reasonable size match,

and I did not find any other jaws with that number.

But the catalogue does not list one either, so this

must remain as only a suspected association.

Note, at some time after I photographed it in 1960

and before the 1996 Society of Vertebrate Pale-

ontology meeting at amnh, the right cheek teeth

and most incisiform teeth had been restored. The

other mandible, amnh 1664B, I believe belongs to

the skull. It has most of the right cheek teeth well

preserved (Fig. 38A-B) and clearly is from a

smaller individual than the other jaws with the

number 1664 (amnh 1664A). Also, it is a better

size match for the skull amnh 1664. An attached

wire suggests that it may have at one time been

mounted with the skull. To retain the record of

this history, R. H. Tedford and I decided to just

append the suffix lettering to the catalogue num-

bers on the two mandibles, which are illustrated

in the section on lower jaws and dentition (Fig.
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Fig. 23. ypm 1 1044, right lateral (A) and ventral (B) views of the skull of Tinoceras (Laoceras) pugnax Marsh,

1885, another synonym of U. anceps. Here the horns, including the nasal, are well developed. The left canine is

missing, and the right appears to be partly out of its alveolus. Several views of the jaws and lower cheek teeth are

shown in Figure 39 and discussed on p. 45 (fmnh neg. nos. GEO 82432 (A) and 82433 (B)).

38, p. 70). Specimen amnh 1664 is from the

Washakie Fm., TWkAl.
The large skull with nearly complete dentition,

amnh 1694, to which the jaws amnh 1664A may
possibly belong, is shown in Figure 19C-D. It is

well preserved, lacks only the left canine, and is

from the Washakie Fm., presumably from

TWkAl.
amnh 1671 (Fig. 20) is the specimen that

Wheeler (1961) had determined to be a mature

female notable for its small size and for its ca-

nines, which were broken and then worn smooth.

I reillustrate it here, showing the ventral and left

lateral aspects. I agree with the sex determination

but am less sure about the canines having been

broken. The rest of the dentition is heavily worn,

with the molars being deeply scalloped. It appears
to me that the tusks may just have been worn from

heavy use and need not necessarily have been bro-

ken first, because they are very much alike in

length. However, while the left is smoothly round-

ed from wear, the right has an additional pecular-

ity, a distinct but shallow notch that nearly sur-

rounds the worn stub at its tip (arrows in Fig.

20B). This suggests that something fibrous has

been repeatedly dragged around it. This laterally

compressed skull is from the Washakie Fm.

Three other good American Museum skulls and

upper dentitions of U. anceps illustrated here are

amnh 2366 (Figs. 21A-B) from the Washakie

Fm., TWkAl, the skull that Wheeler (1961, p. 44)

stated to be "without doubt, the finest uintathere

skull ever collected." (Both the fmnh Funderburk

U. anceps and the Denver Museum and fmnh

Riggs/Abbott E. cornutus skulls now share that

distinction.) Wheeler further commented, "The

otic region shows much detail," but he did not

describe anything of that detail, an omission I at-

tempt to rectify in the next section.

amnh 1689 (Fig. 21C-D) is from the Washakie

Fm. It is about average in size and proportions for

U. anceps as Wheeler noted. Actually, there are

10 specimens that are larger and 15 smaller in his

chart 3, p. 78. It too has a fine set of cheek teeth;

they show more wear than those of amnh 2366,

but not enough to have completely destroyed the

lophs.

amnh 1693, a small female (Fig. 22) is from

the Washakie Fm., TWkAl (Wheeler, 1961 p. 44).

It has the full series of upper cheek teeth, all in
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Fig. 24. Three views of the skull of Elachoceros parvum Scott, 1886, pum 10298: A, ventral, B, left lateral, and

C, dorsal. Its relatively undeveloped horns suggest a more youthful age stage than a prior assessment did, and I

interpret the uneven tooth wear on left and right sides differently (see text) than did Wheeler (1961). E. parvum is a

synonym of Uintatherium anceps (fmnh neg. nos. GEO 82394 (A), 82395 (B), and 82396 (C)).

fine condition, with the M3s just beginning to

wear. I show it in dorsal, right lateral, and ventral

views.

Wheeler (1961) illustrated two of the best

Smithsonian specimens of U. anceps, usnm 16663

and 18600 (figs. 1 and 2 of his pi. 10). Both are

from the Bridger Fm., from units "C" and "D"

respectively. He also showed (his pi. 9, fig. 1) the

right-side view of the Yale University specimen,
ypm 1 1036, the type of Marsh's "Dinoceras mira-

bile," a synonym of U. anceps. This skull was

superbly illustrated by Marsh in his monograph
(1886, pis. 1-5). It came from "Big Bone

Buttes," or Sage Creek Mountain in the Bridger

Fm., Bridger Basin.

Figure 23 shows Marsh's (1885/86) holotype of

Tinoceras pugnax, ypm 1 1044, another junior syn-

onym of U. anceps, as I found it in 1960 when I

photographed it. The right canine and all the up-

per premolars and right M2-3 were present as

Wheeler (1961) had noted (Fig. 23A-B). He com-
mented further, stating that this is one of the few

uintathere skulls with associated jaws, but he said

nothing about the lower dentition, noting only that

"The restored [jaw] portion is not indicated in

Marsh's illustration (1885b [1886, p. 33], pi. 19)."

In the section on lower jaws and dentition, I dis-

cuss and illustrate these features.

Elachoceras parvum, pum 10298, was named

and briefly described by Scott (1886) based on a

skull, and it was discussed by him and later by
Wheeler (1961). I can only offer an observation

relating to it. There may be a problem with inter-

preting it to be a full adult. With the right (actu-

ally a left; a lapsus on Wheeler's part) cheek teeth

"heavily worn," while the left (right) are strik-

ingly different, being only very slightly worn

(Fig. 24A), Wheeler concluded that the specimen
was a pathologic female U. anceps. I think it more

likely to have been an abnormal male of that spe-

cies, for, as Scott observed, the tusk size suggests

male, and I think that the extreme differential

wear of the teeth could happen quickly in youth
if for some reason, perhaps an injury, chewing
was always done on the one side. The lack of horn

development could be indicative of it not yet hav-

ing reached sexual maturity. Hence, I consider it

probably to be a subadult male. My 1960 photo-

graph shows the specimen to have what appears

to be an unusually well-preserved right ear region

(Fig. 30A-B). Unfortunately, I did not study the

details at that time because I did not then realize
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how rare such well-preserved ear regions actually

are. The observed features are discussed in the

following section.

There is an unpublished specimen of U. anceps
in the Utah State Field House collection, ufh

54015. It consists of a skull and partial skeleton

largely collected by G. E. and B. R. Untermann

in 1954 and subsequently by P. Robinson and W.

Wheeler. In 1960, the latter lot of material was

donated to the Utah Field House by Yale. The

skull and jaw (v-85-23-1) are very crushed dor-

soventrally, but I was able to get adequate mea-

surements on the dentition (Tables 5 and 6). It

came from the base of TWkAl, from within my
locality FM-7-58-WDT

Recently, three more specimens have been re-

covered, two (a skull and an unrelated pair of

jaws) in the Bridger Fm., Bridger Basin, and one

essentially complete skeleton in the Uinta Fm. in

Colorado. The first two are in private hands, but

good casts can be obtained through Jim Madsen

(P.O. Box 9415, Salt Lake City, UT 84109-0415).

Copies are in the amnh. The skeleton, which was

collected on private land, has been sold to the

Gunma Prefecture Museum of Natural History,

Gunma Ken, Japan. Casts may be obtained from

Mary J. Odano (Valley Anatomical Preparations,

20614 Skouras Drive, Canoga Park, CA 91306).

Although the originals of the first of these is not

held by a dedicated repository, I include them

here for completeness of the record and note that

casts are in the collection of the American Mu-
seum. Casts of skull and jaws of the Colorado

skeleton, Gunma Museum specimen, are available

in the Field Museum, pm 60171.

Table 5 gives dental measurements of all Field

Museum specimens of upper teeth of U. anceps
from the Washakie Fm. and includes certain other

specimens from there that have not previously
been recorded, as well as a few from other places.

Figure 25 is a bivariate graph in which mea-

surements of the permanent upper cheek teeth of

U. anceps are plotted
—tooth length along the x-

axis, anterior width along the y-axis.

Basicranium, Ear Region, and Endocranial

Features, Uintatherium and Eobasileus—In this

section I treat U. anceps and E. cornutus together
because there are only a few specimens of E. cor-

nutus, the more abundant U. anceps shows much
variation in the ear region, and the few adult en-

docranial casts show variation as well. None of

the specimens I have seen, except amnh 2366,

have well-preserved ear regions. With these con-

ditions, the simplest procedure is to treat them as

basically alike, and to assume that age stage prob-

ably makes the most extreme difference in the

form of the endocranium. Neither Marsh nor

Wheeler made a serious attempt to describe or

illustrate the ear region in any detail, probably
because Cope (1884), who had the best specimen,
had illustrated his L. cornutus (pis. XXXVII-
XXXIX), which he described on pp. 570-572 and

575-576. Leidy and Marsh each treated the en-

docranial features: Leidy (1872) described and

figured the endocranial cast of the type of U. ro-

bustum, and Marsh (1886) devoted his Chapter IV

to the brain, illustrating Dinoceras laticeps (ypm
1 1039 and 1 1202), Tinoceras ingens (ypm 1 1041),

Leidy 's U. robustum type (on p. 219), and D. mi-

rabile in plate VI and text figure 63.

Wheeler's plate 10 (1961) is his only one show-

ing ventral views of skulls of U. anceps. Cope's

(1884, pi. XXXVIII) not very informative one of

the basicranium of E. cornutus is his only one to

show the ear region and basicranium. Wheeler's

figures are not at a scale sufficiently large to allow

for interpretation of the various structures in the

area, nor did he label any. Marsh (1886) did a

little better. His text figures 26-29, each at one-

eighth natural size, have seven or eight features

labeled (foramen magnum, occipital foramen (=

hypoglossal foramen), stylomastoid foramen, fo-

ramen lacerum posterius, vascular foramen in ba-

sisphenoid (?= foramen lacerum medius), poste-

rior opening of alisphenoid canal (? possibly con-

fused with the foramen ovale), and anterior open-

ing of alisphenoid canal. As the above queries

suggest, I am not convinced of the correctness of

all of these interpretations. His plate V, at one-

quarter scale, labels only an occipital condyle and

the postglenoid process (squamosal). The speci-

mens shown and identified by Marsh are Dino-

ceras laticeps, Tinoceras ingens, Uintatherium

robustum, Dinoceras mirabile, and Tinoceras

pugnax, all synonyms of Uintatherium anceps.

Cope (1884), with few materials at hand but per-

haps more adequate ones, illustrated the ventral

aspect of one skull. He illustrated eight skulls in

all, mostly in side views, and did no labeling of

features, but he devoted two paragraphs to de-

scription of the occipital-basicranial region of

Eobasileus furcatus and over a page to the ear

region of Loxolophodon (presumably his three

species, L. cornutus, L. galeatus, and L. speiri-

anus, all = E. cornutus). When taken together

with a three-page description of the skull, includ-

ing ear region, within the section on L. cornutus,

this is the most comprehensive report I have
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Plots of Measurements of Upper Cheek Teeth of Uintatherium anceps

30
Length

Fig. 25. Bivariate graphs for each cheek-tooth position for length X anterior width in the (J. anceps upper
dentition. Units are cm.
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found. His exact words concerning the ear region

are,

The occiput is preserved for four inches above the

condyles; it doubtless displayed a posteriorly slop-

ing transverse crest as in E. furcatus. The paroccip-

ital and mastoid tuberosities are narrowed and ex-

tend obliquely downward and foreward. The lower

part of the exoccipital suture runs along a ridge,

and there is a tuberosity in front of the mastoid

foramen. An irregular [inverted] V-shaped crest ex-

tends upward with the apex at the inferior temporal

crest, and its anterior limb forms part of the pos-

terior boundary of the meatus auditorius. The in-

ferior temporal crest is directed outward below, but

foreward above (p. 575).

Cope does not give any hint of what he thinks

the inverted V-shaped structure is. Is it tympanic,

mastoid, or petrosal? Since he does not say, I can

only conclude that he did not know. I suspect it

to be tympanic, at least in its more superficial

part. Within the immediate ear region, the struc-

tures are usually not well preserved and are quite

confusing, so it is no wonder that those scholars

did so little with it. I may eventually be proved

wrong, but I shall make the attempt. I have had

an advantage over the others because I have seen

more specimens than any of them, including

Wheeler. My procedure will be to first label the

features that I can be certain of, then give my
interpretation of the various more dubious struc-

tures. In that way, the reader will at least know

my thinking. For my interpretation of the ear re-

gion features, I have relied on several of the Field

Museum skulls and one each from ansp, usnm,

and uw. Both ansp and usnm gave me permission
to further prepare the specimens as needed to re-

veal features previously concealed within matrix.

Only minor preparation was done on the ansp

specimen and none on the usnm specimen, for

fear of doing more damage than good. Final study

of amnh 2366, the fine skull with the well-pre-

served ear region, was done in 1996.

The Philadelphia Academy of Natural Science

specimen ansp 12607, a part of the type of Uin-

tatherium robustum Leidy 1872 (= U. anceps), is

shown in stereo in Figure 26A-B, with a key to

its structures given in Figure 26C-E. It is a partial

skull, complete from the glenoid cavities rearward

through the occipital condyles and foramen mag-
num. There is some crushing so that when viewed

ventrally, the right ear region is compressed and

the basioccipital slightly underlaps it. The speci-

men has been sectioned parasagittal^ just to the

right of the midline (arrows in C), probably by

Leidy. (ansp 12622 is a plaster endocranial cast,

also part of the type, so presumably it was made

from ansp 12607.) It was illustrated by Marsh

(1886) on p. 57 of the Dinocerata monograph.
Features anterior to the meatus, behind the fora-

men lacerum posterius, and along the midline

pose few difficulties. Within the immediate ear

region, the mastoid is clearly identified laterally,

but the exposed portions of the apparent petrosals

are unusually formed. I am uncertain as to where

the mastoid ends and the petrosal begins, but D
and E in Figure 26 show an interpretation that I

believe to be the most likely one. No ossicles are

preserved, nor do I identify any of the usual open-

ings into the petrosal or any sure indication of the

tympanic. The left postglenoid process has tele-

scoped enough to obscure the region of the post-

glenoid foramen; on the right side the surface is

damaged in the area, but there does appear to be

an opening. Nonetheless, because this is the only

specimen to possibly have such a "foramen," I

favor an interpretation of damage. I do not detect

a stylomastoid foramen. The mastoid foramen is

clear on both sides of the skull. Paroccipital pro-

cesses are only weakly developed, and the hypo-

glossal foramen is large and may have served

more than just cranial nerve XII because it has a

very weak constriction. There are bilateral bony

protuberances, one on each side of the center of

the basioccipital, that probably served for attach-

ment of m. rectus capitus anterior, and m. longus

capitus. The specimen came from Dry Creek Can-

yon (40-50 mi [64-80 km] E of Ft. Bridger),

Southern Green River Basin (Bridger Basin), and

is part of the type of U. robustum (Leidy, 1873),

where it is documented in the Hayden Survey, p.

96.

In the Field Museum specimen pm 1667 (U.

anceps), most of these features are again seen

(Fig. 27A-B). Here, between the foramen lacerum

posterius and the hypoglossal foramen, there is

another foramen to serve the vagus nerve (X). It

is nearly as large as that for the 12th. The foramen

ovale is evident. The right postglenoid process is

well preserved, and the preparation shows no sign

of the presence of a postglenoid foramen. The dif-

ficult area is much like that in the previous spec-

imen, but I think that I can see a junction where

the medial edge of the mastoid abuts the petrosal.

There are two openings, either of which could be

interpreted as being stylomastoid foramen primi-

tivum, but beyond them, nothing is recognized

with certainty.

In the Smithsonian specimen usnm 1 8599 (Fig.
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28A-B), a small, anterolaterally inclined U-

shaped structure is the better part of the tympanic,
but its poor preservation laterally makes it diffi-

cult to be certain of its complete form. The medial

crux is slender; the lateral appears to be broader.

The tympanic is primitive, but whether it was

ring-shaped or horseshoe-shaped, or the extent of

its inflation, are all unclear. It is one of the few

tympanies preserved. The occipital condyle, par-

occipital process, and mastoid are all badly erod-

ed. I had hoped to be able to expose parts of the

petrosal but did not do much for fear of damaging
the tympanic. The locality is given as between

Sage and Cedar Creeks, Southern Green River

Basin (Bridger Basin), Wyoming.
The Field Museum specimen, pm 53933, the

Funderburk skull (Fig. 28C-D), is for the most

part beautifully preserved. Unfortunately, in the

ear region there are uncertainties in interpreting

the critical features. Even though the preservation

is pretty good, I cannot be certain where the mas-

toid ends and the petrosal begins. The tympanic
is missing, but there is a groove in the ?petrosal

that may have accommodated its posterior crux.

Other landmarks are clear (glenoid and postglen-

oid process, external auditory meatus, foramen

magnum, basioccipital, occipital condyle, basi-

sphenoid). The paroccipital process is recogniz-

able but less distinct, and has a poor surface. On
the left side of the skull, the region of the foramen

lacerum medium (FLM) and foramen lacerum

posterium (FLP), the area between them where

the carotid usually occurs, and the hypoglossal fo-

ramen are exposed unambiguously. The latter fo-

ramen is a large oval opening nearly the size of

the FLP, which in turn is nearly as large as the

FLM.
In the Field Museum specimen of E. cornutus,

P 12170 (Fig. 29A-B), on both sides there is a

posteroventrolaterally oriented V-shaped structure

that I interpret to be the tympanic. It is best seen

on the right side, the left being either more tele-

scoped or partially crushed. At the anteromedial

end of the medial arm of each V-shaped tympanic
a tapered structure descends, lying adjacent to the

lateral edge of the basisphenoid. These I take to

be the anteromedial tips of the petrosals. The lo-

cality given is White River Divide, 2 mi (3.2 km)
E of Bonanza Mine, near Vernal, Utah, from Ho-

rizon B, Wagonhound Member, Uinta Fm., Late

Eocene.

The basicranium of the holotype of Elachocer-

as parvum Scott (= U. anceps) is one of the better

specimens for study of the ear region (Fig. 30A-

B). Nonetheless, although most of the landmark

structures within the area can be recognized (post-

glenoid process, external auditory meatus, mas-

toid process and foramen, FLP, POP, and basioc-

cipital) interpretation of the tympanic is not sat-

isfying. Most of the arcuate structure (between the

mastoid process and the FLP/BO) suggests tym-

panic, as does its superficial position, but clearly

defining its borders is difficult, nor have I been

able to see a structure I could with certainty call

the petrosal.

In spite of its overall excellent preservation, the

ear region of amnh 2366 is also somewhat dis-

appointing. The ectotympanic fills the area be-

tween the lateral edge of the basioccipital and ba-

sisphenoid, laterally adjacent the posterior half of

the origin attachment scars for the head flexors

(m. rectus capitis ventralis major), and the medial

side of mastoid (tympanic process) of the squa-
mosal (Fig. 30C-D). The meatal passage turns

more posteriorly just ahead of and above this

structure. What I interpret to be the anterior tip of

the petrosal is seen peeking out from above the

anterior border of the tympanic. There is no ob-

vious postglenoid foramen, but the foramen ovale

and foramina for most of the posterior cranial

nerves can be seen. The mastoid foramen is clear,

as is the foramen lacerum medium, which lies an-

teromedial to and above the tip of the petrosal,

and the foramen lacerum posterior, which is near

to the anterior edge of the occipital condyle. Oc-

cipital and parietal-squamosal crests overlap the

basicranium posteriorly and laterally. There is a

low midline keel that runs from the anteroventral

rim of the foramen magnum forward for the

length of basioccipital and basisphenoid bones to

the point of its disappearance high above the rear

of the palate. Farther forward, the lacrymal fora-

men is seen to be relatively large, and there is a

definite elongate pit that extends from the rear of

the infraorbital foramen back for the length and

width of the anterior (maxillary) buttress of the

zygomatic arch. No exact locality is given in ei-

ther the catalogue or specimen label, only that it

came from the Washakie Fm. However, Wheeler

(1961) in his figure caption (pi. 8, fig. 2) gives

Washakie A (i.e.,
= TWkAl).

It appears that Marsh ( 1 886) illustrated the en-

docranial casts or molds of the braincase of six

specimens of U. anceps, three quite adequately.

His plate VI is that of Dinoceras mirabile, and

text figures 57-63 and 67 include that species, as

well as D. laticeps, Tinoceras pugnax, and, most

important, those of Tinoceras ingens (his figs. 59-
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Fig. 26. ansp 12607, a part of the type of Uintatherium robustum Leidy, 1872a = U. anceps, the basicranial

region of the skull that had been opened in parasagittal section to get at the braincase. A and B are both the same
stereo views. In A, the left side of the basicranium is shown; in B, the right is shown. (Continued on next page.)
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Fig. 26. (Cont.) ansp 12607, part of the type of U. robustum Leidy, 1872a. In C, a key to the features is given.
In D, the petrosal is hesitantly identified (some of the more posterior and lateral structures may be parts of the

tympanic), and in E, the mastoid is marked. I do not see any of the usual petrosal features, other than the anterior

tip of the promontorium, but its location and depth argue for that interpretation. It is also possible that it is part of

the tympanic (fmnh neg. nos. GEO 85928.2 and 85928.3).

TURNBULL: UINTATHERES 51



Fig. 27. pm 1667, Uintatherium anceps, the basicranial region of the same specimen as in Figure 15 enlarged to

show the many features it preserves (A) and identified in the key (B) (fmnh neg. no. GEO 85912 (A)).

52 FIELDIANA: GEOLOGY



PT WING
HIDDEN
FO^ BS-BO

SUTURE

FLM

?TorPETor
MAS?

FLP

W-0 SUTURE

MAS

Fig. 27. (Cont.) Key to areas shown in part A. FSP =
stapedial foramen of petrosal, HF =

hypoglossal foramen,

MF = mastoid foramen, NB = neuchal boss, VF =
vagus foramen. Other abbreviations as defined previously.
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Fig. 28. Stereo views of A, usnm 18599, Uintatherium anceps, basicranial region of an eroded partial skull that

nevertheless preserves several delicate ear region features shown in the key, B. This shows one of the best preserved

tympanic bones. C, pm 53933, basicranial region of the Funderburke skull, Uintatherium anceps, shown in stereo.

The ventral side of much of its right petrosal is exposed. Key to the identity of its main features is given in D (fmnh

neg. nos. GEO 85928.2, 85928.3 (A) and 85927.2, 85927.3 (Q).
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Fig. 28. Continued.
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Fig. 29. Basicranial region of fmnh P 12170 (= PI 22 12 in error), the Field Museum's fine specimen of Eobasileus

cornutus (called E. uintensis by Osborn in 1929, a nomen nudum) is shown in A. B provides the key to its features

(fmnh neg. no. GEO 85914).
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Fig. 29. Continued.
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Fig. 30. Two more basicranial regions shown in ventral (surface) views. A shows Elachoceras parvum Scott (
=

U. anceps), pum 10298. B gives the key to its major features. C and D do the same for the fine American Museum
skull of U. anceps, amnh 2366 (fmnh neg. nos. GEO 82394 and 82504).
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60) and U. robustum (his figs. 61-62). In plate VI

and figures of the last two species, the casts are

shown at three-fourths natural size, a scale suit-

able for seeing most features. He was able to iden-

tify the olfactory bulbs, and the following cranial

nerves in most: I, olfactory; II, optic; V, trigemi-

nal; VI, abducens; the flocculus (VII+); and XII,

hypoglossal, and in his plate VI the sylvian fissure

and pituitary. I cannot do much more than to com-

ment on the likelihood that the differences seen

in Marsh's many illustrations, which he set forth

as specific differences, are, simply, first age, then

sex and individual differences. Certainly the

small, compact, more spherical (less elongate),

barely divided cerebrum seen in the fmnh speci-

men pm 8019 (Fig. 1 1C) represents a juvenile de-

velopmental stage. In his chapter on the brain,

Marsh was struck by two things: its diminutive

size and the relatively small size of the cerebral

area, which he said was but little larger than the

cerebellum (and which in turn is comparable to

the diameter of the medulla).

However, Edinger (1961), in her lengthy dia-

tribe, "Anthropocentric Misconceptions in Paleo-

neurology," faults Marsh for initiating the partly

erroneous notions, and dozens of other authors for

uncritically following his lead:

Only through studying in the Peabody Museum . . .

did I discover that the actual data on relative brain

size in Uintatherium are even less satisfactory than

a student of the literature had the right to assume.

The figures in Marsh's monograph on the uinta-

theres (1884)m give the impression that endocasts

had been made of seven or eight skulls. There are

complete plaster endocranial casts of only three

skulls—one of them, so-to-say, more than com-

plete, as the cast of the olfactory bulb chamber in-

cludes the cast of a proximal part of the nasal cavity

(fig. 8). (p. 82)

Her main point was that Marsh ( 1 886 and later)

was so impressed by the very small size of the

brain of U. anceps that he next extrapolated this

to include all Eocene (and Paleocene) mammals,
then soon thereafter jumped to the further conclu-

sion that all Tertiary mammals had small brains.

Edinger (1961, p. 83) continued:

This, then, was the basis for Marsh's repeated as-

sertion that in uintatheres "the brain was propor-

tionately smaller than in any other land mammal"

(through 1 895, p. 496). When in the monograph he

listed 19 chief characteristics of the Order Dino-

7
Imprint date 1884; author's edition 1885; publication

date 1886.

cerata, the first was "Brain small, and smooth"

(1884, p. 178). In other words, in words I am quot-

ing from a 20th century textbook of zoology: The
most remarkable character of the group is the mi-

nute size of the brain which seems to separate this

order from all other mammals. . . . Actually, as I

cited, Marsh had immediately concluded from the

first Uintatherium endocranial cast that smallness

of brain is a character apparently pertaining to all

Eocene mammals, and in various contexts he noted

that "the Dinocerata were not alone in the dimin-

utive capacity of brain power" (1886, p. 58), or that

the brain was diminutive in the early ungulates

(e.g., 1897, p. 172). Whatever further endocasts he

had prepared from fossil skulls, he described them
as first of all, either small or not small. Becoming
convinced that "All Tertiary mammals had small

brains" he conceived what he called "a general law

of brain growth". Because I have seen it accepted
in too many scientific publications right up to the

present year, and never seriously doubted (except

by myself: 1929, pp. 85-100, and Tilney 1931, pp.

503-504), I feel called to account, to serve Har-

vard's motto, Veritas. At least as far as they con-

cern mammals, let us try to imagine what Marsh's

"laws" would mean if they were true, and realize

that they cannot and do not summarize the real rec-

ord of brain evolution.

Slowly (following Marsh, 1886), with publica-

tion of a number of works on various early and

later mammals, it became a truism that the early

forms were relatively small-brained compared
with modern mammals. Of course, Marsh can't be

blamed for the uncritical stands taken by those

who followed him, and in a loose sense, he was

partly right.

Jerison (1961, 1970, 1973) has gone beyond
this vague generalization and has documented rel-

ative brain size and given us his encephalization

quotient (EQ). His 1961 work showed that both

relative brain size and EQ values for the archaic

forms averaged about one-quarter that of modern

mammals; the later mid-Tertiary forms were about

one-half that of modern forms. Hence, the EQ val-

ues for the three groups are 0.25, 0.5, and 1.0.

This supports Marsh's conclusion that early mam-
mals were small-brained, but it refutes the notion

that all Tertiary mammals were. I think Tilly

Edinger would approve of Jerison's work because

of the needed advance he made by documenting
brain and body measurement relationships. For

Edinger well knew (as does Jerison) what is now
well established: cerebral development and com-

plexity, not just brain size, are the hallmarks of

advances in intelligence. In fact Jerison (pers.

comm.) considers brain size to be highly corre-

lated (r > 1) and virtually inseparable from com-

plexity.
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The one Field Museum specimen of importance

here, a piece of the braincase (natural endocast)

from the juvenile specimen (pm 8019, Fig. 11C)
described earlier, shows the youngest develop-
mental stage known until now. Although it rep-

resents little more than the dorsum of the cere-

brum, its extreme posterior position within the oc-

ciput (almost against the supraoccipital) means

that at this early age stage, cerebellum and me-

dulla must have been inclined and probably flexed

posteroventrally. (Marsh [1886, pp. 31 and 204-

205] showed the approximately 45° inclination of

the braincase in adult D. mirabile and T. affine.)

As noted earlier, the cerebrum is virtually undi-

vided and short, here interpreted as juvenile fea-

tures. Lacking are convolutions, also mostly ab-

sent in the adults, indications that the brain prob-

ably did not fill the cranial cavity, but the dorsal

portions of both olfactory bulbs and the pineal pit

can be seen.

Jaws and Lower Dentition—Measurements of

the jaws and lower teeth of U. anceps are given
in Tables 2 and 6, and measurements of E. cor-

nutus are given in Tables 4 and 14. Methods of

measurements, including those of cuspid and lo-

phid, are shown in Figures 6B and 7B, E-F Some
of the best or most interesting adult jaws and low-

er dentitions are to be found in the amnh and Yale

(including pum) collections (amnh 1664B, 1678,

13151; ypm 11043, 11044; pum 10385).

As with the skull material, the juvenile jaw

specimens provide the most new information.

amnh 1678 (Fig. 31A-D) is the most important of

these. Although this is not a Washakie specimen

(it is from the Bridger Basin), except for several

young Washakie skulls and jaws now available

and some other subadult specimens that Wheeler

thought were adult, it was, as Wheeler (1961, p.

43) indicated, the only juvenile of the genus from

North America known to him. I reillustrate it here,

more completely and at a larger scale, and expand
on Wheeler's descriptions because it is important.

The juvenile lower dentition is best seen in this

specimen, where, as Wheeler said, the left dp3-
ml are present (and the alveoli of the left m2),
and right dp3-m2 are preserved. He remarked on

the very worn condition of the dp4s, and I note

here the worn condition of all four dps, with the

dp3s seen to be more worn than dp4s. Other fea-

tures not previously stressed are (1) the crypt for

the forming left m3 shown in Figure 31C, and (2)

the right p3-4, both visible within their opened

crypts in Figure 31B-C, the p3 barely so. Radio-

graphs (not shown) further confirm the presence

of the p3s (the right with a nearly fully formed

crown), as well as the empty crypt for the appar-

ently still unformed left m3. The locality given on

the specimen label is Bridger (Fm.), Bridger Ba-

sin, Wyoming, 1893.

pm 54801 (Fig. 32A) is a damaged mandible of

a juvenile female with most of its symphysis unit-

ing both horizontal rami. Even taking into account

the extent of dorsoventral crushing of the region,

which has collapsed the mental foramen and its

canal, there is no sign of an inframandibular

flange (marking it a female). Beneath the col-

lapsed foramen the ventrolateral edge of the jaw

appears to be more substantial and less crushed

than the rest, but the border is concave—not con-

vex as it would have to be if it were a part of a

developed inframandibular flange. The pristine

crown of an unerupted left i3 (or i2) lies exposed
near the front of the symphysis (arrow in Fig.

32A). It is mitten-shaped and, except for being

thinner, matches the i3s of specimen pm 8020 and

shows that in that specimen, more than half of the

crown has been worn away. This unerupted i3 is

cracked between thumb and mitten. Radiographs
show that it is a single tooth with a crack, not two

teeth. Preserved cheek teeth include left and right

m3s (which are deep within their crypts) and the

fully erupted right p4. The other preserved cheek

teeth are left p3 (unworn) and ml -2 (with only

slight wear). There are anterior and posterior al-

veoli of left p2 and roots of the p4, but an appar-

ent cuspid of yet another tooth can be seen within

remnants of the roots of the apparent p4. If this

scrap is indeed a tooth, it calls into question the

identity of the surrounding roots as p4. Could they

be instead roots of the dp4? I think not, because

its opposite, the right tooth in the p4 position, has

the same size and does not show any significant

wear, as surely it would were it the dp4. Also,

with the m3s this advanced, it is unlikely that a

dp4 would still be functioning. The other right

cheek teeth are represented by either roots or al-

veoli. It was found at locality FM-7-83-KL/WDT

(discovered by a BLM crew) in SE X
A, Sec. 12,

T15N, R96W, Barrel Springs SW Quadrangle.
pm 55174 (Fig. 32B) is a nearly complete but

edentulous mandible, with alveoli, roots, or both

of most of the teeth, including the cheek teeth,

right incisors, and canine. The alveoli of the left

incisors and canine are indistinct, being crushed

and partly broken away. Right and left coronoid

processes and both condyles are nearly complete
and well preserved. The left angular process is

missing, but the right one is complete. There are
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impressions of parts of the crowns of the left p3-
ml, cast in epoxy from the surrounding matrix.

To judge from the size of the jaws, and especially

from the massive inframandibular flanges, this is

undoubtedly the mandible of a large adult male

specimen. The mental foramina are small,

crushed, and difficult to see. That on the left side

is the least obscured, and the indentation on the

lateral surface of the flange just anterior the open-

ing flares forward, not downward as in pm 38781.

On the right side crushing is more severe, so that

the opening cannot be precisely located. Sym-

metrically placed foramina are present, one high

on the anterior edge of each flange near the sym-

physis. The inframandibular processes measure

about 20 cm from the diasternal margin to bottom

of each flange. Alveolar measures are given in

Table 4. The locality, FM-6-91-WDT, is in SW %,

SW %, Sec. 5, T15N, R94W, Salazar Butte Quad-

rangle.

A second older juvenile or subadult, pm 548 1 8

(Fig. 33), consisting of the posterior part of a left

ramus, including its angular process and two

erupted molars (m2-3), provides little new infor-

mation. It is at a more advanced age stage than

the above-mentioned specimen, amnh 1678. The

horizontal ramus is shallow and the masseteric

fossa is only weakly developed (both attesting to

its young age). Crown features are quite standard:

both the metalophid and hypolophid are slightly

worn on m2. Those lophids on m3 were just be-

gining to wear. Radiographs confirm that no tooth

was forming posterior to the last erupted one, in-

dicating that tooth identifications are correct. The

locality is JJF.7.30.90.1, located in NW %, Sec. 8,

T15N, P94W, Salazar Butte Quadrangle.
A left i 1 (or i2) and the pair of 3rd incisors, pm

8020 (Fig. 18B-D), are the only incisiform teeth

of any late uintathere in the Field Museum col-

lection other than the one incisor in pm 54801

(Fig. 32A). They show considerable wear, the i3s

being deeply scalloped between their anterior and

posterior moieties. This wear condition is more

extreme than Marsh ( 1 886) showed it to be in his

figures 43 and 44, but is more like that shown for

his specimen 1490 (ypm 11490) in his figure 45.

There is an interdental wear facet that obliquely

truncates the main (anterior) cuspid. The largest

"occlusal" facet extends in a smooth arc down
the posterior face of the main cuspid and up onto

the front of the heel, up to its top, where it then

turns sharply down along the rear of the heel. The

il is a stout tooth with a large single main cuspid
that is heavily worn (blunt) at its tip and has a

low but functional heel. The wear surface is deep,

weakly scalloped, and polished, and shows fine

transverse striae. The heel of the tooth has a rem-

nant of an interdental wear facet. Clearly, these

are the teeth of an adult animal. Locality FM-2-

59-WDT is in SW %, SE %, Sec. 22, and NW V4 ,

NE V4, Sec. 27, T16N, R95W, Salazar Butte Quad-

rangle, near the base of TWkA 1 .

An American Museum specimen, amnh 13151,

is noteworthy because it preserves four well-de-

veloped incisiform teeth on both right and left

sides and most of the cheek teeth (Fig. 34A). On
the left side, behind the last incisiform tooth, there

is a pit that could be the remnant of a small, filled

canine alveolus. The ils are the largest teeth in

the series, i2-3s are a little smaller and are about

equal, and the last of the incisiform teeth is slight-

ly smaller still, but not as much reduced as the

lower canine is in other specimens. The posterior

pair of these incisiform teeth Marsh had inter-

preted to be canines (based on his materials). This

is the case in the specimens having three incisors

and a small lower canine, but I believe that inter-

pretation may be in error in this case and that they

could be i4s. Two arguments suggest this: (1) Ca-

nine alveoli in other specimens indicate a canine

tooth that is far smaller than any of the incisors,

and the tooth crown in the i4 or c position in this

specimen is only slightly smaller than that of the

other incisors; it also is much more incisiform

(mitten-shaped, like the other incisors) than ca-

niniform. (2) Incisor number varies and most

commonly is three, but i4s are known to have

occurred in a few specimens. In one case, pm

53933, of the four incisors, the i3 is much reduced

and staggered (Fig. 34B); in another case, PM

54406B (Fig. 16C), there are alveoli for four sub-

equal incisors followed by a small canine. Here

in amnh 13151, if the pit behind the last incisi-

form tooth is truly a canine alveolus, then this

specimen also has four incisors, and the i3 is nei-

ther reduced nor staggered. The locality given for

amnh 13151 is Washakie A, north of Haystack,

100 ft above Brown Sandstone (lower beds). I in-

terpret this to be within TWkAl, but well above

the Lower Brown Sandstone.

Our best specimens in which the incisor area is

represented are pm 53933 (Fig. 34B) and pm

38781 (Fig. 35). They lack the teeth, but their

alveoli show the procumbent orientations of the

roots of these single-rooted teeth, and again they

show the "canine" to be much smaller than the

others. However, pm 38781 has alveoli for only

three incisors, not four, so there is variation in this
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Fig. 31. U. anceps, amnh 1678, a pair of juvenile jaws and dentitions consisting of the posterior two-thirds of

the right mandibular ramus (B and C) including the coronoid, condylar, and angular processes, and (A and D) a

fragment of the left ramus. Preserved teeth are L and R dp3-4, m 1 ; R p3-4, m2. Also present are L m2 alveoli, and

a portion of the wall of the crypt for m3. This is the specimen that Wheeler (1961, p. 43 and PI. 13) referred to as

being the only example of a juvenile among the terminal North American uintatheres. I show it at a better scale with

more detail (fmnh neg. nos. GEO 82498 (A, B) and 82499 (C, D)).
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Fig. 31. Continued.
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Fig. 32. Uintatherium anceps, lower jaws. A, pm 54801, a badly crushed and weathered pair of jaws shown in

occlusal view. The few teeth present are well preserved: the erupting left i3 (or i2), erupted p2-3, ml-2, and right

p4, m2. Both m3s have well-formed crowns that lie deep within their crypts. B, pm 55174, a nearly complete but

edentulous mandible shown in occlusal view. The symphysis is complete, and there are alveoli for left and right il-

4, right c, and all cheek teeth. The partial impression of the left p4-ml was made in epoxy from a block of the

entombing matrix (fmnh neg. nos. GEO 85704 (A) and 85694 (B)).
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Fig. 33. pm 54818, part of the left jaw of a subadult Uintatherium anceps with M2-3 shown in dorsal (occlusal)

view (A) and left lateral view (B). This is one of several subadult and juvenile specimens in the fmnh collection

(fmnh neg. nos. GEO 85688 and 85708).
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Fig. 34. Two specimens preserving details of the lower incisor-canine area. A, amnh 13151, also showing the

cheek teeth; B, PM 53933, which lacks teeth, but their matrix-filled alveoli provide information helpful in seeing
some of the variation that occurs in the species. Both are variants with il-4, but they differ in that only the latter

has the i3 reduced and staggered (fmnh neg. nos. GEO 82503 (A) and 86052 (B)).
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Fig. 35. pm 38781, an edentulous symphyseal mandibular fragment of U. anceps in which the more usual incisor

formula (il-3) prevails. Part of the large right inframandibular flange is preserved (fmnh neg. nos. GEO 85696.1 and

85696.2).
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Fig. 36. pm 55827, a pair of fragmented jaws and dentition of a young adult Uintatherium anceps. Note the

relatively weak inframandibular flange, which has been variously interpreted ( 1 ) as a female characteristic of Teth-

eopsis by Marsh (1885, ypm 1 1256), Osborn and Speir (1879), and Osborn (1881) (for the last two, pum 10385 and

11611); (2) as probably a female characteristic of Eobasileus (Wheeler, 1961, abstract); and (3) not as a female

characteristic of Uintatherium, in which the process is unreduced, like that of the male, by Wheeler (1961, p. 72).

See text for my interpretation.

In A, the occlusal views of both rami are shown. In B, the lateral aspect of the right ramus is shown. Arrows point
to an aberrant pit on the lateral side of the right ramus beneath and between the roots of p4 and ml, a probable

pathology (fmnh neg. nos. GEO 85691 and 85707).
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Fig. 37. pm 53932, a pair of fragmented Uintatherium anceps jaws shown in occlusal view (A) and showing an

enlarged view of the right cheek teeth (B). In spite of poor preservation, this is the best lower cheek-tooth series of
this species in the fmnh collection (fmnh neg. no. GEO 85692).
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Fig. 38. A and B, amnh 1664B, a mandible with its left ramus edentulous and its right with p3-m3. C, amnh
1664A, a completely edentulous mandible. Both are specimens of U. anceps that were given the same number. It

will probably never be known for certain which belonged to the skull, amnh 1664 (Fig. 19A-B). Mandible 1664B

appears to be the better size fit for the skull 1664. I speculate on the remote possibility that amnh 1664A may belong
to the skull amnh 1 694 (Fig. 1 9C-D), but there is no proof of that association, and there is no catalogue record of

jaws for 1694 (fmnh neg. nos. GEO 82443 and 82509).
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Fig. 39. A-D, ypm 11044, views of the mandible, or its separate rami, of Tinoceras pugnax, another synonym
of U. anceps. In A, the medial side of the right ramus is shown; in B, the lateral side of the left. Dorsal view of the

mandible is shown in C, and an enlarged occlusal view of its left cheek teeth in D.

E—G, um 101209, a well-preserved University of Michigan left ramus fragment of U. anceps shown in left lateral

(E), occlusal (F), and medial (G) views (fmnh neg. nos. GEO 82434-5 and 82128).
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part of the dentition. All specimens I could locate

document not only variation in tooth number, but

also in size and placement. The symphyseal frag-

ment of pm 53933 (Fig. 34B), the Funderburk

skull specimen, shows the alveoli of il-2 to be

normal (large and procumbent), i3 to be much
smaller and crowded (staggered to the outer side

of the ramus), i4 to be normal, and c to be small,

comparable to the i3 in its root diameter. It ap-

pears that when only three incisors are present,

the 3rd has dropped out, leaving il-2, and i4

ahead of the canine.

pm 38781 is a mandibular symphysis with most

of the right inframandibular process (Fig. 35).

From its massive size it almost certainly was that

of an adult male: the inframandibular process is

both large and thick (compared with that of pm

55827, which is less massive and not as deep, and

which I considered to be either female or young
adult male). About 5 cm behind the opening of

the mental foramen, at the break surface, the canal

can be seen to be expanded, with a triangular

cross section that is flat laterally (somewhat dor-

solateral^) and rounded medially. A few tiny

openings exit within this expanded region, but it

seems to be some sort of center, because there is

a decided constriction anteriorly as the opening of

the foramen is approached. The incisor alveoli are

large; that for the canine is of small diameter but

elongate. The mental foramen is large and right

at the opening shows that the vessels exiting there

immediately turned down about 45°, where the

lateral edge of the flange is indented for more than

4 cm. The alveoli of i 1-3 are inclined for procum-
bent teeth. The first two measure about 2.5 X 2.5

cm; that for i3 is longer and narrower (~3 cm X
2 cm). That of the canine is much smaller (only

the central part of its anterior wall is preserved):

on the left side it can be seen that the root was

only about 4 cm long from tip to jaw margin and

about 1 cm wide. It is from the western edge of

locality FM-5-79-WDT and is located in SW Vi

Sec. 24, and NW Va Sec. 23, T13N, R96VV, Upper
Powder Spring Quadrangle, and is within

TWkAl, Bed 595, which is just below the Middle

Red marker bed.

The other Field Museum specimens of jaws

(Figs. 36, 37) are all of adult animals, the most

complete being pm 55827 (Fig. 36). Its left ramus

is missing the diastemal area but has the following
teeth: worn p2, roots of p3, worn p4 lacking part

of its talonid, ml heavily worn and badly broken

and lacking the posterior half of the talonid, m2
missing except for the rear of its talonid, and frag-

mented m3 that nevertheless preserves part of

each lophid and includes the base of the metaco-

nid (and from the size of the section, it appears
that it was a large cuspid). The nearly complete

right ramus is lacking only the anterior three-

quarters of the symphysis, and it preserves most

of the teeth from p2 through m3, as follows. The
talonid of p2 is missing, p3 is nearly complete but

worn, p4 is lacking only the tip of the metaconid,

and its lophids are at a similar wear stage as seen

in p3. The ml is fragmentary; m2 is badly broken,

but much of each lophid is present, with a decided

wear facet; and m3 is nearly complete. It has a

deep, oblique (abnormal?) wear facet on the rear

of the metalophid and a more horizontal facet on

the hypolophid, and the slightly raised feature in

the hypoconulid position is broken away. Coro-

noid and angular processes are relatively lightly

built, and the oval mental foramen is —2.5 cm
long by 1.4 cm high. It is situated in the upper
half of the right symphyseal ventral flange (infra-

mandibular process).

This flange for protecting the upper canine is

long anteroposteriorly but not deep, all of which

suggest that it belongs to a female, or a very

young adult male. If a female, then it does not

conform to Wheeler's statement (1961, p.7 2),

"probably the female of Uintatherium was char-

acterized by short, often tiny horns, slightly small-

er average size, canine tusks only slightly smaller

than in the male, and no reduction of the infra-

mandibular process" (emphasis mine). If how-

ever, it is interpreted as a young adult male, then

one would have to assume that its upper canine

was delayed in its eruption and that the develop-
ment of the inframandibular process may have

been similarly delayed. This might be reasonable

if development of the androgenous conditions

awaited the achievement of a more advanced gen-
eral maturation level. Horn development appears
to have proceeded in a similarly delayed fashion

to that of the dentition. So I conclude that al-

though the specimen could be a young male, den-

tal wear and degree of horn development make
that an unlikely alternative. If this specimen is a

female, as I believe it to be, both sexes had well-

developed but differently proportioned inframan-

dibular processes. Those of the male were more

massive and deeper than those of the female

(compare Fig. 26B, female, with Fig. 28, male).

Only the right ramus preserves the condyle.

A possible pathology can be seen beneath the

laterally exposed portions of the roots of the right

p4 and ml where there is a vertical, upward-open-
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ing, foramen-like feature (arrows in Fig. 36A-B).
It indents the lateral side of the jaw for about half

of its height. The opening itself is about 1 .5 cm
long and nearly as wide. This abnormality may be

an unusual vascular or nerve exit, but more prob-

ably it may be a drainage pathway of some sort

of infection, although no obvious lesser channels

are evident within it, as might be expected were

that the case. I am uncertain how to interpret it.

Marsh (1886) figured several somewhat similar

but less prominent features that may or may not

have been disease related: His figure 38 of T. lon-

giceps (ypm 11256) shows a similar feature be-

neath p3: his plate XIII, figure 1 of D. laticeps

(ypm 11039) shows it beneath p2, as does the il-

lustration of T. pugnax (pi. XIX, fig. 3). On the

other hand, the dorsum of the skull of D. laticeps

(also ypm 11039) shows a possibly diseased con-

dition within the broken maxillary horn area (pi.

XI). Our specimen was found by Susan

VandenBosch, then Women's Board Coordinator

at the Field Museum, an enthusiastic volunteer

member of Flynn's 1992 field crew. The locality

is JJF.7.28.92.1, in the center of E Vi, Sec. 13.

T13N, R96W, Powder Mountain Quadrangle.
The fmnh collection has only two fair speci-

mens of this species that have jaws with cheek

teeth: that just described and pm 53932. The

Marsh (1886) plate XIX reproduced here (Fig.

7E-F) serves well to illustrate these teeth, pm

53932 (Fig. 37) consists of a poorly preserved

pair of jaws which nevertheless have most of the

cheek teeth. There is no actual contact between

the rami, but they were found together (immedi-

ately adjacent to one another), and they corre-

spond well in size and dental wear, so there is no

doubt about the association. They are shown in

occlusal view in Figure 37A, where the left and

right p2-m3 are seen to be nearly complete and

little worn. In Figure 37B, the cheek teeth of the

right ramus are enlarged to show the one puzzling
feature of this specimen. It deserves notice—all

of the teeth are worn to the same degree. There

is no apparent gradient of wear from p2 through
m3. Normally with p2-3 and m3 showing this

amount of wear, the other teeth would be more

heavily worn, especially ml. I am at a loss to

explain this peculiarity. It is not from a missing
or broken upper tooth, for the chewing plane is

regularly jagged, not disrupted. The locality is

FM-4-86-WDT (F.N., T-21-86) at the quarter cor-

ner between Sees. 22 and 23, T15N, R98W, Kin-

ney Spring Quadrangle within TWkAl, about

Beds 584-588.

pm 56022 consists of many heavily mineralized

(ferromagnesian) fragments that make up most of

a pair of jaws of U. anceps. The only complete
tooth is the right m2, but there are more than 100

tooth fragments, including parts of the crowns of

a premolar and both m3s. The locality, FM-4-79-

WDT is in NW l
A, Sec. 18, T13N, R96W, Upper

Powder Spring Quadrangle. The specimen is from

-Beds 596-598 (Middle Red Marker).

There are several jaw fragments of the Funder-

burk specimen, pm 53933, which apparently were

in articulation with the skull before it was toppled
from its in situ position (Fig. 13B). The left con-

dylar, angular, and some of the coronoid processes
were still in place when we received the speci-

men, and it is likely that both jaws had been com-

plete but broke away in the fall, because there is

a similar portion of the right ramus and the com-

plete but edentulous symphysis among the many
scraps. See above (p. 61) for comments on the

incisor and canine alveoli. Much effort has been

expended in an attempt to recover the missing

parts, to no avail.

An American Museum specimen, amnh 1664B,

consists of most of both rami, including the sym-

physis. The left ramus is lacking teeth, but the

right has p3-m3 well preserved (Fig. 38A). The

only tooth with appreciable wear is ml (Fig.

38B). As has been noted, two jaw specimens bore

the number 1664 when I saw them in 1960 and

1996. We probably will never know with certainty

which pair of jaws belongs with skull 1664 (Fig.

19A-B). From Wheeler's statement (1961, p. 42)

it is clear that he associated this pair of jaws with

skull 1664. The second jaw specimen with this

number, 1664A (Fig. 38C), is edentulous. On the

basis of size, 1664A is the better fit for the skull,

1664B being apparently too small. At one time

the latter pair of jaws may have been mounted

with the skull, probably because it possessed

teeth, but no record of this has been located;

hence the letters A and B are now appended to

these jaws. The locality is the Washakie Basin,

and Wheeler, referring to Wortman's letter to Os-

born of June 11, 1893, concluded that it (they)

was (were) from Washakie A (i.e., TWkAl), from

somewhere (in the Lower Brown Sandstone) be-

tween LaClede and Barrel Springs.

The fine mandible of Marsh's holotype speci-

men of Tinoceras pugnax (another of the many
synonyms of U. anceps), ypm 11044, is shown

here as I found it in 1960 (Fig. 39A-D). Marsh

(1886, pi. XIX) showed the complete left ramus

to be lacking only the incisiform teeth. He did not
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show the right ramus, which has ml but lacks p2
and has the coronoid restored. As can be seen in

Figure 39B-D, much of the left ascending ramus

is now missing, as is ml. Wheeler (1961, p. 33)

stated that the coronoid processes had been re-

stored but that the restored portion is not indicated

in Marsh's illustration (1886, pi. XIX). Actually,

the left ramus has its angular and condylar regions

completely restored and its coronoid process par-

tially restored. In the right ramus, the angular and

coronoid processes are restored, but the condyle
itself looks to be real. Four alveoli, for il-3 and

c, are shown in Marsh's plate, the anterior three

being subequal; the last for the canine is much
smaller. The inframandibular process is deep and

well developed (Fig. 39A-B), as shown in

Marsh's plate XIX. Marsh may have restored the

missing parts, including the left ml (the right one

is there), neglecting to tell us. It appears that the

specimen has been damaged subsequent to

Marsh's day, before either Wheeler or I saw it.

The right ramus with its p2 missing is shown in

medial and occlusal aspects (Fig. 39A-C). Or
Marsh may have simply illustrated it as though it

were complete, although in actuality, it was as we
see it now. I suspect the former to be the case,

because the details in Marsh's plate are fine and

precise, even showing cracks in the angle and as-

cending ramus and highlighting the cingular mar-

gin of ml. In Figure 39D, the left cheek-tooth

series is enlarged to show details of the occlusal

surface of the tooth crowns. The locality data, "at

Haystack Mountain," is not helpful because both

TWkAl and TWkA2 can be found there. Al-

though Wheeler synonymized T. pugnax with U.

anceps, the skull proportions are more like those

of E. cornutus, which condition he attributed to

dorsoventral crushing of the posterior part. Skull

length (see Fig. 2) supports the Wheeler assign-

ment.

The University of Michigan jaw, um 101209

(Fig. 39E-G), is that of an adult with p4-m3. It

is well preserved; the teeth are worn but the wear

is not extreme. The specimen is the smallest U.

anceps that I have encountered; hence its inclu-

sion here, even though it is not from the Washa-

kie. It is a Bridger Basin specimen that, signifi-

cantly, comes from a unit just 50 m (160 ft) above

the Sage Creek White Layer. Interestingly, as not-

ed earlier, from 25 m lower in the section, another

uintathere specimen was recovered, this a large

IBathyopsis juvenile with dP2-4. It appears that

we are beginning to see the transition from Bath-

yopsis to Uintatherium in this basal portion of the

Bridger Fm. This and the other Michigan speci-

men (the upper jaw piece, um 101208) are the

only ones in that collection pertinent to this study,

and it is of interest to note that this transition, like

that from Uintatherium to Eobasileus, appears to

be a gradational yet relatively fast one that ap-

parently happens within the time represented by
the 25 m part of the section between the two ho-

rizons. It comes from low in the Bridger Fm. at

um locality BRW-10 (1 102, stuck truck), which is

in NW Va, SE Va, SE Va, Sec. 2, T13N, R114W,
Reed Reservoir Quadrangle, Uinta County, Wy-
oming. It is from a unit 50 m above the Sage
Creek White marker bed in horizon Br3, collected

by the R. M. West field party in 1972.

The best of the Denver Museum's uintatheres

belong to E. cornutus, but there are 10 specimens
listed as belonging to Uintatheriidae and another

10 as Uintatherium sp. Of these last, which I pre-

sume to be U. anceps, only three pertain to jaws
or lower teeth: EPV 1849, left and right rami for

which some jaw and alveolar measurements are

taken; EPV 2607, tooth fragments only; and EPV
3200, left m2 and m3 (measurements given in Ta-

ble 6).

The Utah Field House has three specimens as-

signed to Uintatherium. One is a mounted life-

size paper mache model (ufh 50001.5/50501),

doubtless a replica of Marsh's "Dinoceras mira-

bile.'''' This model of the Yale specimen represents

one of three mounted skeletons in the United

States; the others are at the American Museum
and the U.S. National Museum. The Gunma Mu-
seum has the recently collected skeleton.

ufh 54015/54515 and ufh 85023 together com-

prise the best specimen of U. anceps in that col-

lection, a skull and partial skeleton, ufh field nos.

v-85-23-1 and v-228-1, U. anceps, are lower jaws
that are thought to belong to 54015. Dental mea-

sures for this specimen are given in Tables 3 and

4. They were first collected by G. E. and B. R.

Untermann in the late 1940s (catalogue entry dat-

ed 9/16/54). The remainder was collected in 1950

by P. Robinson and W Wheeler and donated to

Utah Field House by Yale University on 9/21/60.

It came from "Barrel Springs, Haystack Mt. area

S of Wamsutter, Wyo." This is the locality known

locally as "the bone pile"; it is within locality

FM-7-58-WDT, near center of S V2, Sec. 22,

T15N, R95W, Salazar Butte Quadrangle, low in

TWkAl.
ufh 93002 (Uintatherium sp.) is a right ramus

with ml-3 that is on exhibit. But it is too small

to be a U. anceps and is either one or the other
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of the two Bathyopsis species, probably B. mid-

dleswarti or a transition form of that species be-

tween B. middleswarti and U. anceps. Dental

measurements, in mm, are: length ml-3 = 52; ml
L > 14 (broken), AW =

8.3, PW = 9.6; m2 L =

17.2, AW - 10.1, PW =
11.1; m3 L = 19.5; PW

= 12.9. It is on loan to the Utah Field House by
its discoverer, Mike Apeztequia of Lyman, Wyo-
ming. It is recorded as coming from Hickey
Mountain, near Lonetree, Bridger Basin, Wyo-
ming, from Bridger C or D.

pum 11611 is a problem. It (they) came from

"15 mi, south of LaClede," according to Osborn

and Speir ( 1 879, p. 304) in their initial description

and illustration, and Osborn (1881) reported and

illustrated it (them) again. Part of the problem is

to ascertain the contents of pum 11611. Presum-

ably two jaw specimens are included if everything
in the Osborn and Speir (1879) report was given
that number. They stated that

The following description is based upon specimens
collected in the South Bitter Creek country. . . . The
material comprises two jaws, the first found with a

large (upper) canine tusk belongs, without doubt to

L. cornutus; the second is smaller, possibly of a

female of the same species. . . . The accompanying
plate figures the former specimen, the incisor-ca-

nine series have been placed in position from the

latter specimen, in which the alveoli are preserved,

(p. 304)

My notes from 1960, when I examined the

specimen, make no mention of the incisor-canine

series, nor did the catalogue at that time, although
Osborn and Speir (1879) and Osborn (1881)

showed those teeth, as did Wheeler ( 1 96 1 , p. 51),

who referred to them as being pum 11611. He
erred in the locality given in the caption to the

illustration (his pi. 13, fig. 2). "Near Haystack

Mountain, Washakie fm., Washakie Basin. . . .

This is a photograph of Plate 2, Fig. 3 of Osborn's

Memoirs of 1881" (actually plate 3, figs. 3 and

4, of Osborn 1881). How Wheeler made this slip

is uncertain (probably just a lapsus), because in

the text (p. 51) he gives the 1 5 mi S of LaClede

designation, following Osborn and Speir.

A further problem arises from the fact that the

incisor-canine series is notably large, much larger

than any of those teeth in our U. anceps materials.

So I accept the assignment to E. (L.) cornutus for

them, and presumably the jaw they were associ-

ated with.

The jaw shown in Osborn's plate 1 (1881) is

supposed to be the same specimen as is shown in

Osborn and Speir (1879), but its angle is more

complete, the inframandibular process appears to

be even less developed, and there are three mental

foramina versus two for the Osborn and Speir

specimen. It is possible that further preparation

and restoration could account for these differenc-

es.

Marsh (1886, p. 51) stated that all of the inci-

sors, canines, and premolars were preceded by

temporary teeth in Dinoceras and Tinoceras (both
= Uintatherium), noting that sometimes the re-

placement teeth appeared before the temporaries
were shed. On p. 38 he illustrated one such spec-

imen, his D. mirabile (ypm 1 1251), where a bit of

di2 is present lateral to the alveolus of i2. Al-

though I was unable to locate this specimen, ad-

ditional supporting evidence, not given by Marsh

but clearly shown on his figure, is the comparable
ventrolateral wrinkle on the alveolar edge of the

il, the dil alveolus. On the following page he

shows another specimen, which he referred to

Uintatherium segne (ypm 1 1 194), in which a pair

of small alveoli follow immediately behind the

much larger alveolus of the last of the lower in-

cisiform teeth,
8 which he labeled the lower canine.

The pair of small alveoli he took to be for dpi,
an identification Wheeler did not question but that

I consider to be wrong. Now that we know the

dC to have been double-rooted and situated within

the eruption area of the permanent tooth, I inter-

pret these to be the alveoli of a double-rooted dc.

(With growth, that area would have expanded, al-

lowing the permanent tooth to erupt in front of its

milk predecessor.) Behind this, the Marsh figure

also shows a puzzling single alveolus (far forward

within the diastema) that he did not label. Possibly

it could be for a single-rooted dp 1 . I say possibly

because it seems unlikely that the lower tooth

would be so differently positioned when its upper

counterpart is more normally located. In the fmnh

juvenile maxillary (Figs. 7, 8) the single alveolus

of dPl lies immediately ahead of the alveoli for

the dP2, and behind the lengthy diastema (not

within it); it also has the small paired alveoli for

a double-rooted upper deciduous canine in the

usual canine region. Thus, I am confident that the

correct identification of these alveoli in the canine

region of Marsh's ypm 1 1 194 specimen should be

dc, not dpi, for the anterior pair, and that the more

8 In amnh 13151, in which four incisiform teeth are

in place, there are either four incisors and a small lower

canine (if the pit is a canine alveolus), or there are three

incisors, and the last incisivorm tooth is much larger

than in other specimens.
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posterior alveolus, if it really is an alveolus, is for

a single-rooted tooth, perhaps a supernumerary or

the dpi or pi. This then gives comparable posi-

tion assignments to corresponding upper and low-

er teeth and suggests that much growth subse-

quent to the juvenile age took place within the

expanding diastemal region.

From all of this, the dental formula of the Uin-

tatheriini can now be determined with only one

common exception, that of the P/pls, which are

usually missing. The (maximum) dental formula,

based on Uintatherium, is: dl/i 0/1-3 (or 4?), dC/c

1/1, dP/p 1 or 2-4/1 or 2-4; I/i 0/1-3 or 4, C/c

1/1, P/p 1 or 2-4/1 or 2-4, M/m 1-3/1-3. With

the P/pl/ls lost (missing or never formed), P/p 2-

4/2-4 is the usual pattern, but it would be no sur-

prise to find an occasional specimen with evi-

dence of one or more of these "absent" teeth.

Also, it is just possible that the Pl/ls are consis-

tently missing (lost) and that the root or alveolar

traces may in fact belong to deciduous teeth. We
still know nothing about the deciduous dentition

of Eobasileus or if it had P/pl/ls. Until more is

known, I assume that the two genera probably had

the same formula.

Figure 40, a bivariate graph for the lower cheek

teeth of U. anceps, shows extensive overlap be-

tween all of the lower premolars and the mis, and

even some with the m2s. The molars show less

extensive overlapping. Measurements for the low-

er dentition of U. anceps are given in Table 6.

Postcranium—Most items in the Field Muse-

um's collection of specimens belonging to the ter-

minal uintathere species are postcranial elements

of Uintatherium anceps. Here, for simplicity, I

treat both U. a. and Eobasileus cornutus together,

but distinguish them in all cases where possible,

first on stratigraphic grounds and then by their

measurements (Tables 7-12). Only the latter spe-

cies will be labeled; the more numerous other

specimens are all assigned to U. a. Since the

Marsh monograph (1886), which so beautifully il-

lustrates most elements, is still readily available.

I shall not attempt to do more than comment on

those fmnh specimens that are informative in one

way or another beyond the descriptions Marsh

gave, and only some of them will be illustrated. I

also do not illustrate many specimens in the col-

lections of other institutions. Further, the text tab-

ulations are not all-inclusive, because minor or

very fragmentary specimens are omitted here.

There are no complete skeletons in the fmnh

collection; however, the following specimens each

consist of a major, or at least a significant, portion

of the skeleton: pm 3896, the near-newborn (Figs.

8-10, 41, 42, 46, 51), pm 39393 (Figs. 47A-B,
53A-B), pm 53921 (Figs. 17, 50A-C), and pm

55423 (Figs. 43-45, 52). These will each be treat-

ed when they contribute to our knowledge of the

following skeletal regions.

Axial Skeleton

The following specimens contain one or more

of these bones:

Cervical vertebrae: atlas and axis

pm 2079, atlas and axis.

pm 53921, part of an atlas.

pm 54405, atlas.

pm 55175, axis from locality FM- 1 6-9 1
-WDT,

Bed —590, at corner between Sees. 29, 30, 31,

and 32 (mostly in 32), T14N, R95W, Prehistoric

Rim Quadrangle (with scrappy partial pelvis, and

hind limb).

pm 55423 includes both atlas and axis, and most

of the presacral vertebrae and three caudals as

well (Fig. 43). There are four atlas fragments that

appear to belong to two individuals, and there are

two axis vertebrae in the lot, one of which is com-

plete and is considered to be from the partially

articulated skeletal specimen. It was recovered

weathered out and in a number of pieces. The

other is more weathered and consists of little more

than the centrum. Three other cervical centra are

present in a similar state and are presumed to be-

long with the weathered axis. That a second spec-

imen (pm 55423A) was present is further indicated

by a second (partial right) scapula that was picked
from the eroded debris. All are from locality

JJF.7.30.90.1 in NW U, Sec. 8, T15N, R94W, Sa-

lazar Butte Quadrangle, -Bed 569-570.

pm 55578 includes a partial axis from locality

FM- 11-91-WDT from just SE of quarter corner

between Sees. 24 and 25 (rest of locality is in SE

Va, SW Va Sec. 24) T15N, R95W, Salazar Butte

Quadrangle.
pm 60173 includes a partial atlas, skull, and pel-

vis, and nearly complete radius and podial, from

TWkAl, about the level of Bed 574.

Cervical vertebrae: posterior cervicals

pm 3896 includes parts of the arches thought to

be of C3 and C4 (Fig. 4 IB). This is the juvenile

(newborn), in which all vertebral segments are in

unfused condition.

pm 53921, two cervical centra.

pm 55423 includes all five posterior cervicals,
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Fig. 41 . Uintatherium anceps juvenile, probably newborn, pm 3896. A, Second sternal element shown in presumed
ventral view. B-G, A series of the vertebrae exhibiting their early development, before fusion of arch elements and
centrum. In most cases the positions indicated are approximate. B, Posterior views of arches of the 3rd cervical on
left and 4th cervical on right, posed as though belonging to a single vertebra. C, Arches of two different anterior

thoracic vertebrae seen in anterior view, again posed as a pair. Both have facets for rib articulation that lack epiphyseal

caps. D, top left, dorsolateral view of a left neural arch (anterior end to right), and top right, the reverse (ventromedial)
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C3-C7, of the partial skeleton, each a nearly com-

plete vertebra having been assembled from dozens

of scraps. When restored they are seen to articu-

late reasonably well (Fig. 43).

P 12170, a complete cervical, about the fifth,

of Eobasileus cornutus, found with skull, from the

Uinta Fm., Uinta Basin.

Thoracic vertebrae

pm 3896 includes five or six unfused separate

thoracic arch pieces (one may be that of a lumbar

vertebra), and three centra (Figs. 41C-E,G; 42A-
B).

pm 8020 and 8022 each contain one thoracic

vertebra, the latter from locality FM-4-59-WDT
in W %, NE Va, Sec. 27, T16N, R95W, Salazar

Butte Quadrangle.
pm 39393 contains three posterior thoracic ver-

tebrae and the first lumbar from top of TWkAl
(Bed 595), from below but close to the "transition

unit" from U. anceps to E. cornutus.

pm 53921 contains seven thoracic vertebrae.

pm 53933 is associated with the Funderburk

skull. In addition to parts of both jaw rami there

are three ribs and other postcranial fragments, in-

cluding three thoracic vertebral centra.

pm 54866, an anterior thoracic vertebra, c.f. E.

cornutus from TWkAl -2, at locality FM-4-81-

WDT, center W Vi, Sec. 18, T13N, R96W, Upper
Powder Spring Quadrangle.
pm 55423 contains the first 1 1 weathered-out

thoracics (Fig. 43) plus seven from the rear part

of the region that are articulated in two groups

(nos. 13-15 and 16-19). These posterior thoracics

lie within the large block containing much of the

partially articulated rib cage. T12 is also present:

it was removed in a separate block from just in

front of the main block, where it had been in ar-

ticulation with no. 13. It is shown in Figure 43

and again in Figure 44A-B, where it is set in an

open area on the block, behind T15.

P 12541, Eobasileus cornutus, Uinta Fm., Uinta

Basin, includes four partial thoracics.

Lumbar vertebrae

pm 3894 includes the last lumbar vertebra in

articulation with the first sacral vertebra (Fig.

50A-B).
pm 3896 includes one or two lumbar (or pos-

terior thoracic) vertebrae of the newborn speci-

men (Fig. 41 F and possibly 4 ID).

pm 39393 includes the first lumbar (associated

with last three thoracics).

pm 53921 consists of four, including the pen-
ultimate lumbar (Fig. 51 A).

PM 54866 is from TWkA2, E. cornutus.

pm 54867 includes a posterior lumbar vertebra,

c.f. E. cornutus, from near the top of TWkAl,
-Bed 615 at locality FM-3-81-WDT, NE Va, NE
Va, Sec. 27, T15N, R95W, Powder Mountain, NE
Quadrangle.

pm 55423 preserves two lumbar vertebrae, one

of which is complete (L3); the other (L2 or LI)
consists of only the centrum (Fig. 43).

P 1 254 1 includes two lumbar centra of E. cor-

nutus from Uinta Fm., Uinta Basin.

Sacral vertebrae

pm 3894 includes all three true sacrals plus the

sacralized first caudal, the block in articulation

with the pelvis, and the last lumbar and caudals 2

and 3 (Fig. 50A,C).

pm 53921 includes the sacrum and pelvis in ar-

ticulation and the first two caudals articulated with

the sacrum (Fig. 51).

P 12541 includes the first sacral centrum of E.

cornutus, Uinta Fm., Uinta Basin.

Caudal vertebrae

pm 3894 includes the anterior three caudals in

articulation with the pelvic girdle.

pm 53921 includes the first two caudals articu-

lated with the pelvis (Fig. 51 A).

pm 54866 includes five anterior caudals, about

nos. 3-7, cf. E. cornutus, from TWkAl -2.

pm 54867 includes the centra of five anterior

caudals of E. cornutus, from TWkA2.

aspect of the same element, where the fusion attachment area for the centrum can be seen above the lateral edge of

the neural canal. In both views the transverse process is at the top and the zygopophyses protrude anteriorly and

posteriorly. I believe the neural arch to be from a posterior thoracic or anterior lumbar vertebra. Dorsal (bottom left)

and ventral (bottom right) views of a partial arch with part of its transverse process, an interlocking zygopophysis,
and part of the fusion area for the centrum, probably a posterior thoracic, are shown. E, thoracic arches, seen in

posterior view, that I interpret to be the last (left) and penultimate (right), posed together with the centrum, which

may also belong to the last thoracic. F, Ventral view of the centrum of one of the lumbar vertebrae. G, Dorsal view

of right half of a centrum of one of the last thoracics (fmnh neg. nos. GEO 85913 (A), 85924 (B), 85923 (C), 85925.1

and 2 (D), 85922 (E), and 85913 (F-G)).
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Fig. 42. Uintatherium anceps juvenile, more of the

"newborn," pm 3896. A, Dorsal view (anterior down)
of one of the posterior thoracic vertebrae. It may belong
with the centrum shown in Figure 41G. In B, another of

the posterior thoracic vertebrae is shown. The dorsal

view of the arches {above, anterior down) is posed with

a centrum that appears to nearly fit, either as shown or

reversed front to back (fmnh neg. nos. GEO 85918,

85920, and 85921).

PM 55423 contains three isolated midregion
caudals.

P 12541 includes two partial centra of anterior

caudal vertebrae found in association with a par-

tial pelvis (including the first sacral centrum, both

ilia and acetabulae) and six other vertebral centra,

from Uinta Fm., Uinta Basin.

Rib cage and sternum (Table 7)

pm 3896, the "newborn," preserves the second

sternal element (Fig. 41 A).

pm 53921 contains a large part of each of eight

ribs.

pm 55423 has 11 ribs in partial articulation

within the rib cage slab (Fig. 44A-B), and at least

10 more that had weathered out. In the slab, the

right ribs 12-15 are together in near articulation

with their vertebrae, and right and left ribs 18 are

loosely articulated with vertebrae T18 and T19.

Just behind them lie the pair of ribs 19, but these

ribs are not in contact with vertebra T19. Among
those that had eroded out, I have been able to

assemble complete left and right first ribs, right

2nd, and part of the left 3rd. Table 7 gives rib

measurements, arc, and chord lengths for those

ribs that are complete and estimates for others that

are nearly so. The rest of the rib cage is incom-

plete, represented only by many broken bits.

pm 60174, consisting of seven or eight associ-

ated ribs, is from a sandstone channel low in

TWkAl, -Bed 575, from locality FM-4-59-WDT
in W J/2 , NE V4, Sec. 27, T16N, R95W, Salazar

Butte Quadrangle.

Appendicular Skeleton

Shoulder girdle and forelimb

Articulated Forelimb Elements
pm 55423 includes the articulated right limb of

the partial skeleton, complete from scapula

through the first phalanges (Fig. 45).

pm 39393 includes the articulated right humer-

us, radius, and ulna, and most of the manus (Fig.

47A-B), from near the top of TWkAl, about Bed

595, cf. U. anceps, in locality FM-4-79-WDT, in

center of SW M, Sec. 19, T13N, R96W, Upper
Powder Spring Quadrangle.

Scapula (Table 8)

pm 3896 includes the right, well-preserved

scapula of the "newborn" (Fig. 46A-B) with a

broad base for articulation with the head of the

humerus, but at this early stage the glenoid itself
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had not yet developed. The distance from glenoid
base to tip of the stout spine is no greater than the

width from the rounded coracoid border to the

pointed suprascapular border. This dimension is

considerably lengthened in the adult by the addi-

tion of the glenoid epiphyseal and unossified su-

prascapular portions. The external surface is di-

vided into anterior and posterior parts, the former

being about half the area of the posterior. The in-

ternal surface is smooth and almost flat.

pm 39915, a left scapula from TWkK or

TWkAl, -Beds 567-570 from locality FM-3-86-

WDT, in W Vi Sec. 2 and NW Va, SW 14, Sec. 3,

T16N, R95W, Barrel Spring Quadrangle.
pm 53921, partial left scapula associated with

disarticulated partial skeleton.

pm 53934, scapula and associated partial left

humerus, from near the top of TWkAl, or the

base of TWkA2, cf. E. cornutus, from —Beds

620-624, locality FM-3-81-WDT in NE Va, NE
Va, Sec. 27, T15N, R95W, Powder Mountain NE
Quadrangle.

pm 55423, right scapula (Fig. 45A-B).
pm 55423B, badly weathered specimen associ-

ated with, but not part of, the largely articulated

partial skeleton (pm 55423).

Humerus (Table 8)

pm 1457, distal end of humerus, E. cornutus,

from TWkA2, locality FM-10-56-WDT in W W,

Sec. 2, T16N, R97W, Fort LaClede NE Quadran-

gle.

pm 1458, complete left humerus from Beds

-570-576, at locality FM-13-56-WDT in SE Va,

Sec. 1 1 and SW Va Sec. 12, T16N, R98W, Kinney

Spring Quadrangle.
pm 1509, complete left humerus from TWkA2,

at locality FM-8-56-WDT, Beds about 650-670,
E. cornutus, in S Vi, SW Va, Sec. 31, T17N, R96W,
Fort LaClede NE Quadrangle.

pm 1522, left humerus lacking head and part of

distal end, from TWkA2, in locality FM- 10-56-

WDT, Beds -650-670, in W Va, Sec. 2, T16N,

R97W, Fort Laclede NE Quadrangle, E. cornutus.

pm 2079, right humerus (Fig. 46C-D) associ-

ated with atlas, axis, parts of the left humerus and

radius (PM2079A), two right tibiae (one of which

obviously is from another individual, PM2079B),

patellae, rib, and other fragments
pm 3894, partial right humerus associated with

complete pelvis, FM-1-58 WDT, -Beds 600-618,

center S Vi, Sec. 19, T16N, R97W, Manuel Gap
Quadrangle.

pm 38781, partial left humerus associated with

an edentulous mandibular symphyseal area from

N Vi, Sec. 25, T13N, R97W Upper Powder Spring

Quadrangle.
pm 38782, left humerus (shaft only) found in

association with a pair of tibiae, from —Beds
580-620 in NE Va, Sec. 19, T13N, R96W, Powder

Mountain Quadrangle.
pm 39393, right humerus of U. anceps in artic-

ulation with radius, ulna, and manus (Fig. 47),

from below, but near to, the transition zone to the

E. cornutus level.

pm 53921, part of the disarticulated "Lombar-

di" skeleton.

pm 53934, distal two-thirds of a left humerus,

TWkAl (top), associated with scapula; Beds 620-

622, from transition unit, cf. E. cornutus.

pm 53935, humeral head only, from Beds

-569-570 at locality FM-4-58WDT, near top of

Lower Brown Sandstone, SW Va, SE Va, Sec. 7 and

N '/6 Sec. 18, T17N, R96W, Fort LaClede NE
Quadrangle.

pm 54676, complete left humerus from Bed

-590 at Locality FM-1-85-KL/WT in NE Va, NW
Va, Sec. 26, T15N, R95W, Powder Mountain NE
Quadrangle.

pm 55423 (Fig. 45), complete humerus of the

articulated right forelimb.

pm 55581, partial humerus head, scraps of skull

from Beds -569-571, at FM-9-91-WDT, in SW
Va, NW Va, NW Va, Sec. 8, T15N, R94W, Salazar

Butte Quadrangle.
pm 60172, proximal half of a humerus from lo-

cality FM-3-58-WDT, Bed 569-570, in NW Va,

Sec. 18, T 17 N, R96W, and E Va, Sec. 13, T17N,

R97W, Fort LaClede NE Quadrangle.

Radius (Table 9)

pm 1452, distal half of a right radius of E. cor-

nutus, from TWkA2, -Beds 650-670, at locality

FM-6-56-WDT, in SE Va, NW Va, Sec. 36, T17N,

R97W, Fort LaClede NE Quadrangle.
pm 2079, left radius, articulated with humerus,

ulna, and partial manus.

pm 2079A, very weathered proximal end.

pm 321 1, proximal half only, E. cornutus, from

-Beds 650-670, TWkA2, at FM-1-57-WDT, SE
Va and center, Sec. 10, T16N, R97W, Fort LaClede

NE and Manuel Gap Quadrangles.

pm 39393, articulated with right humerus, ulna,

partial manus (Fig. 47): from horizon at top of

TWkAl.
pm 53936, distal end of a left radius from bed

569-570, locality FM-4-58-WDT, in SW Va, SE
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Va, Sec. 7 and center N 1/6, Sec. 18, T17N, R96W,
Fort LaClede NE Quadrangle.

pm 55423, a part of the articulated right fore-

limb (Fig. 45).

pm 55540, nearly complete left radius and as-

sociated proximal end of an ulna, at locality FM-
13-91-WDT in -Bed 590 (i.e., TWkAl) in ex-

treme SE Va, NE Va, Sec. 5, T13N, R95W, ~M« mi

(0.2 km) W of Va corner between Sees. 4 and 5,

Powder Mountain NE Quadrangle.
pm 60173, a nearly complete radius and podial

associated with partial atlas, skull, and pelvis,

from TWkAl, about level of Bed 574.

Ulna (Table 9)

pm 1451, right ulna lacking most of the proxi-

mal articulation surfaces, TWkA2, c.f. E. cornu-

tus, between Beds 650-670, in FM-6-56-WDT,
Manuel Gap Quadrangle.

pm 1455, TWkA2, left ulna complete except for

tip of olecranon process; cf. E. cornutus. from lo-

cality FM-8-56-WDT, Beds -650-670, in S Vi,

SW Va, Sec. 31, T17N, R96W, Fort LaClede NE
Quadrangle.

pm 2079, left ulna associated with humerus, ra-

dius, and partial manus.

pm 39393, right ulna of one of the articulated

forelimbs (Fig. 47).

pm 53931, shaft and proximal end of a right

ulna, from -Beds 603-608, at FM-7-69-WDT in

NW Va, NW Va, Sec. 20, T13, R98W, Cow Creek

Reservoir SW Quadrangle.
pm 55540, proximal end of left ulna and asso-

ciated radius from just below LBS (i.e., TWkK).
pm 56038, proximal end only, from —Beds

606-616 at locality JJF-7-23-90- 1 in SW Va, SW
Va, Sec. 20, and NE Va, NW Va, NW Va, Sec. 29,

T13N, R98W, Cow Creek Reservoir SW Quad-

rangle.

Carpus and Manus
pm 3212, articulated partial left carpus and

metacarpus (Fig. 48), from TWkA2, E. cornutus,

at FM-2-57-WDT, from -Beds 650-670, in SE
Va, and center Sec. 10, T16N, R97W, Fort LaClede

NE and Manuel Gap Quadrangles.

pm 36023, an isolated left scaphoid, one of the

few extraneous elements recovered in the other-

wise monospecific titanothere quarry assemblage

reported by me and David Martill in 1988, from

—Beds 641-643, TWkA2, cf. E. cornutus, locality

FM-12-70-WDT, in NE Va, SE Va, Sec. 19, T15N,
R96W, Barrel Springs SW Quadrangle.
pm 39393, in right articulated forelimb, from

TWkAl (Fig. 47).

pm 55423, a part of the articulated right fore-

limb, Flynn specimen (Fig. 45).

Pelvic girdle and hind limb

Pelvis (Table 10)

pm 1454, partial right ilium of E. cornutus,

from locality FM-8-56-WDT, TWkA2, -Beds
650-670 in S Vi, SW Va, Sec. 31, T17N, R96W,
Fort LaClede NE Quadrangle.

pm 3212, partial right ilium and pubis of a ju-

venile, from TWkA2, E. cornutus.

pm 3894, the most complete adult pelvis (Fig.

50A-C). The sacroiliac fusion is complete and the

last lumbar and first three caudals are in articu-

lation. There is an associated humerus.

pm 3896, right ilium of the "newborn" (Fig.

49A-B) with a relatively large open sutural scar

for union (and later fusion) with the sacrum, an

ill-defined acetabular portion, and open sutural ar-

eas for pubis and ischium. The bone is rounder

than in the adult, in which it is more stretched out

laterally.

pm 37434, left pelvic piece including ilium, and

acetabular portions of pubis and ischium,

TWkA2, E. cornutus.

pm 53921, nearly complete pelvis (Fig. 51 A) of

one of the partial adult skeletons (Lombardi) and

its associated femur (Fig. 5 1 B-C).
pm 54408, right side of pelvis from -Bed 590

at locality FM-1-85-KL/WT in NE Va, NW Va, Sec.

26, T15N, R95W, Powder Mountain NE Quadran-

gle.

P 12541 (= P 12858), E. cornutus, Uinta Fm.,

Uinta Basin, Utah, a partial pelvis including both

Fig. 43. Uintatherium anceps, pm 55423, shows the weathered-out vertebrae (mostly only their centra) pretty
much as found before many of the neural and transverse processes had been fitted on. The four fragments of the

atlas could not be fitted together, but the cervicals all articulated with one another reasonably well. The thoracics

(shown out of order, but the labeling suggests the probable proper order) occupy most of the right and central rows
in the figure. T12 was attached to the front of the large block (Fig. 44) with the rest of the thoracics and ribs. It was
blocked out separately. The lower two centra of the central row probably belonged to another individual (pm 55423 A).
Two lumbar vertebrae and three midcaudals are shown in the lower right corner (fmnh neg. no. GEO 85930.1).
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Fig. 45. Uintatherium anceps, articulated right forelimb of the partial skeleton, pm 55423, collected by J. J. Flynn
and his field crew. A and B show approximately opposite sides of each set of elements laid out separated, except the

manus, which is still held in the position in which it was found by a thin layer of matrix (fmnh neg. nos. GEO
85930.5 and 85930.7).
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Fig. 46. Uintatherium anceps. A and B, right scapula of the "newborn" specimen, pm 3896, shown in external

(A) and internal (B) views. The glenoid epiphyseal end had not yet formed, and there is no suprascapular cartilage,

but the spine, seen in A, is well developed and divides the pre- and postscapular areas into unequal fossae proportioned
as in the adult at —1:1.5. The inner surface is even and almost flat. C (anterior) and D (posterior) are views of the

left humerus of an adult, pm 2079 (fmnh neg. nos. GEO 82125-6 and 86079-80).
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Fig. 48. pm 32 1 2, articulated partial left forefoot of Eobasileus cornutus shown in dorsal view. The first metacarpal

has been placed next to the fourth and unintentionally inverted side to side, ventral side up. Otherwise the position
of each bone is as it was found, before preparation. Abbreviations: ses = sesamoid; others as in Figure 47. Note the

apparent borings in the cuneiform and unciform, where large parts of the bone are missing (fmnh neg. no. GEO
85695).
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Fig. 49. Wntatherium anceps, right ilium of the "newborn" specimen, pm 3896, shown in dorsolateral (A) and

ventromedial (B) views (fmnh neg. nos. GEO 82123-4).

TURNBULL: UINTATHERES 89



Fig. 50. Uintatherium anceps, articulated pelvis with the last lumbar, vertebra, sacrum, and first three caudal

vertebrae in place; pm 3894. It is shown in dorsal (A), ventral (B), and left lateral (C) views. In D and E, anterior

and posterior views of a tibia, pm 38782, are shown (fmnh neg. nos. GEO 82120-2 and 86086-7).
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Fig. 51. Uintatherium anceps, another articulated pelvis, pm 53921, shown in dorsal view in A. In B and C,
anterior and posterior views of the right femur are shown. They both are parts of an associated, disarticulated, partial

adult skeleton collected with the help of Mary Jane and Murray Daniels and Kubet Luchterhand in 1985 (fmnh neg.
nos. GEO 85686 and 86081-2).
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ilia and the acetabular portions of both pubes and

ischia, in association with six to eight vertebrae

and many scraps.

Partially articulated hind limb

pm 3212 partial left foot (Fig. 53A), from

TWkA2, E. cornutus.

pm 39393 distal end of a left hind limb (Fig.

53B), top of TWkAl, cf. E. cornutus.

pm 55423 partial articulated right hind limb

(Fig. 52A-B).

Femur (Table 10)

pm 1453, distal end left femur of E. cornutus,

from -Beds 650-670, TWkA2, at locality FM-6-

56-WDT, in S %, SE Va, Sec. 36, T17N, R97W,
Fort LaClede NE Quadrangle.

pm 3212, juvenile left femur, associated with

partial pelvis, tibia, fibula, and partial left foot,

long bones with unfused epiphyses, E. cornutus,

TWkA2.
pm 3224, crushed left femur lacking distal end,

E. cornutus, from TWkA2 about Beds 630-640,

locality FM-8-57-WDT, in N Vi, SE % and SE %
SE Va, Sec. 13, T15N, R98W, Kinney Spring

Quadrangle.
pm 35934, right femur of E. cornutus, from Bed

-630-635, TWkA2, at locality FM-6-74-WDT, in

SE Va, Sec. 13, T14N, R99W.
pm 53921, complete right femur (Fig. 51B-C),

part of the disarticulated partial skeleton.

pm 53931, complete except for distal epiphysis,

juvenile.

pm 54407, right femur, from —Bed 590 at lo-

cality FM-1-85-KL/WT in NE Va, NE Va, Sec. 26,

T15N, R95W, Powder Mountain NE Quadrangle.
pm 54421, left femur, from -Bed 590 at locality

FM-1-85-KL/WT in NE Va, NE Va, Sec. 26, T15N,
R95W, Powder Mountain NE Quadrangle.

pm 55175, distal end, from -Bed 590 at locality

FM- 1 6-9 1 -WDT, near corner between sections 29,

30, 31, and 32, T14N, R95W, Prehistoric Rim

Quadrangle.
pm 55423, includes the articulated right limb,

extending from the distal end of femur, through
most of the foot (Fig. 52); part of Flynn's articu-

lated partial skeleton.

pm 55826, a complete right femur and condyles
of the left femur.

Patella (Table 11)

pm 2079, complete right and partial left patel-

lae.

pm 3236, left patella from -Beds 569-570, at

locality FM-10-57-WDT, in N Va, Sec. 24, and NE

Va, Sec. 23, T17N, R97W, Fort LaClede NE Quad-

rangle.

pm 39393, with partial left hind limb (Fig.

53B).

PM 54401, left patella.

pm 54402, right patella.

pm 54404, patella, ? right or left.

pm 55407, right patella. These last four speci-

mens from TWkAl, —Beds 591-600, from local-

ity FM-1-85-KLWT, NE Va, NW Va, Sec. 26,

T15N, R95W, Powder Mountain NE Quadrangle.
pm 55423, right patella (Fig. 52), part of the

articulated partial skeleton.

pm 55577, patella, ? right or left, from near cen-

ter NW Va, Sec. 8, T15N, R94W, Salazar Butte

Quadrangle.

Tibia (Table 11)

pm 3212, tibia in association with left femur,

partial pelvis and foot, TWkA2, E. cornutus (Fig.

53A).
pm 38782, a pair of tibiae and an associated

humerus.

pm 39393, tibia of articulated partial left hind

limb (Fig. 53B).

pm 53921, both tibiae of this disarticulated par-

tial skeleton are preserved.

pm 53936, proximal end of a tibia.

pm 54403, nearly complete left tibia from about

Beds 591-600, at locality FM- 1 -85-KL/WT, in

NE Va, NW Va, Sec. 26, T15N, R95W, Powder

Mountain NE Quadrangle.
PM 54825, complete right tibia from locality

FM-2-58-WDT, center, S Vi, Sec. 19, T16N,

R97W, Manuel Gap Quadrangle.
PM 54865, proximal end of a badly eroded tibia,

Beds 620-622, TWkAl, cf. E. cornutus, from E
Vi, Sec. 31, and SW Va, Sec 32, T16N, R95W,
Barrel Springs SW Quadrangle.

pm 54866, proximal end of a tibia and the as-

sociated fibula, from TWkA2, -Beds 620-624, E.

cornutus, from locality FM-4-81-WDT, center W
V2 , Sec. 18, T13N, R96W, Upper Powder Spring

Quadrangle.
pm 55423, right tibia (Fig. 52) of articulated

skeleton.

Fibula (Table 11)

pm 53921, both left and right fibulae present;

"Lombardi" partial skeleton.

pm 54866, complete but distorted fibula asso-

ciated with proximal end of tibia, one thoracic and

five caudal vertebrae, TWkA2, cf. E. cornutus.

pm 55423, a right fibula (Fig. 52), the "Flynn"

partial skeleton.
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Tarsus and Pes (Table 12)

pm 3212, partial left pes including astragalus,

navicular, metatarsals II, III, and IV (Fig. 53A),

from TWkA2, E. cornutus.

pm 39393, articulated partial left hind limb and

foot (Fig. 53B). Pes includes astragalus, calcane-

um, navicular, cuboid, metatarsals II, III, and IV,

some phalangeals and sesamoids.

pm 53921, incomplete right astragalus and cu-

boid.

pm 55423, right (Fig. 52); the "Flynn" partial

skeleton includes a nearly complete, articulated

lower hind limb, pes with tarsals, most metatar-

sals, some phalangeals, and sesamoids.

Eobasileus cornutus (Cope, 1872)

Lefalaphodon discornutus Cope, 1872a

Eobasileus cornutus Cope, 1872b

Loxolophodon cornutus Cope, 1872c

Tetheopsis speirianus (Osborn, 1881)

Tetheopsis ingens (Marsh, 1885)

Tinoceras latum (in part) Marsh, 1886, p. 214

(often cited as 1884 or 1885)

Uintacolotherium blayncyi Cook, 1926

Eobasileus uintensis Osborn, 1929, p. 3 (nomen

nudum)

Holotype—amnh 5040 (Fig. 54A-B)
Distribution—Upper Eocene of three adjacent

intermontane basins: the Washakie Fm., Adobe-

town Memb., TWkA2 of the Washakie Basin,

southwestern Wyoming; the Uinta Fm., Uinta Ba-

sin of northeastern Utah; and the Sand Wash Ba-

sin of Moffat County, northwestern Colorado.

Diagnosis—The largest of the North American,

terminal uintatheres, it is distinguished from Uin-

tatherium anceps, its immediate predecessor, by
its larger size and very dolichocephalic skull pro-

portions. Skull length of adult specimens is 85-

95 cm (fide Wheeler, 1961 ) and upper cheek-tooth

row (P2-M3) 168-188 mm long. Relative horn

position ratios, where distance from nasal tip to

maxillary horn is called A, that from maxillary

horn to parietal horn is called B, and that from

parietal horn to rear of occipital crest is called C,

are shown in Figure 3. B/A is about 1, B/C about

2-3; by contrast, in U. anceps, B/A is between

about \Vi and 3, and B/C is between about 1 and

2%.

Skull and Upper Dentition—The holotype,

amnh 5040 (Fig. 54A-B) has been described by

Cope, briefly first (1873a) then in detail (1884, pp.

569-85, pis. 37-42). In 1961, Wheeler expanded

upon and summarized Cope's accounts, so it is

only necessary for me to correct an obvious lap-

sus on Wheeler's part. He stated (p. 53) that "This

dolochocephalic skull is the largest known of any
uintathere (95 cm)." Yet on his chart 3 he shows

it as being about 92 cm long, and notes that two

specimens are decidedly longer (pum 10079 and

Col. Mus. Nat. Hist. 475 [now dmnh 495]). He

probably had not measured the latter specimens
when he wrote that line, and forgot to alter it later

on.

The Field Museum's Washakie collection con-

tains only a few specimens of this species. They
are from the Upper Washakie Fm., TWkA2. pm

1501, a left M2 (Fig. 56C), was collected by R.

Zangerl in 1941. The exact locality is unknown
but is most probably the Wild Horse Spring lo-

cality of the Mammoth Buttes area or Haystack
Mt. pm 1737 is a pair of poorly preserved lower

jaws that are broken away at the rear of the sym-

physis in front and behind the cheek-tooth rows

in the rear (Fig. 62). Fortunately, the teeth are

well-preserved; they include left p2-m3 and right

p3-m3. It is described on page 104, where its fea-

tures are discussed and its locality reported.

We do have two very important specimens
from the Uinta Basin that J. B. Abbott (one of E.

S. Riggs's field crew) collected in 1910, which

Wheeler (1961) referred to. The first, P 12170, is

a beautifully preserved skull that Wheeler illus-

trated and that I figure again at a larger scale (Fig.

55A-C). Both tusks, left P3-M3, and right P2-

M3 are preserved, the mis being well worn so as

to nearly obliterate the lophs, but the P3-4s and

the M2s. although worn, still retain much of the

body of their lophs. The M3s and the P2 are only

slightly worn. The maxillary and parietal horns

are high and attenuated, and the nasal horns are

as high as they are long (although somewhat hid-

den in the support base; the photos are oriented

with the anterior end up). Both tusks show con-

siderable wear, and the right one has apparently

drifted partway out of its socket. Dental measure-

ments are given in Table 8. P 12170 came from

the White River Divide, 2 mi (3.2 km) E of Bo-

nanza Mine. Near Vernal, Utah, from Horizon B,

Wagonhound Member, Uinta Fm., Late Eocene.

This well-preserved skull is one of the three most

complete of its species, the others being the type

in the American Museum and the Denver Muse-

um specimen. It is currently on exhibit in the

Teeth, Tusks, and Tarpits Hall, the last of the Mu-
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Fig. 52. Uintatherium anceps, articulated partial right hind limb of the (Flynn) partial skeleton, pm 55423, shown
in dorsal (anterior) (A) and ventral (posterior) (B) views (fmnh neg. nos. GEO 85930.4 and .6).
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form

Fig. 53. A, Eobasileus cornutus, pm 3212, a partially articulated hind foot that includes the distal tibial epiphysis
with probable facet for reception of the distal epiphyseal end of fibula (efi); astragalus (A); part of the navicular (N);

metatarsals II and III (Mt II and III); 4 phalangeals (ph) and three bones shown with a numbered question mark:

tentatively identified: ?1 =
possibly another part of the navicular (N), or ectocuneiform (Ec.); ?2 =

probably part of

the cuboid (Cb); and ?3 =
fragment of entocuneiform (En).

Fig. 53. B, Uintatherium anceps, partial right hind limb in articulation, included are patella (P), tibia (T), and
some of the foot, pm 39393. Of the foot bones, the astragalus (A) is present, its tibial articulation surface in contact

with the tibia, but the calcaneus and cuboid are missing. Other tarsal elements preserved are the navicular (N), and
the three cuneiformes, ectocuneiform (Ec), mesocuneiform (Me) and entocuneiform (En), metatarsals (MT I, MT II,

and MT III), with phalanges of digit I and some of the sesamoids (fmnh neg. nos. GEO 85685 and 85697).
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seum's three halls devoted primarily to vertebrate

evolution.

P 12164, the other Riggs (Abbott-collected)

specimen, is the partial skull with a molar denti-

tion that Wheeler said is exceeded in size only by
the Denver Museum specimen, dmnh EPV 495,

the largest individual specimen known. Further,

Wheeler commented on the "surprising feature of

the skull," the maxillary and parietal horns, which

are merely tiny bumps. He concluded that it was

that of a female, and he illustrated it (and P

12170, in his pi. 12, figs. 2 and 3). I agree with

that interpretation and would add my opinion that

this may be the evidence for an extreme degree
of sexual dimorphism in this species. The skull is

small but, with its worn molars, cannot be that of

a very young adult individual, certainly not that

of a juvenile, yet the horns are just small bony

bumps, little advanced over those of the Field

Museum's two juvenile specimens of U. anceps

(pm 3896 and pm 8019), both of which evidenced

precocious dental states relative to horn develop-
ment. Preserved are left P3-M3 and right M2-3,
much of the laterally crushed basicranium, and

most of the left side of the skull. On the left side

of the basicranium, the anteroventral tip of the

promontorium is distinct and well preserved, but

the rest of the petrosal, which appears to be most-

ly present, is crushed and badly fractured. It is

missing many bits, so that I am unable to identify

any other structures with certainty. On the right

side the damage is, if anything, worse. Certainly

the petrosal is present, and possibly some of the

tympanic, but the damage is too great to permit

anything more than speculation about their fea-

tures. I provide these additional illustrations to

better show the ventral aspect of the skull and

especially its dentition (Fig. 56A-B). P 12164

came from Horizon B, Wagonhound Member in

Coyote Basin, Uintah Co., Utah, near Vernal.

The University of Wyoming skull appears to

represent a transitional stage in the evolution of

the genus Eobasileus from its ancestor Uinta-

therium. Inasmuch as it shares characteristics of

both genera, it has been discussed briefly in the

section on Uintatherium, where its characteristics

and provenience were set forth (pp. 33 and 37).

Because an assignment to Eobasileus appears to

be more fitting, its description and further discus-

sion of it are considered here.

The skull, uw 13644, is not badly distorted, but

many cracks and small fractures are visible on its

dorsum and both sides (Fig. 57A-B, D). It is very

elongate, especially anterior to the maxillary

horns, and it is deep for its whole length (Fig.

57B, D, E). It is narrow (Fig. 57A, C, E), and,

because neither the arches, the palate, nor the oc-

ciput include the condyles, the specimen shows

an unusual lateral crushing. I believe it to be es-

sentially in its natural, relatively undistorted con-

dition. There has been a skewing of the basioc-

cipital region such that the right condyle is pushed
forward relative to the left one. The cheek teeth

occupy about one-quarter the length of the skull.

The palatal area anterior to the cheek teeth, the

region behind the palate extending to the glenoid,

and the basioccipital region are also each roughly

one-quarter of the total skull length.

Dental measures are given in Tables 13 and 14

(see also Tables 5 and 6), and the bivariate graph

(Fig. 61) provides a tooth-to-tooth visual compar-
ison of size and proportion of these teeth. Table

15 shows how they compare to samples of U. an-

ceps and E. cornutus but are closer to the latter.

The tusks are broken away, but the worn cheek

teeth have the usual form seen in both species.

The American Museum specimen (amnh

13149) was mentioned by Wheeler as Tetheopsis

or Eobasileus (1961, p. 52):

A specimen collected from the Washakie B on the

northwest face of Haystack Mountain by the Amer-
ican Museum Expedition of 1906 (amnh 13149) is

still mostly encased in plaster jackets. It can be seen

that the femur, canine and innominate bone are no-

tably bigger than those of any Uintatherium. The

catalogue records that there is a lower jaw.

When I examined the prepared portion in 1960,

I did not note anything unusual. Subsequently I

borrowed and prepared the one unprepared block

I found (no. 16), which contained the following

materials: the tip of the right coronoid process

(Fig. 58C) and three teeth, a complete, heavily

worn upper left canine (Fig. 58A) of large pro-

portion, the left M3 (Fig. 58B), and a heavily

worn right lower incisiform tooth I believe to be

the canine (Fig. 58D). It has two blunt coalesced

occlusal wear facets, and it and the upper canine

are poorly preserved. The latter is boomerang-

shaped, except that the crown portion is only
about half as long anteroposteriorly as its closed

root. The crown is much like that of P 12170, but

it has lost most of its enamel from wear, except

on its anterolateral surface; the anterior and pos-

terior flanges, although heavily worn, are never-

theless sharp and lack any flairing of the blade,

and the tip is still rather pointed.

The M3 (Fig. 58B) is well preserved and nearly
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Fig. 55. Eobasileus cornutus from the Uinta Basin, P 12710. This is the only complete skull of this taxon in the

fmnh collection. It was collected in 1910 by J. B. Abbott, chief assistant to E. S. Riggs, and is the most complete
and well-preserved specimen of the species. It is shown in right lateral (A) and ventral (B) views. In C, the palate
and cheek teeth are shown enlarged. The specimen has recently been installed in the new hall of fossil vertebrates

(fmnh neg. nos. GEO 85710-11).
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Fig. 55. Continued.
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2 cm

Fig. 56. E. cornutus, also from the Uinta Basin, and collected by Riggs, P 12164, the partial skull that Wheeler
mentioned as having one of the largest dentitions known for the species, shown in ventral view (A) and with the

cheek teeth enlarged (B). From the Washakie Fm., two isolated teeth are shown: C, pm 1501, a left M2 is seen in

occlusal view: and in D-E, a right ml, or p3 or p4, pm 1674, is shown in labial, crown, and lingual views. In E,
anterior is down (fmnh neg. nos. GEO 85709, 85699, 85700, and 85797-8).
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Fig. 58. amnh 13149, a specimen that Wheeler (1961) found to be mostly still in jackets, but because of the

large size of the femur, canine, and innominate, he assigned to Tetheopsis or Eobasileus. I prepared the one block I

was able to find, which contained an upper canine tusk (A), left M3 (B), tip of the right coronoid process (C), and
a heavily worn right lower incisiform tooth (D). Both size and stratigraphy cause me to assign it to Eobasileus,

because I do not consider Tetheopsis to be valid (fmnh neg. nos. GEO 86043-4).
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complete, with both protoloph and metaloph

showing some wear. The tip of the paracone is

broken off. There is a small but distinct hypocone

pressed against the posterior edge of the proto-

cone, and a cingulum surrounds the tooth anteri-

orly, lingually, and posteriorly, but breakage labial

to the paracone leaves its presence in that region
unresolved. Since I believe Tetheopsis to be a

composite of the other two genera, and since these

teeth from their size and M3 morphology and di-

mensions (Table 5) show it to be Eobasileus, I so

assign it.

The Denver Museum of Natural History exhib-

its the skull, dmnh EPV 495 (Fig. 59), the holo-

type of Uintacolotherium blayneyi Cook, 1 926 (
=

E. cornutus). Cook's paratype specimens, the as-

sociated tusk, EPV 529, and jaws, EPV 496, may
belong to the same specimen. He illustrated these

in left lateral and occlusal views and again in

right-side view restored and in articulation. They
were collected by H. C. Markman in 1924 from

an area between Vermillion Creek and the Little

Snake River. Sand Wash Basin, Moffat County,

Colorado, dmnh locality no. 233, Spicer Spring
—

Seep Draw, in NW %, SE %, Sec. 4, T9N, R99W,
G Spring, Colorado Quadrangle. The age is Uin-

tan, a TWkA2 equivalent, Washakie Fm. Cook

(1926) had the then recently published map by J.

D. Sears (1924) available; it shows Spicer Spring
itself to be in NE Va, NE Va of Sec. 13, T9N,
R100W. Unfortunately, Spicer Spring is not indi-

cated on the G Spring Quadrangle, and the stream

patterns of this area differ on the two maps. Fea-

tures such as G Spring itself and the Bears Ears

correspond well, so I assume the drainage pattern

on the Sears map to be sketchy and less accurate

than that on the more recent G Spring sheet.

R. Stuckey recently had the older exaggerated,

restored portions of the skull and jaws removed

and corrected, and the specimen is now on exhibit

again. Cook's description will suffice, but I show

it again as it is now restored (Fig. 59). It, Cope's

holotype (amnh 5040), the Wyoming skull (uw

13644), and the Abbott-Riggs specimens (fmnh P

12170 and P 12164) are the only complete, or

nearly complete, skulls of this species on record.

Skull and dental measurements are given in Table

8. (The full listing of the dmnh holdings of the

species is available from the author.) If the jaws
do belong to the type skull, then the specimen

may be female or young adult male, to judge by
the weakly developed inframandibular process.

However, the skull itself with its enlarged horns

looks to be that of a male.

Wheeler (1961, p. 49) commented on the spec-

imen ypm 1 1043, the holotype of Tinoceras an-

nectens (Marsh), which he assigned to Tetheopsis

speirianus (Osborn). I illustrate it (Fig. 60A-B) to

show the condition of the restored top of the skull.

From the measurements given by Wheeler for the

skull length (91 cm) and cheek-tooth row lengths

(upper, 184 mm; lower 192 mm; his charts 5 and

6, pp. 80-81) it is at the large end of the range
of these measures for E. cornutus, where I there-

fore assign it. As Wheeler has noted, the collector

J. Heisey gave only Haystack Mountain as its lo-

cality, and the measurements suggest that it prob-

ably came from somewhere high in TWkA2.
The Burke Museum, University of Washington,

has one uintathere specimen (uwbm 59204) from

the Washakie Fm. (Fig. 57F). It came from above,

but near to, the base of Haystack Mountain and

therefore is from low in the TWkA2 division of

the Adobe Town Member. It consists of five teeth,

left P2-4, M2-3 and a confusing piece listed as ?

a petrosal fragment. Other than its apparent den-

sity, I cannot recognize any petrosal features. The

fragment appears to preserve two distinct tissues,

a lighter tannish one similar to the roots of the

other teeth and a darker one that has a bulbous

shape. I think it is a damaged M 1 , or aberrant tooth

(?M1). However, the dark portion is not enamel,

so the question remains. The P2 shows only a trace

of wear; the others have minor dentine exposure

along at least one loph except for M3, which was

unworn and apparently unerupted. Both tooth mea-

surements and locality indicate assignment to Eo-

basileus cornutus. The teeth can be viewed on the

Internet courtesy of J. Rensberger at the following

web address: http://weber.uwashington.edu/~vertp/

BurkeVertPage.html.
There are two isolated upper teeth in the Berke-

ley Washakie collection, both collected by L. Kent

for M. C. McKenna in 1954. from locality

V78102 (a subdivision of V5429) from the south

side of Haystack, from horizon 17 of Granger.

ucmp 81359 is a worn right P4 (or Ml) that

measures (cm), L = 2.7, AW = 2.82, PW = 2.86.

ucmp 81360 is most of the central region of a

left M3. Both protoloph and metaloph are present

but incomplete, worn so as to expose dentine for

their full length as preserved, because none of the

major cusps is complete. Only the labial side of

the hypocone is present. Most of the posterior

face of both the metacone and posterior cingulum
is present, but a small bit of the cingular edge is

missing lingual to the angle at the posteriormost

corner of the tooth. The cusplet in the center of

TURNBULL: UINTATHERES 103



the finely crenulate cingular basin is a well-de-

veloped small cone. Shape and wear stage are

close to those features in our specimen P 12164.

Other Denver Museum specimens (skull, upper

dentition) presumably of this taxon are:

dmnh EPV 493, which includes various skeletal

parts of an old female. An extremely worn tusk

is all that represents the upper dentition. It is

polished on all sides from wear, and measures

15.46 cm from tip to base; its mesial-distal

length at the alveolar margin is 3.6 cm.

dmnh EPV 498, which consists of two horns.

dmnh EPV 1 1 568, a left P2 in a maxillary frag-

ment.

Note: EPV 493 and 498 also appear under Uin-

tatheriidae, as do EPV 520, a partial incisor tooth,

and EPV 530 and 14776 (both listed as tooth frag-

ments that I did not find).

In the Field Museum, an isolated upper tooth

tentatively referred to E. cornutus is pm 1682, a

P3, P4, or Ml. It was collected by O. L. Gilpin

and me from the NW flank of Haystack ~5 mi

NE of the junction of the track along the Rim
Below the Adobetown Rim with the track cross-

ing Adobetown, locality FM-6-56-WDT. This lo-

cality is mainly in SE Va, Sec. 36, T17N, R97W,
and it extends into W Va, SW % Sec. 31, T17N,

R96W, Fort LaClede NE Quadrangle.

Jaws and Lower Dentition—The best fmnh

Washakie specimen is pm 1737, a pair of lower

jaws (horizontal rami only) with left p2-m3 and

right p3-m3 (Fig. 62). It is the only good jaw

specimen of this taxon we have. Although the jaw
bones themselves are poorly preserved, there is

enough of the ventral edge to show that an infra-

mandibular flange was present, but not enough is

left to estimate its size. The teeth are in good

shape, and only the mis show much wear. The

premolars increase in size from front to rear. The

trigonid of p2 is laterally compressed, and it is

slightly smaller than, and does not stand quite as

high as, that of p3. Its talonid is wide, more like

that of p3. In all lower teeth the metalophid dom-
inates the crown, followed by the hypolophid and

a weak "protolophid," which is a lesser structure

than the posterior cingulid. The molars, too, in-

crease from Ml to M3, but by a greater increment

than is seen in the premolars. Metastylids are pre-

sent on all of the cheek teeth, but they are not

greatly enlarged except on M3, where that cuspid
is a distinct entity separate from the metaconid.

The specimen is from locality FM-15-56-WDT,

SW Va, SW Va, Sec. 2, T16N, R97W, Fort LaClede

NE Quadrangle, the area that I called "NW Flank

of Haystack."
pm 1674, is a right lower p3, or p4 or ml (Fig.

56D-E). Both of its major lophids are well worn

but are not obliterated. The talonid shows no oc-

clusal wear, but it has a notable interdental wear

facet that has breached the enamel in a small oval

area lingual to the midline (and mid- or postlink).

It is from the NW flank of Haystack Mountain

from locality FM-6-56-WDT, which is in S Vi, SE

Va, Sec. 36, T17N, R97W, Fort LaClede NE Quad-

rangle.

The Berkeley jaw, ucmp 81356 (Fig. 63), is an

essentially complete left ramus. It lacks the ante-

rior half of the symphyseal region, the posterior

margin of which is situated about halfway be-

tween the mental foramen and the alveolus of the

missing p2. The inframandibular flange is very

small, the mental foramen large and collapsed

from crushing. The entire jaw is slightly crushed.

The ascending ramus is complete, the angular pro-

cess nearly so. It belonged to an older individual

with heavily worn teeth (p3-m3). The ml has all

crown features worn off, p4 and m2 nearly so,

and only remnants of the bases of the lophids re-

main on p3 and m3. The jaw lacks any trace of

incisors or their alveoli, the part that would con-

tain them being broken off. The posteroventral

border of the angular process is also missing.

The cheek teeth are within the range of those

of E. cornutus, with the exception of m3, which

is decidedly small, much more like that of U. an-

ceps (Table 9). This difference, which does not

appear to have resulted from wear, could be due

to sexual dimorphism, as could the reduced infra-

mandibular process. Both features suggest that it

was a female. It was collected by L. Kent and M.

C. McKenna in 1954 from locality V83216,
which is a subdivided portion of V5429 and is

located on the south side of Haystack, in the lower

third of horizon 17 of Granger.
The Yale University specimen of Eobasileus

cornutus is shown in right lateral and dorsal views

(Fig. 60C-F). It is ypm 11043, the holotype of

Marsh's Tinoceras annectens, which Wheeler

(1961) placed in synonymy with Tetheopsis spei-

rianus and which I consider to belong within Eo-

basileus, based on its large size and probable

stratigraphic position (Haystack Mt., TWkA2?). I

show both rami: Marsh had shown drawings of

the left ramus (1886, p. 36, figs. 36 and 37) and

Wheeler (1961, pi. 14, fig. 2) a photograph of the

left side of the same ramus. If the Marsh inter-
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Fig. 59. Denver Museum's Uintacolotherium blayneyi Cook, a synonym of Eobasileus cornutus. Skull of holo-

type, dmnh 495, and the almost certainly associated mandible, dmnh 496, are shown in right anterolateral oblique
view. This specimen, the type (amnh 5040), the University of Wyoming skull (uwm 13644), and the fmnh skull (P

12170) are by far the best cranial representatives of the genus, and this is the only good skull with associated jaws.
(The following figure shows a partial skull with its associated pair of jaws.) (Photograph by Rick Wicker, courtesy
of R. Stucky and dmnh.)
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Fig. 60. Partial skull (A and B, dorsal and right lateral views) and mandible (C and D, right lateral and occlusal

views) of Tinoceras annectens Marsh (= Tetheopsis speirianus (Osborn) = E. cornutus), in the Yale University

collection, ypm VP 11043. The skull is considerably restored, but its dorsal surface is largely preserved. In the

mandible there are three incisor alveoli on each side of the symphysis, and the inframandibular processes are prom-
inent. The left cheek-tooth series, which preserves p3-m3, and the right series with p2-p4, are shown in occlusal

views in E and F (fmnh neg. nos. GEO 82428-31).
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Plots of Measurements of Upper Cheek Teeth of Eobasileus cornutus
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Fig. 62. The best fmnh specimen of the lower jaws and dentition of E. cornutus from the Washakie Fm. is PM
1737. The right ramus is shown in its lingual aspect (A), and the occlusal view of both rami is shown in B. These

are followed by labial (C) and lingual (D) views of the left ramus (fmnh neg. nos. GEO 82000-82002 and 82003).
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Fig. 64. Carnegie Museum mandible, cmnh 29493.

here assigned to E. comutus mainly on stratigraphic

grounds. It is that of a female, judging by its weakly

developed inframandibular process. The teeth are all

worn (fmnh neg. no. GEO 82128).

pretation of the incisor-canine alveoli is correct,

then this is an instance of a larger than usual low-

er canine tooth, one comparable to the incisors, to

judge from the diameter of the alveolus. Consid-

ering the variation seen in this area in U. anceps,
it is unclear whether this condition can be consid-

ered typical for E. comutus. Although there is no

suggestion of the presence of a staggered incisor,

there is a possible remnant of a smaller alveolus

(? canine) behind the last of the four large ones

in the right ramus. An X-ray might clarify this

question.

Wheeler commented on the great length of the

jaw and lower cheek teeth (1961, p. 49), giving
192 mm (chart 6, p. 81) as the second largest

cheek-teeth measurement of all specimens. There

is a considerable inframandibular flange, but it is

not extremely massive. These features, along with

size of the skull and the upper dentition, including

the missing canine that Marsh figured, combine to

suggest that it was probably a male of E. comu-
tus.

The Denver Museum collection contains the

jaws of two specimens mentioned in the section

on the skull and upper dentition: dmnh EPV 496,

which probably belongs to the holotype skull EPV
495, and dmnh EPV 493, a heavily worn, upper
canine tusk that seems to be the only skull piece

belonging to this specimen. The latter has a scap-

ula, humerus, radius and ulna, and a tibia, as well

as the mandible, which is what concerns us here.

EPV 496 (Fig. 59) is seen to have long, rela-

tively slender rami with distinct but modest infra-

mandibular flanges and a prominent angular pro-

cess (see also my earlier comments on p. 103).

The few dental measures I was able to take are

given in Table 9. The catalogue lists an incisor,

but those in the jaws in the mount with the skull

all appear to be restored. Perhaps dmnh EPV 529

formed the basis for the restoration. It is an iso-

lated incisor with an anteroposterior crown length

of 3.91 cm. AW = 1.43 cm, and PW = 1.21 cm.

Crown and root length
= 9.66 cm. Measurements

for the few premolars belonging to this specimen
are given in Table 14. Cook (1926) relates that

the lower cheek teeth were weathering out and

badly broken up, but that m2. m3. and part of ml

were fitted back together, and he gave some mea-

surements for them, which I include in Table 9.

The mandible that bears the number EPV 493

has left p2-m3 and right p3-4 and m2-3 (ml had

been shed). The left ml and m2 are heavily worn,

as are the right p4 and m2. Individual tooth mea-

surements are given in Table 14. The length of
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the symphysis is 16 cm, and the inframandibular

flange depths are left, 9.7 cm, and right, 9.77 cm.

The Carnegie Museum jaw, cmnh 29493, ap-

pears on stratigraphic grounds to be that of Eo-

basileus cornutus (Fig. 64), which is how I ten-

tatively assign it, but the morphologic evidence is

slim. It surprised me to learn that this is the only

Washakie uintathere in the Carnegie collection,

since J. Leroy Kay made several field trips into

the Washakie Basin and collected many other

specimens (rodents, primates, condylarths, peris-

sodactyls, artiodactyls, etc.). Collected in 1942,

this specimen (FN 21/1942) appears to be the

jaws of a female, united by the rear part of the

symphysis. It possesses small inframandibular

processes; the left ramus preserves p3-m3, the

right p4-m3, and both mis are very worn. Only
the right ramus extends back into the angular re-

gion. The locality is given as the SW end of Hay-
stack Mtn., near the top. Here we have an ambig-
uous designation, because Kay did not define

what he meant by "Haystack Mtn." If he meant

Haystack Mountain proper (i.e., in NW Va, Sec. 6,

T16N, R96W), then it came from high in TWkA2,
and the E. cornutus assignment is assured. If from

Haystack Mountain in the broad, more usual

sense, then it probably came from low (or higher)

in TWkA2, but it could have come from within

the area I have called the NW flank of Haystack,
near to Sec. 23. T17N, R96W, which includes

beds high in TWkAl and others near the base of

TwkA2, as well as higher ones. In that case, de-

pending on the exact horizon, it is either E. cor-

nutus if from high in that part of the section, or

if from the lower part it could be another transi-

tional specimen between U. anceps and E. cor-

nutus, best assigned to the latter taxon. (The Uni-

versity of Wyoming specimen came from those

lower units of TWkA2 in that same area, and it

has features that mark it as transitional and caused

me to assign it to E. cornutus.)

The Berkeley collection, in addition to ucmp
81356 (jaw, above), contains three isolated lower

cheek teeth collected in 1954 by L. Kent and M.
C. McKenna, from locality V78 102 (a subdivi-

sion of V5429) from the south side of Haystack
(Mammoth Buttes), from horizon 17 of Granger.
ucmp 81357 is a right p4 or ml with protoconid

tip broken and its lophids worn, exposing the den-

tine. Its measurements (in cm) are: L = 2.51, AW
= 2.04, PW - 2.24.

The unworn posterior half of a left m3, ucmp

81358, consists of the posterior face of its meta-

conid and about one-fourth of the metalophid.

There is a small metastylid behind the metaconid.

The hypolophid extends to the base of the meta-

stylid. A stout posterior cingular "lophid" is un-

divided, but its "hypoconulid" portion is missing.

ucmp 81406 is a complete left p3, p4, or ml
that has its lophids deeply worn to their bases.

The posterior cingulid has suffered enough inter-

dental wear for about one-third of it to be worn

away. Tooth measurements (in cm) are: L = 2.49,

AW =
1.87, PW = 2.11.

The Denver Museum specimens of lower teeth

of E. cornutus other than dmnh EPV 496, the par-

atype, are:

dmnh EPV 483, an isolated left premolar of un-

certain position. Its length is 2.52 cm, AW =

1.91 cm, PW = 1.82 cm or 1.86 cm (minimum
or lophid lengths respectively).

dmnh EPV 2604, a right m2 whose measurements

are given in Table 14.

Dental measures of the lower teeth of E. cor-

nutus are given in Table 14, and Figure 65 shows

graphs of the lower cheek teeth.

Figures 66 and 67 are provided for the easiest

direct visual comparisons of the sizes and size

ranges of the cheek teeth of U. anceps (solid

lines) and E. cornutus (broken lines). The values

of the means for each tooth, and the limits of the

point clouds, are shown. Note that for both upper

(Fig. 66), and lower (Fig. 67) teeth, there is ex-

tensive overlap of the point clouds within and be-

tween taxa. Tooth for tooth, U. anceps teeth tend

to be smaller than their counterparts in E. cor-

nutus in both dimensions, except for the 3rd and

4th premolars, where the overlap is almost total.

Feces: Possibly Belonging to Eobasileus cor-

nutus—pm 59510 (Fig. 68) comes from an area

that has produced several similarly appearing fe-

cal masses, this being the largest and the least

broken down. Internally, they all have an even

green color, to judge from the numerous break

surfaces. No inclusions such as tooth or bone

chips were seen. Assignment of such a specimen
as being produced by E. cornutus, or even by a

uintathere, is highly speculative. But from its size,

only Dolichorhinus, the largest titanothere in the

fauna, or the smaller, more common Metarhinus/

Mesatirhinus, or the rare Achaenodon or Stylino-

don are the other most likely contributors. (Scraps

of uintathere and titanothere bones occur at the

locality.) As the two views show, it is dorsoven-

trally flattened and probably was more or less cy-

lindrical, at least for the preserved portion. It is
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Plots of Measurements of Lower Cheek Teeth of Eobasileus cornutus

2.0 3.0 Length 4.0

Fig. 65. Bivariate graph of lower cheek teeth of E. cornutus. Measurements are in cm.
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Comparisons of Plots of Upper Cheek Teeth of Uintatherium anceps and Eobasileus cornutus

Length

Fig. 66. Plots of upper cheek teeth of E. cornutus (dashed line) overlain by those of U. anceps (solid line) to

»ive a visual comparison of the relative sizes, tooth for tooth and of the two series. Units are cm.
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Comparisons of Plots of Lower Cheek Teeth of Uintatherium anceps and Eobasileus cornutus

3.0 Length

Fig. 67. Plots of the lower cheek teeth of E. cornutus (dashed line) overlain by those of U. anceps (solid line)

to give a visual comparison of the relative sizes, tooth for tooth and of the two series. Units are cm.
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Fig. 68. Two views of a fecal mass, pm 59510, in

the position that it lay in when exposed on the bedding
surface (A), and showing its form vertical to the bed-

ding, presumed to be due to compression (B). It is con-

sidered likely, from its size, to be a coprolite of E. cor-

nutus, but it could be from one of the titanotheres or

from Achaenodon, all large members of the fauna (fmnh

neg. nos. GEO 86026-7).

weakly lobate, and other similar fragments sug-

gest that the ends were tapered. In spite of its

cylindrical form and tapered ends, and mainly be-

cause of its amorphous interior, I think it is from

a herbivore. It came from locality FM-2-93-WDT,
which is at Moonstone Reservoir in W Vi, NW Va,

Sec. 3, and E %, NE Va, Sec 4, T13N, R98W, Cow
Creek Reservoir Quadrangle, high (near top) in

TWkA2.

The Status of Tetheopsis

As was shown in the Preface, the skull size of

the larger of the Tetheopsis specimens corre-

sponded with those of Eobasileus cornutus, while

the smaller corresponded with those of Uinta-

therium anceps. These facts caused me to ques-
tion the validity of the genus Tetheopsis.

Dental measures tend to support the notion (Ta-

bles 5, 6, 13, 14) that Tetheopsis ingens (Marsh),

which is known only from this one specimen (ypm
1 1 04 1 ), is a synonym of Eobasileus cornutus. It

is longer than all other uintathere skulls except
dmnh EPV 495, E. cornutus, and two skulls that

Wheeler (1961) considered to belong to T. spei-

rianus (pum 10079 and ypm 1 1043) and that, be-

cause of their size, I now assign to E. cornutus.

All of the other skull or jaw specimens that

Wheeler ( 1 96 1 , pp. 48-5 1 ) assigned to Tetheopsis

speirianus, I assign either to E. cornutus or to (J.

anceps, as follows:

pum 10079 (pm 8088 cast), the holotype of Lox-

olophodon speirianum (Osborn), I classify as E.

cornutus in spite of its being found in a unit where

only U. anceps is expected, mainly because of its

extreme skull length and also because the dental

measures lend some support. Its 16.25 cm cheek-

tooth row length, although 0.5 cm shorter than the

smallest of the specimens Wheeler assigned to E.

cornutus, is longer than most (14 of 17) speci-

mens he assigned to V. anceps. Wheeler (1961)

noted that this is the only specimen of Tetheopsis

for which the stratigraphic level is known exactly.

It was collected from Bed 9 of Granger (~ =

Roehier's Bed 614), high, near top, in TWkAl
(i.e., it is from a lower bed than any other speci-

men of the species), coming from somewhere

about 86 feet (—28 m) below Granger's Bed 11.

So it appears that the transition zone extended at

least that far downsection.

According to Wheeler, the lower jaw that

Marsh illustrated with pum 10079 is a different

specimen, from a different horizon and locality.

The caption to Wheeler's plate 1 1 identifies that

jaw as pum 10385 and gives LaClede Meadows
as its locality in Washakie A. That appears to be

correct, but since only the bluffs to the east, im-

mediately adjacent the meadows, are at all likely

to have been identified with the LaClede name, it

must have come from the Lower Brown Sand-

stone unit at the base of TWkAl (Bed 569), which

has yielded several U. anceps specimens. I assign

it to U. anceps based on its size, most probable

stratigraphic position, and short cheek-tooth row,

which is close to, but less than, the mean for that

species. It is decidedly shorter in that respect than

any other specimen that has been referred to Teth-

eopsis and is much shorter than any specimen of

E. cornutus. Wheeler noted the "small size" of

the inframandibular process
—an understatement,

for the process is nearly nonexistent. It seems that

at least some of the females of both (J. anceps
and E. cornutus have only minor development of

the process, and probably that condition is corre-

lated with possession of relatively small upper ca-

nines.

ypm 11043, the holotype of Tinoceras annec-

tens Marsh, is one of the longest of the skulls of

116 FIELDIANA: GEOLOGY



any uintathere. As noted, I assign it to E. cornutus

on that basis as well as on its very long cheek-

tooth row lengths. Originally assigned to Tetheop-
sis speirianus, it came from somewhere in the

Haystack Mountain area, most probably from

TWkA2.
ypm 1 1 256, the holotype of Tinoceras longiceps

Marsh, I also assign to E. cornutus because of the

upper cheek-tooth row length. Wheeler (1961, p.

49) had assigned it to Tetheopsis speirianus. The

locality is "Red Dog Buttes," or the eastern end

of Haystack Mountain, but no more precise po-
sition of the locality or its stratigraphic position

are given. Wheeler suggested that it is probably
from Washakie A (i.e., TWkAl). I think it more

likely to have come from TWkA2.
The following specimens are less certainly as-

signed, ypm 11567 and pum 11611 are both ten-

tatively considered to be E. cornutus, the first

based on skull length and proportion, the other

based on similar lower toothrow length to that of

ypm 11567. pum 10385 and amnh 1687 are ten-

tatively assigned to if. anceps based on skull

length and proportion. However assigned, they are

transitional between the two taxa.

Biological considerations also strongly argue

against the simultaneous presence of more than

one species of such closely related large animals

competing for food and territory in so limited a

region. Both U. anceps and E. cornutus are

known from other basins, whereas the two named

species of Tetheopsis are known only from the

Washakie Basin, the only place where all three

genera are known to co-occur. Were Tetheopsis to

be considered valid, each of its two species would

have had to have lived side by side, partitioning

the resources and competing not only with its sis-

ter species but also with a species of a closely

related genus. Hence, I consider Tetheopsis to be

invalid, and that U. anceps evolved directly into

E. cornutus.

Regarding the transition of U. anceps into E.

cornutus, two skulls are of interest, one at the

University of Wyoming, the other in the Princeton

Museum. Length measurements for uwm 13644

fall nicely within those of U. anceps (Fig. 2B,

Table 1), where it had been classified, but its den-

tal measurements fit best with those of E. cornutus

(Tables 5 and 13). Table 15 gives the statistics for

the two species and includes two of the new in-

termediate specimens. Furthermore, the locality

from which it came is low down within TWkA2
(within my locality FM-3-57-WDT), which in-

cludes beds from about 630 to 650—just where

one might expect to find the transition. Therefore,

I consider it to be an early representative of E.

cornutus, coming as it does from slightly above

the uppermost of the units that are known to con-

tain U. anceps, and that it probably represents an

initial transition stage in the evolution of Uinta-

therium into Eohasileus. pum 10079 is in a similar

situation (but near the end of the transition), com-

ing as it does from slightly below the lowermost

units known to contain E. cornutus, and hence it,

too, is in the transition zone, which now appears
to be from about Bed 614 to as high as Beds 630-
650.

Taken together, these interpretations are, I be-

lieve, much more compelling biologically and

ecologically, without considering there to be a

competing sympatric genus, Tetheopsis, living

only in this one intermontane basin, where it first

would have had to compete with Uintatherium,

then finally with Eohasileus. Accordingly, as not-

ed above, I place both species of the genus Teth-

eopsis into synonymy with E. cornutus.

Paleobiology

It has long been realized that many anatomical,

physiological, ecological, and behavioral aspects

of living animals—mammals in particular
—are

directly related to body size. The past three de-

cades have brought refinements to that general un-

derstanding (Eisenberg, 1981; Peters, 1983; Cal-

der, 1984; Schmidt-Nielsen, 1984; Janis, 1990;

Maiorana, 1990; Janis & Carrano, 1992), and to-

day precise scaling formulas for characterizing

these relationships are known (Damuth & Mac-

Fadden, 1990, and authors within that work). It is

reasonable to assume that size in fossils should be

similarly related to their biology, yet a trouble-

some practical problem is always encountered in

attempting to arrive at the body size or mass of a

fossil animal. We cannot directly measure or

weigh it, as can be done with a living form (as

difficult as even that can be when dealing with

the largest ones). Hence, we are forced to resort

to estimates derived from proxies, such as teeth,

limbs, and head-body length. Such estimates can

vary widely, often so widely as to be nearly use-

less for application within these modern scaling

formulas, although they might give a range that

is useful.

Therefore, to gain as accurate an assessment of

the size of a fossil organism as possible so that
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we can best understand, and more confidently

speculate about, its biology, it is always important

to choose the most appropriate ways of making
the estimates. I have reviewed some of them,

checking works of Gingerich (1974, 1977), Gin-

gerich et al. (1982), Anderson et al. (1985), Da-

muth (1990), Fortelius (1990), and many others,

including Jerison (1971, 1973). Some are far bet-

ter than others, but limitations of the fossils avail-

able often render even the poorest of them useful.

Several poor estimates together may give a range

that may be helpful (Roth, 1990). Damuth (1990,

pp. 236-237), following Van-Valkenburgh ( 1 990),

showed that for all extant ungulates, head-body

length correlates highest with body mass (r
=

.975) and that it also had the lowest percent pre-

diction error (%PE = 31.42) and lowest percent

standard error of the estimate (%SEE =
45.54),

followed closely by a variety of measures of the

lower dentition, and finally by others of both up-

per and lower dentitions. Some workers have used

limb-bone dimensions with considerable success

for a broad range of forms (Alexander, 1980,

1985), others within limited groups (Ruff, 1990,

for anthropoid primates; Roth, 1990, for dwarf el-

ephants). Jerison (pers. comm.) told me he found

this to be the most reliable method from an ex-

tensive series of tests.

For the terminal uintatheres, the big question is

to determine, with the greatest possible accuracy,

just how large they really were. Interestingly, ear-

ly on both Cope (1873) and Marsh (1886) spoke
of elephants when making size comparisons to

these uintatheres, and later on they and others also

made comparisons with living rhinoceroses and

hippopotamuses, thereby suggesting the "tradi-

tionar' size range usually considered for these last

genera of the uintathere line. Damuth (1990), us-

ing modern scaling formulas, has arrived at no-

tably smaller size estimates, about half of those

deduced by the earlier workers. It is my opinion
that none of these latest formulas, which are good

predictors for most extant forms, and for probably
most fossils, works really well for the uintatheres.

So we are faced with an additional question: Why
is this so?

Clearly the terminal uintatheres rank with the

largest of living terrestrial mammals in body size.

Hence, those forms will be the source in our

search for other biological analogues. These uin-

tatheres were the first land mammals to grow so

large, back in the Middle and Late Eocene, but

they belong to a long extinct order, one with no

living relative to serve even as a good partial an-

alogue, so the situation is made difficult. With no

living biological true analogue, we must rely on

several partial analogues, each of which has some

drawbacks that hamper the study. Nevertheless,

they are our working base, and from each we may
learn something applicable to the uintatheres.

I begin by assessing the species of living large

mammals, for which live body weights (given in

kilograms) are known, as listed by Eisenberg

(1981). He gives the following values: Loxodon

africanus and Elephas maximus (2,766 kg and

2,730 kg respectively),
9 Diceros bicornis (1,081

kg), Hippopotamus amphibius ( 1 ,277 kg), Giraffa

camelopardis (1,017 kg), Bos gaurus (702 kg),

Camelus dromedarius (570 kg), C. bactrianus

(450 kg), Syncerus cafer (447 kg), Bubalus bub-

alis (425 kg), Tapirus indicus (380 kg), and Tau-

rotragus oryx, Ovibos moschatus, and Ursus arc-

tos mindendorfi (each 300 kg).

The most recent sophisticated attempts to esti-

mate size for various fossils, not surprisingly,

have come from MacFadden and Hulbert (1990)

in their faunal study and from Damuth ( 1 990) for

a more general survey, as follows. Amebelodon

cf. A. barbourensis (3,440 kg), Tapirus simpsoni

(381 kg), Aphelops malacorhinus (889 kg), Teleo-

ceras proterum (635 kg), Aepycamelus major

(1,026 kg) and Procamelus grandis (498 kg) all

by MacFadden and Hulbert. The rest by Damuth,

Coryphodon testis (440 kg), Uintatherium anceps

(807 kg),
10

Paleosyops leidyi (286 kg), P. palu-

9 Walker (1975). cited by MacFadden and Hulbert

(1990), gave 5,000 kg for Elephas maximus and 5,000-
7.500 kg for Loxodon africanus; Roth (1990), drawing
on others, gave weights of more than 5.000 kg for L.

africanus and 6,500 kg for E. maximus. Most recently
Silva and Downing (1995) published an extensive com-

pilation that gave 6,100 kg for the mass of the largest

L. africanus. For rhinosceroses they gave Ceratotherium

simum 1 ,400-2,300 kg. Dicerorhinus sumatrensis 900-
1,000 kg, Diceros bicornis 816-1,300 kg, Rhinoceros

sondaicus 1,500-2,000 kg, R. unicornis 1,410-2.000 kg;
and for Hippopotamus amphibius, they gave 568-2,000

kg-
10 Damuth calculated the bulk of U. anceps using

three regression formulas: ( 1 ) that based on multiple re-

gressions using head and body length (HBL) and length
of ml -3 for all ungulates, which gave the lowest value.

690 kg; (2) that for HBL alone, which gave 867 kg; and

(3) that which he termed his "best" estimate, based on

multiple regressions for nonselenodonts or selenodonts,

as appropriate, which gave 807 kg. Except for the sec-

ond of these, some sort of dental measurement was in-

volved, and this may partially account for the spread.
As the following pages show, I think that Damuth's es-

timates are all far too low and that 1 ,500-2,000 or even

2.500 would be closer to the mark. His HBL values were
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dosus (276 kg), Dolichorhinus longiceps (421 kg),

Menodus giganteus ( 1 ,339 kg), Brontotherium gi-

gas (2,073 kg), Trigonius osborni (334 kg), Me-

tamynodon planifrons (887 kg), Subhyracodon

tridactylus (517 kg), Moropus elatus (1,179 kg),

Teleoceras fossiger (1,016 kg), Equus simplici-

dens (476 kg), and Procamelus occidentalis (579

kg).

From these lists, two biological attributes im-

mediately stand out. First, all except the bear are

ungulates (sensu lato), and as herbivores, in spite

of their very large size, they fit relatively near the

base of the Eltonian pyramid for the mammals.

Second, from their very large size, all are clearly

K-selected (Pianka, 1970; Maiorana, 1990), with

all that this implies.

The highlighted taxa in each of the lists, mostly
animals of over 1 ,000 kg body weight, are those

of most concern to us here. In the Eisenberg list,

the three largest are the most comparable in size

to the terminal uintatheres, but for reasons given

below, none of them are true analogues. It would

be great if, as in the MacFadden and Hulbert

(1990) study, we were dealing with animals that

have a living relative, because that would increase

our confidence that we had a reliable analogue to

consider. But uintatheres, because they have no

living relative, force the use of less certain com-

parisons.

Estimating Uintathere Body Size

Damuth and MacFadden (1990) and their col-

laborators have nicely drawn together much of

what is known about the various means of esti-

mating body size, and they incorporated this in-

formation into a valuable synthesis for paleobi-

ology. Now I would like to apply relevant parts

of this to the uintatheres. But first I would like to

review where things stood before the develop-
ments of the past decade or so.

An overlooked true pioneer in this school is

based on his measures of mounted composite skeletons

at usnm and amnh, and following my inquiry, he stated

(pers. comm.) that, of all his data, this set he considered

to be the least reliable. His revised estimate is, "as a

guess perhaps 1,200 kg to 1,500 kg tops." With uintath-

eres, I am sure that any calculation involving dental

measures is bound to fail, for uintathere teeth are so very
different (far smaller) than those of the other large un-

gulates
—too different for such formulas to work. Body

proportion differences also contribute.

Jerison (1971, 1973). In the 1973 work, he gave
estimates of body weights for a number of archaic

and evolutionarily intermediate fossil mammals
based on his considerations of relative brain size

to body size in modern mammals. Among the ar-

chaic orders, he included estimates for the two

species of the terminal members of the Dinocer-

ata, Uintatherium anceps (1,400 kg, two estimates

averaged) and Tetheopsis ingens (= Eobasileus

cornutus, 2,500 kg). Additionally, he had the es-

timates made by Marsh (1886) of 1,400 kg and

2,750 kg, respectively. Further, his own scale

models gave values of 1,300 kg and 2,300 kg.

These three different sorts of estimates are close

enough to one another to add a degree of confi-

dence that they are well within reason.

The method Jerison used to arrive at these val-

ues deserves renewed attention. First, he realized

the need for a means of measuring body length

of a fossil mammal with consistency (Jerison,

1971). For this he used a mounted skeleton of

Poebrotherium labiatum. Then, by applying the

resultant head-body length (HBL) measure within

a formula that he also developed, he arrived at the

estimated value. The formula represents the rela-

tionship of HBL to weight in modern mammals.

In Jerison's (1971) own words, reiterated in 1973

(pp. 52-53),

The formula was developed for this and related ap-

plications by a least squares fit to all the usable

carnivore and ungulate data in Walker (1964),

which include data on living camelids. My proce-
dure was actually to determine lines that connected

the extremes of the ranges of the reported lengths
and weights and then to fit an "average" line to

those lines.

The formula is, P (wt. in grams) = 0.021 L303
,

where L is HBL in cm. This formula is applicable

for animals of light habitus, and for empirical ap-

plications he simplified it to P = 0.025 L\ Com-

parable formulas for animals of heavy habitus,

such as rhinoceroses, hippopotamuses, and ele-

phants (and uintatheres] the equations are P =

0.043 L303
and, simplified, P = 0.05 L3

respec-

tively.

With the Jerison (and other older) estimations

differing from the Damuth ones by roughly 2:1,

it has become apparent to me that two factors are

the primary causes. First is the extreme dental size

differences between uintatheres (with their small,

relatively simple, bunolophodont cheek teeth) and

each of the living large mammals (with their larg-

er, more complex, and more hypsodont teeth).
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Fig. 69. Illustration of the concept of the "body cylinder" of Damuth (1990). Here I borrow Marsh's illustration

of Tinoceras ingens (PI. LVI) to show the "body cylinder" and its defining parameters.

Without this confounding factor, a better analogue

might be found among them. As things stand, this

renders totally useless any scheme based on den-

tal measurements of uintatheres and the largest

living ungulates. (I will return to this topic in a

moment.) The second factor is "body cylinder"

differences. In this connection, Damuth (1990)

has commented astutely.

The relatively high level of precision for body
length estimates is not surprising, because body
length measures the length of a "cylinder" that en-

compasses the majority of a mammal's mass—that

comprising the head, neck, viscera, and proximal
limb musculature." n

This, although true enough, neglects the equally

important second dimension of a cylinder: its di-

ameter or radius. Differences in the diameter of

the "body cylinder" normally are not a problem
with most ungulates because the length and width

of that cylinder are in a more or less constant

1 ' Here I believe he meant to include the entire prox-
imal limb. In any case, I think it may be best to exclude

all parts of the proximal limb elements, for they are

involved functionally in locomotion and are not primar-

ily part of the "body cylinder" that Damuth mentioned.

relationship. This may even be true of most mam-

mals, for Jerison (pers. comm.) found variation in

body shape to be surprisingly low. But such dif-

ferences become a significant problem with ani-

mals that have a very large diameter "body cyl-

inder" (or very short cylinder length, or both) that

departs from the usual body proportions, or, even

worse, if the cylinder is more like a truncated

cone. For them, even the HBL measure fails. I

believe these to be the two major factors that to-

gether account for Damuth's low values.

We must add the diameter measurement to the

length measurement to define the "body cylin-

der" properly. The surest means to do this is to

use the measurement of greatest width across the

pelvis, taken from one outer ilium margin to its

opposite. It is our best (osteological) means of

determining the diameter of that "cylinder" (Fig.

69). It is more accurate and less subject to distor-

tion than any other single measure (such as rib

cage size) because it utilizes prominent fixed

points that are frequently preserved. Table 16 pro-

vides data relating to these useful measurements.

With elephants and uintatheres however, the pel-

ves indicate that the body cylinder has an excep-

tionally large diameter, and when this is accom-
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panied by a short HBL (and short limbs), as is the

case with the uintatheres, the result is a serious

underestimate of body size. Figure 69 illustrates

Damuth's point and adds my modification.

When I try to apply the volumetric formula for

a cylinder, in this case head-body volume (HBV
= HBL X irr2), I find that something is still amiss.

Using Damuth's HBL values in this formula to-

gether with my measurements of the two complete
adult pelves in the fmnh collection gives 3,286.7

kg (or 3,515.5 kg) and 3,387.1 kg (or 3,622.9 kg).

These values certainly are far larger than the 867

kg he arrived at, and I am sure they are much too

high. Some sort of constant multiplier factor is

needed (perhaps about 0.5)
12 because the notion

of a body cylinder or cone really is too symplistic.

The body is not a true cylinder because it is some-

what bulging in its middle, truncated in front, and

in that region the neck and head cause the "cyl-

inder" to become conically tapered. Perhaps it

would work best to average values of volumes of

a cylinder and a cone, or use the fructum of a

cone. For my purpose, it is unnecessary to pursue
this.

Damuth's way of estimating bulk, which in-

volves both HBL and dental measures, is doubly
in error for uintatheres, and it shows the lowest

value of the three he gave, 690 kg. His "best"

means (807 kg), based on multiple regressions for

12
1 attempted to use the formula for the volume of a

cylinder, V (in kg)
= irr2 . HBL, substituting Damuth's

HBL values, as well as my measure of the Vernal spec-
imen (3,1 10, 3,205, and 3,530 mm), along with the ra-

dius values from the two fmnh pelves (580 and 625

mm). When I use only the lowest radius value in com-
bination with each of the three different HBL values, the

results are obviously much too large: 3,287, 3,387, and

3,731 kg. These are worse than the results using Da-

muth's regression equations for all ungulates: 1,431,

1,447, and 1,494 kg! Still unsatisfied, although these last

values seemed about right, I reasoned that the "body
cylinder" is actually too crude a model. A truncated

"body cone" in which the largest radius is in the region
of the hips and the smallest is taken to be the widest

part of the head region (maximum width across the zy-

gomatic arches) appears to be a somewhat better model.

So again I repeated the procedure using the volume for-

mula of the frustum of a cone, with r, being the pelvic

radius, and estimating r2 to be 175 mm (radius of cross

section of the head plus flesh allowance), V = it
- HBL/

3(r,
2 + [r,

• r
2 ]

+ r2
2
). The results are 1,526 kg, 1,573

kg, and 1,732 kg with an average of 1,610 kg. If the

largest values are used in combination, the added values

are 1,728 kg, 1,781 kg, and 1,962 kg, and the overall

average is 1,717 kg. That these are better values is con-

sidered likely because they match the weights of the

larger living rhinoceroses and the several early esti-

mates.

selenodonts suffers from the same flaw where the

uintatheres are involved (use of dental measure-

ments). His largest value (867 kg) resulted from

calculations based on HBL alone and probably
would have been more reasonable had it taken

into consideration body cylinder diameter (i.e.,

pelvic radius or diameter) and distortion of the

"body cylinder."

Others have used different criteria as required

by the nature of their materials. For example,
MacFadden and Hulbert (1990) used two char-

acters to estimate body mass: first lower molar

length (LM1APL) and first lower molar area

(FLMA) = LM1APL times first lower molar tri-

gonid width (LM1TRW), because these measures

offered the best samplings for the fauna they re-

port. (In the case of their Amebelodon, in spite of

the reasonable appearing value, I doubt that dental

measures would have been the most appropriate

ones to use, had other choices been available.) In

any case, these are inappropriate here. Roth

(1990) found shoulder height and femur and hu-

meral lengths and circumferences to be useful for

her study of dwarf elephants. She concluded as

follows:

In sum, estimates of mass can be obtained for dwarf

elephants from lengths and circumferences of hu-

meri and femora, and these estimates are consistent

with masses based on shoulder heights. Although
95% confidence intervals for single estimates are

too broad to be informative, use of more than one

mass estimation technique allows one to define a

range that is likely to encompass the actual mass

of the animal. 11 For small elephants (less than ap-

proximately 2000 kg), bone lengths appear to yield

the most accurate mass estimates, whereas larger

masses are better approximated by using mass es-

timation equations based on bone circumferences.

Earlier in her paper, she had observed:

Comparisons of mass estimates based on skeletal

dimensions with known body masses for the same
individuals (of E. maxumus and L. africanus) re-

vealed the following: (a) for the three specimens
smaller than 2000 kg, bone lengths consistently

provided the best mass estimates; estimates based

on shoulder height either embraced or slightly over-

estimated, and circumferences consistently overes-

timated, the actual body mass of these animals, (b)

For the three specimens larger than 2500 kg, con-

13 In this regard Roth (1990) has provided a very il-

luminating graph that shows the extreme range of vari-

ation found in both E. maximus and L africana (her fig.

9.2) where "Some individuals of the same shoulder

height (e.g. 280 cm) differ in mass by nearly a factor of

3."
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versely, shoulder heights and bone circumferences

yielded accurate and similar estimates, whereas

bone lengths underestimated actual body mass.

From the pelvic dimensions of uintatheres (Ta-

ble 16), it is clear that in this regard they are clos-

er in size to living and Pleistocene elephants than

to either modern rhinoceroses or hippopotamuses,
as was noted early on by Marsh (1886, pp. 135-

137). Cope (1873) also was impressed by this

comparison, as his comments and first restoration

show. Nevertheless, for skull length, as can be

seen (Table 17), they are much closer to rhinos,

being only slightly larger, and they all are consid-

erably smaller than elephants (X about 0.75). Fur-

thermore, as noted earlier, a single elephant molar

tooth is longer than the length of the entire cheek

tooth dentition of a uintathere and is many times

more massive because it is both wider and higher

and hypsodont (Fig. 70A,D, Table 17). So, as

shown earlier, the teeth are not at all comparable
between the two groups. Uintathere cheek teeth,

as noted above, are bunolophodont, much more

comparable to those of rhinos and hippos (Fig.

71A-D). All of the latter, compared to elephants,

are relatively much lower crowned and smaller,

but uintathere teeth are at most only between one-

half to two-thirds the size of those of rhinos and

hippos, and for this reason useful comparisons
even with them are not possible.

In terms of long bone proportions (Table 18),

uintatheres lie between elephants, on the one

hand, and rhinos and hippos on the other. They
are closer in size to the larger of the rhinos long
bones than to those of elephants or hippos. For

proximal limb bone dimensions Roth (1990) has

shown a most convincing estimator in her conclu-

sion no. 6. She expanded her earlier statement, in

which she compared mass estimates based on

skeletal dimensions with known body masses for

the same individuals of Elephas maximus and

Loxodon africanus, to reveal the following:

(a) for the three specimens smaller than 2000 kg,
bone lengths consistently provided the best mass
estimates . . . (b) for the three specimens larger than

2500 kg, conversely . . . bone circumferences yield-

ed accurate and similar estimates, whereas bone

lengths underestimated body mass.

Although uintatheres and elephants are not the

same, a test using the four equations of Roth

(1990) might be revealing.
14 Uintatherium limb-

bone measures all fall close to the breakpoint she

found between smaller and larger elephants, so I

substituted the values of a specimen from near the

middle of the range in my sample. Her four equa-
tions and the derived mass estimates are:

1. Mass (kg)
= 2.767 X 10" 5 X humerus length

(mm)2675 = 660.8 kg using the 573 mm length

value (Table 18).

2. Mass (kg)
= 1.774 X 10~3 X femur length

(mm)2654 = 595.5 kg using the 685 mm length

value (Table 18).

3. Mass (kg)
= 9.448 X 10 4 X humerus circum-

ference (mm)26 " = 2493.5 kg using the 288

mm circumference value (Table 18).

4. Mass (kg)
= 3.790 X 10 4 X femur circum-

ference (mm)2827 = 2715.1 kg using the 266

mm circumference value (Table 18).

Here the circumference values appear to give

masses that are too large and the length values

appear to give mass estimates that are far too

small. Because uintathere body proportions are

more like those of living hippos and fossil river

rhinos, all characterized by having short limbs, it

would be expected that formulas based on lengths

would give exceptionally small mass estimates.

Circumference values therefore appear to be much
closer to the mark than the length values.

To judge just from direct comparisons of

lengths and circumferences of each of the proxi-

mal limb bones (Table 18), and without using any

formulas, it is clear that those elements of U. an-

ceps are a bit larger than those of any living hippo
or rhino, except possibly Ceratotherium (i.e.,

body weight probably > 1,277 kg). Skull com-

parisons (Table 17) of the same suite indicate that

its skull is about equal in size to skulls of Cera-

totherium, Rhinoceros, and Hippopotamus, and

slightly larger than our Diceros specimens (again

suggesting a body weight ± 1,277 kg). HBL mea-

sures (Table 19) are shorter than those of most

rhinos and hippos (the short body cylinder), sug-

gesting a body weight slightly less than 1,277 kg.

Pelvic widths are comparable to those of ele-

phants and suggest a much greater body weight

(—2,730 kg or more). Drawing on all of this, it

14
1 did not use the sum of humerus and femur cir-

cumferences, which Damuth and MacFadden ( 1 990, ap-

pendix table 16.1) found to be the most accurate of es-

timators for all mammals, giving the highest correlation

coefficient and the least %SEE (standard error of the

estimate) and mean %PE (predictive error) because no

equation was given.
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would appear that my earlier guesses of 1,500-

2,000 kg could be reasonable for U. anceps and

that the larger E. cornutus could be at —2,500 kg.

Damuth has kindly sent me his skeletal mea-

surement data for Uintatherium anceps, which,

when used with the Jerison formula, give the fol-

lowing results: His HBL measure for the amnh
mounted composite specimen is 3,1 10 cm, giving

a weight estimate of 1,504 kg; that for the Smith-

sonian skeleton (usnm 16662), 3,205 cm, gives

1,646 kg. An average of the estimates made by
Marsh, Jerison, and these based on Damuth's

measurements used with the Jerison formula gives

1,400, 1,400 and 1,300, and 1,504 and 1,646 kg
=

average of 1,450 kg.

I recently compared uintatheres with elephants,

rhinos, and hippos in a related work that evolved

out of this study (Turnbull, 1995). There I made
these body-size proportion comparisons, as well

as dental comparisons, which I repeat here. Ele-

phants are absolutely larger than uintatheres and

all the other largest living terrestrial mammals

(Tables 16-19). The most important differences

that preclude elephants from being good partial

analogues are the dentitions and body size. Uin-

tathere cheek teeth (Figs. 68D and 69D) are small

bunolophodont structures (low-crowned, with rel-

atively simple lophs). In contrast, elephant teeth

(Fig. 68A) are greatly enlarged, hypsodont struc-

tures with multiple lophs. Beyond this, tooth re-

placement mechanisms are drastically different, in

that elephants have evolved in a way that adapts

mesial drift to such a highly specialized degree
that the cheek teeth in each jaw quadrant erupt

and function sequentially so as to follow one an-

other forward as if on a conveyor belt. These dif-

ferences preclude the application of any scaling

formula that depends on dental measurements

when comparing uintatheres with elephants (or

actually, elephants with anything else).

Living rhinos and hippos are about as large as

the terminal uintatheres (Tables 16-19) and they

provide somewhat better, but still poor, dental

comparisons. Their cheek teeth too are larger (Ta-

ble 17, Figs. 68B, C and 69A-C), more hypso-

dont, with stronger and more complex lophs than

the teeth of these uintatheres. But, as in rhinos

and hippos, mesial drift is not the primary means

of tooth replacement, nor are tooth size differenc-

es as extreme as with the proboscideans. The hyp-

silophodont cheek teeth of rhinos and hippos, al-

though less divergently specialized than the mas-

sive teeth of proboscideans, are still too different

and too large to permit either of them to serve as

truly good analogues for uintatheres. So once

again, we see that use of dental measures in scal-

ing formulas will not work when dentitions are as

divergent as those of uintatheres from any of the

very large living mammals.

Pachyostosis: Another Partial Analogue?

Russell and Russell (1993), with their mam-
mal-dinosaur convergence study, have spurred
me to search further for some less obvious partial

analogue appropriate to the uintatheres. I am con-

vinced that these terminal uintatheres were semi-

aquatic (i.e., they had found the hippopotamus

niche). Body proportions, relatively short legs and

large "barrel" rib cage point toward this conclu-

sion. Most significantly, the femora and other ma-

jor long bones are pachyostotic (Fig. 72). Years

ago, Zangerl (1935) showed that for reptiles that

have become secondarily adapted to an aquatic

life, there are various stages of pachyostotic bone

alteration associated with the degree of that ad-

aptation. As can be seen in Figure 72, the com-

pacta is dense to the point that it is difficult to

find a haversian system, and the medullary area

is occluded, with cancellous bone totally filling

the opening at midshaft. This is a condition typ-

ical of early-stage pachyostosis associated with

the return to an aquatic life by a reptile that has

had a long prior nonaquatic terrestrial life. Since

Zangerl's work, others have documented similar

conditions in birds and mammals (Fawcet, 1942;

Wall, 1983; Ricqles, 1989), but this example is

not a wholly satisfactory analogue, because hip-

pos today are foregut fermenters that live almost

entirely on grass (Kingdon, 1979; Estes, 1991).

Owen-Smith (1992) reported that:

Hippos are area selective grazers with a preference
for short green grass. Grasses and sedges form 95-
99% of the food eaten by hippos in different re-

gions, the remainder being made up by forbs. which

increases in representation during the dry season.

In the Eocene, however, even C3 grasses had

not yet experienced their great adaptive radiation,

and C4 grasses (hippo food) only became domi-

nant about 8 million years ago (Cerling et al.,

1998). So these uintatheres browsed on something

else, and furthermore their dentitions were not

equipped for grazing. Still, in both body size and

aquatic adaptation, hippos appear to be the best

of the partial analogues from among the largest

living land mammals.
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2 cm
Fig. 72. Cross-sectional cut of the midshaft region of a uintathere femur, pm 39393 (?), showing an early stage

of pachyostosis. The compacta is so dense that it is difficult to see any lamination or to find a haversian system
within it. The medullary portion is filled with bony struts and trabeculae, so that no open area remains.
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The great similarity of uintathere pelves to

those of elephants suggests that these immense

spreading ilia are there to support a very large

hindgut. The fact that these uintathere ilia approx-
imate those of elephants (Table 16), whereas the

rest of their body is decidedly smaller, greatly re-

inforces that notion. A majority of modern un-

gulates are foregut fermenters, with efficient di-

gestion taking place in about 2-3 days in that re-

gion (Owen-Smith, 1988). Perissodactyls, on the

other hand, use hindgut fermentation, and those

that keep their digesta for only a short time (e.g.,

horses) derive relatively little nutrition (Foose,

1982; Owen-Smith, 1988) but compensate by eat-

ing more and being more selective in the quality

of the food. Those with extended retention times

for processing their food (e.g., rhinos) can tolerate

higher fiber and lower nutritional quality than the

faster (i.e., shorter retention time) ruminants or

other foregut fermenters. Large body size allows

greater retention times, which is the pathway tak-

en by rhinos and hippos. Of the living large un-

gulates, hippos have the longest retention time,

about 4 days, which Owen-Smith equated with

low digestive efficiency. However, I think that di-

gestive efficiency has to be judged more on a

case-by-case basis, considering not just time of

passage but also the quality of the food (fiber/

protein ratio) and quantity of intake. Janis (1976

pp. 765-766) has shown this most convincingly
in her comparison of ruminant and equid feeding

strategies. Following a discussion of several

means of conserving nitrogenous breakdown

products, she was able to conclude:

Ruminants will also be at an advantage where the

quantity, not the quality, of food is limiting, since

they need to take in smaller amounts per unit body
weight than perissodactyls. However, the cecal di-

gestion of horses, coupled with their food selection

strategy, opens for them food resources inaccessible

to similar sized ruminants.

In fact, Janis (1976) made the most thorough

comparative assessment of digestive structures

and physiology of artiodactyls and perissodactyls

and the evolution of the herbivorous digestive

systems up to that date. Identifying fundamental

differences in the feeding strategies of ruminants

(foregut fermenters) and equids (hindgut fermen-

ters) sets the stage for a better understanding of

artiodactyl-perissodactyl differences. Janis quali-

fied the notion that foregut fermentation ranks su-

perior to hindgut fermentation by showing the

case in which the only food available has a high

fiber/protein ratio. When that occurs, perissodac-

tyls are more efficient than artiodactyls (able to

retain cellulose digestion), whereas that ability de-

creases for artiodactyls. Many new data have been

added since her 1976 review. Most notable for

this work is the recent documenting of the very

long passage times in sirenians.

Clemens and Maloiy (1982), in their study of

digestive physiology of the largest living land

mammals, compared gut proportions in relation to

body length for Loxodon (~ X 5), Diceros (~ X

7.5), and Hippopotamus (~ X 17), confirming the

tremendously increased hindgut for the hippo. In

this case, however, hindgut fermentation does not

appear to be the cause of the hindgut enlargement,
because although the hindgut is shown to be a

very elongate, simple tube lacking sacculation,

chemical analysis indicates that not much fermen-

tation takes place there. Instead, the greater part

of the fermentation takes place in the forestom-

ach. So why the tremendous increase in length of

the hippo hindgut? Perhaps absorption of prefer-

mented digesta is what is happening.
Could the pachyostotic condition in the uinta-

there long bones be a clue? Recalling the work of

Hartman (1979) on Trichechus, I determined to

further investigate the Sirenia, which I knew to be

large
15 and to have both pachyostotic ribs and

long retention times for their digesta. Returning
to that work, I learned that they retain their di-

gesta for nearly a week, and that they use hindgut
fermentation. Further search was frustratingly

slow until, by a timely serendipity, I opened my
just-arrived copy of the Australian Journal ofZo-

ology to find the Lanyon and Marsh (1995) study,

"Digesta Passage Times in the Dugong." This

confirmed the weeklong (or longer) digesta pas-

sage period and went further to determine the

completeness of the process. Here was another

hindgut fermenter par excellence. It gets out

80%-90% of all the nutrient value of its food, so

in this regard is as efficient as the best foregut

fermenters. Earlier, Best (1981) had cited com-

parably high digestibilities found by Lomolino

(1977), which he found difficult to reconcile with

lower values reported by others, and he decided

that "[a]t present it would probably be better to

accept the more conservative values of 50-60%."

15 Trichechus commonly are up to 4.5 m long and

weigh about 400 kg, occasionally up to 1,600 kg; Du-

gong commonly are 3.2 m long, and ~300 kg (some

larger); Hydrodamalis was 15-30 m long and was esti-

mated to have weighed 6,000 kg or more.
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Intriguingly, the one other modern sirenian,

Steller's Sea Cow, Hydrodamalis gigas, which is

now extinct (made so within less than 40 years

after its scientific discovery
16

) and never studied

other than osteologically and for its behavior, until

Steller (1751, 1899), who was so impressed by
the size of the digestive tract, had one removed

intact. It was over 20 times the length of the an-

imal. The conclusion seems abundantly clear:

Here was another more efficient hindgut fermen-

ter. (For a concise account of the animal, see For-

sten and Youngman, 1982.)

It is most interesting that all modern members

of the Order Sirenia show a common pattern of

size reduction of the dentition. This reduction has

occurred subsequent to, and in spite of, very dif-

ferent earlier dental evolutionary specializations

within the two suborders.

In trichechids, mesial drift had earlier devel-

oped to such a high degree that they are unique
in exceeding the usual mammalian number of

adult cheek teeth. 17 The teeth do have complex
but low crowns (Fig. 73A). They form in the rear

of each maxillary and jaw quadrant, drift forward,

and are shed anteriorly. The process is similar to

that in elephants, but unlike the elephants, which

have but one or two teeth per quadrant function-

ing at a time, manatees have a continuous series,

with six, eight, or more teeth functioning simul-

taneously. The teeth are used, and they do show

wear, but like the teeth of uintatheres, they appear
to be inadequate for processing the food for such

a large animal.

Dugongs, although hypsodont, have a more

16 From Yakovlev's account, translated by G.N.
Shkurkin and published by Domning, 1978, we learn

that the meat of Steller's Sea Cow was the primary pro-
tein source of the inhabitants of Commander (= Bering)
and Mednyy (= Copper) Islands, whose coastal shallows

were its home. Consumed extensively not only by the

people living in the area it inhabited, but also taken to

provision ships stranded in those northern waters, it was

sluggish and relatively easy to catch. Apparently many
were fatally wounded quite unnecessarily. Domning
(1978), in his major study of sirenian evolution, has pro-
vided the most thorough work on the order. In addition

to osteology, paleontology, and systematics, he presents
further evidence to that of Steller (1751, 1899) relating
to the demise of this large inoffensive beast. Stejneger

(1883, 1893, 1925) and Golder (1922), with translation

by Stejneger.
17 In addition to the comparable situation in elephants,

many macropodids also have an extensively developed
condition of mesial drift. Most notable among them is

Peradorcas (Sanson, 1983). Here, too, normal tooth

numbers are exceeded, but probably not to the extent

that occurs in Trichechus.

standard, reduced cheek tooth number. They too

have reduced the size of their teeth. In the past,

the line had developed hypsodonty to a high de-

gree, a feature the living dugongs retain (Fig. 73E;

arrows indicate the right M2 and the alveolus

from which it was removed to show its advanced

hypsodonty). Again, the teeth are relatively small,

and in spite of the hypsodont condition, they also

appear to be inadequate.

Steller's Sea Cow, the largest of the modern

dugongids, had done away with its teeth entirely.

Instead, it had horny plates and did little food pro-

cessing with them (Fig. 73F). So within this one

order, we see animals with such highly efficient

hindgut digestion that the teeth largely became

unnecessary. This superfluous condition seems to

be what happened with the terminal uintatheres.

The genetics for the teeth are deeply rooted and

because of this, I suspect run counter to Dollo's

law. Obviously, it is there for the first two line-

ages, in which the teeth had become so highly

specialized, either for extreme mesial drift, on the

one hand, or for hypsodonty, on the other, that the

teeth—even though not critically needed—persist

in miniature in two of the lines. In the third line,

in which no teeth are retained, it is likely that the

genetic basis for tooth formation is also (at least

partially, if not largely) still present, masked by
some mutation with a stronger selective advantage
that could not succeed were the teeth still highly

selected.

From all of this, especially from their massive

pelves, I conclude that the terminal uintatheres

had a digestive system similar to that of the si-

renian. Surely they had a very large hindgut, and

almost certainly they had hindgut fermentation

and long residence times for the digesta, resulting

in nearly complete digestion. As with the sireni-

ans, demands placed on the teeth were greatly re-

duced. That this was achieved accounts for their

anomalously "inadequate appearing" (Wood,

1932) small cheek teeth.

Summary and Conclusions

The Field Museum's collection of uintatheres

from the Washakie Formation is here described

and illustrated for the first time. It is compared
with other uintathere materials of about the same

age in our collection and in other collections from

various locations in western North America. The

collection consists of more than 80 specimens col-

128 FIELDIANA: GEOLOGY



lected over the past 46 years by my field parties

and for the past decade by John Flynn's crews. It

includes one of the very best adult skulls of Uin-

tatherium anceps in existence (pm 53933, the Fun-

derburk skull) and, more important, the skull of a

young juvenile (pm 8019). There are several par-

tial skeletons; one is that of a young adult with

most of its rib cage and right fore- and hindlimbs

in partial articulation (pm 55423). Another, that of

a newborn animal (pm 3896), is at an ontogenetic

stage never before reported. It consists of a left

maxillary, the unfused ossifications of 8-10 ver-

tebrae, a scapula, an ilium, some ribs, and other

scraps. Three other partial skeletons are in the col-

lection: one that had been articulated but was bad-

ly weathered out; and two others that were dis-

articulated and spread out, one of them over an

area of about 6 X 30 ft (1.8 X 9 m), and the other

was strung out along a shallow stream channel for

about 300 ft (91 m). Finally, several specimens of

lower teeth and jaws preserve the incisor-canine

area adequate to begin to give a glimpse of the

sort of variation that occurs in that part of the jaw.

Additionally, many of the better specimens in the

collections of the American Museum, Denver

Museum, Princeton and Yale Museums, and the

U.S. National Museum are illustrated and dis-

cussed, including the type specimens.
For Eobasileus cornutus, there is much less ma-

terial. Our best pair of lower jaws (pm 1737) is

incomplete, but fortunately its cheek teeth are

nearly all present and fairly well preserved. We
are extremely fortunate in having the well-pre-

served complete skull of this species that E.S.

Riggs collected in the Uinta Basin early in the

century. Presently on exhibit in the last of the Life

Over Time halls, it is as fine a skull of the species

as exists, being more complete than the type and

Denver Museum specimens. As with U. anceps,

the types for E. cornutus and its junior synonym
(Uintacolotherium blayneyi) are illustrated.

Measurements (skull, jaw, dental, and postcra-

nial) for these two taxa (U. anceps and E. cor-

nutus) are presented in a series of 19 tables. Bi-

variate plots, measurements of each of the cheek

teeth, are shown in four figures (Figs. 25, 40, 61,

and 65). Included in these tables and graphs are

the type specimens and many of the specimens in

collections at other institutions.

The genus Tetheopsis is eliminated: the genus,

its type species T. speirianus, and the other named

species T. ingens are in synonymy with Eobasi-

leus cornutus. Tetheopsis was known only from

the Washakie Formation; a few came from the top

of TWkAl, most from more or less throughout
TwkA2. I now recognize a transition zone within

the formation, from the top 86 ft (~28 m; about

Bed 615 of Unit TWkAl, Old Lower Washakie,

and the bottom —70 ft (21 m; up to about Bed
625 of TWkA2, Old Upper Washakie. Previously
for the Washakie Basin, Wheeler (1961) had con-

sidered U. anceps to be restricted to TWkA 1 and

E. cornutus to TWkA2. I now modify that view

so as to extend the latter species downsection

slightly into the transition zone at the top of

TWkAl and keep its upper limit at the top of

TWkA2. Those Tetheopsis specimens that are in

some way "aberrant" U. anceps all come from

the transition zone, and they show a departure
from that species in the direction of E. cornutus,

where I therefore assign them. The few specimens
from this zone that remain are of uncertain as-

signment. Elimination of Tetheopsis makes sense

not only from a systematic perspective, but also

on ecologic and geographic grounds.

Following the descriptions is a section on the

paleobiology of these unique terminal members of

the Order Dinocerata, Family Uintatheridae. Mod-
ern partial homologues for these two monotypic

genera were looked for and considered, and the

appropriateness of each was evaluated. In spite of

the successful use of teeth as estimators of body
size for most mammals, it does not work for all

of the truly gigantic terrestrial mammals, and it

works even less well for these terminal uinta-

theres; it therefore is inappropriate. Either the

teeth are disproportionately large, as is the case in

the modern large ungulates, or they are, dispro-

portionately small in the uintatheres compared
with teeth of most mammals. They simply do not

scale with teeth of the majority of mammals, so

that size estimators based on dental measures fail

to give reasonable results.

The longstanding puzzle about the supposedly

inadequately small dentitions of these uintatheres

(Wood, 1932) is reevaluated and explained. That

these uintatheres were giant mammals—about the

size of hippos and large rhinos, to judge from

limb bone proportions and head and body

lengths
—has long been accepted. A recent as-

sessment based on regression equations incorrect-

ly gave estimates of about half that size. That as-

sessment failed, I am convinced, because it was

based mostly on regression formulas that involved

the teeth, which, as shown, is inappropriate in this

case. One other terrestrial partial homologue ex-

ists: the elephants. Elephants are so much larger

than rhinos, hippos, and uintatheres that one is apt
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Figure 73.

130 FIELDIANA: GEOLOGY



Figure 73.

Palatal views of sirenian skulls to illustrate variations of cheek-tooth conditions in the modern representatives. In this

Order, tooth size reduction has been the dominant trend during the Neogene, regardless of whatever earlier dental

specialization occurred or what method of tooth replacement was used. All are herbivores, with highly developed
hindgut fermentation.

I contend that because of their extremely large hindgut with its highly efficient hindgut fermentation, the teeth of

modern sirenians have become nearly, if not entirely, superfluous and that this development of efficient fermentation

happened long after the earlier dental specializations were fixed. Because of the deep-seated genetics for their earlier

differing dental specializations, however, a size-reduced dentition is usually retained, although it may even be lost.

Trichechus inunguis, fmnh 13888, is shown in A; T. manatus, fmnh 3491 1, is shown in B. Dugong dugon. fmnh
15561, 65744, and 68781, is shown in C-E. These modern forms retain relatively small, functional teeth, but they
each have a very large hindgut and hindgut fermentation. In E, arrows point to one of the miniaturized hypsodont
molars and its alveolus, typifying size reduction in Dugong with its previously numerically reduced dentition. In F,

I show Hydrodamatis rhytina, bmnh 1947.10.21.2 (a race of Hydrodamalis gigas), an animal that has done away
with teeth entirely. It had a tremendous hindgut, proportionately larger than the others.

This order demonstrates the probable developments in the terminal uintatheres. They had a long dental development
that was rendered nearly superfluous when they "discovered" efficient hindgut fermentation, which explains the size

reduction of their dentition (fmnh neg. nos. GEO 86025 (A-B), 86085 (C), 86083 (D), and 86084 (E)).
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Fig. 74. Whimsical view of uintathere habit and habitat. Cartoon drawn by Clara Richardson Simpson, borrowing
from Kingdon's charming hippo sketches.

to dismiss them until the focus turns to their pel-

ves. Uintathere hips are nearly as large as ele-

phant hips, but otherwise their hindquarters are

much smaller, far more comparable to the limbs

of hippos and rhinos. Such outsized hips must ex-

ist in order to support a tremendous gut, espe-

cially a large hindgut. This suggested to me the

possibility that uintatheres could have been hind-

gut fermenters, which led in turn to a brief foray
into digestive physiology (an area in which I have

no background training). I did know that foregut

fermentation was considered to be the most effi-

cient digestive route, and that hindgut fermenta-

tion was not only less efficient but also tended to

be of longer duration.

Hartman's (1979) study of Trichechus suggest-
ed the Sirenia as yet another possible partial ho-

mologue. Living members are all large, and they
are hindgut fermenters with an exceptionally large

hindgut. The fact that the living sirenians and the

terminal uintatheres both share the pachyostotic
condition (which all secondarily aquatic verte-

brates have in some parts of their skeleton) also

encouraged me. That the sirenians lack large hips

results from hips being unnecessary in the water

to give support for body and gut. Not only is si-

renian digestion by hindgut fermentation a

lengthy process, it turns out to be equally as

(highly) efficient as that of the best foregut fer-

menters. So I conclude that the best explanation

for the very minimum-sized teeth in the terminal

uintatheres is that they too somehow discovered

hindgut fermentation. Not only that, but, as in the

uintatheres, the living modern sirenians also show

similarly reduced, but nevertheless still special-

ized, dentitions (Domning, 1978).

Also, it is clear that the size reductions seen in

the teeth of sirenians came about long after the

two main lines had already evolved in divergent,

highly specialized ways: trichechids with ele-

phant-like, extreme mesial drift, and with super-

numerary molars: dugongids with a more standard

tooth number, but with a high degree of hypso-

donty. It appears that when the digestive special-

izations evolved, the previously highly selected

dental features were no longer needed but re-

mained in reduced form, doubtless because of a

very deep-seated genetic underpinning. Finally, in
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one dugongid line, that represented by Steller's

Sea Cow, the teeth were finally eliminated alto-

gether. The uintatheres, too, had a dental evolu-

tion from simple bunodonty to bunolophodonty
that must have occurred before the reduction in

tooth size because even with their small size, the

teeth retain the bunolophodont speciality.

Thus, the partial analogues for interpreting the

uintathere conditions are found to be: (1) large

body size and general proportions of the large rhi-

nos; (2) semiaquatic specialization of the hippos

(but not necessarily all of their peculiar, unique
behavioral features) (Fig. 74); (3) gigantic pelves

of elephants: (4) pachyostotic condition of the si-

renians; (5) hindgut enlargement of hippos and

sirenians; and (6) the efficient hindgut fermenta-

tion of the sirenians.

No partial analogue alone can explain the uin-

tathere condition, but taken together, each tells us

something that helps explain how the terminal

uintatheres managed to function with such small

cheek teeth. Because the Sirenia, the only modern

lineage with such a highly efficient hindgut fer-

mentation physiology, have tooth reduction, it

seems reasonable to infer that the uintatheres took

that route as well.
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Table 1 . Skull measurements for Uintatherium anceps (in m).

Marsh's 1886 data

Description of measurementf
D. mirabile,

T. pug-
nax,

Cast
pm 59828

{El. parvum,

Cast
p 26977

(holotype,
V. robus-

tum,
ypm 11036 ypm 1104 pum 10298) ansp 12607)

(M) Total length of skull from nasals to occipital crest

(Wheeler's length measurements for above are:

(M) Total length from premaxillaries to occipital condyles
Total length from nasals to occipital condyles
Skull height from top of occipital crest to bottom of con-

dyles

(M) Greatest transverse diameter through parietal condyles

(M) Greatest transverse diameter through occipital crest

(M) Greatest transverse diameter through postglenoid pro-
cesses

(M) Length of palate from end of premaxillaries to posterior
nares

(M) Length of palatine bone on median line

(M) Length of maxillary bone on median line

(M) Width of palate between last molars

(M) Width of palate between first molars

(M) Width of palate between first premolars

(M) Width of palate across diastema

(M) Width of palate between canines

(M) AP diameter of zygomatic fossa

(M) Transverse diameter of zygomatic fossa

(M) Distance from top of parietal protruberance to end of

postglenoid process

(M) Distance from top of maxillary protruberance to end of

canine

(M) Vertical diameter of foramen magnum
(M) Transverse diameter of foramen magnum

Diastemal length
Maximum distance across condyles

Length of canine from alveolar border to tip

0.76

0.74

0.66

0.64c

0.28c

0.385

0.26

0.25

0.35

0.030

0.185

0.050

0.065

0.050

0.07

0.105

0.165

0.08

0.37

0.415

0.051

0.055

0.059c

0.146c

>0.18c

'Measured

on cast

FMNH
p 26232.

0.77 >0.675
0.77 0.68)$
0.665 »0.53

>0.59

0.425

0.305

0.28

0.33

0.084

0.084

0.056

0.096

0.132

0.12

0.096

0.37

0.48

0.05

0.075

-0.26
0.265

0.212

0.225

»0.23
?0.05

?0.15

0.049

0.069

0.053

-0.054
0.071

0.124

0.066

0.22

0.058

0.058

0.08

0.15

Measured on

cast AMNH
14367, now
pm 59828.
= Not includ-

ed in statis-

tics.

? =

X).168

0.246

0.046

0.053

0.148

Statistics for all of Wheeler's specimens plus pm 53933 and 60171

Notes: 'Measured on cast, Estimated,
k
crushed,

ras restored.
* See notes in respective columns.

t Marsh's (1886, p. 32) measurements are indicated by (M). The other parameters measured I have interpolated in

between Marsh's parameters in this listing.

X Wheeler's other values for U. anceps are (his chart 3): 2 skulls at 0.081 (amnh 2367, 1683); 4 at 0.80 (amnh
1694, usnm 5919, 16663, ypm 1 1222); 5 at 0.77 (amnh 1689, pum 10297, ypm 11039, 11042, 11231); 2 at 0.75 (ypm

11235, 11499); 3 at 0.74 (amnh 1665, 2366, ypm 11241); 1 at 0.73 (ypm 11202); 1 at 0.72 (ypm 11236); 2 at 0.71

(amnh 1664, 1671); 1 each at 0.69, 0.68, 0.67, and 0.64 (respectively amnh 1693, pum 10298, amnh 1691, and usnm

4212). One of the specimens Wheeler included in Tethiopsis (amnh 1687) I include in U. anceps.

§ This specimen is transitional anatomically and stratigraphically and is not included in the statistics.
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Table 1. Extended.

fmnh specimens

PM
53933

PM
8019

(j"v -)

PM
55406B

I'M

55406A

(j"v -)

Measured on
cast pm 60171

(of specimen in

(.iiniii.i pre-
fecture Mu-
seum of Nat-

ural History)

l SNM

speci-
men on
exhibit iw 13644§ N* Range* Mean* s*
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Table 3. Skull measurements of Eobasileus cornutus (in m).

Description of measurementt

Lefalophodon
discornutus,

holotype
AMNH 5040



Table 3. Extended.

Uintacolo-

therium

blayneyi,

holotype Holotype,

Eobasileus uintensis (nom. nud.)

Transition

specimen,
Univ. oT

Wyoming
Museum,

DMNH EPV 495



Table 4. Jaw measurements of Eobasileus cornutus (in m).

pm 1737
UCMP

81356 (9)

Tinoceras

annectens

cmnh 29493

Description of measurementf R R

(M) Greatest length of ramus

(M) Height of coronoid process from bottom of ramus

Greatest length from condyles to inferior mandibular process

Length from condyles to midpoint of mental foramen

(M) Depth of ramus at last molar

(M) Depth of ramus at tusk (IMP) process

(M) Extent of symphysis
(M) Extent of diastema

(M) Extent of molar series

Greatest width across condyles

(M) Transverse diameter of condyle
Distance from anterior of IMP to anterior of symphysis

(parallel to dentition)

Alveolar length, il-c

Height from tip of coronoid to top of condyle
Distance from bottom of angle to bottom of condyle

(M) Vertical diameter of condyle

-0.642

-0.521

-0.646

-0.25

-0.54

-0.525

0.141 —

-0.135

-0.105

-0.081

-0.15
-0.228

-0.135

-0.272

-0.084

>0.093 >0.093

>0.527
-0.236
0.52

0.443

0.089

>0.088
>0.121

0.100

0.051

0.085

-0.125

0.035

>0.52
>0.245 —
0.485 —
0.443 —
0.075 —

>0.15
70.088 —
0.102 0.098

? Not included

in statistics.

Notes: cMeasured on cast.
* See notes in respective columns.

t Marsh's (1886, p. 40) measurements are indicated by (M). The other features I have interpolated in between
Marsh's features in this listing.

t All measures are scaled from Wheeler's plate 14, fig. 2.
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Table 4. Extended.

Uintacolotherium blayneyi

Holotype,
DMNH

dmnh EPV 493 EPV 496

Tinoceras

longiceps,

holotype
ypm 1*1256

Tinoceras

annectens,

holotype
ypm 11043+

Tetheopsis

stenops,

holotype
ypm 11567

R R N Range Mean

0.57

0.26

0.097 0.098 —
0.160

0.084

0.10

0.185

0.145

-0.093 0.110 0.115

0.070

0.045

FMNH cast

p 26235.

-68.4

-0.3
-0.6
-0.56
-0.09

1.20

-0.12

-0.14

-0.048

0.098 1

"Measured on

cast pm
3944.

0.527-0.684

0.236-0.300

0.485-0.600

0.443-0.560

0.075-0.141

0.097-0.150

0.160-0.228

0.1 35-0. 145

0.093-0.120

-0.272
0.051-0.084

both 0.093

0.085

-0.125
0.035-0.045

0.614

0.258

0.533

0.493

0.096

0.111

0.191

0.138

0.105

0.072

0.093

0.04

0.009
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Table 5. Uintatherium anceps, upper dentition (in cm).



Table 5. Continued.

Uintatherium anceps



Table 5. Extended.



Table 5. Extended.

Uintatherium anceps



Table 5. Extended.



Table 5. Continued.

Range Mean s

Washakie specimens considered to be Eobasileus cornutus

Cast PM

(BMUW
592041,

left

P2-M3)

Cast M
3944

(YPM
1 1567.

Tetheopsis

stenops,

type)

Washakie Basin and Km., TWkAl

Cast P 26235

(U. longiceps,
YPM 11256)

Cast PM 8088

(T. speirianus,
PUM 10079)

I

In comparison to U.a.,

values of the preceding

specimens (probable
E.c.) are above:

Mean of

V. anceps

Range of

V. anceps

2.23

0.54

0.38

0.63

1.31

1.18

1.32

1.66

1.89

1.84

1.49

1.9

1.81

(This page continues reading vertically from previous page.)
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Table 6. Uintatherium anceps, lower dentition (in cm).

Washakie Basin, Washakie Formation, TWkAl

PM 8020 Cast PM 80891

Item

PM 53932

L p2-m3
L p3-m3
L p4-m3

L ml-m3
L ml-m2
L m2-m3

L p2-m2
L p2-ml
L p2-p4
L p2-p3

L p3-m2
L p3-ml
L p3-p4

L p4-m2
L p4-ml

i/1

Root/alv. L
Mesial-distal L
W
Root/alv. W

i/2

Root/alv. L
Mesial-distal L
W
Roots/alv. W

i/3

Root/alv. L
Mesial-distal L
W
Root/alv. W

Root/alv. L
Mesial-distal L
W
Root/alv. W

2.18



Table 6. Continued.

Washakie Basin. Washakie Formation. TWkAl

PM 8020 Cast PM 8089t PM 53932

Item

ml

L
AW
PW

m2

L
AW
PW

m3
L
AW
PW

dp2

L
AW
PW

dp3

L
AW
PW

dp4

L
AW
PW

-2.45 2.10 (alv.)

>1.96 > 1.72 (alv.)

>1.94 -1.9 (alv.)



Table 6. Extended.

Washakie Basin, Washakie Formation, TWkAl

PM 38781ft I'M 54801 PM 55174

Item

L p2-m3



Table 6. Continued.



Table 6. Extended.

Item

Washakie Basin, Washakie Formation, TWkAl

PM 55827 I'M 56022

R

(t/. sp.
=

V. anceps)
DMNH
EPV 1849

I. K

UFH 54015
v. 85.23.1§

L p2-m3
L p3-m3
L p4-m3

L ml-m3
L ml-m2
L m2-m3

L p2-m2
L p2-ml
L p2-p4
L p2-p3

L p3-m2
L p3-ml
L p3-p4

L p4-m2
L p4-ml

i/1

Root/alv. L
Mesial-distal L
W
Root/alv. W

i/2

Root/alv. L
Mesial-distal L
W
Root/alv. W

i/3

Root/alv. L
Mesial-distal L
W
Root/alv. W

16.2

2 13.96

-11.20

-8.84

5.15

-6.50

12.53

>9.55

7.36

-4.83

10.28

>7.43

5.22

7.42

>4.55

17.30 (alv.)

14.52

12.02

10.03

5.65

-7.32

:13.3 (alv.)

10.12 (alv.)

-7.77 (alv.)

-5.08 (alv.)

10.35

7.56

5.07

7.8

4.89

16.7 16.5

16.0<

13.49 (alv.)

-11.75 (alv.) 11.1 (alv.)

Root/alv. L
Mesial-distal L
W
Root/alv. W

L
AW
PW

p3

L
AW
PW

p4

L
AW
PW

2.21

>1.62
>1.63

2.35

1.92

si.80

>1.32

=2.49

1.94

2.05

2.41

1.86

1.87*

2.4

1.7

b

2.4

>1.9

1.5

>2.3

Notes: b
Broken,

e
estimated, "worn; L, left (for items) or length; W, width. For the incisors and canine, where a

root was available, I measured that; otherwise, I took the alveolar measure.

§Probably
= ufh 54515.
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Table 6. Continued.

Washakie Basin. Washakie Formation. TWkAl

(t/. sp.
=

V. anceps)
DMNH I ! II 54015

PM 55827 PM 56022 EPV 1849 v. 85.23. 1§

Item I R L R LKLR
>2.15"



Table 6. Continued.



Table 6. Continued.

Bridger Basin and I m.

Item

(50 m above

Sage Creek
White Layer)
UM 101209

Cast P 26233

(holotype,
D. laticeps

YPM 11039)

Cast PM 60171

(uf specimen in

( .iimn.i Prefecture

Mus. of Nat. 1 1 i-i

I.

ml

L
AW
PW

m2

L
AW
PW

m3

L
AW
PW

dp2

L
AW
PW

dp3

L
AW
PW

dp4

L
AW
PW

2.07



Table 6. Extended.

Item Range Mean

Two specimens tentatively
referred to Ex.

PUM 11611 UFH 93002*

L p2-m3
L p3-m3
L pr-m3

L ml-m3
L ml-m2
L m2-m3

L p2-m2
L p2-ml
L p2-p4
L p2-p3

L p3-m2
L p3-ml
L P3-p4

L p4-m2
L p4-ml

i/1

Root/alv. L
Mesial-distal L
W
Root/alv. W

i/2

Root/alv. L
Mesial-distal L
W
Root/alv. W

i/3

Root/alv. L
Mesial-distal L
W
Roots/alv. W

Root/alv. L
Mesial-distal L
W
Root/alv. W

p2

L
AW
PW

p3

L
AW
PW

p4

L
AW
PW

7



Table 6. Continued.
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Table 7. Uintatherium anceps, rib measurements of pm 55423 (measurements in mm)



Table 8. Measurements of scapula and humerus, Uintatherium anceps and Eobasileus cornutus (in m).

SCAPULA

Uintatherium anceps

D. mir- New-
abile born
YPM PM
11215 3896

L R

PM
39915

K

PM
53921

PM
55423

R

DMNH
EPV
493

R

AP diameter of glenoid cavity 0.1 15

Transverse diameter of glenoid cavity 0.09

Greatest vertical diameter of scapula 0.575

Greatest horizontal diameter 0.48

Length of coracoid border 0.57

Length of suprascapula border 0.39

Length of glenoid border 0.35

Height of acromion above glenoid cavity 0.12

Greatest of diameter of prescapular fossa 0. 14

Greatest diameter of postscapular fossa 0.31

0.135*

0.062*

0.266*

0.239*

0.18*

0.21*

0.135*

0.043*

0.08*

0.171*
* No glenoid epiphysis;

not included in statistic;

0.061

0.512

0.182

>0.136

>0.140
0.096

>0.433

>0.146

0.093

— -0.41

0.18 —

0.155

0.096

0.59

0.488

0.597

0.490

0.385

0.094

0.161

0.33

0.14

0.088

0.51

HUMERUSt

D. mir-

abile

YPM
11208

Uintatherium anceps

YPM YPM YPM PM
11212 11215 11245 1458 pm 2079

PM
3894

PM
38781

PM PM
39393 53935

Total length of humerus — —
AP diameter of head — —
Transverse diameter of head — —
Greatest diameter of proximal end

Least AP diameter of shaft 0.064 0.058

Least transverse diameter of shaft —
Transverse diameter, through condyles 0.184 0.183

Transverse diameter of trochlear surface 0. 1 24 0. 1 1 5

AP diameter of trochlear surface, ulnar side 0. 1 0.098

AP diameter of trochlear surface, radial side 0.095 0.080

Least AP diameter, trochlear surface 0.08 0.072

Bone thickness between coronoid and

anconeal fossae 0.018 0.014

0.14

0.138

0.22

0.11$

0.555

0.136

0.12

0.22

0.07

0.08

0.2

0.127

0.109

0.091

0.078

0.58

0.13

0.143

0.244

0.077

0.083

0.204

0.154

0.119

0.096

0.086

0.202

0.139

0.108

0.082

0.081

0.61

0.132

0.148

0.23

0.065

0.098

0.221

0.14

0.085

0.067

0.084

>0.613

>0.177
0.138

0.061

0.06

»0.159

0.016 0.016 0.017

0.57

0.142

0.119

0.221

0.07

0.073

0.178

0.137

0.108

0.098

0.083

0.023

0.136

0.157

0.229

Notes: Data listings begin with Marsh's Yale University (ypm) specimens (Marsh 1886, pp. 91, 92).
* See notes in respective columns.

t ypm 1 1032 is part of the holotype of U. anceps, ypm 1 1030. It is only the distal end of a humerus and was not

measured.
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Table 8. Extended.

Uintatherium



Table 9. Measurements of radius and ulna, Uintatherium anceps and Eobasileus cornutus (in m).

Uintatherium anceps

RADIUS

I).



Table 9. Extended.

Uintatherium anceps



Table 10. Measurements of pelvis and femur, Uintatherium anceps and Eobasileus cornutus (in m).

I intatherium anceps

PELVIS

Dinoceras



Table 10. Extended.

Uintatherium anceps

PM 53921 PM 54408

Univ. Colo.

Mus. Bridger
Fm. i cm 72519



Table 10. Extended.

pm 1454

Eobasileus cornutus

Juvenile
without

epiphyses
pm 3212 pm 37434

Subadult (?)t

p 12541
Holotype



Table 1 1. Measurements of patella, tibia, and fibula, Uintalherium anceps and Eobasileus cornutus (in m).

I'intatherium anceps

PATELLA

PM
2079

PM
3236

PM
39393

PM
54401

PM
54402

PM
54404 PM 55396

Length of articular surface

Width of articular surface

Maximum thickness

0.112 0.1

0.085 a:0.084

0.057 0.057

0.109

&0.082

0.055

0.108

0.084

0.051

0.106

0.084

0.057

20.089
0.049

TIBIA*

D.

mirabile

VPM
11208

I'intatherium anceps

PM
2078

PM
2079B pm 38782

PM
39393 PM 53921

1-

Length
Greatest diameter, proximal end

AP diameter, below patella

AP diameter of inner proximal articular surface

Transverse diameter of inner proximal articular sur-

face

AP diameter of outer proximal articular surface

Transverse diameter of outer proximal articular sur-

face

Greatest diameter of fibular articular surface

Least diameter of fibular articular surface

Least diameter of shaft

Greatest diameter, distal end

AP diameter, distal end

Greatest diameter of astragalar surface (approx.)

AP diameters of astragalar surface

AP diameter of distal fibular surface

Least diameter of distal fibular surface

0.390 20.455

0.140 20.134
0.096 >0.10
0.080 >0.129

0.062

0.070

0.075

0.033

0.027

0.052

0.057

0.107

0.093

0.095

0.067

0.080

0.035

0.015

0.091

>0.108

20.047
20.049
>0.109

>0.093

>0.098
>0.081

X).061

0.348

20.111

20.078

20.125

>0.078
>0.089
>0.056

>0.054

0.453

0.141

0.113

0.08

>0.068

>0.069

>0.070

20.033
0.019

0.063

0.063

0.13

0.104

>0.09
0.07

0.075

0.443

>0.120
>0.I05

20.078

>0.091

0.091

>0.081

X).068

20.40

X)116

0.07

0.053

0.068

-0.106

XX066
>0.070
>0.040

>0.395 0.442

0.158 0.165

20.077 0.081

20.080 20.076

0.08

20.077

0.032

0.025

0.058

0.074

0.077

20.071

0.076 0.081

0.038

0.025

0.06

0.07

>0.129
0.091

>0.108

11 Bl I \

Uintalherium anceps

D. mirabile

VPM
11208

VPM
11210 pm 53921

PM
54866*

PM
55175

Length of fibula (approx.)
Diameters of proximal end

Diameters of proximal articular surface

Diameters of shaft

Diameters of distal end

Diameters of distal articular surface (approx.)

0.350

0.040

0.045

0.028

0.033

0.028

0.020

0.040

0.070

0.050

0.045

0.392 >0.33
0.033 —
0.076

0.025 —
0.044

0.029 0.033

0.024 0.023

0.041 X).(>43

0.073 X)054
0.054 X1.034
0.044 0.027

0.373

0.046

20.053

>0.0I7

20.035

0.029

0.019

0.043

0.078

0.056

20.040

0.044

0.071

0.058

20.036
*
Specimen has

a healed break.

Notes: Data listings begin with Marsh's Yale University (ypm) specimens (Marsh 1886. pp. 142-143).
* See notes in respective columns.

t Wheeler gives the length of ypm 1 1030, part of the holotype (restored tibia), as 0.34 m.
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Table 11. Extended.



Table 11. Extended.

N



Table 1 2. Measurements of astragalus and calcaneum, Uintatherium anceps and Eobasileus cornutus (in m).

Uintatherium anceps

ASTRAGALUS

D. mir-

abile

YPM
11210

D. mir-

abile

YPM
11528

R

D. laticeps T. ingens
YPM YPM
11197 11209

Greatest AP diameter of astragalus

Greatest transverse diameter

Greatest vertical diameter

Greatest diameter of articular face for tibia

AP diameters of articular face for tibia

Transverse diameters of articular face for tibia

AP diameter of articular face for fibula

Vertical diameter of articular face for fibula

AP diameter of articular face for calcaneum

Transverse diameter of articular face for calcaneum

Transverse diameter of articular face for calcaneum, outer lobe

Transverse diameter of articular face for calcaneum, inner lobe

Diameter of band connecting lobes

AP diameter of united faces for navicular and cuboid

Transverse diameter of united faces for navicular and cuboid

Diameters of face for navicular

Diameters of face for cuboid

Minimum length of neck

0.112

0.121

0.070

0.110

0.072

0.066

0.092

0.076

0.071

0.085

0.044

0.036

0.054

0.080

0.033

0.040

0.018

0.056

0.107

0.056

0.082

0.035

0.062

0.014

0.100

0.108

0.063

0.100

0.070

0.060

0.093

0.067

0.067

0.070

0.040

0.030

0.035

0.039

0.053

0.093

0.076

0.053

0.026

0.055

0.015

0.128

0.128

0.080

0.127

0.089

0.080

0.105

0.090

0.085

0.091

0.055

0.031

0.053

0.061

0.035

0.072

0.113

0.064

0.091

0.031

0.071

0.016

0.122

0.147

0.083

0.125

0.091

0.082

0.104

0.094

0.096

0.095

0.060

0.039

0.050

0.050

0.018

0.068

0.130

0.068

0.105

0.042

0.077

0.019

Uintatherium anceps

CALCANEUM

D. mir-

abile

YPM
11208

D. mir-

abile

YPM
11210

D. mir-

abile

YPM
11225

R

Length from greater tuberosity to face for cuboid

Transverse diameter

Vertical diameter

AP diameter of inner face for astragalus
Transverse diameter of inner face for astragalus
AP diameter of outer face for astragalus
Transverse diameter of outer face for astragalus
Distance between faces for astragalus*
Transverse diameter of face for cuboid

Vertical diameter of face for cuboid

0.093

0.086

0.074

0.044

0.042

0.050

0.032

0.070

0.035

0.019

0.096

0.090

0.070

0.050

0.043

0.043

0.039

0.107

0.086

0.074

0.053

0.037

0.045

0.037

0.010

Notes: Data listings begin with Marsh's Yale University (ypm) specimens (Marsh 1886, pp. 150-151, 153).
* Either I misunderstand Marsh, or perhaps he meant 0.007 for this feature in ypm 1 1208.
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Table 12. Extended.



Table 13. Eobasileus cornutus, upper dentition (in cm).



Table 13. Extended.

Washkie Basin,

Washakie I m .

TWkA2 Sand Wash Basin (TWkA2)

ypm 11567* iwbm 59204 dmnh EPV 495 DMMi EPV 529

k.m.'.

2.4



Table 14. Eobasileus cornutus, lower dentition (in cm).

Washakie Basin, Washakie Fm., TWkA2 (All Eobasileus cornutus)

PM
1674 A pm 1737

YPM
11567*

YPM
11256* PUM 11611 ucmp 81356

Item

Sand Wash Basin,
Washakie Fm. (All

Uintacolotherium

blaynei = E.

cornutus)

epv 493

p2-m3
p3-m3
p4-m3

>17.5, -17.8

>15.5, -16.0

>12.8, -13.4

• 13.75

.11.18

16.96

14.45

12.09

17.3 (W) 16.8 (W)* alv. >18.17
14.98*

12.61"

ml-m3
ml-m2
m2-m3

>10.0, -10.5

5.76

>7.81, -8.20

»8.65 9.79

6.28 5.6

»5.95 7.5

9.4 9.96*

5.93*

p2-m2
p2-ml
p2-p4

P2-P3

13.3

9.97

7.6

4.93

12.34

9.01

6.71

4.37

p3-m2
p3-ml
P3-p4

p4-m2

p4-ml

p2

L
AW
PW

p3

L
AW
PW

P4

L
AW
PW

ml

L
AW
PW

m2

L
AW
PW

m3

L
AW
PW

11.07

7.74

5.43

8.52

5.2

—



Table 14. Extended.

Sand Wash Basin, Washakie
Fm. (All Uintacolotherium Uinta Fm.

blaynei = I . cornutus) (E. cornutus)

epv 496 type* epv 2604 ucm 51046 F*

I R R L R Range Mean

PIM 11611

18.72* 17.6*

10.97

7.64

4.77

3.77

3.91

1 1 .48 —

6.31

2.06



Table 15. Summary of table of upper dentitions, Uintatherium anceps and Eobasileus cornutus, compared with

two of the specimens from the transition zone low within TWkA2, UW 1 3644 and U Wa 59204 (measurements in

cm).



Table 16. Pelvic width measurements.
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Table 18. Continued.



Table 19. Head-Body length measures of mounted

specimens (m).*

Specimen HBL (M )

usnm 16662 3,205t
amnh 1692 3, 110t

Average 3,158

ufh (mounted cast):}: 3,550

Overall average 3,288

*
It is my considered opinion that the limb bone data

are sufficient for my purpose here. Although I would

have liked to get HBL for the full suite, that would have

been difficult, and I did not make the attempt. However,
since apparently Damuth and I are the only ones to have

those measurements for any uintatheres. 1 give these data

here.

t Data from Damuth (pers. commun.).

t Measured with the help of S. Bilby and A. H. Ham-
blin.
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